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�e study investigated the e�ects of Zingiber o�cinale root and Vernonia amygdalina leaf on the brain redox status of Wistar rats.
Twenty-four (24) rats weighing 160± 20 g were randomly assigned into four (4) groups, each with six (6) rats. Animals in Group 1
(control) were orally administered distilled water (1mL), while the test groups were orally administered 5mg/mL of either
Z. o�cinale, V. amygdalina infusion, or a combination of both, respectively, for 7 days. �e rats were sacri�ced at the end of
treatments and blood and tissue were harvested and prepared for biochemical assays. Results showed that administration of
V. amygdalina and Z. o�cinale, as well as their coadministration, reduced the levels of malondialdehyde (MDA), nitric oxide
(NO), acetylcholinesterase (AChE), andmyeloperoxidase (MPO) in rat brain tissue compared with the control group. Conversely,
coadministration ofV. amygdalina and Z. o�cinale increased the levels of reduced glutathione (GSH) in rat brain tissue compared
with the control group. However, the administration of the infusions singly, as well as the combination of both infusions, did not
have any e�ect on the rat brain levels of glutathione peroxidase (GPx) and catalase (CAT) antioxidant enzymes compared to the
control. Taken together, the �ndings indicate that the V. amygdalina and Z. o�cinale tea infusions have favorable antioxidant
properties in the rat brain.�e �ndings are con�rmatory and contribute to deepening our understanding of the health-promoting
e�ects of V. amygdalina and Z. o�cinale tea infusions.

1. Introduction

Over time, man has gradually gained knowledge and ap-
plication of plants as sources of food and medicine through
trial and error, and he has become able to source for his

needs from his immediate environment. �e application of
these plants is being re�ned bit by bit due to technological
and scienti�c advances. In many regions of the world,
medicinal plants contribute to primary health care delivery
especially in their use as vital sources of pharmaceutical and
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therapeutic products, with approximately 80% of the human
population globally depending on natural products for
primary health care [1, 2]. Medicinal plants are used singly or
in combination with other substances (to increase treatment
efficacy for several therapies) in the preparation of tradi-
tional or alternative medicines [3, 4].

Ginger (Zingiber officinale), belonging to the family
Zingiberaceae, is a popular spice and herb used as a delicacy.
Z. officinale has long been in use therapeutically and is
currently validated as a potent medicinal spice to manage
numerous diseases such as diabetes, hypertension, cancer,
ulcer, diarrhea, cold, cough, spasms, and vomiting [5]. It is
an effective spasmolytic, antipyretic, antiemetic, antioxidant,
antiulcer, analgesic, hypotensive, antidiabetic, and anti-
inflammatory agent containing scented essential oils and
spicy oleoresins. )e phenolic compounds (gingerols, sho-
gaols, paradol, and gingerdiones) in Z. officinale have been
discovered to be the source of their pharmacological benefits
[5]. On the other hand, bitter leaf (Vernonia amygdalina) is
a shrub or small tree belonging to the family Asteraceae that
grows predominantly in tropical regions in Africa and Asia
with the leaves having a characteristic bitter taste. For
hundreds of years, bitter leaf serves as fodder, food, and
herbal medicine [6].V amygdalina is rich in minerals such as
potassium, magnesium, zinc, iron, and vitamins A, C, and E
[7]. )e shrub has been known to exhibit profound phar-
macological properties such as antimalarial, antioxidant,
antimicrobial anticancer, neuroprotective, anti-
inflammatory, and anthelminthic properties [8–12]. )e
pharmacological properties of the bitter leaf have been re-
ported to be connected to its phytochemical constituents
which include flavonoids, steroidal saponins, alkaloids,
sesquiterpene lactones, anthraquinones, polyphenolics, and
coumarins [3, 13]. Interestingly, Z. officinale and
V. amygdalina are useful components in traditional medical
systems like Ayurveda to manage neurodegenerative con-
ditions [14, 15].

Oxidative phosphorylation leads to the production of
oxidants and free radicals including reactive oxygen species
(ROS) and reactive nitrogen species (RNS), the two most
important signaling molecules that help to sustain cellular
proliferation and differentiation, trigger stress-responsive
survival mechanisms, and maintain cellular homeostasis
[16–18]. Under normal physiological conditions at redox
equilibrium, harmful effects of the production of ROS and
other free radicals during aerobic metabolism are coun-
terbalanced by the antioxidant system, and in this way, the
organs in the body including the brain efficiently regulate
their oxygen consumption and redox generation capacity
[19, 20]. However, when the production of ROS, other free
radicals, and radical reactive species surpasses the scav-
enging ability of the antioxidant response system, a situation
referred to as redox imbalance ensues [21]. )e redox im-
balance could cause oxidative cellular damage because of
lipid peroxidation as well as protein and nucleic acid oxi-
dation. )e resulting oxidative stress could mediate the
pathogenesis and pathophysiology of several diseases in-
cluding neurodegenerative disorders and cardiovascular
diseases [22–26].

)e brain is one of the most metabolically active organs
in the body and its oxygen consumption and redox gen-
eration capacity is under strict control. Although the brain of
an adult human being weighs about 1.4 kg, it consumes
approximately 20% of the total basal oxygen to power its
high metabolic activity [27]. In addition, the low endoge-
nous antioxidant defense mechanism of the brain makes it
highly sensitive to oxidative damage. )erefore, ischemic/
hypoxic or hyperoxic condition raises the levels of free
radicals and disrupts redox homeostasis in the brain which
could lead to cellular death [28, 29]. Various types of an-
tioxidants play significant roles in redox homeostasis. )ese
antioxidants comprise vitamins A, C, and E; glutathione,
coenzyme Q, bilirubin, and ferritin; and endogenous anti-
oxidant enzymes such as glutathione peroxidase (GPx),
catalase (CAT), superoxide dismutase (SOD), glutathione
reductase (GR), and heme oxygenase (HO) [30, 31]. Fur-
thermore, many medicinal plants and their products have
been shown to possess antioxidant defense capacity that
helps protect against oxidative damage and maintain redox
homeostasis [32–34]. )erefore, the present study aimed to
determine the effect of Z. officinale and V. amygdalina in-
fusions on rat brain redox status.

2. Materials and Methods

2.1. Identification and Authentication of the Sample.
Z. officinale roots were obtained from Omu-Aran market,
Kwara state, while V. amygdalina leaves were acquired from
Landmark University, Omu-Aran. Both plants were iden-
tified and authenticated at the Department of Plant Biology,
University of Ilorin, Kwara State with voucher numbers;
UILH|001|1023|2021 for Z. officinale and UILH|002|1083|
2021 for V. amygdalina.

2.1.1. Preparation of Z. officinale and V. amygdalina Infusion.
)e Z. officinale root was washed with water, peeled, sun-
dried, and pulverized into powder. )e V. amygdalina leaf
was washed, sun-dried, and the stalk was removed from the
leaf before it was pulverized into powder. To make the
infusion, the plant powder in the tea bag was steeped in hot
water (5mg/mL, 100°C) for 3–5 minutes [35]. )e infusion
was allowed to cool at room temperature (25°C) before use.

2.2. Phytochemical Analysis

2.2.1. Qualitative Phytochemical Screening. Qualitative
screening for phytoconstituents of ginger and bitter leaf tea
infusions was performed as previously described [13]. )e
phytochemicals assayed included saponin, phenolic com-
pounds, water-soluble phenol, water-insoluble phenol, free
and combined anthraquinones, flavonoids, poly steroid,
cardiac glycosides, terpenoids, alkaloids, and tannins.

2.2.2. Animal Grouping and Treatments. )e animals (24
rats) were obtained from the Department of Biochemistry,
University of Ilorin, Nigeria. )ey were housed in a clean
cage, allowed to acclimatize for 14 days, and administered
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pelletized feed and water. )e rats were assigned randomly
into four (4) groups, consisting of six (6) rats each. Animals
in Group 1 were orally administered distilled water (1mL).
Groups 2, 3, and 4 were orally administered 5mg/mL of
Z. officinale, V. amygdalina, and an oral combination of
Z. officinale and V. amygdalina infusion, respectively. )e
treatments lasted for 7 days.

)e animals received humane care in compliance with the
institution’s guidelines and criteria as outlined in the National
Institute of Health (NIH) Guidelines for the care and use of
laboratory animals, and this work had approval from the ethical
committee of the Department of Biochemistry at Landmark
University, reference number: LUAC/2021/003A.

After the last treatments, the animals were fasted
overnight and sacrificed under mild anesthesia of diethyl
ether. )e brain was harvested, weighed, and homogenized
in an isotonic medium (0.25M sucrose solution). )e ho-
mogenate was centrifuged at 5000 rpm for 10min to obtain
supernatants, which were used for biochemical analysis. A
section of the brain was also preserved in 10% buffered
neutral formalin (BNF) for a histopathology examination.

2.2.3. Biochemical Assays. )e brain homogenates collected
were used in the biochemical determination of redox
markers. Total protein content in the rat brain homogenate
was determined according to Gornall et al. [36]. Superoxide
dismutase (SOD) and glutathione peroxidase (GPx) activi-
ties were assayed as previously reported by Misra and Fri-
dovich [37] and Rotruck et al. [38], respectively. )e
procedures described by Beers and Sizer [39] and Pulli et al.
[40] were used to assay for catalase (CAT) and myeloper-
oxidase (MPO), respectively. For the determination of re-
duced glutathione (GSH) and malondialdehyde (MDA)
levels, the methods described by Beutler and Yeh [41] and
Varshney and Kale [42] were used, respectively. Nitric oxide
(NO) level and acetylcholinesterase (AChE) activity were
determined using Adeyemi et al. [43] and Ellman et al. [44],
respectively. DNA fragmentation was carried out following
the procedure described by Perandones et al. [45].

2.2.4. Histopathology Examination. After the rat brain was
excised from the animal, it was fixed in 10% BNF and sub-
sequently processed for histopathology examinations as described
by Adeyemi and Akanji [46]. Photomicrograph capture and
scoring for morphological changes were done at the Pathology
Unit, University of Ilorin Teaching Hospital, Ilorin, Nigeria.

2.2.5. Statistical Evaluation. )e data were analyzed on
GraphPad Prism Software (San Diego, CA, USA), using one-
way ANOVA. Data are presented as the mean value of six
replicates plus or minus the standard error of the mean (SEM).
At p value of 0.05, mean values were considered significant.

3. Results

3.1. Qualitative Phytochemical Analysis. )e qualitative
phytochemical screening revealed the presence of saponin,

phenolics, flavonoids, alkaloids, and anthraquinones in the
tea infusions of ginger and bitter leaf. However, tannins were
not detected in ginger infusion but were present in bitter leaf
(Table 1).

)e administration of Z. officinale and V. amygdalina
infusions separately had no significant effect on the rat brain
superoxide dismutase (SOD) activity relative to control. In
contrast, the coadministration of both infusions significantly
increased the rat brain SOD activity in comparison with
control (Figure 1(a)). As shown in Figure 1(d), the separate
administration of Z. officinale and V. amygdalina infusions
as well as the coadministration of both infusions did not
significantly change the rat brain catalase (CAT) activity in
relation to control (Figure 1(b)). As represented in
Figure 1(c), there were no significant changes in the rat brain
glutathione peroxidase activity in relation to control when
Z. officinale and V. amygdalina infusions were administered
separately. In addition, the coadministration of both in-
fusions had a negligible effect on the rat brain glutathione
peroxidase activity in relation to control. Glutathione level in
the rat brain was reduced when Z. officinale infusion only
was administered, as well as the coadministration of both
infusions, when compared with the control (Figure 1(d)).

An appreciable decrease in the rat brain MDA level in
comparison with the control was observed when the in-
fusions were administered separately as well as co-
administration of the infusions together (Figure 2(a)). In the
same vein, the administration of the tea infusions separately
or as a combination significantly decreased the level of the
rat brain DNA fragmentation when compared with the
control (Figure 2(b)).

Furthermore, the administration of the infusions sepa-
rately, as well as in a combination, did not significantly affect
the rat brain protein concentration when compared to
control (Figure 3(a)). However, the administration of the
infusions separately or as a combination significantly de-
creased the level of the rat brain nitric oxide (NO) in relation
to control (Figure 3(b)). Figure 3(c) shows a substantial
decrease in rat brain AChE activity in comparison with the
control when the infusions were administered singly or in
combination. Similarly, the rat brainMPO activity decreased
when the infusions were administered separately or as
a combination (Figure 3(d)).

For all the treatment groups, the histopathology ex-
amination revealed normal brain tissue composed of

Table 1: Qualitative Phytochemical tests of the infusion of ginger,
bitter leaf, and a combination of Ginger + Bitterleaf.

Phytochemical
compounds Ginger Bitter

leaf
Ginger + bitter

leaf
Saponin + + +
Phenolic compounds + + +
Water insoluble phenol + + +
Flavonoids + + +
Free anthraquinones + + +
Tannins - + +
Alkaloids + + +
+: Detected -: Not detected.

Evidence-Based Complementary and Alternative Medicine 3



0.015

0.010

0.005

0.000Su
pe

ro
xi

de
 D

ism
ut

as
e A

ct
iv

ity
(U

/m
g 

pr
ot

ei
n)

C
on

tro
l

V.
 a

m
yg

da
lin

a

Z.
 o

ffi
cin

al
e

V.
 a

m
yg

da
lin

a 
+

Z.
 o

ffi
cin

al
e

**

(a)

0.000020

0.000015

0.000010

0.000005

0.000000

Ca
ta

la
se

 A
ct

iv
ity

(U
/m

g 
pr

ot
ei

n)

C
on

tro
l

V.
 a

m
yg

da
lin

a

Z.
 o

ffi
cin

al
e

V.
 a

m
yg

da
lin

a 
+

Z.
 o

ffi
cin

al
e

(b)

0.005

0.004

0.003

0.002

0.001

0.000G
lu

ta
th

io
ne

 P
er

ox
id

as
e

Ac
tiv

ity
 (U

/m
g 

pr
ot

ei
n)

C
on

tro
l

V.
 a

m
yg

da
lin

a

Z.
 o

ffi
cin

al
e

V.
 a

m
yg

da
lin

a 
+

Z.
 o

ffi
cin

al
e

(c)

8.0×106

6.0×106

4.0×106

2.0×106

0Re
du

ce
d 

G
lu

ta
th

io
ne

 (G
SH

)
le

ve
l (

U
/m

g 
pr

ot
ei

n)

C
on

tro
l

V.
 a

m
yg

da
lin

a

Z.
 o

ffi
cin

al
e

V.
 a

m
yg

da
lin

a 
+

Z.
 o

ffi
cin

al
e

**
**

(d)

Figure 1: )e effect of Zingiber officinale and Vernonia amygdalina on the levels of rat brain antioxidant molecules: (a) superoxide
dismutase, (b) Catalase, (c) glutathione peroxidase, and (d) reduced glutathione. Each value is a mean of six replicates± SEM. Values bearing
the asterisk are significantly different compared to the control at p< 0.05.
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Figure 2: )e effect of Zingiber officinale and Vernonia amygdalina on the level of rat brain oxidative stress markers: (a) malondialdehyde
and (b) DNA fragmentation. Values are the mean of six replicates± SEM. Bars with the asterisk are significantly different from the control at
p< 0.05.

4 Evidence-Based Complementary and Alternative Medicine



60

40

20

0

C
on

tro
l

V.
 a

m
yg

da
lin

a

Z.
 o

ffi
cin

al
e

V.
 a

m
yg

da
lin

a 
+

Z.
 o

ffi
cin

al
e

Pr
ot

ei
n 

C
on

ce
nt

ra
tio

n
(m

g/
g)

(a)

2000000

1500000

1000000

500000

0

*
*

*

C
on

tro
l

V.
 a

m
yg

da
lin

a

Z.
 o

ffi
cin

al
e

V.
 a

m
yg

da
lin

a 
+

Z.
 o

ffi
cin

al
e

N
itr

ic
 O

xi
de

 L
ev

el
(μ

M
)

(b)

0.003

0.002

0.001

0.000

* **

C
on

tro
l

V.
 a

m
yg

da
lin

a

Z.
 o

ffi
cin

al
e

V.
 a

m
yg

da
lin

a 
+

Z.
 o

ffi
cin

al
e

Ac
et

yl
ch

ol
in

es
te

ra
se

Ac
tiv

ity
 (U

m
g 

pr
ot

ei
n)

(c)

6.0×10-10

4.0×10-10

2.0×10-10

0

* * *

C
on

tro
l

V.
 a

m
yg

da
lin

a

Z.
 o

ffi
cin

al
e

V.
 a

m
yg

da
lin

a 
+

Z.
 o

ffi
cin

al
eM

ye
lo

pe
ro

xi
da

se
 A

ct
iv

ity
(U

/m
g 

pr
ot

ei
n

(d)

Figure 3: )e effect of Zingiber officinale and Vernonia amygdalina on the level of rat brain biochemical parameters: (a) protein con-
centration, (b) nitric oxide, (c) acetylcholine esterase, and (d) myeloperoxidase. Values are the mean of six replicates± SEM. Bars with the
asterisk are significantly different from the control at p< 0.05.

(a) (b)

(c) (d)

Figure 4: )e effect of Zingiber officinale and Vernonia amygdalina on rat brain morphology: (a) control, (b) Vernonia amygdalina, (c)
Zingiber officinale, and (d) combination of Zingiber officinale and Vernonia amygdalina. H&E staining (x100). )e sections show normal
brain tissue composed of preserved neuronal bodies surrounded by a fibrillary glial matrix (cerebral and hippocampal).
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preserved neuronal bodies surrounded by a fibrillary glial
matrix (cerebral and hippocampal). No observation of de-
generative changes or significant inflammation (Figure 4).

4. Discussion

)is work investigated the effect of Z. officinale root and
V. amygdalina leaf infusion on the redox status of the brain
of rats to provide more understanding of the health-
promoting effects of these commonly consumed medici-
nal plants. )e phytochemical screening showed the pres-
ence of saponin, phenolics, flavonoids, free anthraquinones,
and alkaloids. However, tannins were not detected in ginger
but only in the tea infusions of bitter leaf and that of the
combination of bitter leaf and ginger.

We found that the combined mixture of V. amygdalina
and Z. officinale infusions led to a significant increase in
SOD activity and an insignificant increase in GPx activity
across all experimental groups when compared with the
control. )is finding could mean that the infusions en-
hanced the rat brain’s oxidative defense status by improving
the activities of SOD [47]. In addition, our study revealed
that the combined administration of the infusions caused an
insignificant increase in CAT activity but a significant de-
crease in reduced glutathione (GSH). GSH is an antioxidant
molecule that quenches O2

•−, HO•, and peroxynitrite anions
(ONOO-) by the action of its thiol group, which donates
a reducing equivalent to unstable radicals and anions that
may have arisen due to respiratory processes and other
metabolic activities in the body cells. In contrast to the
increased antioxidant activity of SOD, CAT, and GPx, there
was a significant decrease in the level of malondialdehyde
(MDA), an end-product of lipid peroxidation during oxi-
dative degradation of lipids usually caused by free radicals
[48]. )e coordinated function of enzymatic antioxidant
systems including CAT, SOD, and GPx, and nonenzymatic
antioxidants such as glutathione (GSH) and vitamin E play
a significant role in the prevention of oxidative damage by
ROS such as O2

•−, HO• and H2O2 [49, 50]. A significant
decrease in the level of nitric oxide (NO), a proinflammatory
agent, may indicate the anti-inflammatory action of the tea
infusions. Nitric oxide (NO) participates in several physi-
ological processes and is considered a free radical as it could
accumulate and react with superoxide anion to form poi-
sonous nitrite anion, thereby leading to nitrosative stress
[51]. )e decrease in the levels of both MDA and NO across
all experimental groups in comparison with the control may
be due to the antioxidant properties of V. amygdalina and
Z. officinale. )is implies that the tea infusions can suppress
oxidative stress by inhibiting the production of MDA and
NO in support of earlier reports [14, 52–54]. )e tea in-
fusions can limit the production of MDA and NO, and
thereby prevent oxidative stress probably by enhancing the
activities of the inherent enzymatic antioxidants in the rat
brain. Myeloperoxidase (MPO) is a heme-containing per-
oxidase mainly expressed in neutrophils and, to a lesser
extent, in monocytes. In the presence of H2O2 and halides
(HOCl), MPO catalyzes the formation of reactive oxygen
intermediates such as hypochlorous acid. Microbial death by

neutrophils relies heavily on the MPO/HOCl system. In
addition, MPO acts as a local mediator of tissue injury
through inflammation [55]. )e observed decrease in MPO
activity due to the separate or combined administration of
the tea infusions is consistent with the findings of Hussein
et al. [56] and Erukainure et al. [57]. A decrease in MPO
activity impedes neutrophil infiltration [58], supporting the
anti-inflammatory effect of tea infusions. Furthermore, re-
sults showed a decrease in DNA fragmentation following the
separate or combined administration of the tea infusions,
corroborating an earlier report [57]. )is fact further re-
inforces not only the antioxidant but also the anti-
inflammatory potential of the tea infusions of Z. officinale
and V. amygdalina and their capacity to protect against
oxidative-induced DNA damage.

Acetylcholinesterase (AChE) is a serine hydrolase primarily
responsible for the termination of signal transmission in the
cholinergic system. Its substrate, acetylcholine (ACh), is
a cholinergic neurotransmitter that has a strong effect onmotor
neurons involved in memory formation [59]. )erefore, the
observed decrease in the activity of this AChE after a separate
and combined administration of the tea infusions is similar to
the findings reported in earlier studies [11, 59–61]. )e present
finding suggests that the tea infusions possess bioactive
compounds that could decrease neurodegeneration or treat
neurodegenerative diseases by modulating the activity of
AChE. Protein is an important structural component of cells as
well as a source of energy and one of the building blocks of
human tissues. Extracellular and intracellular enzymes, as well
as other proteins, contribute to the total protein concentrations
[62]. )e separate and the combined administration of the tea
infusions of V. amygdalina and Z. officinale caused a negligible
rise in total protein concentration, attributable to their capacity
to boost the production of antioxidant proteins as reflected in
the elevated levels of SOD and CAT. Furthermore, morpho-
logical examination of the rat brain revealed normal histo-
logical architectures of the cerebral and hippocampal in all the
treatment groups. )ere are no features of degenerative
changes or inflammation, thus corroborating the biochemical
data and further underscoring the medicinal value of
V. amygdalina and Z. officinale tea infusions in rat brains.

5. Conclusions

)e data from this work showed that V. amygdalina and
Z. officinale infusions improved brain antioxidants and re-
duced oxidative stress after a 7-day separate or combined oral
administration. )e results support the efficacy of the tea in-
fusions in maintaining redox status/homeostasis in rat brains.
Taken together, the findings support the health-promoting
effects of V. amygdalina and Z. officinale. Future studies
may focus on the long-term effects of the tea infusions sep-
arately or as a combination to gain a better understanding of
the therapeutic benefits of the medicinal plants.
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During the COVID-19 pandemic, the Moroccan population, like the entire population of the world, used medicinal plants to treat
or cure symptoms of SARS-CoV-2. �e present work was designed to identify the medicinal plants used by the Moroccan
population in the prevention or treatment of COVID-19. To achieve this goal, a survey was conducted to collect data on plants
along with the sociodemographic parameters of users. �e outcome of this work showed that 1,263 people were interviewed with
63.5% male, aged between 18 and 82 years. Most plant users were between 20 and 40 years, which constituted 80.1% of the study
population. �e level of education of participants was 70.9% university and 27.6% secondary. �e most useful plants were
eucalyptus, cloves, lemon, and garlic. Notably, 61.9% of interviewed people used plants for preventing or treating COVID-19:
30.6% of them declared one-time use from the beginning of the pandemic, and 47.8% declared frequent daily use until recovery,
while 17.4% declared single daily use. Five out of twenty-one plants used in the treatment are known for their potential toxicity,
includingArtemisia herba-alba and oleander (Nerium oleander).�e �ndings of the present work could serve society by providing
potential medicinal plants to control COVID-19.

1. Introduction

On May 27, 2020, the World Health Organization (WHO)
declared the severe acute respiratory syndrome (SARS) of
the current coronavirus disease 19 (COVID-19) outbreak,
emerging in China at the end of 2019, as a pandemic. Since
then, more than 585,568,206 con�rmed cases of COVID-19,

including 6,428,220 deaths across the world have been
recorded, according to the website https://www.
worldometers.info/coronavirus/, accessed on August 4th,
2022 [1]. Alpha, Beta, Gamma, and Delta-coronaviruses are
the four genera that make up the Coronaviridae family, with
Alpha and Beta-coronaviruses being the human pathogens.
�e virus that causes COVID-19, SARS-CoV-2, also known
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as 2019-nCoV, and severe acute respiratory syndrome
(SARS) coronavirus (CoV)-2 virus, belongs to the genus
Beta-coronavirus of the Coronaviridae family [2].

All the populations of the world were oriented towards
natural products to prevent or treat infection caused by
COVID-19 [3–5].'eMoroccan population is closely linked
to phototherapy, which is back to several reasons, such as the
richness of the country by medicinal plants (5.200 species
and subspecies, and 600 species are medicinal plants), the
economic situation of the Moroccan population, the illit-
erate and the inaccessibility of modern medicine) [6].

According to the Moroccan Ministry of Health, 1,261,
816 confirmed cases of COVID-19 and 1618, 9 deaths have
been recorded since the beginning of the pandemic. As a
consequence, the Moroccan population has used plants for
preventing or treating this causative agent of the severe acute
respiratory syndrome [7, 8].

In this context, our study aimed to collect information
on medicinal plants used by the Moroccan population in the
prevention or treatment of COVID-19.

2. Materials and Methods

2.1. Type and Study Area. 'e present work was a pro-
spective longitudinal cohort study, which aimed to collect
data by use of a structured questionnaire via Google Forms,
conducted in different regions of Morocco.

2.2. Information Gathering. All information was collected
from 10 regions in Morocco: Marrakech-Safi, Béni Mellal-
Khenifra, Fez-Meknes, Casablanca-Settat, Dakhla-Oued Ed-
Dahab, Drâa-Tafilalet, Laâyoune-Sakia El Hamra, Oriental,
Tanger-Tetouan-Al Hoceima, and Rabat-Salé-Kénitra
(Table 1).

Each questionnaire was focused on two parts; socio-
demographic characteristics and ethnomedicinal data.

2.3. Statistical Analyses. Variables were described by use of
descriptive statistics; qualitative variables were described in
terms of percentage, while quantitative variables were de-
scribed in terms of mean, extreme values, and standard
deviation. Data entry and statistical analysis were performed
by use of IBM SPSS Statistics for Windows, version 21 (IBM
Corp., Armonk, NY, USA).

3. Results and Discussion

3.1. Sociodemographic Characteristics. One thousand two
hundred sixty-three people were interviewed in this study
(63%men vs 37% women) whose age was between 18 and 82
years. 70.9% of them have a higher education level, followed
by secondary level (27.6%) and then primary level (1.5%).
41.6% of plant users had a lower monthly income of 100
USD, 24.5% between 100 and 500 USD, 24.5% between 500
and 1000 USD, and 10.5% hadmore than 1000 USD. 80% are
located in rural areas and 27% are without medical recovery
(RAMED) (Table 2).

'e coronavirus responsible for COVID-19, which was
identified in December 2019 in China, has infected more
than 574,157,623 people worldwide and caused more than
6,401,683 deaths at the date of revising the present article.
Morocco is one of the most affected countries with a high
circulating potency of SARS-CoV-2.

Moroccan population has used medicinal plants for
therapeutic pauses for thousands of years. Moroccans have
inherited the phytotherapy knowledge from the previous
generation either verbally or written, recorded history [6, 9].
Moroccan population has used plants to treat symptoms of
COVID-19 as reported in earlier work [5].

Unlike several ethnobotanical studies in which illiterates
and women are themajority of users of plants [10–12], in our
study, mostly, educated men were the users of plants in the
prevention or treatment of COVID-19.

Furthermore, the economic conditions and the low
income of people influence the use of plants; people with a
low income were the majority of users of plants in the
treatment [10, 11, 13]. Notably, people with a low income
(less than 100 USD) were the most active consumers of
plants during the COVID-19 pandemic.

Plants are largely used in rural than urban areas, which
can be explained by the fact that people in rural areas have
more accessibility to herbal products [14]. 'is result is in
agreement with our study, wherein 80% of our population
are living in rural areas.

3.2. Ethnobotanical Data

3.2.1. Plants Used. In total, 21 plants belonging to twelve
botanical families have been used to treat or prevent
COVID-19. 'e mostly used plants are eucalyptus, cloves
(Syzygium aromaticum), lemon (Citrus limon), and garlic
(Allium sativum) (Table 3).

To achieve herd immunity through mass immunization
programs and the pressing demand to develop effective anti-
COVID-19 treatments, several pharmaceutical drugs have
been repurposed to treat COIVD-19 including hydroxy-
chloroquine, lopinavir/ritonavir/darunavir/umifenovir,
remdesivir, and favipiravir [15]. Recently, Pfizer’s Paxlovid,
made up of both nirmatrelvir and ritonavir and oral tablets,
has been granted an emergency use authorization (EUA), by
the U.S. Food and Drug Administration (USFDA), for the
treatment of COVID-19 in both adults and children
(USFDA, 2022). However, to be effective, these compounds
would need to be taken at relatively great continuous doses.

Table 1: Distribution of the population by region.

Region Effective
Fez-Meknes 642
Casablanca-Settat 156
Rabat-Salé-Kénitra 126
Béni Mellal-Khenifra 96
Dakhla-Oued Ed-Dahab 69
Marrakech-Safi 60
Drâa-Tafilalet 60
Laâyoune-Sakia El Hamra 54
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'erefore, they could have inherent toxic potencies. For this
reason, natural products from medicinal plants hold
promise [2, 16, 17].

Since the beginning of the COVID-19 outbreak, tradi-
tional herbal remedies have been employed. Of note, 90% of
214 patients treated in China recovered after using some of

these traditional treatments. Moreover, natural remedies,
based on honey, seed oil of black cumin (Nigella sativa), and
flowers and buds of chamomile (Anthemis hyaline) have
been reported to be effective against COVID-19 treatment in
theMiddle Eastern countries Egypt and Saudi Arabia [16]. In
Africa, represented by the Democratic Republic of Congo, a

Table 2: Sociodemographic characteristics.

Sociodemographic characteristics Percentage

Gender Men 63
Women 37

Age (years)

<20 8.22
20–40 77.37
40–60 10.82
60–80 0.77

Level of education
Primary 1.5
Secondary 27.6
University 70.9

Monthly income

<100 USD 41.6
100–500 USD 24.5
500–1000 USD 23.4
1000–2000 USD 7.3
>2000 USD 3.2

Locality Urban 20
Rural 80

Medical assistance regime (RAMED) Yes 73
No 27

USD: United States dollar.

Table 3: Ethnobotanical data.

Name of plant Families Vernacular name Part of plant Use mode NTC
Eucalyptus Myrtaceae Eucalyptus Leaves Fumigation 495

Syzygium aromaticum Myrtaceae Krenfel Cloves Fumigation 369Infusion
Allium sativum Amaryllidaceae Touma Garlic Raw 225
Citrus limon Rutaceae Limon Fruit Juice 270

Lavandula officinalis Lamiaceae Khzama Aerial part Infusion 72Fumigation
Trigonella foenum-graecum Fabaceae Helba Seeds Infusion 54

Mentha pulegium Lamiaceae Flio Aerial part Infusion 63Fumigation

Rosmarinus officinalis Lamiaceae Azir Aerial part Infusion 45Fumigation

Artemisia herba-alba Asteraceae Chih Aerial part Fumigation 117Infusion
Cinnamomum verum Lauraceae Karfa Dried bark Infusion 72
Juniperus thurifera Cupressaceae Arar Aerial part Fumigation 45
Nerium oleander Apocynaceae Defla Leaves Fumigation 27
Pistacia lentiscus Anacardiaceae Drou Leaves Fumigation 9
Aloysia triphylla Verbenaceae Lwiza Leaves Infusion 9
Mentha rotundifolia Lamiaceae Marsita Aerial part Infusion 9
Laurus nobilis Lauraceae Moussa Leaves Fumigation 18

Ocimum basilicum Lamiaceae Ri7an Aerial part Infusion 9
Fumigation

>ymus vulgaris Lamiaceae Zaater Aerial part Infusion 126
Zingiber officinale Zingiberaceae Zanajbil Rhizome Infusion 45
Olea europaea Oleaceae Zitoun Leaves Fumigation 46
NTC: total number of citations.
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remedy made up of clove (Syzygium aromaticum), blue gum
(Eucalyptus globulus), lemon grass (Cymbopogon citratus),
and ginger (Zingiber officinale) has been used to fight against
COVID-19.

Regarding the antiviral activity of the most cited plants
in our survey, Table 4 summarizes some studies of these
plants against different types of viruses. By use of molecular
docking, the antiviral activity of eucalyptus was determined
against herpes simplex virus 1, herpes simplex virus 2 [18],
rotavirus Wa strain, adenovirus type 7 [19], and SARS-CoV-
2 [20, 21]. Moreover, garlic has been used for centuries in the
treatment of diseases such as viral diseases. Antiviral activity
of Allium sativum has been confirmed against several viruses
such as influenza A and B [22], herpes simplex virus 1,
herpes simplex virus 2 rhinovirus, and human immuno-
deficiency virus (HIV) [23, 24]. Citrus limon, which is used
by the Moroccan population to treat COVID-19, is rich in
flavonoids like diosmin, eriocitrin, and hesperidin, which
possessed biological activities including antiviral power [25].
Antiviral activity of eugeniin extracted from the Allium
sativum and clove has been reported to be effective against
herpes by inhibiting the viral DNA polymerase, which in
turn affects DNA synthesis [26]. Moreover, eugenol showed
antiviral activity against human herpes simplex [27].

3.2.2. Mode of Use of Plants. Results showed that 70% of the
population use the leaves or aerial parts of plants in the
treatment (Figure 1). 'is can be explained by the easy
harvesting of aerial parts and the accessibility facilities [6].
Fumigation represents the most used method to prepare
natural preparation against COVID-19, followed by infusion
(Figure 2). Generally, fumigation was used in traditional
medicine to treat pulmonary and neurological diseases [28].
Since the SARS-CoV-2 virus infects the respiratory system,
people prefer using fumigation for treatment. Another
reason why fumigation is used is that vapors can play a role
in disinfestation.

Regarding the treatment period, Figure 3 shows that
30.6% of the population used plants at least one time from
the beginning of the pandemic up to the date of investi-
gation, 23.1% once a week, 13.9% once a day, and 9.3% every
day during the outbreak.

3.3. Toxic Plants. 'e empiric use of plants for medication is
always linked to risks of toxicity [29]. Our results showed
that 5 out of 21 plants used by the Moroccan population for
treating or preventing COVID-19 were listed to be toxic
(Table 5).

Table 4: Antiviral activity of the most cited plants in our survey against different types of viruses.

Herpes simplex
virus 1

Herpes simplex
virus 2

Rotavirus Wa
strain

Adenovirus type
7

SARS-
CoV-2

Influenza A and
B HIV

Eucalyptus + + + + +∗ − −

Allium
sativum + + − − − + +

Citrus limon + + − − − − −

+: effective against virus; − : no effect of plant against the virus; ∗study carried out by molecular docking. HIV: human immunodeficiency virus.
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Figure 1: Part of plants used by the Moroccan population to
prevent or treat COVID-19.
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Figure 2: Preparation mode of plants used by the Moroccan
population to prevent or treat COVID-19.
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Figure 3: Duration of plant use by the Moroccan population
during the COVID-19 pandemic.
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Concerning the toxicity of Artemisia herba-alba, a study
by Abderrahman and Shbailat showed harmful effects on the
division of bone marrow cells and the induction of chro-
matid exchanges at doses of 375 and 500 μg ml− 1 [30], while
another study mentioned the potential renal toxicity of this
plant [31]. N. oleander is known for its toxicity due to the
presence of cardiac glycosides in all plant parts. Cardiac
glycosides inhibit Na+/Ka +ATPase pumps in cardiac cells,
which lead to hyperkalemia [32–34].

Pistacia lentiscus is also a toxic plant whose oils cause a
decrease in hepatic cytochrome P450 activity. Subacute
administration of P. lentiscus extract in rats results in
hepatic fibrosis and mild cholestasis [35–37]. Little re-
search mentions the toxicity of Olea europaea. However,
administration of the leaf extract of this plant for a longer
period may lead to liver and kidney damage as reported in
previous works [38, 39]. Furthermore, Juniperus thurifera
oils can cause severe gastrointestinal irritation and intense
congestion of the genitourinary system and intestines
[40].

4. Conclusion

'e present study documented medicinal plants used by
the Moroccan population against COVID-19. 'e results
showed that many plants used to fight the causative
agents of the severe acute respiratory syndrome, in-
cluding Artemisia herba-alba and Nerium oleander.
Notably, antiviral activity of most reported plants has
been confirmed against some viruses elsewhere, but no
activity has been yet approved in in vivo studies. Some
toxic pants were included in natural preparations used by
the Moroccans to control SARS-CoV-2, and hence
people should pay more attention to the non-approved
natural products.
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Anal pain and urinary retention are the two most outstanding complications of the procedure for prolapse and hemorrhoids
(PPH) surgery. �is study intended to assess the clinical e�ect and mechanism of Prostant on urinary retention and anal pain
after the PPH. Here, 30 patients received PPH surgery. �e role and mechanism of Prostant in patients and mice with urinary
retention and anal pain were evaluated. ANOVA tests were executed and di�erences between groups were regarded as
statistically signi�cant when p< 0.05. Prostant e�ectively improved the urination status, lower abdomen symptoms, time to
urinate and score of VAS, and the reduction of TNF-α and IL-6. Similarly, Prostant can ameliorate the outcome of urodynamics
in urinary retention mice. Mechanically, Prostant reversed the urinary retention-elevated the serum level of hs-CRP and TNF-
α, reduction of IL-2, imbalance of Treg/�17, and level of JAK2 and phosphorylated STAT3. Besides, Prostant ameliorated the
pain as shown by the reduction of writhing response, and the elevation of threshold of pain and degree of swelling. Moreover,
Prostant antagonized the pain-induced dysregulation of Treg/�17. �erefore, Prostant can treat patients and mice with anal
pain and urinary retention by modulating the balance of �17/Treg to regulate the secretion and production of in�ammatory
factors. We hope our results can establish a scienti�c treatment approach for solving anal pain and urinary retention after PPH
surgery of mixed hemorrhoids.

1. Introduction

Hemorrhoids are one of the remarkable diseases manifested as
the anal mucosa prominences that are generated by loose
connective tissue, venous and arterial vessels, and smooth
muscle [1]. In the clinic, hemorrhoids represent a variety of
symptoms, including bleeding, pain, soiling, and itching,
which had seriously a�ected patients’ health and life [2].

Moreover, it has been reported that hemorrhoids in adults are
prevalent all over the world, especially in elderly adults and
pregnant women [2]. Although pharmacotherapy is an ef-
fective nonsurgical therapy for patients with mild hemor-
rhoids, patients with hemorrhoids generally develop a severe
course owing to their insu¤cient perception and shame to
seek medical treatment [1, 3]. �us, surgical procedures have
been a necessary therapy for patients with severe hemorrhoids.
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+e procedure for prolapse and hemorrhoids (PPH)
surgery was first mentioned in 1998 by Longo, which then
has been widely utilized in the therapy of hemorrhoids [4].
However, clinical studies have revealed that there is a series
of complications after PPH. +erein, anal pain and urinary
retention are the two most outstanding complications. +e
incidence of urinary retention in mixed hemorrhoids after
surgery is 20% to 52% [5], while moderate to severe anal pain
also occurs in more than 60% of postoperative patients [6].
Furthermore, anal pain and urinary retention promote each
other to form a vicious circle, which causes severe pain to
patients and hinders the healing of postoperative wounds.
+erefore, it is urgently and crucial to effectively reduce the
incidence of urinary retention and anal pain after hemor-
rhoid surgery.

“Treating different diseases with the same treatment”
is an important fundamental theory of traditional Chinese
medicine (TCM), which indicates that the same approach
of treatment can be used to treat diverse diseases with
analogical pathological alteration during various stages of
the progression [7]. TCM theories believe that the
pathological mechanism of complications such as urinary
retention and anal pain after PPH surgery of damp-heat
mixed hemorrhoids is damp-heat stasis, which is similar
to the pathogenesis of the damp-heat stasis type lower
scorch disease such as chronic prostatitis [8–11]. Prostant
is a traditional Chinese patent medicine generally applied
in China for the treatment of chronic prostatitis, which
mainly comprises Cortex Phellodendri (Huang Bai),
Rhizoma Polygoni Cuspidati (Hu Zhang), Fructus Gar-
deniae (Zhi Zi), and Radix et Rhizoma Rhei (Da Huang)
[12]. +e main active ingredient of Prostant is berberine
isolated from Huang Bai that can clear away heat, and
remove dampness and blood stasis. Modern medicine has
proved that berberine can reduce the local inflammatory
response, decline inflammatory stimulation to the local
area, and relieve the convulsions of the bladder neck, and
urethral sphincter by inhibiting the release of local in-
flammatory factors [13, 14]. In addition, Prostant also has
antibacterial effects and regulates mental emotions that
have been demonstrated the safety in clinical application
[12]. Prostant takes the prostate, bladder neck, and rectum
as the main targets, therefore, it should be put 3 to 4 cm
inside the opening of the rectum based on the instruction.
+us, Prostant may be used to treat urinary retention and
anal pain after PPH surgery of damp-heat mixed hem-
orrhoids following the “Treating different diseases with
the same treatment” theory.

Here, the clinical effects of Prostant on anal pain and
urinary retention after PPH surgery of damp-heat mixed
hemorrhoids were evaluated based on the “Treating dif-
ferent diseases with the same treatment” theory combined
with the “precision medicine” theory. Moreover, the
mechanism of action of Prostant was investigated in animal
models. We hope our results can enrich the TCM theory of
“Treating different diseases with the same treatment,” as
well as provide a scientific treatment method for solving
anal pain and urinary retention after PPH surgery of mixed
hemorrhoids.

2. Materials and Methods

2.1. Survey Object. Data of the present study were from 30
patients who were diagnosed with damp-heat mixed hem-
orrhoids admitted to our hospital. +e diagnostic criteria
were according to the “Guidelines for the Clinical Diagnosis
and Treatment of Hemorrhoids” jointly stipulated by the
Colorectal and Anal Surgery Group of the Chinese Medical
Association Surgery Branch, the Anorectal Branch of the
Chinese Society of Chinese Medicine, and the Anorectal
Branch of the Chinese Society of Integrative Medicine in
2006. +e diagnostic criteria for the damp-heat mixed
hemorrhoids were as follows: bright red and thick blood in
the stool followed by discharge or swelling of the abscess,
feeling of burn pain or nourishing water, dry and loose
excrement, yellow or small urine, dry mouth and tongue,
yellow and dark fur, and stringy or floating pulse. A total of
30 patients with damp-heat mixed hemorrhoids were al-
lotted into control group and treatment group (n� 15)
through the randomized single-blind control method. Both
patients in two groups obtained PPH surgery. Patients in the
treatment group received Prostant before the end of the
operation and placed 4 cm inside the opening of the rectum.
+en, patients obtained Prostant treatment at 4 cm inside the
opening of the rectum in the morning and evening after the
operation for consecutive 7 days. Patients in control group
did not receive any treatment. All subjects accredited the
written informed consent. +e study was approved by the
Board and Ethics Committee of our Hospital.

2.1.1. Inclusion Criteria. ① Patients were in accord with the
diagnostic criteria for hemorrhoids in the “Guidelines for
the Clinical Diagnosis and Treatment of Hemorrhoids,” and
meet the diagnostic criteria for damp-heat mixed hemor-
rhoids in TCM syndrome; ② +e gender of the patients is
not limited, and the age of the patients is between 18–70
years old; ③ +e patients have obvious surgical indications
and no surgical contraindications; and④+e subjects were
approved by the ethics committee of Gaozhou Hospital of
Traditional Chinese Medicine affiliated to Guangzhou
University of Chinese Medicine and the subjects’ informed
consent was obtained.

2.1.2. Exclusion Criteria. ① Patients were with end-stage
malignant tumors or cachexia; ② Patients participated or
were participating in other clinical studies during the three-
month period of this study;③ Patients were of childbearing
age and have a pregnancy requirement within 3 months;④
Patients were breastfeeding or pregnant; ⑤ Patients were
with severe liver and kidney problems and malignant pri-
mary diseases such as cardiovascular and cerebrovascular
defects, hematopoietic system defects, lung, and nervous
system defects; ⑥ Patients were with a history of mental
illness;⑦ Patients were with inflammatory bowel disease or
acute diarrhea in the past week; ⑧ Patients were with a
history of urethral injury; and⑨ Patients had other diseases
that were not suitable for the present clinical trials evaluated
by the investigators.

2 Evidence-Based Complementary and Alternative Medicine



2.2. Diagnostic Criteria of Urinary Retention. +e diagnostic
criteria of urinary retention were based on the modern
medical standards related to postoperative urinary retention
and the diagnostic criteria of TCM obstruction.

2.2.1. �e Diagnostic Criteria of TCM Obstruction. +e di-
agnostic criteria of TCM obstruction were based on the
diagnostic criteria of Guiding Principles for Clinical Re-
search of New Chinese Medicines for Treatment of Ob-
struction in the “Guiding Principles for Clinical Research of
New Chinese Medicines” formulated and issued by the
Ministry of Health of the People’s Republic of China in 1993.
+e details were as follows:

① +e patient frequently wanted to urinate, and the
urine was difficult to discharge or even harder to
come out at all;

② +e lower abdomen accumulated more urine and felt
pain;

③ It was difficult to urinate, but there was no feeling of
sore urethra;

④ It was detected that there was more urine left in the
bladder.

2.2.2. �e Diagnostic Criteria of Postoperative Urinary Re-
tention in Modern Medicine. +e diagnostic criteria of
postoperative urinary retention in modern medicine were
based on the clinical manifestations and diagnostic criteria
of postoperative urinary retention in “surgical Complica-
tions.” +e details were as follows:

① Patients did not urinate 6–8 hours after surgery;
② Patient had the following symptoms: desire to uri-

nate, soreness, no pressure, urgency;
③ Clinical examination found bulging above the pubic

joint, sore pressure, muddy sound on percussion, and
palpable swollen bladder.

2.3. Scoring Criteria for Evaluation of Symptoms of Urinary
Retention. +e scoring criteria were based on the scoring
criteria of “Guiding Principles for Clinical Research of New
Chinese Medicines for Treatment of Obstruction.” +e
details were as follows:

2.3.1. Urination Status. 0 point, normal; 1 point, urine was
as thin as a thread; 2 points, intermittent urine flow could
still be thin; 3 points, urinating dripped companies with
failing to form a urinary line.

2.3.2. Lower Abdomen Symptoms. 0 point, asymptomatic; 1
point, full of stuffiness in the lower abdomen; 2 points,
discomfort in the lower abdomen; 3 points, abdominal
distension with pain.

2.3.3. Time to Urinate. 0 point, urination time was less than
40 seconds; 1 point, urination time was between 40 and 50

seconds; 2 points, urination time was between 51 and 60
seconds; 3 points, urination time was greater than 60
seconds.

2.4. Scoring Criteria for Pain Assessment. Pain assessment
criteria were based on the visual analog scale (VAS) (0–10
points) to directly record the score with 0 point indicating no
pain and 10 points indicating maximal pain.

2.5. Evaluation Index. +e degree of dysuria and pain of
patients in the two groups was scored and analyzed. +ree
times were recorded at 3 h, 6 h, and 12 h after operation.
After that, it was recorded again every morning and evening
for 7 days. If the patient was discharged early, follow-up
records would be given by telephone. In addition, the serum
level of TNF-α and IL-6 was also measured through the
enzyme-linked immunosorbent assay (ELISA) assay.

2.6. Animals. SPF male BALB/C mice (18–22 g) were ob-
tained from Guangdong Medical Experimental Animal
Center. All mice were bred in the SPF environment of the
Animal Experiment Center of our hospital and acclimated
for 3 days before experiments. Mice were offered a 12 hour/
12 hour light-dark cycle and provided with water ad libitum
and a standard diet at (21± 2)°C. All experiments were
authorized by the Animal Ethics Committee of our hospital.
+e experimental operations and materials were conducted
following the Guiding Opinions on the Treatment of Ex-
perimental Animals, Laboratory Animal Management
Regulations, and Laboratory Animal LicensingManagement
Measures, and were consistent with the guidelines of the
National Institutes of Health and Health.

2.7. Animals Models and Drug Administration

2.7.1. Construction of a Mouse Model of Hemorrhoids.
After perianal disinfection of the mice, 0.05mL of 75%
glacial acetic acid was injected into the skin around the anus.
Ulcers were formed after 24 hours. +en, 2–3 mice were
randomly selected and scored the perianal area based on the
local symptom scoring criteria (Table 1) to evaluate the
success of the model (More than 4 points indicated suc-
cessful model building). In addition, hemorrhoids model
was also assessed by the pathological changes of the perianal
ulcer tissues.

2.7.2. Construction of a Mouse Model of Hemorrhoids
Combined with Urinary Retention. Mice were intraperito-
neally received with 40mg/kg sodium pentobarbital. +e
mouse lies in the supine position on the dissection table with
a hole at the bottom. After anesthesia, the bladder is opened
from the middle, and the indwelling needle is punctured and
used for bladder perfusion. One end of the indwelling needle
is connected to the 50mL syringe on themicro syringe pump
through a three-way valve, and the other end is connected to
an amplifier through a pressure sensor. +en, the urody-
namic indexes including the urination interval, maximum
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urination pressure, basal bladder pressure, and urination
threshold pressure were recorded via the LabChart software
in real-time. Next, the bladder was perfused with saline at
6mL/h for 60 minutes to determine the urodynamic data of
the bladder under normal conditions. After the last urina-
tion, the external urethra was ligated to result in obstruction
and perfused with saline at 12mL/h for two urination cycles.
+e acute urinary retention model was built 2 hours later.

Mice were randomly divided into control group, hem-
orrhoids combined with urinary retention model group
(H&UR model group), hemorrhoids combined with urinary
retention model treated with low-concentration of Prostant
(H&UR+Prostant-low), and hemorrhoids combined with
urinary retention model treated with high-concentration of
Prostant (H&UR+Prostant-high) (n� 6). H&UR mice
models were established as described above, while mice in
control group obtained no stimulation. Mice in H&UR+ -
Prostant-low and H&UR+Prostant-high groups were ad-
ministrated with 0.5 g/kg and 1.0 g/kg Prostant, respectively.
+erapeutic effect indexes were recorded and analyzed,
including the basal pressure of the bladder during urinary
retention, the time of first bladder contraction urination, the
base pressure of the bladder after the first contractile uri-
nation, urination pressure, and urination threshold pressure
for the first contraction of bladder urination, the base
pressure of the bladder within 30 minutes after the first
bladder contractile urination, urination pressure and uri-
nation threshold pressure within 30 minutes after the first
bladder contraction, urination pressure during the first
contraction of bladder urination, urination pressure 30
minutes after the first urinary bladder contraction and the
number of unstable contractions after urination. In addition,
the expression level of serum inflammatory factors, the
function of T cell, the protein expression level, and the
expression of VEGF in mucosa were determined by ELISA,
flow cytometry, western blot, and immunohistochemistry
assays.

2.7.3. Construction of a Mouse Model of Hemorrhoids
Combined with Urinary Retention and Pain

(1) A mouse Model of hemorrhoids Combined with Urinary
Retention and Pain was Induced by Glacial Acetic Acid. Mice
were randomly divided into control group, H&UR&P-GAA
model group, H&UR&P-GAA+Prostant-low group (0.5 g/
kg), and H&UR&P-GAA+Prostant-high group (1.0 g/kg)
(n� 6). 0.6% glacial acetic acid was injected into the ab-
dominal cavity of the hemorrhoids combined with urinary
retention model mice, and then mice received chemical
stimulation for 15 minutes to obtain the hemorrhoids
combined with urinary retention and pain (H&UR&P-

GAA) model mice. After Prostant was placed into the
rectum for 20minutes, the number of writhing reactions in
the mice was recorded to indirectly evaluate the analgesic
effect of Prostant.

(2) A Mouse Model of Hemorrhoids Combined with Urinary
Retention and Pain was Induced by Pressure. Mice were
randomly divided into control group, H&UR&P-pressure
model group, H&UR&P-pressure + Prostant-low group
(0.5 g/kg), and H&UR&P-pressure + Prostant-high group
(1.0 g/kg) (n� 6). +e tails of hemorrhoids combined with
urinary retention model mice were depilated, and then the
mice were placed in a fixed tube with the tail exposed. +e
tails were marked at 1 cm from the base of the tail, and the
tail retraction was indicated as the pain response gradually
increased the pressure. +e pain response of mice at 0.5 h,
1 h, and 2 h after administration was measured 5 times in
total, and the analgesic effect was evaluated by calculating
the percentage increase in pain threshold.

(3) A Mouse Model of Hemorrhoids Combined with Urinary
Retention and Pain was Induced by fresh Egg Whites. Mice
were randomly divided into control group, H&UR&P-egg
whites model group, H&UR&P-egg whites + Prostant-low
group (0.5 g/kg) and H&UR&P-egg whites + Prostant-high
group (1.0 g/kg) (n� 6). A mark was made on the right hind
foot joint of the mouse, and 0.1mL of 1% fresh egg white was
injected into the foot plantar aponeurosis to cause inflam-
mation. After 30min, Prostant intervention was carried out
and measured at 1, 2, 3, 4, and 5 hours after inflammation.
+e volume of the feet, the degree of swelling, and the in-
hibition rate of inflammation were calculated.

In addition, cytokines secreted by + cells in serum
including IL-4, IL-10, IL-17A, and IFN-c, and transcrip-
tional expression level of T-bet, RORct, GATA3, and Foxp3
was detected by ELISA and reverse transcription-quantita-
tive polymerase chain reaction (RT-qPCR), severally.

2.8.ELISA. +ehuman serum levels of TNF-α and IL-6 were
measured via Human IL-6 ELISA Kit (EK0410) and Human
TNFα ELISA Kit (EK0525), and the mouse serum levels of
IL-2, TNF-α, hs-CRP, IFN-c, IL-4, IL-17A, and IL-10 were
determined by Mouse IL-2 ELISA Kit (EK0398), Mouse
TNFα ELISA Kit (EK0527), Mouse IFN gamma/IFNG
ELISA Kit (EK0375), Mouse IL-4 ELISA Kit (EK0405),
Mouse IL-17A ELISA Kit (EK0431), andMouse IL-10 ELISA
Kit (EK0417, BOSTER, Wuhan, China) in line with the
manufacturer’s protocol. +e mouse serum levels of hs-CRP
were analyzed through Mouse C Reactive Protein ELISA Kit
(ab222511, Abcam, Cambridge, UK) based on the working
instructions. +e absorbance at 450 nm was measured using
a microplate reader (SpectraMAX Plus384, America).

2.9. Flow Cytometry Assay. Mouse peripheral blood was
collected and prepared into lymph node single cell sus-
pension for flow cytometry assay. Cells were harvested and
stained with anti-CD4 antibodies (all from BD Biosciences,
USA). FoxP3 staining was performed using Foxp3/

Table 1: Local symptoms scale.

Scores 0 1 2 3
Degree of
swelling None Barely

visible
Edge higher than

skin
Markedly
swollen

Ulcer area None ＜0.2 cm2 ＜0.3 cm2 ＞0.3 cm2
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Transcription Factor Fixation/Permeabilization Concentrate
and Diluent Kit (eBioscience, USA) according to manu-
facturer’s instruction. +en, cells were stained with anti-
FoxP3 antibody (eBioscience). Regarding intracellular cy-
tokine staining, spleen cells were cultured in media con-
taining PMA (50 ng/ml) and Ionomycin (1 μg/ml) plus
protein transport inhibitor (BD Biosciences) for 5 hours.
Cells were then fixed, permeabilized, and stained with anti-
IL-17A (all from eBioscience, USA). Finally, cells were
analyzed using a flow cytometer (FACSCalibur, BD Bio-
sciences). Fluorescence minus one (FMO) samples and
unstained samples were used as internal controls to set
positive and negative gating. Cell gating and data collection
were performed in a blinded manner.

2.10. Western Blot Analysis. Perianal tissues were separated
and lysed using RIPA lysis buffer (BOSTER). Protein con-
centration was determined by a Pierce® BCA Protein Assay
Kit (+ermo Fisher). Subsequently, protein samples were
dissolved using 10% SDS-PAGE and then transferred onto
PVDF membranes (EMD Millipore, Billerica, MA, USA).
+e membranes were sealed in 5% skimmed milk powder at
room temperature for 2 h and then hatched with primary
antibodies overnight at 4°C, followed by introduction with
the corresponding secondary antibody (BOSTER) for 1 h at
room temperature. An ECL chemiluminescence kit (EMD
Millipore) was used to visualize the bands, and Image-
ProPlus software (Media Cybernetics, Inc., Rockville, MD,
USA) was utilized for the analysis of the gray value. Protein
levels were calculated relative to GAPDH. +e primary
antibodies used in this study were as follows: GAPDH
(ab181602, Abcam), JAK2 (74987, Cell Signaling Technol-
ogy, Inc., Danvers, MA, USA), and phospho-STAT3
(Tyr705) (9145, CST) at 1 :1, 000 dilutions.

2.11. Immunohistochemistry (IHC). Internal hemorrhoid-
damaged mucosal tissues were immobilized with 4%
paraformaldehyde f at room temperature for 24 h. After
dehydrated, embedded, and cut, the sections (5 μm) were
obtained for IHC experiment. Sections were stained with
anti-VEGFC antibody (A00623, BOSTER). Subsequently,
the slices were assessed with a light microscope (Olympus,
Tokyo, Japan) and Image-Pro Plus 6.0 (Media Cybernetics).

2.12. RT-qPCR Analysis. Total RNA from perianal tissues
was enriched through TRIzol reagent (TaKaRa Biotech-
nology Co., Ltd., Dalian, China) and then reversely tran-
scribed into cDNA by PrimeScript™ RT reagent Kit with
gDNA Eraser (Perfect Real Time) (TaKaRa) following the
operating instruction. RT-qPCR was performed in a 25 μl
quantum involving 2 μl of the cDNA, 12.5 μl 2× SYBR®Premix Ex Taq™ II (Tli RNaseH Plus) (TaKaRa), 2 μl of the
10-μM upstream and downstream primers as well as 8.5 μl
ddH2O, using the ABI PrismTM 7500 (+ermo Fisher). +e
RT-qPCR conditions were as follows: 30 s at 95°C, followed
by 40 cycles between 95°C for 5 s and 60°C for 30 s, 95°C for
10 s, and 65°C for 5 s. +e relative expressions of T-bet,

RORct, GATA3, and Foxp3 were calculated using the
2−ΔΔCT method and normalized to the GAPDH. All the
primers used in the present study were listed in Table 2.

2.13. Statistical Analysis. Data in the present study were
determined using SPSS 25.0 statistical software (IBM,
Armonk, New York, USA). Data were first analyzed using
Shapiro‒Wilk test. All the measurement data were presented
as means± SD when measurement data conformed to
normal distribution. Data were tested by a rank sum test or
student’s t-test with only two groups, whereas differences
were determined via one-way analysis of variance and
Duncan’s test among various groups. All the count data were
displayed as a percentage and detected by the chi-square test.
+e differences were regarded as statistically significant
when p< 0.05. Figures were generated using Graphpad
Prism 8.0 software.

3. Results

3.1. General Information. 30 patients who accorded with the
inclusion and exclusion criteria were included and allocated
into control and treatment groups. As shown in Table 3, 15
patients contained 9 males and 6 females aged 23–69 years
(41.0± 13.2 years) with medical history 0.5–10 years
(4.1± 3.1 years) in control group. In the treatment group, 15
patients included 10 males and 5 females aged 24–69 years
(45.5± 15.1 years) with medical history 1–30 years (7.3± 7.9
years). Data of the two groups showed no statistical dif-
ference (p> 0.05).

3.2. �e Clinical Effect of Prostant on Urinary Retention and
Pain. Patients with the damp-heat mixed hemorrhoids
received PPH surgery and then treated with or without
Prostant. Clinical data revealed that Prostant treatment
significantly ameliorated the symptoms of urinary retention
including urination status (Figure 1(a)), lower abdomen
symptoms (Figure 1(b)), and time to urinate (Figure 1(c)). In
addition, patients treated with Prostant notably suffered less
pain as indicated by a prominently lower score of VAS
(Figure 1(d)). Moreover, ELISA results exhibited that the
serum level of IL-6 and TNF-α of the two groups was no
statistical difference before operation, while IL-6 and TNF-α
levels in patients administrated with Prostant were

Table 2: Primer sequences included in the present study.

Primer name Sequence (5′–3′)
GAPDH-F GGAGAGTGTTTCCTCGTCCC
GAPDH-R ACTGTGCCGTTGAATTTGCC
T-bet F AAGTTCAACCAGCACCAGACAGAG
T-bet R GCCACGGTGAAGGACAGGAATG
RORct F AAGGCAAATACGGTGGTGTG
RORct R GAAAAGGGTGAAGGAGTCGC
GATA3 F CCAAGGCACGATCCAGCACAG
GATA3 R TTATGGTAGAGTCCGCAGGCATTG
Foxp3 F AAGAATGCCATCCGCCACAACC
Foxp3 R GGCGTTGGCTCCTCTTCTTGC
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observably reduced on the first day and the second day after
the operation (Figures 1(e) and 1(f)). In summary, these
outcomes indicated that Prostant could effectively relieve
urinary retention, pain, and inflammation.

3.3. Prostant Ameliorated the Urinary Retention in Mice
Model. To reveal the underlying mechanism of the effect of
Prostant on urinary retention and pain, we built a mice
model of hemorrhoids combined with urinary retention.
Urodynamics results revealed that both low-dose and high-
lose Prostant significantly attenuated the H&UR-induced
enhancement of the basal pressure of the bladder during
urinary retention (Figure 2(a)), the time of first bladder
contraction urination (Figure 2(d)), the base pressure of the
bladder after the first contractile urination (Figure 2(e)), and
the base pressure of the bladder within 30 minutes after the
first bladder contractile urination (Figure 2(f )). However,
only high-lose Prostant prominently declined the H&UR-
induced increase of the urination pressure and urination
threshold pressure for the first contraction of bladder uri-
nation (Figure 2(c)), urination pressure 30 minutes after the
first urinary bladder contraction (Figure 2(g)), urination
pressure and urination threshold pressure within 30 minutes
after the first bladder contraction (Figure 2(h)), and the
number of unstable contractions after urination
(Figure 2(i)). Besides, both low-dose and high-lose Prostant
had no effect on the H&UR-induced augmentation of the
urination pressure during the first contraction of bladder
urination (Figure 2(b)). In brief, these data suggested that
Prostant could improve urinary retention in the mice model.

3.4. Prostant Regulated Inflammatory Factors Expression
through Modulating �17/Treg Balance with Inhibiting JAK/
STAT Signaling Pathway. +e serum level of inflammatory
factors including hs-CRP, IL-6, and TNF-α was notably
increased in H&UR model mice, which was markedly re-
versed with high-dose Prostant treatment (Figure 3(a)). On
the contrary, high-dose Prostant introduction notably
promoted the H&UR-induced decrease of the serum level of
IL-2 (Figure 3(a)). IHC analysis revealed that the H&UR-
induced elevation of VEGF expression was dramatically
reduced by both low-dose and high-dose Prostant treatment

(Figures 3(b) and 3(c)). Additionally, flow cytometry results
revealed that both low-dose and high-dose Prostant
prominently downregulated the H&UR-induced increase of
+17 expression, but upregulated the H&UR-induced de-
crease of Treg expression (Figures 3(d) and 3(e)). +e rel-
ative protein levels of JAK2, STAT3, and p-STAT3 were
notably enhanced in H&UR model mice, which was ob-
servably antagonized with both low-dose and high-dose
Prostant treatment (Figures 3(f ) and 3(g)). Based on these
results, we demonstrated that Prostant regulated +17/Treg
balance in urinary retention mice by suppressing the ex-
pression of JAK/STAT axis, thereby modulating the ex-
pression of inflammatory factors, and finally improving
urinary retention.

3.5. Prostant Exerted Analgesic Effect on Mice. Next, three
pain mice models were built to assess the effect of Prostant
on the pain. After H&UR model mice were administrated
with 0.6% glacial acetic acid, the number of writhing re-
actions was significantly increased, which was notably
inverted with both low-dose and high-dose Prostant treat-
ment (Figure 4(a)). +us, the inhibition ratio of writhing
response between low-dose and high-dose Prostant treat-
ment was no statistical difference (Figure 4(b)). Besides,
H&UR model mice were pressed and analyzed at 0.5 h, 1 h,
and 2 h after administration. +e results revealed that both
low-dose and high-dose Prostant treatment prominently
elevated the threshold of pain of H&UR model mice at 0.5 h,
1 h, and 2 h compared with that at 0 h (Figure 4(c)).
Moreover, high-dose Prostant treatment further signifi-
cantly increased the threshold of pain of H&UR model mice
compared with low-dose Prostant treatment at 0.5 h, 1 h, and
2 h (Figure 4(c)). +erefore, high-dose Prostant treatment
observably enhanced the increased ratio threshold of pain
compared with low-dose Prostant treatment (Figure 4(d)).
Similarly, the foot plantar aponeurosis of H&URmodel mice
was injected with 1% fresh egg white to cause inflammation.
+e degree of swelling of H&URmodel mice was memorably
enhanced relative to that in control mice at 1, 2, 3, 4, and 5 h
after inflammation. However, both low-dose and high-dose
Prostant treatment notably attenuated the degree of swelling
of H&UR model mice at 1, 2, and 3 h, while only high-dose
Prostant treatment prominently reduced the degree of
swelling of H&UR model mice at 4 and 5 h (Figure 4(e)).
Hence, high-dose Prostant treatment significantly elevated
the inhibition rate of inflammation compared with low-dose
Prostant treatment at 1, 2, 3, 4, and 5 h (Figure 4(f )). Al-
together, we concluded that Prostant had an analgesic effect
on mice.

3.6. Prostant Exerted Analgesic Effect via Regulating the
Balance between T Cell Subpopulations. Based on the above-
mentioned results, the balance between T cell subpopula-
tions may exert a crucial role in urinary retention and pain.
+us, the serum level of IFN-c, IL-4, IL-10, IL-17A, and IL-
17C was detected. ELISA results exhibited that both low-
dose and high-dose Prostant treatment notably reduced
H&UR&P-induced elevation of the serum level of IFN-c, IL-

Table 3: Comparison of general information between control
group and treatment group.

Control (n) Treatment (n) χ 2 p

Gender
Male 9 10 0.000 1.000Female 6 5

Age
＜35(year) 6 6

3.333 0.34335–50(year) 4 3
＞50(year) 5 6

Medical history
＜3.0(year) 5 4

0.000 1.0003.0–5.0(year) 6 5
＞5.0(year) 4 6
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Figure 1: Prostant effectively alleviated urinary retention, pain, and inflammation. +e symptoms of urinary retention including urination
status (a), lower abdomen symptoms (b) and time to urinate (c) were scored, and the score of VAS (d) was also quantified to evaluate the
pain. In addition, the serum level of IL-6 (e) and TNF-α (f ) was determined by ELISA before operation and on the first day, and the second
day after the operation. Data in (a)–(d) were evaluated by the rank sum test, while data in (e) and (f) were examined by the student’s t-test.
+e means± SD of 15 independent samples were presented. ∗p< 0.05 and ∗∗p< 0.01.
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Figure 2: Continued.
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17A, and IL-17C, while both low-dose and high-dose
Prostant treatment observably enhanced H&UR&P-induced
reduction of the serum level of IL-10 (Figure 5(a)). However,
the serum level of IL-4 was no statistical difference among
the four groups (Figure 5(a)). Furthermore, qRT-PCR re-
sults uncovered that the transcriptional level of T-bet and
RORct was observably increased, which was significantly
reversed with both low-dose and high-dose Prostant
treatment (Figure 5(b)). +e mRNA expression level of
GATA3 and Foxp3 was markedly reduced, which was no-
tably rescued with high-dose Prostant treatment
(Figure 5(b)). +erefore, these data indicated that Prostant
mainly exerted an analgesic effect via modulating the balance
of +17/Treg.

4. Discussion

In the current study, we explored the clinical effects of as well
as the potential molecular mechanism of Prostant on urinary
retention and anal pain based on the “Treating different
diseases with the same treatment” theory combined with
“precision medicine” theory. We found that Prostant could
treat patients and mice with urinary retention and anal pain.
Mechanically, Prostant may modulate the balance of +17/
Treg to regulate the secretion and production of inflammatory
factors, which ameliorated urinary retention and anal pain.

Prostant has been demonstrated to be effective and safe
in the treatment of chronic prostatitis [15]. +e pathological
mechanism of chronic prostatitis according to TCM theories
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Figure 2: Prostant improved the urinary retention in mice model. Mice with hemorrhoids combined with urinary retention were treated
with or without Prostant. Urodynamics, including the basal pressure of the bladder during urinary retention (a), the urination pressure
during the first contraction of bladder urination (b), the urination pressure and urination threshold pressure for the first contraction of
bladder urination (c), the time of first bladder contraction urination (d), the base pressure of the bladder after the first contractile urination
(e), the base pressure of the bladder within 30 minutes after the first bladder contractile urination (f), the urination pressure 30minutes after
the first urinary bladder contraction (g), the urination pressure and urination threshold pressure within 30 minutes after the first bladder
contraction (h), and the number of unstable contractions after urination (i). +e means± SD of six independent samples were shown.
∗∗p< 0.01 v.s control group. ##p< 0.01 v.s H&UR model group.
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Figure 3: Prostant regulated inflammatory factors expression through modulating +17/Treg balance with inhibiting JAK/STAT axis. (a)
+e serum level of hs-CRP, TNF-α, IL-2, and IL-6 was examined via ELISA. ((b) and (c)) +e level of VEGF in mucosal tissues was
determined by IHC. ((d) and (e))+e expression of+17 and Treg was assessed by flow cytometry assay. ((f ) and (g))+e protein expression
of STAT3, phosphorylated STAT3, SOCS3, and JAK2 was evaluated by western blot. Data were exhibited following being normalized to
GAPDH. +e means± SD of six independent samples were displayed. ∗∗p< 0.01 and ∗∗∗p< 0.001 v.s control group. #p< 0.05, ##p< 0.01
and ###p< 0.001 v.s H&UR model group.
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is damp-heat stasis, which is similar to that of urinary re-
tention after PPH surgery of damp-heat mixed hemorrhoids.
+us, Prostant was used to treat the patients with urinary
retention after PPH surgery in the present study based on the
“treating different diseases with the same treatment” theory.
Satisfactorily, Prostant was also effective for the patients with
urinary retention after PPH surgery as indicated by the
improvement of urination status, lower abdomen symp-
toms, and time to urinate. During the surgery, the traction,
sharp cutting, or thermal damage around the anorectum and
perineum can damage the muscles, blood vessels, and
nerves, which results in the release of inflammatory factors,
local inflammation, pain, local bleeding, and hematoma
formation.+ese stimuli can reflexively cause muscle spasms
and wound inflammation in the perineum, prostate, and
bladder neck, which can lead to dysuria and urinary re-
tention [16]. +us, a previous study has highlighted that the
risk of urinary retention is tightly associated with inflam-
mation [17]. Wu et al. [18] have exhibited that the serum
concentration of IL-6 was notably enhanced in patients with
acute urinary retention. Our ELISA results revealed that

Prostant treatment notably diminished the serum level of
proinflammatory cytokines including TNF-α and IL-6 both
on the first and second day after the operation. TNF-α, a core
modulator of inflammatory responses, has been identified to
be relevant to the pathogenesis of inflammatory [19]. IL-6
exerts a significant role in a variety of signs of progress, such
as inflammation, immune regulation, hematopoiesis, and
oncogenesis [20]. In addition, the degree of pain was also
markedly alleviated with Prostant treatment as shown by the
reduction of score of VAS. +erefore, we concluded that
Prostant might attenuate the secretion of inflammatory
mediators to exert anti-inflammatory function, which
slowed down the course of the disease, thereby reducing the
pain after the operation.

+en, a urinary retention model was built, and urody-
namics results revealed that Prostant treatment observably
improved urinary retention in mice. CRP is an acute phase
protein secreted by IL-6 that is upregulated during various
inflammatory processes, tissue necrosis, and tissue damage
(such as after surgery) [21]. +us, serum CRP has been
demonstrated to be a predictor due to an increase of its
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Figure 4: Prostant exerted analgesic effect on mice. H&URmodel mice were introduced with 0.6% glacial acetic acid, and then the number
of writhing reactions (a) and the inhibition ratio of writhing response (b) were detected. In addition, H&UR model mice were pressed and
analyzed at 0.5 h, 1h, and 2h after administration. +e threshold of pain (c) and the increased ratio threshold of pain (d) were determined.
Besides, the foot plantar aponeurosis of H&UR model mice was injected with 1% fresh egg white to cause inflammation. +e degree of
swelling (e) and the inhibition rate of inflammation (f) were assessed.+emeans± SD of six independent samples were displayed. In Figures
(a) and (e), ∗∗p< 0.01 v.s control group, and ##p< 0.01 v.s H&UR model group. In Figure (c), ∗∗p< 0.01 v.s that at 0 h, #p< 0.05 and
##p< 0.01 v.s low-dose prostant at the same time point, respectively. In Figures (d) and (f), ∗p< 0.05 and ∗∗p< 0.01 v.s low-dose prostant at
the same time point, respectively.
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serum level in acute urinary retention, [22] acute prostatitis
[23], and liver cirrhosis [24]. IL-2 regulates the cellular
activity of white blood cells in the immune system [25].
Similarly, ELISA results revealed that Prostant administra-
tion significantly declined the H&UR-induced enhancement
of the serum level of hs-CRP and TNF-α, while enhancing
the H&UR-induced reduction of the serum level of IL-2. It
has been elucidated that the balance of Treg/+17 is cor-
relative with inflammation in various diseases, such as colon
inflammation, [26] experimental autoimmune encephalo-
myelitis, [27] rheumatoid arthritis [28], and chronic ob-
structive pulmonary disease [29]. In line with these previous
studies, our results also showed the unbalance of Treg/+17
in the mice with urinary retention. However, Prostant
treatment prominently rescued the dysregulation of Treg/
+17. Furthermore, Prostant treatment observably antago-
nized the H&UR-induced enhancement of JAK2 and
phosphorylated STAT3. JAK/STAT signal pathway is a core
pathway for intracellular signal transduction, which has
been introduced to be essential for the differentiation
of CD4+ T cells into effector or regulatory phenotypes
[30, 31]. Taken together, we concluded that Prostant can
modulate +17/Treg balance in urinary retention mice by
inhibiting JAK/STATsignaling pathway, which regulates the
generation of inflammatory cytokines to improve urinary
retention.

In addition, the balance of +17/Treg has also been
demonstrated to be associated with pain, such as neuro-
pathic pain, [32] bone cancer pain [33], and chronic low
back pain [34]. Similarly, serum level of IL-17A was notably
elevated in H&UR&P mice model, which could be reversed
with Prostant treatment. Furthermore, Prostant treatment

prominently antagonized the H&UR&P-induced increase of
ROR ct, and reduction of FoxP3. ROR ct is a pivotal
transcription factor for +17 cells differentiation, and it also
regulates the expression and secretion of IL-17, [35] while
FoxP3 is a representative transcription factor of Treg cells
[36]. Moreover, +1 cells can promote the occurrence of
pain according to the production of proinflammatory cy-
tokines TNF and IFN-c, while +2 cells can relieve pain
based on the generation of anti-inflammatory cytokines IL-
4, IL-5, IL-10, and IL-13 [37]. T-bet and GATA-3 can
mediate the differentiation of T cells into +1 and +2,
respectively [38]. +us, in the present study, Prostant
treatment prominently antagonized the H&UR&P-induced
increase of IFN-c and T-bet, and reduction of IL-10 and
GATA-3. In brief, combined with the improvement of pain
with Prostant treatment as indicated by the reduction of
writhing response, and the elevation of threshold of pain and
degree of swelling, we concluded that Prostant can alleviate
urinary retention and pain through regulating the balance
between T cell subpopulations in mice. Nevertheless, no
statistical difference was detected in the serum level of IL-4
relative to that in the control, which might suggest that
Prostant mainly alleviated urinary retention and pain
through regulating the balance of +17/Treg.

In conclusion, Prostant can treat patients and mice with
anal pain and urinary retention. Mechanically, Prostant may
regulate the balance of +17/Treg to modulate the secretion
and production of inflammatory factors, which ameliorated
anal pain and urinary retention. However, our study still has
a few limitations. First, the clinical sample size of this study is
small, thus more sample numbers are needed in subsequent
observations. Next, the potential and further molecular
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Figure 5: Prostant exerted analgesic effect via regulating the balance between T cell subpopulations. (a) +e serum level of IFN-c, IL-4, IL-
10, IL-17A, and IL-17C was detected by ELISA. (b)+emRNA expression level of T-bet, RORct, GATA3, and Foxp3 was measured by qRT-
PCR. Data were exhibited following being normalized to GAPDH. +e means± SD of six independent samples were displayed. ∗∗p< 0.01
and ∗∗∗p< 0.001 v.s control group. #p< 0.05, ##p< 0.01 and ###p< 0.001 v.s H&UR&P model group.
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mechanisms (such as some relevant signaling pathways)
involved in pain need to be inquired about in further study.
Additionally, the lack of validation of jak2/stat3 inhibitors
and/or agonists is indeed another shortcoming of our study,
which need to be supplemented in the following experi-
ments. Briefly, we hope the results can establish a foundation
for therapeutic drugs to treat anal pain and urinary retention
after surgery.
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Medicinal plants have been treating various ailments and diseases since ancient times. Aquatic and semiaquatic medicinal plants play an
essential role in human welfare to ful�ll their daily needs. �ey have shown biological, pharmacological, nutraceutical, and commercial
applications. �is review aims to collect and update all recent information on ethnomedicinal, phytochemistry, pharmacological
activities, and nanoparticle synthesis and their uses in aquatic and semiaquatic medicinal plants. Original research papers, review papers,
short communications, and book chapters on aquatic and semiaquatic plants have been retrieved from PubMed, Web of Science,
Scopus, and Google Scholar. Keywords, ethnomedicinal studies, phytochemistry, pharmacological activities, and nanoparticle synthesis
from aquatic and semiaquatic medicinal plants are used for the search. Di�erent aquatic and semiaquatic medicinal plants belonging to
the families Acanthaceae, Alismataceae, Amaranthaceae, Apiaceae, Araceae, Asteraceae, Boraginaceae, Ceratophyllaceae, Cyperaceae,
Fabaceae, Hydrocharitaceae, Lythraceae, Marsileaceae, Menyanthaceae, Nelumbonaceae, Nymphaeaceae, Onagraceae, Plantaginaceae,
Poaceae, Polygonaceae, Pontederiaceae, Primulaceae, Scrophulariaceae, and Zingiberaceae have been studied.�ey are rich in alkaloids,
�avonoids, terpenoids, phenolics, saponins, tannins, dietary �ber, glycosidic derivatives, carbohydrates, and proteins. �ese phyto-
chemicals have been used for their antimicrobial, antioxidant, hepatoprotective, sedative, anticonvulsant, cytotoxic, antiparasitic, and
antidiabetic activities. Besides this, various parts of the plants are used as dietary supplements and green nanoparticle synthesis. �ese
plants are also known for their commercial value and are used as an ingredient in some pharmaceutical industries.

1. Introduction

Natural products from medicinal plants are known for their
various uses, such as treating infectious diseases, biological
applications in the industry as ingredients, food additives,
and green synthesis of nanomaterials [1, 2]. About 500,000
plants worldwide have a promising potential for their
medical activities [3–6]. Great civilizations such as Meso-
potamian, Roman, Greek, Inca, Indus valley, Sindhu, Ghati,

and Mohanjordo indicated that humans always preferred to
live near plants, streams, lakes, and di�erent types of water
bodies to get their foods and shelters. For example, various
plant species and their parts have been reported to be used as
human and animal diets and sources of medicine [1, 7, 8].
Aquatic and semiaquatic plants are found in all ecological
zones; however, most are distributed in subtropical and
tropical regions. Aquatic medicinal plants can be divided
into two categories based on their habitat. �ey are aquatic
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plants and semiaquatic plants. Aquatic plants grow mainly
in water bodies or floating on water bodies like algae,
whereas semiaquatic plants/amphibian plants prefer to grow
in submerged water bodies. Aquatic plants can be classified
into two categories based on their ethnomedicinal appli-
cations and physicochemical effects. Major aquatic medic-
inal plants have very high medicinal and economic values
and are readily available for commercial purposes for dif-
ferent human welfare. Minor aquatic plants are those plants
that still contain therapeutic qualities against multiple dis-
eases and disorders, but either lack availability or have little
knowledge regarding their pharmacological properties. +is
is due to the lack of availability of these plant materials,
regional applications of plants, and the economic value of
plants, unnoticed or overlooked or neglected by the re-
searchers. However, these plants are highly rich in diver-
sified secondary metabolites due to their association with
water bodies and weather conditions [9]. Medicinal plants
from the wetland ecosystems have played a vital role in the
development of the world since the beginning of human
civilization [10]. Aquatic and semiaquatic plants have also
been reported with significant prospects for commercial and
environmental protection by exploring their hidden riches
of medicinal properties [11]. +ese plants are highly di-
versified in structural adaptations, distribution, and phy-
tochemical compound syntheses, enabling them to thrive in
the diet and numerous applications [12] (Table 1). Aquatic
and semiaquatic medicinal plants have multifunctional
bioactive compounds widely used to protect against human
and livestock health disorders [41].

Aquatic and semiaquatic medicinal plants and their
phytochemicals have been widely practiced as traditional
medicines worldwide. For instance, 50–60% of people in
India live closer to aquatic bodies and use these plants for
various practices such as medicinal, ornamental, and reli-
gious offspring [10, 41]. Recently, the research interest in
aquatic and semiaquatic plants has grown tremendously,
increasing the screening of new possible phytoconstituents
and the usage of bioactive compounds in approved phar-
maceutical drugs. Various literature reports also demon-
strated that plants possess high nutritional values, medicinal
uses, and several biological and pharmacological activities
due to their production of potentially bioactive compounds
[46]. Despite the wide range of published documents on
aquatic and semiaquatic medicinal plants, the information is
scattered and unavailable in one place.+erefore, this review
aims to bring all the published documents in one place in the
form of a review paper.

2. Some Significant Aquatic and Semiaquatic
Medicinal Plants

2.1. Acorus calamus (Sweet Flag). Sweet flag is an important
aquatic medicinal plant belonging to the Araceae family, as
shown in Figure 1. It is distributed in marshy areas, shallow
lands, and ponds of tropical and subtropical areas such as
Asia, Europe, and America [47, 48]. +is herb has been used
in the Indian Ayurvedic medical systems from earlier civ-
ilizations. Many parts of this plant, such as rhizomes, roots,

and leaves, are used for their medicinal properties. Sweet flag
has been used to treat skin disorders, epilepsy, asthma,
diarrhea, hysteria, insanity, insomnia, melancholia, neur-
asthenia, heart disease, and lung cancer [10]. It contains
medicinally essential alkaloids such as choline, acorin, cal-
amine A, bitter glycosides, caramel, gum, resin, and starch
tannins [47, 49]. +e primary chemical constituents such as
β-asarone (27.4–45.5%), acorenone (20.86%), and iso-
calamendiol (12.75%) are reported from its leaves and
rhizomes, respectively [50, 51].

2.2. Ageratum conyzoides (White Weed). +is semiaquatic
plant species belong to the Asteraceae family (Figure 2),
distributed in tropical and subtropical regions, including
Brazil [52]. It is common in Asia, West Africa, and South
America. Its leaves and shoots treat fresh cuts and injuries
and are used in preparing traditional hair lotion. It also treats
pneumonia, wound healing, and skin diseases. Some sec-
ondary metabolites also found in the plant are rutin,
quercitrin, avicularin hyproside, and catechin [53].

2.3. Ammannia baccifera (Monarch Redstem). +is semi-
aquatic medicinal plant belongs to the Lythraceae family
(Figure 2), distributed commonly throughout India [54].
+e plant treats fever, hepatoprotective activities, rheumatic
pains, ringworm, scabies, skin diseases, skin itching, and
typhoid fever and possesses antioxidant, larvicidal, and
antisteroidogenic properties [55]. +e plant has secondary
metabolites such as 4-hydroxy-α-tetralone, tetralin-4O-β-D-
glucopyranoside, and ammaniol [56].

2.4. Amomumaromaticum (Namra). +is aquatic medicinal
plant belongs to the Zingiberaceae family (Figure 1), dis-
tributed in Bhutan, North East India, and Nepal [57]. It is a
common spice and food flavoring agent in Vietnam and
other Asian countries [58]. Seeds of the plant exhibit me-
dicinal value for controlling blood pressure. +e stem of this
plant is consumed in a vegetable diet in Manipur [57]. +e
plant contains secondary metabolites such as 1,8-cineole,
β-myrcene, α-terpineol, terpinene-4-ol, α-pinene, and
β-pinene [59].

2.5. Bacopa monnieri (Water Hyssop). +is aquatic plant
species belong to the Plantaginaceae family and is native to
India, the United States, East Asia, and Australia, as shown
in Figure 1. +is aquatic plant’s leaves and flowers treat
asthma, bronchitis, Alzheimer’s disease, hypoglycemia,
leprosy, ringworms, stomach diseases, blood pressure, and
anxiety [60]. +e plant contains secondary metabolites,
including bacopa saponins such as bacopasaponin F,
bacopasaponin E, bacopaside III, bacopaside IV, bacopaside
N1, and bacopaside V. Additionally, the plant species has
been reported to contain phytoconstituents like monnierin,
brahmin, herpestine, β-sitosterol, betulinic acid, luteolin,
apigenin, D-mannitol, hersaponin, and stigmasterol [61].



Table 1: Some aquatic and semiaquatic medicinal plants with potential phytoconstituents and their applications.

Plant name Family Plant part
used Major phytochemicals Type of

extracts Uses References

Aeschynomene
aspera Fabaceae Shoots Glycosides, tannins, alkaloids,

steroids, gums, and flavonoids
Crude
extracts

(i) Treat cold, fever, and
cough
(ii) Increase semen
consistency

[13]

Ageratum
conyzoides Asteraceae Leaves and

shoot
Rutin, quercitrin, avicularin,
hyperoside, and catechin

Pure
compounds

Used to treat fresh cuts and
injuries and prepare
traditional hair lotion

[14]

Alternanthera
philoxeroides Amaranthaceae Shoot α-Ionone and triglyceride Pure

compounds Used to cure dysentery [15]

Ammannia
auriculata Lythraceae Leaf Hydroxy-1-tetralone and

β-sitosterol
Pure

compounds
(i) Decrease fevers and
rheumatic pains [16]

Caesulia
axillaris Asteraceae Whole

plant part 4-Methyl-5-ergosta Pure
compound

Relieves cold, cough,
dysentery, malaria, nasal
congestion
(ii) Healing wounds

[13, 17]

Ceratophyllum
demersum Ceratophyllaceae Leaves

Apigenin-7-O-glucoside,
benzyl acetate, and

sesquiterpene

Pure
compounds

(i) Relieves inflammatory
effects, dysentery, epistaxis,
fever, haematemesis,
hemorrhoids, piles,
hyperdipsia, intrinsic,
scorpion sting, and ulcer
(ii) Healing wounds

[18, 19]

Coix aquatica Poaceae Roots Kaempferol and rutin Pure
compounds

Decrease the urination and
menstrual complaints
effects

[13]

Cryptocoryne
retrospiralis Araceae Fresh

tubers Triterpene Pure
compound

Treats antiemetic, boils,
burns, and vomiting
during pregnancy

[20, 21]

Cyperus haspan Cyperaceae Rhizome α-Ionone and triglyceride Pure
compounds Treat fever and cough [15, 22]

Eleocharis dulcis Cyperaceae Roots Triglyceride and β-sitosterol Pure
compounds

Decreases abdominal pain,
amenorrhea, cardiac risks,
liver problems, nausea

[23]

Fagopyrum
esculentum Polygonaceae Shoot — — Used to treat the diabetic

patient [15, 24]

Hygrophila
auriculata Acanthaceae Whole

plant part β-Cadinene Pure
compound

Decreases the anuria,
blennorrhoea, catarrh,
craw-craw, diuretic,
hydropsy, menstruation,
and stomach ache effects

[25, 26]

Hygrophila
polysperma Acanthaceae Leaves and

seeds Terpinene-4-ol Pure
compound

Treat facial paralysis,
hemiplegia, ear noise with
headache, and stiff neck

[27]

Lagenandra
ovata Araceae — Sabinene and terpinen-4-ol Pure

compounds

(i) Relieves cardiac
ailments
(ii) Healing kidney
disorders, skin problems,
and swelling

[28]

Limnophila
aromatica Plantaginaceae — Hyperoside, quercitrin,

avicularin, and catechin
Pure

compounds

(i) Used as antimutagenic,
mucus removal, antitumor,
and pain killer
(ii) Treats dysentery,
elephantiasis, fever,
indigestion, intestinal
worms, and menstrual
problems

[29]

Limnophila
indica Scrophulariaceae Aerial

parts Triterpenoids and saponins Crude
extracts

Treats anthelmintic,
antiseptic, dysentery, and
elephantiasis

[13, 30]

Evidence-Based Complementary and Alternative Medicine 3



Table 1: Continued.

Plant name Family Plant part
used Major phytochemicals Type of

extracts Uses References

Lindernia
Anagallis Scrophulariaceae Whole

plant Acacetin and luteolin Pure
compounds

Treats asthma and
gonorrhea [13]

Ludwigia
adscendens Onagraceae Whole

plant α-Terpineol Pure
compound

(i) Used as antimicrobial
and anti-inflammatory
(ii) Treats dysentery, skin
diseases, and ulcers

[31, 32]

Ludwigia
octovalvis Onagraceae Whole

plant Geraldone and acacetin Pure
compounds

Treats body ache, boil,
diarrhea, fever, flatulence,
heal dermatitis, toxemia,
and ulcer

[33]

Lysimachia
nummularia Primulaceae — β-Asarone and α-asarone Pure

compounds
Treat cancer, stone lin
syndrome, and wounds [34]

Marsilea minuta Marsileaceae Leaves and
root

Hyperoside, quercitrin, and
avicularin

Pure
compounds

Releaf biliousness, cough,
headache, hypertension,
insomnia, sleeping
disorder, and spastic
condition of leg muscles

[35]

Monochoria
hastata Pontederiaceae Leaves Rutin, protocatecheic acid,

vanillic acid, and ferulic acid
Pure

compounds
Used as anti-inflammatory
agents [36]

Monochoria
vaginalis Pontederiaceae Leaves and

flowers
β-Transocimenone,

kaempferol, and solanin
Pure

compounds

(i) Used as antioxidant,
anti-inflammatory
(ii) Treats asthma, coughs,
stomach, toothache,
swelling, and liver disorder

[37]

Nymphaea
pubescens Nymphaeaceae Rhizome,

roots Orientin, β-D-glucopyranosyl Pure
compounds

Treats abortion, blood
dysentery, dyspepsia,
jaundice, leucorrhoea,
menorrhagia, and piles
disorders

[38]

Nymphaea
stellata Nymphaeaceae Leaf p-Cymene, α-selinene, and

beta-gurjunene
Pure

compounds Treats stomach disorders [39]

Nymphoides
hydrophylla Menyanthaceae Leaves and

seeds Kaempferol and allantoin Pure
compounds

Treats eye diseases, fevers,
insect bites, jaundice,
scorpion sting, snakebite,
and ulcer

[40]

Nymphoides
indica Menyanthaceae Whole

plant part Kaempferol and allantoin Pure
compounds

Decreases fever, headache,
rheumatism, and scabies
disorders

[13]

Polygonum
barbatum Polygonaceae Leaf, roots,

and seeds

Kaempferol, baicalin,
quercetin derivatives, and

myricetin

Pure
compounds

Treats bleeding from
wounds, colic pain, cooling
agent, and ulcers

[41]

Rotala indica Lythraceae Flower and
leaves α-Pinene and β-pinene Pure

compounds

Treats migraine,
respiratory diseases, and
stomach disorder

[33, 42]

Rotala
rotundifolia Lythraceae Whole

plant
Methoxycinnamaldehyde and

α-terpinene
Pure

compounds

(i) Used as antipyretic and
antiswelling
(ii) Treats cold, fever,
cough, detoxication,
diuresis, gonorrhea,
menstrual cramps, piles,
production in HepA2 cells,
and suppression of HBV
surface antigen (HBsAg)

[27, 43, 44]

Vallisneria
spiralis Hydrocharitaceae Leaves

β-Vetispirene, vetiselinenol,
husimol, β-vetinene, and

α-vetivone

Pure
compounds

(i) Treats leucorrhoea and
stomachache [45]
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2.6. Centella asiatica (Indian Pennywort). +is aquatic
medicinal plant belongs to the Apiaceae family (Figure 1),
found in most tropical and subtropical countries, in-
cluding India, Pakistan, Sri Lanka, Madagascar, South
Africa, South Pacific, and Eastern Europe [62]. Leaves,
flowers, and fruits of the plant have many medicinal uses
and are used to treat various skin diseases, fever, stran-
gury, and brain health [63–65]. +e active phytocon-
stituents found in this plant include triterpenes
hydrocarbons [66].

2.7. Centipedaminima (Spreading Sneezeweed). +is aquatic
medicinal plant belongs to the Asteraceae family (Figure 1).
It is found in wet places and the rice fields of most Asian
countries [67]. +e leaves and roots of the plant are used to
treat various diseases. It is widely used for antibacterial,
antioxidant, anti-angiogenic, and anticancer activities
[68, 69]. It contains secondary metabolites such as lactones,
sesquiterpenes, and triterpenes [70].

2.8. Ceratophyllum demersum (Coontail). +is semiaquatic
medicinal plant belongs to the Ceratophyllaceae family
(Figure 2). +e plant is found in ponds, ditches, lakes, and
quiet streams. Leaves treat diarrhea, fever, dysentery, ulcer,
wounds, burning sensation, hemorrhoids, piles, intrinsic
hemorrhages, epistaxis, hyperdipsia, and haematemesis. It
also cures scorpion stings and bile secretion [18]. +e plant
contains various secondary metabolites such as alkaloids,
cardiac glycosides, tannins, and flavonoids [71].

2.9. Coix lacryma-jobi (Job’s Tears). +is aquatic medicinal
plant belongs to the Poaceae family (Figure 1). It is dis-
tributed throughout Asian countries and is a native plant of
Southeast Asia. Leaves, flowers, and fruits are used as a diet
supplement to treat chicken pox, stomachache, and men-
strual disorders [33]. It is also reported to possess analgesic
and antispasmodic properties [72]. +e plant contains tri-
glyceride, β-sitosterol, stigmasterol, and phytyl fatty acid
ester [73].

2.10. Eclipta prostrate (False Daisy). +is semiaquatic plant
belongs to the family of Asteraceae (Figure 2). It is a native
plant of Asia and is also distributed in tropical, subtropical,
and warm temperate regions of the world [74]. +e plant is
used to cure eczema, headache, jaundice, mental disorders,
scorpion sting, skin diseases, snakebite, spleen enlargements,
and toothache. It also showed antiulcer properties. Sec-
ondary metabolites present in this plant are triterpenoids,
thiophenes, coumestans, flavonoids, and steroids [75].

2.11. Eleocharis dulcis (Water Chestnut). +is semiaquatic
medicinal plant is commonly known as the Chinese water
chestnut and belongs to the Cyperaceae family (Figure 2).
+e plant is commonly grown as a vegetable in Japan, China,
India, and other Asian countries [76]. +e plant contains
phytochemicals such as carbohydrates, flavonoids, proteins,

and minerals [77]. +e plant treats amenorrhoea, hernia,
nausea, abdominal pain, cardiac risks, liver problems,
constipation, pharyngitis, laryngitis, hypertension, and
chronic nephritis [74, 78].

2.12. Enhydra fluctuans (Water Cress). +is aquatic medic-
inal plant belongs to the Asteraceae family (Figure 1). +e
plant grows in the marshy areas of tropical and subtropical
regions of Asia and Africa [79]. +is plant species prefers to
grow along with ponds, waterways, ditches, and rice fields
[80]. Leaves of the plant are a rich source of protein and are
used to treat diseases such as nervous diseases [81], skin
diseases, and smallpox [82]. +e plant leaves possess
antioxidant properties [83]. +e plant consists of various
secondary metabolites: ethyl acetate, n-butanol, baicalein-7-
O-glucoside, and baicalein 7-O-diglucoside [84].

2.13. Hedychium coronarium (White Ginger Lily). +is
aquatic medicinal plant belongs to the Zingiberaceae family
(Figure 1). It is a medicinal plant of tropics and subtropics
that grows closer to the rivers, streams, or shallow water
systems [53].+e plant consists of active constituents such as
β-transocimenone, linalool, 1,8-cineole, α-terpineol, 10-epi-
c-eudesmol, sabinene, terpinene-4-ol, 2,8-diene, and
c-terpinene [85]. Leaves and flowers have a high potential
for fatty acids and are used to treat hair, skin, headache,
lancinating pain, inflammatory, intense pain, cough, fever,
and cancer [15, 86].

2.14. Heliotropium indicum (Indian Heliotrope). +is semi-
aquatic medicinal plant belongs to the Boraginaceae family
(Figure 2). +e plant is known as Indian heliotrope, dis-
tributed in tropical, subtropical, and warm temperate zones
[87]. Flowers, shoots, and whole plant parts exhibit me-
dicinal properties and treat asthma, boils, bronchitis, cata-
ract, dysentery, menstrual blood loss, redness and
conjunctivitis of the eyes, antiseptic, scorpion sting, and
ulcers [88]. +e plant possesses phytochemicals such as
alkaloids, carbohydrates, proteins, flavonoids, phenolics,
glycosidic derivatives, saponins, and phytosterols [89].

2.15. Hydrocotyle sibthorpioides (Lei/Lai-Peruk). +is
aquatic medicinal plant belongs to the Apiaceae family
(Figure 1). It is distributed in Southeast Asia and shows
various adaptations in different habitats, from terrestrial
land to submerging underwater [10]. Leaves of this plant
have medicinal values; the juice of fresh leaves is used to treat
cough, fever, jaundice, and throat pain [90, 91]. +e plant
species contains some secondary metabolites such as
methyl-ester-3-nitro-propanoic acid, 5-ethyl-4-methyl-5-
hepten-3-one, 1-cyclohexyl-2-methyl-2-propanol, and 2-
methyl-5-(1-adamantyl) pentan-2-ol [92].

2.16. Hygrophila schulli (Marsh Barbel). +is semiaquatic
medicinal plant belongs to the Acanthaceae family (Fig-
ure 2), distributed in Sri Lanka, Myanmar, Indonesia,
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Malaysia, and the plains of India [93]. Leaves, roots, seeds,
and whole plants have many medicinal values. +ey treat
anemia, blood pressure, kidney stone, jaundice, gout, hepatic
obstruction, impotence, inflammation, pain, rheumatism,
spermatorrhoea, and urinary infections. +e secondary
metabolites present in the plant arequercetin, apigenin-7-
oglucuronide, apigenin-7-O-glucoside, luteolin, luteolin-7-
O-rutinosides, and gallic acid [94, 95].

2.17. Limnophila aromatica (Rice Paddy Herb). +is semi-
aquatic medicinal plant is known as the rice paddy herb and
belongs to the family Plantaginaceae, as shown in Figure 2. It
is widely used in Southeast Asia, including Vietnam,

Malaysia, and+ailand [96]. It treats various diseases such as
dysentery, elephantiasis, fever, indigestion, intestinal worms,
menstrual problems, and mucus removal. +e plant also has
antimutagenic and antitumor properties. It contains starch,
dietary fiber, protein, polysaccharides, and lignin [97].

2.18. Ludwigia adscendens (Water Primrose). +is semi-
aquatic medicinal plant belongs to the Onagraceae family
(Figure 2). +e plant species cure dysentery, skin diseases,
and ulcers. +e whole plant has been reported for its emetic,
laxative, anthelmintic, antidysenteric, anti-inflammatory,
antioxidant, and antimicrobial properties [82]. Phyto-
chemicals such as squalene, betulonic acid, betulin, betulinic

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

(m) (n) (o)

(p) (q) (r)

Figure 1: Some of the important aquatic medicinal plants. (a): Acorus calamus. (b): Bacopa monnieri. (c): Centella asiatica. (e): Coix
lacryma-jobi. (f ): Enhydra fluctuans. (d): Centipeda minima. (h): Marsilea minuta. (i): Nelumbo nucifera. (g): Hedychium coronarium. (j):
Nymphaea nouchali. (l): Rotula aquatic. (k): Persicaria hydropiper. (n): Pistia stratiotes. (o): Ammomum aromaticum. (m): Sphaeranthus
indicus. (r): Sagittaria sagittifolia. (p): Hydrocotyle sibthorpioides. (q): Rumex maritimus.
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acid, and quercetin derivatives are some constituents re-
ported from the plant extract [98].

2.19. Marsilea minuta (Water Clover). +is aquatic medic-
inal plant belongs to the Marsileaceae family (Figure 1). It is
popularly known as water clover and is distributed world-
wide [99, 100]. Leaves of the plant are used to treat head-
aches, migraine, respiratory diseases, hypertension, muscle
tension, and sleeping disorders [101–103]. +ey also treat
chronic cancer and cardiovascular diseases [104]. +e leaves
and roots of this plant have medicinal values to treat in-
digestion, kidney infection, nose bleeding, diarrhoeal,
cough, hepatitis, headache, hypertension, insomnia, sleeping
disorder, and skin diseases [105]. +e plant species is also
known for its potent antioxidant and antibacterial activity
[106]. It consists of many secondary metabolites such as
carotenoids, flavonoids, cinnamic acids, benzoic acids, folic
acids, ascorbic acids, tocopherols, and tocotrienols
[107, 108].

2.20. Nelumbo nucifera (Indian Lotus). +is aquatic me-
dicinal plant belongs to the Nelumbonaceae family (Fig-
ure 1). +e plant species are cultivated due to their high
commercial value for their medicinal property [109] and as
ornamental plants in China, Korea, Japan, India, and
Australia [110]. Stems and leaves of the plant have high
medicinal values. +ey are used for the treatment of many
diseases such as cough, hypertension [111], urinary prob-
lems [13, 41], blood vomiting, piles, and eye vision [15].
Secondary metabolites found in the plant include kaemp-
ferol-3-robinobioside, quercetin-3-neohesperidose, nelum-
borines A, higenamine, quercetin-3-O-glucuronide,
syringetin-3-O-glucoside, and 4′-O-β-d-glucoside [112].

2.21. Nymphaea nouchali (Blue Water-Lily). +is aquatic
medicinal plant belongs to the Nymphaeaceae family, as
shown in Figure 1. Plant parts such as leaves, roots, rhizomes,
fruits, flowers, and tubers treat liver, kidney, and heart dis-
eases. It is also known for antimicrobial, antidiabetic, and

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

(m) (n)

Figure 2: Some important semiaquatic medicinal plants. (a):Ceratophyllum demersum. (b): Eleocharis dulcis. (c): Limnophila aromatica. (e):
Marsilea minuta. (d): Ludwigia adscendens. (f ): Nymphaea pubescens. (g): Rotala rotundifolia. (h): Ageratum conyzoides. (i): Ammannia
baccifera. (j): Eclipta prostrate. (l): Hygrophila schulli. (k): Heliotropium indicum. (m): Spilanthes calva Candolle. (n): Vetiveria zizanoides.
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antioxidant activities [113, 114]. It is widely distributed in
South Asian countries, Australia, and Africa [115]. Plant
extracts are reported to contain rutin, catechin, myricetin,
ellagic acid, gallic acid, vanillic acid, rosmarinic acid,
p-coumaric acid, quercetin, and ascorbic acid [116, 117].

2.22. Nymphaea pubescens (Pink Water-Lily). +is semi-
aquatic plant belongs to the Nymphaeaceae family (Fig-
ure 2). +e plant species are distributed in tropical and
temperate regions [118]. Rhizome and plant roots cure many
diseases and ailments such as abortion, blood dysentery,
dyspepsia, jaundice, blood purifier, cystitis, nephritis, fever,
insomnia, hemorrhoids, leucorrhoea, menorrhagia, and
piles [119]. It contains secondary metabolites such as fla-
vonoid and phenolic compounds [120].

2.23. Persicaria hydropiper (Water Pepper). +is aquatic
medicinal plant belongs to the Polygonaceae family (Fig-
ure 1). It shows wide distribution worldwide [121] and grows
in marshes, wet areas, and agricultural fields [122]. Leaves
and roots of the plant species are used to cure many diseases
such as uterine disorders [123], menstrual irregularities, and
headaches.+e plant contains various secondarymetabolites
such as (+)-catechin, (−)-epicatechin, hyperin, isoquercitrin,
kaempferol, quercetin, rhamnazin, rutin, sesquiterpenes, 3-
β-angeloyloxy-7-epifutronolide, apigenin-7-O-glucoside,
galloyl kaempferol-3-O-glucoside, α-pinene, β-pinene, 1,4-
cineol, fenchone, α-humulene, β-caryophyllene, and trans-
β-bergamotene [121].

2.24. Pistia stratiotes (Water Lettuce). +is aquatic medicinal
plant belongs to the Araceae family (Figure 1). +e plant
species are commonly found in stagnant water (lakes and
rivers) throughout Asia and subtropical Asia, Africa, and
America [124]. +e leaves and roots of the plant have very
high medicinal values and are used for curing many diseases
such as kidney disorders, leprosy, dysentery, eczema, and
ulcers. Its extracts contain secondary metabolites such as
phenolics and tannins [125].

2.25. Rotula aquatic (Aquatic Rotala). +is aquatic medicinal
plant belongs to the Boraginaceae family (Figure 1).+e plant
species is native to India, China, and Malaysia and is also
found in Africa and South America [126]. +e plant species is
a remedy for blood disorders, coughs, dysuria, fever, and heart
diseases. +e plant’s leaves and flowers can be used to treat
diabetes, bladder and kidney stones, piles, and venereal
diseases. [41]. +e plant extracts contain secondary metab-
olites such as allantoin, baurenol, and kaempferol [126].

2.26. Rotala rotundifolia (Roundleaf Tooth Cup). +is
semiaquatic medicinal plant belongs to the Lythraceae family,
Figure 2. +e plant species are found in South and Southeast
Asia, Japan, Africa, Australia, China, India, and North
America [127]. +e plant extracts are used as antipyretic and
antiswelling. +e plant species are also used in treating cold,

fever, cough, detoxication, diuresis, gonorrhea, menstrual
cramps, piles, production in HepA2 cells, and suppression of
HBV surface antigen (HBsAg) [43]. +e secondary metab-
olites reported from some extracts of the plant are quercetin
3-O-β-D-2″-acetylglucuronide methyl-ester, kaempferol,
quercetin, quercetin 3-O-β-D-glucuronide methyl-ester,
quercetin 3-O-β-D-glucuronide, and apigenin [44].

2.27. Rumex maritimus (Torong-Khongchak). +is aquatic
medicinal plant belongs to the Polygonaceae family (Fig-
ure 1). It is widely distributed throughout Bangladesh, India,
North Africa, and America [128]. +e leaves, roots, and
stems of the plant have medicinal values. Leaves paste of the
plant is applied to cure leucoderma, burns, and injuries [15],
and the roots are used to treat diarrhea [128]. 2-Methox-
ystypandrone is the commonly reported secondary metab-
olite present in the plant [129].

2.28. Sagittaria sagittifolia (Koukha). +is aquatic medicinal
plant belongs to the Alismataceae family (Figure 1). It is the
only native species of the genus Sagittaria in Czechoslovakia.
+e remaining species of this genus occur mainly in tropical
and subtropical regions. It predominates in North America,
Europe, and Asia [130]. It is mainly found in Asian coun-
tries, including China, Bangladesh, Indonesia, Malaysia,
Nepal, Sri Lanka, Philippines, +ailand, Vietnam, Cambo-
dia, and India. Root past showed medicinal uses to treat
cough and fever. +e plant species contain polysaccharides
as the main phytochemical components [131].

2.29. Sphaeranthus indicus (East Indian Globe Eistle).
+is aquatic medicinal plant belongs to the Asteraceae
family (Figure 1). +e plant is widely distributed in India,
Sri Lanka, and other continents like Australia and Africa
[132]. It prefers to grow in dry or wet places. Various
parts of this plant, including seeds, leaves, flowers, and
roots, have many medicinal properties widely used to
treat disorders like asthma, chest pains, chronic skin
diseases, cough, and mental disorders [41]. Triterpenoids,
resin, saponins, tannins, and steroids are the primary
reported secondary metabolites present in the plant
species [133].

2.30. Spilanthes calva (Toothache Plant). +is semiaquatic
plant species belong to the Asteraceae family (Figure 2).
+e plant species are distributed in some parts of India
[134]. Flower head, roots, and whole plant part have
medicinal values that cure dysentery, psoriasis, purgative,
rheumatism, scabies, stammering in children, tongue
paralysis, and toothache. +e plant extracts have anti-
oxidant and cytotoxic properties [135]. Saturated and
unsaturated alkyl ketones, alkamides, hydrocarbons,
acetylenes, lactones, alkaloids, terpenoids, flavonoids, and
coumarins are the main phytochemicals present in the
extract of the plant species [136].
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2.31. Vetiveria zizanoides (Vetivergrass). +is semiaquatic
medicinal plant belongs to the Poaceae family (Figure 2).
+is plant species is cultivated globally in tropical and
subtropical regions [137]. +e roots and rhizomes of the
plant have medicinal properties. +ey treat burns, colic,
obstinate vomiting, diaphoretic, epilepsy, febrifuge, fever,
flatulence, headache, mouth ulcer, refrigerant, rheumatism,
scorpion sting, and snakebite. [45]. +e plant extracts have
been reported to possess various secondary metabolites such
as β-vetispirene, vetiselinenol, khusimol, β-vetinene, and
α-vetivone [138].

2.32. Phytochemistry of Aquatic and Semiaquatic Plants.
Aquatic and semiaquatic plants contain many phyto-
chemical compounds responsible for their multifunctional
properties [139]. Due to their wide-spectrum chemical
properties, these plants possess potential medicinal,

biological, pharmacological, and other applications
[16, 140]. Phytochemical studies on some aquatic and
semiaquatic plants revealed various organic compounds
with various chemical structures and functional groups.
Some phytochemical compounds reported from the extracts
of aquatic and semiaquatic plants are given in Figure 3.

3. Uses of Aquatic and Semiaquatic
Medicinal Plants

Natural products produced by aquatic and semiaquatic
medicinal plants are known for their potential biological
applications and diet supplements. Aquatic and semiaquatic
plants are often used as medicines for many health disorders
and diet supplements due to their nutritional values and
medicinal uses, and in pharmaceutical industries for pro-
ducing herbal-based cosmetic products [10]. +ese plants
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Figure 3: Chemical structures of some important phytochemical compounds obtained from various aquatic and semiaquatic plants:
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diversified chemical and biological properties make them
medicinally valuable and increase their demand globally.
Some previous studies regarding the importance of aquatic
and semiaquatic medicinal plants for biological, industrial,
and other applications are discussed and presented in
Figure 4.

3.1. Antimicrobial Activity. Phytochemicals of aquatic and
semiaquatic medicinal plants have been reported to possess
many antimicrobial properties. +e chemical constituents of
essential oil from rhizomes of Hedychium coronarium have
shown a potential antimicrobial activity [85]. Nymphaea
nouchali flowers effectively against bacteria strains like
Pseudomonas aeruginosa, Bacillus cereus, and Staphylococcus
aureus [16]. +e extracts of Pistia stratiotes also displayed a
wide range of antibacterial activity against Escherichia coli
and Staphylococcus aureus [141]. +e organic solvent ex-
tracts of Sphaeranthus indicus showed significant antimi-
crobial activity [142]. +e leaves, rootstock, seeds, and stems
of Polygonum glabrum possess antimicrobial activity [10].
Secondary metabolites from extracts of aquatic and semi-
aquatic medicinal plants such as Acorus calamus, Centella
asiatica, Heliotropium indicum, Marsilea minuta, Sphaer-
anthus indicus, Andrographis peniculata, and Clerodendrum
viscosum have been reported by different scholars for their

promising antimicrobial activities [60, 64, 85, 88, 106,
142–146].

3.2. Antioxidant Activity. Aquatic and semiaquatic medic-
inal plants are known for their potential antioxidant
properties. Earlier reports showed that the reducing power
of essential oil of Hedychium coronarium might be strongly
correlated with their antioxidative activities [85]. Some
literature reported that the phytoconstituents of Bacopa
monnieri showed good antioxidant properties [147]. Epifano
and his coworkers (2015) reported that the Nymphaea
nouchali is a rich source of antioxidants. Potential antiox-
idant compounds are identified from the extracts of Centella
asiatica, Ipomea aquatic, Nelumbo nucifera, Nasturtium
officinale, and Ludwigia adscendens. Phytochemical com-
pounds with antioxidant properties were found in aquatic
and semiaquatic plant species such as Persicaria hydropiper,
Rotula aquatic, Sphaeranthus indicus, Polygonum glabrum,
Ammannia baccifera, Ipomea aquatic, Nymphaea nouchali,
Acorus calamus, Hedychium coronarium, Heliotropium
indicum, Marsilea minuta, and Vetiveria zizanioides
[107, 148–151].

3.3. Hepatoprotective Activity. Sphaeranthus amaranthoides
methanolic extracts demonstrated significantly higher

Dietary supplement Nanoparticle synthesis Commercial products

Applications

Sources of Phytochemicals
- Flavonoids
- Tannins
- Terpenoids
- Saponins
- Glycosides
- Alkaloids
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Aquatic and semi-aquatic medicinal plants
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Figure 4: Phytochemical, biological, and some other applications of aquatic and semiaquatic medicinal plants.
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hepatoprotective activity than control groups [152]. +e
ethyl acetate extract of Enhydra fluctuations was found to
have more potent hepatoprotective effects due to its po-
tential flavonoid compounds. Phytoconstituents from
Marsilea minuta plant species displayed significant hep-
atoprotective effects [108]. +e protective effect of a meth-
anolic extract of S. indicus against CCl4-induced
hepatotoxicity was reported [153]. +e ethanolic extract of
Nymphoides hydrophylla was checked against CCl4-induced
liver injury in albino rats and demonstrated impressive
hepatoprotective activity [154]. Hepatoprotective studies of
extracts of Hygrophila auriculata checked against HepG2
cells and paracetamol-induced hepatotoxicity and found
that it improved hepatoprotective effects. [94]. +e ethanolic
extract of Ipomoea aquatic has been reported to effectively
prevent thioacetamide-induced hepatic damage in animal
models [155].

3.4. Sedative Activity. +e natural products from Marsilea
minuta [108], rhizome extract of Acorus calamus [149], and
petroleum-ether extract of root parts of Hygrophila schulli
[95] showed promising sedative activity. Bacopa monnieri
and Enhydra fluctuans plant species have potential sedative
actions [156, 157]. +e alcoholic extract of Sphaeranthus
indicus has been reported with significant sedative activity
compared to standard sedative pentobarbitone and diaze-
pam in the Swiss albino rat model [142, 153]. In the
Ayurvedic system, the Acorus calamus plant is known as a
magic root due to its sedative effect [158]. Various literature
findings displayed that Cyperus tegetum has been used by
tribal people for the treatment of mental disorders such as
epilepsy [159, 160].

3.5. Anticonvulsant Activity. Sharma and coworkers (2020)
displayed that extracts and compounds from the Acorus
calamus demonstrated anticonvulsant activity with signifi-
cant signaling pathways. For instance, methanolic and ac-
etone extracts of Acorus calamus leaves have shown
promising anticonvulsant activity [161]. +e roots and
rhizomes of the Acorus calamus also possess significant
anticonvulsant activity [158]. Several pieces of the literature
indicated that Cyperus tegetum plant has anticonvulsant
activity [159, 160]. +e aqueous and alcoholic extracts of
roots and rhizomes of Nymphoide indica exhibited effective
anticonvulsant activity [154]. Hydroalcoholic extract of
Sphaeranthus indicus plant species showed anticonvulsant
effects in the earlier studies [142].

3.6. Cytotoxic Activity. Samanta and coworkers (2020) re-
ported that extract from the aerial part of Ipomea aquatic
showed a cytoprotective role in the liver and other organs
[162]. Methanolic and aqueous extracts of the Acorus cal-
amus have been known for their cytotoxicity effects
[158, 163]. +e methanol extract of Mollugo cerviana, Tri-
chosanthes cucumerina, and Vetiveria zizanioides plants
have been reported for their cytotoxicity against cancer cells
such as HeLa and MCF-7 cell lines [151]. Alcoholic extracts

of Enhydra fluctuations, Andrographis peniculata, and
Clerodendrum viscosum exhibited potent cytotoxicity
against brine shrimp compared to ampicillin trihydrate as a
positive control [164, 165]. +e ethanolic extract of Centella
asiatica exhibited weak cytotoxicity effects compared to the
standard drugs [64].

3.7. Antiparasitic Activity. Several studies on aquatic and
semiaquatic medicinal plants show their antiparasitic
properties. Nymphoides plant species possess antiprotozoal,
antimalarial, and anthelmintic properties [154]. Organic
solvent extracts of various parts of the genus Spilanthes, such
as dichloromethane extract of flowers, methanol extract of
flowers, and cold dichloromethane extract of plant stems,
have been shown to have significant activity against malaria
and sleeping sickness diseases [136].

3.8. Antidiabetic Activity. Different plant extracts treat di-
abetes mellitus [166–168]. Centella asiatica, Hedychium
coronarium, Ipomea aquatic, Pistia stratiotes, Spergularia
marina, and Nymphaea nouchali have been reported as
medicinal plants with effective antidiabetic properties due to
their potency in the wide range of bioactive compounds
[41, 169]. Ethyl acetate extracts and pure compounds ob-
tained fromAcorus calamus plant species have been reported
for their strong antidiabetic effects [170]. +e shoots and
roots of Ipomea aquatic are also used to treat diabetes [171].

3.9. As a Dietary Supplement. Several aquatic and semi-
aquatic plant species are available as food using their various
parts, such as stems, leaves, roots, rhizomes, flowers, flower
heads, and fruits. For example, the edible part of Oryza
sativa (rice) is its grain. In contrast, the leaves of Nasturtium
officinale (Watercress), Neptunia oleracea (Water mimosa),
andOenanthe javanica (Japanese parsley) are used as human
food [117]. Some previous studies revealed that Enhydra
fluctuation, an edible semiaquatic herbaceous vegetable, is a
rich source of phytochemicals such as β-carotene and
ascorbic acid, which are required in diet supplements [172].
Ipomea aquatic is commonly used as a leafy vegetable or
salad, which contains medicinally important flavonoids,
alkaloids, and carotenes [10]. +e leaves, roots, fruits,
flowers, rhizomes, and tubers of Nymphaea nouchali plant
species have been eaten in times of food scarcity [10, 41].
Ludwigia adscendens plant has been known to be consumed
in the vegetable diet in China [173]. Leaves and tender shoots
of the underutilized Alternanthera sessilis plant species are
used in the vegetable diet for their potential nutritional and
medicinal values [174]. Chia and coworkers (2015) reported
that the leaves of the Alternanthera sessilis plant had been
consumed raw or cooked as a food supplement [173].
Seaweeds are used for making a variety of foods. For in-
stance, major aquatic and semiaquatic plant species that
have been reported as human food includes Acorus calamus,
Aeschynomene aspera, Alternanthera philoxeroides, Centella
asiatica, Colocasia esculent, Cyperus rotundus, Eleocharis
dulcis, Hydrolea zeylanica, Hygroryza aristata, Nymphoides
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hydrophylla, Oryza sativa, Pistia stratiotes, Polygonum ple-
beium, Trapa natans, Vallisneria spiralis, and Spilanthes
calva [41].

3.10. As Industrial/Commercial Products. +e use of macro-
algae in pharmaceutical industries showed their importance
for humans as they were applied as antibiotic, antifouling,
antiviral, anti-inflammatory, cytotoxic, and antimitotic
agents. +e flour of fruits of Trapa bispinosa is reported to
have important commercial uses in the milk industry and as
a filler in the pharmaceutical industry [169]. Similarly, the
rhizome extract and essential oils of the Acorus calamus are
widely used in the flavoring industry and for commercial
purposes [149, 175].

3.11. In the Green Synthesis of Metallic Nanoparticles.
Nanoparticles have more advanced properties than bulk
materials due to their superior behavior with defined shape
and size [176]. +e increased surface-to-volume ratio and
quantum size effect properties of metal/metal oxide nano-
particles are the main reason for their chemical activity,
strength, and other novel characteristics [177]. +e synthesis
of green metal/metal oxide nanoparticles is less likely to
produce environmentally hazardous byproducts. +is is
primarily due to the plant-derived mediated reducing,
capping, and stabilizing agents. [178]. Currently, many re-
searchers have inclined their interests toward the secondary
metabolites from various parts of plants as a route of syn-
thesis of metal/metal oxide nanoparticles [179]. Green
metal/metal oxide nanoparticles are highly used in various
applications such as antibacterial, antioxidant, anti-in-
flammatory, catalytic, and cytotoxic activities [180]. Even
though few studies have been carried out on the green
synthesis using aquatic and semiaquatic plant extracts, some
earlier studies revealed that these plants are rich sources of
stronger bioreductants for synthesizing metallic nano-
particles. Aquatic and semiaquatic plants mediated green
synthesis of metallic nanoparticles showed a faster reaction
process than other plants [181]. Mathur et al. described the
synthesis of silver nanoparticles (AgNPs) using extracts of
Alternanthera sessilis and Withania somnifera for their
applications in the assays of cytotoxicity effects and anti-
bacterial activities with promising results [182]. +e phy-
tochemicals from the stem, fruit, seeds, leaves, and flowers of
Alternanthera sessilis have been used for the biosynthesis of
gold nanoparticles (AuNPs) and AgNPs. +ese synthesized
nanoparticles have antibacterial, antifungicidal, anti-
plasmodial, anti-inflammatory, anticancer, antidiabetic,
antiviral, and antioxidant activities [183]. Other studies also
displayed that AgNPs synthesized from extracts of Alter-
nanthera sessilis demonstrated significant cytotoxicity effects
on the breast cancer cells [184].

4. Conclusions and Future Prospectives

Aquatic and semiaquatic medicinal plant products have
remarkable biological, pharmacological, agricultural, green
materials synthesis, and industrial applications.+ey are also

used as nutraceuticals, food, and medicine. +ese plants
contain diverse natural compounds with numerous bio-
logical and chemical properties. Crude extracts or pure
compounds from various parts of aquatic and semiaquatic
plants possess potential nutritional and medicinal values.
Phytochemicals are widely used to treat various infectious
and noninfectious health ailments. Further, several aquatic
and semiaquatic plants are used for the green synthesis of
metal and metal oxide nanomaterials, which have shown
many potential applications. Moreover, they are also helpful
for various commercial product preparations. Even though
these plant species have a wide range of phytochemicals with
potential bioactive properties, enough research work is
missing. +us, this review article was designed. However, in
the future, more extensive and specific research is required
to investigate the natural phytochemicals from these aquatic
and semiaquatic medicinal plants for various commercial
uses.
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Background. Rhein is the main extract of Rheum palmatum L., which has been proved to improve the renal function of chronic
kidney disease, but its mechanism is not clear.�erefore, this experiment explored the potential pharmacological e�ect of rhein on
renal interstitial �brosis rats. Methods. �is study explores the potential pharmacological action of rhein. In this work, we
investigate the potential pharmacological action of rhein in unilateral urethral obstruction (UUO) rats.�irty Sprague Dawley rats
were randomly divided into three groups: sham, UUO, and rhein (rhein-treated UUO rats) groups. �e left ureters of the UUO
group rats were exposed and bluntly dissected. �e rhein group rats were administered an intragastric gavage of rhein
(2mg·kg−1·d−1) for 14 d. Kidney function-related indicators were monitored in these rats, while indexes of pathologic aspects were
determined histologically. �e expression of α-SMA, TGF-β1, SHH, Gli1, and Snail was quanti�ed using real-time polymerase
chain reaction and western blotting. �e NRK-49F cells were incubated with and without SHH (100 ng·ml−1) for 48 hours. �e
SHH-activated NRK-49F cells were incubated with cyclopamine (CNP, 20 umol L−1) or rhein (1 ng·ml−1). �e Gli1 and Snail
mRNA and protein level were detected. Results. In the in vivo experiment, the results exhibited that UUO caused renal
pathological damages. However, these changes could be signi�cantly reversed by the administration of rhein. Compared with the
untreated UUO group, the rhein group showed reduced kidney tubular atrophy and necrosis, interstitial �brosis, hyperplasia, and
abnormal deposition of extracellular matrix. Rhein reduced the RNA and protein expression of SHH, Gli1, and Snail of the UUO
rats. In the in vitro experiment, CNP or rhein treatment decreased the expression of Gli1 and Snail on mRNA and protein levels in
SHH-induced NRK-49F cells, suggesting that CNP or rhein suppresses SHH-induced NRK-49F activation. Taken together, these
results demonstrated that rhein suppresses SHH-Gli1-Snail signal pathway activation, with potential implications for the
treatment of renal �brosis. Conclusions. Treatment with rhein remarkably ameliorated renal interstitial �brosis in UUO rats by
regulating the SHH-Gli1-Snail signal pathway.

1. Introduction

Currently, chronic kidney disease (CKD) is the 16th cause of
death worldwide. It has become a prominent public health
issue in the world, with a global incidence of approximately
10–15% [1]. Once developed in irreversible end-stage kidney
disease (ESRD), they can only be treated with dialysis and
kidney transplants. Kidney �brosis is the buildup of scar

within the parenchyma, and it represents the common �nal
pathway of nearly all chronic and progressive nephropathies
[2]. It has been proved that transforming growth factor β1
(TGF-β1) secreted by renal tubular cells. TGF-β1 was
identi�ed to be the grandmaster that elicits numerous sig-
nals, which culminate in �brosis and renal parenchymal loss.
Importantly, TGF-β1 can induce activated renal interstitial
�broblasts, myo�broblasts, which are characterized by
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α-smooth muscle actin (α-SMA) expression [3]. /e in-
creased expression of TGF-β1 and α-SMA is a manifestation
of epithelial-to-mesenchymal transition (EMT). In the
formation of renal interstitial fibrosis (RIF), EMT is believed
to play an important role in organ fibrosis [4], chronic
inflammation [5], tissue reconstruction [6], and various
fibrotic diseases [7].

In recent years, SHH signal pathway has been proved
to be closely related to tissue fibrosis, which involves liver,
bile, lung, kidney, and other organs. It was found that
SHH was almost not expressed in normal adult kidneys,
while the expression of SHH in renal tubular epithelial
cells was significantly upregulated in patients with CKD
caused by various causes. /is result has also been con-
firmed in various rat renal fibrosis models such as uni-
lateral ureteral obstruction (UUO) [8]. /ese results
suggest that SHH signal pathway activation is a common
pathological result of various renal diseases. Conse-
quently, inhibition of myofibroblast activation and SHH
signal pathway may be an effective strategy to prevent
renal fibrosis.

Rheum palmatum L., a type of traditional Chinese herb
defecation-promoting purgative medicinal, has bitter and
cold medicinal properties [9]. Rhein is a main bioactive
component of Rheum palmatum L., which has been widely
used for the treatment of chronic kidney-related diseases in
the clinic [10]. Recent studies have shown that rhein has
potent anti-autophagy [11], anti-apoptosis [12], and anti-
fibrosis [13]. Rhein can remarkably improve renal inter-
stitial fibrosis in vivo whether its potential mechanism may
be related to the inhibition of SHH-Gli1-Snail signal
pathway.

To investigate the mechanism of rhein and understand
its potential antifibrosis effect on renal, the UUOmodel was
used to simulate renal interstitial fibrosis in rats. Here,
UUO causes subacute renal injury characterized by tubular
cell injury, interstitial inflammation, and fibrosis, a well-
known model to induce renal fibrosis in vivo [14]. /e in
vivo study aimed to investigate the pathological changes of
renal fibrosis, and the effects of rhein on the expression of
SHH, Gli1, and Snail proteins were analyzed. And the in
vitro study aimed to investigate rhein on the expression of
Gli1 and Snail on mRNA and protein levels, which acti-
vated with human SHH protein and rat NRK-49F cells. /e
activated renal fibrosis by SHH signal pathway and the
protective mechanism antifibrosis of rhein were discussed
in this study.

2. Materials and Methods

2.1. Animals and Cells. Seven-week-old thirty clean-grade
male SD rats (200± 20) g were approved by the Animal
Experimental Ethics Committee of Chongqing Medical
University (Chongqing, China; Animal license No. SCXK:
2018–0003) and performed by the Guidelines of the Animal
Care Committee of ChongqingMedical University. Normal
rat kidney interstitial fibroblasts (NRK-49F) were pur-
chased from the American Type Culture Collection (ATCC,
Manassas, VA).

2.2. Reagents and Instruments. Reagents and instruments
used for this study are as follows: rhein (Rhawn, Shanghai,
China); cyclopamine (Selleck Chemicals, Houston, USA);
human SHH protein (StemRD Inc, USA); antibodies against
TGF-β1 and α-SMA (Servicebio, Wuhan, China); antibodies
against SHH, Gli1, Snail, and GAPDH (Affinity Biosciences,
Jiangsu, China); PVDF membrane, BCA Protein Assay Kit,
BeyoECL Moon kit (Beyotime Biotechnology, Shanghai,
China); TRIzol (Takara Bio, Shiga, Japan); primers for qPCR
(Servicebio, Wuhan, China); AU400 automatic biochemical
analyzer (OLYMPUS, Tokyo, Japan); BX51T-PHD-J11 mi-
croscope (OLYMPUS Company, Tokyo, Japan); image ac-
quisition system CMOS (OLYMPUS Company, Tokyo,
Japan); Image-Pro Plus (National Institutes of Health,
Bethesda, USA); and TEM (JEM1400PLUS, JEOL, Tokyo,
Japan).

2.3. Animal Experiments. After one week of adaptive
breeding, thirty male SD rats were randomly divided into
three groups: sham group (sham operation rats), UUO
group, and rhein group (rhein-treated UUO rats) with 10
rats in each group. Besides the sham group, the other two
groups underwent the same surgical procedures to establish
UUO model rats: after anesthesia with 2% sodium pento-
barbital, the kidneys of rats were exposed, and then, the left
ureter was double-ligated. Rats in the sham group were
performed with sham operations without being ligated on
left ureter. /e rhein group rats were administered at
2mg·kg−1·d−1, and rhein was dissolved in 0.5% carbox-
ymethyl cellulose sodium (CMC-Na+) in H2O, through
intragastric gavage for 14 d. /e rats in the sham and model
groups received intragastric administration of 0.5% CMC-
Na+ (2mg·kg−1·d−1) for 14 d. After 2 weeks, all rats were
sacrificed. Blood and tissues were harvested from rats that
were fasted for 12 h.

2.4. In Vitro Experiments. /e NRK-49F cells were treated
with 10% fetal bovine serum, 100U/mL penicillin, 100mg/L
streptomycin, and 37°C in 5% CO2 in the DMEM medium.
Rhein was dissolved by dimethyl sulfoxide (DMSO). /e
cells were divided into four groups: the control group
without any treatment, the SHH group (100 ng/L human
SHH protein), the SHH+Rhein group (100 ng/L human
SHH protein + 1 ng/ml rhein), and the SHH+CPN group
(100 ng/L human SHH protein + 20 umol/L cyclopamine).
When the cells grew to 80% ∼ 90% fusion, the activation of
cells was induced for 48 hours by 100 ng/L human SHH
protein. /e culture medium was discarded, the corre-
sponding serum and reagents were added in each group, and
the cells were collected 24 hours later./e expression of Gli1
and Snail in vitro was evaluated by western blot analysis or
RT-PCR.

2.5. Histopathological Analysis of Renal Tissue. Rat renal
tissue was first fixed in 4% paraformaldehyde for 48 h,
embedded in paraffin, and further sectioned./e 3-μm-thick
sections obtained were dewaxed, treated with gradient
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ethanol, and stained with hematoxylin-eosin (HE), Masson,
and periodic acid-Schiff (PAS) stains. Pathological analysis
of glomeruli and tubules was performed using a light
microscope.

/e interstitial score of the renal tubules was analyzed at
a 200× magnification; ten tubules per visual field were
observed. According to the range of renal tubular atrophy,
tubular type, stromal cell infiltration, and fibrosis, scores
from 0 to 3 were assigned: 0 for none; 1 for less than 25%; 2
for 25–50%; and 3 for 50–75% [15]. Photo images from each
cortex were screened, and scores were added based on
tubulointerstitial injury: tubular atrophy, tubular necrosis,
and interstitial fibrosis [16, 17].

2.6. Electron Microscopy. /e morphological and micro-
structural structures of kidneys, such as the glomerular
basement membrane, mesangial cells, podocytes, endothelial
cells, and collagen fibers in the interstitial tissue, were ex-
amined using transmission electron microscopy (TEM)./e
renal tissues from the rats were fixed in 2.5% glutaraldehyde
and embedded in paraffin. /e 70-nm-thick tissue sections
were stained and observed by TEM.

2.7. Immunohistochemistry. /e 3-μm-thick renal tissue
sections were incubated with citrate antigen retrieval solu-
tion for 20min at 95°C. /ereafter, the sections were stained
with a monoclonal antibody against transforming growth
factor β (TGF-β1; dilution 1 : 500) and α-smooth muscle
actin (α-SMA; dilution 1 : 500). /e sections were incubated
with goat anti-rabbit antibodies overnight and further, with
a secondary antibody for 50min. /e positive areas were
visualized using the DAB Kit. /e integrated optical density
of protein expression was calculated using the ImageJ
software.

2.8. Real-Time PCR. According to the manufacturers’ pro-
tocols, total RNA was extracted from renal tissue using
TRIzol reagent, according to the manufacturer’s instruc-
tions. Furthermore, RNA was reverse-transcribed into
cDNA./e PCR cycling conditions were as follows: 94°C for
5min, followed by 95°C for 30 s and 57°C for 30 s, and then
32 cycles of 72°C for 10min. Gene expression levels were
calculated from the standard curve using the expression of
the glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
gene as a reference.

2.9. Western Blotting. Renal tissue proteins were extracted,
quantified, and visualized by western blotting through
electrophoresis, membrane transfer, and antibody incuba-
tion. Primary antibodies (1 :1,000 dilution) against SHH,
Gli1, and Snail were used, and the membranes were incu-
bated overnight at 4°C on a shaking bed. Furthermore, the
secondary antibody (1 : 2,000 dilution) was added and in-
cubated at 37°C for 120min. After applying the ECL color
reagent and performing dark chamber exposure imaging,
the gray value of the images was analyzed using ImageJ
software (National Institutes of Health, Bethesda, MD).

2.10. Statistical Analysis. Data analysis was carried out using
SPSS 17.0 software (SPSS Inc., Chicago, United States). Data
are presented as mean± standard deviation. Variables in
each group were tested to determine whether they were
normally distributed./e statistical analyses were performed
by one-way analysis of variance followed by a least signif-
icant difference test or Dunnett’s multiple comparison test.
p< 0.05 was considered statistically significant.

3. Results

3.1. Effects of Rhein Improves Histopathological Changes.
Renal fibrosis is characterized by glomerulosclerosis, renal
tubulointerstitial fibrosis, renal vascular fiber sclerosis, and
excessive accumulation and deposition of extracellular
matrix (ECM). /e pathological manifestations were renal
tubular dilatation with atrophy (green arrow); renal tubular
epithelial cell edema (blue arrow); cytoplasmic loose
staining, lymphocyte proliferation, and infiltration (yellow
arrow); endothelial cell proliferation, ECM component
proliferation, renal interstitial matrix proliferation, and
mesangial area expansion (orange arrow); thickening of the
basement membrane (red arrow); and foot process fusion
loss (brown arrow). In this research, we evaluated the
pathological changes of the kidney from different perspec-
tives by renal appearance, HE or PAS staining, and trans-
mission electron microscopy. /e positive parts of the
lesions are marked with arrows in the UUO group and the
rhein group. Compared with the UUO group, rhein ame-
liorates these pathological injuries (Figure 1).

3.2. :e Effect of Rhein in Alleviate Renal Fibrosis. Renal
fibroplasia was evaluated by Masson staining. /e main
components of the ECM examined the expression of TGF-
β1 and α-SMA by immunohistochemistry. In Masson
staining, collagen fibers are shown in blue (purple arrow).
Compared with the sham group, there was a significant
accumulation of collagen fibers in the kidney tissue of the
UUO group. Compared with the sham group, the ECM of
TGF-β1 and α-SMA expression shown in yellow was sig-
nificant accumulation. /ese results confirm that our ex-
perimental model was successful and indicates that rhein
delivery alleviates the pathological changes and renal
fibroplasia observed in UUO rats (Figure 2).

3.3. :e Effects of Rhein on SHH-Gli1-Snail Signal Pathway.
/e SHH signal pathway is an important pathway regulating
fibrosis. Inhibition of the SHH signal pathway is associated
with the inhibition of renal fibrosis. We examined the ex-
pression of SHH, Gli1, and Snail downstream in the renal. In
comparison with the sham group, the expression of SHH,
Gli1, and Snail of the UUO group was increased significantly
(p< 0.01). In comparison with the UUO group, the ex-
pression of SHH, Gli1, and Snail of the rhein group was
decreased significantly (p< 0.05). /e result suggests that
rhein can inhibit activation of the SHH signal pathway
(Figure 3).
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3.4. :e Effects of Rhein on SHH Pathway In Vitro Experi-
mental Results. Compared with the sham group, the ex-
pression of Gli1 and Snail in NRK-49F cells stimulated by
SHH (100 ng/ml) was significantly increased. SHHmarkedly
induced de novo Gli1 and Snail expression in renal inter-
stitial fibroblast NRK-49F cells. /e results showed that
simultaneous incubation with cyclopamine (CNP, 20 umol/
L) repressed SHH-initiated Gli1 and Snail expression of
NRK-49F cells (p< 0.05). And incubation with rhein (1 ng/
ml) also had the same effect as CNP (p< 0.05). (Figure 4).

4. Discussion

Rhein is one of the anthraquinone active components in
Rheum palmatum L. Rheum palmatum L. is widely used in
TCM as an indispensable and specific treatment for curing
CKD stages 1–5 and shows good curative effects. Rhein
possesses multiple pharmacological activities, including
antioxidation, anticancer, antiviral, anti-inflammatory,
antifibrosis, anti-hyperuricemic, and purgative effects
[18, 19]. Rhein could attenuate kidney damage in diabetic
rats by improving glucose metabolism abnormality,

reversing insulin resistance and dyslipidemia, and effectively
preventing diabetic nephropathy [20]. Numerous research
suggests that rhein protected kidney through various signal
pathways involvement [11, 21, 22].

Renal fibrosis is a common pathological pathway leading
to end-stage renal disease. UUO surgery can cause renal
pathological changes, involving periglomerular fibrosis,
rupture of glomerular capillary wall in renal capsule, blood
flowing into renal capsule and coagulation, resulting in
proliferation of epithelial cells, proliferation of podocytes,
infiltration of monocytes, production of a variety of fibro-
genic cytokines, proliferation and fibrosis of fibroblasts, and
inward compression of capillaries, or the fusion of glo-
merular capillaries and renal capsule basement membrane is
called balloon adhesion, which pulls the capillaries to the
renal capsule basement membrane to form glomerulo-
sclerosis. /e basement membrane of renal vesicles was
thickened, renal vesicles were dilated, and capillary loops
were squeezed [23]. During glomerular ischemia, the early
manifestation is ischemic shrinkage, and in the late stage,
due to ischemia, the capillary wall is hypoxic, resulting in
increased permeability, plasma protein leakage and

TEM

PAS

HE

Appearance

RheinUUOSham

Figure 1: Rhein attenuated renal histological damage. Pathological changes in the renal tissues were analyzed using renal appearance,
hematoxylin-eosin (HE, ×200), periodic acid-Schiff (PAS, ×200) staining, and transmission electron microscopy (TEM, ×10,000). /e
pathological manifestations of renal fibrosis include renal tubular dilatation with atrophy (green arrow), renal tubular epithelial cell edema
(blue arrow), lymphocyte proliferation and infiltration (yellow arrow), mesangial area expansion (orange arrow), thickening of the basement
membrane (red arrow), and loss of foot process fusion (brown arrow).
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condensation in the renal capsule, and finally hardening./e
blood supply of renal tubules comes from glomerulus, so
renal tubules are more vulnerable to ischemic injury, cy-
toplasmic turbidity and swelling, renal interstitial edema,
inflammatory cell infiltration, and renal interstitial fibrosis
(RIF) [14].

Renal interstitial fibrosis (RIF) is the main pathological
change of multiple chronic kidney disease (CKD). It is a
common pathway that ultimately leads to end-stage renal
disease (ESRD) [2, 24]. /e extent and severity of RIF are
highly correlated with the degree of renal dysfunction [25].
/erefore, improving RIF is of great significance to slow
down and reverse the progression of CKD. /e occurrence
and development process of RIF mainly includes the fol-
lowing four links: regulation of cytokine expression, in-
flammatory cell infiltration, cell proliferation and epithelial-
mesenchymal transition (EMT), and abnormal accumula-
tion of extracellular matrix (ECM) [26]. EMT is a critical
process of kidney fibrosis by which epithelial cells lose their

epithelial characteristics and acquire the mesenchymal
features, and the transformation of renal tubule epithelial
cells, fibroblasts and other cells into myofibroblasts, and the
formation of ECM. In the formation of RIF, EMT is believed
to play an important role in organ fibrosis [4]. Renal EMT
consists of four key steps: loss of adhesion between epithelial
cells; newly synthesized α-smooth muscle actin (α-SMA)
expression and actin recombination; rupture of basement
membrane of renal tubules; and the ability of cells to migrate
and invade. α-SMA is a specific marker of interstitial cells,
which is expressed at a low level in normal tissues and organs
but upregulated in tissues or cells during interstitial trans-
differentiation. Studies have shown that the level of α-SMA-
positive expression is positively correlated with the degree of
tissue fibrosis, and a large amount of α-SMA expression is a
marker of epithelial and mesenchymal cell transformation
[27].

EMT in renal tubule has been demonstrated in various
animal models of renal interstitial fibrosis, such as unilateral
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Figure 2: Rhein improves renal fibrosis. Collagen fiber deposition (purple arrow) was observed in Masson staining. (b) ImageJ software was
used to calculate the degree of renal fibrosis. ((c), (d)) Image-pro plus software was used to statistically analyze immunohistochemical
staining results of TGF-β1 and α-SMA, respectively. ∗p< 0.05, ∗∗p< 0.01.
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ureteral obstructive (UUO), nephropathy, and diabetic
nephropathy [28]. Transforming growth factor β1 (TGF-β1)
is a key player in the development of fibrosis. TGF-β1 is
expressed in all mammalian cells and is an important cy-
tokine to induce EMT [29]. TGF-β is a secretory stimulating
protein, which can affect autocrine and paracrine of cells. In
some cultured epithelial cells, EMTcan be induced by TGF-

β1 stimulation alone. TGF-β mainly includes three types,
namely, TGF-β1, TGF-β2, and TGF-β3. TGF-β1 plays an
important regulatory role in the occurrence and develop-
ment of pathological processes, including tumor and fibrosis
[30]. /e present study demonstrated the fibrotic tissue and
extracellular matrix were significantly increased in the UUO
group. After administration of rhein, the expression of renal
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Figure 3: Inhibitory effect of rhein on SHH signaling pathway in UUO rats. Rhein group rats were administered rhein 2mg·kg−1·d−1 by oral
gavage for 14-d sham group, and UUO group rats were administered equal volumes of water. SHH, Gli1, and Snail protein and mRNA
expression levels were determined by western blotting and RT-PCR. Data are presented as mean± SEM. ∗p< 0.05, ∗∗p< 0.01.
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fibrin TGF-β1 and α-SMA decreased significantly, and the
thickening of basement membrane was suppressed than that
in the model group.

Activation of SHH signal pathway can induce the
transformation of rat renal fibroblasts into myofibroblast
phenotype. Studies have shown that sonic hedgehog (Shh)
signal pathway is closely related to various organ fibroses
[31]. /e pathway is composed of patched SHH ligands, cell
membrane receptors (Ptc), smoothened (SMO) protein, and
Gli1 (Gli1, Gli2 and Gli3) downstream transcription factors.
SHH can hardly be detected in normal people. When fibrosis
occurs, the expression of SHH is increased, which can bind
to Ptc and remove the inhibitory effect of Pct on SMO.
Increased SMO expression stimulates increased downstream
Gli1 expression, which enters the nucleus in full-length form
and initiates transcription of target genes. Gli1 is a tran-
scription target of hedgehog signal transduction pathway,
and its activation is a reliable indicator of SHH signal ac-
tivity. /e SHH-Gli1 pathway participates in the process of
RIF by promoting cell proliferation [32]. Studies in Gli1
knockout rats have shown that the SHH-Gli1 pathway is
essential in organ fibrosis [33]. Recent studies have found
that the SHH-Gli1 pathway can induce the expression of the

transcription factor Snail [34], thereby activating intracel-
lular signal transduction pathways that upregulate selected
zinc finger (e.g., Snail) transcription factors and induce
EMT. Studies have confirmed that Snail is an important
signal molecule that triggers EMTand directly participates in
the occurrence and development of RIF [32]. Study showed
that TGF-β activated crosstalk among divergent signal
pathways to Gli1 that initializes and maintains Snail ex-
pression. And Snail functions as a critical integrator of
information from TGF-β1 signal distributed through up-
stream pathways [35]. TGF-β1 promotes the process of EMT
by inducing the expression of Snail, thus promoting renal
fibrosis. In the process of EMT, multiple signal pathways
play a role, upregulating transcription factors and pro-
moting mesenchymal transformation of epithelial cells.
Among them, the nuclear transcription factor Snail par-
ticipates in the signal transduction process of multiple signal
pathways including TGF-β1 pathway and can induce EMT
in epithelial cells, which plays an important role in the
activation process of myofibroblast [36]. Lovisa [37] found
that in the mouse renal fibrosis model, Snail expression was
abundant in renal tubular epithelial cells within the fibrosis
lesion. After the deletion of Snail gene in renal tubular
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Figure 4: Rhein inhibits SHH signaling pathway in NRK-49F cells activated by SHH. Western blot and qPCR analysis show the expression
of Gli1 and Snail increased in NRK-49F cells induced by SHH (100 ng·ml−1) for 48 hours./eNRK-49F cells were incubated with SHH in the
presence of rhein (1 ng·ml−1) or CNP (1 ng·ml−1), and the expression of Gli1 and Snail mRNA and protein decreased. Data are presented as
mean± SEM. ∗p< 0.05, ∗∗p< 0.01.
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epithelial cells, EMT of renal tubular epithelial cells was
inhibited and renal fibrosis was alleviated (Figure 5).

/e Snail family is a zinc finger transcription factor,
which was first discovered in Drosophila gene in 1984./ere
are more than 50members of the family./e vertebrate Snail
family consists of two members: Snail (Snail1) and Slug
(Snail2). Recently, it has been found that in addition to
preventing expression of mesectodermal and ectodermal
genes in the mesoderm anlage, Snail also take party in
cellular metabolism functions, just as regulating cell dif-
ferentiation, motility and apoptosis. Studies have shown that
Snail can promote EMT. Snail can upregulate the expression
of marker proteins α-SMA, myofilin, and fibronectin in
mesenchymal cells. A large number of studies have con-
firmed that Snail is an important signal molecule that
triggers EMTand directly participates in the occurrence and
development of RIF. In the in vivo study, the expression of
SHH, Gli1, and Snail was significantly increased in the UUO
group, and the expression of SHH, Gli1, and Snail mRNA or
protein was decreased after rhein treatment. /e results
suggest that rhein can reduce the expression of Gli1 and
Snail by inhibiting SHH signal pathway, thus reducing the
EMT and fibrosis in renal. /e in vitro experiment showed
that the activation of SHH signal pathway could significantly
induce the expression of Gli1 and Snail in NRK-49F
(p< 0.05). Adding CPN to block the SHH pathway could
inhibit the upregulation of Gli1 and Snail in rat renal fi-
broblasts induced by SHH protein./e addition of rhein also
inhibited the upregulation of Gli1 and Snail. /erefore, we
hypothesized that the SHH signal pathway may promote the
phenotypic transformation of NRK-49F by inducing upre-
gulation of Gli1 and Snail expression. /e antifibrosis effect
of rhein may be related to the inhibition of SHH-Gli1-Snail
signal pathway.

5. Conclusion

Our experimental data demonstrated that ingestion of rhein
can modulate the pathological changes observed in UUO

rats. Rhein was found to inhibit the SHH-Gli1-Snail signal
pathway, which alleviated renal fibrosis in rhein-treated
UUO rats. Hence, our findings reveal potential therapeutic
targets for RIF and provide new perspectives on the phar-
macological action of rhein during RIF treatment.
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�is research was to analyze the e�ect of �avored Tongxie Yaofang on diarrheal irritable bowel syndrome (IBS) by the situation of
intestinal microecology. �e treatment mechanism was analyzed, so as to provide a more e�ective treatment method for patients
clinically. 60 IBS patients were selected as the research objects and were divided according to the di�erent treatmentmethods. For the
control group (n� 20 cases), oral pinaverium bromide tablets were given. For the treatment group (n� 40 cases), the �avored Tongxie
Yaofang decoction was given in addition to conventional treatment.�e curative e�ects on the two groups of patients were evaluated
in combination with the changes in intestinal microecology. With the syndrome score, the total e�ective rate of the treatment group
(92.5%) was obviously superior to the control group (80%) (P< 0.05). �e clinical symptoms such as abdominal pain, abdominal
distension, and diarrhea in the treatment group were signi�cantly relieved after treatment in contrast to the control group (P< 0.05).
Intestinal Bi�dobacterium, Escherichia coli, and Bi�dobacterium/Escherichia coli (B/E) ratio were all greatly higher than those in the
control group (P< 0.05). In summary, �avored Tongxie Yaofang had a good e�ect in improving the symptoms of patients with
diarrheal IBS and improved the micro�ora of Bi�dobacterium and Escherichia coli in the intestinal tract of patients.

1. Introduction

Irritable bowel syndrome (IBS) is a functional disorder of the
gastrointestinal tract, with the main clinical manifestations
of gastrointestinal dysfunction accompanied by abdominal
pain or discomfort, which are usually relieved after defe-
cation [1]. According to clinical manifestations, it can be
classi�ed into diarrheal, constipated, mixed, and untyped
IBS [2]. Diarrheal IBS refers to patients who had pasty/
watery stools of more than 24% and lumpy/hard stools of
less than 24%; it has a high incidence and a wide range of
e�ects and is more common in young and middle-aged
people [3]. It brings di�erent degrees of negative impact on
the work and life of patients [4].�e treatment of this disease
in Western medicine relies on symptomatic treatment. But
because the etiology and pathogenesis are not fully under-
stood, patients are not satis�ed with the current control of
clinical curative e�ect and recurrence rate [5]. In contrast,

traditional Chinese medicine (TCM) has particular advan-
tages in improving symptoms [6]. Fan et al. (2017) [7]
proposed that Tongxie Yaofang could signi�cantly reduce
symptoms, increase stool consistency, and reduce bowel
movements in 4 weeks compared toWesternmedicine in the
treatment of IBS [7]. Chen et al. (2018) [8] and Wang et al.
(2020) [9] drew the same conclusion. However, the �avored
Tongxie Yaofang refers to the addition and subtraction of
drugs to the original prescription according to the clinical
symptoms of patients. Its clinical e�ect is signi�cant in the
treatment of diarrheal IBS, and the curative e�ect is obvi-
ously better than that of Western medicine. However, there
are fewer clinical research studies about �avored Tongxie
Yaofang in the treatment of diarrheal IBS, and further study
is needed.

�e role of microecological changes in the pathogenesis
of IBS has attracted the attention of experts in recent years. A
study has revealed that the intestinal microbiome is
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important for normal gastrointestinal function and func-
tions of other organs. Changes in the normal intestinal
microbiome, dysbiosis, and changes in gut motility will lead
to microbial overgrowth and altered gut permeability [10].
He et al. (2018) [11] propose that the gut is more susceptible
to dysfunction and dysbiosis due to its contact with the
external environment and gut microbes, which leads to
intestinal inflammations, including IBS. It is of great sig-
nificance of microecology in the pathogenesis of diarrheal
IBS and to evaluate microecology to guide treatment.
However, whether TCM can improve intestinal micro-
ecological changes in the treatment of diarrheal IBS needs to
be explored.

,is research was intended to provide more effective
treatment methods for diarrheal IBS patients clinically. ,e
curative effect of flavored Tongxie Yaofang decoction in
diarrheal IBS was studied through intestinal micro-
ecological changes. Stool samples from patients were
collected in both the control and treatment groups. ,e
real-time fluorescent quantitative polymerase chain reac-
tion (PCR) was adopted for detecting the intestinal Bifi-
dobacterium and Escherichia coli in stool samples, as well as
the logarithmic expression of paired and replicated
deoxyribonucleic acid (DNA) in wet stools per g. Bifido-
bacterium and Escherichia coli in the intestinal tract were
compared before and after treatment [12]. It was expected
to improve the cure rate of diarrheal IBS patients clinically
and reduce the recurrence rate.

2. Materials and Methods

2.1. Research Objects. Among patients admitted to ,e
Affiliated People’s Hospital of Fujian University of Tradi-
tional Chinese Medicine from February to December 2020,
60 patients with diarrheal IBS were included in this study.
According to the different treatment methods, the patients
were divided into a treatment group and a control group.
,e 20 patients in the control group were all treated with
conventional Western medicine, and oral pinaverium bro-
mide tablets were given. ,e 40 patients in the treatment
group received the flavored Tongxie Yaofang decoction
apart from conventional treatment through years of clinical
experience. Combined with intestinal microecological
changes, the curative effects of the two groups of patients
were evaluated.

With the inclusion criteria, the included patients met the
Western medicine diagnostic criteria of diarrheal IBS as well
as the standards of TCM syndromes. ,ey were 17–71 years
old, having a course of disease of more than 1 year. ,ey
signed informed consent forms and were willing to receive
the treatment. All the above criteria must be satisfied si-
multaneously. ,e exclusion criteria were formulated as
follows. Patients did not meet the diagnostic criteria or the
inclusion criteria.,ey took drugs that affect gastrointestinal
motility, other antidiarrheal drugs, and antibiotics within 30
days before the treatment, or they were taking other drugs
with stable efficacy. Pregnant women and lactating women
were not included. Patients suffered from other organic
diseases, tumors, or inflammatory bowel diseases of the

digestive system, they had other organic diseases confirmed
by colonoscopy or barium enema, or their diarrhea was
caused by systemic diseases, such as lactase deficiency and
hyperthyroidism. Patients had fever, anemia, and hema-
tochezia, or they had severe metabolic disorders of heart,
liver, kidney, or endocrine, hematopoietic disorders, ma-
lignant tumors, mental disorders, and other diseases in the
acute phase. Patients disagreed to participate in this study,
because they cannot tolerate the treatment for adverse re-
actions, or they cannot complete the treatment as required
due to other reasons. ,ose that met any one of the above
conditions were excluded. ,e following criteria were laid
down for discontinuing clinical tests. Patients failed to stick
with the treatment. Patients got serious adverse reactions or
severe complications during the treatment. ,is study had
been approved by the Medical Ethics Committee of ,e
Affiliated People’s Hospital of Fujian University of Tradi-
tional Chinese Medicine, and the family members of the
patients included signed the consent forms.

2.2. Reagents and Instruments. Nucleic acid extraction re-
agents were purchased from Zhengzhou Zhijie Biotech-
nology Co., Ltd. ,ermus aquaticus (Taq) enzymes were
generated from a kit. Common chemical reagents were
purely made in China. Table 1 shows the main instruments
used in this study.

2.3. Bacterial DNA Extraction from the Stools. ,e specimen
was thawed and frozen at room temperature. 0.3 g stool was
taken, and 1.1mL phosphate buffer solution (0.06mol/L,
pH:7.5) was added to mix thoroughly for 6 minutes. ,e
mixture was centrifuged at 1000 rpm for 1min, and the
supernatant was taken. ,e centrifugation and extraction
were repeated 4 times. All the supernatants were collected
and centrifuged at 14000 rpm for 1min. ,e supernatant
was removed, and the precipitation was retained. 1mL
phosphate buffer solution was added to mix the precipi-
tation, and then it was centrifuged at 14000 rpm for 6min.
,e supernatant was discarded, and the precipitation was
washed 5 times with phosphate buffer solution. DNA
purification was performed as follows. ,e bacterial fluid
was centrifuged at 14000 rpm for 16 s, and a 200 μL su-
pernatant was taken as the isolate. 200 μL DNA was
extracted into a 0.6mL centrifuge tube, and 51 μL of the
bacterial solution was added to the tube, reversed several
times, and mixed well. It was placed for 4min at room
temperature. 25 pL DNA was added to extraction liquid B,
reversed several times, and mixed thoroughly. It was
centrifuged at 13000 rpm for 11min, and the supernatant
was still removed. 200 pL DNA was added to extraction
liquid C, reversed repeatedly, and mixed well. It was
centrifuged at 13000 rpm for 6min, the supernatant was
discarded, and the remains were put at room temperature
or 56°C for 3–6min to dry. 18 pL sample diluent was added
to the suspension and centrifuged for a short time, and the
liquid was dropped to the bottom of the tube. ,e su-
pernatant was taken to generate the PCR.
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2.4. Treatment Methods. ,e patients in the control group
were given pinaverium bromide tablets (Abbott Laboratories
Trading (Shanghai) Co., Ltd.) for symptomatic western
medicine treatment, oral administration at 50mg/time, 3
times/day. ,e patients in the treatment group were treated
with years of clinical experience combined with flavored
Tongxie Yaofang in addition to the symptomatic Western
medicine treatment. ,e patients were conditioned by
restricting the liver, strengthening the spleen, and correcting
and activating blood circulation. ,e basic prescription of
flavored Tongxie Yaofang was prescribed with the following
medicine materials. It included 13 g Saposhnikovia divar-
icata, 16 g Atractylodes macrocephala koidz, 11 g dried
tangerine peels, 16 g white paeony root, 16 g turmeric, 16 g
Rhizoma corydalis, 1 g Costustoot, 1 g Lindera, and 31 g
Jiubi. For patients with spleen deficiency, 16–31 g Codo-
nopsis was added. For patients with abdominal murmur,
61 g dried ginger was added. For those with mucus in the
stool, 1 g coptis was added. For those who had constipation
with fewer defecations, 1 g betel nut was supplemented. For
those with abdominal distension, 16 g dried green tangerine
peels and 16 g Fructus aurantii were supplemented. For
those who were often tired, 31 g Hairyvein agrimonia and
31 g root of Ficus hirta Vahl were supplemented. ,e de-
coction was given one dose per day for three consecutive
weeks. ,e stool samples of all patients in the treatment
group were taken before and after treatment, and their
symptoms were recorded and scored before and after
treatment. Patients in both groups were treated for 4 weeks.

2.5. Observation Indicators. ,e number of defecations per
day of patients was recorded. It was in a severe grade if the
patients had more than 6 defecations every day. It was
moderate with 4-5 defecations, it was mild with 2-3 defe-
cations, and it was normal with 1 defecation each day. For
the stool characteristics, it was recorded as severe grade with
mucus in stool and watery stool; it was moderate with mushy
or a small amount of mucus. It was mild with soft or a small
amount of mucus, and it was normal with striped stool. For
abdominal pain, it was assessed as normal grade with no
abdominal pain, and it was mild with mild or occasional
pain. It was moderate with several times of pain a day, and it
was severe with recurrent severe pain or colic. In terms of
abdominal distension, it was assessed as normal, mild,
moderate, and severe with no abdominal distension, occa-
sional abdominal distension or that after eating, severe
abdominal distension of up to 6.2 hours a day, and ab-
dominal distension with bulge all the day, respectively.

With the scoring criteria, 0, 1, 2, and 3 points were
recorded for normal, mild, moderate, and severe grades,
respectively.

In clinical practice, a patient was cured as the
symptoms and physical signs disappeared or basically
disappeared, and the syndrome score decreased by greater
than or equal to 95%. ,e curative effect was assessed as
remarkably effective, as the symptoms and physical signs
of the patient were obviously improved, and the syndrome
score was reduced by greater than or equal to 70%. It was
effective as the symptoms and physical signs were im-
proved, and the syndrome score was reduced by greater
than or equal to 30%. It was ineffective as the symptoms
and physical signs were not improved or even worsened,
and the syndrome score was reduced by less than 30%.

,e calculation equation was expressed as follows: total
effective rate� ((syndrome score before treatment − the
score after treatment)/the score before treatment) x 100%.

2.6. Statistical Analysis. SPSS16 was used to complete sta-
tistics. ,e contents of intestinal Bifidobacterium and
Escherichia coli were expressed by logarithmic values. ,e
independent sample T test was adopted to compare the
microecology before and after treatment in the treatment
group and the control group. Paired T-test was used to
compare the contents of Bifidobacterium and Escherichia
coli and the syndrome scores of patients in the treatment
group before and after treatment. ,e chi-square test was
adopted for enumeration data.

3. Results

3.1. Comparison of General Data of the Patients. 80 cases in
total were selected for this study, and 20 patients who did not
meet the requirements were excluded according to the ex-
clusion criteria. Finally, 60 patients were included in this
study and were divided into the treatment group and the
control group with different treatment methods. As shown
in Table 2, there was no significant difference in age and sex
ratios of patients between the two groups (P> 0.05), showing
the two groups were comparable in age and gender.

3.2. Improvement of Clinical Symptoms before and after
Treatment. ,e evaluation results of abdominal pain, ab-
dominal distension, and diarrhea in the patients in the two
groups before and after treatment are shown in Tables 3–5. It
was observed that the abdominal pain, abdominal distension,
and diarrhea were significantly improved in patients in the
treatment group, with statistically significant differences
compared with those before treatment (P< 0.05). For patients
in the control group, the abdominal pain and diarrhea were
significantly improved compared with those before treatment,
and the difference was statistically significant (P< 0.05) while
the abdominal distension did not change significantly
(P> 0.05) in patients in the control group. Compared with
those in the control group, the clinical symptoms of patients in
the treatment group were higher improved significantly, with
statistically significant differences (P< 0.05).

Table 1: Major instruments used in this study.

Instruments Production place
Table-top and high-speed refrigerated
centrifuge ,e United States

Fluorescent quantometer Germany

Ultra-low temperature freezer ,e United
Kingdom

Biosafety cabinet Japan
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3.3. Comparative Analysis of Clinical Curative Effects on
Patients. Figure 1 shows the curative effect analysis of 40
patients in the treatment group. According to syndrome
scores, it was cured, remarkably effective, effective, and
ineffective in 10, 14, 13, and 3 cases. ,e total effective rate
reached 92.5%. In the control group, it was cured in 2 cases,
remarkably effective in 6 cases, effective in 8 cases, and
ineffective in 4 cases, with a total effective rate of 80.0%. It
suggested that flavored Tongxie Yaofang had a good clinical
effect in treating diarrheal IBS.

3.4. Comparison of Intestinal Microecology before and after
Treatment. ,e intestinal microbes of Bifidobacterium,
Escherichia coli, and Bifidobacterium/Escherichia (B/E) of
patients were compared before and after treatment be-
tween the two groups, and the results are shown in Fig-
ure 2. It was observed that there was no significant
difference among Bifidobacterium, Escherichia coli, and B/
E of patients between the control group and the treatment
group before treatment (P> 0.05). Bifidobacterium,

Escherichia coli, and B/E of patients in both groups in-
creased significantly after treatment, suggesting the dif-
ferences were statistically significant (P< 0.05). Compared
with those in the control group, Bifidobacterium,
Escherichia coli, and B/E of patients in the treatment group
increased obviously, and the differences were also sta-
tistically significant (P< 0.05).

4. Discussion

Western medicine believes that diarrheal IBS is the result
of a combination of multiple factors, which is related to
abnormal gastrointestinal motion, visceral paresthesia,
and psychological factors [13]. ,e clinical treatment of
diarrheal IBS mainly depends on symptomatic treatment
of western medicine, but the symptoms not the disease are
cured, and the patients are prone to reoccurrence with a
poor effect [14]. Clinical studies have discovered that the
symptoms in most patients with diarrheal IBS cannot be
relieved well [15]. ,erefore, TCM treatment has attracted
people’s attention. TCM syndrome differentiation and

Table 2: General data of the patients.

Groups Sample size Average age (years) Male (cases) Female (cases)
Treatment group 40 42.13± 11.12 28 12
Control group 20 33.76± 6.34 14 6
Statistic value — 0.443 −0.325
P — 0.268 0.488

Table 3: ,e severity of abdominal pain before and after treatment.

Treatment group (n� 40) Control group (n� 20)
Normal Mild Moderate Severe Normal Mild Moderate Severe

Before treatment 6 26 4 4 1 15 3 1
After treatment 22∗ 18 0 0 3 15 2 0
Statistic value 4.557 1.135
P 0.000 0.043
Note: ∗ suggested P< 0.05.

Table 4: ,e severity of abdominal distension before and after treatment.

Treatment group (n� 40) Control group (n� 20)
Normal Mild Moderate Severe Normal Mild Moderate Severe

Before treatment 16 22 2 0 8 10 1 1
After treatment 30∗ 10 0 0 8 12 0 0
Statistic value 3.289 0.097
P 0.000 0.553
Note: ∗ indicated P< 0.05.

Table 5: ,e severity of diarrhea before and after treatment.

Treatment group (n� 40) Control group (n� 20)
Normal Mild Moderate Severe Normal Mild Moderate Severe

Before treatment 4 26 10 0 μ 2 13 5 0
After treatment 32∗ 6 2 0 5 12 2 1
Statistic value 5.569 1.436
P 0.000 0.038
Note: ∗ indicated P< 0.05.
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treatment can not only improve symptoms but also
shorten the course of diseases and relieve patients’ suf-
fering. It also has a notable effect on reducing the fre-
quency of IBS [13]. Furthermore, some medical staff have

found in the process of serving patients with diarrheal IBS
that the Bifidobacterium and Escherichia coli in the in-
testinal tract of these patients are prominently increased
[16]. ,e ratio of B/E can simply reflect the general
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situation of intestinal colonization resistance. However, di-
minished colonization resistance in the intestinal tract may also
inhibit the growth and reproduction abilities of potential
pathogens, such as Bifidobacterium, and maintain the function
of the local immune system. ,is will result in local inflam-
mations and erroneous release of chemical mediators and
neurotransmitters [17, 18].

To learn the curative effect of flavored Tongxie Yaofang
in the treatment of diarrheal IBS and the regulation of
gastrointestinal microecological stability, this research was
conducted. ,e total effective rate (92.5%) of the patients in
the treatment group was greatly higher than that of the
control group (80%) (P< 0.05). ,is suggested that the
flavored Tongxie Yaofang through clinical syndrome dif-
ferentiation could improve the curative effect in the
symptomatic treatment. It had a good clinical effect on
treating diarrheal IBS. Moreover, the relief of clinical
symptoms such as abdominal pain, abdominal distension,
and diarrhea in the treatment group was remarkably better
in contrast to the control group (P< 0.05). ,is was consistent
with the research results of Dai et al. (2018) [19]. ,e clinical
curative effect of flavored Tongxie Yaofang was significantly
greater than that of conventional drug therapy. In contrast, it
could highly reduce abdominal pain scores, abdominal dis-
tension, diarrhea, defecation frequency, etc. ,is also indicated
the great application prospect of TCM in treating diarrheal IBS.
,e research studies of Li et al. (2020) [20] and Yan et al. (2019)
[21] also provided some support for this research, as immu-
nohistochemistry was adopted to study the role of flavored
Tongxie Yaofang in intestinalmicroecology in diarrheal IBS.,e
results showed that intestinal Bifidobacterium, Escherichia coli,
and B/E ratios were observably higher in comparison with the
control group (P< 0.05). It was revealed that the flavored
Tongxie Yaofang could better improve gastrointestinal flora.
However, the current related research studies are relatively
lacking; thus, in-depth exploration is needed to verify the ac-
curacy and representativeness of the results.

5. Conclusion

In this research, the curative effect of flavored Tongxie
Yaofang in treating diarrheal IBS and the regulation of
gastrointestinal microecological stability were explored.
,ereout, it was concluded that the flavored Tongxie Yao-
fang had a better effect on relieving the symptoms of di-
arrheal IBS patients. It could also better regulate the
microbial communities of Bifidobacterium and Escherichia
coli in the patients’ intestinal tract. However, the specific
mechanism of Bifidobacterium and Escherichia coli in the
pathogenesis of diarrheal IBS remained unclear.,erefore, it
was necessary to prepare corresponding animal models for
further exploration in the future. ,e sample size in this
research was too small, and more experimental samples
should be included. Clinical trials should be carried out in
multicenter hospitals with larger samples, rather than in a
single or small area. Anyhow, the application prospect of
TCM in the clinical treatment of diseases was very im-
pressive, and it was worthwhile for clinical workers to
explore.
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Carrageenan, a sulfated polysaccharide, was produced by certain species of marine red seaweeds, which have been used as a
signifcant source of food, feed, and antibiotic agent throughout history due to their alleged human health benefts. Te present
study aimed to derive the polysaccharides from Hypnea valentiae and describe the biological applications. Carrageenan was
characterized by FT-IR, C-NMR, AFM, and their antimicrobial, antioxidant, and anticoagulant capabilities; furthermore, the
larvicidal efect of methanol extract was generated from the seaweed against Aedes aegypti larvae at various concentrations. Te
molecular docking experiments were carried out computationally for fnding the molecular insight of the macromolecules and
small molecules’ interaction using GLIDE docking by using Schrodinger software. Antibacterial zones of inhibition in diferent
concentrations are compared with the 40mg/mL higher activity against bacterial pathogens. Carrageenan is strong in all an-
tioxidant activities, with the overall antioxidant (70.1± 0.61%) of radical at 250 μg/mL concentration being exhibited. Te DPPH
scavenging is efective in the inhibition of (65.74± 0.58%) radical at a concentration of 160 μg/mL and the hydroxyl scavenging
(65.72± 0.60%) of activity at a concentration of 125 μg/mL being exhibited. Anticoagulant activities (APPT and PT) of carra-
geenan fraction were tested. H. valentiae and heparin sulphate shows higher activity of APTT (106.50 IU at 25 μg/mL) in
comparison with the PT test (57.86 IU at 25 μg/mL) and the methanol extraction of higher larvicidal activity on A. aegypti
(LC50 = 99.675 μg/mL). In this study, the carrageenan was exploited through in vitro and in silico molecular docking studies
against antimicrobial, antioxidant, and anticoagulant properties. Te results were establishing the potentiality of the carrageenan
which is an alternative source to control the mosquitocidal property in the future. Moreover, molecular docking of carrageenan
against multiple targets results in −7 to −6Kcal/mol binding score. Findings of carrageen from in vitro to in silico studies are
needed for further validation of clinical pieces of evidence.
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1. Introduction

Marine macroorganisms are a rich source of functionally
diversifed bioactive compounds that play an active role in
human nutrition and health. Seaweeds are a major source of
sulfated polysaccharides, particles which are widely
employed in food, feed, and medicine due to their rheo-
logical qualities as gelling and stabilizing agents [1, 2].
Sulfated polysaccharides have numerous biological and
physiological activities, including antithrombotic [3], anti-
coagulant [4], antioxidant [5], antidiabetic [6], antibacterial
[7], immunomodulatory [8, 9], antiviral [10], antiin-
fammatory [11], antinociceptive [12, 13], antitumor [14],
and proinfammatory efects [15, 16]. Sulfated polysaccha-
rides including agarans, galactans, and carrageenans are also
available abundantly. Among these, carrageenan is a generic
deviation of linear, sulfated galactans derived from species of
red seaweeds [17]. Various investigations on the antioxidant
and anticoagulant properties of seaweeds or their extracts
have been published [18, 19]. Algal polysaccharides must be
shown to serve a signifcant role as free-radical scavengers
and antioxidants in the protection of oxidative damage in
living organisms in current administration, and anticoag-
ulants have long been used to treat blood during dialysis and
surgery, as well as to treat disseminated intravascular co-
agulation and thrombosis in a variety of disorders and for in
vitro blood testing [20, 21]. Mosquitoes, such as Aedes
aegypti, are the deadliest since they act as a vector for a
variety of diseases, including dengue fever, malaria, yellow
fever, flariasis, and other types of chikungunya as well as
Zika virus [22–25]. Furthermore, seaweed sulfated poly-
saccharide extracts contain primary and secondary metab-
olites including bioactive chemicals which are biodegradable
into harmless products; it may be efective in mosquito larval
control [26, 27].

Te standard new therapeutic approach is complicated,
exhausting, expensive, time-consuming, and laborious.
Computational methods such as molecular docking have
played a critical role in rationalizing the road to drug dis-
covery in order to overcome these obstacles. A molecular
docking feature becomes a promising pharmaceutical re-
search tool for screening candidates from drug libraries
efectively [28]. In such studies, the ultimate goal was to fnd
efective therapeutics for the carrageenan molecule extracted
from marine algae. It is evaluated against antimicrobial,
anticoagulant, and antioxidant activity using GLIDE
docking in the maestro platform of Schrodinger software
(Schrödinger Release 2021-2: Maestro, Schrödinger, LLC,
New York, NY, 2021). Furthermore, the efciency of the
carrageenan compound was exploited with in vitro valida-
tion against the foresaid targets. Carrageenan is a sulfated
polysaccharide, which is obtained by extraction from red
seaweed species. It has been widely utilized in the food
industry, agricultural, drug delivery, tissue engineering, and
biosensor applications. Terefore, the present study inves-
tigated the isolation and biofunctional activities of carra-
geenan extracted from H. valentiae, characterization of
structural properties using Fourier transform infrared (FT-

IR) spectroscopy, 13C nuclear magnetic resonance (NMR),
and atomic force microscopy (AFM) spectroscopy and
evaluation of the biological properties such as antioxidant,
antimicrobial, and anticoagulant activities with in silico
molecular docking analysis.

2. Materials and Methods

2.1. Collection and Extraction of Sample. Te red seaweed,
H. valentiae (Turnur), was collected from Mandapam (Lat.
09°28′177N, Long. 79°18′536E) located on the southeast
coastline of Ramanathapuram, Tamil Nadu, India. Te
seaweed specimen identifcation number was 1759. Te
sample was properly cleaned with seawater to remove all
undesired pollutants such as sand particles and epiphytes
and then thoroughly cleaned with tap water to discard all salt
on the surface.Te water was drained away, and the seaweed
was laid out on the blotting paper to absorb any remaining
moisture before being shade-dried at room temperature for
3 days and crushed into a fne powder. Following the
completion of the sulfated polysaccharide extraction, the
procedure was evaluated for 100 g of seaweed powder, which
was soaked separately in acetone andmethanol solvent in 7:3
for two days in a shaker at 200 rpm for 10min. Te process
was repeated twice to ensure the dry biomass. Tis biomass
was dried into a powder and dispersed in 1 L of 0.1M HCL
for 24 h with constant stirring at room temperature. Te
pellet was reextracted as above, and the supernatants were
pooled. Te supernatant was kept at 4°C overnight and
precipitated with two volumes of absolute 1:1 and stirred
continuously for 15min, and then the precipitate was col-
lected to separate carrageenan gel and distilled water.
Carrageenan gel was then completely soaked in 96% alcohol
for 1 h and stirred continuously. Te carrageenan gel was
separated from alcohol and distilled water by fltration.
Subsequently, the mixture was centrifuged at 5000 rpm for
10min, and the supernatant was neutralized with 1.0M
NaOH and poured in 100mL of methanol. Te carrageenan
was freeze-dried by using a membrane at 70°C for a 24 h
duration which was performed for further processing [29].

2.2. Structural Analysis. Using an alpha FT-IR spectro-
photometer and its technique, FT-IR was used to determine
the functional groups of the carrageenan polysaccharides
[30]. Te characterization has been complemented by the
13C-NMR spectrum.Te 13C-NMR spectrum of 10mg of the
carrageenan was dissolved in 0.5mL solution in D2O which
was recorded at 27°C on anNMR spectra BrukermodelMHz
400 spectrometer. Te proton chemical shift was expressed
in parts per million (ppm). Te substance was diluted in
distilled water before being mixed with a solution of 200 μg/
mL carrageenan in 0.2M NaOH. Te carrageenan solutions
were allowed to equilibrate for 1 h with NaOH prior to
neutralization with HCl (pH∼6-7). Solutions were then
passed through a 0.22 μm flter and deposited onto 1 cm of a
freshly cleaned glass plate surface (sample volume ∼60 μL).
Samples were dried for approximately 16 h in ambient
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conditions. Imaging of AFM was performed within 24 h of
carrageenan deposition to avoid sample contamination.

2.3.AntibacterialActivity. Antibacterial studies were carried
out on two Gram-positive bacteria (Enterococcus faecalis
(MTCC 439) and Staphylococcus aureus (MTCC 96)) and
Gram-negative bacteria (Escherichia coli (MTCC 443) and
Pseudomonas aeruginosa (MTCC 741)). All the bacteria were
obtained from the Research Laboratory, Microbiology De-
partment, Periyar University, India. Positive control in-
cludes streptomycin. All bacterial cultures were incubated at
35°C for 24 h [31].

2.4. AntibioflmActivity. To determine the efect of seaweed
methanol extracts against antibioflm activity, about 3.5mL
of nutrient broth and 1.5mL of bacterial culture were added
into sterile test tubes. 10mg of sample was added to diferent
concentrations of methanol extract (10, 20, 30, 40, and 50 μg/
mL) and additionally given into each tube. All tubes were
incubated in a shaking incubator at 37°C for 24 h. After
incubation, all tubes were washed with distilled water. All the
tubes were breeze-dried for a fewminutes and added 5mL of
crystal violet and then incubated at 37°C for 1 h. After in-
cubation, we discarded the crystal violet from all the tubes
and washed them with distilled water. About 5mL of 95.0%
ethanol was added into all test tubes and taken OD at 595 nm
by UV-visible spectrophotometer [32], respectively. Te
antibioflm activity was calculated using the formula of
percentage:

% of biofilminhibition�
controlOD− treatmentOD

controlOD
×100.

(1)

2.5. Antioxidant Activity Measurement

2.5.1. Total Antioxidant Property. Te antioxidant activities
of samples were evaluated by phosphomolybdenum com-
plex formation according to the method [33]. About 0.5mL
sample extracts were added with 3mL of reagent solution
(0.6M sulphuric acid, 28mM sodium phosphate, and 4mM
ammonium molybdate). Te test tubes were covered with
foil and incubated in a water bath at 95°C for 90min. After
the samples had cooled to room temperature, the absorbance
of the mixture was measured at 695 nm against the reagent
blank. Te reported results were mean values expressed
as mg AAE/g sample.

2.6. Assay for Radical Scavenging In Vitro

2.6.1. Scavenging Activity of DPPH (2,2-Diphenyl-1-picryl
Hydrazyl). Purifed polysaccharides’ DPPH-free radical-
scavenging activity was assessed using Q-sepharose anion-
exchange chromatography, as previously described by the
technique [29, 34] with slight modifcations. A solution of
3mL of 0.1mMmethanolic solution DPPH was prepared. A
respective blank sample of BHA and L-ascorbic acid was

prepared by adding 100 μg/mL. Te discoloration of the
sample was measured with a proper blank at 517 nm after
incubation for 30min at 30°C in the dark using a UV-Vis
spectrophotometer. Te samples’ free radical scavenging
activity was calculated using the following equation:

% inhibition �
(A1 − A2)

A1
  × 100, (2)

where A1 is the absorption of the control and A2 is the
absorption of the sample.

2.6.2. Hydroxyl Radical Scavenging Assay. Te capacity of
the seaweed polysaccharides against the scavenging hydroxyl
radical was evaluated using Fenton’s reaction
(Fe2++H2O2⟶Fe3++OH−+OH) according to the modif-
cation method described [35].Te extracts of methanol were
evaporated in vials. Te reaction mixture contained 1mL of
(EDTA) solution, 0.5mL of EDTA (0.018%), and 1mL of
DMSO (0.85% v/v in 0.1M phosphate bufer, pH 7.4), and
0.5mL of ascorbic acid (0.22%) was added to each tube. Te
solution was incubated at 37°C for 15min, and the presence
of yellow color was measured spectrophotometrically at
510 nm against the blank sample. Te mixture without the
sample was treated as a control. Te scavenging activity was
calculated by the following equation:

% inhibition � 1 −
(A1 − A2)

A0
   × 100, (3)

where A0 is the control, A1 is the absorption of the sample,
and A2 is absorption without sodium salicylate.

2.7. Anticoagulant Activity

2.7.1. Activated Partial Tromboplastin Time (APTT).
For carrageenan fractions, APTT was calculated using a
modifed version of the methodology reported [36]. Te
positive and negative controls were heparin at a concen-
tration of 5 g/mL and 0.9 percent w/v NaCl, respectively.

2.7.2. Prothrombin Time (PT). Temethodology of [37] was
also used to determine PT, with some modifcations. Te
device was also programmed to perform the same procedure
in APTT determination. Each poor-platelet plasma and
carrageenan solution mixture was incubated for 3min at
37°C.Ten, 0.6mL of prewarmed PTreagent was added, and
the time for clot formation was also observed and repeated
three times. For positive and negative control, heparin and
NaCl were utilized, respectively.

2.8. Molecular Docking. Ligand preparation: for molecular
docking studies, carrageenan structure was retrieved from
the PubChem database (71597331) in a three-dimensional
structure fle (SDF) format, and furthermore, the structure
was refned using the LigPrep module in Schrodinger’s
Maestro (v 12.8). Te OPLS4 force feld was applied, and 32
diferent states of stereoisomerism were derived
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(Schrödinger Release 2021-2: LigPrep, Schrödinger, LLC,
New York, NY, 2021).

Protein preparation: we need to evaluate the antioxidant
(2C0D & 5B6M), antimicrobial (1JIJ & 2XCT), and anti-
coagulant (5E8E) activity against sulfated polysaccharide
computationally. Te three-dimensional structure of pro-
teins was retrieved from the database of Protein Data Bank
(PDB). Te X-ray crystallographic structures were imported
into Maestro using the protein preparation wizard, and this
module helps to solve the missing hydrogen bonds, create
the disulfde bonds, and optimize (Schrödinger Release
2021-2: Protein Preparation Wizard; Epik, Schrödinger,
LLC, New York, NY, 2021; Impact, Schrödinger, LLC, New
York, NY; Prime, Schrödinger, LLC, New York, NY, 2021).

Te molecular docking was performed using the Glide
package (ligand docking) in the Schrodinger suite. Te
standard precision docking method was applied and per-
formed postdocking minimization and analyzed the results
in pose viewer Schrödinger Release 2021-2: Glide,
Schrödinger, LLC, New York, NY, 2021.

2.9. Mosquito Culture and Larvicidal Activity. A. aegypti
mosquito larvae were collected from the Indian Council of
Medical Research—Vector Control Research Centre,
Madurai, Tamil Nadu, India. Te mosquito larvae were fed a
fnely powdered mixture containing a 3 :1 ratio of dog
biscuits and Brewer’s yeast for repeated generations at
25–30°C. According to the procedure used, adult mosquitoes
were kept under standard environmental conditions as
larvae [38]. Following this procedure, a mortality assay was
carried out on fourth instar larvae [22, 39]. Te test for the
larvae efect of methanol extract derived from seaweed
against mosquito larvae A. aegypti involved 10mg of the
sample in diferent concentrations for 50, 100, 200, and
500 μL. Twenty larvae were added to 250mL distilled water
in triplicates, with 1mL DMSO serving as a negative control
H2O. Dead larvae were counted, and the proportion of dead
larvae was estimated for the replicates after 24 and 48 h of
exposure. Proft analysis was utilized to calculate average
LC50 and LC90 (lethal concentration) values from the
duplicates.

% of mortality �
number of dead larvae

number of larvae introduced
× 100. (4)

2.10. Statistical Analysis. Te results were examined using
one-way analysis to calculate LC50, LC90, and 95% fducial
limits of upper confdence and lower confdence of variance
and standard values presented as the mean SD (ANOVA).
Te asterisk (∗, (∗∗, and ∗∗∗) denotes a signifcant diference
from the control (p< 0.01, (p< 0.05, and p< 0.001).

3. Results

Te FT-IR spectra of the carrageenan were isolated from the
red seaweed H. valentiae and the absorption bands typical of
carrageenan between the wave numbers 1000 and 3500 cm−1

clearly highlighted the functional groups in all of the analyzed

samples (Figure 1, Table 1). Te peaks at 3457.74 cm−1 cor-
relate with O-H stretching H-bonding vibrations which in-
dicated alcohols and phenols. Te existence of alkanes was
revealed by the similarity of the peaks found at 2349.36 cm−1.
Furthermore, the peaks observed at 1687.22 cm−1 were at-
tributed to alkenes. Te aliphatic amines had an absorption
peak position at 1187.22 cm−1 confrming the -C≡C- stretch.
Te spectral observations at 1222.18 cm−1 indicated asym-
metric stretching of S-O, revealing the presence of sulfate
[40]. Te band at 1222.18–1030.72 cm−1 stretching of C-O
was attributed to alcohols, carboxylic acids, esters, and ethers.
C-H stretching vibrations indicated the existence of alkanes in
the band between 1444.61 cm−1. Te C-O-C of 3, 6-anhydro-
L-galactose vibrations has been assigned to the peak at
920.72 cm−1. Aromatic group C-H stretching vibrations were
as described to the peak 845.44 cm−1. Te last peak which
appears to be 650.30 cm−1 was related to -C≡C-H: C-H
bending the presence of alkanes. Te NMR spectra of the
carrageenan providedmore structural characterization, which
is shown in Figure 2, respectively, and band assignment for a
sampleofH.valentiaepolysaccharide.TeNMRcanbeused to
demonstrate the existence of diferent carrageenan units. Te
NMR spectrum was also a complex polymer signal from the
anomericprotonat (78.30 ppm), and ringcarbons (70.16 ppm)
were assigned to 3,6-α-L-anhydrogalactose. Te signal was
assigned from the 75.02 ppm which was assigned to H-1 of
β-D-galactose linked to α-L-galactose-6-sulfate. Te signal at
102.86 ppm was attributed to carboxyl β-D-galactose.

Te surface topography of the carrageenan was studied
with the help of AFM measurements in a contact mode. Te
AFM images of the carrageenan soft template and bright
spot are shown in (Figure 3(a)). Moreover, the topography of
the carrageenan can be observed with peaks and valleys
distributed across the surface. Apart from this, huge
numbers of deformed shapes with larger sizes can also be
seen in the AFM image of the carrageenan (Figure 3(b)).Te
AFM is a signifcant source for detecting the morphology
and size of the carrageenan macromolecules originating
from 0.0 to 0.7 μm.Te carrageenan particles’ average height
which ranged from 0.00 to 0.72 μm was also noted.

Te antibacterial activity of the methanol extract was
evaluated for the resistance to pathogenic bacteria which
may cause infection in human beings. Te methanol extract
of H. valentiae inhibitory activity against E. faecalis,
S. aureus, E. coli, and P. aeruginosa was identifed. Te
pathogenic bacterial zone of inhibition in various concen-
trations of the methanol extract was compared to the 40mg/
mL higher inhibitory activity against four bacterial patho-
gens obtained in the results shown in (Figure 4) and Table 2,
respectively. Te antibacterial potential of methanol extracts
depends upon the ability of permeation to the bacterial cell
through the cell wall of bacteria. Moreover, the methanol
extract had a minimum inhibitory bacterial efect against the
Gram +ve strain rather than the Gram −ve strain. Terefore,
the present study focused that both extracts demonstrated
high signifcant antibacterial inhibition activity against
Gram-negative bacteria rather than Gram-positive bacteria.

Teantibioflmactivity ofmethanol extract ofH. valentiae
has been investigated with bacterial potential against stains
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Figure 1: FT-IR spectrum of the carrageenan from Hypnea valentiae.

Table 1: Interpretation of functional groups in the carrageenan using FT-IR.

Peak position (wave number cm−1) Spectroscopic assignments Functional groups
3457.74 cm−1 O-H stretch, H-bonding Alcohol, phenol
2349.36 cm−1 C-H stretch Alkanes
1687.22 cm−1 -C≡C- stretch Alkenes
1187.22 cm−1 C-N stretch Aliphatic amines
1222.18-1030.72 C-O stretch Alcohols, carboxylic acids, esters, and ethers
1444.61 cm−1 C-H bend Alkanes
920.72 cm−1 C-O-C stretch 3, 6-anhydro-L-galactose
845.44 cm−1 C-H stretch Aromatics
650.30 cm−1 -C≡C-H : C-H bend Alkynes
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Figure 2: 13C-NMR spectrum of the carrageenan from Hypnea valentiae.
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Figure 3: AFM of the carrageenan from Hypnea valentiae.
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Figure 4: Te zone of inhibition for methanol extracts of Hypnea valentiae activity against (a) E. coli, (b) E. faecalis, (c) P. aeruginosa, and
(d) S. aureus. 1—methanol, 2—antibiotic streptomycin, 3—methanol extract 10mg/mL, 4—methanol extract 20mg/mL, and 5—methanol
extract 40mg/mL.

Table 2: Te zone of inhibition for methanol extracts of Hypnea valentiae activity against bacterial species.

Bacteria
Zone of inhibition (mm)

1 2 3 4 5
E. coli 3.0± 0.577 5.0± 0.577 0 1.0± 0.577 1.0± 0.274
E. faecalis 1.0± 0.577 9.0± 1.155 0.00 1.0± 0.288 2.0± 0.577
P. aeruginosa 2.0± 0.320 0.0± 0.000 0.00 3.0± 0.111 5.0± 0.412
S. aureus 1.0± 0.000 8.0± 1.155 0 0.0± 0.000 0.0± 0.000
∗Data are mean�SE (n-3). 1—methanol, 2—antibiotic Streptomycin, 3—methanol extract 10mg/mL,4—methanol extract 20mg/mL, and 5—methanol
extract 40mg/mL.
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based on E. faecalis Gram +ve and P. aeruginosa Gram −ve
bacterial activity obtained in the results shown in Table 3,
respectively.Te diferent concentrations of methanol extract
(10, 20, 30, 40, and 50 μg/mL) were tested.Te highest activity
against antibioflm activity (11.1± 0.885 at 50 μg/mL) meth-
anol extract was recorded for E. faecalis. In P. aeruginosa, the
inhibition of the bioflm activity rate as 14.3± 0.979 at 50 μg/
mL concentration of methanol extract was found. Te per-
centage of inhibition in E. faecalis activity efect methanol
extract was signifcantly higher than that in P. aeruginosa.
Te current study investigates the antibioflm activity of
H. valentiae extracts bacterial activity against two diferent
bacterial strains.

Total antioxidant activity was measured to evaluate the
antioxidant capacity of sulfated polysaccharides from
H. valentiae extracts. Te carrageenan extract was shown to
reduce the total antioxidant scavenging activity of radicals
(70.1± 0.61%) at 250 μg/mL concentration rather than at the
other concentrations of 50–250 μg/mL of the displayed
activities. Based on the fndings visualized (Table 4) and
noticed, the carrageenan was found to have signifcantly
higher total antioxidant activities as compared with
L-ascorbic acid (87.22± 0.80%) and BHA (81.99± 0.75%).
Te antiradical assay was determined by measuring the
absorbance of the inhibition of DPPH radicals. Te seaweed
extract of sulfated polysaccharide showed that higher in-
hibition activity of these radicals (65.74± 0.58%) values for
DPPH scavenging at 160 μg/mL concentration rather than at
the other concentrations. According to the results shown in
(Table 4), carrageenan has the potential for radical scav-
enging activity when compared to the compounds of
L-ascorbic acid (82.05± 0.73%) and BHA (79.01± 0.70%)
that demonstrated efective DPPH neutralizing activity.

Te hydrogen radical scavenging assay was used to
determine the inhibition of hydroxyl (OH) radical forma-
tion, and the results showed that the scavenging activity of
sulfated polysaccharide was signifcant with increasing
concentrations. Te extract of carrageenan inhibited the
hydrogen peroxide scavenging activity of the OH radical
(65.72± 0.60%) at 125 μg/mL concentration rather than at
the other concentrations of 25–125 μg/mL of the exhibited

activities. Furthermore, as shown in Table 4, carrageenan
exhibited signifcantly higher hydroxyl radical activities
when compared to L-ascorbic acid (81.140.73%) and BHA
(77.930.70%).

Te study of anticoagulant activity was analyzed by the
APTT and PT assays which demonstrated that the antico-
agulant mechanism of carrageenan inhibits plasma coagu-
lation release during the regular phase of the coagulation
process blood clotting time (Table 5). Te anticoagulant
activity of carrageenan was exhibited higher in APTT
(106.50 IU at 25 μg/mL) when compared with the PT test
(57.86 IU at 25 μg/mL) indicating the pathway to inhibition.

Te carrageenan molecule was subjected to small mo-
lecular (ligand) docking, the antioxidant targets chosen as
mitochondrial 2-cys peroxiredoxin (2C0D) from Plasmo-
dium falciparum and crystal structure of human peroxir-
edoxin 6 (5B6M). Te docking score results of −7Kcal/mol
indicate strong afnity among the complex molecules, and
the interaction diagrams of 3D and 2D are represented in
Figure 5.Te antimicrobial target protein chosen as S. aureus
tyrosyl-t RNA synthetase (1JIJ) and S. aureus gyrase topo-
isomerase II (2XCT) against the small molecule showed a
strong afnity in their complex molecule with the least
binding score of −6.894Kcal/mol and with their interactive
sites represented (Figure 6). Te phytochemical exploited
against antioxidant activity using auto dock tool results in
−3.3 to −6Kcal/mol binding score with in vitro validation,
wherein in our case, it was shown as −7Kcal/mol using Glide
docking, Schrodinger [41]. Te anticoagulant target protein
was chosen as the crystal structure of thrombin (5E8E) from
humans against carrageenan, showing the amino acid in-
teraction as SER546 forms a hydrogen bond with the NH-
group, and PO4 forms a hydrogen bond with the O- group
with a docking score of −6.639. Te structure was illustrated

Table 4: Antioxidant activity of Hypnea valentiae methanol extract.

Extract/positive control
Antioxidant activity, %

DPPH, μg/mL OH, μg/mL Total antioxidant, μg/mL
Carrageenan 65.74± 0.58 65.72± 0.60 70.1± 0.61
BHA 79.01± 0.70 77.93± 0.70 81.99± 0.75
L-ascorbic acid 82.05± 0.73 81.14± 0.73 87.22± 0.80

Table 5: Anticoagulant activity of Hypnea valentiae.

Extraction/control
Clotting time

APTT, 25 μg/mL PT, 25 μg/mL
Carrageenan 106.4± 0.65 57.3± 0.70
Heparin-sulfate 175.2± 0.85 126.5± 0.88

Table 3: Te efect of Hypnea valentiae methanol extracts on antibioflm activity E. faecalis and P. aeruginosa.

Pathogens
Concentrations of methanol extracts of H. valentiae (μg/mL)

10 20 30 40 50
E. faecalis 1.0± 0.211 4.2± 0.392 7.5± 0.555 10.0± 0.709 11.1± 0.885
P. aeruginosa 4.0± 0.380 7.0± 0.885 9.1± 0.692 12.0± 0.883 14.3± 0.979
∗Data are mean�SE (n-3).
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with 2D and 3D interaction maps with a pocket binding site
(Figure 7, Table 6). Carrageenan extracted from H. valentiae
was found to have the highest larvicidal activity against
A. aegypti (LC50 = 99.675 μg/mL; LC90 = 491. 453mg/L)
shown (Figure 8, Table 7). Te larvicidal activity of seaweeds
to the larvae of A. aegypti was determined to the inhibition
efect of seaweed mortality larvae. Seaweed is a natural
product, and particularly, halogenated terpenes might be
exploited for the improvement of new larvicidal compounds
and its prototype insecticidal agents.

4. Discussion

Te present study on methanol extract of H. valentiae was
tested for yield, antioxidant, antimicrobial, anticoagulant
with in-silico molecular docking, and larvicidal activity
properties. Te extract efect is an important parameter for
the chemical compounds which have been used in the
screening of bioactive substances from red seaweeds
enriched with secondary metabolites and have potential
antioxidant, antimicrobial, and anticoagulant activities [42].

Te FT-IR spectrum is one of the most important tools for
polysaccharides and their spectroscopic assignments of
functional groups.TeO-H stretching of alcohol and phenol
vibration from the intramolecular hydrogen bond corre-
sponded to the absorption peak position at 3457.74 cm−1

[43]. Te absorption peaks at 2349. 36–1687.22 cm−1 is at-
tributable to C-H stretch and -C≡C- stretch alkane func-
tional groups, which probably confrmed the polymer-
bound water which is a characteristic feature of red seaweed
polysaccharides [44].Tese absorption bands were described
as enhancing the activation of molecular chain movements.
Furthermore, the absorption peaks at 1222.18–1030.72 cm−1

correspond to assignments of functional groups. C-O
stretches alcohols, carboxylic acids, esters, and ethers from
lipid triglycerides and fatty acids [45]. Te absorption peak
position at 1444.61 cm−1 is attributable to C-H symmetric
stretching alkanes. Another characteristic peak 920.72 cm−1

is attributable to C-O-C stretch 3,6-anhydro-L-galactose in
the presence of high sulfated polysaccharides [42]. Te
absorption peak 650.30 cm−1 is attributed to -C≡C-H: C-H
sulfate group alkynes. 1030.72 cm−1 corresponds to the high

(a) (b) (c)

(d) (e) (f )

Figure 5: Molecular docking of the carrageenan against antioxidant targets (i) 2COD protein. (a) 3D surface mess map interaction site.
(b) 3D complex interaction. (c) 2D complex interaction. (ii) 5B6M. (d) 3D surface mess map interaction site. (e) 3D complex interaction. (f )
2D complex interaction.
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molecular weight skeleton of sulfated D-galactans and
carrageenan bands found in H. valentiae [46]. Tese ab-
sorption bounds of oxygen, nitrogen, and biofunctional
groups confrmed the presence of polyphenol compounds,
polysaccharides, and protein, primary, and secondary
metabolites.

Te NMR spectroscopy is one of the efcient techniques
for determining the structural characters of seaweed poly-
saccharides [47]. Recently, the report has demonstrated that
the NMR spectrum used in the presence of diferent car-
rageenan components was observed to indicate the con-
version of 3,6-α-L-anhydrogalactose units into its alditol

(a) (b) (c)

(d) (e) (f )

Figure 6: Staphylococcus aureus tyrosyl-tRNA synthetase docked with carrageenan. (a) 3D surface mess map interaction site. (b) 3D
interaction site. (c) 2D interaction map. S. aureus gyrase topoisomerase II docked with carrageenan. (d) 3D surface mess map interaction
site. (e) 3D interaction site. (f ) 2D interaction map.

(a) (b) (c)

Figure 7: Molecular docking of the carrageenan against anticoagulant target proteins of 5EBE. (a) pocket 3D interaction site. (b) 3D
complex interaction. (c) 2D complex interaction.

Evidence-Based Complementary and Alternative Medicine 9



derivatives anomeric protons containing μ and ] carra-
geenan [48]. Previous studies illustrate the occurrence of
β-D-galactospectroscopic functional group of sulphated
polysaccharides in the sugar residues, which are in conform
that the trisaccharide branches on bacterial polysaccharide
[49, 50]. Collectively, the literature has reported that Gra-
cilaria caudata analyzes the structural features of β-D-gal-
actos linked to α-L- galactose-6-sulfate, and methyl or
pyruvate molecules are substituted by carrageenan poly-
saccharide [47, 51]. Tese reports indicated that the α-gly-
cosidic peaks in the carrageenan backbone were partially
broken [52]. NMR spectroscopy is also useful for recog-
nizing the conformations of polysaccharides.

Te AFM is single molecular spectroscopic technology to
detect the conformation of morphological structures of

polysaccharides in AFM images which provides a perfect
observation of molecular assembling. Te AFM provides
visualization of the diferent types of sulfated polysaccha-
rides such as curdlan [53], xanthan [54], carrageenan [55],
xyloglucan [56], pectin [57], arabinoxylan [58], and starch
[59]. Te previous literature has functionalized the AFM
based on the purpose of many fundamental food systems of
carrageenan polysaccharides [48]. Similar reports have
identifed the height range in the structure of the food
particles [49]. Based on the fndings, the fbrous height of
carrageenan was topographically similar to sulfated poly-
saccharides derived from the red seaweed [44]. Te majority
of the results from AFM analysis have reviewed the mac-
romolecules of functional food polymers [60]. Terefore,
AFM is nanostructure characteristics of polysaccharides

Table 6: Molecular docking of the carrageenan molecule against three diferent activities of 5 multiple targets, the bond length in which the
range below 3 Å is hydrogen bond interaction.

S No PDB Target activity Amino acid interaction site Bond length, Å Docking
score

1 2C0D Antioxidant GLY164, ASN166, ASN165 2.22, (2.07, 2.67), 2.50 −7.465
2 5B6M Antioxidant VAL189, PHE207, LYS204, VAL187, PHE202 (2.54, 2.25), (2.32, 2.25), 2.13, 1.97, (2.58, 2.45) −6.227
3 5E8E Anticoagulant ASN415, SER546, TRP370 2.38, 2.28, (2.42, 2.39) −6.639
4 1JIJ Antimicrobial GLN196, ASP40, LYS84, ASP195 2.53, 1.95, (1.66 and 2.38) and 1.82 −6.894
5 2XCT Antimicrobial GLU1456, LYS1375, SER1453 (1.60, 2.01), (1.78, 2.21) and (2.34, 2.10) −4.363
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Figure 8: Larvicidal activity of Hypnea valentiae.

Table 7: Te efect of aqueous and methanol extract of the Hypnea valentiae against Aedes aegypti larvae.

Mosquito species Extract Hours LC50 (μg/mL)
95% confdence

limit LC90 (μg/mL)
95% confdence

limit x2 df
Lower Upper Lower Upper

Aedes aegypti
Control (H2O)

24 316.083 236.821 488.167 2322.664 1171.696 8645.237 2.823 10
48 289.440 208.435 486.467 3219.817 1359.596 20753.085 2.514 10

Methanol (40 μg/250mL) 24 171.464 134.073 224.234 1081.894 657.746 2603.426 3.415 10
48 99.675 76.920 123.824 491.453 345.703 876.642 6.845 10
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from diferent food products. Te conformation of polymers
to identify numerous environmental conditions controlled
the temperature [61].

Te potential antibacterial activity of carrageenan
polysaccharides from H. valentiae derivatives was evaluated
to afect microbial pathogens of (E. faecalis and S. aureus
(Gram +ve) and E. coli and P. aeruginosa (Gram −ve) or-
ganisms. Te antibacterial activity was revealed to be strong
against biologically multidrug-resistant pathogens S. aureus
and E. faecalis [52]. In addition, numerous reports have
described the antibacterial potential using algae extracts’
strong efect on various bacterial pathogens such as E. coli,
S. aureus, and E. faecalis. Tese pathogenic bacterial ac-
tivities to enhancing the biostimulants of medicinal prop-
erties valuable for enhancing the mint and basil
antimicrobial activity against bacteria [62]. Previous reports
have analyzed the antibacterial activity against bacteria
Spatoglossum asperum biological and pharmaceutical useful
for valuable drugs [50]. Te antibacterial activities of highly
potential biomedical applications such as drug delivery,
wound healing, and tissue engineering. Te antibacterial
capabilities could improve rapid healing by making a barrier
against microbial contamination [63].

In the present study, H. valentiae were tested for anti-
bioflm activity potential against pathogenic strains that the
reports revealed the methanol extract inhibited bioflm
formation. Based on the reports, we have identifed the
bioflm activity inhibition of Sargassum wightii and Hal-
imeda gracillis seaweed activity against antimicrobial
pathogens and antibioflm activity against various clinically
signifcant pathogenic microorganisms [64]. Te previous
literature reported that the bioflm activities could be applied
in diferent medical treatments to the prevention of various
bioflm-related infections [65]. Te bioflm pathogens are
eco-friendly to presently used metal-based antifouling
agents [66]. Collectively, the results have indicated the
signifcant antibioflm potential of the Ulva lactuca micro-
biocidal efect of diferent microorganisms that lead to the
formation of cariogenic bioflm against the environment. It
has been useful to the need for clinical studies to completely
enhance the antibioflm and mechanical properties of the
new product [67].

Te antioxidant potential of polysaccharides for various
free radical scavenging ability of higher polyphenol and
favonoids content was extracted, and they could have ex-
cellent antioxidant activity [68]. Te antioxidant activity
having higher polyphenol content in soluble fraction is
observed to precipitate. Te highly efective of polyphenol
and favonoids compounds with their hydroxyl group for
scavenging free radicals [64]. Te antioxidant activity of
polysaccharides could protect the human system from re-
active oxygen species which afect such macromolecules as
membrane lipids, proteins, and DNA and lead to many
functional disorders of the human body. In the current
study, phenolic content was higher in methanol extract from
H. valentiae which were screened for total antioxidant ac-
tivity at 250 μg/ml concentration. Te highest total antiox-
idant activity is present in the methanol precipitate from
H. valentiae (70.1± 0.61%). Previous literature reports have

indicated the highest total antioxidant activity in the frac-
tionated polysaccharides from Turbinaria conoides
(246.6mg AscAE/g) Gracilaria fliforms (353.3 AscAE mg/
g), and Enteromorpha compressa (326.6mg AscAE/g) [27].
Similar results have reported the highest total antioxidant
activity occurred in extract sulfated polysaccharides Sar-
gassum tenerrimum (22.0± 06) [69]. Similarly, the study
reported the total antioxidant activity in aqueous extract of
codium sp which showed the activity of 85.53± 0.25% [70].
Te results revealed that the polysaccharides conformed that
the total antioxidant activity which was the highest inhi-
bition in the methanol extract from the red seaweed. Te
potential antioxidant activity screened for DPPH radical
scavenging was due to their hydrogen donating ability. Te
free radical scavenging activity indicated a higher value in
methanol extract from H. valentiae (65.74± 0.58%). Based
on the results, the highest scavenging ability was present in
the ethanolic precipitate of S. wightii (78.3± 0.25%) [64].Te
antioxidant activity of polysaccharides extracted from
Undaria pinnatifda showed that the highest inhibition of
hydrogen peroxide screening ability [71]. In our study, the
occurrence of the sulfate group to activate the hydrogen
atom of the anomeric carbon through the sulfate content to
adsorb the antioxidant exhibited the scavenging ability of
Sargassum thunbergii [72]. Te same other results demon-
strated that the sulfated polysaccharide efect on inhibiting
the formation of these radicals was higher in the extract from
Laminaria japonica [73].

Te results showed that the exhibited hydroxyl radical
formations determine the scavenging activity of sulfated
polysaccharides was signifcantly higher than the extract
from H. valentiae (65.72± 0.60%). Te hydroxyl radical
result reveals the damage to the biomolecules including
protein, deoxyribonucleic acid, and polyunsaturated fatty
acids in the human cell membrane. Tese costs must lead to
the expansion of various infections including cancer
(Undaria pinnatifda) [71]. Previous literature reports have
demonstrated that sulfate groups of algal polysaccharides are
various kinds of biological activities as antioxidant activity in
radicals scavenging (Sargassum thunbergii) [72]. Tese re-
sults indicate the antioxidant activity of sulfate content had a
signifcant source of hydroxyl radical scavenging ability [20].

Te present investigation continues to the methanol
extract screening anticoagulant activity. Anticoagulant ac-
tivityhas evaluated theAPTTandPTassay that showedhigher
inhibition of the coagulant in the soluble fraction.Te APTT
and PT assay demonstrate the anticoagulant mechanism of
the carrageenan as blood coagulation. Te methanol pre-
cipitate of H. valentiae inhibited higher APTT (106.50 IU at
25 μg/mL) and PT (57.86 IU at 25 μg/mL).Te anticoagulant
property of the carrageenan was assessed using human
plasma from healthy donors. Te results found in the APTT
assay showed that the carrageenan had higher coagulation
properties. Te main source of the anticoagulant property of
the carrageenan appears could be antithrombic activity [16].
Te anticoagulant pathway indicated the potentiality of the
sulfated polysaccharides in spreading the coagulation time
that paves the technique for more possibility for their ap-
plication in pharmaceutical industry for drugs [74]. Te ray
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skin dermatan sulfated DS showed higher anticoagulant
activity of the skin DS as shown by APTT and PT antico-
agulant drug of interest potentially useful in therapy. Te
report suggested thehigher content of the sulfate groupwhich
presented higher coagulant property [75].

Sulfated polysaccharides are heterogeneous natural
polymers found in massive quantities in marine algae with a
wide range of therapeutic applications due to their chemical
structure and composition. Te identifcation of chemicals
that reduce infammation is of importance because in-
fammation plays a role in illnesses. Antiinfammation ac-
tivity has been determined using a variety of approaches.
With results of in vitro assays, several derivatives of car-
rageenan oligosaccharides had better antioxidant activity
than carrageenan oligosaccharides, indicating that chemical
modifcation of carrageenan oligosaccharides could improve
their antioxidant activity [76]. Te investigations of these
studies showed noticeable signifcance, and the resultant
complex molecules amino acid interaction with bond length
are depicted in Table 7. Carrageenan had been exploited with
antimicrobial, antiviral, and anticancer activity. Te current
research observed a signifcant interaction of the carra-
geenan with multiple targets resulting majorly around −7 to
−6Kcal/mol binding score [28, 77].

Te mosquito larvicidal activity of methanol extract
from H. valentiae has been found in the highest larvicidal
activity than the control A. aegypti (LC50 = 99.675 μg/mL;
LC90 = 491.453mg/L). Te present investigation focused on
the larvicidal efcacy of the potential efect on the devel-
opment of H. valentiae against A. aegypti. Based on the
results observed in Padina australis (LC50 = 82.55mg/mL),
Sargassum binderi (LC50 = 160.07) mg/mL, Bryopsis pennata
(LC50 = 192.43mg/mL), the methanol extract was much
efective on A. aegypti larvicidal activities. Te report pro-
vided information on numerous efects using diferent
seaweed extracts of A. aegypti [78]. Gracilaria fliforms has
been reviewed in the literature larvicidal activity against the
larvae Anopheles stephensi in which the higher inhibition is
LC50 = 0.255867 and LC90 = 3.434589mg/L [27]. Te mos-
quito activity of the current research reported damage and
shrinkage of cells from the midgut epithelium of the seaweed
treated larvae Anopheles stephensi and A. aegypti which is
(LC50: 58.34; LC90: 114.91). Te application of the seaweed
extracts is derived from terrestrial aromatic and medicinal
values [64]. Halimeda macroloba has been reported in the
literature in the past (LC50—1119.0; LC90—1890.3) and
similarly Ulva lactuca (LC50—952.9; LC90—1830.4) and
Caulerpa racemosa (LC50—886.0; LC90—1790.1) [79]. Te
same was reported to show the activity against the larvicidal
activity of Hypnea muciformis and Padina gymnospora [80].
Based on the results responsible for the larvicidal action,
demonstrating the use of seaweed extracts has high potential
as a mosquito control strategy.

5. Conclusion

Te fndings of this study suggested that the natural car-
rageenan derivatives with high sulfate content have greater
radical scavenging antioxidant and antibacterial properties.

Carrageenan from red seaweeds has also been shown to have
in vitro anticoagulant functions, confrming its explicit role
in the coagulation pathway. However, more research is
needed to confrm that seaweeds have high mosquitocidal
activity in the future. In addition, the carrageenan was
evaluated computationally using glide ligand—molecular
docking with multiple targets of antimicrobial, antioxidant,
and anticoagulant activity. Te minimal binding score ex-
plicits the strong afnity among the complex molecules.
However, our potential candidate needs to further validate
the in vivo model and extend it to clinical trials.
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Background. Yanghe decoction is a famous formula consisting of Rehmannia, deer horn gum, cinnamon, rue, Ephedra, ginger
charcoal, and licorice. However, few studies have explored the role of the potential mechanism of Yanghe decoction in the
treatment of Hashimoto’s thyroiditis by metabolomics. Methods. Nine mice were randomly divided into three groups: control
group (group C), model group (group M), and drug administration group (group T), with three mice in each group. Mice in
groups M and T were established as models of Hashimoto’s thyroiditis, and group T was treated with Yanghe decoction. �e
metabolome of plasma samples from each group of mice was determined using mass spectrometry coupled with high-per-
formance liquid and gas phases, and nuclear magnetic resonance. Based on the three assays, principal component analysis was
performed on all samples, as well as orthogonal partial least squares-discriminant analysis and di�erential metabolite molecules
for groupsM and T. Subsequently, pathway enrichment analysis was performed, and the intersection was taken for the di�erential
metabolites screened in the M and Tgroups. �e levels of in�ammatory factors IL-35 and IL-6 within the serum of each group of
mice were detected. Results. �e di�erence analysis showed that a total of 38 di�erential metabolites were screened based on mass
spectrometry coupled with the high-performance liquid phase, 120 di�erential metabolites were screened based on mass
spectrometry coupled with gas phase, and a total of α-glucose and β-glucose were the di�erential metabolites analyzed based on
NMR test results. �e pathways enriched by the di�erential metabolites in the M and T groups were intersected, and a total of 5
common pathways were obtained (amino acid tRNA biosynthesis, D-glutamine and D-glutamate metabolism, tryptophan
metabolism, nitrogen metabolism, and arginine and proline metabolism). �e results also showed a signi�cant decrease in the
serum in�ammatory factor IL-35 and a signi�cant increase in IL-6 in mice from group M compared with group C, while a
signi�cant increase in the serum in�ammatory factor IL-35 and a signi�cant decrease in IL-6 in mice from group Tcompared with
group M. Conclusion. Our study reveals the metabolites as well as a metabolic network that can be altered by Yanghe decoction
treatment of Hashimoto’s thyroiditis and shows that Yanghe decoction can e�ectively reduce the level of in�ammatory factors in
Hashimoto’s thyroid.

1. Introduction

Hashimoto’s thyroiditis, also known as chronic lymphocytic
or autoimmune thyroiditis, is an autoimmune thyroid
disease that causes the immune system to attack and destroy
the thyroid gland [1]. It is characterized by an enlarged
thyroid gland, parenchymal lymphocytic in�ltration, and
the presence of thyroid antigen-speci�c antibodies [2].
Hashimoto’s thyroiditis causes chronic in�ammation of the

thyroid tissue and may result in hypothyroidism in 20–30%
of patients [3]. �e incidence is approximately 3 to 6 cases
per 10,000 people per year, with a prevalence of at least 2% in
women. �e glands involved in thyroiditis often lose the
ability to store iodine, produce and secrete rod proteins that
circulate in the plasma, and fail to make hormones e£ciently
[4,5]. At present, methylprednisolone is often used in clinical
practice for Hashimoto’s thyroiditis treatment, which could
inhibit the synthesis of the thyroid gland and alleviate the
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patient’s clinical symptoms. However, research has shown
that the use of methimazole alone in patients with Hashi-
moto’s thyroiditis for long term often have poor prognosis.

Traditional Chinese medicine is remarkably effective in
the adjuvant treatment of the disease, especially in im-
proving clinical symptoms, prolonging patient survival, and
modulating immune function. As an effective method for
preventing and treating diseases, TCM has been increasingly
used worldwide in the past decades [6]. Yanghe decoction is
a famous formula consisting of Rehmannia, deer horn gum,
cinnamon, rue, Ephedra, ginger charcoal, and licorice [7]. It
has the effect of warming yang and nourishing blood and
dispersing cold and moving stagnation. For centuries, Yang
He Tang has been proven to be used to treat a variety of
noninfectious inflammatory conditions [8].

Yanghe decoction can be combined with modern
therapies, which have a combination of “multicomponent,
multitarget, and multipathway” regulatory mechanisms and
have fewer toxic side effects [9]. In one study, Yang He Tang
was shown to have a high mean cure rate (defined as
complete regression or significant improvement of lumps
and pain for at least two months) in patients with chronic
breast fibrosis and palpable lumps [10]. Fewer studies have
clinically investigated the effect of Yanghe decoction in the
treatment of Hashimoto’s thyroiditis. *erefore, the present
study was conducted to investigate the potential mechanism
of Yanghe decoction in the treatment of Hashimoto’s thy-
roiditis through a metabolomic approach.

2. Material and Methods

2.1. Animal Grouping and Model Construction. Nine NOD
mice (4 weeks old) were purchased from the Nanjing Bio-
medical Research Institute of Nanjing University. NOD
mice were randomly divided into three groups: control
group (group C), model group (group M), and drug ad-
ministration group (group T), with three mice in each group.
*e mice in the model group and the drug administration
group were treated with porcine thyroglobulin and high
iodine water to establish the mouse model of autoimmune
thyroiditis. After successful modeling, Yanghe decoction
formula granule (Xuyang Pharmaceutical Co., LTD., China)
was prepared into 0.5 g/mL liquid medicine; the drug-ad-
ministered group was given 0.5 g/ml Yanghe decoction
formula 1ml/100 g by gavage for 1 h, and the model group
and normal group were given the same amount of saline by
gavage once a day for 10 weeks. *e serum and plasma
samples were collected and stored at −20°C for serum and
−80°C for plasma. *e study protocols were approved by the
Institutional Animal Care and Use Committee of Nanjing
University of Chinese Medicine Affiliated Yancheng.

2.2. Enzyme-Linked Immunosorbent Assay. *e serum col-
lected was assayed for IL-35 (interleukin-35) and IL-6
(interleukin-6) inflammatory factors using enzyme-linked
immunosorbent assay (ELISA) kits. *e experiment was
performed according to the instructions.

2.3.Mass Spectrometry CoupledwithUltra-High Performance
Liquid-Phase Detection. Metabolite extraction was per-
formed in strict accordance with the operating instructions,
followed by onboard detection.

On-Board Detection. *e target compounds were chroma-
tographed on a Waters ACQUITY UPLCBEH Amide
(2.1mm× 100mm, 1.7 μm) column using a Vanquish
(*ermo Fisher Scientific) ultra-performance liquid chro-
matography. *e A phase of the liquid chromatography was
aqueous containing 25mmol/L ammonium acetate and
25mmol/L ammonia, and the B phase was acetonitrile. *e
sample tray temperature is 4°C, and injection volume is 2 μL.

*e *ermo Q Exactive HFX mass spectrometer was
capable of primary and secondary mass spectrometry data
acquisition under the control of the control software Xca-
libur (*ermo). Detailed parameters were as follows: sheath
gas flow rate, 30 Arb; Aux gas flow rate, 25 Arb; capillary
temperature: 350°C; full ms resolution, 60000; MS/MS
resolution, 7500; collision energy, 10/30/60 in NCE mode;
and spray voltage: 3.6 kV (positive) or −3.2 kV (negative).

Data Processing. *e raw data were converted to mzXML
format by ProteoWizard software, and then the peak
identification, peak extraction, peak alignment, and inte-
gration were performed using the R package (kernel XCMS)
written by ourselves and then matched with the BiotreeDB
(V2.1) self-built secondary mass spectrometry database for
substance annotation.

2.4. Mass Spectrometry Coupled with Gas Chromatography
Detection. Metabolite extraction was performed strictly
according to the operating instructions, and then all samples
were analyzed by gas chromatography and time-of-flight
mass spectrometry.

On-Board Detection. GC-TOF-MS analysis was performed
using an Agilent 7890 gas chromatograph and a time-of-
flight mass spectrometer. *e system used a DB-5MS cap-
illary column. 1 μL aliquots were injected in a nonsplit mode.
Helium was used as the carrier gas with a front inlet purge
flow rate of 3mL min−1 and a gas flow rate through the
column of 1ml min−1. *e initial temperature was held at
50°C for 1min, then increased to 310°C at a rate of 20°C, and
then held at 310°C for 6min. *e injection, transmission
line, and ion source temperatures were 280, 280, and 250°C,
respectively. *e energy in electron collision mode was
−70 eV. After a solvent delay of 4.83min, mass spectral data
were acquired in full-scan mode in the m/z range of 50–500
at a rate of 12.5 spectra per second.

Data Processing. *e mass spectral data were analyzed for
peak extraction, baseline correction, deconvolution, peak
integration, and peak alignment using ChromaTOF software
(V 4.3x, LECO). For the substance characterization work,
the LECO-Fiehn Rtx5 database was used, including mass
spectrometry matching and retention time index matching.
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2.5. Nuclear Magnetic Resonance Detection. *e experi-
mental testing equipment was Varian Inova 600M Agilent.

Description of the Spectral Processing.*e integration interval
of the serum NMR spectra was 0.5–8.5 ppm with an inte-
gration spacing of 0.002 ppm, and a section of 4.60–4.80 ppm
containing the residual water peak and the urea peak at
5.20–5.25 ppm and the region of its influence was removed.
Among them, the demonstration of mouse serum spectra for
groups C, M, and T were chosen: 1, 9, and 17, respectively.

2.6. Principal Component Analysis (PCA). Data were for-
matted for logarithmic (LOG) transformation plus cen-
tralization (CTR) using SIMCA software (V16.0.2; Sartorius
Stedim Data Analytics AB, Umea, Sweden), followed by
automated modeling analysis.

2.7. Orthogonal Partial Least Squares-Discriminant Analysis
(OPLS-DA). *e data were UV-formatted using SIMCA
software (V14.1; MKS Data Analytics Solutions, Umea,
Sweden), and OPLS-DA modeling analysis was first per-
formed on the first principal component, and the quality of
the model was tested with 7-fold cross-validation (7-fold
cross-validation). *en, R2Y (interpretability of the model
for the categorical variable Y) and Q2 (predictability of the
model) were used to judge the validity of the model; finally,
the validity of the model was further tested by a permutation
test, which randomly changed the order of the categorical
variable Y several times to obtain different random Q2
values.

2.8. Pathway Enrichment Analysis. *e metabolic pathways
of differentially expressed metabolites were analyzed by
searching the relevant metabolic pathways of differentially
expressed metabolites using authoritative metabolite data-
bases such as Kyoto Encyclopedia of Genes and Genomes
(KEGG) and PubChem.

3. Results

3.1. Principal ComponentAnalysis. First, we performed PCA
on the results of the three assays to observe the overall
metabolic levels and species differences between the groups.
*e results of principal component analysis (positive ions) of
the mass spectrometry coupled with gas and high-perfor-
mance liquid phases showed that the samples of groups M
and T were more closely distributed and both groups were
distant from the samples of group C.*e results of the NMR
principal component analysis showed that the samples of
groups M and T were distributed more into and partitioned
from the samples of group C. *is can all indicate that the
more similar the type and content of metabolites in groups
M and T, the more different the overall metabolic levels in
groups M and T from group C. *e samples were all in the
95% confidence interval. See Figure 1.

3.2. Orthogonal Partial Least Squares-Discriminant Analysis
(OPLS-DA) and Differential Metabolite Analysis. We then
modeled OPLS-DA for the M and Tgroups and screened for
differential metabolites.*e scatter plots of OPLS-DAmodel
scores for the three assays showed that the horizontal dis-
tance between samples was farther for groupM versus group
T, which could indicate the greater the difference between
the two groups, and the samples were very clearly differ-
entiated. *e samples were all in the 95% confidence in-
terval. *e results of the differential metabolite analysis
showed that a total of 38 differential metabolites were
screened for the mass spectrometry coupled with high-
performance liquid phase (Table 1); a total of 120 differential
metabolites were screened for the mass spectrometry cou-
pled with gas phase (Table 2), and the conditions for this
metabolite screening were VIP value (the projected im-
portance of the variable obtained from the OPLS-DA model
for the comparison of the substance in this group)> 1 and
P< 0.05. NMR analysis showed that α-glucose and β-glucose
were significant differentiating metabolites (see Figure 2).

3.3. EnrichmentAnalysis ofMetabolic Pathways ofDifferential
Metabolites. We further analyzed the effect of differential
metabolites on their pathways. *e analysis based on the
mass spectrometry combined with high-performance liquid
phase detection results showed that the differential me-
tabolites in the M and T groups were enriched to 11
pathways (Table 3), among which the pathways with higher
enrichment were histidine metabolism, amino acid tRNA
biosynthesis, phenylalanine, tyrosine and tryptophan bio-
synthesis, tryptophan metabolism, phenylalanine meta-
bolism, cysteine, and methionine metabolism. *e analysis
based on the results of mass spectrometry combined with
gas-phase detection showed that the differential metabolites
of the M and T groups were enriched to 28 pathways (Ta-
ble 4), among which the pathways with higher enrichment
were pyrimidine metabolism, biosynthesis of pantothenic
acid and CoA, metabolism of β-alanine, sulfur metabolism,
glycerolipid metabolism, and metabolism of glycine, serine,
and threonine. Subsequently, we took the intersection of the
pathways enriched by the differential metabolites in the M
and T groups for both high-performance liquid- and gas-
phase methods coupled to mass spectrometry and obtained a
total of five common pathways (biosynthesis of amino acid
tRNA, metabolism of D-glutamine and D-glutamate,
metabolism of tryptophan, metabolism of nitrogen, and
metabolism of arginine and proline). See Figure 3

3.4.Comparisonof SerumInflammatoryFactorLevels in@ree
Groups of Mice. Finally, we observed the serum inflam-
matory factor levels in the three groups of mice to determine
the effect of Yanghe decoction on inflammatory factors in
mice with Hashimoto’s thyroiditis. *e results showed that
the serum inflammatory factor IL-35 was significantly lower
and IL-6 was significantly higher in mice of group M than
group C, while the serum inflammatory factor IL-35 was
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significantly higher and IL-6 was significantly lower in mice
of group T than group M.*e results showed that the serum
inflammatory factor IL-35 was significantly lower and IL-6
was significantly lower in mice of group T than group C. See
Figure 4.

4. Discussion

Metabolism plays a central role as a signaling molecule,
immunomodulator, endogenous toxin, and environmental
sensor in all areas of biology, from ecology to bioengineering
to cancer. Each of these fields is now increasingly being
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Figure 1: Principal component analysis. (a) Scatter plot and 3D plot of PCA scores for all samples detected by mass spectrometry coupled
with the high-performance liquid phase. (b) Scatter plot and 3D plot of PCA scores for all samples detected by mass spectrometry coupled
with the gas phase. (c) Scatter plot and 3D plot of PCA scores of all samples detected by NMR.
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studied from a metabolic perspective. And these studies are
valuable from a big picture perspective [11]. *e metab-
olome is a collection of small-molecule chemical entities
involved in metabolism and has traditionally been studied to
identify biomarkers for the diagnosis and prediction of
disease. Nowadays, the value of metabolomic analysis has
been redefined from a simple biomarker identification tool
to a technique for discovering active drivers of biological
processes [12]. Metabolomics is the high-throughput

characterization of metabolites from cells, organs, tissues, or
biofluids using advanced analytical chemistry techniques
[13]. NMR and mass spectrometry are commonly used in
metabolomics; NMR is highly reproducible and quantitative,
has a simple sample preparation protocol, and is capable of
measuring analytes in a variety of solvent conditions, but it
has low sensitivity. In contrast, the high sensitivity and low
detection limits of mass spectrometry enable the detection of
subtle metabolic changes that are not visible with NMR [14].
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Figure 2: OPLS-DAmodel score scatter plot and differential metabolite analysis. (a) Scatter plot of OPLS-DAmodel score and volcano plot
of differential metabolites for group M versus group Tdetected by mass spectrometry coupled with the high-performance liquid phase. (b)
Scatter plot of OPLS-DAmodel score and volcano plot of differential metabolites for groupM versus group Tdetected by mass spectrometry
coupled with gas phase.*e size of scattering in the volcano plot represents the VIP value of OPLS-DAmodel, the larger the scatter the larger
the VIP value. Significantly upregulated metabolites are shown in red, significantly down-regulated metabolites are shown in blue, and
nonsignificantly different metabolites are shown in gray. (c) Scatter plot of OPLS-DA model scores for group M versus group Tdetected by
NMR. (d) OPLS-DA loadings plot for group M versus group (T). *e horizontal coordinates in the plot indicate the magnitude of chemical
shifts, from right to left, with increasing values of chemical shifts; the vertical coordinates indicate the magnitude of loadings after back
conversion, where the shades of color indicate the magnitude of correlation coefficients, red indicates a positive correlation, and blue
indicates negative correlation. *e marked substances in the figure are the differential metabolites that passed the critical value test of the
correlation coefficient.
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In this experiment, a total of 38 differential metabolites were
screened based onmass spectrometry coupled with the high-
performance liquid phase, 120 differential metabolites were
screened based on mass spectrometry coupled with gas
phase, and a total of α-glucose and β-glucose were analyzed
based on NMR test results.

Measuring metabolite concentrations by metabolomics
only tells half the story. Equally important is to understand
pathway activity, which can be quantified as the flow of
material per unit time, i.e., metabolic flux. In this experi-
ment, we took intersections of pathways enriched by dif-
ferential metabolites in the M and T groups for both mass
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Figure 3: Metabolic pathway enrichment analysis of differential metabolites. (a) Pathway analysis of groupM versus group T based onmass
spectrometry combined with high-performance liquid chromatography. (b) Pathway analysis of group M versus group T based on mass
spectrometry combined with gas chromatography. Each bubble represents a metabolic pathway; the bubble size represents the influence
factor, the larger the size, the larger the influence factor; the vertical coordinate of the bubble and the color of the bubble indicate the P value
of the enrichment analysis; the darker the color, the smaller the P value, the more significant the enrichment.
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Figure 4: Comparison of serum levels of inflammatory factors IL-35 and IL-6 in three groups of mice.
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spectrometry coupled with high-performance liquid and gas
phases, yielding a total of five common pathways, namely,
amino acid tRNA biosynthesis, D-glutamine and D-gluta-
mate metabolism, tryptophan metabolism, nitrogen meta-
bolism, and arginine and proline metabolism.

Amino tRNA is a substrate for translation and plays a
key role in determining how the genetic code is interpreted
into amino acids. *e function of aminyl-tRNA synthesis is
to precisely match amino acids to tRNAs containing the
corresponding anticodons [15]. Aminyl-tRNA synthetase is
essential for the physical interpretation of the genetic code
[16], and in addition to its function in protein synthesis, it is
involved in various cellular processes such as immune and
inflammatory responses, angiogenesis, and apoptosis
[17,18]. Just one study showed that the pentose phosphate
pathway, amyl-tRNA biosynthesis, and pyrimidine meta-
bolism are the main pathways altered in hypothyroidism
[19]. Glutamate is a key excitatory neurotransmitter re-
sponsible for maintaining cognitive function and neuronal
plasticity [20], while metabolites associated with glutamate
metabolism, 2-ketoglutarate, L-aspartate, and fumarate are
associated with the gut microbiota, and their alterations may
affect human health [21]. Some studies have indicated that
glycerophospholipid, glutamine, and glutamate metabolism,
and related metabolites are potential key targets for com-
mon molecular mechanisms linking HIV to NCDs through
inflammation and oxidative stress [22]. Tryptophan is an
essential aromatic amino acid consisting of a β-carbon at-
tached to the 3-position of the indole group. Although
tryptophan is the least abundant amino acid in proteins and
cells, it is a biosynthetic precursor for a large number of
microbial and host metabolites [23,24]. Tryptophan meta-
bolism in the intestine is the direct conversion of tryptophan
by intestinal microorganisms into several molecules, such as
indoles and their derivatives. And many of these indole
derivatives, in turn, are ligands for aryl hydrocarbon re-
ceptors [25]. Aryl hydrocarbon receptor signaling is thought
to be a key component of the immune response at the barrier
site and thus can maintain intestinal homeostasis by acting
on epithelial renewal, barrier integrity, and many immune
cell types [26]. Arginine is a nonessential or semiessential
amino acid that plays an important role in a variety of
biological functions including cell proliferation, survival,
and protein synthesis. It is also a precursor for the pro-
duction of nitric oxide, polyamines, proline, creatinine, and
glutamate. As a multifunctional amino acid, arginine plays
an important role in physical health by being involved in
tissue damage and chronic metabolic diseases [27]. Arginine
has also been associated with endothelial function, in-
flammation, and airway hyperresponsiveness [28]. Just one
study indicated that arginine and proline metabolic path-
ways are related to asthma pathogenesis [29]. *e above
combined with the results of the present experiment could
suggest that Yanghe decoction may maintain homeostasis
by altering the relevant metabolic pathways and thus im-
proving the disease. In addition, the above pathways have
shown relevance to inflammation as well as immune cells.
For this reason, we also investigated the effect of Yanghe
decoction.

Inflammation is a comprehensive physiological response
to tissue damage, which is caused by physical injury, in-
fection, exposure to toxins, or other types of trauma [30].
*ere is growing evidence that inflammation is a major
factor in the progression of many diseases, including au-
toimmune thyroiditis [31]. *e results of the present study
showed that serum inflammatory factor IL-35 was signifi-
cantly lower and IL-6 was significantly higher in mice in the
model group compared with the normal control group,
whereas serum inflammatory factor IL-35 was significantly
higher and IL-6 was significantly lower in mice treated based
on Yanghe decoction compared with the model group. *is
may be due to the effect of one or a combination of herbs in
the composition of Yanghe decoction. Deer antler tablets
have antifatigue, anti-inflammatory, and analgesic effects,
while deer antler peptides are the main active ingredients
obtained by isolation from deer antler tablets [32]. It has
been shown that in osteoblasts, antler peptides block TNF-
α-mediated inhibition of osteoblastogenesis and inhibit
osteoclastogenesis through the nuclear factor-κB (NF-κB)/
p65 pathway. In addition, deer antler peptides reduce levels
of interleukin 1β and interleukin 6, as well as oxidative
responses induced by increased catalase activity and reduced
malondialdehyde levels [33]. Previous studies have also
indicated that Yanghe decoction may improve the symp-
toms of Hashimoto’s thyroiditis and reduce inflammation
[34]. *is could suggest that Yanghe decoction can effec-
tively reduce the inflammatory response in Hashimoto’s
thyroiditis, but whether the specific mechanism is related to
metabolic pathways remains to be explored.

5. Conclusion

In summary, we detected multiple metabolites that can be
altered by Yanghe decoction by NMR and mass spec-
trometry coupled with gas or liquid chromatography, and
most of them were related to aminyl-tRNA biosynthesis,
D-glutamine and D-glutamine metabolism, tryptophan
metabolism, nitrogen metabolism, and arginine and proline
metabolic pathways. In addition, Yanghe decoction can
effectively reduce serum inflammatory factor levels in mice
with Hashimoto’s thyroiditis.

Although we identified the metabolites that can be al-
tered by Yanghe decoction and the pathways that are highly
affected, there are still shortcomings in this study. We only
observed the metabolomic profile of plasma, and further
studies should evaluate serum, urine, cerebrospinal fluid,
and brain samples to accurately reflect the pathological
changes in Hashimoto’s thyroiditis and the therapeutic
mechanisms of Yanghe decoction.
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Objective. Knee osteoarthritis (KOA) remains a challenge for clinicians worldwide and lacks major advancements in treatment.
In this study, we investigated the mechanism of synovitis ointment interference on KOA. Methods. SD rats were used to
establish KOA models and were randomly divided into �ve groups: the control group, the KOA group, the KOA+ synovitis
ointment group, the KOA+Western medicine group, and the KOA+Chinese medicine group. Detection of pathological injury
of the joint was observed through HE staining. Enzyme-linked immunosorbent assay (ELISA) was used to measure the
expression of SDF-1, CXCR4, MMP-9, and MMP-13. E¢ects of synovitis ointment on bone cell �brosis were detected through
Masson staining, and the relative mRNA expression of PLOD2, COL1A1, TIMP1, and TGF-β was observed using the real-time
quantitative (RT-PCR) method. Results. Mankin’s score and the knee diameters showed that the KOA model has been
successfully established; compared with the OA group, the synovitis ointment group improved the pathological injury of the
knee joint. Compared with the KOA group, the synovitis ointment group, the KOA+Western medicine group, and the
KOA+Chinese medicine group signi�cantly decreased the expression of SDF-1, CXCR4, MMP-9, and MMP-13. Synovitis
ointment reduced the relative content of bone cell �ber compared to that in the KOA group. While, the relative mRNA
expression of PLOD2, COL1A1, TIMP1, and TGF-β was signi�cantly decreased in the synovitis ointment group. Conclusion.
Synovitis ointment inhibited the in¦ammation and bone cell �brosis of KOA, and the mechanism was related to the SDF-1/
CXCR4 singling pathway.

1. Introduction

Knee osteoarthritis (KOA) is one of the joint degenerative
diseases leading to disability in the elderly [1]. Its incidence is
increasing year by year and the patient have the tendency of
being younger, which seriously threatens the health of
humans and the quality of life [2, 3]. As the pathogenesis and
etiology of KOA are still inaccurate, it is diªcult to obtain
satisfactory results in the clinical treatment of KOA. Pre-
vious studies have shown that cartilage damage could cause
synovial in¦ammation, and chondrocyte-mediated in¦am-
mation played a key role in the occurrence and development
of osteoarthritis [4]. �erefore, e¢ective inhibition of

in¦ammation might have a great signi�cance in delaying or
even reversing the process of the KOA.

Chemokine SDF-1 (CXCL12) is a cytokinin bound to a
speci�c G protein-coupled receptor (CXCR4; CD184) and
plays an important role in physiological and pathological
processes [5, 6]. Studies have shown that in patients with
KOA, the SDF-1/CXCR4 pathway was involved in main-
taining or promoting the in¦ammatory process [7]. It af-
fected the proliferation of blood vessels through MMPs,
promoted cell proliferation and migration, inhibited cell
apoptosis, and promoted in¦ammation-driven colorectal
cancer [8, 9]. Meanwhile, bone cell �brosis was an important
indicator in the development of KOA [10]. PLOD2,
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COL1A1, TIMP1, and TGF-β were generally considered
fibrosis markers [11]. .us, inhibiting inflammation and
bone cell fibrosis may be a potential method for the treat-
ment of KOA.

In recent years, traditional Chinese medicine had a
significant effect on KOA, which could effectively reduce the
risk of total knee replacement [12]. Studies had shown that
Fang Sheng Yu decoction combined with Wu Ling powder
[13] and Tian Nan Xing decoction combined with Bu Shen
Huo Xue decoction could relieve the pain in knee joint and
improve the function of the knee joint [14, 15]. Synovitis
ointment was made with Radix Aconiti Konii, Radix Aconiti,
Radix Noctis, Kaschin, Kaempferi, Hyacinth, Asarum, and
Baijiu. It had the functions of anti-inflammatory and an-
algesic, expelling wind and cold, promoting blood circula-
tion, and removing dampness. .e direct external
application could reduce inflammation and analgesia and
repair the synovium of cartilage tissue. In the long-term
clinical treatment of KOA, synovitis ointment significantly
ameliorated the symptoms of KOA and improved the health
and quality of life. However, the specific mechanism of
synovitis ointment on KOA is still unclear. In this study,
through the animal experiment, the mechanism of KOA
treated with synovitis ointment was studied, which provided
a scientific basis for clinical application and improved the
quality of life of the elderly. .is was of great significance to
improve the physical quality of the people and social
development.

2. Materials and Methods

2.1. Experimental Animals. .irty specific pathogen-free
(SPF) male SD rats (200± 10 g, 6 weeks) were purchased
from the China .ree Gorges University (Hubei, China).
Rats were fed at (22–26)°C with 12 h day/night cycle and free
access to water and food for 7 d. All animal experiments
confirmed to the relevant regulations of the Hubei Provincial
Animal Management Committee’s “Ethics Certificate for
Experimental Animals.” .e animal study protocol was
approved (approval no: SYXK (E) 2018–0104). Experiments
were conducted in accordance with the ethical guidelines of
the Hubei Provincial Animal Management Commission
(permit no. 42010200004453).

2.2. Establishment of the KOA Model. All rats were anes-
thetized by intraperitoneal injection of pentobarbital sodium
at 40mg/kg. A longitudinal incision (2 cm) was made on one
side of the knee to expose the knee joint. .en, the meniscus
on one side of the knee was removed, and a cotton ball was
used to stop the bleeding. .e incision was sutured with 5–0
silk thread. Finally, all the rats were normally fed and
conducted treatment in the 6th week of modeling.

2.3. Animal Grouping. Rats were randomly divided into five
groups: the control group, the KOA group, the KOA+synovitis
ointment group, the KOA+western medicine group, and the
KOA+Chinese medicine group. .e KOA model was estab-
lished for all rats except for the control group rats. In the

KOA+synovitis ointment group, rats were treated with 5 g
synovitis ointment for 6 hours per day on the knee joint. In the
KOA+Western medicine group, rats were treated with 0.4 g
diclofenac cream (Sino US Tianjin Shike Pharmaceutical Co.,
Ltd., Tianjin, China) for each of the knee joint every day for 6
hours. In the KOA+Chinese medicine group, rats were treated
with 5 g Golden Powder Cream for 6 hours per day on the knee
joint. All the KOA rats were treated for 4 weeks.

2.4. Synovitis Ointment and Golden Powder Cream.
Synovitis ointment is made from 50 g of Aconiti Kusnezoffii
Radix, 50 g of Aconiti Radix, 50 g of Arisaematis Rhizoma,
50 g of Nardostachyos Radix et Rhizoma, 50 g of Rhizoma
Kaempferiae, 50 g of Corydalis Rhizoma, and 20 g of Asari
Radix et Rhizoma. Collect the powder and add 3 times the
mass of alcohol to stir into a plaster, and 5 g plaster was
placed in gauze for treatment. Golden Powder Cream: in
accordance with the records of Chinese Pharmacopoeia,
Radix Trichosanthis (320 g), Angelicae Dahuricae Radix
(160 g), Curcumae Longae Rhizoma (160 g), Rhei Radix et
Rhizoma (160 g), Phellodendri Chinensis Cortex (160 g),
Atractylodis Rhizoma (64 g), Magnoliae Officinalis Cortex
(64 g), Citrus reticulata Blanco (64 g), Radix Rhizoma Gly-
cyrrhizae (64 g), and Arisaematis Rhizoma (64 g) were
ground into a fine powder and prepared into a paste with
honey. .e ratio of Golden Powder Cream and honey is 3:
1.5 g plaster was placed in gauze for treatment.

2.5. Sampling and Tissue Preparation. Blood samples were
collected from the abdominal aorta. Serum samples were
obtained by centrifugation at 4°C. .e bone tissues were cut
into tissue blocks and then fixed with decalcification solution
for 2 d. Next, the tissues were permeabilized by xylene,
embedded with paraffin, and cut into 3 μm sections, which
were normally conducted in a 42°C water bath and dried.

2.6. HE Staining. .e paraffin sections were dewaxed by
xylene (Sinopharm Chemical Reagent Co., Ltd., Shanghai,
China) and a series of ethanol (Sinopharm Chemical Re-
agent Co., Ltd., Shanghai, China). .en, HE staining was
performed and observed under a microscope (Leica, Wet-
zlar, Germany).

2.7. Masson Staining. .e paraffin sections were dehydrated
and stained with a drop of hematoxylin staining solution and

Table 1: .e primer sequences.

Gene Primer sequences Product length (bp)
PLOD2-F GAACATTACGGCAAGTGGT 192PLOD2-R GGCAAATCCCTTGGTGTA
COL1A1-F AGATGTCCTATGGCTATGATGAG 288COL1A1-R CTGTTCCAGGCAATCCAC
TIMP1-F GGCATCCTCTTGTTGCTATCATT 281TIMP1-R CTGCGGTTCTGGGACTTGTG
TGF-β-F ACCGCAACAACGCAATCTAT 206TGF-β-R ACCAAGGTAACGCCAGGAAT
GAPDH-F CAAGTTCAACGGCACAG 138GAPDH-R CCAGTAGACTCCACGACAT
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ferric chloride aqueous solution for 5min and then differ-
entiated with a drop of ethanol hydrochloride. .e mor-
phological changes in cartilage tissues were observed under a
microscope.

2.8. Real-Time Quantitative (RT-PCR) Methods. 100mg tis-
sue samples were put into TRIzol (Ambion, Shanghai, China)
for mRNA extraction. .e cDNA was obtained through a
reverse transcriptase kit (TAKARA,Dalian, China) with gDNA
remover. .e relative mRNA expression of PLOD2-F,
COL1A1, TIMP1, and TGF-β was performed in duplicate to
determine an endogenous control of glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH). .e primer (Wuhan Tianyi
Huayu Gene Technology Co., Ltd., Wuhan, China) sequences
are given in Table 1.

2.9. Enzyme-Linked Immunosorbent Assay (ELISA). .e
serum samples were collected and concentrations of MMP-9,
MMP-13, SDF-1, and CXCR4 were measured by using specific
rat enzyme-linked immunosorbent assay (ELISA) kits (Wuhan
Beinlai Biotechnology Co., Ltd., Wuhan, China) as per the
manufacturer’s instructions.

2.10. Statistics. All data were expressed as mean± SD and
conducted using the SPSS 21.0 software. One-way analysis of
variance (ANOVA) was used for comparisons between groups
and P< 0.05 was considered statistically significant. Multiple
comparisons between groups were performed using Student’s
t-tests. Histological analyses were performed by two experi-
enced investigators who were double-blinded.

3. Results

3.1. Effects of Synovitis Ointment onMankin’s Score and Keen
Diameter in the KOA Model. To investigate the effect of sy-
novitis ointment on KOA development and progression, we
observed the cartilage tissue damage of the knee joint through
HE staining and measured the diameter of the knee joint in
rats. In the control group (Figure 1(a)), no histological changes
were observed. In contrast, severe damage in HE sections from
the KOA group was observed (Figure 1(b)). Full-thickness
cartilage defect and microfracture in the fibrocartilage were
seen in this group. .e KOA+synovitis ointment group
(Figure 1(c)) showed lower levels of damage than that of the
KOA group. Regarding Mankin’s score and knee diameter
(Figures 1(f)–1(g)),Mankin’s score in control, KOA+ synovitis
ointment, KOA+Western medicine, and KOA+Chinese
medicine groups were low, but high scores were observed in the
KOA group. In addition, the knee diameters in the KOA group
were significantly higher than that of other groups (P< 0.05).
.is demonstrated that synovitis ointment was favorable to
KOA recovery.

3.2. Effects of Synovitis Ointment on the Expression of SDF-1,
CXCR4, MMP-9, and MMP-13. To unravel the effects of sy-
novitis ointment on SDF-1/CXCR4, we examined the expres-
sion of SDF-1, CXCR4, MMP-9, and MMP-13 in serum under
different treatment conditions through the ELISA method
(Figure 2). .e levels of SDF-1, CXCR4, MMP-9, and MMP-13
were higher in the KOA group than those in groups with drug
treatment. .is finding confirmed that synovitis ointment was
likely to suppress the osteoarthritis of the knee inflammation
through downregulating the SDF-1/CXCR4 signaling pathway.
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Figure 1: Mankin’s score and knee diameter of joint tissue in the KOAmodel..e HE staining of joint tissue. (a).e control group. (b).e
KOA group. (c) .e KOA+ synovitis ointment group. (d) .e KOA+Western medicine group. (e) .e KOA+Chinese medicine group.
Mankin’s score (f ) and knee diameter (g) of joint tissue.
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3.3. Effects of Synovitis Ointment on Bone Cells Fibrosis.
To determine the effect of synovitis ointment on bone cells
fibrosis, Masson staining was used for the cartilage col-
lagen fiber staining. In the KOA group (Figure 3(b)),
brighter and wider area blue was observed when com-
pared to the control group (Figure 3(a)). .e application
of synovitis ointment caused significant reduction in the
formation of bone cell fibrosis (Figure 3(c)). .ese results
indicated that synovitis ointment was able to inhibit the
increase of bone cell fibrosis.

3.4. Effects of Synovitis Ointment on the Relative mRNA Ex-
pression of PLOD2, COL1A1, TIMP1, and TGF-β. To verify
the effects of synovitis ointment on bone cells fibrosis, through
RT-PCR assays, we examined the relative mRNA expression of
PLOD2, COL1A1, TIMP1, and TGF-β under different treat-
ment conditions (Figure 4). .e levels of PLOD2, COL1A1,
TIMP1, and TGF-β were significantly higher in those lacking
drug treatments than those treated with synovitis ointment
(P< 0.05). .is further proved that synovitis ointment treated
osteoarthritis of the knee through inhibiting osteocytes fibrosis.
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Figure 2:.e expression ofMMP-9 (a), MMP-13 (b), SDF-1 (c), and (d) CXCR4 in serum..e results are presented as themean± SD, n� 6.
∗P<0.05 vs. control.
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4. Discussion

KOA is known as a chronic degenerative disease and a sig-
nificant public health problem, which has become one of the
main reasons affecting the elderly life quality [16]. At present,
there are several methods for treatment of KOA such as non-
specific anti-inflammatory, electrotherapy, acupuncture, Chi-
nese medicine, intraarticular injection of drugs, and weight loss
and psychotherapy. Among them, traditional Chinese medicine
synovitis ointment in the treatment of KOA has its unique
curative effect. But its specific mechanism of action is rarely
involved and not specific in-depth. In this study, we removed the
meniscus of the knee to construct the model of KOA and
confirmed it was constructed successfully through Mankin’s
score. Rats knee transverse diameter and HE results showed
synovitis cream could effectively alleviate the symptoms of KOA.

SDF-1 is a member of CXCL12 chemokine family, which is
secreted by many kinds of cells and has chemotactic and
proliferative effects. It is regarded as a specific index of in-
flammatory response. CXCR4, as its specific receptor, is a G
protein-coupled receptor, which is mainly expressed in im-
mune cells and plays an important role in cell growth and
development [17]. As a pair of important inflammatory re-
sponse chemokines, the SDF-1/CXCR4 signaling pathway
plays an important role in the occurrence and development of
KOA [18]. MMP-9 and MMP-13 are important members of
the matrix metalloproteinase (MMP) family. MMP-13, known
as collagenase-13, plays a regulatory and pivotal role in the
cascade of activation of MMPs. It is not only regulated by a
variety ofMMPs factors but also participates in the degradation
process of ECM after activation. MMP-9 is a gelatinase, and
activated MMP-9 can directly degrade ECM and promote the

(a) (b)

(c) (d)

(e)

Figure 3: .e Masson staining of joint tissue in the KOA model. (a) .e control group. (b) .e KOA group. (c) .e KOA+ synovitis
ointment group. (d) .e KOA+Western medicine group. (e) .e KOA+Chinese medicine group.

Evidence-Based Complementary and Alternative Medicine 5



occurrence and development of physiological and pathological
osteolysis. It was widely believed thatMMPs are involved in the
occurrence and development of cartilage degenerative changes,
and MMP-13 and MMP-9 play an important role in the
degradation of cartilage extracellular matrix [19]. In this study,
we found that the expression levels of SDF-1, CXCR4,MMP-9,
and MMP-13 in KOA rats increased, which is consistent with
reports in the literature. After applyingwith synovitis ointment,
the expression levels of SDF-1, CXCR4, MMP-9, andMMP-13
reduced significantly in KOA rats. .ese results indicated that
the mechanism of synovitis ointment alleviating knee arthritis
is related to reducing the expression of SDF-1, CXCR4, MMP-
9, and MMP-13.

KOA is most likely to invade articular cartilage during
its occurrence and development. Cartilage damage and
degeneration are one of the important signs of KOA.
Before early morphologic changes in articular cartilage,
different degrees of synovitis can be observed including
synovial edema, hyperplasia, and fibrosis [20]. Synovial
inflammation and articular cartilage damage interact and
influence each other during KOA. Articular cartilage wear
particles, and other degradation products can induce
macrophage-like synovial cells to swallow and remove
these debris, stimulate the inflammation of the sur-
rounding synovial tissue, promote the secretion of joint
fluid from fibroblast-like synovial cells, and cause joint
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Figure 4: .e relative mRNA expression of PLOD2 (a), COL1A1 (b), TIMP1 (c), and TGF-β (d) of joint tissue in KOA rats. .e results are
presented as the mean± SD, n� 6. ∗P<0.05 vs. control.
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swelling [21]. Hence, we measured the levels of fibrosis
markers PLOD2, COL1A1, TIMP1, and TGF-β in bone
tissue through RT-PCR. In the KOA groups, PLOD2,
COL1A1, TIMP1, and TGF-β levels were increased. As
expected, synovitis ointment decreased the levels of
PLOD2, COL1A1, TIMP1, and TGF-β. Studies suggested
that synovitis ointment could reduce arthritis inflamma-
tion through reducing synovial fibrosis.

5. Conclusion

Synovitis ointment reduces the expression of SDF-1,
CXCR4, MMP-9, and MMP-13 in rats with KOA, decreases
the increase of knee joint diameter, alleviates KOA injury,
inhibits the expression of PLOD2, COL1A1, TIMP1, and
TGF-β mRNA to prevent osteoblast fibrosis, and finally
promotes knee joint recovery. .e target of synovitis cream
is related to osteoclast fibrosis. In the future, we will conduct
further research on the inhibition of osteoclast fibrosis by
synovitis ointment and expect to discover and prove the
target of synovitis ointment for the treatment of KOA.
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Loquat (Eriobotrya japonica (unb.) Lindl.) leaves are traditionally used to improve muscle weakness, but their e�ects on muscle
protein synthesis require further research. erefore, we aimed to investigate whether loquat leaf extract (LLE) enhances muscle
contraction-induced activation of muscle protein synthesis signaling. Male Wistar rats (12 weeks old, n� 6/group) were cate-
gorized into water treatment (CON) and LLE treatment (LLE) groups.e rats were administered distilled water or LLE (1.5 g/kg/
day) once a day by oral gavage for 7 days. On day 7, at 3 h post-LLE administration, the gastrocnemius muscle in the right leg of
each rat was stimulated by electrical muscle stimulation (EMS) (100Hz, 30V) through �ve sets of 10 isometric contractions (7 s
contraction, 3 s rest) with 3min interset intervals. e rats were then sacri�ced, and the gastrocnemius muscles of both legs were
excised at 3 h post-EMS. e phosphorylation levels of mammalian target of rapamycin complex 1 (mTORC1) signaling pathway
molecules (Akt, mTOR, and p70S6K) were determined by Western blotting. Regarding the muscle contraction-induced protein
synthesis signaling pathway, Akt phosphorylation at Ser473 was not signi�cantly di�erent between the CON and LLE groups.
mTOR phosphorylation at Ser2448 was increased by EMS but did not show a signi�cant di�erence between the CON and LLE
groups. p70S6K phosphorylation at r389 was signi�cantly increased in response to EMS, whereas the LLE group showed
signi�cantly higher p70S6K phosphorylation at r389 than that in the CON group. is suggests that LLE enhances muscle
contraction-induced activation of p70S6K phosphorylation in rat skeletal muscles.

1. Introduction

Skeletal muscle constitutes approximately 40% of human
bodyweight; it is a key component of daily physical activity
and contributes to the quality of life. Skeletal muscle mass
and strength decrease because of aging and disease [1].
Severe loss of skeletal muscle mass and strength, as in
sarcopenia and chronic kidney disease-related muscle
wasting, leads to reduced mobility [2]. Maintaining skeletal
muscle mass for normal physical activity and quality of life in
patients with such diseases is rather challenging. In this
context, therapeutic strategies for maintaining or increasing
muscle mass are important for preserving mobility in later
years.

Mammalian target of rapamycin complex 1 (mTORC1)
is a key regulatory factor in the initiation of mRNA
translation and is known to regulate skeletal muscle protein
synthesis and subsequent muscle hypertrophy [3]. e
upstream components of the mTORC1 pathway are in-
volved in phosphoinositide 3-kinase (PI3K)/Akt signaling.
e 70 kDa ribosomal protein S6 kinase (p70S6K), which
plays an important role in mRNA translation initiation, is a
key downstream target of mTORC1. us, mTORC1 sig-
naling (Atk-mTOR-p70S6K) is thought to be involved in
mTORC1 activity and subsequent muscle protein synthesis
[4].

Several traditional herbal medicines, such as Go-sha-
jinki-Gan, Astragalus polysaccharides, and Astragali radix,
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show potential therapeutic effects in sarcopenia and disease-
related muscle wasting [5–7]. However, clinical trials on the
use of traditional herbal medicines in treating sarcopenia
and disease-related muscle wasting remain lacking and re-
quire further investigation in future. Loquat (Eriobotrya
japonica (-unb.) Lindl.) leaves have been used as tradi-
tional herbal medicine in several countries to treat cough
and nausea [8, 9]. Loquat leaf extract (LLE) has been shown
to effectively protect against aging-induced skeletal muscle
loss [10]. Furthermore, a previous study has shown that LLE
supplements inhibit dexamethasone-induced reduction in
muscle strength in Sprague-Dawley rats [11]. Overall, these
results suggest the possibility of using LLE as a therapeutic
agent to prevent skeletal muscle atrophy. Enhancing muscle
protein synthesis and reducing muscle breakdown are im-
portant treatment options for muscle weakness. However, the
effects of LLE on muscle protein synthesis remain unknown.

Resistance exercises improve skeletal muscle mass by
muscle protein synthesis via themTORC1 signaling pathway
[12]. A previous study has demonstrated that LLE enhances
mTORC1 signaling (Akt-mTOR-p70S6K) [10]. A combi-
nation of balanced nutrition and exercise is considered an
effective strategy for increasing muscle mass. We thus hy-
pothesized that LLE stimulates mTORC1 signaling and
enhances mTORC1 signaling in combination with resistance
exercise. To test our hypothesis, we investigated the effects of
LLE alone and in combination with resistance exercise on
the mTORC1 signaling pathway in rat skeletal muscles.
Overall, the aim of this study was to investigate whether LLE
enhances muscle contraction-induced activation of protein
synthesis signaling.

2. Materials and Methods

2.1. Loquat Leaf Extraction. Dried loquat leaves (China,
HB60511) were purchased from Uchidawakanyaku (Tokyo,
Japan). LLE was prepared as previously described, with
modifications [7, 11]. Twenty grams of LLE was crushed into
a powder, soaked in 200ml distilled water at 23± 1°C for
30min, and boiled at low heat for 30min.-e decoction was
passed through a mesh filter and centrifuged at 4000 rpm for
12min at 23± 1°C. -e supernatant was filtered and stored at
−80°C until use. -e LLE concentration was approximately
0.25 g/ml. High-performance liquid chromatography (HPLC)
showed that the amount of ursolic acid (UA) was 7.16mg/
100mL of LLE and 0.4mg/kg bodyweight/day.

2.2. Animal Experiments. -e study protocol was approved
by the Juntendo University Animal Care Committee (19-07).
A previously described electrical muscle stimulation (EMS)-
induced muscle contraction protocol was followed [13] with
some modifications. Twelve male Wistar rats (12 weeks old)
were divided into two groups and administered either LLE
or distilled water following a week of acclimation. -e rats
were purchased from Japan SLC, Inc. (Shizuoka, Japan) and
housed under controlled environmental conditions
(23± 1°C, 55± 5% relative humidity) under a 12 h light/dark
cycle with ad libitum access to water and a standard

laboratory diet. -e rats were administered LLE (1.5 g/kg/
day) [11] or distilled water intragastrically by oral gavage
using feeding needles (Fuchigami Kikai, Kyoto, Japan) under
light isoflurane anesthesia, once a day for 7 days. All groups
were starved for 12 h prior to the seventh day of adminis-
tration. On day 7, 3 h after administration, the rats were
anesthetized in an induction chamber with 3.0% isoflurane
mixed with 21% O2 and 78% N2. -e hair on the right lower
hind limb was shaved and removed using a depilatory cream.
Each anesthetized rat was then placed prone in a cradle
specifically designed for stimulating the right gastrocnemius
muscle. -roughout a typical experiment, anesthesia was
maintained by gas inhalation through a facemask that
continuously supplied 2.0% isoflurane mixed with 21% O2
and 78% N2, using an open-circuit gas anesthesia machine.
One electrode was placed at the knee joint, and the other was
placed at the heel. -e foot was fixed to the pedal at 90° to
stretch the right gastrocnemius muscle. -e electrical
stimulator was used to discharge monophasic rectangular
pulses. -e gastrocnemius muscle of the right leg of the rats
was subjected to EMS (100Hz, 30V) through five sets of 10
isometric contractions (7 s contraction, 3 s rest) with 3min
interset intervals. -e rats were sacrificed by heart removal,
and gastrocnemius muscles were collected 3 h after EMS.
-e gastrocnemius muscles of both legs were obtained the
from rats in the water treatment (CON) and LLE treatment
(LLE) groups (n� 6/group).

2.3.Western Blot Analysis. -e gastrocnemius muscles were
frozen and powdered in liquid nitrogen followed by ho-
mogenization in T-PER Tissue Protein Extraction Reagent
(-ermo Scientific, Waltham, MA, USA) containing protease
(-ermo Scientific) and phosphatase inhibitors (Roche, Basel,
Switzerland). Protein concentration was measured using the
BCA protein assay reagent according to the manufacturer’s
instructions (-ermo Scientific). Muscle protein extracts
(20 μg) were separated by electrophoresis on a 10% SDS
polyacrylamide gel and electroblotted onto PVDF mem-
branes.-emembranes were incubated with 5% skimmilk in
Tris-buffered saline/Tween 20 (TBST) for 1 h at 23± 1°C,
followed by overnight incubation with primary antibodies at
4°C. All antibodies were purchased from Cell Signaling
Technology (Danvers, MA, USA), including phospho-Akt
Ser473 (cat. no. 4060), total Akt (cat. no. 4691), phospho-
mTOR Ser2448 (cat. no. 5536), total mTOR (cat. no. 2983),
phospho-p70S6K -r389 (cat. no. 9234), and total p70S6K
(cat. no. 2708). Blots were washed thrice with TBST and
incubated with a horseradish peroxidase-conjugated secondary
antibody (1 : 5000 dilution) for 1h at 23± 1°C. Blots were again
washed thrice with TBST and developed using an ECL
chemiluminescence substrate (Amersham, Buckinghamshire,
UK). Band intensities were quantified using the Image Lab
v.5.2.1 software (Bio-Rad Laboratories, Hercules, CA, USA).
-e blots were then stained with Ponceau S to verify equal
protein loading.

2.4. Statistical Analysis. All data are expressed as mean-
± standard deviation (SD). Statistical analysis was
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performed using two-way ANOVA followed by Tukey’s post
hoc test using the GraphPad Prism 5 software (San Diego,
CA, USA). Statistical significance was set at p< 0.05.

3. Results and Discussion

3.1. Bodyweight, Water Intake, and Diet Intake.
Bodyweight, water intake, and diet intake were not signif-
icantly different between the LLE and distilled water groups
after 7 days (data not shown).

3.2. Muscle Contraction-Induced Muscle Protein Synthesis
Signaling. Regardingmuscle contraction-inducedmTORC1
(Akt-mTOR-p70S6K) signaling, Akt phosphorylation at
Ser473 was not affected in response to EMS (Figure 1).
mTOR phosphorylation at Ser2448 increased in response to
EMS, but was not significantly different between the CON
and LLE groups (Figure 2). p70S6K phosphorylation at
-r389 was significantly increased in response to EMS,
whereas the LLE group showed significantly higher p70S6K
phosphorylation at -r389 compared with the CON group
(Figure 3).

4. Discussion

In the present study, we investigated the effects of loquat
(Eriobotrya japonica (-unb.) Lindl.) leaf extract on muscle
contraction-induced activation of protein synthesis signal-
ing. Our results indicate that LLE administration alone did
not affect mTORC1 signaling, but it enhanced muscle
contraction-induced mTORC1 signaling via activation of
p70S6K phosphorylation at -r389 in rat skeletal muscles.
-ese findings suggest that the effect of LLE administration
on mTORC1 signaling was not additive, but synergistic with
muscle contraction. On the other hand, our results

demonstrate that LLE administration dramatically increased
p70S6K phosphorylation at -r389, but did not significantly
change Akt phosphorylation at Ser473 compared with that
in the control group. In a previous study, Akt phosphory-
lation (Ser473) was affected by LLE treatment in vitro [10].
-us, the effects of LLE may differ between in vitro and in
vivo settings.

Previous studies have demonstrated a relationship be-
tween mTOR/p70S6K and muscle protein synthesis. Oga-
sawara and Suginohara reported that promotion of muscle
protein synthesis by resistance exercise (transcutaneous
electrical stimulation to induce muscle contraction) was
regulated by mTOR (both rapamycin-sensitive mTORC1
and rapamycin-insensitive mTORC1 or mTORC2) [14].
However, a recent study reported that exercise-induced
protein synthesis is independent of mTOR/p70S6K. You
et al. reported that protein synthesis by mechanical loading
is mTORC1-independent in myotenectomy-induced muscle
hypertrophy [15]. Different experimental methods for in-
ducing muscle hypertrophy-like electrical stimulation or
myotenectomy-induced muscle hypertrophy may also result
in different pathways of muscle protein synthesis. -erefore,
the relationship between mTOR/p70S6K expression and
muscle protein synthesis remains unclear. We did not
elucidate the relationship between mTOR/p70S6K and
muscle protein synthesis induced by EMS in this study ei-
ther. However, the EMS-induced increase in muscle protein
synthesis is regulated by mTOR/p70S6K signaling [14].

Figueiredo et al. demonstrated that mTOR Ser2448 is part
of a negative feedback loop mechanism involving p70S6K
phosphorylation [16]. However, mTOR Ser2448 phosphor-
ylation has been shown to inducemuscle contraction-induced
activation of mTORC1 and p70S6K phosphorylation in
previous studies [17, 18]. Furthermore, suppression of Akt
Ser473 phosphorylation was found to reduce p70S6K-r389
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phosphorylated Akt (Ser473) proteins corresponding to total Akt protein, followed by Ponceau S staining to verify equal protein loading.
Values are presented as mean± SD (n� 6); ∗p< 0.05.
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phosphorylation in a previous study [19]. Taken together, the
findings demonstrate that phosphorylation of Akt Ser473,
mTOR Ser2448, and p70S6K -r389 is activated by muscle
contraction and plays central roles in muscle contraction-
induced muscle protein synthesis.

Many active compounds, including UA, have been
identified in LLE. An in vivo study showed that UA reduces
muscle atrophy and stimulated hypertrophy [20]. Further-
more, UA enhances p70S6K phosphorylation at -r389 but
does not affect Akt phosphorylation at Ser473 in response to
resistance exercise [21]. In contrast, chronic administration
of UA (6 weeks) was found to affect Akt phosphorylation in a
previous study [22]. However, a single administration of UA
did not affect Akt phosphorylation (ser473) [21]. -us, the

effect of LLE may differ between single and chronic ad-
ministrations.-ese findings are consistent with those of the
present study. Here, we investigated the effects of LLE on
mTORC1 signaling at 3 h after muscle contraction. Oga-
sawara et al.indicated that UA enhanced p70S6K phos-
phorylation at -r389 6 h after resistance exercise, but did
not affect Akt phosphorylation at Ser473 [21]. -e main
effect of UA on the muscle contraction-induced mTORC1
signaling is thought to occur via p70S6K. Our results suggest
that LLE augments mTORC1 signaling through activation of
p70S6K at -r389. However, further studies are needed to
determine the optimal time point for contraction-induced
protein synthesis after muscle contraction following LLE
administration.
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of phosphorylated p70S6K (-r389) protein corresponding to total p70S6K protein, followed by Ponceau S staining to verify equal protein
loading. Values are presented as mean± SD (n� 6); ∗p< 0.05.
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-is study has some limitations. First, we assessed only
one time point after muscle contraction. Second, the ex-
amined protein synthesis signaling pathway was only limited
to the mTORC1 (Akt-mTOR-p70S6K) signaling pathway.
-us, it did not examine the upstream components of the
mTORC1 pathway, which are known to be involved in Akt
and extracellular signal-regulated kinase 1/2 (ERK1/2) sig-
naling [23], and the downstream targets of mTORC1, in-
cluding eukaryotic initiation factor 4E-binding protein 1
(4E-BP1) and p70S6K, both of which play important roles in
mRNA translation initiation. -ird, muscle protein syn-
thesis was not assessed in this study. -ese limitations need
to be addressed in future studies.

5. Conclusions

Overall, our results indicate that LLE enhances muscle
contraction-induced activation of p70S6K phosphorylation
at -r389 in rat skeletal muscles.
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Background. Systemic arterial hypertension is one of the most common cardiovascular risks, corresponding to 45% of deaths
involving CVDs.�e use of natural products, such as medicinal plants, belongs to a millennial part of human therapeutics history
and has been employed as an alternative anti-hypertensive treatment.Objective. �e present review aims to prospect some natural
products already experimentally assayed against arterial hypertension through scientic virtual libraries and patent documents
over the past 20 years. Search strategy. �is is a systematic review of the adoption of the PRISMA protocol and a survey of the
scientic literature that synthesizes the results from published articles between 2001 and 2020 concerning the use of medicinal
plants in the management of hypertension, including which parts of the plant or organism are used, as well as the mechanisms of
action underlying the anti-hypertensive e�ect. Furthermore, a technological prospection was also carried out in patent o�ces
from di�erent countries in order to check technologies based on natural products claimed for the treatment or prevention of
hypertension. Inclusion criteria. Scientic articles where a natural product had been experimentally assayed for anti-hypertensive
activity (part of plants, plant extracts, and products derived from other organisms) were included. Data extraction and analysis.
�e selected abstracts of the articles and patent documents were submitted to a rigorous reading process. �ose articles and
patents that were not related to anti-hypertensive e�ects and claimed potential applications were excluded from the search.
Results. Eighty specimens of biological species that showed anti-hypertensive activity were recovered, with 01 representative from
the kingdom Fungi and 02 from the kingdom Protista, with emphasis on the families Asteraceae and Lamiaceae, with 6 rep-
resentatives each. Leaves and aerial parts were the most used parts of the plants for the extraction of anti-hypertensive products,
with maceration being the most used extraction method. Regarding phytochemical analyses, the most described classes of
biomolecules in the reviewed works were alkaloids, terpenes, coumarins, �avonoids, and peptides, with the reduction of oxidative
stress and the release of NO among the mechanisms of action most involved in this process. Regarding the number of patent
lings, China was the country that stood out as the main one, with 813 registrations. Conclusion. �e anti-hypertensive activity of
natural products is still little explored in Western countries. Besides, China and India have shown more results in this area than
other countries, conrming the strong in�uence of traditional medicine in these countries.
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1. Introduction

Arterial hypertension (AH) is a complex, multifactorial, and
polygenic disease dependent on diet, demographic, and
genetic factors, resulting from the imbalance of several
systems, considered a public health problem and a risk factor
for cardiovascular diseases (CVD), promoting heart failure,
kidney failure, and stroke. Defined by blood pressure levels,
AH is characterized by persistent and sustained elevation of
blood pressure (BP), that is, systolic BP (SBP) greater than or
equal to 140mm·Hg and/or diastolic BP (DBP) greater than
or equal to 90mm·Hg [1].

CVDs are the leading cause of death, hospitalizations,
and outpatient care worldwide, including in developing
countries such as Brazil. In 2017, complete and revised data
fromDATASUS showed the occurrence of 1,312,663 deaths
in total, with a percentage of 27.3% for CVD, with AH
associated with 45% of these cardiac deaths [2, 3]. Recently,
a study led by Imperial College London in collaboration
with the World Health Organization (WHO) showed that
the number of adults with hypertension between 30 and 79
years of age has increased from 650 million to 1.28 billion
over the past 30 years, mainly in developing countries. +e
study revealed that the prevalence of AH decreased in high-
income countries (Canada, Peru, and Switzerland), while in
low-income countries (Dominican Republic, Jamaica,
Paraguay, Hungary, and Poland), there was a significant
increase. +e factors involved in this increase would be the
aging of the population and greater exposure to other risk
factors [4]. Projections show that by 2030, 41.4% of US
adults will have hypertension, an increase of 8.4% from
2012 estimates [5].

Determined by the product of cardiac output (CO) and
peripheral vascular resistance (PVR), blood pressure is
regulated by neural, renal, humoral, endothelial, and local
control mechanisms of cardiovascular and renal functions.
In this way, SAH can develop from abnormalities in any
homeostatic control mechanisms of PVR and/or CD [6].
+us, the pathophysiology of AH involves changes in its
different mechanisms (baroreflex dysfunction, increased
sympathetic activation, alterations in the renin-angiotensin-
aldosterone system, increased NAD(P)H oxidase activity,
oxidative stress, and endothelial dysfunction) [7], whose
common trait is endothelial dysfunction, characterized by
the low availability of nitric oxide (NO) and the consequent
local imbalance between factors of relaxation and con-
striction of arterioles [8].

Classically, the treatment of AH consists of the use of
anti-hypertensive therapy, which, associated or not with
other methods, such as lifestyle modifications, can effectively
reduce morbidity and mortality related to this condition [7].
+is information becomes of great relevance for both the
academic community and the scientific community, as a way
of designing new intervention strategies, so that the indi-
vidual with this disease can achieve greater success in its
control and treatment. +us, pharmacological and non-
pharmacological measures protect against endothelial

dysfunction by helping to preserve cardiovascular function
through the reduction of oxidative stress and other mech-
anisms [9]. Figure 1 summarizes some physiological
mechanisms towards therapeutic approaches that can be
addressed.

Although more than 50% of existing medicines are
synthesized from substances extracted from plants and
herbs, the search for active ingredients present in plants,
thus creating the first medicines with the characteristics that
we know today, began only in the twentieth centur-
y—nineteenth century, according to historical records [10].
Among the drugs used in clinical practice whose origin
comes from natural products, we can mention ephedrine
(from Ephedra sinica), aspirin (from Salix alba), lovastatin
(from Monascus purpureus), and reserpine (from Rauwolfia
serpentina), for example [11].

Based on such knowledge, the objective of this study was
to develop a systematic evaluation of the research carried out
over the past 20 years on natural products with anti-hy-
pertensive activity, extracting relevant information from
scientific articles and patents.

2. Material and Methods

+rough the adoption of the PRISMA protocol, a systematic
review was carried out using scientific articles that addressed
the anti-hypertensive activity of natural products. Following
the guideline proposed by Sampaio and Mancini [12], the
following question was formulated: “How many natural
products have proven anti-hypertensive activity and been
described in scientific articles published over the past 20
years?” +us, a search was carried out in May 2020 in the
main virtual libraries: Capes Periodical Portal, SciELO
(Scientific Electronic Library Online), and portal BVS
(Virtual Health Library), using the following terms: anti-
hypertensive OR hypertension AND “natural product” OR
“medicinal plant.” +e articles should have been published
between 2001 and 2020 and written in English, Portuguese,
and Spanish. In the VHL Regional Portal, only articles with
full text available were evaluated (Figure 2).

After cataloging, the reading of the abstract of the articles
was performed by two researchers independently. Scientific
articles in which a natural product had been experimentally
tested for anti-hypertensive activity (parts of plants, plant
extracts, and products derived from other organisms) were
accepted and articles that were not intended to evaluate the
anti-hypertensive function, and those related to synthetic or
semisynthetic products were excluded. Subsequently, in-
formation was extracted on the species used (family,
chemical constituents, and mechanisms of action) for the
construction of the work.

Concomitantly, a prospective technological study was
carried out in order to verify the patents deposited and
published over the past 20 years, in order to obtain a current
view related to the technologies used for medicinal plants in
the prevention of hypertension. A search was carried out
from databases associated with the INPI (National Institute
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PRISMA Protocol

Systematic review

″How many natural products have proven
antihypertensive activity and described in
scientific articles published over the last

20 years?″.

Data base: ″Capes Periódicos″ Portal;
SciELO; VHL

Descriptors: Anithypertensive OR hypertension AND
“natural product” OR “medicinal plant”
Languages: English, Portuguese and Spanish
Period: 2001 until 2020

Inclusion criteria: scientific articles in which a natural
product has been experimentally tested for
antihypertensive activity
Exclusion criteria: articles that were not intended to
assess the antihypertensive funcion of natural products;
which had no antihypertensive response; which
evaluated synthetic or semi-synthetic products.

Reading the abstract of the articles
independently by 02 researchers

Extraction of information about the
species used (family, chemical

constituents, and mechanisms of action)

Figure 2: Process of the research and treatment protocol of scientific production articles about natural products that possess anti-hy-
pertensive activity.
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of Industrial Property), the USPTO (United States Patent
and Trademark Office), the EPO (European Patent Office),
the WIPO (World Intellectual Property Organization), and
the LATIPAT, using the keywords: medicinal plant (s) and
herb(s) associated with the words hypertension, anti-hy-
pertensive, and hypotensive activity. In the case of dupli-
cation, the patent of the database other than WIPO was
recorded. After an exploratory reading of the titles and
abstracts, those that were in accordance with the objective of
the study were selected and fully analyzed.

3. Results and Discussion

+e search for the terms associated with hypertension, anti-
hypertensive drugs, natural products, and medicinal plants
in three selected virtual libraries yielded a total of 219,519
scientific articles published between the years 2001 and 2020.
Of this total, 3,813 came from the search on the Capes
Periodicals Portal, 3,203 from SciELO and 212, 503 from the
VHL portal. Ninety-five articles were selected after applying
the inclusion and exclusion criteria. Within these works, 80
specimens of biological species that showed anti-hyper-
tensive activity were identified, with 01 representative of the
Fungi kingdom and 02 of the Protista kingdom (Table 1).
Species from the most different families were found, espe-
cially the Asteraceae and Lamiaceae families, with 6 rep-
resentatives each (Figure 3).

+e Asteraceae family is one of the largest of the an-
giosperms group, with about 180 genera, being considered
one of the most important sources of plant species of
therapeutic interest [13]. In Brazil, it covers the phytogeo-
graphic domains of the Caatinga, Amazon, Pantanal, Pampa,
Atlantic Forest, and Cerrado [14]. It bears great importance
for the composition of the vegetation of different places,
being one of the richest families [15]. Its plants can produce a
wide variety of secondary compounds; the most common
compounds are phenolic acids, polyacetylenes, flavonoids,
coumarins, benzofurans, and terpenoids such as monoter-
penes, diterpenes, triterpenes, sesquiterpenes, and especially
sesquiterpene lactones [16].

In turn, the Lamiaceae family, with 295 genera and about
7,775 species, another great representative of angiosperms
[17], is a group with a cosmopolitan distribution, occurring
mainly in open savannas and mountainous regions with a
tropical to subtropical climate [18]. Being represented in
Brazil by 34 genera and 498 species, the species of this family
produce a wide variety of secondary metabolites [19] and
accumulate substances with great structural diversity, such
as steroids, flavonoids, iridoids, and terpenoids, including
triterpenes. +e latter are known to have anti-tumor, anti-
HIV, anti-inflammatory, anti-oxidant, anti-bacterial, and
anti-fungal activities, among others [20]. +us, other
members of these families deserve to be studied.

Popular observations on the use and effectiveness of
medicinal plants significantly contribute to the dissemina-
tion of the therapeutic virtues of plants, frequently pre-
scribed, for the medicinal effects they produce, despite not
having their known chemical constituents. Indirectly, this
type of medicinal culture draws the interest of researchers in

studies involving multidisciplinary areas, such as botany,
pharmacology, and phytochemistry, which together enrich
the knowledge about the world flora [21].

In general, the choice of a particular medicinal plant is
made through the ethnopharmacological approach. Once
the plant species to be studied is defined, the place of the
collection is also defined, as well as the part of the plant that
will be investigated (root, stem bark, stem, branches, leaves,
flowers, and fruits) for carrying out the phytochemical study.
+us, in a project that links phytochemistry with pharma-
cology, the part of the plant that is used in folk medicine
should be chosen for collection [21]. During the survey, it
was observed that the leaves and aerial parts, roots, and seeds
were the most used parts of the plants for the extraction of
anti-hypertensive products, as shown in Figure 4(a).

+e search for bioactive compounds of natural origin has
increased considerably over the past two decades, mainly
due to their preventive potential and in the treatment of
cardiovascular, chronic, and neurodegenerative diseases
[22]. In this sense, finding efficient extractive methods as
well as the characterization of bioactive compounds from
natural sources is a great challenge for researchers. Ex-
tractive methods for obtaining plant extracts include mac-
eration, infusion, percolation, decoction, continuous hot
extraction (Soxhlet), countercurrent extraction, microwave-
assisted extraction, ultrasound, supercritical fluid, and
turbolysis. In addition to the extractive methods, there are
several factors that influence the extraction, such as the part
of the plant material used, its origin, the degree of pro-
cessing, the particle size, the solvent used, the extraction
time, temperature, polarity, solvent concentration [23], and
how communities do it [24]. Maceration was the most used
extraction method in the research reviewed, followed by
infusion/decoction and parallel Soxhlet. Other techniques
such as percolation and critical superfluid extraction oc-
curred less frequently (Figure 4(b)).

In order to quantify and qualify the chemical constit-
uents of plant extracts, whose beneficial effects of some
substances of certain species act as a key factor for the
development of research bases for future applications of
these bioactives [25], a preliminary phytochemical investi-
gation is carried out to recognize the chemical constituents
and/or assess their presence in the species being studied [26].
Specifically, phytochemical screening makes it possible to
carry out preliminary tests to identify the presence of
chemical compounds in certain plant species and thus link
them to possible biological activities.

For example, alkaloids have anti-bacterial, anti-fungal,
anti-plasmodic, and anti-tumor properties [27, 28] due to
the ability to destabilize biological membranes. +ey also
have the ability to inhibit the synthesis of DNA and RNA by
binding to nucleic acids and intercalating into the double
helix [29]. Examples of alkaloids currently used are mor-
phine (analgesics), scopolamine (anti-cholinergics), the-
ophylline (diuretics), vincristine (anti-tumours), and
codeine (anti-tussives) [30].

Flavonoids are the most numerous compounds in an-
giosperms and have anti-inflammatory, anti-allergic, anti-
ulcerogenic, anti-viral, anti-proliferative, anti-oxidant,
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Table 1: Chemical constituents related to the anti-hypertensive effect of the species, mechanisms of action, study model used, and other
relevant information in the publications of 2001–2020.

Species Family Used part (s) Chemical constituents/
classification

Mechanisms of
action Study model Reference

Agelanthus
dodoneifolius Loranthaceae No data Dodonein (lactone)

Blockade of the L-
type calcium
channels and
inhibition of
carbonic

anhydrase in
smooth muscle

cells

Ex vivo assays for
vasodilation in rat
aortic rings; in vitro
assay by the culture
of vascular smooth
muscle cells and
determination of
messenger RNA of
carbonic anhydrase

isozyme A in
smooth muscle cells

[33]

Allium cepa Amaryllidaceae Rhizome

Diallyl thiosulphinate,
methyl allyl

thiosulphinate,
allylmethyl

thiosulphinate,
protocatechuic acid,
vanillic acid, p-

hydroxybenzoic acid,
ferulic acid,

protocatechuic acid,
vanillic acid, p-

hydroxybenzoic acid,
ferulic acid, and
sinapinic acid

Inhibition of
angiotensin-

converting enzyme

In vitro angiotensin-
converting enzyme
inhibitory assay

[34]

Allium sativum Amaryllidaceae Rhizome S-allyl cysteine
Inhibition of
angiotensin-

converting enzyme

In vivo assays with
mice with fructose-

induced
hypertension

[35]

Alpinia
zerumbet Zingiberaceae Leaves

Routine and kaempferol-
3-O-β-D-glucuronide

(flavonoids)

Stimulates NO/
cGMP pathway

Ex vivo tests of
isolation of the

superior mesenteric
artery of rats

[36]

Annona
muricate Annonaceae Leaves

Roseoside,
isolariciresinol 9-O-β-D-

xyloside,
massonianoside B,
icariside E4, and

nicotiflorin

Anti-oxidant, anti-
inflammatory, and

anti-vascular
remodeling

properties and
reduced AT1
receptor
expression

In vitro assay in
angiotensin II (Ang
II) stimulated H9C2

cells

[37]

Angelica
dahurica Apiaceae Root Imperatorin

Reduction of
oxidative stress

and prevention of
hypertension-

related renal injury

In vivo assay in rats
with renovascular
hypertension and ex
vivo assays that

evaluate the cellular
redox state

[38]

Angelica
decursiva Apiaceae Root Decursin and nodakenin

Opening of the
potassium
channels

Assays in rat aortic
arteries [39]

Apium
graveolens Apiaceae Seed 3-n-butylphthalide

Reduction of renal
fibrosis; reduction
of oxidative stress;
decreased levels of
TNF-α, IL-6, and

NF-κB

In vivo assays with
spontaneously

hypertensive rats
[40]
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Table 1: Continued.

Species Family Used part (s) Chemical constituents/
classification

Mechanisms of
action Study model Reference

Arbutus
andrachne Ericaceae Root, leaves,

and fruit

Phenols, flavonoids,
tannins, and
anthocyanins

Reduction of
oxidative stress

Ex vivo tests for
vasodilation in rat
aorta rings with

intact endothelium;
ex vivo assays that
evaluate the cellular

redox state

[41]

Arbutus unedo Ericaceae Root
Tannins and flavonoid
(quercetin and tannic

acid)

Stimulation of the
endothelial nitric
oxide synthase and

activation of
muscarinic
receptors

Ex vivo tests for
vasodilation in rat
aorta rings with

intact endothelium

[42]

Azadirachta
indica Meliaceae Leaves No data

Activation of
muscarinic

receptors in the
heart, reducing the
heart rate and
increasing
peripheral
resistance

In vivo assay in rats
with hypertension
induced by DOCA-

salt injection

[43]

Berberis
vulgaris Berberidaceae Fruit No data

Activation of the l-
arginine-nitric
oxide pathway

In vivo assay in rats
with hypertension
induced by DOCA-
salt injection, in
vitro studies in

aortic rings, and in
vitro studies in the
isolated perfused
mesenteric beds

[44]

Bidens pilosa Asteraceae Leaves

Alkaloids, saponins,
flavonoids,

polyacetylenes and
triterpenes,

phenylheptatriyne,
linoleic acid, and linolic

acid

Blocking of
calcium channels

Ex vivo assays for
vasodilation in rat

aortic rings
[45]

Boerhavia
diffusa Nyctaginaceae Root Culubin (diterpenoid) Blocking of

calcium channels

In vivo assay in rats
with hypertension
caused by obesity
induced by a lipid-

rich diet

[46]

Cassia tora Fabaceae Seed

Chrysofanol, Aurantium
Obtusine, alaternine, and

chrysobthysin
(anthraquinones)

Inhibition of
angiotensin-

converting enzyme
In vitro assays [47]

Cecropia
pachystachya Urticaceae Leaves

Ambaina and
ambainina, long-chain
carboxilic acids, and

β-sitosterol

Sympathic
blockade in vessels
and tachycardia by
vagal inhibition in

the heart

In vivo assay in
normotensive

Wistar rats through
cannulation of
internal carotid

artery

[48]

Cleistanthus
collinus Phyllanthaceae Leaves Cleistantin A and B

(glycosides)

Inhibition of
angiotensin-

converting enzyme

In silico molecular
interaction [49]
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Table 1: Continued.

Species Family Used part (s) Chemical constituents/
classification

Mechanisms of
action Study model Reference

Crataegus
tanacetifolia Rosaceae Leaves Hyperoside

Increase in kidney
NOS activity,

diuretic activity,
and efflux of water

and sodium,
preventing

hyperlipidemia
and decrease in
body weight

In vivo assay in
normal male Wistar

albino and L-
NAME-induced
hypertensive rats

[50]

Codonopsis
lanceolata Campanulaceae Rhizome Lancemaside A

Increase in NO
levels by eNOS
(inducible NO

synthase)

In vitro assay in
human umbilical
vein endothelial

cells

[51]

Coffea Rubiaceae Fruit Chlorogenic acids
Stimulation of the
endothelial nitric
oxide synthase

A double-blind,
randomized,

placebo-controlled
study in humans

[52]

Coix larchryma-
jobi Poaceae Seed Glutelin hydrolyzate

Inhibition of
angiotensin-

converting enzyme

In vivo assays in
hypertensive rats [53]

Cordyceps
sinensis∗ Clavicipitaceae Entire

organism

Mannose, glucose, and
galactose

(polysaccharide fraction)

Increase in NO
levels and decrease
of the levels of
endothelin-1,
epinephrine,
noradrenaline,

angiotensin II, and
TGF-β1

In vivo assays with
spontaneously

hypertensive rats
[54]

Coriandrum
sativum Apiaceae Fruit

Camphor, camphene,
carvone, cineole, cimene,
coriandrine, limonene,
linoleic acid, myrcene,
myristic acid, oleic acid,

palmitic acid,
α-phenyltriene,

β-phenylandrene, and
α-terpinene, among

others

Blockade of
calcium channels,
interaction with

muscarinic
receptors and
diuretic effect

In vivo assays in
normotensive mice
and ex vivo assays in

isolated tissue
preparations

[55]

Crocus sativus Iridaceae Flower Crocin, crocetina, and
Safranal

Release of nitric
oxide, reduction of
oxidative stress,

and modulation of
the renin-

angiotensin system

In vivo assay in rats
through

cannulation of
arteries and femoral
veins of rats with
hypertension

induced by Ang-II

[56]

Croton
schiedeanus Euphorbiaceae

Aerial parts
(stem and
leaves)

Flavonoids,
diterpenoids, and
phenylbutanoids

Stimulation of NO/
cGMP pathway

In vivo assays in
mice with

hypertension by
chronic inhibition
of nitric oxide and
ex vivo assay in
isolated tissue
preparations

[9]

Cucurbita pepo Cucurbitaceae Seed

Cucurbitacins
(triterpenes); lutein,
carotene, and beta

carotene(carotenoids);
unsaturated linoleic and

oleic acids

Increase of NO
levels

In vivo assays in
mice with chronic
inhibition of nitric
oxide and in vitro

assays

[57]
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Table 1: Continued.

Species Family Used part (s) Chemical constituents/
classification

Mechanisms of
action Study model Reference

Curcuma spp. Zingiberaceae Rhizome

Curcumin,
demethoxycurcumin,

and
bisdemethoxycurcumin

Blocking of
calcium channels
and the partial
inhibition of b-

adrenergic
receptors

Ex vivo vasodilation
assay on intact

endothelium pigs
basilar arteries pre-

contracted

[58]

Cyclocarya
paliurus Juglandaceae Leaves and

seeds Polysaccharides Reduction of
oxidative stress

In vitro and in vivo
assays using

hypertensive rats
[59]

Dendranthema
indicum Asteraceae Flower Linarin

Modulation of the
Renin-angiotensin

system

In vivo assays with
spontaneously

hypertensive rats
[60]

Dicksonia
sellowiana Dicksoniaceae Leaves Polyphenols

Reduction of
oxidative stress,
activation of the
pathway PI3K/
Akt/eNOS

Ex vivo tests on
isolated tissues; in
vitro assay on pig
endothelial cell

culture; in vivo tests
with spontaneously
hypertensive rats

[61]

Dioscorea
opposita Dioscoreaceae Rhizome

Saponins, starch,
mucopolysaccharides,
protein, amino acids,

mucilage, and
polyphenols

Inhibition of
angiotensin II
converting

enzyme, inhibition
of endothelin-1
and reduction of
oxidative stress

In vivo assay in rats
with renovascular
hypertension and ex
vivo assays that

evaluate the cellular
redox state

[62]

Eclipta alba Asteraceae Aerial parts Culubin (diterpenoid)
Diuresis due to

increase in sodium
excretion

In vivo assay in rats
with hypertension
caused by obesity
induced by a lipid-

rich diet

[46]

Eucommia
ulmoides Eucommiaceae Stem bark Wogonin (flavonoid)

Inhibition of the
intracellular

release of Ca2+ and
the extracellular
influx of Ca2+

Ex vivo testing on
isolated tissue
preparations

[63]

Ficus deltoidea Moraceae Leaves

β-amyrin, lupeol,
β-amyrin cinnamate and
bergapten, tanacetene,
β-elemene, stigmasterol,
β-sitosterol, lupenone,
and α,β-amyrenone, as

well as alkaloids,
saponin, phenols,

flavonoids, and tannins

Modulation of the
renin-angiotensin-

aldosterone
system, anti-
oxidant and

endothelial system

In vivo assays with
spontaneously

hypertensive rats
[64]

Gardenia
jasminoides Rubiaceae Fruit Crocetin (carotenoid)

Increase in NO
levels by eNOS and
iNOS (inducible
NO synthase)

In vivo assays with
spontaneously

hypertensive rats, ex
vivo vasodilation
assay on intact

endothelium mouse
aorta rings, and in

vitro assays

[65]

Glycine Max Fabaceae Seed Equol (flavonoid)

Diuresis by an
increase in sodium

excretion and
increases

transcription of the
enzyme eNOS

A double-blind,
randomized,

placebo-controlled
study in humans

[66]
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Table 1: Continued.

Species Family Used part (s) Chemical constituents/
classification

Mechanisms of
action Study model Reference

Gomphrena
celosioides Amaranthaceae Aerial parts Phenolic acids and

flavonoids

Increased levels of
bradykinin,

prostaglandins,
and NO

In vivo assays in
hypertensive
animals

[67]

Hibiscus
sabdariffa Malvaceae Flower Anthocyanins

Increase in NO by
activation of PI3K/

Akt/eNOS
pathway and
activation of
potassium
channels

Ex vivo rat assays in
isolated tissue
preparations

[68]

Inula viscosa Asteraceae Leaves Phenolic compounds
and flavonoids

Inhibition of
angiotensin-

converting enzyme

In vivo assays in
hypertensive adult

rats
[69]

Leersia
hexandra Poaceae Aerial parts Not identified

Anti-oxidative and
lipid-lowering

effect

In vivo assays with
hypertensive rats
induced by oral
administration of

ethanol

[70]

Lippia
origanoides Verbenaceae Aerial parts

Naringenin and
pinocembrina

(flavonoids), quercetin
(flavonol), and luteolin

(flavones)

Activation of
calcium-activated

potassium
channels and

increase in cAMP
and and cytosolic

cGMP

In vivo assays in
mice with

hypertension by
chronic inhibition
of nitric oxide

[71]

Lithocarpus
polystachys Fagaceae Leaves

florizine, fluoxetine,
quercetin,

dihydrochalcone-20-b-
D-glucopyranoside,

luteolin, and quercetin
(Flavonoids)

Modulation of the
renin-angiotensin-
aldosterone system
and reduction of
oxidative stress

In vivo assays with
spontaneously

hypertensive rats
and normotensive
rats; in vitro assays

[72]

Lonchocarpus
xuul Fabaceae Root Dihydrospinochalcone-

A and isocordoin

Activation of
potassium

channels and
activation of NO/
sCG/PKG pathway

In vivo assay in
spontaneously

hypertensive rats; ex
vivo testing on
isolated tissue
preparations;
molecular

interaction in silico

[73]

Lycopersicon
esculentum Solanaceas Fruit

α-tocopherol and the
carotenoids: lycopene,
β-carotene, phytoene,

and phytofluene

Attenuation of
inflammatory

signaling by the
inhibition of the

NF-kB
transcription
factor in

endothelial cells

A double-blind,
randomized,

placebo-controlled
study in humans; in

vitro assay on
human endothelial

cell culture

[74]

Mentha x
villosa Lamiaceae Leaves No data Active vascular

relaxation

In vivo assay in rats
with hypertension
induced by DOCA-

salt injection

[75]

Mesona
procumbens Lamiaceae Leaves Caffeic acid (polyphenol) Reduction of

oxidative stress

In vivo assay in
spontaneously

hypertensive rats
and ex vivo assay
evaluating the

cellular redox state

[63]
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Table 1: Continued.

Species Family Used part (s) Chemical constituents/
classification

Mechanisms of
action Study model Reference

Mimosa
caesalpiniifolia Fabaceae Inflorescences

Gallic acid, rutin,
quercetin, and vicenine

(flavonoids)

Activation of the
muscarinic and

ganglionic
pathways and
blockade of the
transmembrane
calcium influx

In vivo assay in
normotensive mice;
ex vivo testing on
isolated tissue
preparations

[76]

Mitragyna
ciliata Rubiaceae Stem Bark

Alkaloids (mitragynine,
mitraphylline, and

rhynophylline) and/or
flavonoid

Blocking of
calcium channels

Ex vivo rat assays in
guinea pig and rat
isolated aortic rings

[77]

Mixture
containing Pine
densiflora,

Pinaceae Leaves

Roseoside,
isolariciresinol 9-O-β-D-

xyloside,
massonianoside B,
icariside E4, and

nicotiflorin

Anti-oxidant, anti-
inflammatory, and

anti-vascular
remodeling

properties and
reduced AT1
receptor
expression

In vitro assay in
Angiotensin II (Ang

II)-stimulated
H9C2 cells

[37]

Momordica
charantia Cucurbitaceae Leaves

Roseoside,
isolariciresinol 9-O-β-D-

xyloside,
massonianoside B,
icariside E4, and

nicotiflorin

Anti-oxidant, anti-
inflammatory, and

anti-vascular
remodeling

properties and
reduced AT1
receptor
expression

In vitro assay in
Angiotensin II (Ang
II) stimulated H9C2

cells

[37]

Morinda
citrifolia Rubiaceae Root

Alkaloids, phenolic
compounds, sterols,
flavonoids, tannins,
coumarins, and
anthraquinones

Blocking of
calcium channels
and release of
intracellular
calcium

Ex vivo rat assays in
tissue preparations
isolated from rats

[78]

Moringa
oleifera Moringaceae Leaves

Nitrile, glucosinolates
and thiocarbamate

glycosides, flavonoids,
phenolic acids, tannins,

quercetin-3-O-
glucoside, kaempferol-3-
O-glucoside, Niazicin-A,

Niazimin-A, and
Niaziminin-B

Alleviation of
vascular

dysfunction and
oxidative stress,

blunted
adrenergic-
mediated

vasoconstriction,
promoted

endothelium-
dependent

vasorelaxation;
inhibition of
angiotensin-

converting enzyme

In vivo assay in L-
NAME-treated rats;
in vitro angiotensin-
converting enzyme
inhibitory assay; in
silico molecular
interaction

[79–81]

Moringa
stenopetala
(Baker f.)

Moringaceae Leaves Alkaloids, flavonoids,
and saponins

Inhibition of
carbonyl
anhydrase

In vivo assay on
mice [82]

Musa
sapientum Musaceae Fruit peel

(±)−7, 8-Dihydroxy-3-
methyl-isochromanone-

4 (polyphenol)

Reduction of
oxidative stress

and increase in NO
by activation of
pathway PI3K/
Akt/eNOS

In vivo assay in
spontaneously

hypertensive rats
[83]
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Table 1: Continued.

Species Family Used part (s) Chemical constituents/
classification

Mechanisms of
action Study model Reference

Nardostachys
jatamansi Caprifoliaceae Rhizome

Jatamansone, calarene,
spirojatamol, aristolone,
valencene and patchouli
alcohol, α-pinene, and

β-maaliene

Inhibition of
angiotensin-

converting enzyme

In vitro angiotensin-
converting enzyme
inhibitory assay

[84]

Onopordum
acanthium Asteraceae Seed

(E)−1-oxo-3, 4-dihydro-
1-H-isochromen-7-yl-3-
(3, 4-dihydroxyphenyl)

acrylate

Inhibition of
angiotensin-

converting enzyme

Molecular
interaction in silico

in vitro assays
[85]

Orthosiphon
stamineus Lamiaceae Leaves No data

Modulation of α1-
adrenergic

receptors and AT1
and increase in
levels of NO

A parallel-group,
randomized,

placebo-controlled
study in humans;
rings of aorta of
spontaneously

hypertensive rats

[86]

Panax
notoginseng Araliaceae. Root Ginsenoside Rg1 and

Rb1

NO/sGC/cGMP
pathway and β2-

adrenergic
receptors

Ex vivo rat assays in
isolated tissue

preparations (aortic
ring model)

[87]

Peperomia
pellucida Piperaceae Leaves

2, 3, 5-trimethoxy-9-(12,
14, 15-

trimethoxybenzyl)-1H-
indene and pellucidin A

Inhibition of
angiotensin-

converting enzyme

In vitro angiotensin-
converting enzyme
inhibitory assay

[88]

Phaseolus
vulgaris Fabaceae Seed

Catechins, flavonoids,
and c-aminobutyric acid

(GABA)

Inhibition of
angiotensin-

converting enzyme
and modulation of

pressure via
GABA.

In vitro assays [89]

Phoenix
dactylifera Arecaceae Fruits

Squalene, lauric acid,
palmitic acid, caprate,
stearate, vitamin E,
β-sitosterol, phytol,

linolenic acid,
isosorbide, coumarins,

and taurine

Inhibition of
angiotensin-

converting enzyme

In vitro enzyme
inhibition assays [90]

Piper nigrum Piperaceae Seed Piperine (alkaloid) Reduces oxidative
stress

In vivo assay in rats
with hypertension
caused by obesity
induced by a lipid-

rich diet

[91]

Prunus persica Rosaceae Aerial parts

Amygdalin, cyanogenic
glycosides, prunasin,

caffeic acid, chlorogenic
acid, kaempferol, p-
coumaric acid, prussic

acid, quercetin,
quercitrin, quinic acid,
tannin, and ursolic acid

NO-sGC-cGMP,
vascular

prostacyclin, and
muscarinic
receptor

transduction
pathway

Ex vivo rat assay in
isolated tissue

preparations (aortic
ring model)

[92]

Rauvolfia
serpentina Apocynaceae Roots

Reserpine, ajmalicine,
serpentinine,

ajmalimine, ajmaline,
rescinnami- dine,
rescinnamine,

reserpiline, serpentine,
indobidine, yohimbine,

and deserpidine

Protecting the liver
and renal

architectures

In vivo assay in rats
with hypertension
induced by high salt

diet

[93]
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Table 1: Continued.

Species Family Used part (s) Chemical constituents/
classification

Mechanisms of
action Study model Reference

Rubus rosifolius Rosaceae Leaves
Escauphic acid,
flavonoids, and
triterpenes

Diuretic effect
In vivo assay in
hypertensive male

rats
[94]

Salvia
miltiorrhiza Lamiaceae

Root Lithospermic acid B
Inhibition of
angiotensin-

converting enzyme

Ex vivo assays for
vasodilation in rat

aortic rings
[95]

Root Tanshinoato of
magnesium B

Increase in NO
levels

In vivo assay in rats
with

phenylephrine-
induced

hypertension

[96]

Salvia
scutellarioides Lamiaceae Aerial parts Alkaloids, triterpenes,

lignans, and flavonoids

Vasodilation,
which activates
compensatory
physiological

responses such as
the renin-
angiotensin-
aldosterone
system, and
increase in

concentrations of
epinephrine and

vasopressin

In vivo assay in L-
NAME-treated rats [97]

Sargassum
siliquastrum∗∗ Sargassaceae Entire

organism Sargachromenol D Induced
depolarization

In vivo assay in rat
basilar arteries [98]

Sceletium
tortuosum Mesembryathemaceae Leaves Mesembrine (alkaloid)

Inhibition of
aldosterone
synthesis

In vitro assay on the
culture of human
adrenocortical
carcinoma cells

[99]

Solanum
donianum Solanaceae Leaves Unreported

Inhibition of
angiotensin-

converting enzyme

In vitro angiotensin-
converting enzyme
inhibitory assay

[100]

Spirulina
maxima∗∗ Cyanophyceae It has no true

tissues Phycocyanin
Increases

transcription of the
enzyme eNOS

Cohort study with
humans [101]

Taraxacum
officinale Asteraceae Leaves and

root

Saponins, alkaloids,
phenols, flavonoids,

tannins, and glycosides

Increase in NO
levels by eNOS
(inducible NO

synthase)

In vivo assay in L-
NAME-treated rats

and with
spontaneously

hypertensive rats

[102]

Taxus chinensis
var. mairei Taxaceae Gray Leaves

Palmitic acid, 9-octan-
dienate of hexadecanil,

and octan-3-ol

Reduction of the
level of angiotensin
II and increase in

NO levels

In vivo assays with
mice with

hypertension by
chronic nitric oxide
inhibition and in

vitro assays

[103]

Terminalia
superba Combretaceae Stem bark

Saponins, glycosides,
flavonoids, and

chalcones

Reduction of
oxidative stress

In vivo assays with
mice with glucose-

induced
hypertension
(GHR); ex vivo

assays that evaluate
the cellular redox

state

[104]
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hepatoprotective, anti-thrombic, and anti-carcinogenic ac-
tivities [29, 30]. Tannins are phenolic compounds that have
the property of complexing with metal ions and macro-
molecules such as proteins and polysaccharides, so they play
the role of anti-oxidant and protector against herbivores and
microorganisms. +ey are used as anti-septics, astringents,
anti-diarrheals, wound healing, burns, and inflammation
due to their ability to precipitate proteins [29–31]. +ey also
have the ability to stimulate phagocytic cells [30].

Terpenes make up some essential oils and, therefore, act
to attract pollinators. +ey also have insecticidal, anti-mi-
crobial, hepatoprotective, analgesic, anti-inflammatory,
anti-microbial, and hemolytic action, among others [29, 31].
Triterpenes have anti-inflammatory, analgesic, cardiovas-
cular, and anti-tumor effects [32].

Saponins have the ability to decrease the surface tension
of water and, in vitro, cause erythrocyte hemolysis.+ey alter
membrane permeability by lipophilic action and complex-
ation with lipids and cell membrane proteins, which causes
cell destruction. +erefore, they have toxic characteristics
[31]. +ey also perform molluscicidal, anti-fungal, anti-

microbial, anti-parasitic, anti-viral, cytotoxic, and anti-tu-
mor functions [30].

Phenolic compounds have the ability to neutralize free
radicals, inhibiting the risk of cardiovascular disease, dia-
betes, tumors, and inflammatory processes. Coumarins are
used for dermatoses, psoriasis, vitiligo, and other skin dis-
eases; they are also anti-coagulants and laxatives, such as
anthraquinones. Catechins are anti-oxidants, thermogenic,
anti-inflammatory, and anti-carcinogenic. Steroids have
cardiotonic functions, activators of anabolism, precursors of
vitamin D, and contraceptives [30].

Regarding phytochemical analyses, the most described
classes of biomolecules in the reviewed works were alkaloids,
terpenes, coumarins, flavonoids, and peptides (Table 1).
+us, when relating them to anti-hypertensive activity, the
focus of the prospective studies, we observed that alkaloids,
such as reserpine and alstonine, reduce the availability of
norepinephrine and, therefore, act as vasodilators. Flavo-
noids such as quercetin and rutin are primarily active in the
myocardium and reduce cardiac output. Linoleic acid in-
hibits atherosclerosis-generating deposits of cholesterol and

Table 1: Continued.

Species Family Used part (s) Chemical constituents/
classification

Mechanisms of
action Study model Reference

Ulmus
wallichiana Ulmaceae Stem bark Flavonoids analogous to

quercetin

Modulation of the
renin-angiotensin-
aldosterone system
and stimulation of

NO/cGMP
pathway

In vivo assay in
spontaneously

hypertensive rats
and assays in rats
with salt and

mineralocorticoid-
induced

hypertension, and
with rats with

chronic inhibition
of nitric oxide

[105]

Urtica dioica Urticaceae Aerial parts No data

An important
bradycardia, which
is independent of
cholinergic and 1-

adrenergic
receptors

Ex vivo assays in
isolated

Langendorff
perfused rat heart
and vasodilation in
rat aortic rings

[42]

Vaccinium
virgatum Ericaceae Fruit Anthocyanins and

polyphenols
Stimulation of NO/
cGMP pathway

A double-blind,
randomized,

placebo-controlled
study in humans

[106]

Vaccinium
corymbosum Ericaceae Fruit Anthocyanins and

polyphenols
Stimulation of NO/
cGMP pathway

A double-blind,
randomized,

placebo-controlled
study in humans

[106]

Vitex
cienkowskii Lamiaceae Stem bark Tetra-acetyl jugasterone

C

Stimulation of NO/
cGMP pathway
and blockade of
transmembrane
calcium influx

Ex vivo tests on
preparations of

tissues isolated from
rats

[107]

Zea mays Poaceae Seed Corn peptide
Inhibition of
angiotensin-

converting enzyme

In vivo assay in
spontaneously

hypertensive rats
and in vitro assays

[108]

∗Fungus species and ∗∗species of seaweed.
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triglycerides [109]. Phenolic compounds are anti-oxidants
responsible for scavenging free radicals, capable of mini-
mizing the harmful effects of ROS, and considered potential
for the prevention of cardiovascular diseases [36].

+e control of BP is made through two main mecha-
nisms: neural and humoral. +e neural mechanism is made
by the autonomic nervous system composed of the sym-
pathetic and parasympathetic systems, which act by in-
creasing or decreasing heart rate as well as acting on
peripheral vascular resistance. Humoral control is carried
out by several substances that directly interfere with pe-
ripheral vascular resistance. +us, the increase in vaso-
dilating substances such as NO can contribute to an
improvement in SAH. On the other hand, the renin-an-
giotensin system (RAS) plays a fundamental role due to its
vasoconstrictor action, mainly through angiotensin II (Ang
II) [110].

+e classic view of the RAS is given by the production of
angiotensinogen by the liver, being released into the cir-
culation, where it is found in high concentrations. In the
circulation, angiotensinogen undergoes the action of renin, a
glycoproteolytic enzyme of renal origin [111]. After being

synthesized and released into circulation, renin promotes
the conversion of angiotensinogen into Angiotensin I (Ang
I) [112], and this is converted into angiotensin II (Ang II) by
the catalytic action of angiotensin-converting enzyme (ACE)
[113]. +is conversion occurs almost exclusively in the
vessels of the lungs, catalyzed by the ACE present in the
endothelium of the pulmonary vessels.

+e effects of Ang II are mediated by two distinct types of
receptors: AT1 and AT2, and the greatest interaction of this
peptide occurs via the AT1 receptors, causing vasocon-
strictor action, arrhythmogenic effect, cell proliferation,
thrombosis, coagulation, inflammation, and hypertrophy of
vascular smooth muscle [114, 115]. +is Ang II signaling
pathway with AT1 receptors is carried out by the activation
of the G protein, with consequent activation of phospho-
lipase C-β and formation of 1,4,5-triphosphate and diac-
ylglycerol, which in turn increases the intracellular
concentration of calcium leading to vasoconstriction [116].
In addition to these effects, it is known that q Ang II via AT1
receptors stimulates aldosterone secretion by the zona
glomerulosa of the adrenal cortex [117]. Contrary to this, the
interaction of Ang II with the AT2 receptor has an
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Figure 3: Distribution of the main families used in scientific research on natural products with anti-hypertensive activity published in the
virtual libraries portal BVS, CAPES, and SciELO from 2001 to 2020.
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antagonistic effect on the action of the Ang II axis–AT1
receptor, resulting in the formation of NO, and consequent
vasodilation [118].

In addition to the physiological effects of controlling
cardiovascular function, Ang II is also involved in the
pathophysiology of cardiovascular diseases since this peptide
induces the formation of reactive oxygen species (ROS) in
the endothelium and vascular smooth muscle [119]. +is
process occurs via AT1 receptors and consequent activation
of the enzyme NAD (P) H oxidase [120], which reduces the
oxygen molecule, forming O2

−. +e latter is dismutated to
H2O2 by the action of the enzyme superoxide dismutase
(SOD) or reacts with NO to form peroxynitrite (ONOO−)
mainly under pathophysiological conditions [121].

+e lower availability of NO favors greater activity of
endothelin-1 (ET-1) or endothelium-derived contracting
factor (EDCF) promotes endothelial cell growth and vaso-
constriction and, therefore, participates in the pathogenesis
of oxidative stress of SAH [122, 123]. +us, vascular oxi-
dative stress would result in SAH, since vasoconstrictor
factors would be in preponderance in relation to vasodilator
factors.

NO biosynthesis comprises one of the most important
functions of L-arginine metabolism in the body. NO is
formed from the terminal nitrogen of guanidine present in
L-arginine, under the catalytic action of the enzyme nitric
oxide synthase (eNOS), generating equimolar concentra-
tions of L-citrulline and NO [124]. Once released, NO
rapidly diffuses from the generating cell (endothelial cells) to
the target cell (smooth muscle of the blood vessel), where it
interacts with the heme group of soluble guanylate cyclase
(GCs) stimulating its catalytic activity, leading to the for-
mation of cGMP, which in turn decreases intracellular
calcium (Ca2+) levels, reducing vascular tone. +e mecha-
nisms by which the NO/cGMP pathway induces vasodila-
tion include inhibition of inositol-1,4,5-triphosphate (IP3)
generation, increased cytosolic Ca2+ sequestration, myosin
light chain dephosphorylation, inhibition of Ca2+ influx,
activation of protein kinase, stimulation of membrane Ca2+
ATPase, and opening of K+ channels [125].

Regarding the mechanisms of action used in research
cataloged to support the anti-hypertensive effect of the
species evaluated, NO release, reduction of oxidative stress,
ACE inhibition, Ca2+ channel block, RAAS modulation,
activation of K+ channels, inhibition of nuclear kappa
transcription factor (NF-κB), and increase in natriuresis can
be observed (Figure 5). Among the possible study models,
the research was carried out in in vivo, ex vivo, in vitro, and
in silico studies, including studies in humans (Table 1).

As for the number of patents deposited in the databases
according to the keywords used, it was observed that the
WIPO database markedly recovered 925 documents, fol-
lowed by the EPO and USPTO, with only 6 and 2 docu-
ments, respectively. In the others, INPI and LATIPAT, no
patents were found.+is may suggest a lack of interest on the
part of research centers or industries to innovate in anti-
hypertensive products, even though hypertension is one of
the main causes of death in the world and 25% of currently
available drugs originate from medicinal plants [126].

China was the country with the highest number of patent
filings with 813 registrations. +e other countries and their
respective patent offices showed very low values when
compared to China: the Republic of Korea with 75, the
United Kingdom with 15, the World Intellectual Property
Organization with 12, the European Patent Office with 7,
Japan with 6, the United States with 2, and Canada, Russia,
and France with 1 each (Figure 6). Although Brazil is a
country rich in biodiversity and one that develops a lot of
research on medicinal plants, research in the patent data-
bases revealed a lack of interest in the development of
technologies with market potential related to anti-hyper-
tensive herbal medicines.

+e superiority in the number of patents filed by China is
related to the economic and technological position of this
country in relation to the world scenario, as China has been
increasingly establishing itself as a producer of knowledge and
technological development, mainly through the work of
pharmaceutical multinationals, electronics, and food, as well
as the implementation of scholarship programs to encourage
research. At the same time, traditional Chinese medicine is
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Figure 5: Distribution of the anti-hypertensive mechanisms elucidated in the scientific research of natural products with anti-hypertensive
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accompanied by a vast agricultural experience, which favors
the study and development of technological alternatives that
take advantage of the therapeutic potential of different plant
species, especially regarding such promising applicability, for
example, prevention and treatment of hypertension [127].

As for the temporal evolution of the number of patent
filings (Figure 7), the sharp increase in the years 2014 and
2015 is noticeable. Regarding this increase, it is important
to mention that in 2010 in the National Patent Develop-
ment Strategy in China, the government defined bench-
marks for future performance by 2015, setting the number
of patent applications to reach two million, which would
quadruple the number of applications in 2010, so that by

2015, China would be among the top two countries in a
number of invention patents granted to national appli-
cants. Such targets may have greatly influenced the sig-
nificant increase in the number of patents registered in
2014 and 2015 [128].

4. Conclusion

From this perspective, the anti-hypertensive activity of
natural products is still little explored, especially in Western
countries. In this sense, China and India have shown more
results in this area than other countries, confirming the
strong influence of traditional medicine in these countries.
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Leaves and aerial parts were the main fractions of plants with
potential exploitation. +e maceration technique was the
most used in obtaining the extract. +e Fabaceae family was
the most cited, which may indicate that more plant species
belonging to this family should be studied regarding the
anti-hypertensive potential. +e largest number of patents
related to anti-hypertensive herbs is deposited in WIPO.
China is the country that invests most in research with the
technological development of products from medicinal
plants for the treatment and prevention of hypertension.
+is study was able to provide theoretical subsidies for future
research withmedicinal plants on the use of natural products
as a coadjuvant in the treatment of systemic arterial
hypertension.

Conflicts of Interest

+e authors declare that there are no conflicts of interest.

Acknowledgments

+e authors are grateful to UFPI (Universidade Federal do
Piauı́, Brazil), CNPQ (Conselho Nacional Para Desenvol-
vimento Cient́ıfico e Tecnológico, Brazil), and FAPEPI
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“Alcaloides indólicos de cascas de Aspidosperma vargasii e
A. desmanthum,” Quı́mica Nova, vol. 33, no. 2, pp. 284–287,
2010.

[29] C. M. O. Simões, E. P. Schenkel, G. Gosmann, J. C. P. Mello,
L. A. Mentz, and P. R. Petrovick, Porto Alegre: Editor of
UFRGS; florianopolis, UFSC Publisher, 2007.

[30] N. G. F. D. Bessa, J. C. M. Borges, F. P. Beserra et al.,
“Prospecção fitoquı́mica preliminar de plantas nativas do
cerrado de uso popular medicinal pela comunidade rural do
assentamento vale verde—Tocantins,” Revista Brasileira de
Plantas Medicinais, vol. 15, no. 4, pp. 692–707, 2013.

[31] H. S. Luz, A. C. G. Santos, F. C. Lima, and K. R. G. Machado,
“Prospecção fitoquı́mica de Himatanthus drasticus Plumel
(Apocynaceae), da mesorregião leste maranhense,” Revista
Brasileira de Plantas Medicinais, vol. 16, no. 3, pp. 657–662,
2014.

[32] Y. Ikeda, A. Murakami, and H. Ohigashi, “Ursolic acid: an
anti- and pro-inflammatory triterpenoid,” Molecular Nu-
trition and Food Research, vol. 52, no. 1, pp. 26–42, 2008.

[33] G. Carre, M. Ouedraogo, C. Magaud et al., “Vasorelaxation
induced by dodoneine is mediated by calcium channels
blockade and carbonic anhydrase inhibition on vascular
smooth muscle cells,” Journal of Ethnopharmacology,
vol. 169, pp. 8–17, 2015.

[34] G. Oboh, A. O. Ademiluyi, O. M. Agunloye,
A. O. Ademosun, and B. G. Ogunsakin, “Inhibitory effect of
garlic, purple onion, and white onion on key enzymes linked
with type 2 diabetes and hypertension,” Journal of Dietary
Supplements, vol. 16, no. 1, pp. 105–118, 2019.

[35] S. M. Asdaq and M. N. Inamdar, “Potential of garlic and its
active constituent, S-allyl cysteine, as antihypertensive and
cardioprotective in presence of captopril,” Phytomedicine,
vol. 17, no. 13, pp. 1016–1026, 2010.
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Background. Reineckia carnea (RC), a perennial evergreen herb which belongs to Reineckia Kunth (Liliaceae), can be used for
clearing the lungs and relieving cough, reducing phlegm and anti-in�ammatory e�ects. Moreover, chronic obstructive pulmonary
disease (COPD) is characterized by airway and lung in�ammation and increased secretion of airway mucus.�erefore, RC has the
potential to treat COPD.Methods. NR8383 cells were cultured and treated with various concentrations of RC (100mg/mL, 10mg/
mL, 1mg/mL, 100 μg/mL, 10 μg/mL, 1 μg/mL, 100 ng/mL, and 10 ng/mL). Cell viability and levels of interleukin (IL)-1β,
cyclooxygenase-2 (COX-2), and prostaglandin E2 (PGE2) in the cell culture supernatant or rat serum were analyzed using CCK-8
and enzyme-linked immunosorbent assay (ELISA), respectively. Sprague Dawley rats were assigned to mock, COPD model, RC
(0.67 g/kg, 1.35 g/kg, and 2.7 g/kg), and ambroxol (5.4mg/kg) groups. Western blot and quantitative polymerase chain reaction
(qPCR) analyses were used to evaluate the protein andmRNA expression levels of mucin 5AC (MUC5AC) and Toll-like receptor 4
(TLR4). Results. �e results showed that Reineckia carnea (RC) extract (RCE) inhibited the proliferation of NR8383 cells and
suppressed the production of IL-1β, PGE2, and COX-2 in NR8383 cells. Moreover, RCE decreased the levels of IL-1β, PGE2, and
COX-2 in the serum of rats with COPD and alleviated the expression of TLR4 andMUC5AC induced by COPD in rat lung tissue.
Conclusion. RCE alleviated COPD by inhibiting the expression of COPD-induced in�ammatory cytokines and MUC5AC in rats.

1. Introduction

Patients with chronic obstructive pulmonary disease
(COPD) exhibit airway mucus hypersecretion with chest
tightness, shortness of breath, fatigue aggravation, phlegm,
and viscous mucus, resulting in air�ow limitation. If not
treated in a timely manner, progression to airway ob-
struction and asphyxia can occur [1, 2]. At present, COPD is
often treated by inhaled bronchodilators and glucocorti-
coids, but there are many adverse reactions and the inhaled
drugs are carried out by sputum due to the excessive se-
cretion of airway mucus, which cannot exert their e¢cacy
[3]. �erefore, the development of safe and e�ective

treatments is urgently needed. Many studies have found that
airway mucus hypersecretion is an important pathophysi-
ological characteristic of COPD and an independent risk
factor for COPD development and prognosis, and exists at
all stages of disease occurrence and development [4, 5].
Although a study has demonstrated an important role of IL-
1β/COX-2 in airway mucus hypersecretion [6], the mo-
lecular mechanism of airway mucus hypersecretion in
COPD still needs to be elucidated.

Airway mucus hypersecretion in COPD is caused by a
variety of factors, including in�ammatory factors, oxidative
stress, and multiple signaling pathways. In the IL-1β/COX-2
signaling pathway, interleukin-1β, cyclooxygenase-2 (COX-2),
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prostaglandin 2 (PGE2), and MUC5AC participate in the
inflammatory reaction and lead to an increase in secretion
from the glands, leading to airway mucus hypersecretion. Toll-
like receptor (TLR) is a kind of innate immune receptor ac-
tivated by the outer membrane lipopolysaccharide of Gram-
negative bacteria and promotes the phosphorylation of a series
of downstream factors [7]. TLR4 can regulate the inflammatory
response. Studies have shown that TLR4 can activate the
nuclear factor kappa-B (NF-κB) signaling pathway and reg-
ulate the expression of inflammation-related factors. As the
earliest inflammatory factor, IL-1β participates in the whole
inflammatory process in COPD. )erefore, there may be a
connection between TLR4 and IL-1β, leading to the inflam-
matory reaction and mucus hypersecretion.

Reineckia carnea (RC) is a Liliaceae plant, and the whole
plant mainly contains various chemical components such as
steroids, flavonoids, lignans, terpenes, and organic acids,
which have pharmacological activities such as antihemolysis,
relieving cough, reducing phlegm, anti-inflammatory, an-
algesic, and hypoglycemic effects, and killing snails [8, 9].
)erefore, RC is commonly used to treat various diseases,
especially respiratory diseases, such as lung dryness and
cough, and is used by the Miao group to treat bronchitis,
pneumonia, and other diseases [10]. Extensive research at
the Guiyang College of traditional Chinese medicine has
shown that RCE can effectively dilute sputum and reduce
sputum secretion in patients with COPD. Furthermore,
modern pharmacological studies have shown that RCE re-
lieves cough, resolves phlegm, reduces inflammation, re-
duces airway secretion, and inhibits airway mucosal
hypersecretion in COPD [11]. In addition, a study showed
that after being injected subcutaneously with a 4500mg/kg
injection made with RC, all 12 mice died within 7 days [12].

)e above studies have shown that RC can be used to
treat COPD. )erefore, in this study, we explored the
molecular mechanism by which RCE inhibits inflammation
in COPD, with a focus on the IL-1β/Cox-2 signaling
pathway, via animal experiments in vivo and cells assay
in vitro, which provides strong evidence for its clinical use in
the treatment of COPD. Moreover, ambroxol hydrochloride
is an expectorant commonly used for the treatment of
COPD, with anti-inflammatory and antioxidant effects.
)erefore, ambroxol hydrochloride was selected as a control
in the analyses of the therapeutic effect of RCE.

2. Materials and Methods

2.1.Animals. Ninety healthy male Sprague Dawley (SD) rats
without specific antigens were provided by Chongqing
Tengxin Biotechnology Co., Ltd. Before the experiment, the
6- to 8-week-old rats, weighing 180–220 grams, acclimatized
for a week in a clear plastic cage with free of specific
pathogens, a constant 12-hour light-dark cycle, and free
access to water and chow.

2.2.EstablishmentofCOPDRatModels. Sixty-seven rats were
randomly selected to construct COPD rat models. COPD rat
models were established in 12 weeks by intranasal instillation

of lipopolysaccharide (LPS) and cigarette smoke inhalation, as
previously described [8, 13, 14]. 200 μL LPS (catalog number:
ST1470, Beyotime, Shanghai, China) (30 μg/6 μL) was ad-
ministered to SD rats via the nasal cavity on days 1, 29, and 57.
)e rats were exposed to cigarette (China Tobacco Guizhou
Industrial, Co., Ltd) smoke in an in-house glass fumigation
box (70 cm× 50 cm× 30 cm) for 30min, 5 days per week for
12 weeks from days 2 to 84 (except on days 29 and 57).
Subsequently, 12 COPD rats and 12 healthy rats were ran-
domly selected to determine whether the COPD model was
established successfully by HE staining of lung tissues and
observing the lung pathological characteristics. )e evalua-
tion indices for successful model establishment were as fol-
lows: infiltration of inflammatory cells on the surface of the
peripheral airway, bronchus, and bronchioles; hyperplasia
and hypertrophy of the mucous glands and an increase in
goblet cells; injury of the small airway, hyperplasia of collagen
and scar tissue, and stenosis of the airway cavity; dilation and
destruction of respiratory bronchioles, irregular expansion of
alveoli, and formation of pulmonary bullae; hyperplasia of the
smooth muscle of pulmonary arterioles; and infiltration of
inflammatory cells in the vascular wall.

2.3. RCE Preparation. )e RCE was prepared using the
traditional method as previously described [8, 15]. In brief,
3000 g of dried RC was pulverized to a crude product and
extracted with 15 times distilled water for 3 times, 2 h each
time. )e decoction was filtered and concentrated under
pressure to obtain the extract which was dried and weighed.
)e extract was 645.36 g and the yield was 21.51%. Yield
(%)� (weight of extract (g)÷weight of RC (g))× 100%.

2.4. Animal Groups. )e remaining COPD rats were ran-
domly divided into 5 groups, COPD model, low-dose RC
(LD-RC), medium-dose RC (MD-RC), high-dose RC (HD-
RC), and ambroxol groups. Each group consisted of 11 rats,
and the remaining 11 healthy rats were used as the negative
control group named the mock group.

2.5. Treatment of Each Group of Animals. Based on the
amount of medicine used per unit body surface area, the
amount of medicine used in rats is about 6.3 times that of
humans [8]. )e daily dosage of RC for adults is 15–30 g, so
the dosage for rats is 1.35–2.7 g/kg. )e low-, medium-, and
high-dose RC were 0.67 g/kg, 1.35 g/kg, and 2.7 g/kg, re-
spectively, which converted to RCE were 0.14 g/kg, 0.29 g/kg,
and 0.58 g/kg, respectively. )e daily dosage of ambroxol
(Shanxi C&Y Pharmaceutical Group Co., Ltd) for adults is
60mg, so the dosage for rats is 5.4mg/kg. )e drugs were
separately dissolved in 3mL of saline and gavaged to the
corresponding groups of rats once a day for 17 days.

In the mock and COPD model groups, normal saline
(3mL/rat) was delivered by gavage once a day for 17 days.
)e experiments of this study were completed according to
the requirements of the Animal Experiment Ethics Com-
mittee of the Guizhou University of Traditional Chinese
Medicine.
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2.6. Cell Culture. Rat alveolar macrophages and NR8383 cells
(Xiamen Immocell Biotechnology Co., Ltd, catalog number:
IM-R006) were cultured in an RPMI 1640 medium (Gibco,
New York, USA) containing 10% fetal bovine serum (FBS,
Gibco) at 37°C and 5% CO2. NR8383 cells were cultured in
suspension, and the solution was changed in 2-3 days.

2.7. CCK-8 Assay. NR8383 cells were cultured overnight in
96-well plates at a density of 10000 cells per well. )e cells
were treated with different concentrations of RCE (1, 10, and
100mg/mL; 1, 10, and 100 μg/mL; 10 and 100 ng/mL) or
ambroxol (MedChemExpress, catalog number: HY-B1039)
(10, 20, and 30 μg/mL). After 24 h, the cells were detected
using CCK-8 (MedChemExpress, catalog number: HY-
K0301, Shanghai, China) and a microplate reader (Bio Tek)
according to the manufacturer’s instructions. Results are
presented as the mean± standard deviation (SD) of six wells.

2.8. Cell Immunohistochemistry. )e NR8383 cells were
treated with 100mg/mL RC or 30 μg/mL ambroxol. After
24 h, the cells were fixed on the slides with 0.4% parafor-
maldehyde, which was incubated successively with 0.5%
Triton X-100 ()ermo Fisher Scientific, catalog number:
R21902) for 20min and then with 3%H2O2 for 15min. After
being incubated with 5% FBS for 30min, the cells were
incubated with the TRL4 antibody (Abcam, catalog number:
ab22048, dilution rate: 1 :100) or MUC5AC antibody
(Abcam, catalog number: ab3649, dilution rate: 1 :100) for
2 h, followed by HRP-conjugated goat anti-mouse IgG
(Abcam, catalog number: ab205719, dilution rate: 1 :1000)
for 1 h. Subsequently, the cells were stained with a DAB
Immunohistochemistry Color Development Kit (Sangon
Biotech, catalog number: E670033) and the nuclei were
stained with hematoxylin. )e cells were viewed under a
microscope and photographed. )e experiments were per-
formed thrice independently.

2.9. Enzyme-Linked Immunosorbent Assay (ELISA). )e
levels of IL-1β, PGE2, and COX-2 in the cell culture su-
pernatant or serum were determined by Rat IL-1 beta ELISA
kit (Abcam, catalog number: ab255730), Rat PGE2 ELISA
Kit (Wuhan Fine Biotech Co., Ltd, catalog number: ER1800),
ELISA kits, and Rat COX-2 ELISA Kit (CUSABIO
TECHNOLOGY, catalog number: CSB-E13399r) according
to the manufacturer’s instructions. )e experiments were
performed more than three times independently.

2.10. Isolation of RNA and Quantitative PCR (qPCR).
RNAwas isolated from the lung tissues of rats using an RNA
reagent (Takara, Kusatsu, Japan) and we used a
PrimeScript™ RT Master Mix (Takara, catalog number:
RR036Q) to reverse transcribe into cDNA. And then we
employed the obtained cDNA, TB Green® Fast qPCR Mix
(Takara, catalog number: RR430S), the Bio-Rad iQ5 Real-
Time PCR System, and primers which are shown in Table 1,
to perform qPCR. )e data are expressed as the mean± SD
of three independent experiments.

2.11. Western Blot Analysis. Western blotting was used to
examine the expression of MUC5AC and TLR4. In order to
extract proteins, we added RIPA buffer (Beyotime, Shanghai,
China) to the ground tissue and added protease inhibitors
(Roche, Basel, Switzerland). To measure the protein con-
centrations, we used the BCA Protein Analysis Kit (Pierce,
Rockford, IL, USA) according to the manufacturer’s in-
structions. )ereafter, we put 50 μg of protein lysate in each
SDS-PAGE well to separate proteins and transferred the
proteins to a PVDF membrane which was then sealed with
5% milk at room temperature for 1 hour, followed by
overnight incubation with TRL4 antibody (Abcam, catalog
number: ab217274, dilution rate: 1 : 300), MUC5AC anti-
body (Abcam, catalog number: ab3649, dilution rate: 1 :
1000), or β-actin antibody (Abcam, catalog number: ab6276,
dilution rate: 1 : 5000), at 4°C. After the membrane was
washed with TBST, we incubated the membrane with HRP-
conjugated goat anti-rabbit IgG (Abcam, catalog number:
ab205718, dilution rate: 1 :10000), or HRP-conjugated goat
anti-mouse IgG (Abcam, catalog number: ab205719, dilu-
tion rate: 1 :10000) for 1 hour at room temperature. )e
Pierce™ ECLWestern Blotting Substrate ()ermo Scientific,
catalog number: 32109) was used for luminescent detection.
A gel imaging system was used to collect images, and Image
Lab 3 was used to analyze gray values. Protein levels were
normalized against β-actin. )e experiments were per-
formed thrice independently.

2.12. Statistical Analysis. We used the SPSS 20.0 software for
statistical analyses. To compare the differences between two
groups and between multiple groups, we performed Stu-
dent’s t-test (unpaired) and analysis of variance (ANOVA),
respectively. A value of P< 0.05 was regarded as statistically
significant.

3. Results

3.1. RCE Inhibits the Production of IL-Iβ, PGE2, andCOX-2 in
NR8383 Cells. We investigated the effects of various con-
centrations of RC on the proliferation of NR8383 cells. For
RC concentrations of 1mg/mL, 10mg/mL, and 100mg/mL,
cell proliferation gradually decreased in a concentration-
dependent manner (Figure 1(a), P< 0.05). Compared with
cells not treated with RC (mock group), there was no sig-
nificant difference in cell proliferation after the cells were
treated with 100 ng/mL and 10 ng/mL RC (Figure 1(a),
P< 0.05). As the ambroxol concentration increased, cell
proliferation decreased in a concentration-dependentmanner
(Figure 1(a), P< 0.05). Based on these results, an RC con-
centration of 100mg/mL and ambroxol concentration of
30 μg/mL were selected for further analyses, and the levels of
IL-Iβ, PGE2, and COX-2 in the NR8383 culturemediumwere
analyzed. RCE and ambroxol inhibited the production of IL-
Iβ, PGE2, and COX-2 (Figure 1(b), P< 0.01). )e expression
of MUC5AC and TLR4 in NR8383 cells was evaluated by
immunohistochemistry. Compared with the mock group,
MUC5AC and TLR4 levels in the RC and ambroxol groups
were significantly (P< 0.01) lower (Figure 2).

Evidence-Based Complementary and Alternative Medicine 3



3.2. RCE Decreases the Levels of IL-Iβ, PGE2, and COX-2 in
Serum of COPD Model. To investigate the molecular
mechanism of RCE treatment of COPD, we constructed a
COPD rat model. After the models were treated with RCE or

ambroxol, the serum was collected to detect the levels of IL-
Iβ, PGE2, and COX-2. As shown in Figure 3, compared with
the mock group, the levels of IL-1β, PGE2, and COX-2 in the
model group were significantly higher (Figure 3, P< 0.01).

Table 1: Oligonucleotide primers targeting rat genes for qPCR.

Gene Forward primer sequence (5’–3’) Reverse primer sequence (5’–3’)
MUC5AC AATGGCTACCTGAAGGTGGTGG AAACTCGCTGGATTCTGGACTG
TLR4 AACATGAGTCACAACAACCTAC TATTCACATATACAAGCAACAG
β-Actin TCTGTGATGCCCTTAGATGTCG AATGGGGTTCAACGGGTTAC

NR8383

****
****

***

1.0

0.8

0.6

0.4

0.2

0.0
100 10 1 100 10 1 100 10 1030 20

M
O
CK

RC
(m

g/
m
L)

O
D
49
0

RC
(µ
g/
m
L)

RC
(n
g/
m
L)

A
m
br
ox
ol

(µ
g/
m
L)

**

** ns ns

(a)

NR8383

****
****

****
****

****
****

30000
20000
10000

450
300
150

20
15
10

5
0

IL
-1

β

C
on

ce
nt

ra
tio

n 
(p

g/
m

L)

PG
E2

CO
X-

2

MOCK RC Ambroxol

(b)
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Compared with the model group, the levels of IL-1β, PGE2,
and COX-2 were lower in the RC and ambroxol groups
(Figure 3, P< 0.01). )ese results indicate that RCE has
similar effects as ambroxol in reducing inflammatory indices
in rats with COPD.

3.3. RCE Downregulates the COPD-Induced Expression of
MUC5AC and TLR4 in Rat Lung Tissues. Next, the ex-
pression levels of MUC5AC and TLR4 in different groups
were analyzed. )e mRNA levels of MUC5AC and TLR4 in
the model group were significantly higher than those in the
mock group (Figure 4(a), P< 0.01). After the rats with
COPDwere treated with RCE or ambroxol, the mRNA levels
of MUC5AC and TLR4 were significantly decreased
(Figure 4(a), P< 0.05).

Western blot analysis showed that MUC5AC and TLR4
levels in the model group were significantly higher than
those in the mock group (Figures 4(b) and 4(c), P< 0.01).
)e levels of TLR4 andMUC5AC proteins in the lung tissues
of COPD rats treated with RCE or Ambroxol were signif-
icantly lower than those in the model group (Figures 4(b)
and 4(c), P< 0.01). Together, RCE attenuated COPD-in-
duced TLR4 and MUC5AC expression.

4. Discussion

COPD, an inflammatory disease in the lung parenchyma and
respiratory tract, is caused by continued inhalation of toxic
substances, predominantly cigarette smoke [4, 16]. More-
over, LPS can cause inflammation [17]. )erefore, we used
cigarette smoke and LPS to generate a rat COPD model.
Furthermore, the IL-1β/COX-2 signaling pathway can cause
airway mucus hypersecretion in COPD [18]. Inflammatory
factors bind to corresponding receptors to activate COX-2,
leading to increased secretion [19]. Airway mucus hyper-
secretion in COPD is related to an inflammatory reaction
[20]. COX-2 is transformed into prostaglandin products in
vivo. After the transformation, prostaglandin E2 is activated,

increasing vascular permeability and dilating blood vessels,
causing mucosal edema, increasing gland secretion, and
affecting airway ventilation and ventilation function [21]. In
this study, we evaluated the effect of RCE on inflammatory
response in rat alveolar macrophages in vitro and in vivo.
RCE and ambroxol had similar effects; they reduced the
levels of IL-1β, PGE2, and COX-2 to relieve COPD.

In addition, COX-2 is an inducible enzyme that is rapidly
synthesized when cells are stimulated by various factors. It can
be induced in bronchial epithelial cells and alveolar epithelial
cells. Macrophages in alveoli are the main inflammatory cells
expressing COX-2. When IL-1β binds to its receptor, the
activity of COX-2 is increased. COX-2 has a catalytic role in the
conversion of arachidonic acid to PGE and PGE2 under the
action of PGE synthetase [22]. PGE2 can increase vascular
permeability and dilate blood vessels, resulting in bronchial
mucosal edema, increased gland secretion, and airway ob-
struction by exudates [23]. )e expression of MUC5AC and
TLR4 in rat alveolar macrophages was detected by immuno-
histochemistry. Compared with the mock group, MUC5AC
and TLR4 levels in the RC and ambroxol groups were sig-
nificantly lower. IL-1β contributes to the early inflammatory
response and can be secreted by a variety of cells, including
epithelial cells, macrophages, and neutrophils. Lappalainen
et al. used a transgenic animal model to show that IL-1β can
cause alveolar septum enlargement, tracheal wall thickening,
and increased mucus secretion, consistent with the patho-
logical changes in COPD. IL-1β can activate macrophages and
other inflammatory cells to release inflammatory mediators,
which can cause pulmonary inflammation, characterized by
macrophage and granulocyte infiltration. IL-1βmay be a cause
of chronic lung inflammation.

RCE relieves cough, resolves phlegm, and has anti-in-
flammatory effects [24]. It is often used to treat cough,
bronchitis, pneumonia, and other diseases by the Miao
group in China. RCE-4 from RC, which suppresses the
PI3K/Akt/mTOR signaling pathway and NF-κB activation,
and has an antiproliferative effect on HeLa cells, so RC
mainly reduces inflammation and oxidative stress [1].
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Studies have shown that RCE can improve lung function
and reduce sputum secretion in patients with COPD;
however, few studies have examined the molecular mech-
anisms underlying its effects. ELISA was used to analyze the
effects of various concentrations of RC on the serum levels of
IL-1β, PGE2, and COX-2 in a rat model of COPD. Levels of
IL-1β, PGE2, and COX-2 were high in the mock group. RCE
and ambroxol could inhibit the secretion of airway mucus in
rats with COPD. For some concentrations, the effects of RCE
were more potent than those of ambroxol.

TLR is an innate immune receptor involved in the
regulation of the inflammatory response. In COPD, the
inflammatory response activates the IL-1β/COX-2 sig-
naling pathway, leading to MUC5AC overexpression and
airway mucus hypersecretion. Various factors activate the
TLR4 receptor, which regulates the expression of in-
flammatory factors and causes inflammatory reactions via
various enzymes.)e overexpression of IL-1β can increase
the activity of COX-2, increase the synthesis of PGE2,
increase blood permeability and vasodilation, cause
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bronchial mucosal edema, increase secretion from glands,
and lead to airway restriction. Based on analyses of protein
and mRNA levels, MUC5AC and TLR4 were upregulated
in the mock group, indicating that mucus hypersecretion
in COPD is related to the high expression of these loci.
MUC5AC and TLR4 were inhibited by both RC and
ambroxol (P< 0.01).

)e expression levels of MUC5AC and TLR4 were an-
alyzed by PCR and western blotting analyses. As the RC
concentration increased, the mRNA and protein expression
levels of MUC5AC and TLR4 in rats with COPD decreased
significantly, and a similar effect was observed in the
ambroxol group. )e results showed that ambroxol could
inhibit airway mucus hypersecretion in COPD; however,
medium and high doses of RC were more effective than those
of ambroxol. Lu et al. confirmed that sequential treatment
with Tongsai and Bufei Yishen granules during acute exac-
erbations of chronic obstructive pulmonary disease risk
window (AECOPD-RW) periods reduces the inflammatory
response, improves pulmonary function, and shortens the
recovery course, particularly when Chinese and Western
medicines are integrated [25]. In a recent study, it was shown
that Bufei Yishen granules combined with electroacupuncture
was effective in the treatment of COPD in rats, and the
combination is superior to either strategy alone [26]. Lin et al.
have shown that curcumin inhibits LPS-induced airway
mucus hypersecretion and inflammation which are important
pathophysiological features of chronic inflammatory airway
diseases [27].

)e study was based on rats and rat cells, and the results
cannot be directly transferable to humans, which is a lim-
itation of the study.

5. Conclusion

In conclusion, our results revealed that RCE inhibited the
proliferation of NR8383 cells, and suppressed the produc-
tion of IL-1β, PGE2, and COX-2 in NR8383 cells. Moreover,
RCE alleviated the expression of IL-1β, PGE2, COX-2, TLR4,
and MUC5AC induced by COPD. )is study preliminarily
revealed the molecular mechanism of RCE treatment of
COPD to provide a theoretical basis for the treatment of
COPD by RC and for better exploitation and quality control
of RC.
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�e high fatality and disability rate of atrial �brillation (AF) strongly promote the development of pathogenesis and treatment of
AF that is of great value.�e present research attempted to clarify potential mechanisms of Mujiangzi oil (CV-3) in treating AF by
constructing an AF cardiomyocytes model and using a network pharmacology approach. �e experiment was divided into 4
groups: control, an AF model, AF +CV-3-treated, and the AF+ verapamil group. Flow cytometry and the MTT assay were
employed to detect cell apoptosis and cell viability, respectively. �e main active components of CV-3 and predicted targets were
obtained �rstly, and molecular docking was performed. In the AF model, the cell apoptosis was aggravated, but inhibited in the
CV-3-treated group. In addition, the cell viability was recovered after CV-3 treatment compared with the model group. Five
potential active compounds of CV-3 were collected, including e�ective ingredients N-decanoic acid, spathulenol, copaene,
β-panasinsene, and eucalyptol. Among them, N-decanoic acid and spathulenol was demonstrated to bind to PTGS2 with binding
energy of −4.08 and −7.09 kcal/mol, respectively, and hydrogen bonds interaction were found. �e present study indicated that
CV-3 could alleviate AF cardiomyocytes apoptosis and improve cardiomyocytes viability, and N-decanoic acid and spathulenol
may be the key components of CV-3 in treatment of AF by regulating PTGS2. �is study provided the possible target PTGS2 and
the understanding of molecular mechanisms of CV-3 in treating AF.

1. Introduction

Atrial �brillation (AF) is a frequently encountered ar-
rhythmia disease with an increasing incidence based on
recent studies. In China, there are more than 4.87 million
patients with atrial �brillation over 35 years old, with a total
prevalence rate of 0.71%. People over 75 years of age have the
prevalence rate of nearly 3% [1]. �e main population of AF
in China is the elderly, and AF can cause cardiac insu£-
ciency and vascular embolism, with high fatality and dis-
ability rates, and serious harm to human health [2]. With the
arrival of an aging society in China, it is expected that the
number of patients and the total prevalence will increase

signi�cantly in the future [3–5]. In addition, AF can also
cause palpitations, fatigue, chest tightness, cognitive dys-
function, impaired exercise tolerance, and other common
clinical symptoms, which a�ect the quality of life of patients
[6, 7].

Western medicine’s treatment of atrial �brillation is
mainly classi�ed into drug and nondrug therapies [8]. �e
former includes heart rhythm control drugs (such as digi-
talis, beta blockers (esmolol, propranolol, and metoprolol),
calcium antagonists (Verapamil and diltiazem), sinus
rhythm maintenance drugs (such as propafenone), non-
antiarrhythmic drugs (such as RAAS inhibitors, anti-in-
§ammatory, and antioxidants), and anticoagulation therapy;
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nondrug treatments include catheter ablation, internal atrial
cardioversion defibrillator, pacemaker implantation, and
surgical maze [9–13]. Clinical practice has shown that an-
tiarrhythmic drugs have limited effect in maintaining sinus
rhythm and have relatively severe toxic side effects [14].
Although surgical treatment can cure AF, patients are not
highly accepted due to high treatment costs and high risks.
As the research on traditional Chinese medicine (TCM)
advances, increasing preparations of TCMhave been applied
for AF clinically. Meanwhile, the effectiveness and safety
have received widespread attention [15]. TCM produces
satisfactory effects in AF treatment, with few toxic and side
effects. AF patients benefit much in improving clinical signs
and symptoms as well as quality of life [16,17].

Mujiangzi oil (CV-3) is the volatile oil extracted from
Cinnamomum migao H.W.Li, which is one of the top ten
Miaomedicines in Guizhou, China [18]. As early as the 1960s,
scholars discovered that folks used CV-3 to treat chest pain,
chest tightness, and asthma and has achieved good effects. It
has been found in clinical research to improve arrhythmia and
slow down the heart rate. In addition, studies have found that
CV-3 has antiarrhythmic effects, can slow down the heart
rate, dilate coronary arteries, enhance myocardial blood
supply, and reduce myocardial oxygen consumption [19]. It
also reduces the expression of LTCC protein in atrial muscle
cells of AF rats to improve intracellular calcium ion overload
and so on, so as to play a therapeutic effect on AF [20].

In the present study, the possible active and key com-
ponents of CV-3 in treating AF was explored by employing
network pharmacology. It is expected to offer an insight into
the pharmacology mechanism of CV-3 in AF treatment and
clinical application.

2. Materials and Methods

2.1. Isolation and Culture of Primary Cardiomyocytes.
Animal procedures were performed in accordance with the
experimental animal use and management guidelines of the
Guizhou University of Traditional Chinese Medicine Ex-
perimental Animal Committee. Six 1 d neonatal SD rats were
supplied by Chongqing Ensiweier Biotechnology Co., Ltd.
+e heart of neonatal SD rats was opened and obtained and
placed in D-hank’s solution precooled at 4°C. After washing,
the left and right atriums were taken out and cut into pieces
of about 1mm3 in size. We need to transfer the chopped
cardiac tissue and digestion solution into a 15ml centrifuge
tube, and we then digest in water bath at 37°C for 10min.We
need to collect the supernatant, and complete Dulbecco’s
Modified Eagle Medium (DMEM, BasalMedia, China) was
added to terminate the digestion, and the digestion was
repeated 7-8 times. We need to filter to remove residual
tissue pieces, centrifuge at 1000 rpm for 8min for the re-
moval of the supernatant, add complete medium to resus-
pend the cells, and inoculate them in a 10 cm Petri dish.

Cardiomyocytes were cultured with DMEM+10% fetal
bovine serum (FBS, Hyclone, USA) + 1% penicillin/strep-
tomycin (P/S, Beyotime, China). Culture conditions were set
at 37°C, 95% air, and 5% carbon dioxide. +ese cells were

treated with CV-3 (93.75 µM) and verapamil (10 µM,
Solarbio, China) in the positive control group for 24 h.

2.2. Cardiomyocyte AF Model Preparation. Copper elec-
trodes were used at 0.3mm thickness, 15 cm length, 10 cm
width, and 10.0 cm electrode space. +e electrodes were
aligned in parallel and positioned using an insulator for
conduction prevention between both electrodes. When the
cells adhered to about 80% of the cells observed by an inverted
microscope, the culture plate was placed in an electric field in
37°C, 5% CO2 incubator, and stimulated with the BL-420
biological function experimental system. +e stimulation
frequency was 10Hz, and the intensity was 1.5V/cm for
continuous stimulation for 24 hours.

2.3. Cell Flow Cytometry. Primary neonatal rat car-
diomyocytes were plated in 6-well plates at 1× 105 cells/mL
of density, and the modeling process was performed, re-
spectively. After modeling, we collect the cell culture me-
dium and iron wall cells, centrifuge at 1 000 rpm for 5min,
remove the supernatant, harvest the cells, and resuspend the
cells in PBS with care and count them. We take 0.5∼1× 105
resuspended cells, centrifuge at 1000 rpm for 5min, and
abandon the supernatant followed by supplementing 195 μL
Annexin V-FITC-A (Beyotime, China) to resuspend the cells.
Another 5 μL Annexin V-FITC-A was added and mixed
gently. We need to incubate for 10min at room temperature
(20–25°C) away from light. We then centrifuge at 1000 rpm
for 5min, followed by the removal of the supernatant, and
190 μL Annexin V-FITC-A binding solution was added to
resuspend with care. Of 10 μL, PI staining solution was
supplemented and mixed gently for incubation on an ice bath
avoiding light. Finally, immediately proceed to flow cytom-
etry detection (CytoFLEX, USA).

2.4. 3-(4,5-Dimethylthiazol-2yl)-2,5-diphenyltetrazolium Bro-
mide #iazolyl Blue (MTT) Assay. Primary neonatal rat
cardiomyocytes were inoculated in 96-well plates at about
1× 105 cells/mL. Following 48 h, the cells were processed for
model construction. After modeling, we take out the 96-well
plate, aspirate the old culture medium, add CV-3 and ve-
rapamil to the experimental group, and culture for 24 h. +e
culture medium was discarded and added with 5mg/mL
MTT solution (Solarbio, China) for incubation for 4 h. We
terminate the culture, add 150 μL of dimethyl sulfoxide, and
place on a shaker to shake mildly for 10min.+e absorbance
of wells was measured at 490 nm in an enzyme-linked
immunosorbent meter.

2.5. Network Pharmacology. +e BATMAN-TCM (http://
bionet.ncpsb.org/batman-tcm/) platform and the TCMSP
(http://lsp.nwu.edu.cn/tcmsp.php) database were employed
to sort out active components and putative targets of CV-3.
We input “Atrial Fibrillation” as keywords in GeneCards
(https://www.genecards.org/), and AF-related targets were
collected. Overlapped targets were obtained after the pre-
dicted CV-3 and AF targets were uploaded to the SangerBox
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(http://sangerbox.com/). Subsequently, potential mecha-
nisms of CV-3 on AF were explored by constructing a
protein-protein interaction (PPI) network diagram using
STRING (https://string-db.org/). Cytoscape 3.6.1 was uti-
lized to plot a CV-3 compound-target network. GO analysis
and KEGG pathway enrichment were performed by import
the 24 core targets using adjusted P values. And, enrichment
analysis results were visualized ultimately.

2.6.MolecularDocking. +e 3D structure of N-decanoic acid
and spathulenol was initially obtained from the TCMSP
website. Meanwhile, the 3D structure of the key target
PTGS2 was collected from the Protein Data Bank (PDB,
http://www.rcsb.org/pdb). +e AutoDock 4.2.6 software was
adopted to add hydrogen to the receptor protein and for
charge treatment. Molecular docking was subsequently
carried out between the receptor protein and the ligand
small molecule by AutoDock Vina 1.1.2. Confirmation was
obtained by docking, and binding energy was scored. +e
best binding energy was obtained and analyzed. +e in-
terrelationship of receptor protein and the ligand was ul-
timately visualized using PyMOL software.

2.6.1. Preparation of Ligand. +e three-dimensional struc-
tures of ligands were obtained from TCMSP. +e mol2
format of ligands were transformed by using OpenBabel
3.1.1 and imported in AutoDuock Tools 1.5.7 to gain pdbqt
format ligands.

2.6.2. Preparation of Protein. +e 3D structure of the re-
ceptor PTGS2 was collected from PDB. PyMOL 2.5.2 was
used to remove water molecules. +e original ligand com-
bined with the receptor was deleted and subsequently ob-
tained docking box space coordinates by employing GetBox
Plugin. Hydrogens were added, and charges were neutral-
ized to the receptor and saved as pdbqt file.

2.7. Statistical Analysis. +e described experiments were
repeated three times independently, and all of the obtained
measurement data were presented as mean± standard de-
viation. Statistical analysis was conducted using the
GraphPad Prism 8.0.1 software. Multiple group comparison
applied one-way analysis of variance (ANOVA) and Tukey’s
post hoc tests.+e values of P less than 0.05 were considered.
+e difference was statistically significant.

3. Results

3.1. CV-3 Inhibits Cardiomyocytes Apoptosis and Improves
Cell Viability. We firstly detected the apoptosis and cell
viability of CV-3 in cardiomyocytes by flow cytometry and
MTTassay. As illustrated in Figures 1(a) and 1(b), compared
with control, cell apoptosis was perceivably elevated
(P< 0.01) in the model, while the cardiomyocytes apoptosis
in the cardiomyocyte AF model group could be remarkably
inhibited by incubating with CV-3 and verapamil (P< 0.01).
And, the comparable effect in inhibiting the cell apoptosis

was found in CV-3 and verapamil. Furthermore, we have
detected the cell viability of cardiomyocytes in each group.
+e control group was set as one hundred percent, as an-
alyzed, and cell viability was greatly decreased in the model
group versus the control group (P< 0.01). After CV-3 and
verapamil treatment, cell viability was effectively recovered.

3.2. Components and Potential Targets of CV-3. Active
components and targets of CV-3 were sorted out via
BATMAN-TCM and TCMSP databases. +ere were 5 active
components and 79 targets obtained. We subsequently
sorted out 3 185 AF disease target genes via retrieval of the
GeneCards database. +e drug targets and disease genes
presented 24 overlapped targets in the Venn diagram
(Figure 2(a)). We then plotted a diagram of a PPI network by
importing the obtained 24 overlapped targets into Cytoscape
and STRING (Figures 2(b) and 2(c)). As the illustration of
figures, PTGS2, ESR1, PGR, and PLG might act as key targets
of CV-3 in AF treatment as they had more edge connections
to nodes. We ultimately constructed a drug-compound-tar-
get-disease network using overlapped targets, active com-
ponents and corresponding targets of CV-3 (Figure 2(d)).
Among active compounds, N-decanoic acid and spathulenol
ranked at the top of degree centrality (DC) values which were
employed as potential key compounds of CV-3.

3.3. GO Analysis and KEGG Pathway Enrichment. To verify
biological responses following AF treatment using CV-3,
GO analysis of the 8 AF-related disease genes was conducted
via processes of BP, CC, and MF. BP analysis revealed that
related terms included oxidation-reduction process, positive
regulation of transcription from RNA polymerase II pro-
moter, and inflammatory response (Figure 3(a)). CC analysis
indicated that extracellular exosome and extracellular region
ranked at the top of gene ratio values (Figure 3(b)). MF
analysis suggested that most related terms were positive
regulation of steroid hormone receptor activity, enzyme
binding, and sequence-specific DNA binding (Figure 3(c)).
+e top 3 entries analyzed using KEGG pathway enrich-
ments are presented in Figure 3(d).

3.4.MolecularDockingAnalysis. An AutoDock software was
used to perform the docking studies of the potential two key
components of CV-3 and PTGS2 protein. +rough network
pharmacology analysis and literature review [21], we select
the top 2 chemical components of Chinese medicine re-
agents with the network topology attribute DC value of
N-decanoic acid, spathulenol, and key target gene PTGS2
(PDB ID: 5F1A) for molecular docking. +e results showed
that the binding energy of PTGS2 and N-decanoic acid is
−4.08 kcal/mol, and the binding energy of PTGS2 and
spathulenol is −7.09 kcal/mol. +e amino acid residues of
PTGS2 formed three hydrogen bond interactions and one
hydrogen bond interaction with N-decanoic acid and spa-
thulenol, respectively. Molecular docking results showed
that CV-3 might affect AF by regulating PTGS2 (Figures 4(a)
and 4(b)).
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4. Discussion

Arrhythmia is an important type of cardiovascular disease,
which can cause heart function damage and failure, increase
the risk of stroke, lead to disorders of the physiological
system, and even cause sudden cardiac death, which is a
serious threat to human life and health. AF is recognized as a
frequently encountered arrhythmia disease [22]. It has a high
incidence and serious complications. Long-term illnesses are
prone to complications such as heart failure and arterial
embolism, which also endanger human health [23, 24]. At

present, the clinical treatment of AF is not ideal. Radio-
frequency ablation is expensive, the recurrence rate is high,
the effective rate of chemotherapy is low, and most drugs
have obvious side effects. +erefore, research on the treat-
ment of AF has been attracting attention. In recent years,
TCM is considered to be a new way to treat AF, but there are
still few studies on its mechanism of action [15, 25].

TCM has a remarkable curative effect in antiarrhythmia
with few side effects.+ere are no reports of side effects, such
as arrhythmia, caused by Chinese patent medicines com-
monly used in clinical practice. +e severity of symptoms in
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Figure 1: Effect of CV-3 on the apoptosis and cell viability in cardiomyocytes. (a) CV-3 reduced apoptosis of cardiomyocytes. (b) +e cell
apoptosis diagram with statistical analysis. (c) +e cell viability diagram of cardiomyocytes. Multiple group comparison applied ANOVA
and Tukey’s post hoc tests. ∗∗P< 0.01 compared to the control group.
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AF patients is often affected by the ventricular rate [26].
Controlling the ventricular rate can improve the hemody-
namic status of heart failure. At the same time, it may also
improve the long-term prognosis by preventing or reversing
tachycardia cardiomyopathy. Studies have found that Chi-
nese medicine can control the ventricular rate and improve
symptoms [27]. In addition, studies have found that Chinese
medicine can improve atrial remodeling, reverse atrial
remodeling caused by AF, and improve prognosis [28, 29].

Cinnamomum migao H.W.Li mainly distributed in the
southwest of China, whose dried and mature fruit is one of
the top ten Miao medicines in Guizhou, is a plant fruit used
in medicine and food. It is a traditional medicinal material of
the Miao and Buyi nationalities and is often used to treat
abdominal distension, abdominal pain, chest tightness, and
vomiting [30]. CV-3 is the volatile oil extracted from it [18].
It has been used to treat arrhythmia in the folk. Modern
medical research has confirmed that it can improve ar-
rhythmia and slow heart rate. Studies have shown that the
drug can improve the ultrastructure of left ventricular
myocytes, inhibit cell apoptosis, inflammatory factors, and

slow down mitochondrial oxidative damage. However, in
contrast to extensive research on the efficacy of the drug, the
molecular mechanism of CV-3 is less studied, which may be
related to the multipathway, multitarget, and synergistic
characteristics of TCM. +ough CV-3 has a lot of research
on the clinical efficacy of TCM in AF treatment, its mul-
titarget, and multichannel mode of action, the study of its
pharmacological mechanism has always been a difficult
problem. At present, studies have shown that oxidative stress
response, regulation of ion channels in the body, regulation
of calcium homeostasis, and other links are the main
mechanisms of action of various AF drugs [31, 32]. TCM
compounds are characterized by multicomponent and
multi-target effects and can pass multiple simultaneous
intervention of AF in each link and have a certain effect on
stabilizing cell membrane potential, regulating intracellular
calcium overload, anti-inflammatory response, and oxida-
tive stress response [32, 33].

+erefore, this article conducts network pharmacology
research on CV-3 in the treatment of AF and speculates the
possible mechanism of therapeutic efficacy after Chinese
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Figure 2: +e active components and potential targets of CV-3 in AF treatment. (a) Overlapped targets of CV-3 and AF presented in the
Venn diagram. (b, c) Analysis of the 24 overlapped targets in a protein-protein interaction (PPI) network using STRING and Cytoscape,
respectively. (d) +e drug-compound-target-disease network of CV-3 in treating AF. Pink nodes represent the 5 components of CV-3,
yellow nodes represent key targets of AF, and red represents CV-3.
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medicine administration for AF treatment. +is article first
isolated and cultured cardiomyocytes from the heart of
neonatal rats and constructed an AFmodel of cardiomyocytes
bymeans to explore the effect of CV-3 on AF cardiomyocytes.
+e results indicated that the apoptosis of AF cardiomyocytes
increased significantly. After adding CV-3, the apoptosis was
significantly inhibited, and the ability to inhibit the apoptosis
was equivalent to verapamil. In addition, we tested the cell

survival rate of the cell control group, the model group, and
the drug group through the MTT experiment. Our experi-
mental results showed that CV-3 can improve the survival
rate of AF model cells, and its survival rate is comparable to
verapamil, suggesting that CV-3 has a better effect on im-
proving the survival rate of AF cells.

Subsequently, we use network pharmacology to query
CV-3 and AF targets through the database, perform PPI

xenobiotic metabolic process

calcium ion transport

cellular oxidant detoxification

response to glucocorticoid

regulation of blood pressure

regulation of inflammatory response

fatty acid metabolic process

positive regulation of nitric oxide biosynthetic process

receptor internalization

intracellular receptor signaling pathway

positive regulation of vasoconstriction

regulation of heart contraction

positive regulation of smooth muscle contraction

response to food

decidualization

osteoblast development

response to fatty acid

prostaglandin biosynthetic process

lipid metabolic process

negative regulation of transcription from RNA polymerase II promoter

cyclooxygenase pathway

inflammatory response

positive regulation of transcription from RNA polymerase II promoter

prostate epithelial cord elongation

mammary gland branching involved in pregnancy

response to insulin

negative regulation of cell proliferation

oxidation−reduction process

response to drug

androgen metabolic process

transcription initiation from RNA polymerase II promoter

steroid hormone mediated signaling pathway

0.000 0.025 0.050 0.075 0.100

P value

Gene count
2
3
4
5
6

0.10

0.15

0.20

0.25
Gene ratio

(a)

extracellular exosome

cell surface

extracellular space

extracellular region

organelle membrane

endoplasmic reticulum membrane

0.01 0.02 0.03 0.04 0.05
P value

0.15

0.20

0.25

0.30

Gene ratio

Gene count

3

4

5

6

7

8

(b)

drug binding

ATPase binding

RNA polymerase II core promoter proximal region sequence−specific DNA binding

monooxygenase activity

oxidoreductase activity, acting on paired donors, with incorporation or reduction of molecular oxygen

oxygen binding

RNA polymerase II transcription factor activity, ligand−activated sequence−specific DNA binding

transcriptional activator activity, RNA polymerase II core promoter proximal region sequence−specific binding

transcription factor activity, sequence−specific DNA binding

steroid hydroxylase activity

peroxidase activity

zinc ion binding

lipid binding

thyroid hormone binding

sequence−specific DNA binding

prostaglandin−endoperoxide synthase activity

enzyme binding

heme binding

steroid binding

steroid hormone receptor activity

0.000 0.025 0.050 0.075 0.100

P value

Gene count
2
3
4
5
6

0.10

0.15

0.20

0.25
Gene ratio

(c)

CHRM2
**

GABBR1

**

PLG
**

TBXA
2R

**

TH
RB **

CYP2
C19

*
*

PTGS1

*
*

PTGS2

* *

Term

Arachidonic acid metabolism

Serotonergic synapse

Neuroactive ligand−receptor interaction

(d)

Figure 3: GO analysis and KEGG pathway enrichment of CV-3 candidate targets against AF. (a) Analysis of target GO terms in biological
processes, (b) cellular components, and (c) molecular functions. (d) Circle of candidate targets by KEGG pathway enrichment. Percentage of
gene count enriched in the GO term of the 8 key targets, gene ratio magnitude is represented in green and red. +e gene count is indicated
using the circle size meaning the number of genes enriched in the GO term.+e outermost circle on the right represents names of signaling
pathways, and genes are on the left. +e left inner circle represents the significance of p values of genes corresponding to pathways.
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analysis on intersection genes, and find node genes that exert
a pivotal role in the network through interaction relation-
ships. +e results showed that the possible core components
of CV-3 are N-decanoic acid and spathulenol, and its po-
tential disease targets may be PTGS2, ESR1, PGR, and PLG.
PTGS2 can be induced to normally produce prostaglandins
that regulate responses to physiological stress including in-
fection and inflammation [34, 35]. ESR1 is found to be as-
sociated with lone AF [36]. Further analysis of GO and
KEGG, the enrichment results show that the relevant path-
ways of CV-3 in the treatment of AF include the oxidation-
reduction process and inflammatory response, which con-
tribute to further elucidation of the mechanism of action of
CV-3. Growing evidence have suggested that inflammatory
and oxidative mechanisms involve the promotion of AF and
that some inflammatory pathways may contribute to AF
[33–37]. +e core components, N-decanoic acid, spathulenol,
and PTGS2 with the largest number of nodes, were selected
for molecular docking analysis. Molecular docking results
revealed that binding energy between both molecules and

protein was −4.08 and −7.09 kcal/mol, respectively, forming
three hydrogen bonds and one hydrogen bond with the
protein residues. +ese results indicate that N-decanoic acid
and spathulenol may be the active components of CV-3. +e
oxidation-reduction and inflammatory response may be es-
sential in treating AF by CV-3 and are related to the protein
function of PTGS2.

5. Conclusion

+e present work explored the efficacy of CV-3 against AF
using a cardiomyocyte AF model on a network pharma-
cology approach. Taken together, the findings in present
research revealed that CV-3 might act as a role in regulating
the oxidation-reduction process, inflammatory response and
cell apoptosis, and arachidonic acid metabolism has the
likelihood of contributing to treating AF. PTGS2, ESR1,
PGR, and PLG may be the key target gene of CV-3 in the
treatment of AF. N-decanoic acid and spathulenol as active
ingredients of CV-3 were of great significance in AF
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hydrogen bonds

hydrogen
bondsresidues

residues
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PTGS2

PTGS2

hydrogen bonds

hydrogen bonds

Spathuleno
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Figure 4: Molecular docking analysis between the two key components of CV-3 and PTGS2. (a) Docking studies of human PTGS2 with
N-decanoic acid and (b) spathulenol. Protein structures are shown as cyan cartoon and molecules as green sticks. Residues involved in
hydrogen bonding interaction (yellow dash lines) have been shown in stick (purple).

Evidence-Based Complementary and Alternative Medicine 7



treatment by targeting PTGS2. Taken together, CV-3 could
be introduced as a multicomponent, multitarget, and
multipathway therapy for AF, which provided a potential
drug and effective targets against AF.
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Postmenopausal osteoporosis is a metabolic disease caused by an imbalance between osteoclasts and osteoblasts. At present, the
drug strategy for treating postmenopausal osteoporosis has some limitations and is unable to satisfy the demands of patients.
Phillyrin (Phil) is an herbal extract from Forsythiae Fructus, with an inhibitory e�ect on osteolysis. In this study, we described the
role of Phil in ovariectomy-induced osteoporosis and its e�ect on osteoclast di�erentiation in vitro. Eighteen female C57BL/6mice
were randomly divided into three groups: sham group (sham surgery and injection with 0.9% normal saline), ovariectomized
group (ovariectomy and injection with 0.9% normal saline), and Phil group (ovariectomy and injecting Phil with 100mg/kg for 2
days). Mice were sacri�ced after 6-week Phil administration and femurs were harvested for microcomputed tomography (micro-
CT) and histomorphology analyses. In vitro, we used di�erent concentrations of Phil to study its e�ect on osteoclastogenesis. �e
results showed that the BV/TV, Tb.�, and Tb.N in trabecular bone were increased in the Phil group compared with the OVX
group, and the trabecular bone mass was remarkably decreased in the OVX group compared with the sham group.�e number of
osteoclasts was increased in the OVX group compared to the sham group, and the number and area of osteoclasts were decreased
in the Phil group compared to the control group. Compared with the OVX group, the number and area of osteoclasts were reduced
in the Phil group. In conclusion, Phil could inhibit the formation of osteoclasts, promote the growth of bone trabecular, and relieve
osteoporosis caused by ovariectomy, with a certain clinical adoption value.

1. Introduction

Osteoporosis is a metabolic bone disease by the increased
risk of fragility fractures [1], which is a major health problem
worldwide. Presently, there are 10 million patients with
osteoporosis in the United States and 27.6 million in Europe.
In China, 11.7% of patients su�er from osteoporosis, most of
whom are postmenopausal women and the elderly [2].
Osteoporosis can cause pain in the waist and lower back,
which results in shortened body length and hunchback. It
can even cause fractures, limb dysfunction, and death [3].
Osteoporosis not only leads to low quality of life [4] but also
brings a heavy �nancial burden to patients and their families
[5]. It is estimated that the annual expenditure of treating
fragile osteoporotic fractures in the US by 2025 will increase
by $25 billion [6] and that in China will be as high as 132

billion Yuan by 2035. �erefore, the prevention and treat-
ment of osteoporosis are of great signi�cance [7].

Currently, drugs used for the treatment of osteoporosis
have their disadvantages and side e�ects to varying degrees.
For example, the long-term application of menopausal
hormone therapy drugs may cause cardiocerebral vascular
events, thrombosis, endometrial cancer, and breast cancer
[8]. �e long-term use of bisphosphonates may lead to
complications, such as mandibular necrosis [9]. Salmon
calcitonin can increase the risk of tumors; however, its
continuous use generally does not exceed 3 months [10, 11].
Selective estrogen receptor modulators, such as raloxifene,
may also cause cardiovascular and cerebrovascular accidents
as well as venous thrombosis [12]. Teriparatide has limita-
tions of high cost, long duration of treatment, and late drug
requirement [13]. Strontium ranelate may cause serious
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adverse cardiovascular and cerebrovascular reactions, in-
cluding drug eruptions with eosinophilia and systemic
symptoms [14, 15]. -erefore, a drug with fewer side effects
is expected to inhibit osteoclast differentiation and improve
osteogenesis. Forsythiae Fructus, a Chinese herbal medicine,
was proposed.

Forsythiae Fructus is a commonly used herb in tradi-
tional Chinese medicine. It has a substantial curative effect
on the treatment of fever, carbuncle, gonorrhea, inflam-
mation, and erysipelas [16]. Phillyrin (Phil) is a lignan
extracted from the dried fruit of Forsythiae Fructus, which
has several pharmacological effects. It includes anti-
oxidation, antiobesity, antivirus, anti-inflammation, and
antipyretic effects. Besides, Phil’s melting point is between
184°C and 185°C, and it is the crystalline powder [17, 18].
According to the clinical study, Phil has an inhibitory effect
on osteolysis of lipopolysaccharide (LPS) rat skulls [19].
However, there are few clinically relevant studies.

To further explore whether Phil could affect osteolysis
and alleviate or treat osteoporosis, Phil was adopted on the
ovariectomized (OVX) mice to evaluate the changes of bone
mineral density in the mice, thus exploring the role of Phil in
OVX-induced osteoporosis. It was hoped to provide effective
treatment methods for patients with osteoporosis clinically.

2. Materials and Methods

2.1.Animal andGrouping. Eighteen healthy female C57BL/6
mice (10 weeks old and weighing approximately 20 g) were
obtained from Slac Laboratory Animal (Shanghai, China).
Mice were raised under specific pathogen-free conditions
(20–25°C, 60% humidity, 12/12 h light/dark) and given free
access to water and food. -e animal experiments were
approved by the Animal Care and Use Committee of
Zhejiang University following the Guide for the Care and
Use of Laboratory Animals published by the United States
National Institutes of Health (NIH).

Mice were randomly divided into three groups: sham
group (n� 6; sham operation with 0.9% normal saline (NS)),
OVX group (n� 6; OVX mice administered with 0.9% NS),
and Phil group (n� 6; OVX mice administered with Phil
(Changsha Heking Biotechnology Co., Ltd., China) at a dose
of 100mg/kg every other day).

2.2. Surgical Procedure. Animals were anesthetized with an
intraperitoneal injection of 5mg/kg pentobarbital sodium
(Sigma-Aldrich, Saint Louis, MO, USA) and fixed on the
operating table in a prone position. An incision was made
over the bilateral scapular line of the spine near the lower
edge of the ribs under aseptic conditions to expose the
retroperitoneal tissue. -en, the deep pink granulous
ovarian tissue was detected on both sides, the fallopian tubes
and distal ovarian vessels were ligated, and the ovaries were
removed. After cleaning the wound, the muscle, fascial
layers, and skin were closed. Finally, buprenorphine was
injected to reduce pain, and the mice were placed in the
prone or lateral position in a breeding box to allow for
recovery. For the sham controls, the incision was closed after

the aforementioned procedures without any further inter-
vention. Simultaneously, the experimental groups received
intraperitoneal Phil (Aladdin, Los Angeles, CA, USA) every
other day from day 3 after the operation. Mice were sac-
rificed after 6 weeks, and femurs were fixed with 4%
paraformaldehyde (BOSTER, Wuhan, China) and then
stored at 4°C with 70% ethanol until use.

2.3. Microcomputed Tomography (Micro-CT) Scanning.
-e femurs of mice in the three groups were scanned by
using the ScancoμCT100 scanner (Scanco Medical AG,
Bassersdorf, Switzerland). -e scan parameters were as
follows.-e X-ray energy was set to −70 kV and 200mA, the
exposure time was −300ms, and the region of interest was
set to 10 μm around the metaphysis of the talus. According
to the two-dimension data, the cone-beam reconstruction
software (SkyScan) was adopted to reconstruct CT images
into three-dimensional images. From the three-dimensional
images, the ratio of bone volume to tissue volume (BV/TV),
the structural model index, trabecular number (Tb.N),
trabecular thickness (Tb.-), and trabecular separation
(Tb.Sp) were measured and analyzed.

2.4. Histological Analysis. For histological processing, right
femurs (n� 6/group) were subjected to decalcification in
10% ethylenediaminetetraacetic acid (EDTA) for 21 days
and then embedded in paraffin. -e samples were sectioned,
mounted on glass slides, deparaffinized in dimethyl benzene,
dealkylated in xylene, soaked in alcohol with a reduced
concentration gradient, and finally immersed in distilled
water for staining experiment. Sections were subjected to
tartrate-resistant acid phosphatase (TRAP) (Sigma-Aldrich,
Saint Louis, MO, USA) and hematoxylin and eosin (H&E)
(Sigma-Aldrich, Saint Louis, MO, USA) staining following
the manufacturer’s protocol and then imaged under a light
microscope (Olympus BX51, Tokyo, Japan). -e histo-
morphometric parameters, including trabecular BV/TV, the
number of TRAP+ osteoclasts normalized to the bone area,
the percentage of osteoclast surface per bone surface (OcS/
BS, %), and the number of osteoclasts per unit bone pe-
rimeter (N.Oc/BS, mm), were calculated using the ImageJ
software (NIH, Bethesda, MD, USA).

2.5. In Vitro Osteoclast Differentiation. Primary bone mar-
row monocytes were isolated and cultured in a complete
medium (alpha-modification of Eagle’s medium supple-
mented with 10% fetal bovine serum (Gibco-BRL, Sydney,
Australia), 1% Penicillin-Streptomycin Liquid (KeyGEN,
Nanjing, China)) with 25 ng/mL macrophage colony-stim-
ulating factor (M-CSF) (R&D systems, Minneapolis, MN,
USA) at 5% CO2 and 37°C until macrophages formed.
Macrophages were inoculated into the osteoclastogenic
medium at a density of 8×103 cells/well in 96-well plates to
induce osteoclast differentiation (complete medium sup-
plemented with 25 ng/mL M-CSF and 25 ng/mL receptor
activator for nuclear factor-κ B ligand (RANKL)) (R&D
systems, Minneapolis, MN, USA) and were treated with
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di�erent doses of Phil (5 and 10 μM). Media were replaced
every other day. After 4 days, the cells were �xed in 2.5%
glutaraldehyde for 30min and stained with a TRAP Staining
Kit following the manufacturer’s guidelines. �e number of
TRAP-stained cells having no less than �ve nuclei was
counted using a light microscope, and the area of the cells
was measured.

2.6. Statistical Analysis. All the data are presented as the
mean± SD of at least three independent tests. Statistical
analysis was performed using one-way analysis of variance
and followed by Tukey’s post hoc analysis. Statistical sig-
ni�cance was established at P< 0.05.

3. Results

3.1. Phil Prevented OVX-Induced Bone Loss in Trabecular
Bone. To study the role of Phil in preventing bone loss, a
murine model of OVX-induced osteoporosis was established
and treated with Phil. After a 6-week treatment, the proximal
femurs were scanned using micro-CT.�e results are shown
in Figure 1. Compared with that of the sham group, the

trabecular bone mass decreased in OVX groups. Moreover,
this change was reversed in the drug-administered group.
We observed an increase in the BV/TV, Tb.�, and Tb.N in
the trabecular bone of the Phil -treated group, compared
with that of the OVX group.

To further verify the protective functions of Phil against
trabecular bone loss, the right femurs were decalci�ed and
assessed by histomorphology. H&E staining (Figure 2)
showed that the femoral trabecular mass in the OVX group
was observably reduced, compared with that in the sham
operation group; whereas, the mitigative e�ect could be
observed in the Phil-treated groups, which was consistent
with the micro-CT scan.

3.2. Phil Inhibited Osteoclastogenesis In Vivo. Considering
the important role that osteoclasts play in osteolysis, we
evaluated whether Phil exerted an inhibitory e�ect on
osteoclastogenesis in vivo. Figure 3 illustrates that compared
with that in the sham group, an increased number of os-
teoclasts was found in the OVX group. Phil injection sig-
ni�cantly reduced the OVX-induced increase in the number
and size of osteoclasts.
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Figure 1: Phillyrin (Phil) prevented ovariectomized (OVX)-induced bone loss in trabecular bone. (a) Reconstruction of representative 3D
microcomputed tomography (micro-CT) images of proximal femurs trabecular bone in each group. Scale bar� 2mm, 500 μm, and 1mm.
(b–e)�e BV/TV, Tb.N, Tb.Sp, and Tb.� values of the micro-CTdata were analyzed from each sample. All values represent the mean± SD
(n� 6). ∗P< 0.05 and ∗∗P< 0.01 vs. the Sham group. #P< 0.05 and ##P< 0.01 vs. the OVX group. BV/TV, bone volume to tissue volume
ratio; Tb.N, number of trabeculae; Tb.�, trabecular thickness; Tb.Sp, trabecular separation.
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OcS/BS, percentage of osteoclast surface per bone sur-
face; N.Oc/BS, number of osteoclasts per unit bone
circumference.

3.3. Phil Attenuated Osteoclast Di�erentiation In Vitro.
To examine whether Phil has an attenuation e�ect on os-
teoclast di�erentiation, primary bone marrow monocytes
were isolated and investigated in vitro. In Figure 4, the
number and area of osteoclasts were reduced in the Phil
group compared with the OVX group. Moreover, at higher
doses of Phil, less number of osteoclasts was observed. �ese
results demonstrated that Phil attenuated osteoclast di�er-
entiation in a dose-dependent manner in vitro.

4. Discussion

Osteoporosis, which a�ects millions of people worldwide, is
an enormous and growing public health challenge. Cur-
rently, many drugs and methods for the clinical treatment of
osteoporosis are available, such as estrogen replacement
therapy and bisphosphonates. However, the lack of clinical
evidence supporting their long-term therapeutic e�ect and
the possibility of adverse reactions keep many patients, who
may pro�t from these drug therapies, from taking the drugs
[20]. In this study, we proved that Phil protects against bone
loss caused by estrogen de�ciency by inhibiting the di�er-
entiation of osteoclasts.�erefore, we believe that Philmight
be a potential drug for the treatment of osteoporosis.
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Figure 2: Phillyrin (Phil) prevented ovariectomized OVX-induced bone loss in vivo. (a) Histomorphological analysis was performed by
hematoxylin and eosin (H&E) staining. Scale bar� 500 and 200 μm. (b) �e bone volume to tissue volume ratio (BV/TV) of histo-
morphological sections was measured and quanti�ed. All values represent the mean± SD (n� 6). ∗P< 0.05 and ∗∗P< 0.01 vs. the Sham
group. #P< 0.05 and ##P< 0.01 vs. the OVX group.
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Figure 3: Phillyrin (Phil) inhibited osteoclastogenesis in vivo. (a) Tartrate-resistant acid phosphatase (TRAP) staining was performed on
decalci�ed parts of distal femurs. Scale bar� 50 μm. (b, c) �e OcS/BS and N.Oc/BS values were measured with TRAP-stained sections. All
values represent the mean± SD (n� 6). ∗P< 0.05 and ∗∗P< 0.01 vs. the Sham group. #P< 0.05 and ##P< 0.01 vs. the OVX group.
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Animal models for osteoporosis include disuse osteo-
porosis, glucocorticoid-induced osteoporosis, and post-
menopausal osteoporosis [21]. An OVX animal is a typical
experimental model of postmenopausal osteoporosis caused
by estrogen de�ciency in which the mice model mimics
humans in terms of estrogen de�ciency-induced postmen-
opausal osteoporosis. �erefore, the model is widely used to
evaluate and develop new drugs for postmenopausal oste-
oporosis [22]. Previous studies have shown that osteoporosis
in mice due to estrogen de�ciency is always accompanied by
weight gain and uterine weight loss [23]. �is phenomenon
was also observed in our experiment, which indicates that
the OVX surgery was e�ective and that the model was
successfully established.

F. suspensa (�unb.) Vahl (Oleaceae) is a traditional
herbal medicine that has been widely employed for the
clinical treatment of several infectious diseases [24]. Fur-
thermore, it is widely applied in the food and cosmetic
industries as a component of our daily lives [25, 26].
Moreover, previous experimental studies have reported the
therapeutic e�ect of Phil in certain diseases. For example,
Phil can be developed as a therapeutic agent to treat in-
±uenza A virus infection [27], improve glucose and lipid
metabolism abnormalities in obese patients [28], and play a
protective role in LPS-induced osteolysis [19]. In our study,
both micro-CT and H&E staining results showed that the
bone mass was decreased, and the number of osteoclasts was
increased in the TRAP-stained histological sections from the
OVX groups. After the drug intervention, a dose-dependent
preventive e�ect was found. Micro-CT and H&E staining
results showed that the dose (100mg/kg for 2 days) in the
experiment signi�cantly inhibited the bone loss in the OVX

groups. Simultaneously, TRAP staining showed that a de-
creased number of osteoclasts in the OVX groups.Moreover,
in vitro experiments demonstrated that the application of
this drug could suppress the di�erentiation of osteoclasts in
a concentration-dependent manner. �erefore, our results
suggested that Phil could attenuate OVX-induced bone loss
in vivo and osteoclast di�erentiation in vitro in a concen-
tration-dependent manner.

In summary, this study indicates that Phil inhibits OVX-
induced osteolysis by inhibiting osteoclast di�erentiation.
Our results demonstrated that Phil might be a novel and
e�ective anti-osteoporosis agent.

5. Conclusion

Phil was applied for the ovariectomized (OVX) mice to
evaluate changes in bone mineral density and explore the
role of Phil in osteoporosis induced by OVX. �e results
showed that Phil was helpful to inhibit the formation of
osteoclasts, promote the growth of bone trabecular, and
relieve osteoporosis caused by ovariectomy, with the
value of clinical adoption. However, this experiment uses
animal models as the research objects, so it needs to be
further explored in the clinic before the clinical
adoption. Furthermore, through this experiment, Phil can
e�ectively inhibit bone loss, with good development
prospects.

Data Availability

�e data used to support the �ndings of this study are
available from the corresponding author upon request.
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Figure 4: Phillyrin (Phil) attenuated osteoclast di�erentiation in vitro. (a) Representative tartrate-resistant acid phosphatase (TRAP)
staining images from bone marrowmacrophages (BMMs) treated with dimethyl sulfoxide (DMSO) or di�erent doses of Phil in the presence
of receptor activator for nuclear factor-κ B ligand (RANKL) and macrophage colony-stimulating factor (M-CSF) for 4 days. Scale
bar� 200 μm. (b, c) �e area of TRAP-positive multinuclear osteoclasts were measured and the number was quanti�ed (≥3 nuclei) in each
well of the 96-well plate. All values represent the mean± SD. ∗P< 0.05 and ∗∗P< 0.01.
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Moroccan folk healers use medicinal plants to treat several diseases including skin burns. �e traditional knowledge of wound
healing is not common among the general population. Only one ethnobotanical survey was carried out in Rabat, Morocco, to track
the traditional use of medicinal plants in wound healing. �erefore, our report aimed to study the medicinal plants used in Taza
region to treat wound healing. In total, 218 individuals participated in this survey. More than 40 medicinal plants belonging to 30
botanical families were cited as anti-burn remedies. �e most commonly used medicinal plants were Agave sisalana L., Nerium
oleander L., Tetraclinis articulata Benth., Lawsonia inermis L.,Artemisia herba-albaAsso., and Trigonella foenum-graecum L. Most
of the used medicinal plants belong to Asteraceae family. Comparing our results with the previous survey, we noted that twelve
plants were reported for the �rst time as wound healing agents. �e ethnomedicinal use showed that plants leaves are the most
commonly used parts. Pulverization was the selected method of preparation.�e direct application of powder to the burns was the
most common way of treatment. Our study revealed, for the �rst time, the importance of medicinal plants to treat skin burns in
Taza region. Our results could be considered as the stepping stone for creating a database of wound healing medicinal plants to
promote scienti�c studies on these plants revealing their constituents and side e�ects.
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1. Introduction

(e skin is the largest organ in the body and provides many
important functions including organ protection, percuta-
neous absorption, maintenance of body shape, fluid con-
servation, temperature control, and sensory and disease
control [1]. Skin diseases are a major health problem
worldwide. Skin burns are among the most common skin
traumas in all age groups. Burns are defined as the partial or
total destruction of the skin covering or underlying tissue by
a thermal, electrical, or chemical agent or by ionizing ra-
diation [2]. Most burn treatments start with a topical ap-
plication of a soothing, protective, and anti-infective
medication to prevent infection [3]. Since Antiquity, many
plants were used by indigenous peoples in different regions
of the world for the treatment of wounds and burns. Usually,
ointments formulated from different medicinal plants have
been used as curative agents due to their widespread di-
versity of medicinal ingredients such as terpenoids, tannins,
alkaloids, flavonoids, essential oils, phenolic compounds,
saponins, and fatty acids which exhibit abundant pharma-
cological potential like anticancer, antidiabetic, and anti-
microbial effects as well as cosmetic properties [4–7].
Besides, it has been discovered currently that some bioactive
constituents improve the curative progression of burns
[8–10].(ese phytoconstituents are not only inexpensive but
also harmless. (e occurrence of many life-supporting
phytoconstituents in plants has prompted scientists to sci-
entifically evaluate these plants for potential wound healing
properties [11]. (e development of natural resources is a
goal that is becoming more and more important in many
countries. Medicinal plants are used for treatment purposes
of infections. (ese plants are subsidized as a foundation of
stimulation for new beneficial phytoconstituents as well as
color, flavor, and taste of food [12–17]. (e WHO indorses
the assessment of the efficacy and of plant-based medica-
tions to standardize their usage and integrate them into
conventional healthcare systems [18]. Traditional medicinal
practices differ greatly from country to country and region to
region. (ey are influenced by many factors including
culture, history, generational anecdotes, and local healers’
philosophies. According to the WHO, nearly 80% of the
developing countries’ population use traditional medicine as
the primary source of therapy [18]. In Morocco, medicinal
plants inhabit a significant room in medicinal systems and
play an important part in the national economy [19], and
numerous investigations showed recently remarkable results
for future pharmaceutical applications [20–25]. Morocco is
one of the Mediterranean countries with a long tradition of
cultivating and using medicinal plants. In the northeastern
part of Morocco, the use of traditional medicine is wide-
spread, and several herbal remedies used individually or in
combination with other agents are recommended for the
treatment of burns. Despite the widespread use of medicinal
plants, the scientific categorization of the local knowledge
describing how to prescribe these plants is threatened with
loss.(e knowledge is usually transferred from generation to
generation verbally, which affects the accuracy and spread of

information in local populations. One scientific approach to
tackle this problem is to conduct surveys among certain
populations and collect as much data as possible. (ese data
are then categorized, analyzed, compared, scrutinized, and
presented to the scientific and local communities in a clear
reliable format to be preserved in a proper way for future
generations. (e widespread use of medicinal plants to treat
skin burns in Morocco encouraged us to conduct surveys
among local populations to understand and preserve local
practices. After searching the literature, we found no eth-
nopharmacological surveys conducted on the use of me-
dicinal plants for the treatment of skin burns in the northeast
part of Morocco [26]. (e purpose of this study was to
record and summarize the traditional practices of using
medicinal plants in the treatment of burns in the region of
Taza. (e results of this survey will guide scientists in their
future pharmacological and clinical work aiming to provide
scientific evidence on the use of certain medicinal plants to
treat skin burns.

2. Materials and Methods

2.1. Description of the StudyArea. (is study was carried out
in the province of Taza. (is city is administratively part of
the Region of Fes-Meknes. Taza is a town located in the
northeast of Morocco in the Taza corridor, a mountain pass
where the Rif and Middle Atlas Mountains meet. (e city is
the capital of its province. It is located 220 km west of Oujda
and 316 km east of Rabat (Figure 1). (is city covers an area
of 37 km2 with a population of 152,678 inhabitants in 2020.
(is city was selected because we observed the widespread
use of medicinal plants to treat wound healing. Moreover, no
ethnopharmacological study was conducted in this region to
collect information about the use of medicinal plants in
wound healing.

2.2. Collection of Data. (e study was carried out from
January 2021 to April 2021. Ethnobotanical knowledge was
obtained through semi-assembled discussions. Interviews
were carried out, and plant names in local dialect were
recorded when cited. A total of 218 participants were
interviewed for this survey (Table 1). (e interviews were
planned to register data about plants used for healing
purposes of skin burns and their homegrown names,
methods of preparation, parts of the plant used, drug
management, and demographic characteristics of the study
participants (Table 1).

3. Results and Discussion

3.1. Sociodemographic Characteristics of Herbalists.
Ethnobotanical surveys require questioning herbalists, tra-
ditional healers, and/or people with long experience in
medicinal plants. (e data obtained from questionnaires
highlight the sociodemographic characteristics of herbalists
and traditional healers. In this work, the number of par-
ticipants was 218 individuals practicing traditional medicine
in Taza. (e age of these traditional practitioners ranged
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between 30 and 90 years with a high rate for the age group of
50 and 70 years (Table 1). It was also noted that women
actively participated in this survey (83.49%) compared with
men (16.51%).(is is in line with previous studies carried out
in Morocco, where women were more interested in tradi-
tional medicine [27, 28]. Unfortunately, most participants did
not have formal education (75.69%). However, only 16.97%
have primary level, 5.5% have secondary level, and 1.83% have
university level education. Most participants declared that

their knowledge was inherited from older family members
(92.66%), while 7.34% acquired their knowledge from tra-
ditional practices (traditional initiation). (e transmission of
this traditional knowledge was carried out exclusively by
families, and this can lead to the disappearance of certain
information (plants not yet known) because new generations
became less interested in traditional knowledge.

3.2. <e Diversity of Medicinal Plants Used to Treat Burns.
(e survey revealed the importance of medicinal plants in
treating burns. As listed in Table 2, [47] medicinal plants were
used to treat burns. (ese species belong to 30 different
botanical families. Different species were recognized by their
vernacular names, which showed the diversity of the regional
language, and the information was collected by analyzing and
categorizing the location of the population. In our previous
work, we showed that the region of Taza is rich in medicinal
plants such as Agave sisalana L., Nerium oleander L., Tet-
raclinis articulata Benth., Lawsonia inermis L., Artemisia
herba-alba Asso., and Trigonella foenum-graecum L. which
are used not only for skin burns but also for other pathologies
such as diabetes and diseases related to the digestive system
[27]. Despite the richness of Taza with medicinal plants, a
comparison of the diversity of medicinal plants between Taza
and other regions was never conducted. Only Salhi et al. [3]
carried out a study including six cities in the Rabat region
(Rabat, Sale, Temara, Skhirat, Khemisset, and Tiflet). In the
study of Salhi et al. [3], thirty-six species belonging to 35
genera and 23 botanical families were identified.

3.3. Medicinal Plants Previously Reported for Dermatology
Uses. (e only work that was reported on the anti-burn
properties of Moroccan medicinal plants was that of [3] in

Figure 1: Map of the study area.

Table 1: Sociodemographic characteristics and experience of
herbalists.

Characteristics Number of informants
(n)

Frequency
(%)

Age (years)
30–50 65 29.81
50–70 91 41.74
70–90 62 28.44

Total 218 100
Gender
Male 36 16.51
Female 182 83.49

Total 218 100
Education
None 165 75.69
Primary 37 16.97
Secondary 12 5.50
University 4 1.83

Total 218 100
Origin of knowledge
Family heritage 202 92.66
Traditional
initiation 16 7.34

Total 218 100
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Table 2: Medicinal plants used to treat skin burns.

Family name Plant species
[voucher no.]

Vernacular
name

Parts
used

Method of
preparation and

application
FC Recorded literature for

ethnomedicinal uses in Morocco

Recorded literature for
ethnomedicinal uses

worldwide

Agavaceae Agave sisalana
L. [RAB1371] Sabra Mucilage

(e mucilaginous
extract of the fresh
leaves is applied as a
poultice on burns.

0.98 Skin diseases [29] and eczema [30] ND

Amaryllidaceae Narcissus poeticus
[RAB1371] Narjis Flowers

(e flower powder is
mixed with olive oil
and applied as a
poultice on burns.

0.44 ND ND

Anacardiaceae Pistacia atlantica
Desf. [RAB1372] Drou Barks (e bark powder is

sprinkled on burns. 0.61

Diabetes [31, 32], allergy, digestive
ailments, cardiovascular diseases,
diabetes [33], digestive ailments,
respiratory ailments, urogenital

affections [34, 35], abdominal colic
[36], obesity, and hair care [37]

ND

Apiaceae

Ammi visnaga
L. [RAB12423] Bachnikha Fruits

(e powder of the
fruits is sprinkled on

burns.
0.38 ND ND

Daucus carota
L. [RAB109243] Khizzu Roots

(e juice extracted
from the roots is used
as a compress to clean

burns.

0.22
Diabetes [32, 38], stomach disorders
[29], helminthiasis [39], urinary

infections [40, 41], and burns [3, 30]

Burns, skin toner [42],
eczema [43]

Apocynaceae Nerium oleander
L. [RAB18820] Defla Leaves (e powder of leaves

is sprinkled on burns. 0.87 ND ND

Aristolochiaceae
Aristolochia
paucinervis
[RAB18821]

Baraztam Leaves

(e leaf powder is
mixed with olive oil
and applied as a
poultice on burns.

0.54
Urogenital affections [34],

dermatological and digestive
ailments, and rheumatology [44]

ND

Asteraceae

Artemisia herba-
alba Asso.,

[RAB109244]
Chih Leaves

(e leaf powder is
mixed with honey and
applied as a poultice

on burns.

0.71 ND ND

Insula viscosa (L.)
Ait. [RAB109244] Terklan Roots (e powder of roots is

sprinkled on burns. 0.11 Diabetes, digestive system, cancer,
and skin diseases [29] ND

Conyza canadensis
L. [RAB109244] Elatassa Leaves

(e leaf powder is
mixed with olive oil
and applied as a
poultice on burns.

0.19 Skin diseases [29] ND

Cynara humilis
[RAB79161] Timta Roots (e powder of roots is

sprinkled on burns. 0.12 Burns [36] ND

Atractylis resinifera
L. [RAB79162] Addad Roots

(e root powder is
mixed with olive oil
and applied as a
poultice on burns.

0.27 Skin abscesses and warts [30, 39] ND

Calendula arvensis
L. [RAB14312] Zwiwl Flowers

(e flower powder is
mixed with olive oil
and applied as a
poultice on burns.

0.18 ND ND

Dittrichia viscosa
(L.) Greuter
[RAB14314]

Magraman Leaves
(e powder of leaves
is sprinkled directly

on burns.
0.33

Diabetes [32], digestive system [40],
bronchitis [45] burns, wounds,

abscesses [30], urogenital affections,
fever, rheumatology, and digestive

system [34]

ND

Matricaria
chamomilla
[RAB15115]

Babounj Flowers

(e flower powder is
mixed with olive oil
and applied as a
poultice on burns.

0.46

Diabetes [19, 32, 38, 45], digestive
system, dermocosmetology [33, 35],
antineuralgic, febrifuge, antispastic of
digestive organs, emmenagogue,
reduced allergy [37, 46], neuralgia,
anxiety, insomnia, spasmolytic, and

wounds [39, 40]

ND

Brassicaceae Lepidium sativum
L. [RAB14317] Habb rchad Seeds

(e powder of the
seeds is sprinkled on

the burns.
0.73

Diabetes [19, 38, 45], chronic
diseases [47], cardiovascular diseases
[33], bronchitis, cold, cough [45],
eczema, skin ulcers and warts,

stomach aches, anemia [30], and
asthma [36, 48]

ND
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Table 2: Continued.

Family name Plant species
[voucher no.]

Vernacular
name

Parts
used

Method of
preparation and

application
FC Recorded literature for

ethnomedicinal uses in Morocco

Recorded literature for
ethnomedicinal uses

worldwide

Boraginaceae Borago officinalis
L. [RAB14318] Lsan tour Leaves

(e latex extracted
from the leaves is

applied as a poultice
to the burns.

0.8

Diabetes [45], anti-inflammatory,
nervousness, respiratory canals, skin

diseases [29, 40], colds, fever,
diuretic, and laxative [39]

ND

Cannabaceae Cannabis sativa
L. [RAB14319] Kif Leaves Burning leaves are

sprinkled on burns. 0.16 Narcotics, skin diseases, and hair
strengthening [30, 41, 49, 50] [40] ND

Capparaceae Capparis spinosa
L. [RAB97161] Lekbar Seeds

(e powder of the
seeds is sprinkled on

burns.
0.28 ND ND

Cistaceae
Cistus

monspeliensis
[RAB97162]

Chteppa Leaves (e leaves are applied
as a poultice to burns. 0.29 Wounds [49], respiratory diseases

[45], and diabetes [51] ND

Cupressaceae
Tetraclinis

articulata Benth.
[RAB18717]

Al’Araâr Leaves
(e powder of the
leaves is sprinkled

directly on the burns.
0.91 ND ND

Euphorbiaceae

Euphorbia sp.
[RAB18717] Loubina Latex

(e latex extracted is
applied as a poultice

to burns.
0.2 Skin diseases and cytotoxicity

[29, 30] ND

Ricinus communis
[RAB18718] Alkharwaa Seeds

(e powder of the
seeds is sprinkled on

burns.
0.13

Toxic [29], diabetes [52], digestive
system [40], skin diseases [30, 35],

headache [36], antipyretic,
rheumatism, diarrhea, laxative [53],
fever [54], and hair care [44, 51]

ND

Fabaceae

Trigonella foenum-
graecum

L. [RAB24117]
Lhelba Seeds

(e seed powder is
mixed with rose oil
and applied as a
poultice on burns.

0.89 ND ND

Lupinus albus L.,
[RAB21118] Termes Seeds

(e seed powder is
mixed with olive oil
and applied as a

poultice on the burns.

0.51 ND ND

Gentianaceae
Centaurium
erythraea

[RAB22415]
Kassat lahya Flowers (e flower powder is

sprinkled on burns. 0.22

Diabetes [38, 45, 55], skin diseases
[49], allergy, increasing energy [33],
digestive system, and kidney diseases

[29, 44]

ND

Juncaceae Juncus acutus
L. [RAB47241] Assmar Latex

(e extracted latex is
applied as a poultice

to burns.
0.14 Skin diseases [29]. ND

Lamiaceae

Marrubium vulgare
L. [RAB47249] Mriwt Leaves

(e leaf powder is
mixed with olive oil
and applied as a
poultice on burns.

0.26 ND ND

Mentha pulegium
L. Flio Leaves

(e leaf powder is
mixed with olive oil
and applied as a
poultice on burns.

0.39 ND ND

Salvia verbenaca
[RAB109218] Khiyyata Leaves (e leaf powder is

sprinkled on burns. 0.46

Cardiac disease, diabetes [45],
respiratory and rheumatologic

conditions [34], abdominal colic,
cold, fever [36], and wounds [56]

Wound healing [57],
wounds [58], antiseptic on

wounds [42], skin
inflammations, and bacterial
infections of the skin [59]

Lavandula
angustifolia
[RAB109229]

Lakhzama Leaves

(e leaf powder is
mixed with olive oil
and applied as a
poultice on burns.

0.29 Diabetes [38], digestive system
[40, 44], and burns [3]

Dermatitis, furuncle,
abscess, wart [60], wound

healing [61].

Leguminosae
Retama raetam

(Forssk.)
[RAB109231]

Rtem Leaves

(e leaf powder is
mixed with honey and

sprinkled on the
burns.

0.32 Skin diseases, toxic [29], and
diabetes [32] ND

Liliaceae Urginea maritima
L. [RAB23142]

Bessal
lanssal Bulb

(e bulbs triturated in
butter are applied as a
poultice to burns.

0.11

Cattle ailments, skin disorders [29],
abscesses, alopecia, sedative,

hemorrhoids [30], and digestive
system [44]

ND

Linaceae
Linum

usitatissimum
[RAB109227]

Zariat lktan Seeds (e seed powder is
sprinkled on burns. 0.78

Diabetes [30, 62], asthma [47], renal
disease [50], laxative, diuretic, and

vermifuge [39]

Skin burns [63], wound
healing [43], dermatological
infections [58, 64], healing

skin [42]
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the region of Rabat. Other surveys done in different
Moroccan regions investigated the use of medicinal plants
against different pathologies but did not focus on the use of
medicinal plants against only burns. (e results of the
previous surveys are summarized in Table 2. A certain
number of medicinal plants reported in our survey were
cited in previous surveys and other ethnobotanical studies
outside Morocco. However, several plants were newly cited

in our survey such as Narcissus poeticus, Ammi visnaga (L.)
Lam, Nerium oleander L., Artemisia herba-alba Asso., Ca-
lendula arvensis L., Capparis spinosa L., Tetraclinis articulata
Benth., Trigonella foenum-graecum L., Lupinus albus L.,
Mentha pulegium L., Eucalyptus globulus Labill. (sp.), and
Alchemilla vulgaris. (ese plants were not cited in any
previous ethnopharmacological investigations and deserve
more intensive pharmacological evaluation.

Table 2: Continued.

Family name Plant species
[voucher no.]

Vernacular
name

Parts
used

Method of
preparation and

application
FC Recorded literature for

ethnomedicinal uses in Morocco

Recorded literature for
ethnomedicinal uses

worldwide

Lythraceae

Lawsonia inermis
L. [RAB109226] Lehana Leaves (e leaf powder is

sprinkled on burns. 0.112

Wounds, dermatoses [56], burns,
eczema, mycosis, boils, abscesses,
chapped skin, antiseptic, healing
wounds [3], eczema [30], diabetes
[32], and dermocosmetology [41]

Wound healing [65], eczema
[66], wrinkled skin, abscess

[67]

Punica granatum
[RAB109230] Raman Pericarp

Fruit pericarp powder
is mixed with olive oil

and applied as a
poultice on burns.

0.54

Diabetes [30, 47, 50], stomach
disorders [49], diabetes, digestive
system [29, 41], eczema [39], and

wounds [36].

ND

Myrtaceae

Eucalyptus globulus
Labill. [RAB9318] Al’ Kalitouss Leaves (e leaf powder is

sprinkled on burns. 0.16 ND ND

Myrtus communis
L. [RAB49621] Arraihan Leaves

(e leaf powder is
mixed with rose oil
and applied as a
poultice on burns.

0.5
Diabetes [30, 45], cardiac disease,

hypertension, [49], cardiac
weakness, and digestive system [29]

ND

Oleaceae
Olea europaea
L. var. oleaster
[RAB51120]

Zabouj Leaves
(e essential oil is
applied as a poultice

on burns.
0.25 Nervousness and anthelmintic [29] ND

Papaveraceae Papaver rhoeas
L. [RAB51218] Belaaman Flowers

(e flower powder is
mixed with honey and
applied as a poultice

on burns.

0.9

Urogenital affections, hair care [34],
against fever, sleep troubles and
asthma [68], cold, antimicrobial
[37], asthma, cough, improving

breath, sedative, skin diseases [36],
fever [30], and diabetes [19]

ND

Pinaceae Pinus halepensis
L. [RAB93519] Taydâ Barks

(e bark powder is
mixed with olive oil
and applied as a
poultice on burns.

0.37 Against toothache [49] and
tuberculosis [39, 41] ND

Plantaginaceae Plantago coronopus
L. [RAB109241] Massassa Stems

(e fruit stems are
sprinkled on the

burns.
0.12 Abscess and skin diseases [29] ND

Rosaceae Prunus armeniaca
L. [RAB41111] Machmach Seeds

(e seed powder is
mixed with olive oil
and applied as a
poultice on burns.

0.9 Diabetes [30], face care [39], and
aphrodisiac [41] ND

Rosaceae Rosa centifolia
L. [RAB41113] Lward Flowers

(e essential oil is
applied as a poultice

on burns.
0.52 Cosmetic and skin face [29] ND

Rosaceae Alchemilla vulgaris
[RAB41114] Gdam sbaâ Leaves

(e powder of leaves
is sprinkled on the

burns.
0.17 ND ND

Zingiberaceae Curcuma longa
L. [RAB41118] Lkharkoum Roots

(e root powder is
mixed with honey and
applied as a poultice

on burns.

0.89

As a condiment, tonic, calefacient,
and digestive [39], digestive

stimulant, for blood diseases, and
against amnesia [41]

ND

Zygophyllaceae Peganum harmala
L. [RAB41116] Lharmel Seeds

(e powder of seeds is
sprinkled on the

burns.
0.25

Induce abortion [69], diabetes
[32, 38, 69, 70], hair care [30, 53, 56],
spasmolytic and anthelmintic [39],
toxic, sedative, nervous system
disorders, rheumatism, decrease

lipids [37], abdominal colic, induce
abortion, anti‑spasmodic, cold,
diarrhea, eczema, hemorrhoids,
jaundice, rheumatism, women
sterility, and wounds [36]

ND

ND : not determined FC explained in the manuscript : Frequency of Citation.
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3.4. Other Pharmacological Activities of the Reported Me-
dicinal Plants. Medicinal plants that showed anti-burn ac-
tivity demonstrated other biological activities that need to be
validated by extensive research. In our work, we carried out
bibliographical research to see if the mentioned medicinal
plants were subjected to experimental investigation focusing
on the anti-burn activity. Certain plants were subjected to
experimental investigation such as Agave sisalana L., Conyza
canadensis L., and Borago officinalis L. (Table 2). Other
species were not investigated for their wound healing activity
including Narcissus poeticus, Ammi visnaga (L.) Lam,
Nerium oleander L., Artemisia herba-alba Asso., Calendula
arvensis L., Capparis spinosa L., Tetraclinis articulata Benth.,
Trigonella foenum-graecum L., Lupinus albus L., Mentha
pulegium L., Eucalyptus globulus Labill., and Alchemilla
vulgaris. More ethnomedicinal surveys should be carried out
to preserve information on the use of medicinal plants as
anti-burn agents in other regions of Morocco. (orough
medicinal surveys will allow the identification of potential
plants and isolation of biologically active agents as drug
leads.

3.5. EthnicMedicinalCharacteristics:<eUsedParts of Plants,
Methods of Preparation, and Administration. From the
above, it is important to explore the uses of medicinal
plants because they are used for the treatment of different
infections. World Health Organization reports that var-
ious plant fractions and their dynamic constituents are
utilized as traditional medicines of the world population
[71–73].

Our data showed that the leaves were the most used parts
(41%) of medicinal plants, followed by seeds (17%), flowers
(13%), roots (11%), bark and latex (4% each), fruits, bulbs,
stems, pericarp, and mucilage (2% each) (Figure 2). Our
results were similar to the only work carried out in Morocco

by Salhi et al. [3] on plants used against skin burns. Other
work carried out in Morocco on medicinal plants against
different pathologies showed that the leaves were the most
commonly used parts [19, 27, 28, 30, 68]. (e results
demonstrated that the powder was the main and simplest
traditional application method used in the treatment of skin
burns either alone or in combination with adjuvants such as
honey, olive oil, and rose oil. Similar results were reported by
Salhi et al. [3].

4. Conclusion and Perspectives

We surveyed and summarized the medicinal plants used to
treat skin diseases in the Taza region. (e traditional
knowledge demonstrated in this work showed that ethno-
botanical surveys can play a decisive role in screening plants
with biological properties such as wound healing activity.
(e results of our work can guide scientists in their selection
of plants to be studied experimentally to treat burns. Other
surveys should also be carried out in other regions of
Morocco to highlight all the medicinal species treating skin
burns in Moroccan folk medicine and thus preserve such
valuable knowledge for future generations. In addition,
medicinal plants that revealed healing effects in our study
should be studied for their in vivo properties. In addition,
powders of these species could be prepared as formulations
for their applications against skin burns.
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Our study aims to evaluate the chemical pro�les and antioxidant activities of a methanolic extract of Sterculia villosa bark (MESV)
and a methanolic extract of the Vernonia patulawhole plant (MEVP).�e chemical pro�ling of MESV andMEVP was performed
via gas chromatography-mass spectrometry (GC-MS), which identi�ed 52 and 33 chemical compounds, respectively. �e 2,2-
diphenyl-1-picrylhydrazyl (DPPH) assay indicated that both MESV and MEVP displayed concentration-dependent scavenging
activities, and half-maximal inhibitory concentration (IC50) values for MEVP, MESV, and ascorbic acid were 305.30, 555.44, and
36.32 μg/mL, respectively. �e total �avonoid content (TFC) and total phenolic content (TPC) of MESV were 81.44± 2.70mg
quercetin equivalents (QE)/g dry extract and 62.58± 1.93mg gallic acid equivalent (GAE)/g dry extract, whereas these values for
MEVP were 291.31± 6.61mg QE/g dry extract and 58.99± 3.16mg GAE/g dry extract, respectively. Molecular docking studies
were also evaluated, and absorption, distribution, metabolism, and excretion (ADME) and toxicological properties were assessed.
�erefore, these two plants, S. villosa and V. patula, showed potential options for further advanced studies into oxidative stress.

1. Introduction

Plants containing natural bioactive compounds have been
used in traditional medicinal practices worldwide since
ancient times, and plants represent a source of potential
medicines [1]. �e scope of plants as a source of new drugs
remains generally unexplored, as only a small fraction of
approximately 250,000–500,000 plant species have been
biologically or pharmacologically screened [2]. Phyto-
chemicals with antioxidant properties are of particular
interest because chronic disorders [3] exacerbated by
oxidative stress (OS) have become the leading cause of

death [4]. Plant-derived compounds possess potent an-
tioxidant properties that may inhibit OS by counteracting
reactive oxygen species (ROS) and maintaining redox
homeostasis [5, 6]. Several attempts have been undertaken
to identify phytochemical compounds [4, 7] and assess
their potential as antioxidants [8, 9], antimicrobials [10],
antidiabetics, and anti-in�ammatory compounds [11, 12].
�e therapeutic potential of plants is commonly associ-
ated with their antioxidant and anticancer properties
[2, 13–16].

Oxidation refers to the removal of electrons during a
reaction by an atom, molecule, or ion and can occur
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following the formation of elevated amounts of ROS. ROS
are formed during natural cellular metabolic processes by
living organisms, including byproducts of aerobic meta-
bolism. ROS include hydrogen peroxide (H2O2), superoxide
anion (O2−), and hydroxyl radicals (OH•), which all have
inherent chemical properties and provide reactivity to
various biological objectives [17]. ROS are also correlated
with the concept of OS, and ROS can damage lipids, pro-
teins, and DNA [18]. OS is a complicated process involving
the generation of ROS and reactive nitrogen species (RNS)
[19, 20]. ROS are produced by persistent metabolic processes
and can regulate various biological and pathological pro-
cesses, such as lipid peroxidation, immune response, and
phagocyte activation [21]. Furthermore, excessive ROS
generation can trigger oxidative damage by targeting the
unsaturated fatty acids in membranes and thiol groups in
proteins [22, 23]. Many chronic health problems have been
associated with excessive lipid peroxidation, and free radi-
cals have been implicated in the induction of several neu-
ropsychiatric conditions and might mediate neuronal
malfunctions associated with depression [24, 25]. OS has
been identified as a significant contributor to the progression
of degenerative and chronic diseases, such as malignant
growths [26], diabetes, immune problems, joint inflam-
mation, and cardiovascular and neurodegenerative diseases
[27].

Sterculia villosa (Family: Sterculiaceae, Bengali name: Udal)
is a deciduous tree with large, long-stalked, deeply lobed leaves
and yellow flowers. S. villosa can be found in subtropical and
tropical regions, including Bangladesh [7]. +e plant is tradi-
tionally used as a diuretic and aphrodisiac agent [28] and is
often used by Indian people to cure inflammation through
traditional medicinal practices [29]. Vernonia patula (Family:
Asteraceae, Bengali name: Kukshim) is an annual weed that is
geographically disseminated throughout Bangladesh and is
known as purple fleabane. +is plant has significant medicinal
value, used for fever reduction, headaches, malaria, common
cold, and intestinal and stomach problems [30]. +e bioactive
compounds derived from these two plants have been reported
to have antioxidant activities in prior studies [31, 32]. However,
prior studies did not attempt to identify specific bioactive
compounds.

+erefore, the present research attempted to identify the
bioactive constituents of these two species through gas
chromatography-mass spectrometry (GC-MS) analysis and
explored the antioxidant efficacy of the compounds found in
S. villosa and V. patula. GC-MS has been widely highlighted
as an important analytical tool for secondary metabolite
profiling, such as steroids, phenolics, and alkaloids, and can
also identify sugars, fatty acids, amino acids, and other
macromolecules found in plants and nonplant sources
[33–36]. Identifying the bioactive profile may improve the
identification of the key components responsible for various
biological activities and contribute to the discovery of un-
derlying principles of these effects.

To explore the possible mechanisms of action associated
with the compounds identified from S. villosa and V. patula,
we also performed molecular docking and absorption,
distribution, metabolism, and excretion (ADME)/toxicity

(T) studies to reveal the potential target(s) of the identified
antioxidant components.

2. Materials and Methods

2.1. Chemicals. Phosphate buffer, potassium ferricyanide,
trichloroacetic acid, ferric chloride, ascorbic acid,2,2-
diphenyl-1-picrylhydrazyl (DPPH), and Folin-Ciocalteu
Reagent were all purchased from Sigma-Aldrich, St. Louis,
MO, USA.

2.2. Collection and Preparation of S. villosa and V. patula
Extracts. Whole S. villosa and V. patula plants were col-
lected from the Chittagong Hill-Tracts region of Bangladesh,
and plants were authenticated and identified by a renowned
taxonomist from the Bangladesh Council of Scientific and
Industrial Research (BCSIR). +e bark of S. villosa and the
whole V. patula plant were washed with distilled water. +e
plant parts were cut into small pieces and dried. +e dried
materials were crushed into a fine pure powder using an
electric blender. +e powder was then stored in separate
airtight containers. To obtain the extracts, the powders were
placed in airtight containers, hexane was added at a sample
to solvent ratio of 1 : 3, and the sample was subjected to
uninterrupted stirring at 150 rpm for 90 minutes. +e
stirring was discontinued, and the sample was allowed to sit
for 30 minutes, after which the hexane was decanted from
the sample by filtration. Fresh hexane was added to the
sample, and the process was repeated three times. After the
final repetition, the hexane was decanted, and the sample
was filtered under vacuum to completely remove all hexane,
resulting in a defatted sample. +e defatted crude powder
was placed in an airtight container, and aqueous (95%)
methanol was added at a sample to solvent ratio of 1 :10.+e
sample was then subjected to 7 days of repeated 40/20-
minute shaking/sonication cycles of uninterrupted agitation
on a shaker machine at 150 rpm and ultrasonic vibrations in
a sonicator machine at 55°C. +e mixture was then filtered
through Whatman #1 filter paper, and the filtrate was
collected. +is procedure was repeated thrice to extract all
phytochemicals from the sample. All obtained filtrates were
combined, and the methanol was evaporated in a rotary
evaporator machine (Buchi, Postfach, Switzerland). +e
filtrates were lyophilized to complete dryness at −70°C in a
freeze drier (SP Scientific, Stone Ridge, NY, USA), collected
into a Petri dish, covered and wrapped properly, and stored
at 4°C until further experiments.

2.3. GC-MS Analysis. +e methanolic extract of S. villosa
(MESV) and the methanolic extract of V. patula (MEVP)
were evaluated in a mass spectrometer (TQ 8040, Shimadzu
Corporation, Kyoto, Japan) using the electron impact ion-
ization (EI) technique and a gas chromatograph (GC-17A,
Shimadzu Corporation) with a merged silica capillary col-
umn (Rxi-5ms; 0.25m film, 30m long and internal diameter
0.32mm) coated with DB-1 (J&W). +e oven temperature
was set at 70°C (0min); 10°C, 150°C (5min); 12°C, 200°C
(15min); and 12°C, 220°C (5min), with a clamp time of
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10min.+e inlet temperature was 260°C.+e flow rate of the
column was 0.6mL/min helium gas at constant pressure
(90 kPa). +e GC to MS interface temperature was 280°C.
+eMSwas used in scanningmode, with a scanning range of

40–350 amu. +e ionization mode was EI, and the mass
range was 50–550m/z. One microliter of the sample was
injected in the splitless injection mode. +e total GC-MS
course time was 50min. +e compounds in the peak areas

Table 1: Tentative compounds identified from the methanolic extract of Sterculia villosa by gas chromatography-mass spectrometry (GC-
MS) analysis.
Sl.
no. Name Molecular

formula Nature RT m/z Area

1 Heptanal C7H14O Aldehyde 4.146 44.00 879969
2 Benzaldehyde, 2-methyl C8H8O Aldehyde 4.872 120.00 359567
3 Glucitol, 6-O-nonyl C15H32O6 Sugar alcohol 4.118 73.00 665996
4 L-Arabinitol C5H12O5 Sugar alcohol 6.119 44.00 19425
5 α-Isomethyl ionone C14H22O Ketone 6.134 150.00 531076
6 Eucalyptol C10H18O Monoterpenoid 6.566 154.00 273748
7 Vanillin C8H8O3 Phenolic aldehyde 7.246 151.00 375524
8 Prednisone C21H26O5 Glucocorticoid 7.922 44.00 18826
9 Bioallethrin C19H26O3 Ester 7.974 137.00 267302
10 Sorbitol C6H14O6 Sugar alcohol 8.872 137.00 507045
11 β-D-glucopyranose, 4-O-β-D-galactopyranosyl C12H22O Carbohydrate 9.665 43.00 94028
12 Santolinatriene C10H16 Hydrocarbon 9.314 180.00 285758
13 Vanillin, acetate C10H10O4 Phenyl acetate 9.603 151.00 205675
14 Guanosine C10H13N5O5 Purine nucleoside 9.603 151.00 205675
15 Trans-11-Tetradecenyl acetate C16H30O2 Fatty acid 9.665 43.00 148058
16 D-Galactonic acid, c-lactone C6H10O6 Acid 10.092 73.00 77114
17 Isopulegol C10H18O Terpenoid alcohol 10.359 127.00 99917
18 Benzaldehyde, 4-hydroxy-3,5-dimethoxy C9H10O4 Aldehyde 10.463 182.00 393615
19 Naphthalene, 2-butyldecahydro- C14H26 Hydrocarbon 10.697 137.00 256786

20 3-buten-2-one, 3-methyl-4-(3,5,6-trimethyl-3-
cyclohexen-1-yl) C14H22O Alkane 10.852 43.00 71620

21 Cis-p-Mentha-2,8-dien-1-ol C10H18OS Monoterpenoid 10.949 167.00 162613
22 Trans-Sesquisabinene hydrate C15H26O Sesquiterpenoid 10.949 167.00 162613
23 2-methoxy-6-methylaniline C8H11NO Amine 11.439 137.00 4066243
24 β-carotene C40H56 Carotene 11.440 43.00 140490
25 Aprobarbital C10H14N2O3 Barbiturate derivatives 11.697 167.00 179001
26 Spiro[3.4]octan-5-one C8H12O Ketone 12.006 124.00 283819
27 2-dodecen-1-yl(-)succinic anhydride C16H26O3 Anhydride 12.130 196.00 61469
28 Phytol C20H40O Diterpene alcohol 12.520 43.00 22833
29 Digitoxin C41H64O13 Dardenolide glycoside 12.520 43.00 22833
30 Chrysanthemic acid C10H16O2 Fatty acid 13.455 44.00 26500
31 n-hexadecanoic acid C16H32O2 Fatty acid 13.459 43.00 490715
32 β-Asarone C12H16O3 Phenylpropanoid 14.068 208.00 181791
33 Benzenepropanoic acid, 2,5-dimethoxy C11H14O4 Organic acid 14.166 167.00 1864637
34 Decanoic acid, 2,3-dihydroxypropyl ester C15H30O4 Organic acid 14.167 43.00 135871
35 9,12-octadecadienoic acid, methyl ester, (E,E) C19H34O2 Monodecanoylglycerol 15.180 67.00 321453
36 7-hexadecenoic acid, methyl ester, (Z) C17H32O2 Fatty acid methyl ester 15.244 55.00 182330
37 Citronellol C10H20O Monoterpenoid 15.348 71.00 332135
38 Undec-10-ynoic acid C11H18O2 Fatty acid 15.490 43.00 139829
39 Undecanal C10H21CHO Aldehyde 16.205 73.00 40669
40 6-octadecenoic acid, methyl ester, (Z) C19H36O2 Fatty acid 17.385 44.00 11503
41 Dodecanal C12H24O Aldehyde 18.284 44.00 14479
42 Nerolidol C15H26O Sesquiterpene 19.001 69.00 148917
44 Cyclohexane, eicosyl C26H52 Cycloalkane 19.826 83.00 225697
45 Glycerol 1-palmitate C19H38O4 Monoacylglycerols 20.134 43.00 311470
46 Hexadecanal C16H32O Aldehyde 20.515 149.00 114505
47 Meprobamate C9H18N2O4 Carbamate 21.299 83.00 196437
48 Daucol C15H26O2 Oxanes 21.447 151.00 211187
49 Methotrexate C20H22N8O5 Antimetabolites 22.280 44.00 20613
50 Estradiol C18H24O2 Steroid 22.871 272.00 407509
51 Octadecanoic acid, 2-hydroxy-1,3-propanediyl ester C39H72 Fatty acid 23.790 43.00 126991
52 Mebutamate C10H20N2O4 Carbamate 24.538 207.00 124804

53 Androsta-3,5-dien-3-ol, 17-acetyl-3-O-(t-
butyldimethylsilyl) C27H44O2Si Steroids 25.401 207.00 39398

Evidence-Based Complementary and Alternative Medicine 3



were classified by comparison with the national institute of
standards and technology (NIST) GC-MS library version 08-
S [37].

2.4. Antioxidant Activity. +e experiments were performed
in triplicate.

2.4.1. 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) Free Radical
Scavenging Activity. +e extracts were evaluated for anti-
oxidant activity using DPPH, as described in the literature
[38]. In this experiment, 3mg of each extract was added to
1mL 50% methanol (v/v), and ascorbic acid (0.3 g) stock
solution was added to 1mL 50% methanol (v/v) as a positive
control. +e serial dilution technique was applied to obtain
MEVP, MESV, and ascorbic acid at concentrations of 500,
250, 125, 62.5, 31.25, and 15.625 μg/mL. A 0.1 mL aliquot of
each concentration of extract solution in methanol was
combined with 1.0mL freshly formulated DPPH-methanol
solution (0.1mM) and 0.45mL 50 mMTris (hydroxymethyl)

aminomethane (THAM) hydrochloride buffer (pH 7.40). +e
reaction was allowed to develop for 30 minutes, and absor-
bances were estimated at 517 nm. +e corresponding inhi-
bition rates were measured using the following equation:

DPPH scavenged(%) �
(A − B)

A
  × 100, (1)

where A is the absorbance in the presence of extract or
standard and B is the absorbance of the control.

2.4.2. Total Phenolic Content (TPC). +e total phenolic
content (TPC) of MESV and MEVP was determined using
an oxidizing agent, Folin-Ciocalteu Reagent (FCR),
according to themethod described by Ali Reza et al. [39]. A 1
mL volume of FCR was diluted in 9mL purified water, and
then, 2.5mL diluted FCR was combined with 2.5mL (20%)
of Na2CO3 and 500 μg/mL extract. Purified water was added
to obtain a final volume of 10mL. +e solution was

Table 2: Tentative compounds identified from the methanolic extract of Vernonia patula by gas chromatography-mass spectrometry (GC-
MS) analysis.
Sl.
no. Name Molecular

formula Nature RT m/z Area

1 Cystine C6H12N2O4S2 Amino acid 8.235 44.00 13166
2 D-alanine C3H7NO2 α-amino acid 9.045 44.00 18522
3 Propanamide C3H7NO Amide 9.630 44.00 13580

4 (−)-norephedrine C9H13NO
Sympathomimetic

agent 9.765 44.00 16785

5 Norpseudoephedrine C9H13NO Alkaloid 9.765 44.00 16785

6 Dl-phenylephrine C9H13NO
Sympathomimetic

amine 9.765 44.00 16785

7 Octodrine C8H19N Amine 10.040 44.00 3381
8 1,2-ethanediamine, N-(2-aminoethyl) C4H13N3 Amine 10.480 44.00 16968
9 Chlorodifluoroacetamide C2H3ClFNO Amide 11.250 44.00 7827
10 Cathine C9H13NO Alkaloid 11.916 44.00 9982
11 Phloroglucitol C6H6O3 Polyphenol 12.666 44.00 31436
12 2-octynoic acid C8H12O2 Fatty acid 12.945 44.00 39571
13 Glutaraldehyde C5H8O2 Aldehyde 13.275 44.00 42367
14 Methyl stearate C19H38O2 Fatty acid methyl ester 13.457 74.00 972212
15 Dibutyl phthalate C16H22O4 Ester 13.454 44.00 30188
16 DL-cystine C6H12N2O4S2 Amino acid 14.154 44.00 5343
17 Epinephrine, (β)-, 3TMS derivative C₉H₁₃NO₃ Catecholamine 14.894 73.00 367947
18 1-Dodecyne C12H24 Alkene 14.752 44.00 5199
19 10-Undecenal C11H20O Aldehyde 15.489 55.00 142292
20 Phytol C20H40O Diterpene alcohol 15.348 71.00 227781
21 Piperazine C4H10N2 Amine 15.341 44.00 34992
22 D-Galactonic acid, c-lactone C6H10O6 Sugar acid 16.727 44.00 23032
23 3,3′-Iminobispropylamine C6H17N3 Nitrile 18.149 44.00 34648
24 Glutaraldehyde C5H8O2 Aldehyde 18.805 44.00 27858
25 Hexanal C6H12O Aldehyde 19.670 44.00 17611
26 Folic acid C19H19N7O6 Vitamin 20.190 44.00 28606
27 Undecanal C11H22O Aldehyde 20.132 43.00 145198
28 Epinephrine, (β)-, 3TMS derivative C18H37NO3Si3 Hormone 21.914 73.00 295654
29 3,3-dimethylpiperidine C7H15N Alkaloid 21.935 44.00 6210
30 Nonanal C9H18O Aldehyde 23.435 44.00 12399
31 1-eicosanol C20H42O Fatty alcohol 24.546 59.00 7793425
32 Glucitol, 6-O-nonyl C15H32O6 Alcohol 25.403 73.00 294332

33 Androsta-3,5-dien-3-ol, 17-acetyl-3-O-(t-butyl 4-acetyl-3,5-
dimethyl-2-pyrrolecarboxylate) C13H19NO3 Ester 31.157 207.00 67432
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incubated for 20min (250°C), and the absorbance was ob-
served at 765 nm in triplicate. Gallic acid was used as the
standard for the calculation of TPC, and the values were
obtained according to the standard gallic acid curve
(y� 0.0039x+ 0.0406; R2 � 0.9981). TPC was determined
according to the following equation, in gallic acid equiva-
lents (GAE; mg/g):

TPC � equivalent reagent(Conc.) ×
volume of total content
conc. of sample taken

. (2)

2.4.3. Total Flavonoid Content (TFC). +e total flavonoid
content (TFC) of MESV and MEVP was evaluated as pre-
viously described by Ali Reza et al. [39]. +e TFC was
calculated by mixing 0.5mL extract with 1.5mL methanol
and adding 0.1mL AlCl3 (10%), 0.1mL CH3CO2K (1M), and
2.8mL distilled water.+emixture was incubated at 25°C for
30min, and later, the absorbance was taken at 415 nm. +e
blank solution contained all of the reagents except for the
extract. +e TFC calculation was measured in quercetin
equivalents (QE; mg/g), using quercetin as the standard.

2.5. Statistical Analysis. Values are reported as the mean-
± standard error of the mean (SEM; n� 3). aP< 0.05,
bP< 0.01, and cP< 0.001 are used to identify significant
differences for extract values compared with those for
ascorbic acid, two-way analysis of variance (ANOVA),
followed by Dunnett’s test.

2.6. In Silico Molecular Docking

2.6.1. Protein Preparation. +e 3D structure of urate oxidase
(PDB: 1R4U) [40] and glutathione reductase (PDB: 3GRS)
[41] was retrieved from the Protein Data Bank (.pdb format)
[42] to evaluate the antioxidant effect. +e 3D protein
structure was assembled and refined using the method
described by Uddin et al. [43].

2.6.2. Ligand Preparation. Identified compounds from
S. villosa and V. patula were obtained from the PubChem
databases in SDF format. Ligprep (Schrödinger v11.1) was
used to prepare the ligand by maintaining OPLS3 force field
[44]. +e possible ionization state was generated at specific
pH values (7.0± 2.0).

2.6.3. Receptor Grid Generation. Receptor grid generation
was performed in Schrödinger v11.1, using the default pa-
rameters, with the van der Waals scaling factor and charge
cutoff set to 1.00 and 0.25, respectively. A cubic box was
placed on the geometrical center of the selected active site of
the selected receptor, and a size setting of 14 Å×14 Å×14 Å
was used for molecular docking.

2.6.4. Glide Standard Precision (SP) Ligand Docking and
MM-GBSA Calculation. Standard Precision (SP) flexible
docking was performed using Glide (Schrödinger v11.1)

[43, 45, 46]. +e default parameters for the van der Waals
scaling factor (0.80) and partial charge cutoff (0.15) were
retained, and the docking score was recorded. +e
Schrödinger Prime MM-GBSA (OPLS3) was used for de-
termining the binding energy of each ligand and the targeted
receptor (kcal/mol) [47–49].

2.6.5. In Silico Study: Determination of Pharmacokinetic
Parameters by SwissADME. +e pharmacokinetic parame-
ters used to assess the drug-likeness properties of the
identified compounds were determined using SwissADME
(http://www.swissadme.ch/). An orally active drug requires
that each of the compounds adheres to the drug-like
properties established by Lipinski and Veber’s rule [50].

2.6.6. In Silico Study: Toxicological Properties Prediction by
ProTox Webserver. +e toxicological properties of the
compounds were predicted with the assistance of the ProTox
online server.+e current study evaluated the toxicity profiles
of selected compounds based on mutagenicity, carcinoge-
nicity, hepatotoxicity, and toxicity class [51].

3. Results and Discussion

3.1. GC-MSAnalysis. In a previous study, four triterpenoids
were isolated and identified as bauerenyl acetate (I), friedelin
(II), epifriedelanol (III), 20 (30)-taraxastene-3 betas, and 21
α-diol (IV) [30]. Several phytoconstituents from S. villosa

c
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y = 0.1374x + 45.009
IC50 = 36.32
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Figure 1: DPPH scavenging activity of methanolic extract of
Sterculia villosa (MESV) andmethanolic extract ofVernonia patula
(MEVP) compared against the standard compound, ascorbic acid.
Values are presented as the mean± SEM (n� 3). aP< 0.05,
bP< 0.01, and cP< 0.001; significant compared with ascorbic acid
(two-way ANOVA, followed by Dunnett’s test).
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Table 4: Molecular docking scores for identified compounds in Sterculia villosa.
Sl.
no. Compounds 1R4U

(kcal/mol)
1R4U

(MM-GBSA)
3GRS

(kcal/mol)
3GRS

(MM-GBSA)
1 Heptanal — — −2.166 −25.325
2 Benzaldehyde, 2-methyl −4.477 −26.2735 −5.789 −25.545
3 Glucitol, 6-O-nonyl −3.25 −42.1814 −5.897 −62.624
4 L-Arabinitol −3.335 −34.4304 −4.144 −28.63
5 α-Isomethyl ionone −3.844 −33.9885 −5.359 −33.515
6 Eucalyptol −4.195 −19.6369 −4.072 −12.525
7 Vanillin −4.841 −29.0303 −5.561 −27.446
8 Prednisone — — — —
9 Bioallethrin −2.75 −31.6861 −4.487 −35.818
10 Sorbitol −2.968 −31.4369 −4.206 −36.397
11 β-D-glucopyranose, 4-O-β-D-galactopyranosyl — — — —
12 Santolinatriene — — −3.349 −22.086
13 Vanillin, acetate −4.874 −29.5427 −5.452 −35.791
14 Guanosine −5.706 −42.3794 −7.029 −54.903
15 Trans-11-tetradecenyl acetate +1.755 −35.467 −0.89 −54.627
16 D-galactonic acid, c-lactone −5.106 −37.522 −5.364 −42.959
17 Isopulegol −3.824 −32.1878 −6.033 −37.453
18 Benzaldehyde, 4-hydroxy-3,5-dimethoxy −5.606 −37.7501 −5.56 −29.723
19 Naphthalene, 2-butyldecahydro — — −5.423 −28.689

20 3-buten-2-one, 3-methyl-4-(3,5,6-trimethyl-3-cyclohexen-
1-yl)- −3.845 −32.3274 −4.502 −32.991

21 Cis-p-mentha-2,8-dien-1-ol −3.743 −21.7445 −4.478 −16.731
22 Trans-sesquisabinene hydrate −3.878 −24.5584 −4.885 −31.788
23 2-methoxy-6-methylaniline −4.43 −26.2716 −5.738 −24.997
24 β-carotene −2.503 −48.5021 −6.133 −52.201
25 Aprobarbital −6.266 −42.6018 −4.711 −23.22
26 Spiro[3.4]octan-5-one −4.707 −24.2297 −4.684 −24.887
27 2-dodecen-1-yl(-)succinic anhydride −1.704 −41.2219 −3.745 −53.132
28 Phytol −1.004 −48.5855 −4.22 −36.0226
29 Digitoxin −6.249 −61.3721 −7.396 −66.1619
30 Chrysanthemic acid −3.833 −33.8038 −4.539 −32.3551
31 n-hexadecanoic acid +0.47 −42.1025 −0.504 −44.2263
32 β-asarone −4.783 −40.5895 −5.033 −34.2406
33 Benzenepropanoic acid, 2,5-dimethoxy −3.937 −42.1905 −5.359 −39.4505
34 Decanoic acid, 2,3-dihydroxypropyl ester +0.681 −44.3904 −0.803 −52.772
35 9,12-octadecadienoic acid, methyl ester, (E,E) +0.566 −45.4668 −1.483 −55.2765
36 7-hexadecenoic acid, methyl ester, (Z) +0.652 −44.276 −1.171 −55.5193
37 Citronellol −1.556 −26.2224 −3.03 −24.686
38 Undec-10-ynoic acid +2.834 −38.9058 +2.186 −42.1098
39 6-octadecenoic acid, methyl ester, (Z) −0.038 −44.8963 −0.423 −53.3609
40 Dodecanal +2.452 −35.2648 +1.413 −40.0126
41 Nerolidol −0.608 −34.4431 −2.001 −42.6634
42 Cyclohexane, eicosyl −1.655 −46.9117 −2.967 −44.6644
43 Glycerol 1-palmitate −2.579 −43.5815 −5.126 −47.6573
44 Hexadecanal +1.286 −43.6651 −0.438 −46.5658
45 Meprobamate −5.174 −45.9961 −5.719 −42.9626
46 Daucol — — — —
47 Methotrexate −5.849 −61.4026 −8.457 −58.4485
48 Estradiol −5.068 −33.4644 −5.8 −33.9768
49 Octadecanoic acid, 2-hydroxy-1,3-propanediyl — — −1.109 −51.6491
50 Mebutamate −5.359 −40.317 −6.05 −29.296
51 Androsta-3,5-dien-3-ol, 17-acetyl-3-O-(t-butyl) — — — —
52 Ascorbic acid (control) −4.655 −37.8208 −5.965 −33.9373

Table 3: Total phenolic content (TPC) and total flavonoid content (TFC) of methanolic extract of Sterculia villosa (MESV) and methanolic
extract of Vernonia patula (MEVP).

Subject TPC (mg GAE/g extract) TFC (mg QE/g extract)
MESV 62.58± 1.93 81.44± 2.70
MEVP 58.99± 3.16 291.31± 6.61
Regression equation y� 0.0039x+ 0.0406; R2 � 0.9981 y� 0.0102x− 0.0637; R2 � 0.9693
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and V. patula were identified in the current study. +e
MESV andMEVPmay have potential therapeutic properties
due to the presence of these bioactive phytoconstituents.+e
study was performed using GC-MS, one of the most widely
used methods for phytoconstituent separation. +e inves-
tigation of MESV and MEVP via GC-MS identified 52 and
33 phytochemical compounds, respectively (Tables 1 and 2).
Figures S1 and S2 depict typical chromatograms for MESV
andMEVP, respectively. Figures S3 and S4 depict the typical
fragmentation pattern of compounds identified from MESV
and MEVP, respectively. +e major phytoconstituents in
MESV included terpenoids, phytosterols, esters, acids, and
other organic compounds. +e major compounds isolated
from MESV included mebutamate (RT: 24.538), octadeca-
noicacid, 2-hydroxy-1,3-propanediyl (RT: 23.790), estradiol
(RT: 22.871), methotrexate (RT: 22.280), daucol (RT:
21.447), meprobamate (RT: 21.299), hexadecanal (RT:
20.515), glycerol 1-palmitate (RT: 20.134), and cyclohexane,
eicosyl- (RT: 19.826). +e major compounds isolated from
MEVP included silanol, trimethyl-, phosphite (3 :1) (RT:
31.157), androsta-3,5-dien-3-ol, 17-acetyl-3-O-(t-butyl 4-
acetyl-3,5-dimethyl-2-pyrrolecarboxylate) (RT: 31.157),
glucitol, 6-O-nonyl- (RT: 25.403), 1-eicosanol (RT: 24.546),
nonanal (RT: 23.435), 3,3-dimethylpiperidine (RT: 21.935),
epinephrine, (β)-, 3TMS derivative (RT: 21.914), undecanal
(RT: 20.132),folic acid (RT: 20.190), and hexanal (RT:
19.670).

3.2. Antioxidant Activity. Compared with the standard an-
tioxidant, ascorbic acid, the inhibitory rate of MEVP gradually
increased with increasing concentrations, ranging from 15.625
to 500μg/mL. A similar increase in inhibition was observed for
increasing concentrations of MESV in the same concentration
range. +e maximum scavenging activity was observed at
500μg/mL for all three tested compounds, with values of
52.42%, 53.89%, and 98.33% for MESV, MEVP, and ascorbic
acid, respectively (Figure 1).+e IC50 values forMEVP,MESV,
and ascorbic acid were determined to be 305.30, 555.44, and
36.32μg/mL, respectively.

+e extracts were found to be potently active in the DPPH
scavenging activity assay. +e antioxidant activity of MESV
andMEVP against DPPH is thought to be attributable to their
hydrogen-donating capacity, suggesting that the extracts have
the capacity to donate protons and can be used as primary
antioxidants. +e TPC and TFC were assessed using the
regression equations for gallic acid (y� 0.0039x+ 0.0406;
R2 � 0.9981) and quercetin (y� 0.0102x− 0.0637; R2 � 0.9693),
respectively. +e TFC for MESV was higher (81.44± 2.70mg
QE/g dry extract) than the TPC (62.58± 1.93mg GAE/g dry
extract; Table 3). In MEVP, the TFC was higher
(291.31± 6.61mg QE/g dry extract) than the TPC (58.99±
3.16mg GAE/g dry extract; Table 3).

Based on the TFC and TPC assays, the S. villosa and
V. patula extracts contained significant amounts of fla-
vonoid and phenolic contents, indicating that these plants’

Table 5: Molecular docking scores for identified compounds in Vernonia patula.

Sl. No. Compounds 1R4U (kcal/mol) 1R4U (MM-GBSA) 3GRS (kcal/mol) 3GRS (MM-GBSA)
1 Cystine −4.03 −41.7648 −3.399 −36.8961
2 D-alanine −5.953 −15.5837 −5.036 −15.1612
3 Propanamide −2.634 −18.48 −3.847 −26.3392
4 (−)-norephedrine −5.79 −25.9004 −6.047 −29.0084
5 Norpseudoephedrine −5.79 −25.9004 −6.047 −29.0084
6 Dl-phenylephrine −4.823 −31.1556 −5.544 −34.4102
7 Octodrine −2.424 −26.1646 −3.653 −25.4794
8 1,2-ethanediamine, N-(2-aminoethyl) −2.227 −19.1913 −3.182 −22.3522
9 Chlorodifluoroacetamide −4.071 −15.6083 −5.072 −23.672
10 Cathine −5.79 −25.9004 −6.047 −29.0084
11 Phloroglucitol −5.858 −25.276 −5.854 −24.6614
12 2-octynoic acid −2.58 −32.7105 −3.556 −29.6861
13 Glutaraldehyde −3.026 −19.8291 −2.555 −25.0008
14 Methyl stearate +1.332 −40.0523 −0.447 −51.2734
15 Dibutyl phthalate −1.334 −37.2661 −2.763 −45.1367
16 Epinephrine, β-, 3TMS derivative — — — —
17 1-dodecyne +5.184 −27.4357 +3.225 −39.3134
18 10-undecenal +2.981 −32.3244 +2.797 −34.283
19 Phytol −1.004 −48.5855 −4.22 −36.0226
20 Piperazine −4.933 −18.7799 −4.204 −21.361
21 D-galactonic acid, c-lactone −5.106 −37.522 −5.364 −42.9587
22 3,3′-iminobispropylamine — — — —
23 Glutaraldehyde −3.026 −19.8291 −2.555 −25.0008
24 Hexanal −1.698 −24.1357 −2.712 −19.7671
25 Folic acid −6.038 −49.7423 −8.243 −55.9741
26 Undecanal +1.756 −32.3068 +1.482 −39.983
27 3,3-dimethylpiperidine — — — —
28 Nonanal −1.868 −28.3973 −1.738 −32.1394
29 1-Eicosanol +1.381 −54.2076 −2.03 −52.5786
30 Ascorbic acid (control) −4.655 −37.8208 −5.965 −33.9373
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phenolic components may predominantly consist of fla-
vonoids in glycosidic forms; glycosidic flavonoids tend to
concentrate in polar solvents, which are more effective than
less polar solvents for the removal of phenolic compounds
from plant materials [52, 53]. Previous research showed
that the presence of phenolic compounds, such as flavo-
noids, correlates with high levels of antioxidant activity and
health benefits [54].

3.3. Molecular Docking Study. +e results for the molecular
docking simulation study for the five compounds and control
with the highest docking scores identified from S. villosa and
V. patula extracts are shown in Tables 4 and 5, respectively. To

evaluate the antioxidant attributes, the selected compounds
from each plant extract were subjected to docking against
urate oxidase (PDB: 1R4U) and glutathione reductase (PDB:
3GRS). For the compounds identified in S. villosa, the five
selected compounds, ordered according to docking score
for urate oxidase (PDB: 1R4U), were as follows: aprobarbital>
digitoxin>methotrexate> guanosine> benzaldehyde, 4-hy-
droxy-3,5-dimethoxy-. +en, the order for docking scores
when dockedwith glutathione reductase (PDB: 3GRS) in case of
compounds identified in S. villosa is as follows: methotrexate
>digitoxin> guanosine > β-carotene>mebutamate. For
V. patula extract, the five selected compounds according to
docking scores for urate oxidase (PDB: 1R4U) were as follows:
folic acid>d-alanine>phloroglucitol > (−)-norephedrine≥

Table 7: Interactions and bond distances between selected compounds identified in Vernonia patula and the receptors following: urate
oxidase (PDB: 1R4U) and glutathione reductase (PDB: 3GRS) binding sites.

Proteins Ligands
Hydrogen bond interactions Hydrophobic interactions

Amino acid residue Distance (Å) Amino acid residue Distance (Å)

1R4U

Folic acid

TYR-257 2.18, 1.94, 2.62 LEU-170 5.08
HIS-256 2.54 ARG-176 4.60, 4.96
LEU-287 1.70, 2.00 — —
GLN-288 2.24, 2.36 — —

D-alanine

ARG-176 4.11 — —
HIS-256 3.51 — —
ASN-254 4.86 — —
ILE-177 3.64 — —
TYR-257 4.52 — —

Phloroglucitol ARG-176 6.43 — —
GLN-228 4.01 — —

(−)-norephedrine TRP-160 1.79, 2.04 — —
ALA-225 1.97 — —

Norpseudoephedrine TRP-160 1.79, 2.04 — —
ALA-225 1.97 — —

Ascorbic acid

HIS-256 4.03 TYR-257 6.50
GLU-259 4.18 — —
TYR-257 5.46 — —
ILE-177 4.43, 3.63 — —

3GRS

Folic acid

PHE-181 4.83 VAL-61 6.25, 5.49
ASP-104 3.62 HIS-52 4.41
LYS-53 4.79 GLU-50 4.67
GLU-50 4.75, 3.36 — —
THR-57 3.59 — —
THR-156 5.15 — —
HOH-490 3.67 — —

(−)-norephedrine
THR-156 3.73 GLY-27 3.96
GLU-50 4.51 ALA-130 6.54

— — HIS-129 6.37

Norpseudoephedrine
THR-156 3.73 GLY-27 3.96
GLU-50 4.51 ALA-130 6.54

— — HIS-129 6.37

Cathine
THR-156 3.73 GLY-27 3.96
GLU-50 4.51 ALA-130 6.54

— — HIS-129 6.37

Phloroglucitol
TYR-197 5.77 — —
THR-339 3.17 — —
ASP-331 4.49 — —

Ascorbic acid

THR-57 3.67 GLY-157 3.71
ALA-155 4.10 GLY-27 3.38
GLU-50 4.93, 4.15 — —
HOH-490 3.11 — —
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norpseudoephedrine.When the docking simulation was carried
out on the compounds from V. patula with glutathione re-
ductase (PDB: 3GRS), the following order of docking score was
found: folic acid > (−)-norephedrine≥ norpseudoephedrine
≥ cathine>phloroglucitol. +e molecular docking simulations
between the selected compounds and the protein are further
demonstrated in Tables 6 and 7. Furthermore, the 2D repre-
sentations of the ligand–protein interactions are presented in
Figures 2 and 3 for compounds in S. villosa and in Figures 4 and
5 for compounds in V. patula.

3.4. ADEME and Toxicological Study. +e ADME properties
are markers of pharmacokinetic characteristics and were
used to assess oral bioavailability based on the Lipinski and
Veber rules. +e data for each compound were retrieved
from the SwissADME online server, as shown in Tables 8
and 9 for S. villosa and V. patula, respectively. Digitoxin was
found to violate three of the parameters, and β-carotene
violated two parameters, while one parameter of the Lipinski
rule was violated by methotrexate and guanosine, among
compounds identified in S. villosa. Only folic acid, which
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Figure 2: 2D representations of the best docking scores between urate oxidase (PDB: 1R4U) and (a) aprobarbital: conventional hydrogen
bond (ARG-176, VAL-227, GLN-228), van der Waals bond (ILE-288), and alkyl and pi-alkyl bond (PHE-159, LEU-170, HIS-256); (b)
digitoxin: conventional hydrogen bond (ASP-165, LEU-163, TYR-167, and ILE-177), carbon–hydrogen bond (ARG-176, GLU-259, TYR-
167, and ASP-165), and alkyl and pi-alkyl bond (LEU-170, PHE-258); (c) methotrexate: conventional hydrogen bond (GLU-259, HIS-256,
ILE-177, THR-168, THR-169, and LEU-170), pi-pi T-shaped bond (HIS-256), and pi-alkyl bond (LEU-170); (d) guanosine: conventional
hydrogen bond (LEU-287, ARG-176, and ASN-254), carbon–hydrogen bond (GLN-228, ASN-254), and pi-sigma bond (PHE-159); (e)
benzaldehyde, 4-hydroxy-3,5-dimethoxy-: conventional hydrogen bond (HIS-256, ILE-177, and GLU-259), carbon–hydrogen bond (ARG-
176), and pi-alkyl bond (ARG-176); (f ) ascorbic acid (control): conventional hydrogen bond (TYR-257, ILE-177, HIS-256, and GLU-259)
and carbon–hydrogen bond (TYR-257).
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violated one parameter, was found to violate these rules
among the compounds identified in V. patula.

+e toxicity profiles for each of the selected compounds in
the two extracts are evaluated through the ProTox online server
and are presented in Tables 10 and 11. +ese results showed
that none of the selected compounds from S. villosa are as-
sociated with the hepatotoxic property. β-carotene was found
to have mutagenicity while two of the compounds, namely,
aprobarbital and mebutamate, were associated with carcino-
genic properties among the compounds identified inV. patula.

In this study, molecular docking simulations were
performed to associate and reciprocate the in vitro exper-
imental findings. +e extracts from S. villosa and V. patula
were subjected to GC-MS to identify chemical compounds,
and those compounds with potential pharmacological ac-
tivity were subjected to a molecular docking simulation
against urate oxidase (PDB: 1R4U) and glutathione reduc-
tase (PDB: 3GRS) to evaluate the antioxidant properties in
silico. +e five compounds from each plant extract with the
highest docking scores against two distinctive receptors were
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Figure 3: 2D representations of the best docking scores between glutathione reductase (PDB: 3GRS) and (a) methotrexate: conventional
hydrogen bond (SER-51, ASN-60, PHE-181, ASP-104, THR-57, and GLU-50), carbon–hydrogen bond (THR-156), amide-pi stacked bond
(GLY-50), and pi-alkyl bond (VAL-61); (b) digitoxin: conventional hydrogen bond (THR-156, GLU-50, GLY-158, THR-162, and LYS-296),
alkyl and pi-alkyl bond (MET-159, PRO-160, HIS-52, and VAL-61), and carbon–hydrogen bond (GLY-56); (c) guanosine: conventional
hydrogen bond (GLY-158, THR-57, ASP-331, and GLU-50), water hydrogen bond (HOH-482), carbon–hydrogen bond (GLY-157, ALA-
155, THR-156, GLY-29, GLU-50, and GLY-330), and pi-alkyl bond (ALA-342); (d) β-carotene: alkyl and pi-alkyl bond (LEU-338, VAL-370,
PRO-340, TYR-197, CYS-63, HIS-52, and HIS-129); (e) mebutamate: conventional hydrogen bond (ASP-178, THR-57, ARG-291, and
THR-156), water hydrogen bond (HOH-490), and alkyl and pi-alkyl bond (VAL-61, LYS-53, and HIS-52); (f ) ascorbic acid (control):
conventional hydrogen bond (ALA-155, THR-57, and GLU-50), water hydrogen bond (HOH-490), and carbon–hydrogen bond (GLY-157).
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selected for further analysis. Aprobarbital had the highest
docking score (−6.266) among the compounds identified in
S. villosa when the docking simulation was preceded against
urate oxidase (PDB: 1R4U). It exhibits a better score than the
control, ascorbic acid (−4.655). Aprobarbital formed con-
ventional hydrogen bonds with the following amino acid
residues in urate oxidase: ARG-176, VAL-227, and GLN-
228. Aprobarbital also forms alkyl and pi-alkyl bonds with
HIS-256, LEU-170, and PHE-159 and a carbon–hydrogen
bond with SER-226 when binding with the active site of
urate oxidase to exert an antioxidant effect. When the
compounds were docked against glutathione reductase and
compared to the control, methotrexate was found to have a
significant binding affinity (−8.457). When bonded with
methotrexate, it formed a conventional hydrogen bond with

SER-51, ASN-60, PHE-181, ASP-104, THR-57, and GLU-50.
One carbon–hydrogen bond with THR-156, one amide-pi
stacked bond with GLY-50), and one pi-alkyl bond with
VAL-61 were also reported. Folic acid possessed the best
result (−6.038) for the compounds identified in V. patula in
case of urate oxidase (PDB: 1R4U). Folic acid formed
conventional hydrogen bonds with TYR-257, HIS-256,
LEU-287, and GLN-228. A pi-pi bond was formed with
PHE-159, and a pi-alkyl bond was formed with LEU-170 and
ARG-176. Folic acid also possessed better ligand–protein
interaction (−8.243) in case of glutathione reductase (PDB:
3GRS). It has formed a conventional hydrogen bond with
PHE-181, LYS-53, THR-156, THR-57, GLU-50, and ASP-
104, one water hydrogen bond with HOH-490, one pi-pi
stacked bond withHIS-52, and one pi-alkyl with VAL-61. All
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Figure 4: 2D representations of the best docking scores between urate oxidase (PDB: 1R4U) and (a) folic acid: conventional hydrogen bond
(GLN-228, LEU-287, HIS-256, and TYR-257), pi-alkyl bond (ARG-176), and pi-pi T-shaped bond (PHE-159); (b) D-alanine: conventional
hydrogen bond (ARG-176, HIS-256, ASN-254, ILE-177, and TYR-257); (c) phloroglucitol: conventional hydrogen bond (ARG-176, GLN-
228); (d) (−)-norephedrine: conventional hydrogen bond (TRP-160, ALA-225); (e) norpseudoephedrine: conventional hydrogen bond
(TRP-160, ALA-225); (f ) ascorbic acid (control): conventional hydrogen bond (TYR-257, ILE-177, HIS-256, GLU-259).
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Table 8: Physicochemical properties associated with good oral bioavailability for the isolated compounds from Sterculia villosa.

Compounds
Lipinski rules

Lipinski’s violations
Veber rules

MW HBA HBD Log P nRB TPSA
<500 <10 <5 ≤5 ≤1 ≤10 ≤140

Aprobarbital 210.23 3 2 0.82 0 3 75.27
Digitoxin 764.94 13 5 2.61 3 7 182.83
Methotrexate 454.44 9 5 −0.50 1 10 210.54
Guanosine 283.24 7 5 −2.02 1 2 159.51
Benzaldehyde, 4-hydroxy-3,5-dimethoxy 182.17 4 1 0.93 0 3 55.76
Mebutamate 232.28 4 2 1.05 0 8 104.64
β-carotene 536.87 0 0 11.11 2 10 0
Here, MW, molecular weight (g/mol); HBA, hydrogen bond acceptor; HBD, hydrogen bond donor; Log P, lipophilicity; nRB: number of rotatable bonds;
TPSA: topological polar surface area.
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Figure 5: 2D representations of the best docking scores between glutathione reductase (PDB: 3GRS) and (a) folic acid: conventional
hydrogen bond (PHE-181, LYS-53, THR-156, THR-57, GLU-50, and ASP-104), water hydrogen bond (HOH-490), pi-pi stacked bond (HIS-
52), and pi-alkyl bond (VAL-61); (b) (−)-norephedrine: conventional hydrogen bond (THR-156, GLU-50), pi-pi stacked bond (HIS-129),
pi-alkyl bond (ALA-130), and carbon–hydrogen bond (GLY-27); (c) norpseudoephedrine: conventional hydrogen bond (THR-156, GLU-
50), pi-pi stacked bond (HIS-129), pi-alkyl bond (ALA-130), and carbon–hydrogen bond (GLY-27); (d) cathine: conventional hydrogen
bond (THR-156, GLU-50), pi-pi stacked bond (HIS-129), pi-alkyl bond (ALA-130), and carbon–hydrogen bond (GLY-27); (e) phlor-
oglucitol: conventional hydrogen bond (ASP-331, TYR-197, and THR-339); (f ) ascorbic acid (control): conventional hydrogen bond (GLU-
50, ALA-155, THR-57), water hydrogen bond (HOH-490), and carbon–hydrogen bond (GLY-157, GLY-27).
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of the compounds having the highest docking score were
significantly better than the control in terms of ligand–
protein interaction. +is suggested that these compounds
have good potential as a promising antioxidant agent. All of
the compounds were also subjected to the evaluation of
ADME and toxicological properties. +e Lipinski rule of five
states that orally administered agents should have the fol-
lowing properties: molecular weight <500 amu, hydrogen
bond acceptor sites <10, hydrogen bond donor sites <5, and
lipophilicity value (Log P)≤ 5. Veber’s rules recommend a
number of rotatable bonds ≤10 and topological polar surface
area ≤140. According to these rules, a compound or po-
tential medicinal agent cannot violate all of the parameters
while still presenting good oral bioavailability [55, 56].
Among the two compounds with the highest docking scores
identified for each plant species, aprobarbital did not violate
any of the parameters, whereas folic acid and methotrexate
had violated one parameter of the Lipinski rule of five, which
is within the acceptable range. +us, these compounds are
considered safe for in vivo administration to an animal
model. In the S. villosa extract, all other compounds, except
digitoxin, methotrexate, guanosine, and β-carotene, also

met all of the criteria for the Lipinski rule. In the V. patula
extract, all compounds meet all components of the rules
except for folic acid. Additionally, the toxicity prediction
showed that none of the identified compounds in S. villosa is
played hepatotoxicity. When it comes to carcinogenicity, all
of the compounds were free from carcinogenic properties
except aprobarbital and mebutamate. In addition to that,
only β-carotene was associated with mutagenic properties.
By contrast, in the V. patula extract, all of the compounds
were free from mutagenic, carcinogenic, and hepatotoxic
properties. +erefore, the selected compounds from
S. villosa and V. patulamay represent promising antioxidant
agents, as further supported by the molecular docking study.

4. Conclusions

+is study reported the potential antioxidant effects of
methanolic bark extract of S. villosa and methanolic
whole-plant extract of V. patula; this might be due to their
chemical constituents. +ese chemical compounds may
offer antioxidant activities, as assessed by the molecular

Table 10: Toxicological properties of the identified compounds from Sterculia villosa.

Compounds Mutagenicity Carcinogenicity Hepatotoxicity Toxicity class
Aprobarbital NM Carcinogenic NH II
Digitoxin NM NC NH I
Methotrexate NM NC NH I
Guanosine NM NC NH II
Benzaldehyde, 4-hydroxy-3,5-dimethoxy- NM NC NH IV
Mebutamate NM Carcinogenic NH IV
β-carotene Mutagenic NC NH IV
NM: nonmutagenic; NC: noncarcinogenic; NH: nonhepatotoxic; Class I (LD50≤ 5); Class II (5< LD50≤ 50); Class III (50< LD50≤ 300); Class IV
(300< LD50≤ 2000); Class V (2000< LD50≤ 5000); Class VI (LD50> 5000).

Table 11: Toxicological properties of the identified compounds from Vernonia patula.

Compound Mutagenicity Carcinogenicity Hepatotoxicity Toxicity class
Folic acid NM NC NH III
D-alanine NM NC NH III
(−)-norephedrine NM NC NH III
Norpseudoephedrine NM NC NH III
Cathine NM NC NH III
Phloroglucitol NM NC NH VI
NM: nonmutagenic; NC: noncarcinogenic; NH: nonhepatotoxic; Class I (LD50≤ 5); Class II (5< LD50≤ 50); Class III (50< LD50≤ 300); Class IV
(300< LD50≤ 2000); Class V (2000< LD50≤ 5000); Class VI (LD50> 5000).

Table 9: Physicochemical properties associated with good oral bioavailability for the isolated compound from Vernonia patula.

Compounds
Lipinski rules

Lipinski’s violations
Veber rules

MW HBA HBD Log P nRB TPSA
<500 <10 <5 ≤5 ≤1 ≤10 ≤140

Folic acid 441.40 9 6 −0.36 1 10 213.28
D-alanine 89.09 3 1 −1.46 0 1 63.32
(−)-norephedrine 151.21 2 2 1.11 0 2 46.25
Norpseudoephedrine 151.21 2 2 1.11 0 2 46.25
Cathine 151.21 2 2 1.11 0 2 46.25
Phloroglucitol 132.16 3 3 −0.30 0 0 60.69
Here, MW, molecular weight (g/mol); HBA, hydrogen bond acceptor; HBD, hydrogen bond donor; Log P, lipophilicity; nRB: number of rotatable bonds;
TPSA: topological polar surface area.
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docking study. Further advanced studies remain necessary
to identify the potential compounds responsible for an-
tioxidant activities displayed by these two plants, S. villosa
and V. patula.
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�e research work presented in this study is mainly concerned with the bioactivity-directed phytochemical and biological
evaluation of Persea duthiei. Persea duthiei is a typical medicinal plant used to treat a variety of ailments such as asthma, edema,
and bronchitis. Ethyl acetate, n-hexane, n-butanol, and compounds that are soluble in water were used to examine the anti-
bacterial as well as antifungal capacities of the plant. �e antibacterial activity of the soluble parts of ethyl acetate and n-hexane
against Escherichia coli, Staphylococcus aureus, Salmonella typhi, and Bacillus subtilis was high, even though there was no activity
against Pseudomonas aeruginosa. Likewise, the n-hexane and ethyl acetate fractions were found to have substantial e�cacy against
several fungal strains such as Aspergillus �avus, Aspergillus fumigates, Fusarium solani, and Aspergillus niger, but not against
Candida glabrata. Among the studied fractions, the ethyl acetate soluble fraction had potent antibacterial activity against all of the
tested species. �is fraction was submitted to phytochemical analysis utilizing various chromatographic methods for the ex-
traction of various pure components. As a consequence, four compounds were isolated, and their structures were elucidated using
various spectroscopic methods such as IR, EIMS, HR-EIMS, 1H-NMR, 13C-NMR, NOESY, COSY, HMBC, and HMQC. Urs-12-
en-3β-ol (α-amyrine) (1), Urs-12-ene-2α-3β-diol (chamaedrydiol) (2), 3β-hydroxyurs-12-en-28-aldehyde (ursolic aldehyde) (3),
and 12-oleanex-3β-ol (β-amyrine) (4) were extracted. Compounds 1, 2, 3, and 4 were examined for antibacterial and antifungal
activity and found to have zones of inhibition ranging from 0 to 11mm against tested bacteria strains and percent inhibition
ranging from 0 to 25 percent against fungus strains. Compounds 1 and 4 showed strong e�cacy against the investigated fungal
species, with a 25% inhibition rate. In the case of antibacterial activity, compounds 4 and 1 showed potent activity with zones of
inhibition of 11mm and 10mm, respectively. Compounds 2 and 3 were observed to have nonsigni�cant antimicrobial activity.
However, docking studies re�ected the complex formation of compound 1 with beta-hydroxyacyl-ACP dehydratase HadAB and
S. aureus tyrosyl-tRNA synthetase and compound 2 with topoisomerase II DNA gyrase complex, and they were reported to have
antibacterial properties. Similarly, compound 4 was discovered to be well compatible with the lanosterol 14-demethylase (fungal
enzyme) and is thus regarded as having antifungal capabilities. Chimera software was used to identify the binding pockets of these
complexes. �ese results indicated that Persea duthiei is a valuable source of medicinal compounds for medication development.
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1. Introduction

Humans as well as other living organisms are the victims of
disease-causing microorganisms (including bacteria and
viruses). Besides being disease-causing agents, these mi-
croorganisms are gaining resistance against antibiotics as
diagnosed in many hospitals throughout the world [1]. With
the increase in gaining multidrug resistance among mi-
croorganisms, the discovery of broad-spectrum antibiotics
with modified and improved activity is gaining more interest
in order to overcome diseases. Nature is a gift for us that is
rich in antimicrobial ingredients; among them plants are
rich in medicinal ingredients. (e application of plants as a
source of effective medicine is an urge throughout the world
[2]. Medicinal plants are used to treat a variety of disorders
mainly due to their low cost and high efficacy. However, the
limited knowledge about their dosage, safety, liability, and
harmful or allergic ingredients prevents doctors from pre-
scribing them for medicinal purposes [3]. (e reasons be-
hind multiple antibiotic resistance in many microbial strains
are their gene mutations, alternation in microbial structure,
and excessive intake of nonspecific antibiotics for the
treatment of various disorders. (ese modifications induce
the treatment of microbial infections with the help of herbal
medicines. Although a large number of medicinal plants
have been examined in order to evaluate their antimicrobial
properties, there is still a gap in satisfactory screening.
Medicinal plants are a rich source of phytochemicals like
alkaloids, flavonoids, glycosides, lactones, resins, sterols,
tannins, and volatile oils, due to the natural synthesis of these
bioactive compounds in plants. Phytochemicals are bio-
logically active compounds that play a leading role in the
treatment of various infections including microbial infec-
tions and inflammation [4–6]. (e gain of resistance against
drugs is a main issue in the identification of drugs for the
therapy of microbial infections. (erefore, it is our urgent
need to reduce the consumption of antibiotics by providing
treatments for microbial infection with the help of novel
natural drugs. (is urge is fulfilled by the utilization of
medicinal plants as well as their phyto-constituents as
suitable antimicrobial drugs. Persea is a genus in the
Lauraceae family that belongs to the oldest subtribe. In the
Buner area of Pakistan, Persea duthiei is known by the local
name “Gul-e-namair.” It is found mostly in Pakistan, India,
and Burma and is also found across the western Himalayas
[7]. Medicinal plants are used for the treatment of different
infections. (ese plants contributed as a source of inspi-
ration to novel therapeutic compounds as well as color,
flavor, and taste of food [8, 9].

Persea duthiei is a medicinal plant with valuable medicine
properties; the rootstocks, in particular, are bitter, acrid, hot,
harsh, and vigorous. It is most commonly used to treat
asthma, emphysema, bronchitis, pain, bad breath, blood
problems, and vomiting [10]. (e oils of Persea duthiei’s
fruits, leaves, and flowers were studied, and forty components
were discovered. One of its oils, i.e., sesquiterpenoids, is
present with a percentage of 84.2% in flower, 83% in fruit,
and 35.7% in leaves. Other major components (36%) of leaf
oil are monoterpene hydrocarbons. Sesquiterpenoids are

represented by α-pinene (10%), limonene (10.1%), p-cymene
(3.5%), β-pinene (10%), (E)-nerolidol (13.2%), β-caryoph-
yllene (5.8%), epi-cubebol (5.8%), and β-eudesmol (4%).
Besides epi-cubebol in flower oil, the (E)-nerolidol is also
present in great quantity [11]. Persea genus is rich in phy-
tochemical contents like flavonoids, terpenes, alkaloids,
phytosterols (β-sitosterol), and essential oils [12].

(e antibacterial activity of crude extract and several
solvent soluble fractions derived from Persea duthiei is re-
ported in this research. (e plant’s ethyl acetate soluble
fraction was discovered to have the most antibacterial po-
tential; thus, it was subjected to column chromatography.
Four chemicals (1–4) were recovered as a result of sequential
column chromatography of the ethyl acetate soluble frac-
tion. Modern spectroscopic approaches, including 1D and
2D NMR techniques, were used to determine the structures
of compounds 1–4 (Figure 1). Both physical and spectral
data of compounds 1–4 agreed completely with those pre-
viously published in the literature [13–15]. Despite the fact
that the structures of compounds 1–4 have been disclosed
previously, we are presenting their antibacterial activity and
docking investigations against key microbial proteins for the
first time.

2. Materials and Methods

2.1. Collection of Plant. A plant taxonomist, Professor
Mehboob Ur Rehman, in the Plant Sciences Section of
Postgraduate Jahanzeb College, Saidu Sharif, Swat, Pakistan,
collected the plant Persea duthiei and identified it with a
specimen voucher number HPGJC 127 lodged there.

2.2. Extraction and Fractionation. (e entire plant Persea
duthiei was collected, dried in shade with the presence of air,
sliced, and powdered to a coarse (fine) consistency. At room
temperature, the powdered plant, weighing six kg, was
extracted three times with methanol (MeOH). (is meth-
anolic extract was then evaporated in rotary evaporator
under low pressure, yielding dark green thick (like syrup)
residue; dried; and weighed. It weighed around 711 grams.
(en, this residue was partitioned into different sections
with the help of a separating funnel. (is methanolic extract
was subsequently divided into solvents with varying polarity,
such as n-hexane, n-butanol, EtOAc, and water soluble
fractions. (e antibacterial activity of the crude extract and
subsequent soluble fractions was tested, with the ethyl ac-
etate fraction proving to be the most effective.

2.3. Isolation of Pure Compounds. (e extract’s ethyl acetate
fraction (eighty-six grams) was subjected to column chro-
matography. For the process of elution, different solvents
having different polarities were used. Elution was performed
using the solvents having a gradient of increasing polarity,
with the sequence of ascending polarity being (n-
hexane)⟶(n-hexane-ethyl acetate)⟶(pure ethyl aceta-
te)⟶(ethyl acetate-methanol) and the final elution being
pure methanol.
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After that, the eluted fractions with identical TLC
characteristics were blended together. As a result of the
compilation procedure, four (04) subfractions were ob-
tained: F1, F2, F3, and F4. (ese four (04) subfractions were
then submitted to repeated column chromatography for
further purification. Fraction F1 was rechromatographed
after being eluted with n-hexane-ethyl acetate (8 : 2). One
pure chemical was obtained from fraction F1 [13]. Elution in
the (6 : 4) fraction of n-hexane-ethyl acetate yielded fraction
F2, which was then subjected to column chromatography.
(is fraction produced two compounds, 2 [11] and 3 [16], on
successive chromatography eluted with two different ratios
of n-hexane-ethyl acetate (9 :1 and 1.5 : 8.5), respectively.
Fraction F4 was separated and then subjected to column
chromatography after being eluted with n-hexane-ethyl
acetate in a ratio of 3 : 7. One pure chemical, 4 [13], was also
obtained from this fraction, which was eluted using
n-hexane-ethyl acetate (4 : 6).

2.4. Bioscreening. To assess their antimicrobial potential,
soluble fractions of different solvents and their components
extracted, 1 to 4, from Persea duthiei were tested for their
antibacterial and antifungal activity.

2.4.1. Microbial Strains. (e fractions of Persea duthiei in
different solvents (ethyl acetate, methanol, n-butanol, and
n-hexane) and the pure compounds 1–4 were tested against
ten microbial species. Bacillus subtilis, Escherichia coli,
Pseudomonas aeruginosa, Salmonella typhi, and Staphylo-
coccus aureus are the five bacterial pathogens, while As-
pergillus flavus, Aspergillus fumigates, Aspergillus niger,
Candida glabrata, and Fusarium solani are the five fungal
pathogens. (e microbes were taken from Dr. Panjwani
Center for Molecular Medicine and Drug Research at the
University of Karachi in Pakistan (ICCBS).

2.4.2. Antibacterial Assay. Various strains of bacterial
species were subcultured in order to create a freshly cultured
bacterial species for the evaluation of antibacterial activity.
As a result, each colony from a different bacterial strain was
injected into the nutrient broth and cultivated for one day at
room temperature (37°C). (e dissolved 19 g nutritious agar
medium in 1 L distilled water was then autoclaved at 121°C
for half an hour. After chilling, the media were put onto
14 cm Petri plates to make 75mL of solid media. In these
solid media, 7 holes were drilled with a sterile cork borer
(8mm). To evaluate the antibacterial activity of various
fractions, the agar diffusion method was used. Each bacterial
strain was inoculated in its own Petri dish. Tomake the stock
solution, 15mg per mL of each part was combined with
DMSO (dimethyl sulfoxide). In such precise holes, 100 L
solution of each fraction, DMSO solution as a negative
control, and doxycycline as as a positive control were
employed. (e bacterial cultures along with solvent soluble
fractions were cultivated for 24 hours at 37 degrees Celsius.
According to the prior protocol [17], the zone of each hole
was measured in millimeters.

2.4.3. Antifungal Assay. To obtain fresh cultures for each
species, the old fungal strains were subcultured. For culti-
vating fungal strains, nutrient broth medium was utilized,
and the resultant cultures were cultured at 280°C for 7 days.
(e disc diffusion method was employed to assess antifungal
activity in different solvent soluble fractions of this plant.
(rough point inoculation, the fungal strains were injected
on distinct agar media, namely, Potato Dextrose Agar (PDA)
plates. (e experiment next employed 100 microL of the
store solution (12 mg from each fraction dissolved in 2ml of
DMSO); pure DMSO as a negative control; and 12mg/mL
antibiotic, i.e., miconazole, as a positive control. (e activity
of each strain was assessed after 7-day (280°C) incubation
[17].
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Figure 1: (e structure of four isolated compounds: (a) compound 1; (b) compound 2; (c) compound 3; (d) compound 4.
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2.5. Physical and Spectral Data of Compounds 1–4

2.5.1. Urs-12-en-3β-ol (1). Amorphous solid; M.P 188°C; IR
(KBr) cm−1 3512, 1638; 1H-NMR (CDCl3, 400 MHZ); □ 5.11
(1H, t, J� 3.6Hz, H-12), 3.22 (1H, dd, J� 10.4, 7.2Hz, H-3),
2.35 (2H, m, H-11), 1.98 (1H, m, H-9), 1.95 (2H, m, H-1),
1.89 (1H, m, H-18), 1.68 (2H, m, H-15), 1.52–1.60 (9H, m,
H-19, 16, 7, 6, 2), 1.40–149 (5H, m, H-20, 21, 22), 1.11 (3H, s,
CH3), 1.05 (3H, s, CH3), 0.99 (3H, s, CH3), 0.97 (3H, s, CH3),
0.89 (1H, m, H-5), 0.85 (3H, s, CH3), 0.83 (3H, s, CH3), 0.81
(3H, s, CH3), 0.79 (3H, s, CH3); 13C-NMR (CDCl3, 125
MHZ); □ 139.60 (C-13), 124.40 (C-12), 77.22 (C-3), 59.07
(C-18), 55.18 (C-5), 47.72 (C-9), 42.09 (C-14), 41.54 (C-22),
40.02 (C-8), 39.68 (C-19), 39.62 (C-20), 38.72 (C-1), 38.06
(C-4), 36.96 (C-10), 33.76 (C-17), 32.66 (C-7), 31.27 (C-21),
28.14 (C-15, 23, 28), 27.25 (C-2), 26.63 (C-16), 23.39 (C-11),
23.28 (C-27), 21.40 (C-30), 18.37 (C-6), 17.48 (C-29), 16.81
(C-26), 15.63 (C-24), 15.60 (C-25); HREI-MS: m/z calc for
C30H50O [M]+ 426.386 and was found as 426.382 [13].

2.5.2. Urs-12-ene-2α-3β-Diol (2). Amorphous solid; M.P
219–220°C; IR (KBr) cm−1 3510, 1635; 1H-NMR (CDCl3, 400
MHZ); □ 5.32 (1H, t, J� 3.8Hz, H-12), 3.68 (1H, m, H-2),
3.01 (1H, d, J� 7.6H, H-3), 2.09–2.02 (5H, m, H-11, 1, 9),
1.98 (1H, m, H-18), 1.74 (2H, m, H-15), 1.63 (2H, m, H-22),
1.60–1.51 (9H, m, H-21, 6, 16, 7, 19), 1.40 (1H, m, H-20), 1.23
(3H, s, CH3), 1.05 (3H, s, CH3), 1.02 (3H, s, CH3), 1.00 (3H,
s, CH3), 0.98 (3H, s, CH3), 0.90 (1H, m, H-5), 0.89 (3H, s,
CH3), 0.81 (3H, s, CH3), 0.77 (3H, s, CH3); 13C-NMR
(CDCl3, 125 MHZ); □ 139.60 (C-13), 124.17 (C-12), 83.98
(C-3), 69.04 (C-2), 59.03 (C-18), 55.20 (C-5), 47.66 (C-9),
42.13 (C-14), 41.50 (C-1, 22), 40.07 (C-8), 39.64 (C-19),
39.58 (C-20), 38.34 (C-4), 37.12 (C-10), 33.37 (C-17), 32.82
(C-7), 31.23 (C-21), 28.39 (C-23, 28), 28.06 (C-16), 26.55 (C-
15), 23.42 (C-11), 23.26 (C-27), 21.41 (C-30), 18.33 (C-6),
17.46 (C-29), 16.97 (C-26), 16.89 (C-25), 16.78 (C-24);
HREI-MS: m/z calc for C30H50O2 [M]+ 442.381 and was
found as 442.377 [14].

2.5.3. 3β-Hydroxyurs-12-en-28-Aldehyde (3). Yellowish
amorphous solid; M.P 219–220°C; IR (KBr) cm−1 3516, 3511,
1696; 1H-NMR (CDCl3, 400 MHZ); □ 9.20 (1H, s, CHO),
5.30 (1H, t, J� 3.6Hz, H-12), 3.12 (1H, dd, J� 7.6, 4.8Hz,
H-3), 2.61 (2H, m, H-22), 2.31–2.30 (3H, m, H-11,9), 1.97
(3H, m, H-1, 18), 1.86–1.80 (4H, m, H-21,2), 1.65 (2H, m,
H-15), 1.58–1.49 (8H, m, H-6, 16, 7, 19, 20), 1.11 (3H, s,
CH3), 1.06 (3H, s, CH3), 0.96 (3H, s, CH3), 0.94 (3H, s, CH3),
0.90 (3H, s, CH3), 0.88 (3H, s, CH3), 0.84 (1H, m, H-5),
0.75(3H, s, CH3); 13C-NMR (CDCl3, 125 MHZ); □ 207.56
(C-28), 137.80 (C-13), 123.26 (C-12), 77.22 (C-3), 55.21 (C-
5), 55.21 (C-18), 52.63 (C-17), 47.57 (C-9), 42.18 (C-14),
40.42 (C-8), 38.99 (C-19), 38.70 (C-1), 38.62 (C-20), 38.50
(C-4), 36.95 (C-10), 32.75 (C-7), 31.88 (C-21), 30.19 (C-22),
25.50 (C-23), 27.75 (C-2,15), 26.75 (C-16), 23.31 (C-11,27),
21.08 (C-30), 18.31 (C-6), 17.22 (C-24,26), 16.66 (C-29),
15.62 (C-25); HREI-MS:m/z calc for C30H48O [M]+ 440.365
and was found as 440.361 [15].

2.5.4. 12-Oleanex-3β-ol (4). Solid; IR (KBr) cm−1 3510, 1636;
1H-NMR (CDCl3, 400 MHZ); □ 5.11 (1H, t, J� 3.6Hz,
H-12), 3.21 (1H, dd, J� 12, 4Hz, H-3), 2.33 (2H, m, H-11),
2.28 (1H, m, H-9), 1.98 (1H, m, H-18), 1.94 (2H, m, H-1),
1.68 (2H, m, H-15), 1.65 (2H, m, H-2), 1.57–151 (8H, m,
H-6,16,7,19), 1.48–142 (4H, m, H-21,22), 1.20 (3H, s, CH3),
1.12 (3H, s, CH3), 1.11 (3H, s, CH3), 0.96 (3H, s, CH3), 0.90
(3H, s, CH3), 0.89 (3H, s, CH3), 0.85 (3H, s, CH3), 0.82 (1H,
m, H-5), 0.76 (3H, s, CH3); 13C-NMR (CDCl3, 125 MHZ); □
145.30 (C-13), 122.68 (C-12), 79.04 (C-3), 55.22 (C-5), 47.63
(C-9,18), 45.89 (C-19), 41.12 (C-14), 39.27 (C-4,8), 38.42 (C-
1,22), 37.08 (C-10), 33.80 (C-21), 32.66 (C-7), 32.21 (C-17),
30.18 (C-20), 33.06 (C-30), 28.11 (C-28), 27.69 (C-16), 27.19
(C-2,15), 25.91 (C-23), 23.41 (C-11), 23.28 (C-27), 23.57 (C-
29), 18.32 (C-6), 17.06 (C-26), 15.56 (C-25), 15.33 (C-24);
HREI-MS: m/z calc for C30H50O [M]+ 426.386 and was
found as 426.382 [13].

2.6. Docking Study. Molecular docking facilitates the
comparison of potential binding interactions of identified
chemical compounds with targeted proteins. (e three-
dimensional or 3D shape of targeted proteins (S. aureus.
tyrosyl-tRNA synthetase, topoisomerase II DNA gyrase,
beta-hydroxyacyl-ACP dehydratase HadAB, and lanosterol
14-demethylase enzyme with PDB codes 1JIJ, 2XCT, 4RLT,
and 4WMZ) was obtained from RCSB PDB [18]. Chem-
Draw Professional v17 was used to sketch the ligand
molecules [19]. (e structures of receptors were generated
with the help of the MakeReceptor Wizard module of the
OpenEye Scientific Software, and the ligands’ correct
conformers were prepared with the help of the OMEGA
module of the same software [20]. (e structures of re-
ceptors and conformers of ligands were required before
performing the protocol of molecular docking in the FRED
ligand docking module. (is software demands input
conformers for each targeted compound. For that purpose,
the ligands’ conformers were developed with the help of
OMEGA 3.0.0 [21]. For the generation of multiple con-
formers, the default setting of OMEGA was utilized. For the
generation of grids of receptors the Pdb2Receptor grid
generation module was used.(e grids were tailored to each
individual protein. For example, the grid against the
S. aureus gyrase complex was developed around cipro-
floxacin, but the grid against the S. aureus tyrosyl-tRNA
synthetase complex was built around co-crystal SB-239629
ligand. Additionally, against co-crystallized S. cerevisiae and
beta-hydroxyacyl-ACP dehydratase HadAB, the grid was
formed around co-crystallized fluconazole ligand and
fisetin. Boundary box for each targeted protein was spacious
enough to cover the overall binding region, and it was
obtained by setting it at the default value. (e docking
process was optimized by re-docking between the active
sites of the targeted protein and the co-crystal ligand. (e
FRED module constructed different poses for each targeted
ligand, and the pose with the lowest chemguass4 value was
chosen for further analysis. (e Discovery Studio client
v16.1.0 was used to analyze the optimal docked binding
relationship [22].
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3. Results and Discussion

(e methanolic extract prepared from Persea duthiei plant
was partitioned into n-hexane, ethyl acetate, n-butanol, and
water-soluble portions to isolate the physiologically essential
parts. As a result, four terpenoids with structures similar to
those indicated in Figure 1 were revealed. (e antibacterial
and antifungal properties were tested on the soluble frac-
tions as well as the separated pure components.

3.1. Antibacterial Activity of Fractions. (e antibacterial
activity of Persea duthiei extract is shown in Table 1. Persea
duthiei was tested for antibacterial efficacy against five
different bacteria strains (E. coli, B. subtilis, P. aeruginosa,
S. typhi, and S. aureus). With the exception of P. aeruginosa,
all studied microorganisms showed significant efficiency in
relation to the ethyl acetate and n-hexane fractions (Table 1).
(e ethyl acetate fraction inhibited E. coli, B. subtilis,
P. aeruginosa, S. typhi, and S. aureus in zones of 8mm, 3mm,
16mm, 9mm, and 12mm, respectively. However, against
E. coli, B. subtilis, P. aeruginosa, S. typhi, and S. aureus, the
percentage of n-hexane had the zones of inhibition of
11mm, 2mm, 7mm, 10mm, and 8mm. Because the in-
hibition zone for the n-butanol and the aqueous fraction is
so much smaller, they have less antibacterial activity.

3.2. Antifungal Activity of Fractions. Table 2 shows the an-
tifungal activity of Persea duthiei’s various solvent soluble
separated fractions. All of the fungus strains examined
demonstrated strong activity against the ethyl acetate and
n-hexane fractions. It is also clear from Table 2 that each
fungal strain shows 100 percent growth against aqueous
fractions of Persea duthiei. However, the butanol fractions
showed antifungal activity against only two strains (A. flavus
and F. solani).

3.3. Structural Elucidation of Compounds 1–4 Isolated from
Persea duthiei. (e ethyl acetate soluble fraction was sub-
mitted to column chromatography since it showed the
maximum activity of all the fractions examined, giving four
chemicals (1–4).

3.3.1. Urs-12-en-3β-ol (α-Amyrine) (1). Compound 1 was
synthesized in powder form with amorphous nature and
melted at 188°C. (e compound’s chemical formula was
determined as C30H50O using HR-EIMS with a molecular
peak ion at m/z 426. Compound 1 in its IR spectra indicated
a hydroxyl group maximum absorption at 3512 cm−1 and a
carbon-carbon double bond absorption peak at 1638 cm−1.
Both 13C- and 1H-NMR spectra were found to be very
similar to those reported for compound 1 [13] and are
provided in the experimental section of the article.

3.3.2. Urs-12-ene-2α-3β-Diol (Chamaedrydiol) (2). (is
compound was synthesized as an amorphous solid using an
n-hexane–ethyl acetate (6 : 4) solvent system and a melting

point of 219–2200°C. HR-EIMS and 13C-NMR (DEPT, BB)
confirmed compound 2’s molecular formula as C31H52O2,
with a peak of molecular ion at m/z 456. In the IR spectra,
OH group presented its absorption bands at 3510 cm−1,
while a double bond (C�C) had absorption bands at
1635 cm−1. (e physical and other spectrum data above
validated the structure of compound 2 as Urs-12-ene-2-3-
diol (chamaedrydiol), which agrees with those reported in
the literature [13] and is also included in the experimental
portion of the paper [12].

3.3.3. 3β-Hydroxyurs-12-en-28-Aldehyde (Ursolic Aldehyde)
(3). (rough column chromatography, an amorphous solid
of yellow color material, i.e., compound 3, was recovered
from F4 fraction using an n-hexane to ethyl acetate ratio of
7 : 3. When compound 3 was exposed to the iodine chamber,
it appeared as a yellow spot. (e provided compound’s IR
spectra reflected the absorption for the OH at 3511 cm−1, for
the carbonyl group at 1696 cm−1, and for the C�C olefinic at
3516 cm−1. HR-EIMS technology revealed a peak for mo-
lecular ion at m/z 440.00, confirming the chemical formula
C30H48O2 (calc for C30H48O2, 440.00).(e 13C-NMR and
1H-NMR spectrum data for compound 3 [15, 23] were found
to be extremely similar to those available in literature and are
included in the experimental portion of the paper.

3.3.4. 12-Oleanex-3β-ol (β-Amyrine) (4). After washing with
methanol, the amorphous solid of compound 4, i.e.,
β-amyrine, was isolated in the ethyl acetate soluble fraction
of Persea duthiei’s MeOH extract and crystallized to a
colorless needle-like crystal. HR-EIMS was used to detect a
molecular ion peak at m/z 426.38, which corresponded to
the C30H50O as its chemical formula. Infrared spectra
represent absorption peaks for the OH group at 3510 cm−1

and a trisubstituted double bond at 1636 cm−1. Compound
4’s 1H-NMR spectra and 13C-NMR assignment were in-
distinguishable from those described in the literature for
β-amyrine [13], which is also supplied in the article’s ex-
perimental section.

3.4. Bio-screening of Compounds. Antibacterial and anti-
fungal properties were tested on the four identified com-
pounds, 1–4, at a concentration of 28 g/ml. Compound 4 was
shown to be more active than compounds 2 and 3, whereas
compound 1 had the second highest level of antibacterial
activity for all the targeted bacterial strains with the ex-
ception of B. subtilis as mentioned in Table 3. Compounds 4
and 1 showed antibacterial activity for the investigated
bacterial strains. However, in terms of antifungal activity,
compound 1 demonstrated the most activity against all
fungal strains, followed by compound 4. Table 4 shows that
compounds 2 and 3 have no substantial action.

3.5. Structure-Activity Relationship of Isolated Compounds.
(e antimicrobial activities of all the four isolated com-
pounds were examined by evaluating the structure-activity
relationship of these compounds.
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Compound 1 (i.e., α-amyrine), a pentacyclic triterpene,
is a pharmacological important compound that exhibits
antimicrobial and anti-inflammatory as well as anticancer
properties [16, 24]. Compound 1 (α-amyrine) shows more
antimicrobial activity against each targeted microbial strain.
(e reason behind the pharmacological importance of
α-amyrine is represented by evaluating the structure-activity
relationship of compound 1. (e presence of OH group at
R2 is involved in the formation of H-bonding with the
membrane proteins of bacteria, ultimately leading to lysis or
rupture of microbial cell [25] that is represented in their
zone of inhibition for bacterial strains (Table 3) and percent
inhibition for fungal strains (Table 4). Compound 2 (i.e.,
chamaedrydiol) has minimum antimicrobial activities
compared to the other 3 compounds. (e reason behind this
least activity is exhibited in its structure. It has two adjacent
OH groups at R1 and R2 positions; these adjacent OH
groups generally reduce the strength of H-bonding, thereby
resulting in the least activity against bacteria and fungi [26].

Compound 3 (i.e., ursolic aldehyde) has the least antibac-
terial activity against three strains of bacteria (S. typhi,
P. aeruginosa, and S. aureus) and has near to zero anti-
bacterial activity against E. coli and B. subtilis. (is low or no
activity of (ursolic aldehyde) is based on the presence of
carbonyl group (C�O) at the R3 position. (is carbonyl
group hinders the antimicrobial activity of compounds
[23, 27]. However, the presence of the OH group at R2 is
involved in the formation of H-bond with microbial
membrane protein, so this compound has weak antimi-
crobial activity [27]. Compound 4, (i.e., β-amyrine) is also a
pentacyclic triterpene; its pharmacological as well as anti-
bacterial activities are similar to those of compound 1. (e
antibacterial activities of both compounds are also relatable
to each other [24, 25].

3.6. Molecular Docking Studies. (e predicted binding re-
lationship of ligands with physiologically significant targeted

Table 3: Zones of inhibition in millimeters showing antibacterial activities of isolated compounds 1–4 (28 μg/ml) of Persea duthiei against
different bacterial strains.

S. No. Compounds E. coli P. aeruginosa S. typhi B. subtilis S. aureus
1 Compound 1 7 8 10 1 2
2 Compound 2 8 5 0 0 3
3 Compound 3 0 5 2 0 7
4 Compound 4 9 11 9 1 5
5 Levofloxacin 16 19 24 22 20

Table 4: Antifungal activity (% inhibition) of compounds 1–4 (28 μg/ml) isolated from Persea duthiei against five fungi strains.

S. No. Compounds A. flavus A. fumigates A. niger F. solani C. glabrata
1 Compound 1 + + + + +
2 Compound 2 + − − − −

3 Compound 3 − + − − −

4 Compound 4 + + − + −

5 Clotrimazole +, +, +, + +, +, +, + +, +, +, + +, +, +, + +, +, +
Note. (−) 100% growth; (+) 75% growth; (+, +) 50% growth; (+, +, +) 25% growth; (+, +, +, +) no growth.

Table 1: Zones of inhibition in millimeters showing antibacterial activities of isolated fractions of Persea duthiei against different bacterial
strains (15mg/ml).

S. No. Fractions E. coli P. aeruginosa S. typhi B. subtilis S. aureus
1 n-Hexane 11 2 7 10 8
2 Ethyl acetate 8 3 16 9 12
3 n-Butanol 1 4 3 2 5
4 Aqueous 3 1 5 2 3
5 Doxycycline 16 19 24 22 20

Table 2: Antifungal activity (% inhibition) of different fractions (15mg/ml) [17] isolated from Persea duthiei against five fungi strains.

S. No. Fractions A. flavus A. fumigates A. niger F. solani C. glabrata
1 n-Hexane +, + + +, + + +
2 Ethyl acetate +, + + +, + +, + +
3 n-Butanol + − − + −

4 Aqueous − − − − −

5 Miconazole +, +, +, + +, +, +, + +, +, +, + +, +, +, + +, +, +, +
Note. (−) 100% growth; (+) 75% growth; (+, +) 50% growth; (+, +, +) 25% growth; (+, +, +, +) no growth.
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proteins is evaluated using molecular docking. Each isolated
chemical was subjected to docking studies to identify its
directing of binding inside the pockets at the active site of the
target proteins. HadAB, S. aureus tyrosyl-tRNA synthetase,
and topoisomerase II DNA gyrase, along with one fungus
protein, lanosterol 14-demethylase (CYP51), were examined
to determine whether they may be exploited as therapeutic
targets for antibacterial and antifungal drug development.
Tables 5–8 show the binding affinity of all compounds under
investigation against 3 bacterial and one fungal proteins
using the FRD docking program’s chemguass4 score. FRED
uses multi-conformer docking techniques, which entail
generating a number of conformers with low energy one at a
time and firmly docking each one.

Bacterial beta-hydroxyacyl-ACP dehydratase HadAB is
an enzyme that is involved in catalyzing the dehydration step
of bacterial fatty acid elongation [28]. (e formation of
complex having this enzyme with the targeted compounds
can inhibit the significant role of this dehydratase enzyme
ultimately leading to antibacterial therapy. By putative
binding of four isolated compounds with this enzyme in
docking studies, the FRED score of all compounds is ob-
tained and represented in Table 5. (e values of the FRED
score indicate that compound 1 has a more putative binding
with this enzyme, having −11.85 FRED score. Structure-
activity relationship also represents the comparatively more
antibacterial activity of compound 1 against bacterial strains.
(e docking results suggest that the hydroxyl group as well
as the hydrophobic portion of these compounds is inter-
fering with the microbial proteins through various inter-
molecular interactions. Further, crystallographic studies can
confirm the part of the compound interacting with the
proteins.

Figure 2 depicts the synthesis of compound 1 in asso-
ciation with beta-hydroxyacyl-ACP dehydratase HadAB.

In docking study, three parameters were assessed: the
binding affinity expressed in kcal/mol, the bonding inter-
actions between the amino acid residues of the target protein
and the atoms of the ligand, and the bond distance of these
interactions, as shown in Table 9.

S. aureus tyrosyl-tRNA synthetase is a bacterial enzyme,
catalyzing the activation of tyrosine and its transfer to tRNA
during translation of various important bacterial proteins
[29]. (e putative binding of four isolated compounds with
this enzyme is evaluated in FRD docking software. FRED
scores of all compounds are obtained and represented in
Table 7. (e values of FRED score indicate that compound 1
has a more putative binding affinity with this enzyme, with a

FRED score of −8.23. Compound 1 has a higher antibacterial
activity than compound 2 against the bacterial strains, as
shown by the structure-activity relationship.

(e formation of compound 1–S. aureus tyrosyl-tRNA
synthetase complex is represented in Figure 3. (ree pa-
rameters were evaluated using docking analysis: first is the

Table 5: FRED chemguass4 score of compounds 1–4 and co-
crystalized reported ligand against docking with bacterial enzyme
beta-hydroxyacyl-ACP dehydratase HadAB (PDB ID: 4rlt).

Compound code FRED chemguass4 score
Compd_1 −11.85
Compd_2 −10.34
Compd_3 −11.07
Compd_4 −10.55
4RLT_cc −14.85

Table 6: FRED chemguass4 score of compounds 1–4 and co-
crystalized ligand against docking in bacterial enzyme S. aureus
tyrosyl-tRNA synthetase (PDB ID: 1jij).

Compound code FRED chemguass4 score
Compd_1 −8.23
Compd_2 −6.90
Compd_3 −7.89
Compd_4 −7.02
Co-crystalized ligand −14.64

Table 7: FRED chemguass4 score of compounds 1–4 and co-
crystalized ligand against docking in bacterial enzyme topoisom-
erase II DNA gyrase (PDB ID: 2xct).

Compound code FRED chemguass4 score
Compd_1 −1.33
Compd_2 −1.48
Compd_3 −0.72
Compd_4 −0.99
Co-crystalized ligand −3.25

Table 8: FRED chemguass4 score of compounds 1–4 and co-
crystallized ligand against docking with fungal enzyme, i.e., Lan-
osterol 14α-demethylase enzyme (PDB ID: 4wmz).

Compound code FRED chemguass4 score
Compd_1 −12.62
Compd_2 −12.72
Compd_3 −12.44
Compd_4 −12.89
Co-crystalized ligand −11.25

Figure 2: Putative binding interaction of compound 1 with the
bacterial enzyme HadAB. Residues of compound 1 are interacting
with the enzyme active site amino acid residues like THR138 and
THR140 (shown in yellow sticks) at the active site of bacterial beta-
hydroxyacyl-ACP dehydratase HadAB [25] through hydrogen
bond (dotted lines in green).
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Table 9: Molecular docking analysis of compound 1 against bacterial enzyme beta-hydroxyacyl-ACP dehydratase HadAB (PDB ID: 4rlt) on
the basis of the type of bonds, the bond distances, and the interacting amino acids.

Bond type Bond distance (Å) Interacting amino acid of target
Hydrogen bond 2.71 A:THR140:OG1
Hydrogen bond 2.94 A:THR138:OG1
Hydrogen bond 2.71 A:THR140:OG1
Hydrogen bond 2.94 A:THR138:OG1
Hydrogen bond 2.71 A:THR140:OG1
Hydrogen bond 2.94 A:THR138:OG1
Hydrophobic 4.64 A:ILE84
Hydrophobic 4.82 A:LEU142
Hydrophobic 5.49 A:LEU142
Hydrophobic 5.24 B:MET60
Hydrophobic 5.45 A:LEU142
Hydrophobic 5.26 A:ILE84
Hydrophobic 4.58 A:LEU142
Hydrophobic 5.18 A:LEU142
Hydrophobic 3.71 A:CYS61
Hydrophobic 4.79 A:CYS61
Hydrophobic 5.03 A:TYR65
Hydrophobic 5.13 A:TYR65
Hydrophobic 5.06 A:TYR65
Hydrophobic 5.41 A:PHE72

Figure 3: Putative binding interaction of compound 1 against bacterial S. aureus tyrosyl-tRNA synthetase.(e THR75 (interacting with OH
group of compound 1) and ASP177 (interacting with hydrogen atom of compound 1) residues of S. aureus tyrosyl-tRNA synthetase are
hydrogen-bonded with OH group of compound 1, similar to its hydrogen bond formation with SB-284485 as previously reported. Similarly,
HIS50 residue is also present in the active site of S. aureus tyrosyl-tRNA synthetase that interacts through hydrophobic bonding with the
hydrophobic part of compound 1 in a similar fashion to that between SB-239629 and S. aureus tyrosyl-tRNA synthetase [30].

Table 10:Molecular docking analysis of compound 1 against bacterial enzyme S. aureus tyrosyl-tRNA synthetase (PDB ID: 1jij) based on the
type of bonds, bond distances, and interacting amino acids.

Bond type Bone distance (Å) Interacting amino acid of target
Hydrogen bond 1.84 A:THR75:OG1
Hydrogen bond 3.04 A:ASP177:OD1
Hydrogen bond 1.84 A:THR75:OG1
Hydrogen bond 3.04 A:ASP177:OD1
Hydrophobic 3.55 A:ALA39
Hydrophobic 4.17 A:ALA39
Hydrophobic 4.83 A:PRO53
Hydrophobic 4.28 A:CYS37
Hydrophobic 3.55 A:LEU70
Hydrophobic 4.84 A:TYR36
Hydrophobic 5.19 A:HIS47
Hydrophobic 4.44 A:HIS50
Hydrophobic 3.48 A:HIS50
Hydrophobic 5.14 A:TYR170
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binding affinity expressed in kcal/mol, second is the inter-
actions between the amino acid residues of the target protein
and the atoms of ligand, and third is the bond distance of
these interactions as represented in Table 10.

Topoisomerase II DNA gyrase is a bacterial enzyme that
is involved in introducing turns in DNA (i.e., negative su-
perhelical turns), so it is involved in the replication of
bacterial strains [31]. However, the formation of a complex
having bioactive compounds with this enzyme can retard the
normal replication of microbes. (e putative binding of four
isolated compounds with this enzyme was evaluated with
FRD docking software. FRED scores of all compounds are

obtained and represented in Table 7. (e values of FRED
score show that compound 2 has more putative binding with
this enzyme, with a FRED score of −1.48.

(e formation of compound 2–topoisomerase II DNA
gyrase complex is represented in Figure 4. (ree parameters
were evaluated using docking analysis: first is the binding
affinity expressed in kcal/mol, second is the bonding in-
teractions between the amino acid residues of the target
protein and the atoms of ligand, and third is the bond
distance of these interactions as shown in Table 11.

Lanosterol 14α-demethylase is a fungal enzyme, involved
in the synthesis of a necessary component (ergosterol) of the
cell membrane in fungi [33]. Inhibition of this enzyme leads to
reductionof ergosterol in fungal cellmembrane and formation
of toxic metabolites [34]. Both these effects are fungistatic for
many pathogenic fungi. For the synthesis of novel antifungal
medications, this enzyme has gained much importance.
Dockingstudies revealed that compound4showedmore stable
complex with this enzyme, with chemguass4 score of −12.89,
than the other three compounds (Table 8).

(e formation of compound 4–lanosterol 14α-de-
methylase complex is represented in Figure 5. (ree

Figure 4: Putative binding interactions of compound 2 against bacterial topoisomerase II DNA gyrase. (e ASP437 residue (shown in red)
located at the active site of topoisomerase II DNA gyrase forms H-bond (dotted line in green) with OH group of compound 2, in a similar
way to hydrogen bond formation between the GSK299423 inhibitor and the enzyme [32].

Table 11: Molecular docking analysis of compound 2 against
bacterial enzyme topoisomerase II DNA gyrase (PDB ID: 2xct) on
the basis of the type of bonds, bond distances, and interacting
amino acids.

Bond type Bond distance
(Å)

Interacting amino acid of
target

Hydrogen
bond 2.21 B:ASP437:OD2

Hydrophobic 1.60 E:DT8
Hydrophobic 4.26 B:ARG458
Hydrophobic 4.78 D:PHE1123
Hydrophobic 5.11 D:PHE1123
Hydrophobic 4.17 D:PHE1123
Hydrophobic 4.77 E:DT8
Hydrophobic 4.93 E:DT8
Hydrophobic 4.58 E:DT8
Hydrophobic 3.71 E:DT8
Hydrophobic 3.31 G:DG9
Hydrophobic 3.52 G:DG9
Hydrophobic 4.35 G:DG9
Hydrophobic 5.02 H:DA13
Hydrophobic 4.93 H:DA13
Hydrophobic 5.36 H:DA13
Hydrophobic 3.50 H:DA13
Hydrophobic 4.08 H:DA13
Hydrogen
bond 2.21 B:ASP437:OD2

Hydrogen
bond 2.21 B:ASP437:OD2

Figure 5: Putative binding interaction of compound 4 against
fungal lanosterol 14α-demethylase enzyme. (e amino acids
LEU380, LEU383, and VAL311 in the hydrophobic core of the
enzyme located in the active site are involved in the hydrophobic
Van der Waals bonding with the hydrophobic residues of com-
pound 4 [35].
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parameters were evaluated using docking analysis: first is the
binding affinity expressed in kcal/mol, second is the inter-
actions between the amino acid residues of the target protein
and the atoms of ligand, and third is the bond distance of
these interactions as listed in Table 12.

(e docking results between the enzymes β-hydrox-
yacyl-ACP dehydratase (PDB ID: 4rlt) and tyrosyl-tRNA
synthetase (PDB ID: 1jij) with compound 1 are visualized in
3 dimensions and shown in Figure 6. Similarly, the binding
pocket visualization and active site residue interaction of

Table 12:Molecular docking analysis of compound 4 against the fungal enzyme lanosterol 14α-demethylase enzyme (PDB ID: 4wmz) on the
basis of the type of bonds, bond distances, and interacting amino acids.

Bond type Bond distance (Å) Interacting amino acid of protein
Hydrophobic 5.43 A:ILE139
Hydrophobic 5.31 A:ILE139
Hydrophobic 4.67 A:LYS151
Hydrophobic 5.05 A:VAL154
Hydrophobic 4.99 A:VAL311
Hydrophobic 4.47 A:VAL311
Hydrophobic 5.46 A:ILE471
Hydrophobic 5.35 A:ILE471
Hydrophobic 3.57 A:VAL311
Hydrophobic 4.58 A:ILE139
Hydrophobic 4.62 A:LEU147
Hydrophobic 4.15 A:LYS151
Hydrophobic 4.93 A:LEU307
Hydrophobic 4.69 A:ILE139
Hydrophobic 4.68 A:VAL154
Hydrophobic 3.90 A:VAL311
Hydrophobic 3.97 A:LEU380
Hydrophobic 4.20 A:LEU380
Hydrophobic 5.21 A:LEU383
Hydrophobic 4.79 A:TYR126
Hydrophobic 5.32 A:PHE134
Hydrophobic 5.34 A:TYR140
Hydrophobic 5.20 A:PHE236
Hydrophobic 4.76 A:PHE236

Figure 6: (e visualization of binding pockets of enzyme β-hydroxyacyl-ACP dehydratase (PDB ID: 4rlt) (a, b) and tyrosyl-tRNA
synthetase (PDB ID: 1jij) (c, d) with α-amyrine. Compound 1 (depicted as a stick) is embedded in the binding pockets of enzymes. (a, b)
Binding of compound 1 in the active site of enzyme β-hydroxyacyl-ACP dehydratase through active site residues GLN86 and GLN89 of β2
strand and THR138, THR140, and LEU142 of β5 strand forming hydrogen bond with the hydroxyl groups of the ligand. (c, d) Compound 1
bound to the tyrosyl-tRNA synthetase’ active site residue THR75 that is involved in the formation of hydrogen bond with the OH group of
compound 1.
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topoisomerase II DNA gyrase (PDB ID: 2xct) with cha-
maedrydiol and lanosterol 14α-demethylase enzyme (PDB
ID: 4wmz) with compound 4 are shown in Figure 7. (e 3D
visualizations were performed by Chimera software [35].

4. Conclusion

(e findings of this article concluded that Persea duthiei
showed potent antibacterial and antifungal properties due to
having bioactive ingredients (phytochemicals). Among dif-
ferent solvent soluble fractions, ethyl acetate and n-hexane
fractions exhibited decent antimicrobial potency. Ethyl ace-
tate soluble fraction yielded four compounds that served as
antimicrobial target inhibitors/prodrugs. Compound 1
(α-amyrine) and compound 4 (β-amyrine) showed more
significant antimicrobial properties due to their potential
interaction with the microbial membrane proteins. Molecular
docking studies also reflected the antimicrobial activities
(antibacterial as well as antifungal activities) of these com-
pounds by indicating the putative binding interaction with
the bacterial enzyme (beta-hydroxyacyl dehydratase, tyrosyl-
tRNA synthetase, and topoisomerase II DNA gyrase) and
fungal enzyme (lanosterol 14α-demethylase) active sites, re-
spectively. (ese findings may be helpful in modifying theses
reported compounds, targeting the biologically significant
proteins, and may help in the development of new and ad-
vanced broad-spectrum antibiotics. Further, the authors will
crystallize and subsequently co-crystallize these important
microbial proteins along with these four terpenoids to see
their interactions in real natural environment, leading to in
vivo inhibition studies.
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Objective. Retinal degeneration (RD) is a serious, irreversible, and blinding eye disease, which seriously a�ects the visual function
and quality of life of patients. At present, there is no e�ective method to treat RD. �e �nal outcome of its development is
photoreceptor cell oxidation and apoptosis. �erefore, looking for safe, convenient, and e�ective antioxidant therapy is still the
key research �eld of Rd. In this study, the mice model of RD was induced by N-methyl-N-nitrosourea (MNU) in vivo to explore
the therapeutic e�ect and mechanism of salvianolic acids (Sal A) on RD. In vitro, the protective e�ect of Sal A on MNU injured
661W cell line of mouse retina photoreceptor cone cells was investigated preliminarily.Methods. Male C57BL/6 mice (7–8weeks
old) received a single intraperitoneal injection (ip) of 60mg/kg MNU or vehicle control. Treatment groups then received Sal-A
0.5mg/kg and 1.0mg/kg via daily intravenous injections. On day 7, functional and morphological examinations were performed,
including photopic and scotopic electroretinography (ERG) and hematological analyses to observe functional changes and
damage to the outer nuclear layer (ONL). On the 3rd and 7th days, the levels of superoxide dismutase (SOD) activity and
malondialdehyde (MDA) content were determined.�e expression of retinal Bax, Bcl-2, and caspase-3 was quanti�ed byWestern
blot and RT-PCR assays. 661W strain of mice retinal photoreceptor cone cells were cultured in vitro and treated with 1 µmMNU.
�e cells in the treatment group were given 50 μM Sal A as an intervention. �e growth of 661W cells was observed and recorded
under an inverted light microscope, and the activity of cells was detected by theMTTmethod. Results. Sal A treatment was e�ective
against MNU-induced RD inmice at both 0.5mg/kg/d and 1.0mg/kg/d doses, and the protective e�ect was dose-dependent. Sal A
can alleviate MNU-mediated alterations to retinal ERG activity and can support maintenance of the thickness of the ONL layer.
Sal A treatment increases the expression of retinal SOD and reduces the lipid peroxidation product MDA, suggesting that its
protective e�ect is related to the oxidation resistance. It can o�set changes to the expression of apoptotic factors in the retina
caused by MNU treatment. Sal A mitigates MNU-mediated damage to cultured mice photoreceptor cone cells 661W in vitro.
Conclusion. Sal A alleviates the damage caused byMNU to retinal photoreceptor cells in vivo and in vivo, and its protective e�ect is
related to its antioxidant and antiapoptotic activities.

1. Introduction

Retinal degeneration (RD) is a common ophthalmic con-
dition that impairs the visual function signi�cantly. It is
characterized by progressive apoptosis, which �nally results
in the death of photoreceptor cells and blindness [1, 2].
Reactive oxygen species (ROS) has been considered as the
key factor of photoreceptor cell apoptosis in RD [3]. ROS can
activate the poly-ADP ribose polymerase (PARP) in

photoreceptor nucleus, so as to regulate the expression level
of apoptosis inducing factor (AIF), and �nally touch the
apoptosis of photoreceptor cells [4].

�ere is currently no e�ective treatment for RD yet. In
recent years, a variety of in vivo, in vitro, and clinical ex-
perimental treatment methods have been studied for RD,
such as traditional neurotrophic therapy, calcium antago-
nistic therapy, antiapoptosis/antioxidant therapy, growth
factor therapy, as well as new gene therapy, stem cell therapy,
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retinal transplantation, artificial retina etc., which have made
progress to a certain extent. However, the toxic and side
effects of treatment or complex administration methods are
the difficulties that limit the research of RD treatment [5–11].
So, the search for safe, convenient, and effective antioxidant
therapies is an important research strategy with regard to RD.
One effective means to study RD is to use chemical agents,
such as N-methyl-N-nitrosourea (MNU), to make animal
models. MNU is a nitrophthalamine alkylate with strong
mutagenic ability that has been shown to be particularly
effective in a variety of tissues [12–14]. In the field of oph-
thalmology, MNU has been successfully used to induce
cataracts, corneal diseases, and animal models of RD [15, 16].
With regard to RD in particular, MNU has been shown to
selectively induce photoreceptor cell degradation through the
induction of oxidative stress in vitro and in vivo [4, 17].

In this study, we investigate the potential of salvianolic
acid A (Sal A) to inhibit MNU-induced retinal photore-
ceptor cell apoptosis. Sal A (Figure 1) has a convenient
preparation, and it is known to exert few adverse reactions in
vivo. Because Sal A has a strong antioxidant capacity [18, 19],
we predicted that it would protect the retina from damage
and thus delay the occurrence and development of RD.

2. Materials and Methods

2.1. Animals. Male 7-week-old C57BL/6 mice were bought
from Viton Lever Company in Beijing, China. .ey were
kept in an air-conditioned facility with a room temperature
of 18°C–23°C, humidity of 40%–65%, and a 12-hour light/
dark cycle..ey were fed normal chow and water ad libitum.
.e animal study protocol no. is 20161111.

Animal ethics statement: Our animal study was per-
formed the ARVO’s Statement on the Use of Animals in
Ophthalmology and Vision Research.

2.2. Drugs and Reagents. MNU (Sigma; St. Louis, MO, USA)
was kept at −20°C in the dark, diluted in normal saline
containing 0.05 percent acetic acid, and given to mice in-
traperitoneally (ip) in a single dosage of 60mg/kg. Sal
A-lyophilized powder (purity >98%) was dissolved in normal
saline (NS) and injected intravenously into the tails of mice.

2.3. Experimental Methods

2.3.1. Animal Treatments. Mice were randomly divided into
5 groups (10 mice in each group). Two groups were con-
sidered control groups, and they received a single dose of
vehicle (NS containing 0.05% acetic acid) ip. Mice in one of
the negative control groups (NC) received a tail vein in-
jection of NS on days 1 through 7. Mice in the other negative
control group (NC+ Sal-A) were injected with Sal A at a
dose of 1.0mg/kg body weight (bw) via the tail vein on each
of days 1 through 7.

Mice in three of the groups received a single dose of
60mg MNU/kg bw ip and then were treated as follows. One
group of mice (theMNU group) received a tail vein injection
of NS (5mL/kg/d) on days 1 through 7. A second group of

mice (the MNU+Sal A (0.5) group) received an initial
injection of Sal A at a dose of 0.5mg/kg bw into the tail vein
within 1 h of MNU treatment. .en, from days 1 through 7,
the mice were injected with Sal A (0.5mg/kg bw) everyday
through the tail vein. .e third group of mice (the
MNU+Sal A (1.0) group) were treated similarly to the
MNU+Sal A (0.5) group, except that the dose of Sal A was
1.0mg/kg bw every day.

2.3.2. Electroretinogram (ERG) Analysis. After 7 days of
MNU administration, the mice were examined by ERG.
After 24 hr of dark adaptation, mice were anesthetized by ip
injection of chlorpromazine (15mg/kg) and ketamine
60mg/kg (Pfizer, USA). Compound tropicamide eye drops
(Santen Pharmaceuticals, Japan) were administered to dilate
the pupils, and the corneas were anesthetized with cocaine
hydrochloride eye drops (Santen Pharmaceutical Co., Ja-
pan). On the recording stage under dim red light, the re-
cording electrode was placed on the limbus, and the
reference electrode and the ground electrode were placed on
the cheek and tail, respectively. .e b-wave amplitude and
latency were recorded with a single flash stimulation.

2.3.3. Collection of Mice Eyeballs. After the mice were deeply
anesthetized, right eyeballs were taken and fixed in 4%
paraformaldehyde for 12 hours, marked at the top with
toluidine blue, and then embedded in paraffin. .e left
eyeball was removed and preserved in liquid nitrogen.

2.3.4. Histopathological Assessment of Retinal Morphology.
Routine paraffin-embedded specimens were sagittally sec-
tioned through the optic nerve, and 5 µm thick sections were
made. After staining with hematoxylin and eosin (HE), light
microscopy (OLMPUS BX51) was used to observe the tis-
sues, and images were analyzed with ImageView software.
.e thickness of the outer nuclear layer (ONL) of the retina
was measured at an interval of 200 μm up and down the
vertical axis. Each measurement was performed 5 times.

2.3.5. Determination of the Superoxide Dismutase Activity
(SOD) and Malonaldehyde (MDA) Content. .e retinal
tissue was homogenized and centrifuged at 500g for 5
minutes at 4°C in PBS containing 0.5 percent Triton X-100
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Figure 1: Chemical structure of Sal (A). Molecular formula:
C26H22O10; M.W.:494.45.
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(pH 7.4). .e activity of superoxide dismutase (SOD) in the
supernatant was determined using a SOD Assay Kit
(Biyuntian Biotechnology Co., Ltd., China). .e SOD ac-
tivity was determined using a spectrophotometer to measure
the absorbance at 560 nm, and the findings were reported in
units per mg protein.

.e malondialdehyde (MDA) level was determined
using a colorimetric thiobarbituric acid test kit (Biyuntian
Biotechnology Co., Ltd., China). .e MDA intensity was
determined at 532 nm using a spectrophotometer, and the
lipid peroxide levels in the presence of MDA were expressed
as nmol/mg protein.

2.3.6. Determination of the Expression Levels of Apoptosis-
Related Genes by Western Blotting and Reverse Transcription
Polymerase Chain Reaction (RT-PCR) Assays. Western
Blotting. Slices of retinal tissues were added to cell lysis
solution to remove cellular proteins, which were then
separated using SDS-PAGE. .e transfer of the proteins to
nitrocellulose membranes was prevented using 5% nonfat
milk powder. Anti-Bax, anti-BCL-2, anti-caspase-3, and
anti-actin primary monoclonal mouse antibodies were
bought from Abcam and utilized at dilutions of 1 :1000. .e
secondary antibody, goat anti-mouse IgG, was obtained and
utilized at a dilution of 1 :1000 from Biyuntian Biotech-
nology Co., Ltd. Photographs were taken using the gel
imaging equipment, and the gray value was analyzed using
the program Image J. .e expression level was estimated as
the ratio of the target protein’s optical density to that of
actin.

RT-PCR. .e Trizol reagent was used to extract RNA
from retinal tissues. Spectroscopic analysis was conducted to
quantify the RNA, which was subsequently reverse-tran-
scribed into a single-stranded cDNA..e relative expression
levels of actin, Bax, Bcl-2, and caspase-3 genes were adjusted
and measured using gene-specific primers and 25 cycles of
cDNA amplification..e primers of Bax, Bcl-2, and caspase-
3 were referenced [20].

2.3.7. Cell Experiments. Cell Grouping. 661W cells (from
ATCC) are a mice retinal photoreceptor cone cell line.
Treatments were initiated when cells reached 70% to 80%
confluence. .e medium was removed and replaced with
fresh media-containing treatments according to 4 treatment
groups, as follows. A culture medium containing 1 µMMNU
was added to cells of the MNU group. A culture medium
containing 1 μMMNU and 50 μMSal A was added to cells of
the MNU+Sal-A group . A culture medium lacking addi-
tives was added to the NC (the normal control) . A culture
medium containing 50 μM Sal A was added to cells of the
NC+ Sal-A group

Cell Growth. Cell growth was monitored and recorded
consistently with an inverted optical microscope.

Cell Viability Assay..eMTTmethodwas used to find out
how healthy the cells that had been treated were, and the ab-
sorbance (A) value was found by setting a spectrophotometer
to490 nm.Tofigureouthowmanycellswere alive,weused this
formula: cell viability (percentage)�A for treatment groups/A

forcontrolgroups×100..eaverageoffive tests thatweredone
again is used to figure out the result.

2.3.8. Statistical Analysis. Data are expressed as mean-
± standard deviation and were subjected to analysis of
variance (ANOVA). Differences for which P< 0.05 were
considered statistically significant.

3. Results

3.1.Changes to theRetinalERGActivity. On day 7, theMNU-
treated group’s b-wave amplitudes of retinal ERGs were
substantially lower than those of the equivalent NC group in
both photopic and scotopic circumstances (P< 0.01, Fig-
ure 2). .e b-waves of mice in the MNU group were low and
flat, suggesting that MNU caused significant damage to the
retinas. In the treatment groups, Sal A was found to sig-
nificantly inhibit the MNU-invoked decrease of the b-wave
amplitude (P< 0.01) in a dose-dependentmanner (P< 0.01).
.e b-wave amplitude of the NC+ Sal-A group was not
significantly different from that of the normal control NC
group, indicating that the administration of Sal A alone did
not affect the electrical activity of the normal mouse retina.

3.2. Detection of ONL 9ickness in Each Group on Day 7.
.e retinal ONL of the MNU-treated mice became thinner
over time (P< 0.01, Figure 3), and the ONL layer in this
group was basically eliminated by day 7. .e thickness of the
two Sal A treatment groups was significantly greater than
that of the MNU group (P< 0.01), and the average ONL
thickness of the MNU+ Sal A (1.0) group was significantly
greater than that of the MNU+Sal A (0.5) group (P< 0.01).
.ere was no significant difference in the ONL layer
thickness between the NC+ Sal-A group and the NC group.

3.3. Effects of Sal A on the SOD Activity and MDA Content in
Retinal Tissues. As seen in Figure 4, in the MNU-treated
group, the SOD activity was considerably lowered (P< 0.01)
and MDA content was significantly elevated (P< 0.01)
compared to those in the NC group on day 3. .e SOD
activity in the retinas of both Sal A treatment groups was
probably greater than that in theMNU group (P< 0.01), and
the high-dose group had considerably increased SOD ac-
tivity than the low-dose group (P< 0.01). MDA concen-
trations in the retinas of Sal A-treated mice were
considerably lower than those in the MNU group (P< 0.01),
and the high-dose group had significantly lower MDA
concentrations than the low-dose group (P< 0.01).

On day 7 of the treatment program, the mean retinal
SOD activity of the MNU group continued to decrease with
time (P< 0.01), and the MDA level continued to increase
(P< 0.01). While the retinal SOD activity of the two Sal A
treatment groups continued to decrease (P< 0.01), the SOD
activity in the retinas of mice treated with Sal A remained
significantly higher than that of the MNU group (P< 0.01).
MDA levels in the retinas from both treatment groups
continued to increase (P< 0.01) but remained significantly
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lower than those in the MNU group (P< 0.01). No signif-
icant differences were found between levels of SOD or MDA
in the NC groups treated with Sal A and with vehicle control
(P> 0.05).

3.4. Effect of Sal A on the Expression Levels of Apoptosis-Re-
lated Genes. As illustrated in Figures 5 and 6, both Western
blotting and quantitative real-time PCR experiments
revealed that on day 3 of the treatment regimen, the levels of

expression of the retinal proapoptotic genes Bax and caspase
3 were significantly higher in the MNU-treated group than
in the NC group (P< 0.01). .ey were all considerably lower
than the MNU group (P< 0.01), while being significantly
higher than the NC group (P< 0.01)..e expression of these
genes was significantly greater in the MNU+Sal A (0.5)
group than in the MNU+Sal A (1.0) group (P< 0.01),
showing that proapoptotic genes were expressed more in the
low-dose group than in the high-dose group. .e anti-
apoptotic gene Bcl-2 expression was substantially decreased

NC

NC+Sal-A

Scotopic-ERG Photopic-ERG200 μV 100 μV

10 ms 10 ms

MNU

MNU+Sal-A (1.0)

MNU+Sal-A (0.5)

(a)

Scotopic-ERG Photopic-ERG
0

100

200

300

400

500

**

NC

NC+Sal-A

MNU

MNU+Sal-A (0.5)

MNU+Sal-A (1.0)

##
**

**

##
**

**
##
◊◊

##
**◊◊

A
m

pl
itu

de
 o

f b
-w

av
e (

μV
)

(b)
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in mice treated with MNU (P< 0.01) compared to animals
treated with NC..e Bcl-2 gene expression was considerably
greater in the treatment group that received Sal A alone than
in the MNU group (P< 0.01). .e expression of this anti-
apoptotic gene was significantly lower in the MNU+ Sal A
(0.5) group than in the MNU+Sal A (1.0) group (P< 0.01),
indicating that it was expressed less in the low-dose group

than in the high-dose group. Between the NC+ Sal A and
NC groups, there were no significant changes in the ex-
pression of the three apoptosis-related genes (P> 0.05).

At day 7, the expression levels of Bax, caspase-3, and Bcl-
2 were restored to normal in the MNU group, and there was
no significant difference between the MNU group and the
normal NC group (P> 0.05). On the seventh day, the ONL of
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the retina was essentially atrophic, and photoreceptor cells
had undergone apoptosis. As a result, the observed amount
of apoptotic gene expression was the same as the expression
of other normal retinal structures, which was normal. While
Bax and caspase 3 expression levels were considerably higher
in the Sal A treatment group than in the normal control NC
group (P< 0.01), And .e two genes were expressed at a
greater level in the MNU+ Sal A (0.5) group than in the
high-dose MNU+Sal A (1.0) group (P< 0.01). Both treat-
ment groups had a lower Bcl-2 expression than the NC
group (P< 0.01), and the MNU+Sal A (0.5) group had a
lower Bcl-2 expression than the MNU+Sal A (1.0) group
(P< 0.01). Between the NC+ Sal A and NC groups, there
was no significant change in the expression of the three
apoptotic genes (P> 0.05).

3.5.MorphologicalChanges of 661WCells. Cells were treated
in the noted ways and then were incubated for 12 hr and

24 hr after treatment, and the morphologies were then
observed under light microscopy (Figure 7(a))..e adherent
growth of cells in the NC group and the NC+ Sal-A group
was consistent with each other, and the cells were completely
confluent at 24 h. On the other hand, the cells treated with
MNU shrank and began to fall off at 12 h, and most cells
detached from the substrate by 24 h post-treatment. In the
MNU+Sal-A group, however, while a small number of cells
detached from the substrate at 12 h, some cells remained
adhered to the plate and grew well at 24 h.

3.6. Effects of Treatments on Cell Viability. .e viability of
cells in the MNU group, as measured by MTT assays, was
significantly lower than that in the NC group at 12 h
(P< 0.01, Figure 7(b)), and continued to decrease at 24 h
(P< 0.01). Although the viability of cells in theMNU+Sal-A
group was continued to decrease with time (P< 0.01), but
significantly higher than cells treated only with MNU

D3 D7
0.0

0.5

1.0

1.5

**

NC
NC+Sal-A
MNU

MNU+Sal-A (0.5)

MNU+Sal-A (1.0)

NC
NC+Sal-A
MNU

MNU+Sal-A (0.5)

MNU+Sal-A (1.0)

NC
NC+Sal-A
MNU

MNU+Sal-A (0.5)

MNU+Sal-A (1.0)

##

##
▴▴

▴▴

##

**

**
**

**

## ◊◊
▴▴◊◊

m
RN

A
 ex

pr
es

sio
n 

(fo
ld

 ch
an

ge
)

of
 B

cl-
2

D3 D7
0

2

4

6

8

10

**

##
##

**
**

**
**

##
◊◊

##
▴▴

▴▴

▴▴

▴▴

▴▴

▴▴

◊◊

D3 D7
0

2

4

6

8

10

**

##

##
**

**

**

**

##
◊◊

##

◊◊

m
RN

A
 ex

pr
es

sio
n 

(fo
ld

 ch
an

ge
)

of
 B

ax

m
RN

A
 ex

pr
es

sio
n 

(fo
ld

 ch
an

ge
)

of
 C

as
pa

se
-3

Figure 6: Changes of mRNA in the levels of expression of Bax, caspase 3, and Bcl-2 in the retinas of mice in each group. .e levels of
expression of themRNA of the three indicators on day 3 (D3) and day 7 (D7) of the treatment regimen as determined by RT-PCR. Data were
normalized to the expression of the mRNA coding for β actin (n� 10). ∗P< 0.05, ∗∗P< 0.01 vs. NC group; #P< 0.05, ##P< 0.01 vs. MNU
group; ◇P< 0.05, ◇◇P< 0.01 MNU+Sal A (1.0) vs. MNU+Sal A (0.5). ▲P< 0.05, ▲▲P< 0.01 vs. the value at day 3 in the same group.

Evidence-Based Complementary and Alternative Medicine 7



(P< 0.01)..e viability of cells treated only with Sal A group
was not significantly different from that of the NC group
(P> 0.05), indicating that Sal A itself did not affect cell
activity.

4. Discussion

Sal A, a water-soluble phenolic acid extracted from Salvia
miltiorrhiza, has been demonstrated to exhibit a broad
spectrum of pharmacological effects, including antioxidant
and anti-inflammatory properties, myocardial ischemia
protective, antithrombotic, neuroprotective, and antifibrotic
effects [21–26]. In fact, Sal A has one of the strongest
antioxidative effects that has been identified among natural
products to date, and it has been shown to remove super-
oxide anions and hydroxyl radicals from the environment
and to prevent lipid peroxidation [27, 28]. A study of effects
of Sal A application to the eye found that it was able to delay
the formation of cataracts, reduce peroxidation products,
and improve cellular antioxidant capacity in an animal
model induced by 50% galactose [29]. Because of the strong

activity of Sal A, an arginine-glycine-aspartic acid-conju-
gated polyethyleneimine particle loaded with Sal A has been
created for choroidal neovascularization-targeted anti-
angiogenesis therapy [18].

In the present study, we explored the therapeutic effect of
Sal A onMNU-induced degeneration of photoreceptor cells.
.e RD model induced by MNU has good reproducibility
and high specificity and is widely used in studies of the
pathological mechanisms of RD and in drug screening
[30, 31]. A single ip of 40 to 70mg/kg MNU in adult rodents
can produce morphological and functional changes, such as
a significant reduction in photoreceptor cells and a low level
or disappearance of ERG waveforms on days 3 through 7,
and a stable RD model can be formed [32–34]. In this ex-
periment, 7 days after a single administration of 60mg/kg
MNU to adult mice, retinal ERG analyses indicated a clear
damage to the tissue, and the retinal ONL thickness was
significantly reduced. It has been found that the apoptosis of
photoreceptor cells induced by MNU is closely related to
oxidative stress, and reactive oxygen species (ROS) have
been considered to be a key factor in the apoptosis of
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photoreceptor cells [4, 35]. ROS activate members of the
Bax/Bak family of proteins, and this activation ultimately
leads to a caspase-mediated apoptosis cascade [3, 36]. In this
study, the retinal SOD activity of mice treated with MNU
decreased with time, while the level of MDA increased over
time. As SOD is a key enzyme involved in scavenging-free
radicals, and MDA levels are a proxy for ROS-mediated
damage to lipids; these results support the idea that MNU-
induced damage to retinal tissue is associated with oxidative
stress.

In the present study, it was shown that Sal A did not
affect the waveform of retinal ERG or retinal ONL thickness
in normal mice, but it counteracted the decline of the b-wave
in the ERG of mice treated with MNU, thereby improving
the electrophysiology of retinas of MNU-treated mice. Sal A
was also found to maintain ONL thickness in this mice
model of RD. Daily administration of Sal A at 0.5mg/kg and
at 1.0mg/kg had significant dose-dependent protective ef-
fects..ese results are consistent with the conclusion that Sal
A treatment can at least partially alleviate MNU-induced
retinal morphological and functional damage.

Studies on the mechanism of the protective effect me-
diated by Sal A show that it can increase the activity of SOD
in mice retinas and can reduce the levels of the lipid per-
oxidation product MDA, suggesting that its protective effect
may be related to the enriching of endogenous antioxidants.
.is enrichment would relieve MNU-induced oxidative
stress in retinal tissues. .rough Western blotting and RT-
PCR experiments, effects of MNU and Sal A on the ex-
pression of the proapoptotic genes Bax and caspase 3 and the
antiapoptotic gene Bcl-2 were detected. It was found that Sal
A can increase the levels of Bcl-2 mRNA and decrease the
levels of Bax and caspase 3 mRNA within the retina, indi-
cating that its protective effect is closely related to an
antiapoptotic mechanism.

In addition, we studied the effects of MNU and Sal A in
vitro. We found that the treatment of cultured 661W cells
with 1 μM MNU can induce damage and reduce cell via-
bility, which is consistent with literature reports [15]. Other
in vitro studies have shown that Sal A can inhibit H2O2-
induced reductions of retinal pigment epithelial cell viability
by inhibiting apoptosis and reducing ROS production [19].
It has also been found to protect oxidized LDL-induced
retinal pigment epithelial cells from inflammation and ox-
idative damage [37, 38]. In the present study, we showed that
treatment of normally cultured 661W cells with Sal A is not
associated with observable toxic effects. Importantly,
though, treatment with Sal A can protect these cells against
the damage caused by MNU and can delay MNU-induced
decreases of cell viability.

5. Conclusions

In conclusion, our study shows that Sal A can ameliorate
MNU-induced photoreceptor degeneration in vitro and in
vivo. Moreover, its mechanism is closely related to anti-
oxidation and antiapoptosis. Sal A should thus be examined
further as a potential safe and effective new therapy for the
clinical treatment of RD.
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Background and Signi�cance. Dry eye disease (DED) is a prevalent optic surface illness with a high incidence worldwide that is
caused by a variety of factors, including mitochondrial dysfunction. Resveratrol has been con�rmed to protect the eye surface in
DED, and as an antioxidant, resveratrol can maintain mitochondrial function.  erefore, we investigated whether resveratrol can
improve DED by restoring mitochondrial function.Methods.  e mitochondrial dysfunction of HCE-2 human corneal epithelial
cells was induced by high osmotic pressure exposure and treated with resveratrol (50 μM).Western blotting was used to detect the
expression of the antioxidant proteins SOD2, GPx, and SIRT1, and �ow cytometry was used to detect cell apoptosis and ROS
production.  e DED mouse model was induced by 0.2% benzalkonium chloride (BAC) and treated with resveratrol.  e tear
yield was measured by the phenol cotton thread test, the density of cup cells in the conjunctiva was measured by periodic acid-
Schi� (PAS) staining, and the expression levels of SIRT1, GPx, and SOD2 in lacrimal glands were detected by Western blotting.
Results. In hypertonic conditions, the apoptosis of HCE-2 cells increased, the expression of the antioxidant proteins SOD2 and
GPx decreased, ROS production increased, and the expression of SIRT1 protein, an essential regulator of mitochondrial function,
was downregulated. Treatment with resveratrol reversed the mitochondrial dysfunctionmediated by high osmotic pressure. In the
DED mouse model, resveratrol treatment promoted tear production and goblet cell number in DED mice, decreased corneal
�uorescein staining, upregulated SIRT1 expression, and induced SOD2 and GPx expression in DEDmice. Conclusion. Resveratrol
alleviates mitochondrial dysfunction by promoting SIRT1 expression, thus reducing ocular surface injury in mice with dry eye.
 is study suggests a new path against DED.

1. Introduction

DED is a prevalent ocular surface disorder caused by in-
adequate production of tears and excessive tear evaporation.
Of note, the prevalence of DED in the world population
ranges from 6 to 34%, and the prevalence of DED is higher in
the aging population [1].  us, e�ective therapeutic strat-
egies are urgently needed for remitting DED.

Emerging evidence indicates that mitochondrial dys-
function is responsible for pathological processes, including
but not limited to neurodegenerative disease [2], cancer [3],
and DED [4]. Studies have shown that mitochondrial
function is a crucial component in the progression of DED.
For example, DDIT4 knockdown restores mitochondrial
function under hyperosmolarity and preserves the viability
of human corneal epithelial cells [5]. Moreover, the

modulation of mitochondrial homeostasis is related to the
outcome of DED [6]. Recent studies suggest that antioxidant
administration may restore mitochondria. Resveratrol
(3,5,4′-trihydroxy-trans-stilbene), a natural plant product,
has been reported to have antioxidant e�ects and maintain
mitochondrial function [7, 8].  e protective role of
resveratrol in mitochondrial dysfunction-related diseases,
such as cardiac diseases [9], hypoxic ischemic injury [10],
and neurodegenerative disorders [11], has been well
established. It is worth noting that the function of resveratrol
in protecting the ocular surface in experimental DED has
been reported [12]. However, the underlying mechanism by
which resveratrol ameliorates DED remains obscure.

Mammalian sirtuin 1 (SIRT1) is an exceedingly con-
served NAD(+)-dependent deacetylase that has been re-
ported to be engaged in the regulation of mitochondrial
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biogenesis [13]. Aberrant expression of SIRT1 leads to
mitochondrial dysfunction, thereby enhancing pathological
processes [14]. Earlier research revealed that the expression
of SIRT1 is decreased in the condition of diabetic dry eye
[15], indicating that SIRT1 may function in DED. It is well
known that resveratrol is a potent activator of SIRT1 [16].
Currently, the antioxidative effect of resveratrol is achieved
by upregulating SIRT1 expression [17]. For instance,
resveratrol improves mitochondria and protects against
metabolic disease by activating SIRT1 [18]. Resveratrol ac-
tivates SIRT1 to alleviate cardiac dysfunction through mi-
tochondrial regulation [19]. However, the correlation
between resveratrol and SIRT1 in DED is unknown.

+us, we demonstrate that resveratrol treatment atten-
uates hyperosmolarity-induced mitochondrial dysfunction
in human corneal epithelial cells (HCEpiCs). SIRT1 is re-
duced in hyperosmolarity-treated HCEpiCs, while resver-
atrol upregulates SIRT1 expression.Moreover, we found that
resveratrol restores mitochondrial function by inducing
SIRT1 expression. Consistently, resveratrol ameliorated dry
eye symptoms in the DED mouse model. +us, our results
establish a novel mechanism by which resveratrol attenuates
DED by facilitating SIRT1 expression.

2. Materials and Methods

2.1. Cell Culture and Treatment. Human corneal epithelial
cells HCE-2[50.B1] (CRL-11135) were acquired from ATCC
(Manassas, VA, USA). Cells were cultured at 37°C in 5% CO2
humidity in 10% fetal bovine serum (FBS, Gibco) and 1% v/v
penicillin/streptomycin (Gibco) in Dulbecco’s modified
Eagle’s medium (DMEM, Gibco). For the DED cell model,
HCEpiCs were treated with 0 or 94mMNaCl in the medium
and treated at isotonic and high osmolarity (312 and
500mOsM) for 24 h. For resveratrol treatment, HCEpiCs
were administered at 50 μM, and the vehicle (alcohol) had a
final concentration of 0.5% (nontoxic for cells) [20].

2.2. Cell ApoptosisAssay. +e apoptosis of the indicated cells
was analyzed by an Annexin V-FITC apoptosis detection kit
(C1062S, Beyotime). Briefly, cells were collected and
resuspended in PBS. After centrifugation, the suspension
was discarded, and the cells were resuspended in buffer.
Subsequently, 5 μl of Annexin V-FITC and 10 μl of propi-
dium iodide staining solution were added. After incubating
at room temperature in the dark for 10–20 minutes, the cells
were placed on ice and analyzed by flow cytometry.

2.3. Measurement of ROS Levels. +e ROS level in the in-
dicated cells was measured by an ROS assay kit (ab113851,
Abcam). Briefly, HCEpiCs were stained with DCFDA for 30
minutes at 37°C.

2.4. Western Blot. Proteins isolated from HCEpiCs and
lacrimal glands were measured by a BCA assay kit (P0012S,
Beyotime). Approximately 40 μg of protein was separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis

(SDS-PAGE) and transferred to PVDF membranes
(1620177, BioRad). PVDF membranes were blocked in 5%
nonfat milk and incubated with the primary antibodies at
4°C overnight. After washing with TBST three times, the
membranes were incubated with secondary antibodies. Fi-
nally, the bands were measured with an ECL reagent kit
(A38555, +ermo Scientific™).

2.5. Animal Model and Treatment. Seventy female C57BL/6
mice (Certificate number: SCXK(Dian)K2020-0004) aged
6–8 weeks were purchased from the Animal Center of
Kunming Medical University. +e mice were instilled with
5 μL of 0.2% BAC (Sigma-Aldrich) solution in both the eyes,
twice a day, for 2 consecutive weeks, to induce the mouse
DED model [21]. After the successful establishment of the
DED model, the mice were randomly divided into 3 groups
(15 mice in each group): DED group, DEDmice with alcohol
administration, and DED mice with resveratrol adminis-
tration, and the mice without BAC induction were used as
the normal control group. Resveratrol (5 μL/eye) was ad-
ministered 3 times/day in both the eyes for two weeks.
Eventually, the mice were euthanized by CO2 asphyxiation,
and the entire eye tissue, including the conjunctiva and
eyeball, was removed for further analysis.

2.6. Corneal Fluorescein Staining. 1 μL of 1% sodium fluo-
rescein was dropped into the inferior conjunctival sac using
a micropipette; then, punctate staining on the corneal
surface was evaluated in a blind fashion. Cobalt blue light
was used for inspection and photographic recording under a
slit-lamp microscope with 0 points for no staining of corneal
fluorescein, 1 point for one-quarter staining, 2 points for less
than half staining, 3 points for more than half staining, and 4
points for more than half staining [22].

2.7. Tear Production. +e tear output was analyzed using
phenol red cotton threads (Tianjin Jingming) [23]. +e
phenol red thread was positioned in the lateral canthus of the
eye for 60 seconds, and then, thread wetting measurements
were recorded.

2.8. Periodic Acid-Schiff (PAS) Staining. +e eyeball was
embedded and sliced into 5 μm thick divisions. Each division
was stained with periodic acid-Schiff (PAS) [24]. +e goblet
cell density was quantified.

2.9. Statistical Analysis. All data are expressed as the
mean± SEM. GraphPad software was used to analyze and
draw figures. +e statistical significance of differences was
evaluated by the two-tailed Student’s t-test or two-way
ANOVA. All p values were considered statistically signifi-
cant when values were <0.05.

3. Results

3.1. Environmental Hyperosmolarity Promotes Mitochondrial
Dysfunction in HCEpiCs. To investigate the part of
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mitochondria in DED, a hyperosmolarity HCEpiCsmodel was
created using 500mOsM medium, and HCEpiCs exposed to
312mOsM medium were regarded as controls. As shown in
Figure 1(a), after exposure to 500mOsMmedium, the apoptosis
of HCEpiCs was increased. +e expression levels of the anti-
oxidant proteins SOD2 and GPx were reduced in HCEpiCs
under hyperosmolarity (Figure 1(b)). Consistently, hyper-
osmolarity increased ROS production inHCEpiCs (Figure 1(c)).

3.2. Resveratrol Treatment Suppresses Mitochondrial Dys-
function in HCEpiCs. Resveratrol is reported to modulate
mitochondrial function in vitro and in vivo. To understand

the function of resveratrol in mitochondrial function in
HCEpiCs, hyperosmolarity-treated HCEpiCs were admin-
istered 50 μm of resveratrol. +e apoptosis of HCEpiCs was
reduced by resveratrol treatment (Figure 2(a)). Resveratrol
administration promoted SOD2 and GPx expression
(Figure 2(b)); in contrast, ROS production was reduced
(Figure 2(c)).

3.3. Resveratrol Upregulates SIRT1 Expression in HCEpiCs.
Previous studies suggested that SIRT1 contributed to mito-
chondrial function maintenance [25]. SIRT1 is involved in
resveratrol-mediated mitochondrial regulation [19, 26]. Here,
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Figure 1: Environmental hyperosmolarity promotes mitochondrial dysfunction in HCEpiCs. (a) Apoptosis of HCEpiCs under iso and
hyperosmolarities (312 and 500mOsM) determined by flow cytometry. (b)+e expression levels of the antioxidant proteins SOD2 and GPx
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we showed that SIRT1 was suppressed in HCEpiCs under
hyperosmolarity (Figure 3(a)). We examined the effects of
resveratrol on SIRT1 and found that the expression of SIRT1
was recovered with resveratrol treatment (Figure 3(b)).

We next asked whether SIRT1 was responsible for
resveratrol-mediated mitochondrial regulation in HCEpiCs.
To test this hypothesis, we introduced the SIRT1 inhibitor
EX527. Treatment with EX527 counteracted the inhibitory
effect of resveratrol on HCEpiCs apoptosis (Figure 3(c)) and
SOD2 and GPx expression (Figure 3(d)). We also observed

that EX527 eliminated part of the inhibitory effect of
resveratrol on ROS production (Figure 3(e)).

3.4.ResveratrolAmelioratesDEDSyndrome inVivoviaSIRT1.
Next, a DED mouse model induced by BAC ammonium
chloride was used to determine the role of resveratrol in DED
progression. Tear output was measured by the phenol red
cotton thread test, which indicated that resveratrol-treated
DED mice experienced more tear production than alcohol-
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Figure 2: Resveratrol treatment suppresses mitochondrial dysfunction in HCEpiCs. (a) Apoptosis of HCEpiCs under hyperosmolarity
(500mOsM) with resveratrol treatment determined by flow cytometry. (b)+e expression levels of the antioxidant proteins SOD2 and GPx
measured by Western blotting. (c) ROS production in HCEpiCs under hyperosmolar conditions with resveratrol treatment determined by
flow cytometry. n� 3. ∗P< 0.05, ∗∗P< 0.01, ∗∗∗P< 0.01.
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Figure 3: Continued.
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treated DED mice and DED mice (Figure 4(a)). Corneal
fluorescein staining was decreased in resveratrol-treated mice
(Figure 4(b)). Moreover, the number of goblet cells was in-
creased with resveratrol administration (Figure 4(c)). +ese
data indicated that resveratrol attenuates DED progression.

We then detected SIRT1 expression in lacrimal glands
and found that SIRT1 was inhibited in DED mice and al-
cohol-treated DED mice, while resveratrol upregulated
SIRT1 expression (Figure 4(d)). Moreover, resveratrol ad-
ministration induced SOD2 and GPx expression in the DED
mouse model (Figure 4(e)).

4. Discussion

In the current research, we demonstrated that hyper-
osmolarity induces apoptosis and mitochondrial

dysfunction in HCEpiCs, while resveratrol restores the
mitochondrial function of HCEpiCs under hyperosmolarity.
Decreased expression of SIRT1 could be observed in
HCEpiCs with hyperosmolarity culturing. Importantly, our
results further demonstrated that SIRT1 is responsible for
resveratrol-mediated mitochondrial restoration. Consis-
tently, by establishing a DED mouse model, we found that
resveratrol prevents DED syndrome. +us, our data ex-
tended the role of resveratrol and illustrated the underlying
mechanism of resveratrol in ameliorating DED.

DED is a multifactorial disease and is closely related
to mitochondrial function. In diabetic mice, Qu et al.
[27] demonstrated that hyperglycemia-induced mito-
chondrial bioenergetic inadequacy of the lacrimal gland
ameliorates early onset of dry eye. Bogdan et al. [28]
proposed that insulin-like growth factor binding
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Figure 3: Resveratrol upregulates SIRT1 expression in HCEpiCs. (a) Expression of SIRT1 in HCEpiCs under iso- and hyper-osmolarities
(312 and 500mOsM) detected by Western blotting. (b) Expression of SIRT1 in HCEpiCs under hyperosmolarity (500mOsM) with
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protein-3 (IGFBP-3) is involved in hyperosmolar stress
responses in the corneal epithelium by modulating mi-
tochondrial function. Hyperosmolarity can increase ROS
and apoptosis of HCEpiCs (Figure 1), and our results
confirm this. Since antioxidants are one of the most
common factors for restoring mitochondrial function
and could prevent mitochondrial-associated pathology
[29], we focused on resveratrol and set out to determine
the role of resveratrol in DED development. Resveratrol,
a common antioxidant, contributes to mitochondrial
function maintenance. Kang et al. [30] showed that
resveratrol protects neural cells from injury via regula-
tion of mitochondrial biogenesis and mitophagy. In C6
astrocytes, Bobermin et al. [31] demonstrated that
resveratrol prevents an increase in ROS production, a
reduction in mitochondrial membrane potential (ΔΨ),
and bioenergetic insufficiency caused by ammonia. Im-
portantly, several studies have indicated that resveratrol
prevents DED syndrome [12, 32]. However, whether
resveratrol attenuates DED development by regulating
mitochondria remains unknown. Here, we found that
hyperosmolarity culturing reduces the expression of the
antioxidant proteins SOD2 and GPx and induces ROS
levels. Resveratrol administration inhibits HCEpiCs
apoptosis, increases SOD2 and GPx expression, and
decreases ROS levels. Moreover, resveratrol attenuates
DED syndrome and increases SOD2 and GPx expression
in a DED mouse model. +ese results suggest that
resveratrol may reduce oxidative stress and HCEpiCs
apoptosis by maintaining mitochondrial function.

SIRT1 contributes to the function and biogenesis of
mitochondria [33]. Of note, Samadi et al. [34] described that
SIRT1 expression is suppressed in a diabetic dry eye model.
Here, we also observed decreased expression of SIRT1 in
HCEpiCs from a hyperosmolarity culture and DED mouse
model, which was accompanied by increased levels of

oxidative stress, apoptosis, or dry eye syndrome. In addition,
resveratrol was previously shown to be critical in SIRT1
activation [35]. In the next experiment, we demonstrated
that resveratrol treatment reversed SIRT1 expression in
HCEpiCs under hyperosmolarity and DED in mice, while
the SIRT1 inhibitor EX527 rescued the inhibitory effect of
resveratrol on mitochondrial dysfunction in HCEpiCs. +is
finding suggests that resveratrol ameliorates mitochondrial
dysfunction via SIRT1.

It was proposed in early studies that the antioxidant
resveratrol is critical in preventing DED syndrome, but the
mechanism remains unclear. Our results demonstrate that
resveratrol can restore mitochondrial function in HCEpiCs
and inhibit HCEpiCs apoptosis. Furthermore, our findings
indicate that SIRT1 is the major effector in resveratrol-
regulated DED development. +erefore, our results show
that resveratrol/SIRT1 plays a significant role in DED de-
velopment, which is beneficial to DED therapy.

5. Conclusion

In summary, we found that resveratrol reversed hyper-
osmolarity-mediated mitochondrial dysfunction in HCEp-
iCs, and we demonstrated that resveratrol alleviated
mitochondrial dysfunction by promoting SIRT1 expression.
At the same time, it has been proven in animal experiments
that resveratrol can reduce ocular surface damage in amouse
model of DED. Finally, resveratrol improved the effect of
DED by restoring mitochondrial function, and this study
provides new ideas for the treatment of DED.

Data Availability

+e datasets generated during and/or analyzed during the
current study are available from the corresponding author
upon request.
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Figure 4: Resveratrol ameliorates DED syndrome in vivo via SIRT1. (a) +e tear production in control mice, DED mice, DED mice treated
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e constant dark induction (DD) causes lipid degeneration and nonalcoholic fatty liver disease (NAFLD) in zebra�sh, which
might be closely related to the imbalance of gut microbiota and require in-depth study. In this study, a total of 144 zebra�sh were
divided into four groups, including the control group, Yihe-Tang group, constant dark group, and constant dark +Yihe-Tang
group, and were treated with constant darkness (except control and Yihe-Tang groups) for 21 days. e bodyweights of zebra�sh
were recorded after 8 d, 15 d, and 22 d.e sequencing analysis of gut microbiota, detection of liver histopathological changes, and
comparison of lipid metabolism-related gene expression levels were performed on the 22nd day of the experiment. e results
showed that the Yihe-Tang could inhibit the constant dark-induced increase in zebra�sh weight and liver steatosis. As compared
to the control group, the dark treatment could alter the composition of gut microbiota in zebra�sh, increase the relative abundance
of harmful bacteria, and decrease the Cetobacterium and Bacteroides to Firmicutes ratio in the intestines. e abundance of
Proteobacteria in the constant dark +Yihe-Tang group was close to that in the control group and that of Fusobacteria and
Cetobacterium increased, especially the Cetobacterium, which increased signi�cantly. e constant dark treatment caused an
abnormal expression of liver lipid-related genes, inhibited lipid metabolism, and promoted fat accumulation. However, the Yihe-
Tang could restore these changes to the level of the control group. is study indicated that Yihe-Tang could restore the constant
dark-induced liver lipid degeneration. We hypothesized that Cetobacterium could signi�cantly inhibit steatosis.

1. Introduction

In recent years, the incidence of nonalcoholic fatty liver
disease (NAFLD) has been increased, causing severe health
problems. NAFLD includes simple steatosis, nonalcoholic
steatohepatitis (NASH), liver �brosis, and cirrhosis [1]. It is a
liver disease caused by the disorders of glucolipid meta-
bolism and characterized by the deposition of lipids in
hepatocytes. Its causative factors generally include a high-fat
diet, drugs, and other factors in addition to exogenous intake
of alcohol. NAFLD has now become a signi�cant cause of
chronic liver disease worldwide with a prevalence as high as
24% [2]. e e�ective prevention and treatment of NAFLD
and NASH are needed to avoid their progression to end-
stage liver diseases. Many factors, such as genetics, obesity,
poor lifestyle habits, and imbalance of gut microbiota, have

been reported to be highly related to the prevalence of
NAFLD [3]. ere is a strong correlation between gut
microbiota and NAFLD [4]. In 1998, Marshall formally
proposed the “gut-liver axis” concept [5]. e core function
of this axis is the two-way communication between the
intestine and liver, in¥uencing each other. is means that
liver can a�ect the intestines, especially causing changes in
the composition of gut microbiota, which in turn a�ects the
liver. erefore, using the “gut-liver axis” as a target, the
mechanism of action of the environment or drugs on
NAFLD is investigated using the compositional analysis of
gut microbiota. At the same time, this treatment method
could also result in the signi�cant upregulation of lipid
synthesis-related genes, such as ppar-p and fasn, in zebra�sh
liver and also resulted in the signi�cant downregulation of
lipolysis-related genes, such as cpt1 and acadm. ese results
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indicated that the changes in gut microbiota might lead to
the deposition of fats in the zebrafish liver [6].

Yihe-Tang was produced according to the “Drug Stan-
dards of the ChineseMinistry of Health (Mongolian Drugs)”
and approved by the Affiliated Hospital of Inner Mongolia
Minzu University (approval number: Z15021057), which is
responsible for the standardization of drugs to ensure their
contents. Yihe-Tang is composed of Carthamus tinctorius L.,
Terminalia chebula Retz., Melia toosendan, Inula helenium
L., Gardenia jasminoides J. Ellis., Corydalis bungeana Turcz.,
Dolomiaea souliei (Franch.) C. Shih., Neopicrorhiza scro-
phulariiflora (Pennell) D. Y. Hong., Gentiana macrophylla
Pall., Ophiopogon japonicus (L. f.) Ker Gawl., Punica
granatum L., Pyrus ussuriensis Maxim., Cyrtomium fortunei
J. Sm., Gentiana dahurica Fisch., Chrysanthemum indicum
L.,Asarum heterotropoides F. Schmidt., Coriandrum sativum
L., Momordica cochinchinensis (Lour.) Spreng., Sus scrofa
domestica Brisson, Tussilago farfara L., Scabiosa comosa
Fisch., Dianthus superbus L., Dracocephalum moldavica L.,
Trogopterus xanthipes, and Amomum kravanh Pierre ex
Gagnep. In rat models, Yihe-Tang could inhibit the alcohol-
induced fatty liver by reducing the increase in glucose-de-
ficient transferrin [7]. A study by Haosoqiqige et al. also
suggested that Yihe-Tang had a therapeutic effect on the
AFLD [8]. Yihe-Tang has a protective effect on the liver and
has been widely used in Mongolian areas for treating liver
inflammation and other liver-related diseases. However, the
studies on Yihe-Tang are limited and the mechanism of
action of its mixed preparation is still unclear. Several studies
have reported the mechanism of action of a single decoction
component in Yihe-Tang. For example, gardenoside com-
ponents inhibit the NAFLD-induced oxidative stress and
inflammation by upregulating the Nrf2 and modulating the
protein expression and AMPK/PI3K/mTOR signaling
pathway [9] or improve NAFLD by upregulating PPAR-α
[10]. Terminalia chebula Retz (chebulinic acid) upregulates
the Heme oxygenase-1(HO-1) and NAD(P)H quinone ox-
idoreductase-1(NQO1) expression levels in L-02 cells in
order to resist the tert-butyl hydrogen peroxide (t-BHP-)
induced oxidative stress [11]. ,e safflower yellow (SY)
component inhibits inflammatory response, promotes col-
lagen degradation, and regulates gut microbiota [12]. Based
on the previous studies’ results, Yihe-Tang might have an
antioxidative stress effect or play a protective role by reg-
ulating the gut microbiota. In this study, an NAFLD animal
model of zebrafish was established and the regulatory effects
of Yihe-Tang on the gut microbiota of zebrafish were
studied.

Zebrafish (Danio rerio) is a widely used experimental
animal model. It has the advantages of being small and easy
to raise, fast growth and development, high breeding
function, and drug sensitivity. In particular, the circadian
rhythm and characteristic sleep state of zebrafish are similar
to those of mammals and its genetic background is highly
similar to humans [13]. In this study, zebrafish were used as
experimental animal models. Liver steatosis was induced
through the dark environment treatment and their body
weight, histological changes in liver, changes in the com-
position of gut microbiota, and expression of lipid

metabolism-related genes were determined. ,e effects of
Yihe-Tang on the recovery of the changes in zebrafish’s gut
microbiota and liver metabolism caused by the dark envi-
ronment were further investigated.

2. Material and Methods

2.1. Medicines and Materials. Yihe-Tang was purchased
from the Affiliated Hospital of Inner Mongolia Minzu
University (approval number: Z15021057). ,e total RNA
extraction kit, reverse transcription kit, and other drugs were
purchased from Sigma-Aldrich (St. Louis, MO).

2.2. FeedingandLight/DarkCycle ofZebrafish. Zebrafish (AB
line) were used as experimental animals. ,e breeding
zebrafish were maintained at 28± 1°C in the circulating
zebrafish aquacultures (Aisho, Beijing, China) with a light/
dark cycle of 14/10 h. ,e 4-month-old zebrafish (n� 144)
were taken from the 12 aquariums, respectively (12 zebrafish
were placed in each tank according to the male to female
ratio of 1 :1). ,ese fish tanks were randomly assigned to
each experimental group (n� 3 per group) and labeled as
control, constant dark, Yihe-Tang, and constant dark +Yihe-
Tang groups. Yihe-Tang was administered by feeding. First,
the diet was supplemented with 3.5mg Yihe-Tang/g of basal
diet (the drug content was about 0.35% of the feed weight).
,e daily diet intake of zebrafish was calculated to be 4% of
their total body weight and their average body weight was
0.28± 0.003 g. ,e daily feeding diet was 0.0112± 0.00012 g
and the average daily dose of Yihe-Tang per fish was
39.2± 0.42 μg. ,e feed was given daily at 8:00 am and 4 pm
for 26 days. ,e first five days were considered preparatory
experiment time and the next 21 days as formal experiment
periods. For creating a dark environment, all the fish tanks
were placed in a dark box. ,e feed was given gradually
during the pretest period in order to ensure that the
zebrafish consumed all the feed. Also, the feed residuals were
checked during changing the water in the main experiment.
,e daily feeding rate was calculated as follows: daily feeding
rate (%/d)� 100× total feed consumed/days× (initial body
weight + final body weight)/2 [14].

2.3. Hematoxylin-Eosin Staining (H&E) andOil RedO (ORO)
Staining of the Liver Tissues. ,e zebrafish in each group
were treated for 8 d, 15 d, 22 d, and their livers were collected
and fixed with 4% paraformaldehyde (PFA) for 16 h. ,en,
the livers were rinsed with phosphate-buffered saline (PBS)
and dehydrated with 60, 70, 80, 90, 95, and 100% ethanol.
,e ethanol was then replaced by 100% for paraffin em-
bedding. ,e prepared tissue sections were then stained
with H&E for microscopic observation and analysis. Simi-
larly, for the ORO staining, the liver tissues were fixed with
4% PFA for 16 h and the iced tissue sections were prepared
by optimal cutting temperature (OCT) embedding. After
preparation, the tissues were rinsed with 60% propylene
glycol, stained with ORO stain, counterstained with sap-
panwood, sealed with glycerin gelatin, and observed under a
microscope.

2 Evidence-Based Complementary and Alternative Medicine



2.4. Sample Collection and Sequencing of Gut Microbiota.
e livers and intestines were obtained using sterile surgical
instruments on a clean bench. e livers were immediately
put into a cryotube for RNA extraction. A sterile cotton swab
was dipped into the intestinal contents of the intestines and
immediately put into a cryotube, which was then stored in
liquid nitrogen in a refrigerator at −80°C and used for 16S
rRNA gene sequencing (n� 6). e 16S rRNA gene se-
quencing was performed by Nuovo Zhiyuan (Beijing,
China). e genomic DNA (gDNA) from each sample was
extracted using the sodium dodecyl sulfate (SDS) method
and the polymerase chain reaction (PCR) ampli�cation was
performed using speci�c primers (barcode label), template
DNA (1 ng/μl), and Phusion® high-�delity PCR Master Mix
(New England Biolabs, USA). For the identi�cation of gut
microbiota, the following gene regions were ampli�ed: V3-
V4 hypervariable region of 16S rRNA gene for the identi-
�cation of gut bacterial diversity, V4 hypervariable region of
18S rRNA gene for the identi�cation of gut eukaryotic
microbial diversity, and ITS1 region for the identi�cation of
gut fungal diversity, 16S V3-V4/16S V4-V5/16SV5-V7,
Archaea 16S V4-V5/Archaea 16S V8, 18S V9, and ITS2 gene
regions. e ampli�ed PCR products were detected on 2%
agarose gel and the target bands were recovered using a gel
recovery kit (QIAGEN, Germany). e sequencing library
was constructed with a TruSeq® DNA PCR-Free Sample
Preparation Kit (Illumina, USA). Qubit and q-PCR were
used for the quanti�cation of library and the quali�ed li-
braries were sequenced using a NovaSeq 6000 sequencing
platform (Illumina, USA).

2.5. RNA Extraction and qRT-PCR Analysis. According to
research [6], TRIzol reagent (Ambion, USA) was used to
extract the total RNA from zebra�sh liver tissues. A total
of 250 ng of the extracted RNA samples with OD 230/260
and OD 260/280 of greater than 1.8 were reverse tran-
scribed to obtain cDNA. e TB Green Premix Ex Tax II
kit was used for qRT-PCR analysis. e primer sequences
used in the study are listed in Table 1 and 18S was used as
an internal reference gene, and the changes in the relative
expression of genes were calculated using the 2ΔΔCt
method.

2.6. Statistical Analyses. One-way analysis of variance
(ANOVA) and t-test were used for the data analysis and the
signi�cance threshold level was set to P< 0.05. All the data
were expressed as mean± standard error of the mean (SEM).

3. Results

3.1. E�ects of Yihe-Tang on the Weight Gain of Zebra�sh
Induced by theDark. In order to analyze the e�ects of Yihe-
Tang on the weight gain of zebra�sh induced by the
constant darkness, their body weights were measured on
8 d, 15 d, and 22 d of the treatments. e results showed
that the average daily weight showed an increasing trend in
the constant dark group which tended to increase in each
period. As compared to the control group, the average daily

weights of zebra�sh in the constant dark group increased
by 53%, 54%, and 62%, respectively, while those in the
constant dark + Yihe-Tang group returned to the control
level (Figure 1).

3.2. E�ects of Yihe-Tang on the Pathological Changes of Liver
Tissue Induced by the Constant Darkness in Zebra�sh.
After the 8 d, 14 d, and 22 d of constant dark induction, the
zebra�sh livers were collected for H&E staining. e results
showed that the zebra�sh liver had no signi�cant changes in
each period. e liver cells were regularly arranged with
dense chromosomes and visible nuclei in the control and
Yihe-Tang treatment groups. However, in the constant dark
group, the zebra�sh liver showed a small amount of steatosis
after 8 d and severe steatosis after 14 and 22 d of constant
dark treatment (Figures 2(g) and 2(k)). As compared to the
control group, the vacuolation of �sh liver tissue increased
by 13.93 times (P< 0.05) in the constant dark group
(Figure 2(m)). After the Yihe-Tang treatment (constant
dark +Yihe-Tang group), the zebra�sh liver tissues did not
show a signi�cant increase in the degeneration of fats and

Table 1: e primers for RT-qPCR.

Gene Primer sequences (5′-3′) Forward/
Reverse

18s TCGCTAGTTGGCATCGTTTATG Forward
ID: 100037361 TCGCTAGTTGGCATCGTTTATG Reverse
fasn GCACCGGTACTAAGGTTGGA Forward
ID: 559001 ACACAACCGACCATCTGTCA Reverse
acadm AGGTTTTGAGGGCAGGTGTT Forward
ID:406283 TCTGCTGCTCGGTTAGTTCA Reverse
cpt1 ATGAGGAGCACCAAAGAATG Forward
ID: 122874692 TGGGAAAAGCGTAAAGAAAG Reverse
mgst GATATGTGGCGCTAACCGGA Forward
ID: 449784 ATGCTGAATCCCACCCACAG Reverse
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Figure 1: E�ects of Yihe-Tang on the constant dark-induced
weight gain of zebra�sh. Experimental setup included four groups;
control, Yihe-Tang, constant dark, and constant dark +Yihe-Tang
group. e bodyweights of zebra�sh were measured on 8 d, 15 d,
and 22 d of the treatment (n� 25 d).
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vacuoles after the 8 d and 15 d of constant dark treatment.
However, the degeneration of fats and vacuoles in the liver at
22 d was signi�cantly lower in the constant dark +Yihe-Tang
group than that in the constant dark group (P< 0.05); the
fats were 30% of those in the dark treatment group
(Figure 2(d)). e statistical results showed that the constant
dark +Yihe-Tang group signi�cantly reduced the constant
dark-induced steatosis (Figures 2(m) and 2(n)).

3.3. Improving E�ects of Yihe-Tang on the Hepatic Fat Ac-
cumulation Induced by the Constant Darkness in Zebra�sh.
e ORO staining results showed that there was no lipid
accumulation in the control group. As compared to the
control group, a large number of red lipid droplets were

accumulated in the constant dark-induced group. However,
the accumulation of lipid droplets in the constant
dark +Yihe-Tang group improved signi�cantly as compared
to the constant dark group, as shown in Figure 3. e results
showed that the Yihe-Tang could improve the fat accu-
mulation induced by the constant dark treatment.

3.4. E�ects of Yihe-Tang on the Dark-Induced Changes in Gut
Microbiota. A comparative analysis of the gut microbiota of
the four di�erent treatment groups was performed based on
16S rRNA gene sequencing technology. A total of 80563 raw
sequence reads were obtained from the 24 gut samples,
among which 76355 high-quality sequence reads were ob-
tained after the screening and �ltering for subsequent
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Figure 2: E�ects of Yihe-Tang on the degeneration of fats in the zebra�sh liver tissues induced by the constant darkness. ImageJ software
was used to quantify the liver vacuole area. Control group: (a), (e), and (i); Yihe-Tang group: (b), (f ), and (j); constant dark group: (c), (g),
and (k); constant dark +Yihe-Tang group: (d), (h), and (l); (m): quanti�cation of void area, (n): fatty degeneration scale, n� 15, scale
bar� 20 µm.
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analysis. A threshold of 0.97 was selected for the clustering
analysis and comparison, resulting in a total of 9,321 op-
erational taxonomic units (OTUs). About 99.2% of these
microbes were clustered into common phyla against the four
treatment groups (Figure 4(a)). e alpha diversity indices
(Shannon and Simpson indices) of the zebra�sh gut
microbiota increased signi�cantly (P< 0.05) in the constant
dark +Yihe-Tang group as compared to the control group,
while the species and chao1 indices were also signi�cantly
higher (P< 0.05) (Figure 4(b)). Principal coordinate analysis
(PCoA) plots showed that the clustering of microbial
communities in each group was di�erent (Figure 4(c)).

Based on the results of OTU species annotation, the top
ten species with the highest abundance were selected and
classi�ed in the phyla, orders, families, and genera and were
analyzed comparatively using the cumulative plots of the
species relative abundance. e analysis at the phylum level
revealed that there was no signi�cant di�erence in the gut
microbiota of Yihe-Tang group as compared to the control
group; the relative abundance of phylum Proteobacteria in-
creased signi�cantly in the dark group, while that of Clos-
tridium (Fusobacteria) decreased signi�cantly. e relative
abundance of Proteobacteria in the constant dark+Yihe-Tang
group was similar to that in the control group, while the
relative abundance of Fusobacteriawas signi�cantly reduced in
the constant dark+Yihe-Tang group but tended to increase as
compared to the constant dark group (Figure 5(a)). At the
genus level, the highest relative abundance of Cetobacterium
was found in the Yihe-Tang group, which was a dominant
species in this treatment group, while its abundance was
signi�cantly reduced in the constant dark group. Interestingly,
the relative abundance of Cetobacterium signi�cantly in-
creased in the constant dark+Yihe-Tang groups (Figure 5(b)).

e prediction of microbial functions based on the
dominant gut microbiota in each treatment group showed
that the functions of microbiota, including metabolic
function, cellular transformation, human disease, and en-
vironmental information feedback, were higher in the
constant dark group as compared to the control group. Two

functions, including the organic system and genetic infor-
mation feedback, were lower in the constant dark group than
those in the control group. e Yihe-Tang treatment could
restore all these functional microbiotas (Figure 6).

3.5. E�ect of Yihe-Tang on the Expression of LipidMetabolism-
Related Genes. When the zebra�sh were treated with and
without Yihe-Tang in a constant dark for 22 days, the ex-
pression levels of the genes associated with fat metabolism
were analyzed using RT-PCR. e results showed that
constant dark induction signi�cantly reduced the mRNA
expression levels of cpt1, acadm, and mgst, which decreased
by 15%, 55%, and 48% (Figure 7(a)–7(c)), respectively as
compared to the control group (P< 0.05). On the contrary,
the constant dark induction increased the mRNA expression
level of fasn by 7.6 times as compared to the control group
(P< 0.05) (Figure 7(d)). However, the gene expression levels
in the constant dark +Yihe-Tang group were recovered to
the control level (P< 0.05).

4. Discussion

e constant dark environment for a long time causes liver
steatosis in zebra�sh, which can be relieved after treatment
with Yihe-Tang. In this study, the analysis of gut microbiota
in zebra�sh showed that the constant dark induction in-
creased the abundance of harmful gut microbiota and sig-
ni�cantly decreased the relative abundance of genus
Cetobacterium. In contrast, the treatment with Yihe-Tang
could signi�cantly restore the abundance of genus Ceto-
bacterium. We hypothesized that Cetobacterium could sig-
ni�cantly inhibit steatosis. At the genetic level, the constant
dark treatment caused signi�cant changes in the expression
levels of lipid metabolism-related genes. However, Yihe-
Tang also signi�cantly restored this change. e experi-
mental results indicated that the changes in steatosis and
gene regulation caused by the constant dark treatment might
be related to the changes in the gut microbiota of zebra�sh.

ControlA Yihe-TangB Constant darkC

20µm

Constant dark
+Yihe-Tang

D

a b c

20µm

d

Figure 3: Improving e�ect of Yihe-Tang on the constant dark-induced liver fat accumulation in zebra�sh. e zebra�sh were divided into
control, constant dark, Yihe-Tang, and constant dark +Yihe-Tang groups, after 21 d of treatment (n� 3). eir liver tissues were collected
and stained with Oil Red O to detect the histological changes in the liver of zebra�sh. N� 3, scale bar� 20 µm.
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Chen et al. used Chinese herbal medicine (919 syrup) in
the NAFLD rat models and showed a reduction in the weight
of rats and improvement in the liver histopathological
changes caused by NAFLD [15], which was consistent with
the present study. Hung et al. found that Pingtang No. 5
Capsule (PT5, a traditional Chinese medicine compound of
Alisma Decoction) could inhibit the accumulation of liver
lipids and liver cell damage and reduce the bodyweight in
NAFLD mice [16].

In order to study the inhibitory e�ect of Yihe-Tang on fat
accumulation, Uzhitunashun et al. showed that Yihe-Tang
inhibited the alcohol-induced abnormal apoptosis of rat
liver cells, thereby improving the liver function [17]. In fatty
acid synthesis, fasn is a downstream gene in the srebp1
pathway and a key fat synthesis enzyme, which is closely
related to the production and accumulation of fat. e cpt1
gene plays a key role in lipolysis β-oxidation. e acadm

gene is a key lipolytic gene [18]. e constant dark induction
caused a signi�cant decrease in the mRNA expression levels
of cpt1 and acadm genes, indicating that the dark had a low
e�ect on fat degradation. e Yihe-Tang treatment could
signi�cantly upregulate the expression levels of cpt1 and
acadm, indicating that the treatment with Yihe-Tang could
promote the fat degradation function of the liver in
zebra�sh. e fasn is an important gene, regulating the fatty
acid synthase, which is involved in the entire process of fatty
acid synthesis. e constant dark treatment signi�cantly
increased the mRNA expression level of fasn, which was
restored by Yihe-Tang treatment. In addition, the mgst is a
decomposing enzyme related to oxidative stress metabolites
[19]. It is highly expressed in various organs. Its antioxidant
e�ects can protect liver cells [20–22]. e present study
showed that the constant dark induction could
reduce the expression level of mgst gene. At the same time,
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the Yihe-Tang could signi�cantly increase the expression
level of mgst gene, indicating that Yihe-Tang could enhance
the liver’s ability to break down lipids.

Feng et al. showed that the constant dark induction
could signi�cantly a�ect the gut microbiota and liver
metabolism in zebra�sh and indicated that the changes in
gut microbiota could a�ect the liver metabolism in zebra�sh
[6]. Since the liver is connected to the gut microbiota
through the “gut-liver axis,” the pathogenesis of NAFLD is

closely related to the gut microbiota, which has been a hot
research topic in recent years. In this study, 16S rRNA gene
sequencing technology was used to detect the e�ects of Yihe-
Tang on the gut microbiota of zebra�sh. e e�ects of Yihe-
Tang on the gut microbiota of zebra�sh under dark treat-
ment were observed. As compared to the control group, the
constant dark induction could reduce the ratio of Firmicutes
to Bacteroides (F/B) in the gut microbiota of zebra�sh, while
the Yihe-Tang treatment could signi�cantly increase the
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Figure 5: E�ect of Yihe-Tang on the relative abundance of gut microbiota in zebra�sh. (a) Relative abundance at the phylum level, (b)
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richness of gut microbial community. e F/B ratio also
increased. A study showed that the constant dark envi-
ronment could cause a signi�cant decrease in the proportion
of Bacteroides and Firmicutes in the zebra�sh intestines,
thereby leading to metabolic disorders, fat accumulation,
and weight gain in zebra�sh [5]. ese gut bacteria are
related to obesity and diabetes, as well as energy absorption
[23].e F/B ratio can be used as an indicator of obesity [24].
In this study, the relative abundances of Fusobacteria were
7.38 times and 2.38 times lower in the constant dark and
Yihe-Tang groups, respectively, as compared to the control
group.

e short-chain fatty acids (SCFAs) are metabolites of
Cetobacterium and regulate lipid metabolism as a sub-
strate for lipid synthesis [25]. e correlation between
SCFAs and NAFLD has been focused on in recent years.
Studies have shown that the regulation of SCFAs by
Cetobacterium plays an important role in maintaining the
health of zebra�sh intestines [26]. In this study, as
compared to the control group, the constant dark in-
duction could reduce the abundance of Cetobacterium in

the zebra�sh intestines and cause lipid degeneration in the
liver. However, the intervention of Yihe-Tang increased
the abundance of Cetobacterium and inhibited steatosis.
e result indicated that Yihe-Tang might exert an anti-
in¥ammatory e�ect by regulating the production of
SCFAs by Cetobacterium. Cetobacterium, accounting for
70% of the �sh gut microbiota, is a rod-shaped Gram-
negative anaerobic bacterial genus, which ferments
SCFAs, including acetate, propionate, and butyrate
[14, 27], among which acetate is the main fermentation
product [28]. Canfora et al. reported that both the acetate
and propionate increased the plasma acetate concentra-
tions (fasting condition), promoted fat oxidation, and
decreased the circulating free glycerol concentrations
after the rectal administration of acetate or propionate
during fasting and postprandial conditions (oral glucose
load) [29]. In addition, acetate could also a�ect appetite by
secreting the gut hormones, such as glucagon-like peptide
1 and peptide YY, in order to enhance host energy and
substrate metabolism, increase fat oxidation and energy
expenditure, and reduce systemic fat synthesis [30].
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Figure 6: Clustering heat map for predicting the function of gut microbiota. e red color indicates that the abundance of gut microbiota
was large or the corresponding annotation function was enhanced and vice versa for the blue color. Four groups were analyzed and
compared and the microbial colonies with the highest abundances were selected for drawing.
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erefore, restoring the abundance of Cetobacterium can
e�ectively supplement acetate, thereby e�ectively inhib-
iting fat accumulation and steatosis.

Circadian clocks regulate metabolism and energy
homeostasis in the liver and other peripheral tissues [31].
Human and rodent studies have clearly shown that he-
patic fat accumulation and steatosis are closely associated
with insulin resistance [32]. In the insulin-resistant states,
insulin loses its ability to inhibit the production of glu-
cose, while still promoting hepatic lipid synthesis even in a
hyperactive state [33]. Perry et al. reported that acetate
could activate the parasympathetic nervous system, which
in turn promoted the secretion of glucose-stimulated
insulin [34]. Consistent with mammalian �ndings, the
addition of acetate to the diet promoted insulin secretion
and glucose utilization in zebra�sh, thereby suggesting a
conservative role of acetate in regulating glucose ho-
meostasis [14]. In adult zebra�sh, the abundance of
Cetobacterium and intestinal acetic acid levels were highly
correlated, suggesting that the positive e�ects of Ceto-
bacterium on glucose homeostasis in zebra�sh were
mediated by the production of acetic acid [31]. is
suggested that the acetate-brain-insulin secretion axis is
conserved between �sh and mammals, revealing a speci�c

intestinal “Cetobacterium-brain” pathway, which regu-
lates glucose homeostasis in zebra�sh [14].

5. Conclusions

Yihe-Tang could inhibit the increase in zebra�sh weight
caused by the constant dark induction and inhibit lipid
degeneration in the zebra�sh liver cells. is inhibition was
closely related to the recovery of zebra�sh gut microbiota.
We hypothesized that Cetobacterium could signi�cantly
inhibit steatosis. For example, Yihe-Tang reduced the
abundances of the phylum Proteobacteria, increased those of
the phylum Fusobacterium and genus Cetobacterium, and
increased the F/B ratio. At the same time, the constant dark
induction caused an abnormal expression of liver lipid
metabolism-related genes, which was reversed by Yihe-Tang.
is study showed that the recovery e�ects of Yihe-Tang on
the dark-induced liver metabolism disorder in zebra�sh
were closely related to the recovery of Cetobacterium.

Data Availability

e study data are available from the corresponding author
upon request.
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Figure 7: Yihe-Tang restored the constant dark-induced changes in the expression levels of lipid metabolism-related genes. Zebra�sh were
treated with dark in the control, Yihe-Tang, constant dark, and constant dark +Yihe-Tang groups for 22 days and the liver tissues were
collected for RT-PCR analysis. (a): acadm, (b): cpt1, (c):mgst, and (d): fasn. Data are expressed as mean± standard error (SEM) (n� 9), and
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�e aimof this studywas to investigate the phytochemical composition of dried Roselle calyx (Hibiscus sabdari�aL.) using both ethanolic
and aqueous extracts. We report the antimicrobial activities against a wide range of bacteria, yeast, and fungi. �e antioxidant activities
were tested using 2,2-diphenyl-1-picrylhydrazyl (DPPH), hydroxyl, and 2–2′-azinobis-(3-ethylbenzthiazoline-6-sulfonic acid) radical
scavenging assays. We report also for the �rst time the e�ect of the swarming motility in Pseudomonas aeruginosa PAO1. Our results
showed that the tested two extracts were a rich source of phenols, �avonoids, and tannins with di�erent degrees. Additionally, eleven
phytoconstituents were identi�ed by LC/MS technique (Hibiscus acid: 3-ca�eoylquinic acid, 5-ca�eoylquinic acid, 5-feruloylquinic acid,
cyanidin 3-o-glucoside, myricetin, quercetin 7-o-rutinoside, quercetin 3-o-glucoside, delphinidin 3-o-sambubioside, and kaempferol 3-
o-p-coumaroyl-glucoside). Also, it was shown that the calyx extract can scavenge 86%of theDPPH radical, while the rate of 53% and 23%
of inhibition of the DPPH was obtained only at the concentration of 125 and 50µg/mL, and a small inhibition was made at a
concentration of 5μg/mL. Roselle extracts inhibited the growth of the selected microorganisms at low concentrations, while higher
concentrations are needed to completely kill them. However, no activity against CVB-3 was recorded for both extracts. In addition, the
obtained extracts reduced the swarming motility of P. aeruginosa at 2.5mg/ml. �e docking simulation showed acceptable binding
a�nities (up to−9.6 kcal/mol) and interactionwith key residues of 1JIJ, 2QZW, and 2UVO.�eobtained results highlighted the potential
use of Roselle extract as a source of phytoconstituents with promising antimicrobial, antioxidant, and anti-quorum sensing activities.
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1. Introduction

)e plants still show a beneficial role in the treatment of
various human pathologies. Isolation and extraction of plant
compounds are imperative to understand their impact on
the prevention and treatment of serious illness [1]. Several
reports have been executed on natural antioxidants for
decades to decipher protection against diseases linked to
powerful oxidative stress and to the various damages in-
duced by the presence of free radicals. Generally, oxidative
stress is associated with several diseases, including cancer,
neurodegenerative diseases, diabetes and inflammatory
diseases, and aging process [2].

Actually, it has been proven that plants have shown a
various range of compounds with antioxidant activities such
as polyphenols as secondary metabolites. )is component
has been shown as strongly natural antioxidants of the
vegetable world [3]. Currently, they are used against heart
conditions, headaches, colds, wounds, and various skin
infections, as well as insecticides and herbicides [4]. Natural
phytocompounds can offer us a possible alternative to an-
tibacterial agents [5].

In other way, previous studies have shown also that
plants and their derived extracts are effective and may be of
potential to inhibit bacterial QS system and biofilm [6]. In
fact, QS and biofilm installation among resistant bacteria
prove a major problem in human existence [7]. Several
works have shown that resistance among bacteria or in QS
and biofilm formation has motivated the treatment with
plants and their derived extracts. Plants and their different
extracts have been used to treat bacterial aggression and used
as anti-QS compounds [6]. QS plays a crucial role in biofilm
installation and virulence factor production [8].

Hibiscus sabdariffa L. (HS) is a plant from the Malvaceae
family, which normally grows in subtropical and tropical
regions around the world. “Zobo” is a local drink known in
Nigeria from a medicinal herb HS, used in folk medicine to
treat hypertension [4]. Various works have been carried out
targeting the physiological effects of its calyces, focused on
various aqueous and organic extracts rich in bioactive
compounds such as tocopherols, polyphenols, flavonoids,
and organic acids such as malic acids, oxalic acids, and also
shikimic acid [9].

Extracts from the HS calyces have shown several es-
sential biological activities and may include antibacterial
properties. In vitro studies have proven the effectiveness of
HS in inhibiting pathogenic strains such as E. coli. )e
aqueous, ethanolic, and methanolic extracts from HS have
shown good efficacy against enterohemorrhagic E. coli
(EHEC) O157:H7 [10]. In addition, other researchers have
noted that the methanolic extract from HS has potent
bactericidal activity against clinical isolates of uropathogenic
E. coli (UPEC) [11].

Another study revealed that the aqueous extract of HS
shows an inhibitory effect against Ascaris galliavium in

poultry. In addition, the coloring part from the calyces
would also be fatal for Mycobacterium tuberculosis [12].
Roselle has also shown significant effects in India, such as
aphrodisiac, astringent, cholagogue, demulcent, digestive,
diuretic, emollient, purgative, refrigerant resolvent, sedative,
stomachic, and tonic. Roselle is noted also as being a popular
treatment for abscesses, bilious conditions, coughs, dysuria,
scurvy, and cancer [11, 13–15]. According to the literature,
several studies have proven its uses in the treatment of
different diseases such as cancer, abscesses, bilious condi-
tions, and cough, pathologies directly linked to microbial
infections [16]. In vivo studies have shown that the an-
thocyanins of Hibiscus, a part of natural phenolic pigments
present in the dried flower of Roselle and H. rosa-sinensis,
have proven cardioprotective, hypocholesterolemic, and
heapatoprotective effects [5].

In addition, other phenolic compounds, which have
been isolated from dried HS flowers such as anthocyanin
pigments and other phenolic compounds (Hibiscus proto-
catechuic acid), have shown that a protective role against
tert-butyl hydroperoxide (t-BHP) induces oxidative stress,
so hepatotoxicity has been noted in vitro and in vivo [17]. In
addition, other work has shown that polyphenols, which are
extracted from HS, have the ability to inhibit the accumu-
lation and storage of triglycerides, to minimize the harmful
effect of oxidative damage and the secretion of inflammatory
adipokines, which directly target the infiltration of macro-
phages into adipose tissue [18, 19]. In vitro, the polyphenolic
extract from HS has shown remarkable efficiency. )ese
studies have shown that these compounds prevent fatty liver
in hyperlipidemic mice by regulating gene expression ap-
plied in the regulation of glucose and lipid homeostasis and
by lowering blood pressure and regulating endothelial
function [18, 20].

To find new therapeutic resources with a powerful an-
tioxidant effect, the objective of this work was to assess the
antioxidant potentials, the antimicrobial activities, and the
anti-swarming properties of the aqueous methanolic com-
pounds of H. sabdariffa in relationship with its phyto-
chemical composition. Furthermore, the intermolecular
interactions ofH. sabdariffa identified compounds and some
targeted receptors (1JIJ, 2QZW, and 2UVO) were assessed
using in silico molecular docking approach.

2. Materials and Methods

2.1. Preparation of the Extracts. )e fresh parts of the Roselle
were collected in March 2017 in Biskra (Algeria). In the
laboratory, the collected parts of Roselle calyces were washed
with sterile distilled water. Ten grams of the powdered dried
plant material was soaked in 100ml of pure methanol or
pure distilled water for 48 h. )e homogenate was filtered
using Whatman’s filter paper. )e final solution was con-
centrated, and the methanol was removed using a rotary
evaporator.)e small volume was later freeze-dried and kept
in the freezer at 4°C for further studies.
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2.2. Biological Material. In this work, the antifungal activity
of the different extracts was tested against several fungi
belonging to the genera Aspergillus, Fusarium, and Peni-
cillium including the species Aspergillus niger DSM 63263,
Fusarium oxysporum, Penicillium expansum DSM 994,
P. citrinum DSM 1997, P. simplicissimum DSM 1097,
A. versicolorDSM 1993, and A. niger. Four yeast strains were
also tested namely Candida albicans ATCC 2019,
C. parapsilosis ATCC 22019, C. kefyr ATCC 6258, and
C. tropicalis ATCC 06–085. )e antibacterial activity was
tested against nine bacterial strains frequently isolated from
human infections and food poisoning: Staphylococcus aureus
ATCC 25923, S. epidermidis CIP 106510, Escherichia coli
ATCC 35218, Listeria monocytogenes ATCC 19115, Pseu-
domonas aeruginosa ATCC 27853, Enterococcus faecalis
ATCC 29212, Salmonella typhimurium ATCC 1408, Bacillus
cereus ATCC 11778, and Vibrio parahaemolyticus ATCC
17802. For cytotoxicity and antiviral activities, Vero cells,
herpes virus type 2, and Coxsackievirus type 3 were used.

2.3. Phytochemical Screening of H. sabdariffa Extracts

2.3.1. Polyphenol’s Evaluation. )e Folin-Ciocalteu protocol
[21] was used for the evaluation of total phenolic compounds
in selected parts of plants. For the experiment, 1000 μL of
extracts was added to 5ml of Folin-Ciocalteu reagent (mixed
with distilled water 1 :10 v/v) and 4ml (75 g/L) of sodium
carbonate. )e samples were vortexed for 15 s and left to
stand for 30min at 40°C for staining. )e absorbance was
determined at a wavelength of 765 nm using the )ermo
Scientific Spectrascan UV 2700 dual-beam spectropho-
tometer. )e concentration of each plant extract was 0.1 g/
ml. Phenol levels were calculated in mg/g of n-propyl gallate
equivalent.

2.4. Flavonoid Estimation. )e level of total flavonoids was
determined using the procedure already described by
Haddaji et al. [21]. In summary, 2mL of distilled water and a
NaNO2 (0.15ml; 5%) solution were added to 0.5ml of plant
extract. After 6min of incubation at room temperature, a
solution of AlCl3 (0.15ml, 1.1%) was added and allowed to
stand for six minutes. Subsequently, a solution of NaOH
(2ml, 4%) was added to the mixture. Immediately, the
distilled water was added (5ml). )en, the mixture is
allowed to stand for 15 minutes, and the color intensity was
measured at 510 nm. )e results were reported in mg of
catechin equivalent (EC) per gram of the extract.

2.5. Determination of Total Tannins. )e quantification of
total tannins in both extracts was estimated using the same
protocol described by Haddaji et al. [21]. For the experiment,
50 μl of each extract was appropriately diluted and mixed
with a volume of 1.5ml of 4% vanillin and then added to
750 μl of concentrated HCl. After vigorous stirring, the
mixture was incubated for 20min at room temperature.
)en, the absorbance was measured at 500 nm [22]. )e

contents of condensed tannins are expressed in mg of
equivalent catechin per gram of extract.

2.6. RP-HPLC-DAD-ESI-MSn Analysis. To obtain a profile
of polyphenolic composition of methanolic and aqueous
extracts, an HPLC-DAD-ESI/MSn analysis was carried out.
Ten milligrams of dried samples was solubilized in 10ml of
the mobile phase, and 5 µl was injected in the )ermo
Finnigan Surveyor Plus HPLC System ()ermo Fisher
Scientific, Waltham, MA), equipped with a Surveyor UV-
Vis photodiode array detector (PAD), connected to an
LCQ Advantage MAX ion trap mass spectrometer through
an ESI source ()ermo Fisher Scientific, Waltham, MA).
)e analysis was performed on a Gemini C18 analytical
column (150mm × 2.0mm i.d., 5 μm) with a Hypersil
GOLD C18 guard column (10mm × 2.1mm i.d., 5 μm; both
from Phenomenex, Torrance, CA). A binary mobile phase
was used, and it consisted of eluents A and B, which were
0.1% formic acid aqueous solution and acetonitrile, re-
spectively. Analytes were eluted in a linear gradient from
5% to 95% B in 70min at a flow rate of 0.3ml/min, 30°C.
Each run was followed by column reconditioning. )e
chromatogram was recorded at 315 nm (hydroxycinnamic
acids), 370 nm (flavonols), and 520 (anthocyanins).
Spectral data were acquired in the range of 190–600 nm for
all peaks. )e ion trap was operated in data-dependent,
full-scan (100–1800m/z), and MS/MS mode to obtain
fragment ions (m/z) with a collision energy of 30% and an
isolation width of 3m/z. ESI source parameters were op-
timized to an ionization voltage of 4 kV, a capillary tem-
perature of 320°C, a sheath gas flow rate of 15 arbitrary
units, and an auxiliary gas flow rate of 10 arbitrary units.
)ermo Fisher Scientific Excalibur 2.0 software was used
for data acquisition and processing.

2.7. Antioxidant Activities of H. sabdariffa Extracts. )e
antioxidant activity of the extracts was studied by three
methods: the trapping power of the free radical DPPH, that
of the radical ABTS, and the power of reduction of ferric ions
(FRAP).

2.8. Scavenging Activity of DPPHRadical. )e DPPH radical
scavenging activity was evaluated using the protocol of
Moraes-de–Souza et al. [23] after rectifications. )e reaction
was composed of 30 μl of extract, 3ml of methanol, and
0.270ml of a solution of 0.5mM 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) radical solution in methanol.)e absorbance
was measured in an ELx800 microplate reader (BioTek
Instrument, Inc., Winooski, VT, USA) at 517 nm, after
45min of incubation.)e antioxidant activity was calculated
using the following equation:

%inhibition �
(A control − A sample)

A control
  × 100, (1)
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where Acontrol � absorbance of negative control at the mo-
ment of solution preparation and Asample � absorbance of
sample after 45min.

)e antioxidant activity was expressed as IC50 (mg/mL),
which represented the extract concentrations scavenging
50% of DPPH radicals [21].

2.9. Scavenging Activity of ABTS Radical. )e ABTS radical
scavenging activity was evaluated using the protocol referred
to Re et al. [24] after rectifications. 7mM of 2,2′-azinobis (3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) was added to
the distilled water. )e radical cation ABTS (ABTS ∙ +) was
generated in the presence of ABTS and 2.45mM potassium
persulfate (final concentration), and then, the mixture will
be placed in the dark at room temperature for 12 to 16 h
before use.

)e dilution of the ABTS+ solution was performed with
water to an absorbance of 0.70 (±0.02) at 734 nm. )e re-
action mixture is composed of 0.07ml of the HS extract and
3ml of the ABTS radical. )en, this mixture is incubated for
7min, and the absorbance reading was taken using a
spectrophotometer at 734 nm. )e antioxidant activity was
calculated using the following equation:

%inhibition �
(A control − A sample)

A control
  × 100, (2)

where Acontrol � absorbance of negative control at the mo-
ment of solution preparation and Asample � absorbance of
sample after 6min.

)e EC50 values were evaluated from the curves, which
show the concentration of the extract required to scavenge
50% of the free radical ABTS. )e EC50 is generally defined
to determine the amount or concentration of extracts re-
quired to scavenge 50% of free radicals.

2.10. Ferric Reducing Antioxidant Power (FRAP) Methods.
)is technique is based on the microplate reader. Indeed,
volumes of the order of 0.5ml of the different concentrations
of the extracts tested were mixed with a sodium phosphate
buffer (200mmol/l, pH 6.6, 0.5ml) and ferricyanide of
potassium (1% w/v, 0.5ml). )e mixture was incubated at
50°C for 20 minutes, and then, trichloroacetic acid (10% w/v,
0.5ml) was added. Afterwards, 0.8ml of the mixture was
poured into the 48-well microplates, and then, the deionized
water (0.8ml) and the ferric chloride (0.1% w/v, 0.16ml)
were added. Absorbance was measured at 690 nm. )e
concentration of the extract, which gives 0.5 absorbance
(EC50), was estimated from the graph, which reports the
evaluation of the absorbance at 690 nm as a function of the
concentrations of the extract.

2.11. Screening for Antimicrobial Activities

2.11.1. Disc Diffusion Method. Antibacterial activity was
carried out by the disc diffusion method [25] against nine
Gram-positive and Gram-negative type bacterial strains.)e

same technique was used to study the antifungal activity of
HS extracts against four Candida species on Sabouraud
chloramphenicol agar plate at 30°C for 17–26 h.

)e optical density of all bacteria was adjusted to 0.5
McFarland turbidity standards and 2 McFarland for yeast
strains with a DENSIMAT (bioMérieux). )e suspension
was used to inoculate Mueller Hinton/Sabouraud chlor-
amphenicol Petri dishes using a sterile cotton swab. )e
plant extract was prepared at a final concentration of about
100mg/ml. Sterile filter paper discs (6mm in diameter) were
impregnated with 10 µl of plant extract that was placed on
the cultured plates. After 1.5–3 h at 4°C, the treated Petri
dishes were incubated at 27 or 36°C for 17–24 h. For fungi, a
spore solution (106 spore/mL) was used to inoculate the
potato dextrose agar Petri dishes that were incubated for 48 h
at 37°C.

)e treated Petri dishes were placed at 4°C for 1.5–3 h and
then incubated at 37°C for 17–24 h. )e inhibition of mi-
croorganism growth was evaluated by measuring the di-
ameter of the transparent inhibition zone around each disc.
)e average of three measurements was recorded. )e sus-
ceptibility of the standard (ampicillin and amphotericin B)
was determined at a final concentration of about 10mg/disc.

2.12. Microdilution Assay. )e determination of MICs and
MBCs was performed by dilution technique in a liquid
medium used for bacteria [25], yeast [26], and fungi [27]. For
the experiment, 95 μl of Sabouraud broth (yeast and fungi)
or Mueller Hinton broth (bacteria), 5 μl of bacterial or fungal
suspension, and 100 μl of dilution of the extract were tested.
)e negative control well contains 195 μl of enrichment
broth without extract and 5 μl of suspension of the mi-
croorganism to be tested. )e final volume in each well is
200 μl. After incubation at 37°C for 24 h for bacteria and
yeast and 48 h for fungi, the lowest concentration, at which
there was no turbidity, was also regarded as MIC value of the
extract. MBC/MFC is defined as the concentration of extract
that totally inhibits the growth of microorganisms tested
confirmed on MH/SC/PDA agar. According to Zahin et al.
[28], plant extract exerted two types of activities: a bacte-
riostatic/fungistatic (MBC/MIC ≥4) and bactericidal/fun-
gicidal activity (MBC/MIC <4).

2.13. Study ofAntiviralActivity. Vero cells (ATCC No. CCL-
81) were cultivated in RPMI 1640 supplemented with 10%
fetal bovine serum (FBS) mixed with 1% penicillin (100U/
ml), 1% streptomycin (100mg/ml), and 1% fungizone
(2.5mg/ml). Vero cells were grown in a solution composed
of RPMI containing 5% FBS, placed in sterile 96-well, 24-
well flat-bottomed plates at 1 g/104 cells/well, at 37°C, and
incubated under 5% CO2 humidified atmosphere at 37°C.

)e stock solutions were diluted serially with RPMI
media without FBS to obtain many extract concentrations.
In general, the final concentration of DMSO in the working
concentration was below 0.5%. )e determination of the
cytotoxic concentration of the two extracts was performed
on 96-well flat-bottomed plates. One hundred µl of ½ diluted
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extracts starting from 2.5mg/mL concentration was de-
posited on cells in confluence. Vero cells treated with 0.5%
DMSO in PBS were used as negative control. All experi-
ments were performed in triplicates. )en, the plate was
incubated under 5% CO2, humidified atmosphere at 37°C.
After 72 h, the extract dilutions were substituted with 100 µL
of the MTT solution (5mg/mL) and incubated for 4 h at
37°C. )en, the formazan crystals were dissolved with
DMSO and the plate was read on an ELISA reader at a
570 nm wavelength to measure the optical density. 50%
cytotoxic concentration (CC50) of crude plant extracts,
which is the concentration that causes 50% cell cytotoxicity
of Vero cells, was determined by linear regression.

2.14. Viruses and Antiviral Activity. Antiviral activity was
performed on the same 96-well flat-bottom plates. Confluent
Vero cells were infected with 50 TCID50 (50% tissue culture
infective dose) of CVB-4 in the presence of 100 µl of ½
diluted extracts starting from CC50. Following 1 h of incu-
bation, the medium was removed, and the cells were washed
with PBS. Vero cells infected without extract were used as a
virus control. All experiments were performed in triplicates.
)en, the plate was incubated under 5% CO2 humidified
atmosphere at 37°C. After 48 h, the medium was substituted
with 100 µL of the MTT solution (5mg/mL) and incubated
for 4 h at 37°C. )en, the formazan crystals were dissolved
with DMSO and the plate was read on an ELISA reader at a
570 nm wavelength to measure the optical density. 50%
inhibitory concentration (IC50) of crude plant extract, which
is the concentration that reduces the optical density by 50%
in comparison with the cell control, was determined by
linear regression.

2.15. Anti-Swarming Motility Test. In swarming assays,
overnight cultures of the test bacteria (P. aeruginosa ATCC
27853) were point inoculated (5 μl) at the center of swarming
plates consisting of 1% peptone, 0.5% NaCl, 0.5% agar, and
0.5% of filter-sterilized D-glucose with various concentra-
tions of Hibiscus aqueous methanolic extracts (0.5, 1, 2.5,
and 10mg/ml).)e plate without the extract was maintained
as control. )e plates were incubated at an appropriate
temperature in the upright position at 37°C for 18 h. )e
swarming migration was recorded by following swarm
fronts of the bacterial cells.

2.16. In Silico Molecular Docking and Intermolecular
Interactions. )e biological activity of the compounds
identified by RP-HPLC-DAD-ESI-MSn analysis was con-
firmed by in silico molecular docking and interaction assay.
)e active sites of some selected receptors (TyrRS from
S. aureus; PDB ID :1JIJ, aspartic proteinase from Candida
albicans, PDB ID : 2QZW, and wheat germ agglutinin, PDB
ID : 2UVO) have been targeted to assess the antibacterial/
antimicrobial and antiviral effects, respectively. )e tridi-
mensional structures of the targeted proteins were obtained
from RCSB. ChemDraw was used to draw the chemical
structures of the previously identified 17 compounds

[29, 30]. )e docking approach was based on the CHARMM
force field after processing ligands and receptors: polar
hydrogen and Kollman charges. )e binding affinity and the
hydrogen bond calculations were assessed as previously
reported [29, 31–33]. )ese receptors have been selected
because they are highly involved in the bacterial, viral, and
quorum sensing processes and are commonly targeted in
pharmaceutical studies as they are parts of the treatment
pathways [34, 35].

2.17. Statistical Analysis. All the analyses were run in trip-
licate and averaged. All values are expressed as mean-
± standard deviation. )e CC50, EC50, and IC50 values were
estimated by extrapolating the graph plotted with software
Microsoft Excel 2007. Mean values were compared using
multiple comparison of Duncan’s test with the SPSS sta-
tistical software program (SPSS v.16). )e difference was
statistically significant when p< 0.05.

3. Results

3.1. Phytochemical Composition of the Obtained Extracts.
)e phytochemical composition of both methanolic and
aqueous extracts of Hibiscus calyces is summarized in Table 1.
Phenolic compounds are secondary metabolites whose
presence is highly influenced by environmental and genetic
factors. )eir contents vary according to the plant and/or
studied organ. Indeed, the methanolic extract of Hibiscus has
a polyphenol content in the order of 19.58± 0.08mg EAG/g
of dry extract, which has been found to be lower than the
aqueous extract of the same plant of 22.71± 0.08mg EAG/g of
dry extract.

According to the results obtained, it is noted that the
flavonoids are the most abundant phenolic compounds in
the flower of Hibiscus with an amount of 22.49± 1.04mg
EC/g of the aqueous extract. )e extracts showed also low
content of tannin molecules. )ese values are in the order of
8.4± 0.7mg EC/g of the dry extract for the aqueous extract
and about 1.16± 0.16mg EC/g of dry extract for the
methanolic extract of the Hibiscus calyces.

A list of compounds identified in methanolic and
aqueous extracts by LC-MS is reported in Table 2. )e
methanolic extract contained two anthocyanins, which were
detected in positive ionization mode, i.e., delphinidin 3-O-
sambubioside (compound 10) and cyanidin 3-O-glucoside
(compound 6). Both of them fragmented giving the aglycone
ions atm/z of 303 and 287, which corresponded to the loss of
sambubiose and glucose moieties, respectively. Four flavo-
nols were also detected. Myricetin (compound 7) ionized to
give an ion atm/z of 319, and it was confirmed by comparing
its behavior with that of the standard, as well as the identity
of quercetin 3-O-glucoside (m/z 465) (compound 9). An-
other quercetin derivative (compound 8) was present; it
fragmented giving a base peak an ion atm/z of 303 and a very
intense parent ion at m/z of 302, thus indicating the linkage
position of the sugar moiety on the aglycone and leading to
the correct identification of the disaccharide [39]. Kaemp-
ferol 3-O-p-coumaroyl-gucoside (compound 11) was
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identified thanks to its fragmentation pattern, which was
consistent with the loss of the glucose and of the acyl-glucose
moieties, respectively.

3.2. Biological Activities of the Different Extracts Obtained

3.2.1. Antimicrobial Activity. )e antimicrobial activities
were evaluated using the disc diffusion test to determine the
diameters of the bacterial growth inhibition zones. )e
liquid microdilution assay was carried out to evaluate the
minimum inhibitory concentrations (MICs) and the mini-
mum bactericidal concentrations (MBCs). )e inhibition of
microbial growth (bacteria and yeasts) resulted in the ap-
pearance of a halo around each disc impregnated with the
extract to be tested.

)e results of the agar diffusion assay reveal that the
antibacterial activity of the extracts is dependent from the
target bacterium. Indeed, the Hibiscus aqueous extract
showed moderate antimicrobial activity with a diameter
zone inhibition of 18.33mm. It is noted that the highest
antimicrobial activity was obtained with the same extract
against L. monocytogenes strain ATCC 19115 with a mean
zone of growth inhibition value of 21mm. In fact, the Hi-
biscus methanolic extracts showed a zone inhibition of
17.12mm. According to studies confirmed by Kalemba and
Cunicka [41], the sensitivity of a microorganism certainly
depends on the composition variability of the extract and also
of the microorganism itself. )e antifungal activity has shown
variation in growth inhibition. In fact, the inhibition diameter
of yeast withmethanolic extract was about 14mm; however, it

was ranging from 14 to 17mm, when the aqueous extract was
used. All these results are summarized in Table 3.

)e determination of MICs and MBCs/MFCs showed
that the Hibiscus extracts in liquid medium are very active
on all tested bacteria and yeasts but with different degrees. In
addition, these extracts appear to be more effective on
bacteria than yeasts with lower MICs and MBCs compared
with those recorded for yeasts. In the liquid medium, the
lowest MIC values are recorded with the Hibiscus aqueous
extract (MICs: 9.375mg/ml) and the lowest CMFs by the
same plant methanolic extract (MFCs: 18.75 to 37.5mg/ml).
It is the same for the bacteria tested by the Hibiscus aqueous
extract with similar MICs in all bacteria (2,342mg/ml) and
CMBs ranging from 4.68 to 9.375mg/ml. All these results are
expressed in Table 3. )e antifungal activity results of the
different methanolic and aqueous extracts tested on two
strains of fungi according to the microdilution method
recorded that the minimum inhibitory concentrations vary
from 75 to 150mg/ml (Table 4).

3.3. Cytotoxicity and Antiviral Activities. Hibiscus extracts
showed low cytotoxicity on Vero cell lines with CC50 of 946
and 1250 μg/ml, respectively, for methanolic and aqueous
extracts. However, no activity against CVB-3 was recorded
for both extracts.

3.4. Study of theAntioxidantActivity of the Extracts Obtained.
)e antioxidant activity of the extracts was evaluated by the
DPPH method. )is method makes to evaluate the ability of

Table 1: Phytochemical study of the methanolic and aqueous extracts from H. sabdariffa calyces. mg EGA/g extract: mg equivalent gallic
acid/g extract; mg EC/g extract: mg equivalent catechin/g extract.

Compound Aqueous extract (HE) Methanolic extract (HM)
Total polyphenols (mg EGA/g extract) 22.71± 0.08 19.58± 0.08
Flavonoids (mg EC/g extract) 22.49± 1.04 16.3± 1.85
Tannins (mg EC/g extract) 8.4± 0.7 1.16± 0.10

Table 2: MS and MS/MS data of compounds detected in methanolic and aqueous extracts.

N RT
(min)

Precursor ion
(m/z)

HPLC-ESI–MSn m/z (% of
base peak) Compound identity References

1 12.90 189 MS2 [189]: 171 (20), 127 (100) Hibiscus acid Amaya-Cruz et al., [36]; Rodriguez-
Medina et al., [37]

2 34.21 341 MS2 [341]: 179 (100), 135 (20) Caffeic acid derivative Amaya-Cruz et al. [36]

3 37.62 353 MS2 [353]: 191 (100), 179
(60), 135 (10) 3-Caffeoylquinic acid Carazzone et al., [38]

4 38.22 353 MS2 [353]: 191 (100), 179 (10) 5-Caffeoylquinic acid Carazzone et al., [38]
5 39.92 367 MS2 [367]: 191 (100), 173 (25) 5-Feruloylquinic acid Carazzone et al., [38]
6a 45.41 449+ MS2 [449]: 287 (100) Cyanidin 3-O-glucoside Amaya-Cruz et al., [36]
7a 54.50 319 — Myricetin Borrás-Linares et al., [10]

8 62.47 611+ MS2 [611]: 303 (100), 302
(70), (100) Quercetin 7-O-rutinoside Shi et al., [39]

9a 65.02 465+ MS2 [465]: 303 (85), 303 (100) Quercetin 3-O-glucoside Rodriguez- Medina et al., [37]
10 67.31 597+ MS2 [597]: 303 (100) Delphinidin 3-O-sambubioside Borrás-Linares et al., [10]

11 72.56 595+ MS2 [595]: 449 (55), 287 (80),
286 (100)

Kaempferol 3-O-p-coumaroyl-
glucoside Fernández-Arroyo et al., [40]

RT: retention time; acompared with standard compound; +positive ionization mode.
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phenolic compounds to inhibit the DPPH radical. )e re-
sults showed that both Roselle extracts were able to scavenge
the DPPH free radical with different degrees (IC50 value
about 2.793± 0.044mg/ml for methanolic extract and
2.471± 0.024mg/ml for the aqueous one). For the radical
ABTS+∗∗, the results obtained showed that the Hibiscus
methanolic extract has the highest antioxidant activity with
an EC50 value of 1.918± 0.06 mg/ml as compared to its
aqueous extract of 2.082± 0.0035 mg/ml. )e presence of
reducing agents in plant extracts causes the Fe3+/ferricya-
nide complex to be reduced to the ferrous form. )e results

obtained show that the Hibiscus aqueous and methanolic
extracts have low EC50 values of about 0.578± 0.016 and
0.676± 0.026 mg/ml, respectively. All these data are sum-
marized in Table 5.

3.5. Anti-Quorum Sensing Activity

3.5.1. Anti-Swarming Activity. Swarming migrations play an
important role in quorum sensing biofilm formation, and we
tried to examine the anti-QS potential of Hibiscus aqueous

Table 4: Determination of the MIC and MFC values of the different extracts tested on seven fungal strains (expressed in mg/mL).

Strains tested H. sabdariffa methanolic extract H. sabdariffa aqueous extract
MIC∗ MFC∗∗ MIC MFC

Aspergillus niger DSM 63263 75 150 5 150
Fusarium oxysporum 150 >150 5 >150
Penicillium expansum DSM 1994 150 >150 5 >150
Penicillium citrinum DSM 1997 150 >150 5 >150
Penicillium simplicissimum DSM 1097 75 >150 5 >150
Aspergillus versicolor DSM 1993 150 >150 5 >150
Aspergillus niger 150 150 5 150
MIC: minimal inhibitory concentration (mg/ml); MFC: minimal fungicidal concentration (mg/ml).

Table 3: Determination of MICs, MBCs, and MBC/MIC ratio of H. sabdariffa methanolic and aqueous extracts compared with
amphotericin and ampicillin.

H. sabdariffa aqueous extract H. sabdariffa methanolic extract Ampicillin

IZ∗ MIC∗ MBC∗∗
MBC/
MIC
ratio

IZ MIC MBC
MBC/
MIC
ratio

IZ MIC MBC

S. aureus ATCC 25923 18± 0a 2.342 9.375 4 17± 1a 2.342 4.68 2 26.66± 1.15
b 0.25 0.40

S. epidermidis CIP 106510 19± 2b 2.342 9.375 4 15.33± 0.57a 2.342 4.68 2 22.67± 0.57c 0.25 0.40
E. coli ATCC 35218 17± 1b 2.342 9.375 4 15± 1b 2.342 9.375 4 11.67± 1.52a 0.023 3
L. monocytogenes ATCC
19115 21± 1c 9.375 18.75 2 16.66± 0.57b 2.342 9.375 4 12.33± 0.57a 0.023 0.093

E. faecalis ATCC 29212 19.33± 0.57c 9.375 37.5 4 18± 0b 2.342 9.375 4 13.66± 0.57a 0.023 0.093
S. typhimurium ATCC
1408 18± 0a 9.375 >75 >4 17± 2a 2.342 9.375 4 17.33± 1.15a 0.023 0.093

B. cereus ATCC 11778 20± 2a 9.375 18.75 2 19.33± 0.57a 2.342 9.375 4 26.33± 1.52b 0.25 0.40
V. parahaemolyticus
ATCC 17802 17.33± 0.57b 9.375 37.5 4 17.33± 0.57b 2.342 9.375 4 13.33± 0.57a 0.011 3

P. aeruginosa ATCC
27853 16± 2a 9.375 18.75 2 18.33± 1.52a 2.342 9.375 4 22.66± 0.57b 0.011 1.5

Yeasts IZ∗ MIC MFC∗ ∗
MFC/
MIC
ratio

IZ MIC MFC
MFC/
MIC
ratio

Amphotericin B

IZ MIC MFC

Candida albicans ATCC
2019 15± 1a 9.375 37.5 4 14.33± 0.57a 9.375 37.5 4 14.66± 0.57a 0.024 0.781

Candida parapsilosis
ATCC 22019 14± 1b 9.375 37.5 4 15± 1b 9.375 37.5 4 10.33± 0.57a 0.195 0.39

Candida krusei ATCC
6258 17.66± 1.52b 9.375 37.5 4 10± 1a 9.375 18.75 2 12± 0 a 0.097 0.195

Candida tropicalis ATCC
06-085 17± 1c 9.375 37.5 4 15± 1b 9.375 37.5 4 6± 0a 0.39 0.25

)e diameter of the disc is 6mm. )e letters (a–c) indicate a significant difference between the different inhibition zones according to the Duncan test
(p< 0.05). MIC: minimal inhibitory concentration expressed as mg/ml; MBC: minimal bactericidal concentration expressed as mg/ml; MFC: minimal
fungicidal concentration expressed as mg/ml.
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and methanolic extracts against motility in PAO1 strain.
Our results indicated that HS extracts inhibited the
swarming of PAO1 at the three tested concentrations (2.5, 5,
and 10mg/ml) (Figure 1). However, a high inhibition in the
migration of PAO1 was obtained at 2.5mg/ml. At high
concentration of both tested extracts, a reduction in the
intensity of the green coloration of the pigment “pyocyanin”
was noted. All these data are summarized in Table 6.

3.6. In SilicoResults. )emolecular interactions of the plant-
identified compounds and some targeted macromolecules
involved in the biological activities are reported in Table 7.
)e in silico data reported in this study correspond to the
better positions with both best binding affinity and RMSD
equal to zero, as commonly reported in molecular inter-
actions’ studies [42–44]. )e compounds were predicted to
establish different biding affinities reaching −9.6 for
1JIJ, −7.5 for 2QZW, and −6.9 for 2UVO. )is might be
related to the structure-activity relationship [30, 32, 33, 43].
Figures 2–4 exhibit 3D and 2D illustrations of the top 3
complexes with the highest binding scores.

4. Discussion

Hydroxycinnamic acid derivatives were the compounds
mostly present in the aqueous extract in addition to a less
concentration of compounds 7, 8, 9, and 11. In fact, two
different isomers of caffeoylquinic acids (CQAs) were
detected and they were identified as 3-CQA (compound 3)
and 5-CQA (compound 4) according to the different in-
tensities of a fragment ion atm/z of 179 and the presence of
an ion at m/z of 135 only in MS/MS fragmentation of 3-
CQA [45]. A similar fragmentation pattern was registered
for compound 5, identified as 5-feruloylquinic acid.

10 5 2.5 1 0.5 S
Concentration expressed in mg (ml)

(a)

10 5 2.5 1 0.5 S
Concentration expressed in mg (ml)

(b)

Figure 1: Anti-swarming activity of the methanolic and aqueous extracts from H. sabdariffa calyces tested against P. aeruginosa PAO1
strain. (a): methanolic extract and (b): aqueous extract; S: standard.

Table 5: Comparative analysis of the results for the antioxidant activities obtained by DPPH, FRAP, and ABTS tests as compared to ascorbic
acid.

H. sabdariffa DPPH IC50 (mg/mL) ABTS EC50 (mg/mL) FRAP EC50 (mg/mL)
Methanolic extract 2.793± 0.044 2.082± 0.035 0.676± 0.026
Aqueous extract 2.471± 0.024 1.918± 0.060 0.578± 0.016
Ascorbic acid 0.022± 0.00058 0.0209± 0.0016 0.09± 0.007

Table 6: Evaluation of the anti-swarming activity of aqueous and
methanolic extracts fromH. sabdariffa against P. aeruginosa PAO1.

Mean
diameter± SD
(mm)

Concentration of extracts in
(mg/ml) Standard

0.5 1 2.5 5 10
Aqueous extract 2.7± 0.25 1.2± 0.25 0 0 0 10.6± 0.57
Methanolic extract 9.6± 1.52 8.3± 0.57 0 0 0 9.5± 0.25
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Another caffeic acid derivative was present and its frag-
mentation gave as the base peak an ion at m/z of 179,
indicating a hexose linked to the acidic moiety (compound
2). Hibiscus acid (compound 1) was also present; it is the
lactone derivative of hydroxycitric acid and fragment
losing a water molecule and the CO2. )e presence of these
molecules in Hibiscus extracts was already reported in the
literature with the exception of cyanidin 3-O-glucoside; in

fact, the sambubioside derivative was generally detected
[36, 46, 47].

)e obtained results are in agreement with those pre-
viously described in the international bibliography con-
cerning these two studied plants. In this way, it has been
demonstrated that the crude extract of Hibiscus plant has an
antibacterial activity directed against strains of Streptococcus
mutans isolated from the oral cavity with a minimal

Table 7: Binding energy, conventional hydrogen bonds, and the closest interacting residues of 1JIJ, 2QZW, and 2UVO for TyrRS from
S. aureus, the aspartic proteinase from Candida albicans, and the wheat germ agglutinin in complex with N-acetyl-D-glucosamine,
respectively.

No. Affinity
(Kcal/mol)

Conventional H-
bonds Closest interacting residues Distance to closest

interacting residue (Å)
TyrRS from S. aureus (PDB ID: 1JIJ)

1 −7.1 11 Lys84, Arg88, Arg88, Tyr170, Gln174, Gln196, Asp80, Gly38, Gln196,
Asp80, Gln196 Asp80 (2.25)

2 −9.1 7 Lys84, Lys84, Asn124, Asp195, Asp177, Gln174, Gln190 Gln174 (1.92)
3 −9.1 6 Cys37, Asp40, �r75, Tyr170, �r75, Asp195, Ala39, Gly192, Leu70 )r75 (2.20)
4 −8.6 5 Asp40, Gly193, Asp177, Gly38, Asp195, Ala39, Gly192, Leu70 Asp195 (2.09)

5 −8.9 8 Gly38, Asp80, Arg88, Arg88, Gly193, Val191, Gln174, Asp40, Ala39,
Lys84, Asp195, Asp195, His50, His50, Pro53 Arg88 (1.82)

6 −9.6 6 Tyr36, Gln190, Asp177, Asp40,�r75, Asp40, Ala39, Asp195, Ala39, Ala39 )r75 (1.87)

7 −8.2 7 Lys84, Arg88, Tyr170, Gln174, Gly193, Gln196, Asp40, Cys37, His50,
His50, Asp195, Asp195, Asp80, Pro53, His50, Phe54, Cys37 Tyr170 (1.57)

8 −8.8 11 Asp40, Asn124, Gln174, Gln174, Gly193, Gln196, Asp177, Asp177,
Asp195, Gly49, Gln190, His50, Gly38, Asp40, His50, Ala39, Ala39 Asp40 (1.60)

9 −8.3 9 Cys37, Lys84, Lys84, Arg88, Arg88, Gln174, Asp40, �r75, Asp40, Asp40,
Asp195, Asp195, Cys37, His50, Tyr36, Ala39, Pro53 Lys84 (2.24)

10 −9.4 4 Lys84, Lys84, Arg88, Asp177, Asp80, Asp80, Leu70 Lys84 (2.50)
Aspartic proteinase from Candia albicans (PDB ID: 2QZW)

1 −5.2 5 Asp218, �r221, Asp218, Asp218, Asp86 Asp86 (2.13)
2 −6.2 6 Gly85, Asn131, Arg192, Arg195, �r221, Glu193 Asn131 (2.01)
3 −5.7 5 Asn131, Arg195, �r221, Asp32, Gly34 Asp32 (2.14)
4 −4.1 2 Gly220, Glu193, Asp86, Asp218, Ile30, Ile123 Glu193 (2.42)

5 −0.3 3 Ser35, Gly220, Gly220, Asp86, Asp218, Asp218, Gly85, Tyr84, Leu216,
Ala335 Gly220 (1.87)

6 −7.8 2 Arg195, Asp86, Asp86, Asp218, Asp218, Gly85, Leu216, Ala335 Asp86 (2.60)

7 26.3 4 Asp86, Asp218, Leu217, �r33, Ser35, �r221, Arg192, Glu193, Leu216,
Leu216 )r221 (1.47)

8 32.6 6 Gly34, Gly34, Gly220, Gly220, Glu193, Ala303, Gly220, Asp218, Asp218,
)r221, Ile305, Leu216, Ala303, Ile305, Ala335 Gly220 (2.47)

9 31.2 2 Glu193, Asp218, Glu193, Asp218, Ser35, Gly85, Ser35, )r221, Ser336,
Asp32, Asp32, Ile123, Tyr84, Tyr84, Ile123, Ile30 Ser35 (1.66)

10 −7.5 4 Gly220, Gly34, Glu193, Ala303, Asp218, Asp218, Leu216, Ala303, Ala335 Glu193 (2.10)
Wheat germ agglutinin (PDB ID: 2UVO)

1 −5.1 8 Arg45, Arg45, Gln49, Tyr66, NAG1174, Tyr64, NDG1173, NA1174 Tyr64 (2.32)

2 3.2 6 Cys55, Asn58, Asn58, Gln59, Gln59, Gln59, Pro82, Ile87, Phe69, Pro82,
Leu102 Gln59 (1.72)

3 −1.1 5 Ser43, Arg45, NDG1173, NAG1174, Ser43, )r42, Ser43, Tyr66 Ser43 (1.92)
4 −4.8 1 Tyr66, NAG1174, Tyr64 Tyr66 (2.15)

5 4.8 3 Cys55, Gln59, Cys55, Leu102, Gly81, Phe69, Pro99/Asn100, Pro82, Pro99,
Leu102, Pro82, Ile87, Pro99 Cys55 (2.00)

6 −6.9 2 Arg45, Tyr64, Tyr64, Tyr64, Tyr66 Tyr64 (1.74)

7 15.4 6 Gly70, Gly52, Gln59, Cys83, Ala85, Cys83, Gly81, Cys110, Cys83, Cys55,
Cys61, Asn100, Gln79/Gly80, Pro82, Cys60, Cys74, Pro99, Pro99 Cys83 (1.75)

8 19.8 6
Ser43, Ser43, Lys44, Lys44, Gly38, Gln59, )r42, Lys44, Gly38, Cys103,
Cys117, Gly113/Ser114, Gly113/Ser114, Lys44, Cys55, Cys67, Cys117, Leu112,

Ala125, Ala39
Lys44 (2.15)

9 16 6 Gly81, Ile87, Asn100, Asn58, Cys110, Gly52, Gly47, Gly80, Gly81, Asn100,
Ala53, Gln79, Phe69, Phe69, Phe69, Pro82, Ile87, Pro82, Ile87, Pro82, Leu102 Asn58 (1.67)

10 6.3 3 Arg45, Tyr66, NAG1174, Tyr64 Tyr66 (1.92)
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(a) (b) (c)

Figure 2: 3D illustration (a–c) and the corresponding 2D diagram of interactions (a’–c’) for the compounds with the best docking scores of
13, 17, and 9 (−9.6, −9.4, and −9.1 kcal/mol) with the active site of 1JIJ.

(a) (b) (c)

Figure 3: 3D illustration (a–c) and the corresponding 2D diagram of interactions (a’–c’) for the compounds with the best docking scores of
13, 17, and 9 (−7.8, −7.5, and −6.2 kcal/mol) with the active site of 2QZW.
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inhibitory concentration in the order of 2.5mg/ml [48] and
the species of Campylobacter sp. (Campylobacter jejuni,
Campylobacter coli, and Campylobacter fetus) that con-
taminate beef, pork, and poultry meat with inhibitory
concentrations ranging from 96 to 152 μg/ml [49]. In ad-
dition, Olaleye and Rocha [50] have shown that the
methanol Hibiscus water extract has antibacterial activity
against several Gram-positive and Gram-negative bacteria
including the following species: S. aureus, Bacillus stear-
othermophilus, Micrococcus luteus, Serratia marcescens,
Clostridium sporogenes, Escherichia coli, K. pneumoniae,
Bacillus cereus, and P. fluorescence. )is author has also
shown that this same extract is not active against yeast
Candida albicans [50].

In 2017, Quing et al. showed that the raw Hibiscus seed
extract is active against three Gram-negative strains such as
Salmonella, Shigella, and Enterobacter. In 2015, Borrás-
Linares and his collaborators showed that the ethanolic
extract of 25 varieties of Hibiscus was active against E. coli,
S. enteritidis,M. luteus, and S. aureus strains with inhibition
zones ranging from 16 to 22mm for S. aureus and from 10 to
18mm for the M. luteus strain. Gram-negative strains were
the most resistant with an inhibition diameter ranging from
10 to 16mm for both E. coli and S. enteritidis strains [10].
Recently, Abdallah [5] has shown that the Hibiscus

methanolic extract of calyx grown in Sudan is active against
antibiotic-resistant strains of Acinetobacter baumannii with
inhibition zone diameters of 11.3± 0.3 and 13.6± 0.3 mm
and MIC and MBC values ranging from 25 to 50mg/ml and
50 to 100mg/ml, respectively. Hibiscus extract has also been
shown to have activity against strains of C. albicans isolated
from urinary tract infections and to inhibit biofilm for-
mation by this yeast [11].

Both extracts show a proportional increase in the in-
hibition percent of the DPPH radical depending on the used
concentration. )ese inhibition percentages exceed 50% at
very low concentrations of tested extracts. )e inhibition
percentages reveal a proportional decrease in the DPPH
radical until its total disappearance at a concentration of
10mg/ml for all the tested extracts. From the curves of the
various extracts, the concentration of antioxidant necessary
to remove 50% of a quantity of DPPH (at equilibrium), it is
the effective concentration (EC50). )e low EC50 values
indicate the effectiveness of the extract and thus are a better
and powerful antioxidant. )e EC50 values calculated for the
DPPH activity are 2.793 and 2.471mg/ml for aqueous and
methanolic HS extracts, respectively. )e antioxidant ac-
tivity is associated with the phenolic composition, which is
in agreement with our results, since the extracts, which have
higher phenolic compound contents, are the extracts having

(a) (b) (c)

Figure 4: 3D illustration (a–c) and the corresponding 2D diagram of interactions (a’–c’) for the compounds with the best docking scores of
13, 8, and 11 (−6.9, −5.1, and −4.8 kcal/mol) with the active site of 2UVO.
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the more pronounced antioxidant activity [51]. )e results
recorded for the estimation of the anti-swarming activity
proved that the tested extracts significantly decreased the
mobility of PAO1.

)e molecular docking approach showed that for
H-bond interactions, which are considerably associated with
pharmaceutical effects and drug design [29, 31, 32, 44], the
highest number of H-bonds was found with Hibiscus acid
(Lys84, Arg88, Arg88, Tyr170, Gln174, Gln196, Asp80, Gly38,
Gln196, Asp80, and Gln196) and quercetin 3-O-glucoside
(Asp40, Asn124, Gln174, Gln174, Gly193, Gln196, Asp177, Asp177,
Asp195, Gly49, and Gln190).)e latter complex was reinforced
with a supplementary network of interactions involving
His50 and Ala39 (twice for each) and Gly38 and Asp40 (once
for each). )ese compounds established 11 conventional
H-bonds with 1JIJ, particularly with some key residues such
as Asp40, Asp80, and Gln196. Furthermore, all the compounds
were deeply embedded within the pocket region and showed
close vicinity to the targeted proteins. For instance, the close
vicinity was predicted for 1JIJ-quercetin 7-O-rutinoside
(1.57 Å), 2QZW-quercetin 7-O-rutinoside (1.47 Å), and
2UVO-3-caffeoylquinic acid (1.72 Å). In this context, it has
been reported that closely related ligand-amino acid/re-
ceptor complexes may enhance the biological activity
[31–33, 44]. Besides, for each targeted receptor, most of the
identified compounds were predicted to occupy almost the
same region, which may support the possible synergistic
effects. In fact, it was reported that the use of the whole plant
extract was suggested to be much better [32, 34, 43]. Overall,
the in silico showed that the biological effect of H. sabdariffa
compounds are thermodynamically possible. )e compu-
tationally proved effects include (i) antibacterial via tyrosyl-
tRNA synthetase from S. aureus, which is largely responsible
for hospital-acquired infections [52]; (ii) antifungal as
assessed against the secreted aspartic protease (SAP-1) of
C. albicans; and (iii) antiquorum sensing through the wheat
germ agglutinin. Such effects, explored using in vitro and/or
in vivo approaches, would be of crucial importance and
support our findings. )e in silico findings, particularly the
molecular interactions between ligands and receptors, would
be confirmed and validated by molecular dynamic
simulations.

)is study demonstrated also that both Hibiscus extracts
inhibit the swarming motility of P. aeruginosa PAO1.
Swarming motility is strongly involved in pathogenesis by
aiding in the attachment of P. aeruginosa to the host tissue
and colonizing the surfaces of the medical devices such as
catheters [53]. Swimming is another major form of
P. aeruginosa PAO1 motility, in which bacteria swim in
aqueous environments via the flagellum [54]. P. aeruginosa
exhibits swarmingmotility, which helps in initial attachment
and later in relocation of biofilm from one site to another
[55]. Moreover, swarming motility is important in early
stages of biofilm formation by P. aeruginosa cells and confers
to bacteria an extra advantage in tolerating the antibiotics
[56]. In this study, it has been found that the exposure of
PAO1 with Hibiscus extracts significantly impaired
swarming motility of this bacterium. )is finding is con-
sistent with other studies that proved the repression of

swarming of P. aeruginosa PAO1 by clove extracts and
ginseng [57].

5. Conclusions

)e results obtained indicate that H. sabdariffa L. is rich in
natural antioxidant compounds, antimicrobial agent, and
anti-swarming factor. Taken together, these biological
properties may allow the tested extracts fromH. sabdariffa to
be considered as having the potential to be candidate in the
design of new therapeutic strategies for microbial infections,
and may lead to the development of novel bioactive mol-
ecules for industrial needs. Further studies, such as the use of
other isolation and purification techniques of the active
compounds and in vivo studies, would help to elucidate the
mode of action of the observed beneficial effects of the
aqueous and methanolic extracts.
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Objective. To explore the mechanism of Shenjing Guben prescription (SP) in the treatment of immune infertility by regulating
PI3K-NRF2/p38 signal pathway. Methods. 60 adult male SD rats were randomly divided into control group (NC group), ACN
group, low concentration AP intervention group (low group), middle concentration SP intervention group (middle group), and
high concentration SP intervention group (high group). 12 rats in each group were administered by gavage once a day, 6 days/w,
and the rats were killed after 28 days. Bilateral testis and epididymis were removed and weighed and organ coe�cients were
calculated, and testicular histopathological sections were prepared to evaluate the changes of testicular tissue structure. �e
relative expression levels of PI3K, MKK7, JNK, p38 mRNA, and protein in testis were measured by QRT-PCR and western blot.
Results. (1) Compared with the control group, the proportion of grade A and B sperms in ACN group increased signi�cantly, and
the proportion of grade D sperm decreased signi�cantly (P< 0.05). After SP intervention, compared with ACN group, there was
no signi�cant di�erence in the proportion of sperm at all levels in low, medium, and high SP intervention groups (P> 0.05). (2)
Compared with the control group, the sperm VCL, VSL, VAP, and mad in ACN group increased signi�cantly, and the BCF
decreased signi�cantly (P< 0.05). After SP intervention, compared with ACN group, there was no signi�cant di�erence in sperm
motility parameters among low, medium, and high SP intervention groups (P> 0.05). (3) Compared with the control group, the
activities of AKP and SDH in testicular tissue of rats in ACN group decreased signi�cantly (P< 0.05). After SP intervention,
compared with ACN group, AKP activity increased signi�cantly and LDH activity decreased signi�cantly in low, medium, and
high SP intervention groups (P< 0.05). (4) Compared with the control group, the expression levels of PI3K, p-PI3K, MKK7,
p-MKK7, JNK, p-JNK, p38, and p-p38 proteins and the ratios of p-JNK/JNK and p-p38/p38 increased in the testis of ACN group
(P< 0.05). After SP intervention, compared with ACN group, the protein expression levels of PI3K, p-PI3K, MKK7, p-MKK7,
JNK, p-JNK, p38, and p-p38 in testicular tissue of SP intervention group decreased, and the ratio of p-JNK/JNK and p-p38/p38
decreased (P< 0.05). Conclusion. SP can reduce the oxidative stress of testis induced by ACN and inhibit the activation of PI3K-
NRF2/p38 signal pathway.

1. Introduction

Acrylonitrile (ACN), also known as ethylene cyanogen, is a
colorless, ¢ammable, volatile liquid with bitter almond
¢avor. ACN is an important organic chemical synthetic
monomer. It is an important rawmaterial for manufacturing
synthetic resin, synthetic rubber, synthetic plastics, synthetic
�ber, and acrylamide [1]. ACN can also be detected in

cigarette smoke and automobile exhaust. �erefore, low-
dose environmental exposure cannot be ignored. ACN and
CEO can also combine with biological macromolecules such
as protein or DNA to consume GSH in tissues.�e depletion
of GSH will reduce the antioxidant capacity of the body, and
cytochrome P450 metabolizing ACN can produce more free
radicals in the metabolic process, further increasing the load
of oxidative stress. ACN is a highly toxic compound. It is a
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mutagen and suspected carcinogen in humans. Its exposure
will increase the risk of lung cancer and astrocytoma [2].

Traditional Chinese medicine recognizes that kidney
deficiency and blood stasis are the fundamental pathogenesis
throughout the whole process.+e basic guiding principle of
clinical treatment is the method of kidney activating blood
circulation. Based on many years of clinical practice expe-
rience and the principle of kidney tonifying method, tra-
ditional Chinese medicine is committed to the clinical and
basic research of kidney tonifying and blood activating
traditional Chinese medicine in the treatment of sperm
deficiency infertility. Shenjing Guben prescription consists
of pilose antler, cinnamon, red ginseng, Astragalus mem-
branaceus, Rehmannia glutinosa, polygonatum, Polygonum
multiflorum, Cornus officinalis, raspberry, etc. SP can
upregulate the expression of Caspase-7 in spermatozoa and
inhibit the function of spermatozoa. Ginseng pill can protect
spermatozoa by upregulating the expression of Caspase-7 in
spermatozoa. However, the overactivation of primitive
spermatheca is an important pathological mechanism
leading to dor. PI3K-jnk/p38 signal pathway is to maintain
the primitive spermatozoa in the static state of bubbles, and
the initiation of supplementary growth is an important
regulatory factor. In the dormant state of primitive sper-
matozoa, the activity is inhibited. Once the signal is acti-
vated, the primitive spermatozoa will be activated, growth
into the vesicle pool of sperm. Granulosa cell apoptosis is the
central link in the induction of sperm atresia. PI3K-jnk/p38
signaling pathway plays a key regulatory role in the apoptotic
pathway. Oxidative stress is an important factor to start the
apoptotic process. +e essence of apoptosis is the result of
the destruction of the dynamic balance between intracellular
oxidation system and antioxidant system. PI3K-jnk/p38
signal pathway is the most important endogenous antioxi-
dant stress signal pathway found so far, which is of great
significance to maintain the normal growth and develop-
ment of sperm [3]. Gutierrez et al. found that SP can protect
mouse cardiomyocytes from injury induced by lipoteichoic
acid by inhibiting the activation of JNK and p38 [4]. Zhang
et al. found that SP can improve the decrease of SOD and
GSH PX activity and the increase of MDA content,
downregulate the expression of Caspase-3 and Bax, upre-
gulate the expression of Bcl-2, show antioxidant and anti-
apoptotic characteristics, and promote the recovery of
neural function in rats after spinal cord injury [5]. Dang et al.
found that SP can downregulate the expression of Caspase-3,
suggesting that SP can inhibit germ cell apoptosis and reduce
the inflammatory response caused by ACN by down-
regulating NF signal [6]. Li et al. [7]. found that SP can
reduce inflammatory factors in mouse lung tissue, prevent
the phosphorylation of p38 and JNK, upregulate the ex-
pression of Bcl-2, and downregulate the expression of Bax
and Caspase-3, suggesting that SP can play a protective role
in LPS induced acute lung injury by reducing inflammatory
response, inhibiting p38 MAPK and JNK signaling pathway
and apoptosis [8]. Lin et al. found that SP inhibited do-
pamine-induced melanocyte apoptosis by reducing the
production of ROS and inhibiting the activation of JNK and
p38 MAPK signaling pathways [9].

2. Method

2.1. Experimental Animals. +ere were 60 adult male SD
rats, weighing 180∼220 g. +e experiment was approved by
the ethics committee of our hospital. Sixty male SD rats were
randomly divided into five groups with 12 rats in each group
according to their body weight: control group (NC group),
ACN group, low concentration SP intervention group (low
group), medium concentration SP intervention group
(middle group), and high concentration AP intervention
group (high group). ACN and AP were prepared into the
required dose with corn oil and were administered by gavage
according to the gavage amount of 5ml/kg. +e gavage
amount was adjusted by weighing every two days. Low,
medium, and high SP intervention groups were given ACN
30 minutes after SP gavage. Once a day for 28 consecutive
days, the dose selection of ACN was determined according
to the previous study. SP showed antioxidant effect in rat
testicular tissue in the range of 234∼468mg/kg. +erefore,
this study established the model of reproductive injury
induced by ACN by 46mg/kg ACN for 28 days and inter-
vened with 117, 234, and 351mg/kg SP at the same time.+e
feeding temperature is 21∼24°C, and the relative humidity is
40%∼60%. +e laboratory is illuminated day and night for
12 hours. It is fed with ordinary feed and can eat and drink
freely.

2.2. Sperm Density. Select the left epididymis of 6 rats in
each group, cut 3 openings laterally in the epididymis, put
it into an ampoule containing 0.9% normal saline, bathe in
water at 37°C for 50minutes, and suck sperm suspension
for 10minutes. It was added to the sperm counting plate
and determined by computer-aided sperm analysis
(CASA). +e following parameters were measured: (1)
sperm density: the number of sperm per ml of semen
(×106/ml). (2) Sperm motility and mobility: sperm can be
divided into four grades according to different movement
modes: grade A sperm is fast linear forward moving
sperm, and straight fine velocity (VSL) ≥25 μm/s; grade B
spermatozoa are slow or nonlinear forward motile sper-
matozoa with VSL ranging from 5 to 25 μMS; grade C
sperms are nonforward motile sperm with VSL <5 μm/s;
grade D sperms are immobile sperm. (3) Sperm viability
refers to the percentage of “a + B + C” sperm in semen. (4)
Sperm motility refers to the percentage of “a + B” sperm in
semen.

2.3. Determination of Testicular Tissue Marker Enzymes.
Take the right testis of 8 rats in each group, cut 100∼200mg
and put it into the glass homogenizer. Add precooled 0.9%
normal saline according to the ratio of tissue (g): homog-
enization medium (ML)� 1 : 9, grind it fully in ice water
bath, centrifuge at 2500 rpm for 10min, absorb the super-
natant, and prepare 10% testicular tissue homogenate.
Detect the activities of alkaline phosphatase (AKP), acid
phosphatase (ACP), succinate dehydrogenase (SDH), and
lactate dehydrogenase (LDH) according to the steps on the
instructions of the kit.
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2.4. Determination of Oxidative Stress-Related Indexes.
Take 10% testicular tissue homogenate and determine the
contents of GSH and MDA and the activities of SOD, GSH
PX, and catalase (CAT) according to the operation steps on
the manual. Take the right testicular tissue of rats with the
same number, add precooled 0.9% normal saline according
to the ratio of testicular tissue (g): homogenate medium
(ML)� 1 : 4, grind in ice water bath to obtain 20% testicular
tissue homogenate, centrifuge at 12000 rpm for 5min, and
absorb the supernatant to detect the total antioxidant ca-
pacity (T-AOC).

2.5. RT-PCR. RT-PCR was used to detect the mRNA ex-
pression of PI3K, MKK7, p38, JNK, Bax, and Bcl-2 in tes-
ticular tissue. Total testicular RNA was extracted with Trizol
reagent. According to the supplier’s instructions, use the
primescript first strand cDNA synthesis kit from 2 μl total
RNA synthesis cDNA. Use SYBR premix ex Taq μ II kit and
10 μl SYBR premix ex Taq for ™ II kit for real-time quan-
tification ™+e expression level of the gene was normalized
to β- +e expression level of actin mRNA. Real-time po-
lymerase chain reaction was performed using an applied
biological system type 7500. +e reaction conditions are
95°C 5min, 95°C 30 s, 63°C 50 s, 72°C 60 s, 30 cycles, and
72°C 5min. +e relative expression of the target gene is
calculated by 2−∆∆CT.

2.6. Protein Expression Was Detected by Western Blot.
Total tissue protein was extracted and quantified by BCA
protein analysis kit. Total protein was isolated by 10% SDS-
PAGE (20 μg) and it was transferred to polyvinylidene
fluoride (PVDF) membrane. 5% skimmed milk powder was
dissolved in Tris buffer solution containing 0.1% Tween 20
for blocking and then incubated with MKK7, p-MKK7, p38,
p-p38, JNK, p-JNK, and Caspase-9 antibodies at 4°C over-
night. On the 2nd day, the membrane was washed with PBS
for 3 times, and the Goat antirabbit IgG antibody coupled
with horseradish peroxidase (HRP) was incubated at room
temperature for 1 h. Add an appropriate amount of ECL
light solution in the darkroom for development and fixation.
After scanning the strip, analyze the gray value with ImageJ
software to calculate the relative expression of protein.

2.7. Apoptosis of Rat Testicular Cells Was Detected by TUNEL
Method. Take rat testicular tissue sections for dewaxing and
hydration; hydrogen peroxide is treated at room tempera-
ture for 10min and washed with water; after incubation with
protease K diluted with 0.01mol/L TBS 1 : 200 at 37°C for
10min, rinse with 0.01mol/L TBS for 3 times for 5min each
time; take 1 TDTand 1 dig-d-utp respectively μ 50. Add 18 μl
labeling buffer, mix well, add it to the slices, incubate at 37°C
for 2 hours, and rinse with 0.01mol/L TBS for 3 times for
5minutes each time; plus 50 μ L blocking solution, incubate
at 37°C for 30min and throw off the blocking solution; add
biotinylated antidigoxin antibody diluted 100 times with
antibody diluent and react at 37°C for 30min. Rinse 3 times
with 0.01mol/L TBS for 5min each time; SABC diluted 100

times with antibody diluent was added. After reacting at
37°C for 30min, 0.01mol/L TBS was rinsed for 4 times for
5min each time; take one drop of A, B, and C in DAB kit,
add 1ml deionized water, mix well, add it to the slice for
color development, and wash with water; hematoxylin is
lightly counterstained, washed, dried, and sealed.

2.8. Statistical Analysis. SPSS 20.0 and GraphPad Prism 5.0
software were used for data processing. +e measurement
data were expressed by mean± standard deviation, one-way
ANOVA was compared among multiple groups, and LSD
test was used for pairwise comparison. P< 0.05, the dif-
ference was considered to be statistically significant.

3. Results

3.1.GeneralConditionsandOrganCoefficientChangesofRats.
During the experiment, the rats in ACN group showed
salivation, and irritability in the second week, and no ab-
normal behavior was observed in other groups.+ere was no
significant difference in body weight between groups before
the experiment (P> 0.05). After the experiment, there was
no significant difference in testicular wet weight and tes-
ticular organ coefficient between groups (P> 0.05). Com-
pared with the control group, the wet weight and organ
coefficient of epididymis in ACN group were significantly
lower (P< 0.05); after SP intervention, compared with ACN
group, the wet weight and organ coefficient of epididymis in
low SP intervention group were significantly higher
(P< 0.05); the organ coefficient of epididymis in SP inter-
vention group increased significantly (P< 0.05) (Tables 1
and 2).

3.2. Changes of Sperm Density in Rats. +ere was no sig-
nificant difference in sperm density between groups
(P> 0.05). Compared with the control group, the proportion
of grade A and B sperm in ACN group increased signifi-
cantly, and the proportion of grade D sperm decreased
significantly(P< 0.05); after SP intervention, compared with
ACN group, there was no significant difference in the
proportion of sperm at all levels in low, medium, and high
SP intervention groups (P> 0.05).

3.3. Changes of Sperm Motility Parameters in Rats.
Compared with the control group, the sperm VCL, VSL,
VAP, and mad in ACN group increased significantly, and
the BCF decreased significantly (P< 0.05); after AP inter-
vention, compared with ACN group, there was no significant
difference in sperm motility parameters among low, me-
dium, and high SP intervention groups (P> 0.05). See
Figure 1.

3.4. Morphological Changes of Rat Testis. +e pathological
sections of testicular tissue of rats in each group were ob-
served under light microscope. +e seminiferous tubules in
testicular tissue of rats in the control group were complete
and closely arranged; spermatogenic cells at different
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developmental stages can be seen in the seminiferous tu-
bules. Spermatogonia, primary spermatocytes, secondary
spermatocytes, and spermatocytes can be seen from the
basement membrane to the lumen. +e cell layers are clear
and orderly; mature sperm can be seen in the lumen; in-
terstitial cells can be seen in groups between seminiferous
tubules. In ACN group, the seminiferous tubules were
atrophic and deformed, and the diameter of seminiferous
tubules became smaller; the number of spermatogenic cell

layers decreased significantly, the number of primary
spermatocytes and secondary spermatocytes decreased, and
the number of mature sperms in the lumen was very small;
the number of stromal cells decreased. In the low SP in-
tervention group, only some seminiferous tubules were
damaged, the number of spermatogenic cell layers and the
number of mature sperms decreased; in the SP intervention
group, the wall of spermatogenic tubules was relatively
complete and arranged regularly, only a few layers of

Table 1: General condition and organ coefficient changes in rats.

Group Weight (g)
Orchis Epididymis

Wet weight (g) Organ coefficient Wet weight (g) Organ coefficient
NC 349.64± 24.20 3.15± 0.23 0.92± 0.07 1.11± 0.07 0.33± 0.04
ACN 333.64± 20.14 2.99± 0.15 0.91± 0.05 0.99± 0.07 0.31± 0.02
Low 329.41± 18.47 3.04± 0.28 0.93± 0.09 1.05± 0.05 0.33± 0.03
Middle 315.63± 13.87 3.08± 0.21 0.99± 0.10 0.99± 0.06 0.34± 0.04
High 312.54± 14.02 2.90± 0.56 0.93± 0.03 0.95± 0.15 0.31± 0.05

Table 2: Changes in sperm density in rats.

Group Sperm density
Sperm movement mode

A level B level C level D level
NC 5.73± 1.19 6.02± 2.14 11.46± 2.98 40.31± 2.58 42.31± 4.78
ACN 6.68± 2.48 12.34± 3.52 15.64± 4.20 42.12± 4.69 29.321± 8.15
Low 6.39± 2.87 10.57± 4.79 14.24± 4.58 42.64± 5.80 32.64± 10.42
Middle 5.97± 2.45 10.54± 4.25 14.79± 1.35 42.43± 6.25 32.65± 8.12
High 5.96± 1.42 10.53± 3.25 14.98± 2.31 43.12± 4.02 31.58± 5.61
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Figure 1: Changes in sperm motility parameters in rats.
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spermatogenic cells were reduced, and spermatogenic cells
and mature sperm at all levels were seen in the lumen; in the
high SP intervention group, the seminiferous tubules shrank
and the diameter became smaller; the number and layers of
spermatogenic cells decreased, the number of mature sperms
decreased, and the number of stromal cells decreased.

3.5. Changes of Marker Enzymes in Rat Testis. Compared
with the control group, the activities of AKP and SDH in
testicular tissue of rats in ACN group decreased significantly
(P< 0.05); after SP intervention, compared with ACN group,
AKP activity increased significantly and LDH activity de-
creased significantly in low, medium, and high SP inter-
vention groups (P< 0.05).

3.6. Expression Level of PI3K-NRF2/p38 Pathway-Related
Genes. +e results of RT-PCR showed that compared with
the control group, the relative expression levels of PI3K,
MKK7, JNK, and p38 mRNA in testis of rats in ACN group
increased (P< 0.05); after SP intervention, compared with
ACN group, the relative expression levels of MKK7, JNK,
and p38 mRNA in testicular tissue of rats in low SP in-
tervention group decreased (P< 0.05); the relative expres-
sion level of JNK mRNA in testicular tissue of rats in SP
intervention group decreased (P< 0.05).

3.7. Expression Level of PI3K-NRF2/p38 Pathway-Related
Proteins. Compared with the control group, the expression
levels of PI3K, p-PI3K, MKK7, p-MKK7, JNK, p-JNK, p38,
and p-p38 proteins and the ratios of p-JNK/JNK and p-p38/
p38 increased in the testis of ACN group (P< 0.05); after SP
intervention, compared with ACN group, the expression
levels of PI3K, p-PI3K, MKK7, p-MKK7, JNK, p-JNK, p38,
and p-p38 protein in testicular tissue of rats in low SP in-
tervention group decreased, and the ratio of p-JNK/JNK and
p-p38/p38 decreased (P< 0.05); the expression levels of
PI3K, p-PI3K, MKK7, p-MKK7, JNK, p-JNK, p38, and

p-p38 proteins and the ratio of p-PI3K/PI3K and p-JNK/
JNK in testicular tissue of rats in middle SP intervention
group decreased (P< 0.05); the ratios of p-PI3K/PI3K and
p-JNK JNK in testicular tissue of rats in high SP intervention
group decreased (P< 0.05).

4. Discussion

Sperm density, motility, and morphology are important
indicators reflecting sperm quality. +ey can reflect the
damage degree of exogenous chemicals to male reproductive
system and evaluate male reproductive toxicity [10]. In this
study, Casa system was used to analyze the quality of rat
sperm. Casa system organically combines computer tech-
nology and advanced image processing technology.+rough
the observation of sperm movement, Casa system provides
accurate data of various indexes of sperm quality and im-
proves the detection speed and objectivity of results. +is
study found that the proportion of grade A and B sperms in
ACN group increased significantly, the proportion of grade
D sperm decreased significantly, and the spermmobility and
motility were significantly higher than those in the control
group, suggesting that the increase of sperm motility may be
caused by transient stress caused by short-term exposure to
ACN [11]. +ere were no significant changes in sperm
density, viability, and motility after SP intervention com-
pared with ACN group, suggesting that SP had little effect on
sperm density in this study, which may be related to the
shorter action time [12].

Histopathological examination can reflect the damage of
chemicals to target organs. It is one of the important items to
evaluate the toxicity of exogenous chemicals. In this ex-
periment, we observed that the seminiferous tubules in ACN
group shrank and deformed, the number of stromal cells
decreased, the layers of spermatogenic cells decreased and
arranged disorderly, and the number of mature sperms in
the lumen decreased [11].+e above situation of each dose of
SP intervention group has been improved to a certain extent.
+e effect of low and medium SP intervention group is more

Figure 2: Changes in the tissue morphology of the testis in rats.
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obvious, which is similar to the result of organ coefficient,
suggesting that SP has a certain protective effect on testicular
injury induced by ACN. KP, ACP, LDH, and SDH are
testicular marker enzymes, which play an important role in
spermatogenesis and maturation, and are closely related to
testicular function. AKP is mainly involved in the transport
of nutrients in spermatogenic cells and is closely related to
the proliferation and division of spermatogenic cells [13].
ACP is related to the degeneration of spermatogenic epi-
thelium and the phagocytosis of testicular Sertoli cells. It
mostly exists in the lysosome of Sertoli cells. It has the ability
to remove damaged and aging cells. It plays an important
role in maintaining the normal metabolism and

physiological function of spermatogenic cells [14]. Its ac-
tivity can be used as an indicator to measure whether
spermatogenic disorder occurs. SDH mainly exists in the
mitochondria of seminiferous tubules and spermatogenic
cells. It provides energy for spermatogenic cells by catalyzing
fructose into sorbitol. It plays an important role in sperm
energy metabolism. Its activity can be used as an index to
evaluate the function of sperm mitochondria. At the same
time, it is also a marker enzyme for testicular pill maturity,
sperm functional maturity, and perfect morphology. LDH
belongs to glycolytic enzyme system, which is mainly dis-
tributed in seminiferous tubules and spermatogenic cells
[15]. It participates in sperm energy metabolism and is also
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related to the maturation of spermatogenic epithelium. It is a
marker enzyme of spermatogenic cell maturation. Xin et al.
exposed male rats to ACN subchronic. +e results showed
that 10mg/kg ACN could significantly increase the activity
of LDH in testicular tissue and slightly increase the activities
of AKP, ACP, and SDH. +en, with the increase of dose, the
activities of LDH, ACP, and SDH in testicular tissue de-
creased [16]. +e results showed that the activities of AKP
and SDH decreased significantly in ACN group, indicating
that ACN can affect the transport of testicular nutrients,
interfere with testicular energy metabolism and the matu-
ration of testicular spermatogenic epithelium, and cause a
certain degree of damage to testis. After SP intervention,
compared with ACN group, AKP activity increased sig-
nificantly and LDH activity decreased significantly in low,
medium, and high SP intervention groups, suggesting that
SP can improve the above changes of testicular marker
enzymes caused by ACN, that is, it can improve testicular
energy metabolism and maturation of spermatogenic epi-
thelium [17].

Under normal circumstances, oxidation and anti-
oxidation in the body are in dynamic balance. When the free
radicals produced by exogenous chemicals on the body exceed
its scavenging capacity, it will lead to the excess of free
radicals, the balance state will be broken, and the oxidative
damage of cells and tissues will be caused [18]. ACN and its
metabolite CEO can covalently combine with GSH to form
adducts. At the same time, the released CN can induce the
production of ROS, trigger free radical reaction, lipid per-
oxidation, and produce MDA and other active products.
MDA is the product of lipid peroxidation. It has a strong toxic
effect on the body. It can destroy the structure of biological
macromolecules such as nucleic acid and protein [19]. It is an
important physiological index of oxidative stress and lipid
peroxidation. Sod can specifically scavenge O2−, inhibit ox-
ygen free radical reaction and lipid peroxidation, and resist
the damage caused by oxygen free radicals to cells. GSH is a
kind of nonenzymatic small molecule antioxidant, which has
the physiological functions of antioxidation, antiaging, and
scavenging free radicals [20]. It can combine with the toxic
compounds entering the body and urge them to be excreted
from the body to neutralize the toxicity. GSH PX is an im-
portant peroxidase in the body. It can catalyze the reduction
of toxic peroxides to nontoxic hydroxyl compounds and
protect the structure and function of cell membrane from
damage. Cat is a free radical scavenger and a marker enzyme
of peroxisome. It can promote the decomposition of H2O2
into molecular oxygen and water, so as to protect tissues and

cells from H2O2 damage [21]. T-AOC represents the com-
prehensive effect of enzymatic and nonenzymatic antioxidant
capacity of the body, mainly reflects the dynamic balance of
ROS in the internal environment, and is often used to evaluate
the antioxidant capacity of the body. Zhao et al. found that
after exposure to 50mg/kg ACN for 13 weeks, the content of
MDA in rat testis increased significantly and the activity of
GSH PX decreased significantly. Under the experimental
conditions, compared with the control group, the activity of
GSH PX and the level of T-AOC in testicular tissue of ACN
group decreased significantly, the content of MDA increased
to a certain extent, and the content of GSH, the activity of
SOD, and the level of cat decreased to a certain extent,
suggesting that ACN leads to oxidative stress injury in tes-
ticular tissue of rats [22]. Some researchers found that SP can
increase the activity of SOD in serum and GSH PX in the liver
and reduce the content of MDA. Kilani et al. found that SP
can significantly reduce MDA content and improve SOD
activity and T-AOC level in hyperuricemia rats. Chen Junyi
and others found that SP has a protective effect on lipid
peroxidation and DNA damage of rat sperm caused by ACN
[23]. 468mg/kg SP can reduce ROS production, MDA
content, SOD activity, and sperm DNA damage. +e results
showed that after SP intervention, compared with ACN
group, the content of GSH and the level of T-AOC in tes-
ticular tissue in low SP intervention group were significantly
increased, the content of MDAwas reduced, and the activities
of SOD, GSH PX, and cat were increased; in the SP inter-
vention group, the content of MDA in testicular tissue de-
creased to a certain extent, and the content of GSH, the
activity of SOD and cat, and the level of T-AOC increased to a
certain extent, suggesting that SP can improve the oxidative
stress of rat testicular tissue induced by ACN [24].

Oxidative stress can mediate the activation of many in-
tracellular pathways, such as the study by MAPK et al. +ere
are cross and feedback between these channels, which affect
each other. MAPK is a kind of serine/threonine protein ki-
nase, which can transmit exogenous signals down through
multilevel protein kinase cascade reaction [25] and then
regulate gene and cell physiological response to environ-
mental changes. It exists widely in vivo. At present, four
MAPK family members have been identified, namely, p38
MAPK, JNK, extracellular signal regulated kinase 1/2 (ERK1/
2), and extracellular signal regulated kinase-5 (ERK5). +ey
can play an important role in regulating cell growth, differ-
entiation, and apoptosis. +e MAPK signaling pathway is
composed of three protein kinases, including MAP2K and
MAP3K, which are associated with a variety of diseases, such
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Figure 5: +e protein expression levels associated with the PI3K-NRF2 pathway.
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as tumors, autoimmune diseases and diabetes, and devel-
opmental abnormalities [26]. When stimulated by growth
factors, cytokines, or other factors, MAP3K-MAP2K-mapk
phosphorylation is activated step by step. Serine/threonine
residue phosphorylation of channel protein is themain way of
MAPK pathway activation. Different exogenous stimuli ac-
tivate different MAPK signaling pathways and then phos-
phorylate different downstream substrates, including various
transcription factors and protein kinases, which eventually
lead to a series of biochemical reactions such as cell prolif-
eration, differentiation, and apoptosis [27]. PI3K is a member
of MAP3K family. It is ROS sensitive and is the key in ox-
idative stress-mediated apoptosis. After oxidative stress, the
+r 845 site of PI3K is phosphorylated and then activated.
Activated PI3K can phosphorylate downstream MKK4 and
MKK7. Activated MKK4 and MKK7 activate JNK by phos-
phorylating+r 183 and Tyr 185.+ey can also phosphorylate
downstreamMKK3 and MKK6. Activated MKK3 and MKK6
activate p38 by phosphorylating +r 180 and Tyr 182. +e
results of this study showed that compared with the control
group, the relative expression levels of PI3K,MKK7, JNK, and
p38 mRNA, the expression levels of PI3K, p-PI3K, MKK7,
p-MKK7, JNK, p-JNK, p38, and p-p38 protein, and the ratio
of p-JNK/JNK and p-p38/p38 increased in ACN group; after
SP intervention, compared with ACN group, the relative
expression levels of MKK7, JNK, and p38 mRNA, the ex-
pression levels of PI3K, p-PI3K, MKK7, p-MKK7, JNK,
p-JNK, p38, and p-p38 protein and the ratio of p-JNK/JNK
and p-p38/p38 decreased in low SP intervention group [28];
+e relative expression level of JNK mRNA, the expression
level of PI3K, p-PI3K,MKK7, p-MKK7, JNK, p-JNK, p38, and
p-p38 protein and the ratio of p-PI3K/PI3K and p-JNK/JNK
decreased in the middle SP intervention group. +e ratio of
p-JNK/JNK and p-p38/p38 in testicular tissue of rats in high
SP intervention group decreased, suggesting that SP can
inhibit the activation of PI3K-NRF2/p38 signal pathway in-
duced by ACN.

In conclusion, SP can reduce ACN induced testicular
oxidative stress, inhibit the activation of PI3K-NRF2/p38
signaling pathway, and then inhibit mitochondrial mediated
apoptosis. +is study detected the related indicators of
testicular oxidative stress and speculated that SP may play a
protective role by reducing oxidative stress, but ROS was not
detected and there was no direct evidence. +erefore, ROS
level should be detected in future research. In this study, SP
intervention can improve the sperm quality and testicular
injury induced by ACN, but the changes of various indexes
after different doses of SP intervention do not show con-
sistent results. In future research, we can refine the grouping
and explore the best dose of SP for the protection of ACN
reproductive injury.
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Most cholangiocarcinoma (CCA) patients undergo chemotherapy as a therapeutic approach due to the disease’s frequently late
diagnosis. However, because CCA is resistant to currently available treatments, the prognosis for this cancer is still quite poor.
Combination therapy has emerged as a novel and promising strategy in cancer treatment, as monotherapy frequently results in
tumor recurrence and drug resistance. Gambogic acid has been shown to have a synergism with other compounds in combating
certain cancer cells. Moreover, piperine has been shown to improve the e�cacy of numerous chemotherapy drugs and other
anticancer natural substances. However, no research has been done on the combination of these two compounds in the treatment
of bile duct cancer. In this study, the cytotoxic activity was determined by using the MTTassay, and then, the combined e�ect was
assessed by using the combination index (CI). We found that the combination of gambogic acid and piperine inhibited cell
viability more e�ectively than either treatment alone, and it also demonstrated a synergistically cytotoxic e�ect against CCA cells.
Interestingly, the �ndings allowed the use of lower concentrations of gambogic acid in cancer treatment when combined with
piperine, which could reduce its adverse e�ect on normal cholangiocytes. Furthermore, the combination of the two compounds
increased CCA cell death by inducing apoptosis via both the extrinsic and intrinsic or mitochondria-mediated pathways, as
determined by caspase-3, -8, and -9 activity and the reduction of mitochondrial transmembrane potential (ΔΨm). It is possible
that the use of these two natural compounds together could be a promising strategy for the treatment of bile duct cancer.

1. Introduction

Primary hepatic cancer, often known as liver cancer, is
classi�ed into two histopathological types: hepatocellular
carcinoma (HCC) and cholangiocarcinoma (CCA). HCC is
the most frequent type of liver cancer around the world [1].
CCA is highly prevalent in �ailand and is the most
common pathogenic form, accounting for more than 80% of
all detected primary liver cancer [2, 3]. CCA is still associated
with high mortality rates, particularly in the northeast of
�ailand, due to its aggressiveness and the poor prognosis
generally in patients su�ering from this disease [1, 4, 5]. At
present, only about a quarter of CCA patients are candidates
for surgical excision of the tumor, with the majority of the

patients undergoing chemotherapy as a type of treatment
[6]. Unfortunately, CCA cannot resist standard treatment by
using several tolerance pathways [7, 8]. As a result, it is
critical to �nd a novel drug with great e�cacy for CCA
treatment [9, 10].

Gambogic acid (see Figure 1(a)) is the major xanthonoid
derived from the brownish resin of the Garcinia hanburyi
tree in Southeast Asia [11, 12]. Previous studies have
revealed its anticancer e�cacy both in vitro and in vivo. In
preclinical research, the cytotoxicity and the e�ect on ap-
optosis induction of gambogic acid were demonstrated.
Gambogic acid can inhibit HCC and CCA cell proliferation,
induce cell cycle arrest at the G0/G1 phase, and then induce
apoptosis through both the mitochondria-dependent and
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extrinsic death receptor pathways [13–16]. However, in
animal studies, this compound has been shown to cause a
variety of adverse e�ects as well as severe systemic toxicity
[17–20].

Piperine (see Figure 1(b)) is a major alkaloid isolated
from Piper nigrum (black pepper) and Piper longum L. (long
pepper) [21], both of which are used in culinary and tra-
ditional medicine around the world. Piperine has several
pharmacological e�ects, including anticonvulsant [22], an-
tioxidant [23], antiin¨ammatory [24], antiangiogenic [25],
antibacterial [26], and anticancer activities. It has been
shown in recent research to be cytotoxic to a variety of
human cancer cells [27–29]. Furthermore, piperine can
induce mitochondria-mediated apoptosis in HCC cells [30].
�ese �ndings imply that it may have a therapeutic potential
against CCA. Intriguingly, it is a known bioavailability
enhancer for various chemotherapeutic agents and other
anticancer natural compounds because of its inhibitory
e�ect on p-glycoprotein or multidrug resistance protein 1
(MDR1) activity [31, 32].

Monotherapy frequently results in tumor recurrence and
drug resistance [33], whereas combination therapy has
emerged as a novel and promising strategy in cancer
treatment [34, 35]. Given their similar killing mechanisms,
we intended to test whether these two natural chemicals
when combined have greater anticancer potential while
having fewer negative e�ects on normal cells (chol-
angiocytes). In the present study, we examined the e�ects of
gambogic acid and piperine alone or in combination on
CCA cell proliferation and apoptosis. Our studies demon-
strated that cotreatment of gambogic acid with piperine
enhanced the cytotoxic e�ect and apoptosis in CCA cells,
while decreasing toxicity in normal cholangiocytes when
compared to a single compound treatment, suggesting that
the combination of these two compounds may deliver a
novel and advantageous option for treatment of CCA
patients.

2. Materials and Methods

2.1. Chemical Compounds. Gambogic acid (purity≥ 95%)
was purchased from Cayman Chemical (2752-65-0) (Ann
Arbor, MI, USA). Piperine (P49007) (purity≥9 7%) and
gemcitabine (G6423) (purity≥ 98%) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Ham’s F-12 (21700-

075), fetal bovine serum (FBS), phosphate-bu�ered saline
(PBS), and trypsin-EDTA solution were purchased from
Gibco (Grand Island, NY, USA). 3-(4,5-Dimethythiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT), 3,3′-dihex-
yloxacarbocyanine iodide (DiOC6), and dimethyl sulfoxide
(DMSO) were purchased from Sigma Chemical, Inc. (St.
Louis, MO, USA). Annexin-V-FLUOS staining kit and
protease inhibitor cocktail tablets were obtained from Roche
Diagnostics (Rotkreuz, Switzerland). �e substrates of
caspase-9 (LEHD-para-nitroaniline; LEHD-p-NA), caspase-
8 (IETD-para-nitroaniline; IETD-p-NA), and caspase-3
(DEVD-para-nitroaniline; DEVD-p-NA) were obtained
from Invitrogen (�ermo Fisher Scienti�c Inc., Waltham,
MA, USA).

2.2. Cell Culture. Human cholangiocarcinoma cell lines
(KKU-100, HUCCA-1, and KKU-213) and an immortalized
human cholangiocyte cell line (MMNK-1) were obtained
from the Japanese Collection of Research Bioresources
(JCRB) Cell Bank, Japan. All cell lines were cultured in a
Ham’s F-12 medium with NaHCO3, 100U/mL penicillin,
and streptomycin. �e medium was adjusted to a pH of 7.2
and supplemented with 10% heat-inactivated fetal bovine
serum. Cells were cultured at 37°C in an incubator supplied
with 5% of CO2.

2.3. Cell Viability Assay. �e 3-(4,5 dimethylthiazol-2yl)-2,5
diphenyltetrazolium bromide (MTT) assay [36] was per-
formed by seeding cells in a 96-well culture plate. �e stock
solutions of gambogic acid (100mM), piperine (2M), and
gemcitabine (2M) in DMSO were used to prepare test so-
lutions in di�erent concentrations in Ham’s F-12 medium
using a 2-fold serial dilutionmethod.�e �nal concentration
of DMSO for treatment was less than 0.1%. Cells were
treated with gambogic acid, piperine, or gemcitabine
(positive control) in various concentrations for a 24-hour
incubation period. �e cell viability in each concentration of
compounds was compared to that of the untreated condition
[37].

2.4. Determination of the Combination Index. Synergism,
additivity, or antagonism between compounds was quan-
titated based on the Chou–Talalay method [38, 39]. �e
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Figure 1: Chemical structure of (a) gambogic acid and (b) piperine.
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combination index (CI) value between two compounds A
and Bwas calculated using CompuSyn Software (available by
free downloading from http://www.combosyn.com) [40]
employing the following equation:

CI �
CA,X

ICX,A

  +
CB,X

ICX,B

 . (1)

ICX,A and ICX,B are concentrations of each component
alone that have an X percent effect, whereas CA,X and CB,X
are concentrations of compounds in combination that have
the same effect. Interpretation of the value was referenced by
following criteria: CI values more than 1 indicate antago-
nism, CI values equal to 1 indicate additivity, and CI values
less than 1 indicate synergism [41, 42].

2.5. Apoptosis Assay. Apoptotic cell quantification was
performed as previously described [43]. In brief, after
compound treatment with gambogic acid and/or piperine
for 24 hours, floating and adhering cells were collected and
then washed with phosphate-buffered saline (PBS). After
that, cells were stained with Annexin V-fluorescein iso-
thiocyanate (FITC) and propidium iodide (PI) fluorescence
dye for 15minutes and analyzed by using a flow cytometer
(CyAn ADP, Beckman Coulter, USA).

2.6. Determination of Mitochondrial Transmembrane Po-
tential (ΔΨm). )is procedure was performed in accordance
with the previously described method [43]. After treatment
with gambogic acid and/or piperine for 24 hours, sus-
pending and adhering cells were collected and then washed
with PBS before being stained for 15 minutes at 37°C with
40 nM 3,3′-dihexyloxacarbocyanine iodide (DiOC6). Flow
cytometry was then performed to examine the stained cells
(CyAn ADP, Beckman Coulter, USA).

2.7. Determination of Caspases-3, -8, and -9 Activities.
Caspases activity was performed according to the manu-
facturer’s protocols by using specific substrates and color-
imetric analysis. After treatment with gambogic acid and/or
piperine for 24 hours, floating and adhering cells were
collected and then washed with PBS. After that, the cells
were lysed by using a lysis buffer and proteins were
extracted. Protein extracts were incubated with caspase-3
(DEVD-p-NA), caspase-8 (IETD-p-NA), and caspase-9
(LEHD-p-NA) chromogenic substrates at 37°C for an hour.
)e optical density was measured by using a microplate
reader (BioTek, Winooski, VT, USA) at the wavelength of
405 nm [43].

2.8. Statistical Analysis. All data were analyzed by using
statistic SPSS Software version 20 and were presented as the
mean± standard deviation (SD) from repeated three inde-
pendent experiments. Statistical analysis was performed
using one-way analysis of variance (ANOVA) followed by a
comparison between groups by Tukey’s test when more than
three groups were analyzed and using Student’s t-test when

two groups were compared. Statistically significance was
considered with values of p< 0.05.

3. Results and Discussion

3.1. Effects of Gambogic Acid and Piperine on CCA Cell
Viability. We examined the cytotoxic effect of gambogic
acid and piperine on the cell viability of human CCA cell
lines, including KKU-100, HuCCA-1, and KKU-213 com-
pared to that on normal cholangiocyte MMNK-1 cells. Cells
were treated with various concentrations of gambogic acid
or piperine for 24 hours. We found that gambogic acid and
piperine significantly inhibited viability of all CCA cells in a
concentration-dependent manner (see Figure 2). Gemcita-
bine, a first-line drug for cholangiocarcinoma [42], was used
as a positive control. Gambogic acid presented the lowest
IC50 value in all the cancer cell lines (Table 1). However,
piperine was found to be more selectively toxic, particularly
against KKU-100 and HuCCA-1 cells than other
compounds.

3.2. Piperine Enhanced the Cytotoxic Effect of Gambogic
Acid against CCA Cells. To determine whether piperine
could enhance the cytotoxicity of gambogic acid, CCA cells
were treated with gambogic acid, piperine or in combina-
tion. )e concentration of piperine was fixed at the IC50
value of each cell line, whereas gambogic acid concentrations
ranged from 0 to 100 μM. As shown in Figure 3(a), com-
bining gambogic acid with piperine provided a synergistic
anticancer effect by presenting CI values at different levels of
cytotoxic effect (fraction affected, Fa) that were less than 1.
However, piperine could not synergistically enhance the
toxicity of gemcitabine on CCA cells (see Figure 3(b)).
Interestingly, Table 2 exhibits that combination treatment of
gambogic acid with piperine could reduce gambogic acid
concentration when compared to a single treatment,
resulting in a lower toxicity to normal cells.

3.3. Enhancement Effect of Piperine on Gambogic Acid-In-
duced Apoptotic Cell Death. Previous research has shown
that gambogic acid and piperine can induce apoptosis in
various cancer cells [13–15, 30]. Together with the current
study, it suggested that cotreatment of gambogic acid and
piperine could result in a synergistic cytotoxic effect. Hence,
to elucidate the potential enhancement effect of piperine on
gambogic acid-induced cell death via apoptosis, we inves-
tigated the effects of gambogic acid, piperine, and combined
treatment on apoptosis in CCA cell lines. As shown in
Figure 4, apoptotic cells were quantitated by Annexin
V-fluorescein isothiocyanate (FITC) and propidium iodide
(PI) double staining, and the result showed that the per-
centage of early and late apoptotic cells of combined con-
dition was increased significantly as compared with a single
treatment.

3.3.1. !e Combination Treatment Increased Apoptosis via
Caspase Activation. To further confirm the combined effect
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on apoptosis induction via caspase activation, we measured
caspase-3, -8, and -9 activities after treatment with gambogic
acid, piperine, or a combination of two compounds for 24
hours. As shown in Figure 5, when compared to a single
treatment, the activities of caspases-3, -8, and -9 increased
signi�cantly after treatment with a combination of two
compounds. �ese results indicated that the combined
treatment enhanced apoptotic cell death through both ex-
trinsic (caspase-8) and intrinsic (caspase-9) pathways.

3.3.2. �e Combination of Gambogic Acid and Piperine In-
duced the Mitochondria-Mediated Apoptosis Pathway.
Depolarization of the mitochondrial transmembrane po-
tential (ΔΨm) as a result of mitochondrial outer membrane
permeabilization (MOMP) has been shown to contribute to
apoptosis induction [45, 46]. Hence, the e�ect of the
combination treatment on the modulation of mitochondrial
transmembrane potential was investigated. �e mitochon-
drial transmembrane potential was determined by using a
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Figure 2: Cytotoxic e�ect of gambogic acid, gemcitabine, and piperine against CCA cell lines and normal cholangiocytes. KKU-100,
HuCCA-1, KKU-213, andMMNK-1 cells were treated with indicated concentrations of gambogic acid (a), gemcitabine (b), and piperine (c)
for 24 h. After that, cell viability wasmeasured using theMTTassay. Results are shown asmean± SD values from three repeated independent
experiments. In addition, ∗p< 0.05, ∗∗p< 0.01, ∗∗∗p< 0.001, and ∗∗∗∗p< 0.0001 when compared with the control (without treatment).

Table 1: Inhibitory concentration at 50% cell viability (IC50) of gambogic acid, gemcitabine, and piperine on CCA cell lines compared to
normal cholangiocyte (MMNK-1) and the selectivity index (SI) of each compound.

Cell type Cell lines Values Gambogic acid Piperine Gemcitabine

CCA

KKU-100 IC50 (μM) 63.2± 2.5∗∗∗∗ 119.1± 3.6∗∗∗∗ ,#### 1,674.7± 7.9
SI 0.5 9.4 0.5

HUCCA-1 IC50 (μM) 53.4± 5.8∗∗∗∗ 299.5± 2.4∗∗∗∗ ,#### 1,590.1± 6.1
SI 0.6 3.7 0.5

KKU-213 IC50 (μM) 35.7± 1.2∗∗∗∗ 1,148.3± 7.3∗∗∗∗ 1,423.5± 4.5
SI 0.9 1.0 0.5

Normal MMNK-1 IC50 (μM) 31.7± 4.8 1,115.0± 6.7 768.5± 2.3
Note.�e selectivity index (SI) is the IC50 ratio value between MMNK-1 and CCA cells. SI value less than 2 indicates general toxicity of the compound [44].
Results are shown as mean± SD, n� 3. ∗∗∗∗p< 0.0001, signi�cantly lower than the IC50 value of gemcitabine of an individual cell; ####p< 0.0001, sig-
ni�cantly lower than the IC50 value of MMNK-1.
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Figure 3: Continued.
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DiOC6 ¨uorescence probe . �e results revealed that the
percentage of cells with a loss of mitochondrial trans-
membrane potential increased signi�cantly after treatment
with a combination of two compounds when compared to a
single treatment (see Figure 6).

4. Discussion

Because of the disease’s frequent late diagnosis, chemo-
therapy is recommended for more than seventy percent of
cholangiocarcinoma (CCA) patients [9]. However, many

KKU-213
100

80

40

60

20

0
0 20 40 60

Gemcitabine (µM)

%
C

el
l v

ia
bi

lit
y

80 100

****
****

****

**** **** ****
****

****

KKU-213
2.0

1.5

1.0

0.5

0.0
0.0 0.2 0.4 0.6

Faction affected (Fa)

C
om

bi
na

tio
n 

in
de

x 
(C

I)

0.8 1.0

Gemcitabine

Piperine

Combined

HuCCA-1

100

50

0
0 20 40 60

Gemcitabine (µM)

%
C

el
l v

ia
bi

lit
y

80 100

****

****

****

********

****

HuCCA-1
2.0

1.5

1.0

0.5

0.0
0.0 0.2 0.4 0.6

Faction affected (Fa)

C
om

bi
na

tio
n 

in
de

x 
(C

I)

0.8 1.0

Gemcitabine

Piperine

Combined

KKU-100
100

80

40

60

20

0
0 20 40 60

Gemcitabine (µM)

%
C

el
l v

ia
bi

lit
y

80 100

****

****************

****

* ***

KKU-100
2.0

1.5

1.0

0.5

0.0
0.0 0.2 0.4 0.6

Faction affected (Fa)

C
om

bi
na

tio
n 

in
de

x 
(C

I)

0.8 1.0

Gemcitabine

Piperine

Combined

(b)

Figure 3: Combination e�ects of gambogic acid or gemcitabine with piperine on CCA cells. Dose-response curves (left) and CI values at
di�erent levels of fraction a�ected (Fa) (right) of (a) gambogic acid plus piperine and (b) gemcitabine plus piperine. Results are shown as
mean± SD values from three repeated independent experiments. In addition, ∗p< 0.05, ∗∗p< 0.01, ∗∗∗p< 0.001, and ∗∗∗∗p< 0.0001 when
compared with the control.
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studies have demonstrated that there were many mecha-
nisms of CCA cells in chemoresistance, such as reduced drug
absorption and metabolism, as well as impairment of the
apoptotic mechanism [47], which has resulted in a relatively
poor response to existing chemotherapeutic drugs [48, 49].
Furthermore, many chemotherapeutic drugs have consid-
erable side effects that cause patient intolerance and treat-
ment failure. As a result, substantial efforts have been

focused on finding novel and effective anticancer drugs with
little or no side effects. However, the combination treatment
appears to have significant potential benefits due to the
reduction of side effects, the synergistic/combined antitu-
mor effects, and the ability to overcome drug resistance [35].

Gambogic acid is the major active compound derived
from Garcinia hanburyi [11, 12]. Previous studies have
shown that it has a high efficacy anticancer effect via

Table 2: Cell viability of MNNK-1 at combined concentrations which could inhibit CCA cell viability at 50% (IC50).

CCA cell lines Gambogic acid (μM) Gemcitabine (μM) Piperine (μM) % cell viability of MNNK-1

KKU-100 54.9 — 157.1 77.2± 4.8
— 1,482.6 157.1 53.4± 6.6

HUCCA-1 42.7 — 455.4 70.0± 2.5
— 1,549.6 455.4 54.7± 3.1

KKU-213 25.7 — 1,220.1 66.6± 5.6
— 1,197.2 1,206.5 47.1± 8.9

Note. )e combined concentrations which could inhibit CCA cell viability at 50% were calculated using CompuSyn software.
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Figure 4: )e combination of gambogic acid and piperine significantly induced apoptosis in CCA cells. KKU-100 (a), HuCCA-1 (b), and
KKU-213 (c) were treated with gambogic acid at IC50, piperine at IC10 (33.2 μM, 80.7 μM and 155.3 μM for KKU-100, HuCCA-1, and KKU-
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apoptosis induction. However, in animal studies, this
compound causes many adverse e�ects [17–20]. One of the
best options to reduce adverse reactions is cotreatment with
other compounds or drugs that can enhance its activity but
can reduce the toxic side e�ects [50].�ere have been several
studies that suggest a synergistic antitumor e�ect when
gambogic acid is combined with other drugs or natural
compounds [51]. Piperine, isolated from black pepper (Piper
nigrum) and long pepper (Piper longum) [21], is well known
as an antioxidant, antiproliferative, antiin¨ammatory, and

anticancer agent [31, 52–55]. Moreover, it is a bioavailability
enhancer for chemotherapeutic drugs and other anticancer
compounds [30–32, 55]. Nevertheless, there has not been
any research on its enhancement activity when combined
with gambogic acid.

In the current study, the cytotoxic e�ects of gambogic
acid and piperine were determined compared to positive
control and gemcitabine. �e result showed that gambogic
acid, piperine, and gemcitabine inhibited the viability of
cholangiocarcinoma (CCA) cells including KKU-100,
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Figure 5: �e combination of gambogic acid and piperine induced apoptosis via caspase activation. Caspase-3, -8, and -9 activities are
shown after KKU-100 (a), HuCCA-1 (b), and KKU-231 (c) were treated with gambogic acid or piperine compared with the combined e�ect
of the two compounds. Results are shown as mean± SD from three repeated independent experiments. ∗p< 0.05 and ∗∗p< 0.01 compared
with the control.
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Figure 6: )e combination of gambogic acid and piperine induced apoptosis via a mitochondrial pathway. After treatment, KKU-100 (a),
HuCCA-1 (b), and KKU-231 (c) cells were stained with DiOC6 and analyzed by flow cytometry to examine the disruption of mitochondrial
transmembrane potential. Bar graphs are presented as the percentage of the cells with a loss of mitochondrial transmembrane potential.
Results are shown as mean± SD, n� 3. ∗p< 0.05 and ∗∗p< 0.01 compared with the control.
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HuCCA-1, and KKU213 in a concentration-dependent
manner. Intriguingly, gambogic acid has the lowest IC50
value in all CCA cell lines. In addition, piperine was found to
be more selectively toxic than the other phytochemicals
(gambogic acid), especially against KKU-100 and HuCCA-1
cells. However, gemcitabine had the highest IC50 value and
was nonselectively toxic to cancer cells.

)e Chou–Talalay method was used to calculate the
fractional inhibition (Fa) and combination index (CI) from
the percentage of cell viability. )e Fa-CI plots or the
Chou–Talalay plots for drug combination in Figure 3 pro-
vide the quantitative determination of drug interactions,
where CI values less than 1, equal to 1, and more than 1
indicate synergism, additive effect, and antagonism, re-
spectively [56]. Combining gambogic acid with piperine
provided a synergistic anticancer effect by presenting
combination index (CI) values at different levels of the
cytotoxic effect (fraction affected, Fa) that were less than 1.
On the other hand, piperine could not synergistically en-
hance the toxicity of gemcitabine towards CCA cells. Fur-
thermore, the combined concentrations which could inhibit
CCA cell viability at 50% (IC50) were calculated and then
were used for investigating the cell viability of normal
cholangiocyte (MNNK-1). According to the synergism of
piperine and gambogic acid, when compared to a single
treatment, this combination decreased the concentration of
gambogic acid, resulting in less toxicity to normal cells
because gambogic acid exhibited nonselective toxicity,
whereas piperine was found to be selectively toxic to cancer
cells.

Flow cytometric analysis of apoptotic cells demonstrated
that gambogic acid, piperine, and a combined treatment
significantly increased the percentage of apoptotic cells
compared to a single treatment. )is was consistent with a
significant increase in the percentage of cells with the loss of
the mitochondrial transmembrane potential (ΔΨm) and the
enhanced activities of caspase-3, caspase-8 (extrinsic path-
way mediator), and caspase-9 (intrinsic pathway mediator)
after cotreatment with gambogic acid and piperine when
compared to a single treatment. )ese results indicated that
the combination treatment synergistically inhibited CCA
cell viability and was associated with apoptotic regulated cell
death induction via both extrinsic and intrinsic or mito-
chondria-mediated pathways.

5. Conclusions

)e purpose of this study was to demonstrate that the
combination of gambogic acid and piperine synergistically
suppressed cholangiocarcinoma cell (KKU-100, HuCCA-1,
and KKU213) viability more efficiently than either therapy
alone. Interestingly, when combined with piperine, the
findings allowed the use of lower concentrations of gam-
bogic acid in cancer treatment, perhaps reducing its adverse
effect on normal cholangiocytes. In addition, the combi-
nation of the two agents enhanced apoptotic death of CCA
cells through caspase and mitochondria-mediated pathways,
as measured by caspase activity and the alteration of

mitochondrial transmembrane potential. Taken together,
the current study found that cotreatment of gambogic acid
and piperine exhibited a synergistic anticancer effect on
CCA cells through apoptosis induction, providing a new
strategy for bile duct cancer complementary therapy.
However, the mechanisms of piperine in enhancing the
effects of gambogic acid should be investigated further.
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Bacterial resistance to colistin has prompted the search for alternative strategies to enhance antibacterial potential. Combination
therapy remains one of the viable strategies in antibacterial therapy and has been proven to be e�ective in reducing the risk of
resistance. In this study, the potential of orientin for enhancing the antibacterial activity of colistin was assessed against Klebsiella
pneumoniae and Pseudomonas aeruginosa in vitro.�e involvement of oxidative stress in such enhancement was also assessed.�e
minimum inhibitory concentrations (MICs) of colistin and orientin were 16 μg/mL and 64 μg/mL against K. pneumoniae and
64 μg/mL and 256 μg/mL against P. aeruginosa respectively. For the combination therapy, orientin potentiates the antibacterial
e�ect of colistin with a friction inhibitory concentration index (FICI) of 0.37 and 0.31 against K. pneumoniae and P. aeruginosa,
respectively. �is observation suggests a synergistic interaction, with the MIC of colistin being reduced by 3- and 4-fold in the
presence of orientin against K. pneumoniae and P. aeruginosa, respectively. Additionally, treatment with the combination of
colistin and orientin induced oxidative stress against both organisms through increased cellular levels of superoxide anion radicals
with concomitant increase in NAD+/NADH and ADP/ATP ratios. �ese �ndings suggest that orientin enhanced colistin in the
killing of the test bacteria and the cotreatment of colistin and orientin induced oxidative stress, through reactive oxygen species
generation, which consequently facilitated bacterial lethality without causing drug-drug interactions. Although, the data pre-
sented in this study has supported the capability of orientin for strengthening antibacterial activity of colistin toward the �ght
against drug-resistant Gram-negative bacteria, studies focusing on the exact target and mechanism of action of orientin
are underway.

1. Introduction

Antibiotic resistance remains a persistent health challenge,
claiming more than 750000 deaths each year and this has
been largely attributed to the overuse and misuse of anti-
biotics coupled with bacterial evolution [1]. Some bacteria
resist antibiotics by altering their genetic material and thus
forming antibiotic-resistant genes [2]. While antibiotics
such as glycopeptides, aminoglycosides, macrolides, and
derivatives through chemical modi�cation of existing an-
tibiotics have been used as improved alternatives in over-
coming bacterial resistance to antibiotics, available evidence
suggests that adverse e�ect, continuous resistance evolution,

and cost have undermined their application, hence pre-
senting them as less e�ective [1]. Even colistin, which has
been used as a last resort whenever the use of amino-
glycosides, quinolones, and β-lactams is not e�ective [3], has
now been reported to be less potent due to resistance from
several bacterial strains [4].

Over the years, plant secondary metabolites have gained
research interest due their diverse pharmacological prop-
erties including antibacterial, antiviral, antifungal, antioxi-
dant, and anti-in¤ammatory activities [5]. Speci�cally, both
Gram-negative and Gram-positive bacterial strains have
shown susceptibility to several isolated compounds from
plants including phenolics [6]. Studies have also implicated
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phenolics in antibacterial combination therapy with con-
ventional antibiotics, and such combination therapy has
been reported to enhance the antibacterial potential of
antibiotics [7, 8].

Antimicrobial combination therapy is one of the viable
strategies in clinical practice and has been used to enhance
therapeutic action of antibiotics against multidrug-resistant
bacterial strains of several infectious diseases [9], to mitigate
toxicity [10], and to prevent the emergence of drug resis-
tance [11, 12]. Antibiotics can be used in combination with
other antibiotics or with other antibacterial agents. For
instance, colistin has been reported to exhibit synergistic
action against Acinetobacter baumannii when combined
with phenolic acids. Besides enhancing the bacterial lethality
of conventional antibiotics, phenolic acids such as gallic
acid, caffeic acid, and protocatechuic acid with a catechol
functional group have been found to act as redox cycler in a
manner that generates reactive oxygen species (ROS) and
semiquinone [13]. )e ROS generated in the process have
been documented to contribute toward bacterial killing in
vitro [13].

Among the C-glycosylated flavonoids, orientin, iso-
orientin, vitexin, and isovitexin are the most frequently
implicated therapeutics due to their high stability [14], with
orientin finding significant antibacterial applications against
Staphylococcus aureus, Escherichia coli, and Bacillus subtilis
[14, 15]. Additionally, orientin has a catechol functional
group (Figure 1) and may generate ROS as a by-product
during catechol oxidation. It is therefore hypothesized that
the use of orientin in combination therapy with colistin
could enhance the effectiveness of colistin against the ever-
increasing infectious diseases caused by pathogenic bacteria
that are becoming more difficult to treat. Hence, in this
study, the ability of orientin to potentiate colistin against
multidrug-resistant Gram-negative bacteria (Klebsiella
pneumoniae and Pseudomonas aeruginosa) was evaluated in
vitro.)e involvement of ROS in such enhancement through
monitoring of some important oxidative stress biomarkers
was also investigated, while the tendency of the combination
of colistin and orientin to cause drug-drug interaction was
established in silico.

2. Materials and Methods

2.1. Bacterial Cultures, Antibiotics, and Test Compounds.
)e Klebsiella pneumoniae and Pseudomonas aeruginosa
strains used in this study were obtained from Anatech
Analytical Technology, Olivedale, Gauteng, South Africa.
Colistin and orientin were procured from Merck, South
Africa, and their stock solutions were prepared by weighing
and subsequent dissolution in sterile distilled water. )e
resulting stock solutions were then preserved at 4°C until
further use.

2.2. In Vitro Antibacterial Evaluation. Before the determi-
nation of minimum inhibitory concentration (MIC), agar
well diffusion assay was employed [16], to test whether
K. pneumonia and P. aeruginosa were susceptible to colistin

and orientin. Briefly, the surface of the agar plates was in-
oculated with 100 μL of the exponential phase microbial
inoculum (K. pneumonia and P. aeruginosa). Following
inoculation, a hole was bored on the surface of the plate with
the tip of a sterile cork borer. )ereafter, 50 μL of varying
concentrations of colistin and orientin solution was then
introduced into the well. )e plates were then incubated at
37°C for 24 h. )ereafter, the broth microdilution assay for
MIC determination was performed as earlier reported [16],
following the clinical and laboratory standard institute
guidelines [17] for both orientin and colistin. )is was then
followed by the evaluation of the minimum bactericidal
concentrations (MBCs) against K. pneumoniae and
P. aeruginosa. In brief, two-fold serial dilutions of orientin
and colistin were prepared for the determination of theMIC.
)e bacterial suspensions were prepared by transferring
colonies aseptically into sterile saline (0.85%). )e turbidity
was adjusted to 0.5 McFarland standards using spectro-
photometer at 600 nm. )e prepared orientin (1024 μg/mL)
and colistin (512 μg/mL) solutions were mixed with the
bacterial suspension in a 96-well microtiter plate. After
adequate mixing, the microtiter plate was then incubated at
37°C for 24 h. )e experiment was done in triplicate, and the
MICs in the two organisms were determined from the well
with the lowest concentration showing no turbidity bacterial
growth. For the MBC determination, on the other hand,
nutrient agar plates were used for plating the dilutions
representing at least two concentrations of colistin and
orientin above the MIC, followed by incubation for 48 h at
37°C, and the colonies were counted to determine the viable
CFU/mL.

2.3. Checkerboard Assay. For the determination of the
combined antibacterial effect of orientin with colistin against
K. pneumoniae and P. aeruginosa, checkerboard assay was
employed as previously described [18]. Using the prepared
stock solution of orientin and colistin, two-fold serial di-
lutions were performed in Mueller–Hinton broth (MHB) in
sterile 96-well microtiter plates in decreasing concentra-
tions. )e standardized (0.5 McFarland) suspensions of
K. pneumoniae and P. aeruginosa were inoculated into the
wells of the microtiter plates. )e wells containing the broth
but no bacteria served as negative controls, and the ones with
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Figure 1: Structure of orientin (https://pubmed.ncbi.nlm.nih.gov/).
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both broth and suspension of either K. pneumoniae or
P. aeruginosa suspensions represented positive controls. )e
friction inhibitory concentration index (FICI) was then
calculated to evaluate the combined effect of colistin and
orientin using the following formula:

FICI �
MICof orientin in combinationwith colistin

MIC of orientin alone

+
MICof colistin in combinationwith orientin

MICof colistin alone
.

(1)

)e probable combined effect of colistin and orientin
was established in accordance with an earlier method [19],
where an FICI of 0.5 or below signifies synergism, values
above 0.5 and less than 4 indicate indifferent interaction, and
values above 4.0 indicate antagonistic effect.

2.4. Time-Kill SusceptibilityTest. )e rate at which treatment
with either colistin or orientin and their combination kills
bacteria (K. pneumoniae and P. aeruginosa) over time was
evaluated [13, 20]. Using a 96-well microtiter plate, 50 μL of
MHB was added in each well followed by the addition of
colistin, orientin, and combination of colistin with orientin.
Following the addition of antimicrobial agents, 50 μL of the
standard inoculum of K. pneumoniae and P. aeruginosa was
inoculated into the wells of the microtiter plates. )e growth
control wells were comprised of only MHB and bacterial
inoculum.)ereafter, the microtiter plates were incubated at
37°C to measure the optical density at 0, 2, 4, 6, 8, and 24 h
after the addition of bacterial inoculum.)e time-kill curves
were plotted as the decrease in the optical density within the
experimentation period.

2.5. Oxidative Stress Biomarker Assays

2.5.1. NAD+/NADH Assay. )e ratio of NAD+/NADH in
K. pneumoniae and P. aeruginosa cells treated with colistin,
orientin, and their combination was estimated based on the
procedure outlined in NAD+/NADH quantification kit
(Sigma-Aldrich, MAK 037). )e bacterial cells at expo-
nential phase were incubated with colistin (with or without
orientin) and with orientin alone at a resulting concentra-
tion of 4×MIC for each treatment for 30minutes at 37°C.
After incubation, cold phosphate buffer saline (pH 7.5) was
utilized to wash bacterial cells, followed by centrifugation
(2000×g, 5 minutes). Treated cells were frozen/thawed for
two cycles on dry ice for 20 minutes followed by 10 minutes
at room temperature using NAD+/NADH extraction buffer.
)ereafter, samples were centrifugated (13000×g, 10 min-
utes) to separate the cell-free extract. Subsequently, NAD+/
NADH extraction buffer (50 μL) was used to treat 50 μL of
the cells and then followed by the addition of 100 μL of
master mix (NAD cycling buffer and NAD cycling enzyme).
After complete mixing, the reaction was incubated for 5
minutes at room temperature. )ereafter, the absorbance
was read at 450 nm following the addition of NADH de-
veloper (10 μL) and incubation for 2 h at room temperature.

)e ratio of NAD+/NADH in the samples was then deter-
mined using the following equation:

NAD+

NADHratio
�
NADtotal − NADH

NADH
, (2)

where NAD+
total is the amount of total NAD+

(NAD++NADH) in the unknown sample (treated bacterial
cells) (pmole) from the standard curve and NADH is the
amount of NADH in treated bacterial cells (pmole) from the
standard curve.

2.5.2. ADP/ATP Assay. For the determination of ADP/ATP
ratio, the procedure outlined in ADP/ATP ratio quantifi-
cation kit (Sigma-Aldrich, MAK 135) was employed. )e
K. pneumoniae and P. aeruginosa cells at exponential phase
were treated with colistin (with or without orientin) and
with orientin alone (with a resulting concentration of
4×MIC for each treatment) and incubated for 30 minutes at
37°C. An equal volume of ATP reagent (90 μL) was mixed
with the cells and incubated for 1 minute at room tem-
perature. Luminescence (relative light units) was read for
ATP assay (RLUA). )e luminescence for ATP (RLUB) was
read to provide the background before ADP measurement
after the mixture was incubated for 10minutes. After
reading (RLUB), ADP reagent (5 μL) was added and mixed
immediately, and the luminescence (RLUC) was read after 1
minute. )en ADP/ATP ratio was estimated using the
following equation:

ADP
ATP ratio

�
RLUC − RLUB

RLUA
. (3)

2.5.3. Superoxide Anion Radical Assay. )e K. pneumoniae
and P. aeruginosa cells were grown into exponential phase.
Following incubation, the cells were further incubated with
0.5mL of 4×MIC of colistin, orientin, and their combi-
nation (with a resulting concentration of 4×MIC) for
30minutes at 37°C. )ereafter, 0.25mL of nitroblue tetra-
zolium (1mg/ml) was added and incubated for another 30
minutes at 37°C. Following incubation, 0.05mL of 0.1mM
HCl was added, followed by centrifugation at 1500×g for 20
minutes. )e nitroblue tetrazolium that was reduced in the
pellets was extracted and further diluted with 0.8mL of
phosphate-buffered saline (pH 7.5). A microtiter plate
reader absorbance was then used to read the absorbance at
575 nm. )ereafter, the amount of superoxide anion radical
generated was calculated using a molar extinction coefficient
of 3-(4,5-dimethylthiazol-2y-l)-2,5-diphenyltetrazolium
bromide formazan (17000M−1·cm−1 at pH 7.4–8) as de-
scribed by [13] and then converted to percentage.

2.6. Evaluation of Probable Drug-Drug Interaction between
Colistin and Orientin. For molecular docking, the crystal
structure of cytochrome 3A4 (CYP3A4) was obtained from
RCSB protein data bank (https://www.rcsb.org/) and used
as rigid molecule receptor for colistin, orientin, ketoco-
nazole, and rifampicin. )e 3D structures of colistin and
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rifampicin were obtained from ChemSpider (http://www.
chemspider.com/) while those of orientin and ketoconazole
were obtained from PubChem in sdf format (https://
pubchem.ncbi.nlm.nih.gov/). )e nonstandard residues,
complexes such as nonessential water molecules, and
heteroatoms that were bound to the active site of CYP3A4
were removed using UCSF Chimera 1.15 software to
prepare CYP3A4 for docking. Gasteiger charges were
added to the molecule, and nonpolar hydrogens atoms were
merged into carbon atoms prior to docking. )e grid box,
with a spacing of 1 Å and size of 31.13 × 30.54× 26.54
pointing toward x, y, and z directions, was firstly defined to
dock the compounds to the binding site of CYP3A4. )e
binding energies of colistin and orientin were then com-
pared with those of conventional inhibitor (ketoconazole)
and inducer (rifampicin) of CYP3A4. Furthermore,
SwissADME (http://www.swissadme.ch/) was utilized to
predict the ADMET properties of colistin and orientin
against CYP3A4.

2.7. Statistical Analysis. GraphPad Prism version 5.0 using
one-way ANOVA was utilized to analyze the in vitro results,
followed by nonparametric tests to detect any significant
difference (p< 0.05) between the treatment means. )e
results are presented as mean ± standard error of the mean
(SEM).

3. Results

3.1. Antibacterial Activity. )e results obtained from the
agar well diffusion assay revealed that the test organisms
were susceptible to colistin and orientin, with larger zones
of inhibition observed against K. pneumonia compared to
P. aeruginosa (Figure S1). )e zones of inhibition obtained
with colistin (256 ug/mL) were 23mm and 18mm against
K. pneumonia and P. aeruginosa, respectively, while they
were 11mm and 25mm for P. aeruginosa and
K. pneumonia, respectively, following treatment with ori-
entin (512 μg/mL) (Table 1). Furthermore, the data ob-
tained with respect to MICs of the test compounds revealed
that colistin and orientin had values less than ≤64 μg/mL
with MBC ranging between 128 and 512 μg/mL against
K. pneumoniae, while they had MICs ≤256 μg/mL with
MBC ranging between 256 and 1024 μg/mL against
P. aeruginosa (Table 1). From the checkerboard assay, it
was observed that the combination of colistin and orientin
resulted in a synergistic interaction as the FICI was 0.37 and
0.31 against K. pneumoniae and P. aeruginosa, respectively
(Table 1).

3.2. Time-Kill Analysis. Treatment with colistin and orientin
alone as well as their combination resulted in decreased
number of viable bacterial cells measured as the optical
density of K. pneumoniae which decreased after 2 h of
treatment and remained constant throughout the 24 h ex-
posure time (Figure 2(a)). For P. aeruginosa, only the
combination of colistin and orientin showed an observable
reduction in optical density after 2 h of treatment and was
maintained over the 24 h exposure period (Figure 2(b)). A
noticeable increase in viable cells was however observed in
treatments with colistin and orientin alone after 24 h of
exposure (Figure 2(b)).

3.3. Oxidative Stress Markers. )e results of involvement of
ROS/oxidative stress in the bacterial lethality of the test
compounds are presented in Figures 3–5. )e cellular levels
of NAD+/NADH and ADP/ATP ratios increased signifi-
cantly (p< 0.05) in both K. pneumoniae and P. aeruginosa
cells following treatment with test compounds relative to
cells treated with sterile distilled water (control)
(Figures 2–4). )e K. pneumoniae and P. aeruginosa cells
treated with colistin and orientin as well as their combi-
nation were significantly different (p< 0.05) regarding
generation of superoxide anion radical compared to cells
treated with sterile distilled water, with the combined
treatment having the most profound effect in each case
(Figures 5(a) and 5(b)).

3.4. Drug-Drug Interactions. From the molecular docking
results, colistin and orientin had binding energy values of
−8.0 kcal/mol and −9.0 kcal/mol with 10 and 5 hydrogen
bonds, respectively (Table 2, Figures S2 and S3).)ese values
are more or less the same as those of ketoconazole (−9.5 kcal/
mol) and rifampicin (−7.7 kcal/mol), but with 2 and 3 hy-
drogen bonds, respectively (Table 2, Figures S4 and S5). A
further probe into their probable drug-drug interaction
tendency with SwissADME predicts both colistin and ori-
entin to be neither inducers nor inhibitors of CYP3A4
(Table 2).

4. Discussion

Due to the devastating effect of multidrug-resistant strains of
Gram-negative bacteria, the reuse of colistin has been ad-
vocated and becoming increasingly embraced [4]. However,
despite their efficacy, some Gram-negative bacteria be-
longing to the Enterobacteriaceae family such as
K. pneumoniae and P. aeruginosa, which are implicated in
diseases such as bacteremia, septicemia, hospital acquired

Table 1: Antibacterial activities of colistin and orientin and their friction inhibitory concentration index.

Test isolates
Zone of inhibition

(mm) MIC (μg/mL) MBC (μg/mL)
FICI Interactions

Colistin Orientin Colistin Orientin Colistin Orientin
K. pneumoniae 23 25 16 64 128 512 0.37 Synergistic
P. aeruginosa 18 11 64 256 256 1024 0.31 Synergistic
MIC: minimum inhibitory concentration, MBC: minimum bactericidal concentration, and FICI: friction inhibitory concentration index.
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Figure 2: Time-kill growth curves of (a) K. pneumoniae and (b) P. aeruginosa treated with 4×MIC of colistin, orientin, and their
combination. No significant difference (p< 0.05) was observed with colistin and orientin alone.
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Figure 3: NAD+/NADH ratio in (a) K. pneumoniae and (b) P. aeruginosa treated with dH2O, colistin, orientin, and colistin with orientin
(4×MIC). Bars with different symbols are significantly different (p< 0.05) from each other.
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Figure 4: ADP/ATP ratio in (a) K. pneumoniae and (b) P. aeruginosa cells treated with dH2O, colistin, orientin, and colistin with orientin
(4×MIC). Bars with different symbols are significantly different (p< 0.05) from each other.
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pneumonia and lung infections, and ventilator-associated
pneumonia, have remained consistently resistant to colistin
[3]. Since colistin is regarded as the last hope for treating
infections caused by Gram-negative bacteria, strategies to
overcome this menace are highly needed. Among the
available strategies, combination therapy has been recog-
nized as one of the viable options in enhancing the anti-
bacterial potency of antibiotics [9]. Previously, it has also
been reported that phenolics with catechol functional group
such as protocatechuic acid, ferulic acid, and gallic acid
possess antibacterial activity against both Gram-negative
and Gram-positive bacteria, and ROS involvement has been
demonstrated as an important contributor to the process
[13, 21–23]. In this study, the combination of colistin with
orientin, a catechol functional group bearing flavonoid, was
evaluated against K. pneumoniae and P. aeruginosa. )e
observed high MIC values of orientin relative to colistin in
the current study are not surprising because colistin is a
conventional antibiotic that has been modified while ori-
entin is a mere plant secondary metabolite that could be
further modified to enhance its antibacterial effect. Never-
theless, judging by a previous submission [24] that MIC
values ˃ 1000 μg/mL should be avoided for crude extract and
isolated compounds and that MIC range of phyto-
compounds should be between 100 and 1000 μg/mL to be
classified as antimicrobials [25], the results from this study
regarding the MIC values can be regarded as remarkable for

orientin with significant activity against the test organisms as
its MIC values were less than 1000 μg/mL.

Combination therapy allows the use of lower concen-
trations and therefore minimizes the advent of probable
toxicity [26, 27]. )e type of interaction that results from the
combination of colistin and orientin against both
K. pneumoniae and P. aeruginosa was synergistic as the FICI
was 0.37 and 0.31, respectively. Based on the FICI values
obtained in this study, orientin reduced the MIC value of
colistin by three- and fourfold against K. pneumoniae and
P. aeruginosa, respectively. )is not only suggests that
orientin enhanced the antibacterial activity of colistin, but
also is indicative of its propensity to act on a different target
other than the cell membrane like colistin [28]. In a previous
study [8], morin and quercetin (flavonoids) enhanced the
activity of ciprofloxacin and tetracycline against Staphylo-
coccus aureus CECT 796, ciprofloxacin against S. aureus
1199B, and tetracycline against methicillin-resistant strains.
)is was said to be associated with the existence, amount,
and degree of substitution of hydroxyl or methyl groups on
the benzene ring. Hence, these properties could also have
had a crucial role in the antibacterial activity of orientin in
addition to its catechol group. In addition to checkerboard
assay, time-kill kinetics further supported the synergistic
interaction of colistin and orientin as both K. pneumoniae
and P. aeruginosa cells were completely killed following
treatment with their combination. )ese results suggest that
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Figure 5: Superoxide anion radical generated following the treatment with colistin, orientin, and combination of colistin with orientin at
4×MIC against (a) K. pneumoniae and (b) P. aeruginosa. Bars with different symbols are significantly different (p< 0.05).

Table 2: Interactions and binding energies of the compounds and standards against CYP3A4 protein.

Protein Compounds Binding energy score
(kcal/mol)

No. of hydrogen
bonds Hydrogen bonds interactions

SwissADME
remarks

Inhibitor Inducer

CYP3A4

Colistin −8.0 10 Cys 442, Ala 305, Pro 434, )r 433, Arg 372, Ala
370, Gly 481, Phe 213, Ser 119 No No

Orientin −9.0 5 Ala 370, Arg 106, Glu 374, Arg 105 No No
Ketoconazole −9.5 2 Ile 443, Gly 444 Yes No
Rifampicin −7.7 3 Arg 105, Arg 212 No Yes
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the combination of colistin with orientin at the investigated
concentrations was bactericidal against both isolates.
However, the observed regrowth of P. aeruginosa cells after
24 h of treatment with either colistin or orientin alone could
mean that colistin and orientin alone were bacteriostatic
against P. aeruginosa at the investigated concentrations.
)is observation is in line with the report of Abreu et al.
[8], where the regrowth of S. aureus SA1199B was
observed after 8 h, following treatment with rutin, dem-
onstrating the bacteriostatic effect of rutin at the investigated
concentration.

)e generation of ROS is regarded as one of the im-
portant aspects of antibiotics that induce oxidative stress in
bacteria with subsequent contribution to its lethality [29]. Of
the ROS generating pathways involved in bacterial lethality,
the tricarboxylic acid (TCA) cycle plays a significant role
[30]. According to Adam-Vizi and Chinopoulos [31], ROS,
particularly superoxide anion radicals, are mainly produced
in the mitochondria, and their production is associated with
high NAD+/NADH levels. In this study, the high levels of
NAD+/NADH ratio produced in the cotreatment relative to
the single treatments particularly against K. pneumoniae
could signify the involvement of oxidative stress in the
killing of K. pneumoniae and P. aeruginosa. In addition to
the increased NAD+/NADH ratio, the increased ADP/ATP
ratio in K. pneumoniae and P. aeruginosa cells treated with
colistin, orientin, and their combinationmay be indicative of
ATP accumulation which could have resulted from the
inhibition of energy-consuming processes such as phase 1 of
glycolysis [30]. )is inhibition could further inhibit the
primary electron flow pathway (oxidation of NADH to
NAD+ in the TCA cycle) together with the electron transport
chain, and this could be transferred to oxygen molecules by
side reactions to produce ROS as earlier reported [32].
Previous studies have implicated and documented the ele-
vation of ROS, particularly superoxide anion radical, as one
of the common mechanisms for bactericidal antimicrobials
[32, 33].)e elevation of superoxide anion radical in the cells
treated with either colistin, orientin, or their combination
may be attributable to ROS generation. However, the ele-
vation of superoxide anion radical was more observed in the
cotreatment regimen. )is could be due to the inhibition of
electron transport chain activities, and this observation is
consistent with the study of Ajiboye et al. [34], where only
the cotreatment of colistin with phenolic acids increased the
generation of superoxide anion radicals against both the wild
type and mutant strains of A. baumannii.

A major issue associated with combination therapy is
drug-drug interaction (DDI) which could result in serious
harm to patients and even lead to death [35]. )e CYP3A4 is
one of the most vital isoenzymes belonging to the P450
family and is responsible for metabolism of several (> 60%)
drugs, hence potentiating a crucial biological and medicinal
application [36, 37]. Studies have revealed a higher risk of
adverse effects and negative impact on the efficacy of
coadministered drugs under influence of CYP3A4 [38, 39].
)us, assessing the probable interactions between thera-
peutic agents and CYP3A4 is imperative to their application.
According to Tallei [40], the formation of hydrogen bonds is

one of the indices that could be used to establish the pattern
of interactions between a ligand and a suitable receptor,
which will, in turn, dictate the biological properties of the
resulting complex. In this study, molecular docking against
CYP3A4 revealed that the combination of colistin and
orientin will not result in DDI when coadministered. )is
was evident from the observation that the number of hy-
drogen bonds formed in ketoconazole and rifampicin
complexes was less than 5 contrary to those of colistin and
orientin. Additionally, the observed hydrogen bonds with Ile
443, Gly 444, Arg 105, and Arg 212 at the binding pockets of
CYP3A4 with either ketoconazole or rifampicin, which were
absent in complexes with orientin and colistin, could be
another good reason why neither colistin nor orientin is an
inducer or an inhibitor of CYP3A4. )is was further cor-
roborated by the SwissADME prediction, thus allying the
fear of DDI in the event of coadministration of colistin and
orientin.

5. Conclusion

)e emergence of antibiotic-resistant Gram-negative bac-
teria has continued to prompt the need for alternative
strategies to overcome this menace. Combination therapy is
one of the strategies that are gaining much interest as it
addresses issues relating to resistance, while providing
broad-spectrum antibacterial activity with reduced toxico-
logical concerns. In this study, it was demonstrated that
orientin potentiates colistin in the killing of K. pneumoniae
and P. aeruginosa through the reduced MIC of colistin from
16 to 2 μg/mL against K. pneumoniae and from 64 to 4 μg/
mL against P. aeruginosa. Furthermore, the increased level of
NAD+/NADH and ADP/ATP ratios coupled with the
generation of superoxide anion radicals revealed that the
cotreatment of colistin and orientin induced oxidative stress,
in a manner that enhanced bacterial lethality. Even though
orientin acted synergistically with colistin, the exact
mechanism through which orientin does this is still not
clearly known. Hence, studies on information about the
exact target and mechanism of antibacterial action of ori-
entin are imperative and highly recommended.
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Supplementary Materials

Additional data for the results of the antibacterial activities
of colistin and orientin as well as those of the molecular
docking are presented in the supplementary file (Figures
S1–S5). (Supplementary Materials)
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Chronic obstructive pulmonary disease (COPD) is a chronic disease with a long course which is often induced by an acute
exacerbation of the disease by a respiratory tract infection. We aimed to explore the e�ect of Zhuye Shigao Decoction combined
with Qingqi Huatan Pills on the regulation of the interleukin (IL)-6-mediated JAK1/STAT3 signaling pathway in rats with an
acute exacerbation of COPD (phlegm-heat stagnating in the lungs). A model of COPD rats with lung phlegm-heat stagnation was
established by smoking and intratracheal injection of lipopolysaccharide (LPS).�e rats were randomly divided into eight groups:
normal control, model control, three doses of herbs group, and three doses of herbs + itacitinib groups. �e lung function indexes
were measured by using a lung function tester, and changes in pathological features of all groups were observed by hematoxylin-
eosin (HE) staining.�emRNA expression and protein expression levels in lung tissues were determined by real-time quantitative
polymerase chain reaction (RT-qPCR), western blot, and immunohistochemical assay, respectively. Following treatment, IL-6
expression in lung tissues was signi¢cantly reduced compared with the model group. �e results demonstrated that the
medication was e�ective in alleviating the persistent air£ow limitation and pathological features in COPD rats. Expression of
JAK1/STAT3 in lung tissues was remarkably decreased. �e JAK1/STAT3 pathway was inhibited, while SOCS3 expression was
upregulated in the drug-treated groups compared with model control. However, after the addition of itacitinib (JAK1 inhibitor),
the e¤cacy in each group was evidently impaired compared with herbs alone. Taken together, Zhuye Shigao Decoction combined
with Qingqi Huatan Pills could improve the persistent air£ow limitation and reduce lung in£ammation and pathological changes
of COPD possibly by regulating the expression of the IL-6-mediated JAK1/STAT3 pathway.

1. Introduction

Respiratory diseases cause a huge health burden worldwide.
November 17, 2021, is World COPD Day. �e Global Ini-
tiative for Chronic Obstructive Lung Disease (GOLD) has
announced that COPD has a�ected 300 million people
around the globe and has ended the lives of over 3 million
people each year, making it the third leading cause of death
worldwide [1].

COPD is a chronic in£ammatory disease that progres-
sively a�ects obstructive air£ow limitation in the lungs. �e
manifestations include dyspnoea, coughing, coughing up
mucus (sputum), and wheezing [2, 3]. �is progressive
air£ow limitation eventually leads to airway remodeling and
lung parenchymal destruction, and the progression of the
disease is irreversible. In addition, the lung functions of
COPD patients undergo a progressively abnormal decline
and then chronic respiratory failure [4]. As one of the top
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three leading causes of death in China, the diagnostic rate
varied from 23.61% to 30.00%.-emedical cost ranged from
72 to 3,565 USD per year, accounting for 33.33% to 118.09%
of the local average annual income [5]. Patients with COPD
have been significantly impacted by health problems with
poor quality of life (QOL).

Nevertheless, the pathogenesis of COPD has not yet been
fully clarified. It is speculated that this disease is related to
smoking, occupational dust, chemicals, air pollution,
chronic inflammation of airway epithelial cells, enhanced
oxidative stress response, imbalance of protease and anti-
protease systems, and that the whole process is related to a
multitude of cytokines and signal channels [6–8].

In temporary, the chronic inflammation mechanism of
airway epithelial cells is universally accepted, involving a
variety of inflammatory cells, cytokines, and inflammatory
mediators. -e Janus tyrosine kinase/signal transducer and
activator of transcription (JAK1/STAT3) pathway plays an
important role in the process of acute exacerbation of
chronic obstructive pulmonary disease (AECOPD). It can
mediate cell proliferation, differentiation, migration, apo-
ptosis, and other biological reactions [9–11]. External stimuli
either smoking or infection first activate airway epithelial
cells to release massive inflammatory mediators, neutro-
phils, and macrophages. Meanwhile, additional inflamma-
tion-related cells in the body are accumulated in the airway
in an active state allowing to accelerate the production of
inflammatory mediators. Subsequently, more inflammatory
cells are generated, recruited, and then combined with JAK
receptors to activate the JAK1/STAT3 signaling pathway,
triggering the acute COPD attack. In epithelial and immune
cells, STAT3 serves as a key component of the JAK/STAT
pathway. It can be activated by IL-6 intracellular, and then
the expression of numerous proinflammatory genes in the
lung is induced [12, 13]. -e suppressors of cytokine sig-
naling (SOCS3) can counteract interferon (IFN)-c/STAT1
and IL-12/STAT4, IL-4/STAT6, growth hormone (GH)/
STAT5, and IL-6/STAT3 [14]. In addition, SOCS3 has been
identified as a negative feedback regulator of the JAK/STAT
pathway [15] and has been demonstrated to be a target for
inhibiting the activation of the JAK/STAT pathway in
various inflammatory diseases [16].

Massive experimental studies have been conducted on
the efficacy of traditional Chinese medicine (TCM) in the
treatment of COPD-related signal transduction pathways,
and findings have revealed that TCM treatment produces
satisfactory effects on alleviating clinical symptoms and
enhancing patients’ physical fitness. It can also benefit pa-
tients with less number of attacks and a better quality of life,
which is of important significance to the clinical study [4].

Some scholars have established a rat model of COPD and
found that the percentage of pulmonary artery fiber, serum
IL-6 content, and the expression of p-JAK2 and p-STAT3 are
decreased after the intervention of Baofei Dingchuan De-
coction, indicating that it can significantly reduce the weight
of pulmonary blood vessels and improve lung functions of
COPD rats [17].

Zhao Mei et al. have demonstrated the outstanding ef-
ficacy of Qingjin Huatan granules in the treatment of

AECOPD with phlegm-heat stagnation. -ey have reported
that AECOPD inflammation can be inhibited by down-
regulating p-STAT1, p-STAT3, p-JAK2, and JAK2 proteins
and gene expression, and upregulating SOCS3 protein and
gene expression [18]. Although there are various studies on
JAK/STAT in TCM, there has been no research on the
inflammatory response caused by the JAK1/STAT3 pathway
mediated by IL-6.

-is study intended to administer several doses of Zhuye
Shigao Decoction combined with Qingqi Huatan Pills and
different doses of herbs + itacitinib to intervene in the COPD
rat model. -e changes in lung function and lung tissue
pathology were observed, and the expression of IL-6, JAK1,
STAT3, and SOCS3 mRNA and proteins related to the
JAK1/STAT3 pathway involved in chronic airway inflam-
mation were determined. It is hypothesized that IL-6 ini-
tiated the expression of the STAT3 gene to mediate the
inflammatory response caused by the JAK1/STAT3 pathway
and promote the occurrence of AECOPD.

2. Materials and Methods

2.1.Animals. A total of 48 male specific-pathogen-free grade
SD rats (6 for each group) weighing 200± 50 g and aged 10 to
12 weeks were purchased. All animals had adaptive feeding
for 7 days in a clean and ventilated environment. -e room
temperature was set at 23± 2°C and atmosphere humidity at
60± 5%. Food and water were supplied ad libitum.-e color
of the fur, food intake, and behaviors were recorded.

2.2. Model Establishment and Grouping. -e composition of
Zhuye Shigao Decoction combined with Qingqi Huatan Pills
included 15 g of light bamboo leaves, 30 g of raw gypsum,
15 g of French Pinellia, 20 g of Ophiopogon japonicus, 10 g of
ginseng, 6 g of licorice, 10 g of scutellaria, 30 g of melon
seeds, 12 g of dannan star, 15 g of tangerine peel, 10 g of
bitter almonds, 15 g of Citrus aurantium, 30 g of Houttuynia
cordata, 10 g of Bulbus Fritillariae -unbergii, and 15 g of
Zhuru. All of the herbs were purchased from the Depart-
ment of Pharmacy at the Chongqing Hospital of Traditional
Chinese Medicine and produced by Sichuan Kangmei
Pharmaceutical to ensure experimental results were reliable.
According to the dosage of medication, the animals were
divided into low (5 g·kg−1/d), medium (10 g·kg−1/d), and
high-dose (15 g·kg−1/d) intervention groups. -e dosage was
determined based on our previous study and the published
literature of modern medical laboratory zoology [19, 20].
Each drug was prepared according to the specific dosage,
dissolved in distilled water, and finally adjusted to a crude
drug amount of 2 g/mL.

-e COPDmodel of rats was induced by cigarette smoke
combined with lipopolysaccharide after 1 week of adaptive
feeding [21]. -ere were eight groups with six rats in each
one: normal control, model control, three doses of herbs
group, and three doses of herbs + itacitinib group according
to the weight based on the random number table method.
-e different doses of herbs with or without itacitinib
(30mg/kg) were administered by gavage and subcutaneous
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injection, respectively. Apart from the normal control group
(NC), on the 1st and 14th days, all rats were anesthetized with
4% pentobarbital sodium and the tracheas were exposed to
200 μL of lipopolysaccharide (LPS, 1 g/mL). Rats were placed
into a 50 cm× 40 cm× 40 cm glass smoked poisoning box
and exposed to the smoke from the ignition of an appro-
priate amount of sawdust and 20 cigarettes mixture from day
2 to 30. -e rats were exposed to smoke twice per day
(30min each time) and rested two days a week to establish
the experimental model. After the COPD model was suc-
cessfully established, the herbal treatment with or without
itacitinib was given to the rats for 14 consecutive days, while
the NC and model control were given equal saline.

2.3. Histopathology. -e right lung tissue of rats was fixed
with 4% formaldehyde, routinely embedded in paraffin and
cut into 5 μm serial sections. -e sections were then pro-
gressively dewaxed with xylene, dehydrated with ethanol,
stained with eosin and hematoxylin, and sealed with neutral
gum. -e morphological changes of the bronchus and lung
tissues were observed under a light microscope and analyzed
(Jetta Company, Shanghai, China).

2.4. Immunohistochemistry. Immunohistochemistry (IHC)
analysis was carried out by using MaxVisionTM techniques
(Maixin Bio, China) based on the manufacturer’s instruc-
tions. Firstly, the lung tissue was fixed by 4% paraformal-
dehyde (Solarbio, Shanghai, China), dehydrated, and
paraffin embedded.-e 5 μm thick slides were obtained.-e
deparaffinization and hydration were performed, the slides
were then incubated with 3% H2O2 (Sinopharm, China) for
10min and 0.1% trypsin (Beyotime, China) for 20min. -e
primary antibodies were incubated at 4°C overnight and
then incubated with HRP-polymer-conjugated secondary
antibodies at 37°C for 1 h. -e slides were then stained by
using the chromogenic reagent diaminobenzidine (DAB,
Zhongshan, Beijing, China) for 3min and counterstained
with hematoxylin (Jiancheng, Nanjing, China). An inverted
microscope (Olympus, Japan) was employed for image
acquisition. -e primary antibodies anti-IL-6, anti-JAK1,
anti-STAT3, and anti-SOCS3 were purchased from Cell
Signaling Technology (CST).

2.5. ELISA Assay. -e rats were anesthetized by intraperi-
toneal injection of 4% sodium pentobarbital. -e serum of
each group was collected.-e sample was taken at −80°C and
prepared in advance. -e detection was performed strictly
according to the instructions of the ELISA kit manufacturer
(R&D Systems, Emeryville, CA, USA). Firstly, the diluted
primary antibody was added to the appropriate wells and
incubated for 2 h at room temperature. A blocking solution
of 300 µL was added to each well and incubated for 1 h at
room temperature after three cycles of washing with 0.05%
Tween-20. -en, the plate was washed twice with a wash
solution. -e diluted biotinylated detection antibody was
added and incubated for 1 h at 37°C, and the plate was
washed three times. Subsequently, 100 µL of diluted AKP

conjugated streptavidin was added and incubated for 1 h at
room temperature. -e plate was emptied and washed three
times for a total of 15min and washed five more times. -e
substrate was collected for color development for 30min at
room temperature. Finally, 0.05mL of 2M of H2SO4 was
added to each well and immediately read with a plate reader
at 405–410 nm.

2.6. Quantification of mRNA. -e expression quantification
of IL-6, JAK1, STAT3, and SOCS3 mRNA in rat lung tissue
was detected by reverse transcription quantitative real-time
polymerase chain reaction (RT-PCR) technology. -e lung
tissue was collected, and total RNA was extracted from the
tissue by the TRIzol method. -e subsequent reverse
transcription into cDNAwas performed using Superscript II
RT (Invitrogen, China). cDNA was amplified by adding
equivalent amounts of initial RNA quantity to the reaction
mix including 12.5 μL of SYBR Green (Invitrogen), forward
and reverse primers (10 pmol/ml), with 0.5 μL for each
primer, and nuclease-free water to final volumes of 25 μL per
well. Relative fold changes were quantified using the 2−△△Ct
formula. Primers used were as follows: IL-6-F, 5′- CTCC
CAACAGACCTGTCTATAC-3′; IL-6-R, 5′- CCATTGCA
CAACTCTTTTCTCA-3′; JAK1-F, 5′-TCTGTTTGCTCAG
GGACAGT-3′; JAK1-R, 5′- AGCCATCCCTAGACACT
CGT-5′; STAT3-F, 5′- ATCACGCCTTCTACAGACTGC-
3′; STAT3-R, 5′- CATCCTGGAGATTCTCTACCACT-3′;
SOCS3-F, 5′- CCTGCGCCTCAAGACCTTC-3′; SOCS3-R,
5′- GTCACTGCGCTCCAGTAGAA-3′; GAPDH-F, 5′-AG
GTCGGTGTGAACGGATTTG-3′; and GAPDH-R, 5′-
TGTAGACCATGTAGTTGAGGTCA-3′.

2.7. Western Blot. -e western blot (WB) assay was used to
detect the expression changes of STAT1 and STAT3 in rat
lung tissues. Stored rat lung tissues were lysed using RIPA
reagent (Beyotime, China), prepared and detected using
protein gel electrophoresis. Proteins were transferred to a
PVDF membrane, blocked, and incubated with diluted
primary antibody, and then secondary antibody. -e pri-
mary and secondary antibodies were incubated for 1 h and
1–2 h, respectively. Protein visualization was conducted
using an enhanced chemiluminescence detection kit
(Solarbio, China). -e Image J 1.8.0 software was used to
determine the optical density values of protein bands and the
internal control β-actin, and the relative density of the
protein in each group was calculated from the ratio of the
two. Immunoblotting was performed and blots were probed
with antibodies against IL-6, JAK1, STAT3, SOCS3, and
β-actin (CST, USA).

2.8. Statistical Analysis. Statistical analysis was performed
using GraphPad Prism software, version 8.0.1. -e data were
reported as the mean± standard error (SD). Differences
between groups were analyzed using one-way ANOVA with
Tukey analysis of variance for comparison of more than two
groups. P values of <0.05 were considered statistically
significant.
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3. Results

3.1. :e IL-6 Expression in Lung Tissue Is Inhibited.
Various methodologies were used to detect the expression of
IL-6 in lung tissues. -e results of immunohistochemical
experiments are shown in Figure 1(a). Compared with NC,
the number of brown-positive cells in MC was significantly
increased. Compared withMC, the positive cells in the herbs
intervene group were significantly reduced, and the decline
was most significant in the high-dose herbs group. Itacitinib
was utilized to block the JAK-STAT3 pathway transduction.
In medium- and high-dose herbs + itacitinib groups, the
positive cells were decreased compared with the MC but
increased evidently compared with the corresponding herbs
treated group. However, no apparent decrease in the number
of positive cells was observed in the low-dose
herbs + itacitinib group. In addition, WB was used to detect
the expression of IL-6 protein, and semiquantitative analysis
was performed based on the gray value, as shown in
Figure 1(c). It is revealed that the expression of IL-6 was
upregulated in the model group, and the expression of IL-6
could be significantly downregulated in the herbs inter-
vention group. While IL-6 expression was increased in
herbs + itacitinib groups compared with herb groups;
however, it was still lower than the model control. Moreover,
the gene expression was detected using RT-qPCR, and the
expression trend was consistent with immunohistochem-
istry and WB results (Figure 1(b)).

3.2.:e Lung Function Is Improved and Pathological Changes
in Lung Tissues Are Reduced. -e peak inspiratory flow
(PIF), peak expiratory flow (PEF), and minute ventilation
volume (MV) were measured for detecting lung functions of
rats, as shown in Figure 2, compared with NC, PIF, PEF, and
MV were decreased significantly in MC, indicating airflow
limitation, pulmonary ventilation dysfunction, and suc-
cessful COPD modeling. -e values of PIF, PEF, and MV in
the herbs treated group were increased remarkably in
contrast to MC. -e value of PIF in the herbs + itacitinib
groups was also increased markedly (Figure 2(a)), whereas
those of PEF and MV were increased only in the medium-
and high-dose herbs + itacitinib groups (Figures 2(b) and
2(c)). Compared with the herbs + itacitinib groups, the PIF
and MV values of the herbs group were significantly higher
than the corresponding dose intervention groups (P< 0.05),
and the PEF value was also increased, but there were no
statistics in the low-dose herbs group. -ese findings
demonstrated that all doses of herbs could improve lung
airflow limitation and ventilatory dysfunction, and the
improvement effect on lung function was significantly re-
duced after inhibiting JAK-STAT3 signal transduction.

-e changes in lung tissue histopathology were observed
using HE staining. -e lung tissue of the rats in NC was
clearly visible, and the bronchial wall structure was relatively
regular, without obvious damage. Only a small infiltration of
inflammatory cells was seen, mucus plugs and mucus were
not observed, and the congestion and edema of the mucous
membrane were not observed (Figure 2(d)). -e lung tissue

of MC showed glandular hyperplasia in multiple locations, a
large number of inflammatory cells were infiltrated, and the
tube wall thickened. -e structure of the alveolar wall was
severely damaged, thinned, and broken, allowing the for-
mation of pulmonary bullae, and the number of alveoli was
reduced. Compared with MC, the lung tissue pathology in
the herbs mid and high groups was significantly attenuated.
-e bronchial wall thinning, partial shedding, inflammatory
cell infiltration, congestion, and edema were alleviated, and
pulmonary bullae were reduced. And the destruction of the
alveolar cavity, expansion, and fusion were eased. In the
herbs low+ itacitinib group, the lung tissue pathology was
not significantly improved compared with the herbs inter-
vention groups. While the alveolar expansion and fusion,
inflammatory cell infiltration, and mucosal congestion were
improved in the herbs mid + itacitinib group. Moreover, the
pathological improvement of the herbs high + itacitinib
group was better than that of the herbs mid + itacitinib
group.

3.3. Changes in Serum Cytokine Levels. -e rat serum was
collected for ELISA and the results are shown in Figure 3.
-e serum levels of IFN-c, IL-4, IL-4R, IL-12, and IL-12R in
MC were significantly increased compared with NC.
Compared with the MC, the levels of IFN-c, IL-4, IL-4R, IL-
12, and IL-12R in the serum of rats in each dose group of
herbs decreased remarkably, and the herbs high group had
the strongest effect. -e cytokine content in the
herbs + itacitinib group increased compared with different
doses of herbs groups. It was found that all dose groups of
herbs were effective in reducing serum inflammatory factors
in COPD model rats, and the high-dose group produced the
best effect, while the ability of herbs to decrease serum
inflammatory factors in the herbs + itacitinib group was
reduced.

3.4. Expression of the JAK1/STAT3 Signaling Pathway in Lung
Tissues. -e results of the immunohistochemistry experi-
ment are shown in Figure 4(a). -e number of JAK1 brown-
positive cells in the lung tissue sections of the MC was
increased significantly compared with NC. Compared with
MC, the number of positive cells in the herbs treatment was
significantly reduced, most notably in the high-dose group.
After the addition of itacitinib to inhibit the JAK-STAT3
pathway, positive cells in the herbs mid and high + itacitinib
groups were lower than those in the MC, while in the herbs
low+ itacitinib group, no significant decline in the number
of positive cells was observed. WB was subsequently
employed to detect the expression of JAK1 and STAT3
proteins and semiquantitatively analyzed based on the gray
value, as shown in Figures 4(b), 4(d), and 4(f), and the
expression of JAK1 and STAT3 was increased in the MC,
and the difference was significant. -e herbs could signifi-
cantly downregulate JAK1 and STAT3 expression. After the
JAK-STAT3 was blocked by itacitinib, the expression of
JAK1 and STAT3 was increased in each dose group of herbs
compared with the corresponding herbs dose of the itaci-
tinib-free group, and the difference was significant. In

4 Evidence-Based Complementary and Alternative Medicine



NC

Herbs high

Herbs midHerbs low

Herbs high+itacitinibHerbs mid+itacitinib

Herbs low+itacitinib

MC

(a)

N
C

M
C

H
er

bs
 lo

w

H
er

bs
 m

id

H
er

bs
 h

ig
h

H
er

bs
 lo

w
+i

ta
ci

tin
ib

H
er

bs
 m

id
+i

ta
ci

tin
ib

H
er

bs
 h

ig
h+

ita
ci

tin
ib

*

*

*#

*#&

#&∆ #&∆

*&∆

0

2

4

6

8

10

G
en

e e
xp

re
ss

io
n 

of
 IL

-6

(b)

IL-6

β-actin

N
C

M
C

H
er

bs
 lo

w

H
er

bs
 m

id

H
er

bs
 h

ig
h

H
er

bs
 lo

w
+i

ta
ci

tin
ib

H
er

bs
 m

id
+i

ta
ci

tin
ib

H
er

bs
 h

ig
h+

ita
ci

tin
ib

*

*
*#

*#

#&∆
*#&∆

*&∆

0.0

0.2

0.4

0.6

0.8

Re
la

tiv
e e

xp
re

ss
io

n 
of

 p
ro

te
in

 IL
-6

(c)

Figure 1: IL-6 expression is inhibited in lung tissues. (a) -e photomicrographs of immunohistochemical staining for IL-6 among lung
tissue samples are displayed. -e nucleus is colored in blue and the positive cells are colored in brown (scale bar is 50 µm, ×400). (b) -e
relative IL-6 gene expression. (c) Western blot analysis of IL-6 in lung tissues. Each group in the strip chart is consistent with the below
semiquantitative analysis on the basis of the intensity of the strip chart. Error bars represent SD, n� 3. ∗, #, &, and Δ represent P values <0.05
which are considered statistically significant. ∗ versus MC (model control), # versus herbs low, & versus herbs mid, and Δ versus herbs high.
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addition, the immunohistochemical staining results of
STAT3 are shown in Figure 4(e). RT-qPCR showed that
compared with the NC, the expression of JAK1 and STAT3
mRNA in the lung tissue of rats was signi¢cantly increased
in the model control. Herbs treatment could signi¢cantly
reduce the expression of JAK1 and STAT3 mRNA levels.
After the interference of JAK1 inhibitor itacitinib, the JAK1
and STAT3 mRNA expression of the herbs treated group
was increased remarkably (Figures 4(c) and 4(g)).

3.5. SOCS3 Expression Is Upregulated in Lung Tissue.
SOCS3 protein expression in rat lung tissue was detected by
WB and IHC (Figure 5(a)–5(c)). �e SOCS3 brown positive
cells in the lung tissue sections of the MC were signi¢cantly
reduced (Figure 5(b)). Compared with the MC, the number
of positive cells in the herb mid and high groups was sig-
ni¢cantly increased. In the herbs + itacitinib group, there
was no signi¢cant change in the number of positive cells
compared with the MC, except for the herbs high + itacitinib
group. �e expression of SOCS3 mRNA in lung tissue was
detected by RT-qPCR which was signi¢cantly reduced in
MC (Figure 5(d)). �e herbs treatment could signi¢cantly

increase the expression of SOCS3 mRNA. In the presence of
itacitinib, SOCS3 mRNA in each herbs dose group de-
creased, and there was no signi¢cant di�erence in herbs low
and mid group compared with MC (Figure 5(d)).

4. Discussion

COPD is one of the common respiratory diseases in the
clinic which is mostly characterized by continuous air£ow
limitation, and seriously a�ects the quality of life and safety
of patients [22]. �e inducing factors are mainly related to
the chronic in£ammatory reaction of the airway and lung
tissue caused by harmful gases or particles in the environ-
ment, and they are the continuous airway in£ammatory
reaction. COPD airway in£ammation involves all airways
and lung tissues, involving macrophages, neutrophils, IL-8,
TNF-ɑ, cytokines, and in£ammatory mediators [23, 24].
In£ammatory factors play a dominant role in the occurrence
and development of COPD, and IL-6 is an important
proin£ammatory factor in the complex in£ammatory cell-
cytokine network in the airway in£ammation of COPD.
Studies have shown that IL-6 is elevated to various degrees in
sputum, lung parenchyma, and blood in COPD patients
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Figure 2: Zhuye Shigao Decoction combined withQingqi Huatan Pills is able to improve lung function and alleviate pathological changes in lung
tissue. (a) PIF, (b) PEF, and (c) MV detection as shown in the diagram. (d) HE staining for the lung tissue of SD rats (scale bar is 50µm, ×400).
Error bars represent SD, n� 3. ∗, #, &, and Δ represent P values <0.05 which are considered statistically signi¢cant. ∗ versus MC (model control), #

versus herbs low, & versus herbs mid, and Δ versus herbs high.
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[25, 26]. Continuous activation and overexpression of
STAT1 and STAT3 in airway epithelial cells are closely
related to airway in£ammation [27], which is widely in-
volved in mediating the expression and regulation of in-
£ammatory cytokines. �e study has reported that several
in£ammatory cells can release in£ammatory factors and
in£ammatory chemokines under the COPDmechanism and
participate in cell proliferation, di�erentiation, apoptosis,
in£ammatory response, and other pathophysiological
mechanisms through the JAK/STATsignaling pathway [28].

In this experiment, the COPD model rats were prepared
by combining smoking and LPS, using di�erent doses of
TCM Zhuye Shigao Decoction combined with Qingqi
Huatan Pills to gavage rats. It was found that each dose
group of herbs could improve the lung function of rats’ PIF,
PEF, and MV, and relieve lung air£ow limitation and
ventilatory dysfunction, thereby alleviating lung tissue dis-
ease and bronchial wall in£ammation. It was also con¢rmed
that IL-6, JAK1, and STAT3 mRNA and protein were sig-
ni¢cantly highly expressed in COPD rats, indicating that the
occurrence and development of COPD were closely related

to the continuous activation and overexpression of JAK1/
STAT3 and abnormal signal transduction pathways in lung
tissues, and the activation level of STAT3 was closely and
positively correlated to IL-6. It is reported that cytokines play
a role in regulating gene transcription by acting on cell
surface receptors by activating signal transducers, that is,
sending out a series of signal molecules and transmitting the
stimulating signal to the target gene in the nucleus. �e
expression of the proin£ammatory factor IL-6 was signi¢-
cantly increased under the combined induction of smoking
and LPS. IL-6R on the cell surface was combined, further
inducing phosphorylation of JAK1. JAK1 activation quickly
combines with STAT3 to phosphorylate STAT3 and activate
it. STAT3 could regulate the transcription and expression of
related genes. �e TCM Zhuye Shigao Decoction combined
with Qingqi Huatan Pills could reduce the expression of IL-
6, JAK1, and STAT3 mRNA and protein in lung tissues and
inhibit the serum cytokines IFN-c, IL-4, IL-4R, IL-12, and
IL-12R. T cells secreting IFN-c in the airways of COPD
patients increase, and IFN-c levels in patients with COPD
were increased. IFN-c coordinates the in¢ltration of T cells
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Figure 3: Cytokines level in serum is detected by ELISA. (a) IFN-c concentration in serum. (b) IL-4, IL-4R, IL-12, and IL-12R were
measured by ELISA. Error bars represent SD, n� 3. ∗, #, &, and Δ represent P values <0.05 which are considered statistically signi¢cant.
∗ versus MC (model control), # versus herbs low, & versus herbs mid, and Δ versus herbs high.
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Figure 4: Continued.
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in COPD lungs by upregulating CXC-chemokine receptor
(CXCR) 3 on these cells and the release of chemokines that
activate CXCR3 [29]. Previous studies have found that IL-4
and IL-12 are signi¢cantly elevated in AECOPD patients
[30]. By using itacitinib for JAK-STAT3 pathway inter-
vention, compared with their corresponding doses of ita-
citinib free groups, the expressions of IL-6, JAK1, and
STAT3 mRNA and protein in the lung tissue of each dose

group of herbs were signi¢cantly increased, and serum IFN-
c, IL- 4, IL-4R, IL-12, and IL-12R also increased
signi¢cantly.

Cytokines are important factors in the JAK/STAT sig-
naling pathway, which are transmitted from the cell
membrane to the nucleus, and the inhibitor of cytokine
transduction (SOCS) is transduced by the JAK/STAT signal
and has a negative regulatory e�ect by speci¢cally negatively
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Figure 4: Expression of the JAK1/STAT3 signaling pathway of lung tissue in each group. (a) JAK1 protein expression of lung tissue detected
by immunohistochemistry is presented by photomicrographs. �e nucleus is colored in blue and the positive cells are colored in brown
(scale bar is 50 µm, ×400). (b) �e strip chart of JAK1 and STAT3, β-actin was used as the internal reference. (c) �e relative JAK1 gene
expression. (d) Semiquantitative analysis based on the intensity of strip chart for JAK1 in lung tissue. (e) STAT3 protein expression of lung
tissue detected by immunohistochemistry was presented by photomicrographs. �e nucleus is colored in blue and the positive cells are
colored in brown (scale bar is 50 µm, ×400). (f ) Semiquantitative analysis of STAT3 expression. (g) Gene expression of STAT3. Error bars
represent SD, n� 3. ∗, #, &, and Δ represent P values <0.05 which are considered statistically signi¢cant. ∗ versusMC (model control), # versus
herbs low, & versus herbs mid, and Δ versus herbs high.
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regulating the induction and activation of the JAK/STAT
pathway [31]. SOCS3 is activated to negatively regulate the
JAK/STATpathway, and it is generally believed that SOCS3
is the target gene of STATs and can directly inhibit the
activation of STATs at present [32]. WB, IHC, and RT-qPCR
assays were used to detect the expression of SOCS3 in lung
tissues. �e results showed that Zhuye Shigao Decoction
combined with Qingqi Huatan Pills could signi¢cantly in-
crease the SOCS3 expression of mRNA and protein in lung
tissues. In contrast to the corresponding itacitinib free Herbs
intervention group, the expression of SOCS3 mRNA and
protein in the lung tissue of the herbs group in the presence
of itacitinib was signi¢cantly reduced.

5. Conclusions

�e described results revealed that Zhuye Shigao Decoction
combined with Qingqi Huatan Pills could alleviate the
continuous air£ow limitation of COPD and reduce lung
in£ammation and pathological changes. It has been dem-
onstrated that the herbs can downregulate the over-
expression and continuous activation of JAK1 and STAT3 in
the JAK/STAT signaling pathway based on IL-6 and upre-
gulate SOCS3 to negatively regulate JAK/STAT signals,
thereby inhibiting the AECOPD attack. In addition, JAK/
STAT3 can be used as the main target for the treatment of
COPD patients that are overactivated by JAK/STAT3.
Further research after the intervention of TCM will provide
basic support for the treatment of AECOPD with TCM and
prevent its occurrence and development. However, the study
was short of methodology on molecular mechanism ex-
ploration and was limited to the COPD rat investigation.
Moreover, the herbs’ adverse e�ects were not investigated.

Subsequent research is needed to mainly focus on the
limitations mentioned above.
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Coriandrum sativum (Linn.) and Petroselinum crispum (Mill.) are the common herbs used for culinary purposes in daily life. �e
chlorophyll pigment in plants is being identi�ed with various medicinal values, whereas iron is an essential micronutrient for the
proper metabolism of the human body.�e current research has been aimed at predicting the role of C. sativum and P. crispum in
enhancing iron absorption via an in vitro approach. C. sativum and P. crispum have been analyzed for their capability of being a
source of chlorophyll and iron concentration. �e extracts prepared from solvents like carbinol, petroleum ether, and water were
subjected to the identi�cation of phytoconstituents through gas chromatography-mass spectrometry analysis, and the identi�ed
compounds were subjected to in silico studies against the iron-binding receptor, transferrin, to depict the binding a�nity of the
identi�ed compounds.�e carbinol extract was then put through in vitro analytical studies in Caco2 cell lines with a concentration
of 500 µg/ml. Current research has shown that the leaves of C. sativum and P. crispum are an excellent source of chlorophyll and
iron and has also suggested that these herbs e�ciently enhance the absorption of iron in human intestinal cells.

1. Introduction

Coriandrum sativum (Linn.), commonly called coriander,
and Petroselinum crispum (Mill.), commonly called Chinese
coriander or parsley, belong to the Apiaceae family. Table 1
shows the family characterization of C. sativum and
P. crispum. �ese two plants are most e�ciently used in the
medicinal �eld as well as in the culinary areas [1]. �e
phytochemical compounds present in these plants are being
identi�ed to have various medicinal purposes, including
anti-in�ammatory, neuroprotectivity, antidiabetic, anti-
cancer, antibacterial, and antifungal activities [2–5]. One of

the most important micronutrients needed by the human
body is iron [6]. Approximately about 8.7mg and 14.8mg of
iron are needed per day by men and women, respectively [7].
�e improper iron supplementation a�ects the trans-
portation of oxygen directly since iron is an essential
component in the formation of erythrocytes, which are
composed of a protein called hemoglobin that is majorly
involved in oxygen transport [8]. De�ciency in the iron
content may be due to various reasons like improper iron
absorption by the intestine, excess loss of iron, or improper
intake of iron. �e duodenum and jejunum are the parts of
the small intestine involved in iron absorption [9]. Anemia is
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the predominant clinical condition caused as a result of iron
deficiency, whereas iron deficiency may also be life-
threatening in the event of occurring as a comorbidity along
with heart and kidney failure [10]. (e concentrations of
iron in the herbs C. sativum and P. crispum are found to be
present in significant concentrations, yet the clinical sig-
nificance and pathophysiology of iron absorption in the
intestines from these herbs are still unclear. Hence, the
human colon adenocarcinoma (Caco2) cell lines, which are
mainly derived from colon carcinoma, are mainly used in
studies related to the intestinal epithelial barrier.(e current
study has been aimed at analyzing the effectiveness of the leaf
extracts of C. sativum and P. crispum in the absorption of
iron by human intestinal cells via in vitro studies using
Caco2 cell lines. (e iron absorption enhancement by using
the plant extracts may provide an effective and easy way of
treating the acquired iron deficiency in human individuals.

2. Materials and Methods

2.1. Plant Collection. (e seeds of plants C. sativum and
P. crispum have been sown and grown in partial sunlight,
and the plant identification has been done after the plant has
reached its complete growth (Plant Identification Number:
2998, 2999; Department of Botany, St. Joseph’s College,
Tiruchirapalli, Tamil Nadu, India). (e leaves of the plants
had been collected just before the flowering stage, and the
fresh leaves were subjected to chlorophyll estimation, while
the remaining leaves were dried in the shade for further
analysis.

2.2. Chlorophyll Estimation. (e fresh leaves of C. sativum
and P. crispum were crushed into a fluid by using 80%
acetone in a mortar and pestle. (e fluid was then centri-
fuged and the supernatant was collected in a 100ml standard
flask.(e centrifugation with 80% acetone has been repeated
until a clear supernatant is obtained. (e obtained super-
natant was thenmade up to 100ml with 80% acetone and the
solution was taken for colorimetric analysis at 645 nm and
663 nm. (e concentration of chlorophyll has been calcu-
lated using the Arnon formula [11], chlorophyll content�

[20.2 (A645) + 8.02 (A663)/1000 x weight] x volume, with the
obtained values.

2.3. Iron Estimation. (e shade-dried leaves of C. sativum
and P. crispum were used for the estimation of iron by using
the thiocyanate method [12]. 1 in 10 dilutions of the stock
standard, which was prepared by using ferrous ammonium
sulphate and 30% sulfuric acid in demineralized water, was
used as the working standard solution, followed by the
addition of 30% sulfuric acid, potassium persulphate, and
potassium thiocyanate as reagents during the analysis. (e
optical density values were recorded at 540 nm in the
colorimeter.

Table 1: Scientific classification of coriander and parsley.

Classification Coriander Parsley
Super kingdom Eukaryota Eukaryota
Kingdom Viridiplantae Viridiplantae
Phylum Streptophyta Streptophyta
Subphylum Streptophytina Streptophytina
Class Magnoliopsida Magnoliopsida
Order Apiales Apiales
Suborder Apiineae Apiineae
Family Apiaceae Apiaceae
Subfamily Apioideae Apioideae
Tribe Coriandreae Apieae
Genus Coriandrum Petroselinum
Species Sativum Crispum

Table 2: Chlorophyll estimation of C. sativum and P. crispum
leaves.

Sample Absorbance at
645 nm

Absorbance at
663 nm

C. sativum
0.38

x ̄� 0.38
0.82

x ̄� 0.820.37 0.81
0.39 0.83

P. crispum
0.43

x ̄� 0.43
0.85

x ̄� 0.850.44 0.84
0.42 0.86

Footnotes: x̄ - average
(e bold numbers has been defined in the footnotes as “average.”

Table 3: Iron estimation in C. sativum and P. crispum leaves.

Sample Optical density
values at 540 nm Iron

Estimated (mg/ml)
Blank 0.00 0
Standard 01 (10 μg/ml standard) 0.08 0.01
Standard 02 (20 μg/ml standard) 0.16 0.02
Standard 03 (30 μg/ml standard) 0.25 0.03
Standard 04 (40 μg/ml standard) 0.31 0.04
Standard 05 (50 μg/ml standard) 0.35 0.05

C. sativum—fresh (solvent:
phosphate buffer saline)

0.21 0.86
0.890.23 0.93

0.22 0.90

C. sativum—dried (solvent:
phosphate buffer saline)

0.12 0.50
0.550.15 0.63

0.13 0.53

P. crispum—fresh (solvent:
phosphate buffer saline)

0.10 0.43
0.440.11 0.46

0.10 0.43

P. crispum—dried (solvent:
phosphate buffer saline)

0.2 0.01
0.010.2 0.01

0.3 0.02

C. sativum—fresh (solvent: 30%
sulfuric acid)

0.26 1.06
1.040.26 1.06

0.25 1.00

C. sativum—dried (solvent: 30%
sulfuric acid)

0.15 0.63
0.660.18 0.76

0.14 0.60

P. crispum—fresh (solvent: 30%
sulfuric acid)

0.12 0.50
0.460.11 0.46

0.10 0.43

P. crispum—dried (solvent: 30%
sulfuric acid)

0.04 0.02
0.020.04 0.02

0.05 0.02
(e bold numbers has been defined in the footnotes as “average.”
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2.4. Molecular Docking. (e dried leaves of C. sativum and
P. crispum were subjected to soxhlet extraction by using
three different solvents, carbinol, petroleum ether, and
water. (e extracts obtained were then subjected to gas
chromatography-mass spectrometry (GC-MS) analysis. (e
phytochemical compounds were then subjected to virtual
screening using the SwissADME software to scrutinize the
compounds based on pharmacokinetic properties and drug-
likeness, which includes the Lipinski rule. (e scrutinized
compounds are then analyzed for their binding capacity with
the iron-binding receptor, transferrin (1KAS), viamolecular
docking by using AutoDock Vina (version 1.1.2).

2.5. In Vitro Studies. (e culturing of Caco2 cells was
performed using Dulbecco’s modified Eagle’s medium with
high glucose containing 10% fetal bovine serum. (e

cultured cells were then treated with 0.25% trypsin and
centrifuged at 300g. (en 200 μl of the suspension obtained
was loaded in a 96-well microtiter plate and incubation at
37oC in 5% carbon dioxide for 24 hours was carried out. (e
five different test concentrations (62.5 μl, 125 μl, 250 μl,
500 μl, and 1000 μl) of the carbinol extracts of C. sativum and
P. crispum leaves were added to the medium and the in-
cubation was repeated, followed by the addition of 10% 3-(4,
5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide
(MTT) reagent and the incubation was extended for 3 hours.
(e cells were then absorbed at 570 nm and 630 nm to depict
the IC50 value. Following the MTT assay (cytotoxicity test),
the cells were tested for the iron content present in them, and
then the iron uptake by the cells was analyzed after treating
the cells with the carbinol extracts of C. sativum and
P. crispum by using the inductively coupled plasma mass
spectrometry (ICPMS).

Table 4: Compounds scrutinized for molecular docking.

S. no. Name of the compound
1 Cyclopenta[C]Furo[3′,2′:4,5] furo[2,3-h][1]benzopyran-11(1h)-one, 2,3,6a,9a-tetrahydro-1,3-dihydroxy-4-methoxy-
2 Butanedioic acid, 2,3-Bis (benzoyloxy)-, (2r,3r)
3 Benzyl beta-D-glucoside
4 1-Beta-D-Ribofuranosylimidazo[1,2 B] pyrazole-7-carbonitrile
5 (4e)-6,7-Dihydro-2,1,3-benzoxadiazol-4(5h)-one oxime
6 1,2-O-(1-Methylethylidene) hexofuranose
7 5,7-Dimethylpyrazolo[1,5-A] pyrimidin-2(1h)-one
8 4-Hydroxy-3-pentyl-cyclohexanone
9 2,4-Dihydroxy-2,5-dimethyl-3(2h)-Furan-3-one
10 2-Undecenoic acid
11 Ethyl 1-thio-Alpha-L-arabinofuranoside
12 3,5-Dodecadiyne, 2-methyl-
13 1h-Pyrazole-5-carboxamide, N-(2-hydroxyethyl)-
14 Methyl 1-methyl-3-oxocyclopentanecarboxylate
15 Butane, 2-(2,2-dichloro-1,3-dimethylcyclopropyl)-
16 Ethanimidothioic acid, 2-(dimethyl)
17 Gamma-guanidinobutyric_acid
18 Isocitronellol
19 Piracetam
20 2,3,4,5-Tetrahydroxypentanal
21 2-Amino-3-hydroxypyridine
22 Ribitol
23 2,3-Dimethylfumaric acid
24 1-Deoxy-D-arabitol
25 5-Hydroxymethylfurfural
26 Diazene, Bis(1,1-dimethylethyl)-
27 Pentanedioic acid, dimethyl ester
28 2(5h)-Furanone, 5-methyl-
29 Pyrrolidin-1-acetic acid
30 Butanedioic acid, monomethyl ester
31 2,5-Furandione
32 Dimethylamine, N-(diisopropylphosphino)methyl-
33 2-Aminoethanethiol hydrogen sulfate (ester)
34 2-Methyl-1,3,4-oxadiazole
35 N-Methoxy-N-methylacetamide
36 Ethane, 1,1-diethoxy-
37 2-Methylpyrrolidine
38 2-Propen-1-ol
39 Butane, 2-isothiocyanato-
40 2,2′-Bioxirane
41 Pyrrolidine
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3. Results

3.1. Chlorophyll Estimation. (e chlorophyll estimation of
C. sativum and P. crispum leaves yielded the tabulated results
when absorbed at 645 nm and 663 nm (Table 2).(e amount
of chlorophyll present in C. sativum and P. crispum was
observed to be 1.07mg/g and 1.82mg/g, respectively.

3.2. IronEstimation. (e estimation of iron in both fresh and
dried leaves of C. sativum and P. crispum gave the tabulated
results (Table 3) when absorbed at 540 nm, and the calculation
used for iron estimation is (observed value÷ n) x (vol-
ume÷ 1000) mg/ml, whereas “n” represents the volume of
sample added for the analysis; in the current experiment,
n� 3ml. (e iron content was found to be higher in both the
plant leaves when processed with 30% sulfuric acid with
phosphate buffer saline solution.(e iron content observed in
the fresh leaves was 34% higher than the iron content seen in
dried C. sativum leaves in phosphate buffer saline, whereas
fresh leaves of P. crispum showed a 43% higher yield. In the
case of 30% sulfuric acid as a solvent, the yield of fresh leaves
of C. sativum was 38% higher and the yield of P. crispum was
44% higher than the dried leaves of the respective plants. On
comparing C. sativum and P. crispum, the yield of C. sativum
was 55% higher than the iron content of P. crispum.

3.3. Molecular Docking. Based on the GC-MS analysis that
was performed preliminarily, the phytochemicals obtained
from C. sativum and P. crispum by using three different

solvents (carbinol, petroleum ether, and water) yielded
about 1761 (901 + 860) identified compounds and 37
(20 + 17) unknown compounds, respectively. Among the
three solvents, carbinol was found to yield more compounds
than petroleum ether and water. Carbinol extracted about
309 (304 identified + 5 unknown) compounds from
C. sativum and 327 (325 identified + 2 unknown) com-
pounds from P. crispum leaves, whereas 300 and 246
compounds were extracted using petroleum ether from
C. sativum and P. crispum, respectively. About 297 and 289
compounds were extracted from C. sativum and P. crispum,
respectively using water as the solvent (results obtained from
preliminary work, the data has not shown). Hence, our
further analysis used compounds from carbinol extracts of
both C. sativum and P. crispum leaves.

Following the compound identification, based on the
virtual screening, only 42 compounds were selected for
molecular docking based on their pharmacokinetic and
pharmacodynamic properties (Table 4). Transferrin, an iron
receptor, was selected as the target, and the binding affinity
was observed. (e cyclopenta[c]furo[3′,2′:4,5] furo[2,3-h]
[1] benzopyran-11(1h)-one, 2, 3, 6a, 9a-tetrahydro-1,3-
dihydroxy-4-methoxy and 2,3-dibenzoyltartaric acid-
(2R,3 R)- are the top two compounds with higher binding
affinity when compared with the control drug. 2,3-Diben-
zoyltartaric acid- (2R,3 R)- showed hydrogen bonds with
four different amino acids: lysine, phenylalanine, glutamine,
aspartic acid, and cyclopenta[c]furo[3′,2′:4,5] furo[2,3-h] [1]
benzopyran-11(1h)-one,2,3,6a,9a-tetrahydro-1,3-dihydroxy-
4-methoxy showed two hydrogen bonds with histidine alone,

Figure 1: Docking of compound (a) butanedioic acid, 2,3-Bis(Benzoyloxy)-, (2r,3r) (b) Cyclopenta (c) Furo[3′,2’:4,5]Furo[2,3-H][1]
Benzopyran-11(1h)-One,2,3,6a,9a-Tetrahydro-,3-Dihydroxy-4-Methoxy, and (d): Control drug: diclofenac with transferrin receptor.
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whereas the control drug, folic acid, showed four hydrogen
bonds with three different amino acids, two bonds with
aspartic acid, and one each with lysine and leucine
(Figures 1(a) and 1(c)) of the transferrin receptor.

3.4. In Vitro Analysis. (e carbinol extracts of C. sativum
and P. crispum leaves were nontoxic to the Caco2
cells. Table 5 shows the test concentration and viability
rate of Caco2 cells. (e cells did not show any decline in
viability and subsequent cell growth has also been ob-
served, indicating that C. sativum and P. crispum extracts
enhance cell proliferation and viability.Figures 2 and 3
show the cytotoxicity tests of extracts on Caco2 cells.
Followed by a cytotoxicity test, the C. sativum and
P. crispum extracts showed 0.67 mg/L and 0.91 mg/L of
iron concentration in their carbinol extracts, respectively,
when analyzed using ICPMS. After the quantification, the

iron uptake of the cells was recorded and tabulated
(Table 6).

(e Caco2 cells treated with iron alone failed to absorb
the iron, whereas the cells treated with the extracts showed
excellent iron absorption. 48.51% of the total iron added was
absorbed by the cells treated with C. sativum extracts, and
8.24% of the iron was absorbed by the P. crispum extracts.
(e apparent permeability of the cells treated with
C. sativum extracts was moderate (1.18×106 cm/s) and
P. crispum extracts showed a lower permeability rate
(2.01× 107 cm/s), whereas the untreated cells did not show
any permeability across the membrane (0 cm/s).

4. Discussion

Chlorophyll is the pigment present in plant parts that has
been proved to have medicinal properties. (e chlorophyll
derivatives influence the metabolism of lipids in a positive

Table 5: Cytotoxicity test of C. sativum and P. crispum on Caco2 cell line.

% Viability
Test concentrations (µg/ml)

Blank Untreated 62.5 125 250 500 1000
C. sativum - 100 110.08 111.13 110.43 114.75 108.49
P. crispum - 100 108.00 116.34 117.44 125.53 105.46

(a) (b) (c)

(d) (e) (f)

Figure 2: Cytotoxicity analysis on Caco2 Cells withC. sativum extracts with different concentrations (a) Untreated (b) 62 5µg/ml (c) 125 µg/ml
(d) 250 µg/ml € 500 µg/ml (f) 1000 µg/ml] (Both the figures 2(a) and 3(a) are the same images of the untreated cells).
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manner, which can be further used in the management of
obesity [13]. C. sativum leaves have been shown to have the
highest concentrations of about 14 µg/mL and the lowest of
about 9.5 µg/mL of chlorophyll [14]. About 0.42mg/g of iron
has been estimated in the leaves of C. sativum, whereas their
seeds were composed of 0.16mg/g of iron [15]. (e
C. sativum leaves were also found to be rich in antioxidants
[16]. A chlorophyll concentration of around 16.57± 3.2mg/
g to 10.97± 2.6mg/g has been estimated in the commercially
bought C. sativum leaves [17]. About 2.2mg/g of chlorophyll
has been quantified from the leaves of coriander [18]. (e
current research on the estimation of chlorophyll in the
leaves of C. sativum has yielded 1.07mg/g, which is con-
sidered significant. (e C. sativum leaves exhibited
0.835mg/g of chlorophyll, whereas P. crispum leaves showed
an estimate of 1.282mg/g in their fresh leaves [19]. (e

leaves of chlorophyll content were found to be
0.0263± 0.0019mg/g in the leaves of P. crispum [20]. A study
by Arnold et al. [21] has revealed that the chlorophyll
concentration in the leaves of P. crispum is 0.632mg/g,
whereas about 0.185mg/g to 1.8mg/mL of chlorophyll was
found in the study performed by Kuzma et al. [22] and
Paulert et al. [23] in the leaves of P. crispum. Parsley leaves
were examined for chlorophyll content in their baby greens
variety and showed significantly higher values, i e., 18.36mg/
g [24]. (e parsley leaves showed a similar quantity of
chlorophyll in the current research as well.

Iron is the micronutrient that has a major role in the
chlorophyll synthesis of plants [25,26]. In human beings, the
role of iron is significant. From the transportation of oxygen
to tissues to storage and energy employment, iron plays an
irreplaceable role in the physiological functions of the

(a) (b) (c)

(d) (e) (f )

Figure 3: Cytotoxicity analysis on Caco2 Cells with P. crispum with different concentrations. (a) Untreated; (b) 62 5 µg/ml; (c) 125 µg/ml;
(d) 250 µg/ml; (e) 500 µg/ml; (f ) 1000 µg/ml. Both Figures 2(a) and 3(a) are the same images of the untreated cells.

Table 6: Iron absorption analysis.

Sample Quantity of iron added to cells
(µg)

Quantified iron
(mg/L)

Quantity of iron taken up by cells
(µg)

Iron uptake by Caco2 cells
(µg)

Untreated 0 0.51 0.51 0
C. sativum
treated 1.34 1.16 1.16 0.65

P. crispum
treated 1.82 0.66 0.66 0.15

Concentration of the extracts used: 500 µg/mL
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human body [27]. Iron is the major component of the
hemoglobin molecule, a pigment in red blood cells that is
involved in the transportation of oxygen throughout the
body [28]. On examining the presence of iron, theC. sativum
showed 0.42mg/g in the leaves and 0.16mg/g in the seeds
[28]. Around 1.06mg/g of iron has been estimated in the
leaves of C. sativum in the study performed by Vanisha and
Monika [29].(e leaves of P. crispum have been suggested to
contain 6.2mg/100g iron [30]. (e iron content was also
notably higher in fresh as well as dried leaves, and also in the
extracts prepared by using the soxhlet extraction method,
indicating the leaves of C. sativum and P. crispum are sig-
nificant iron sources. On the other hand, the extracts of
coriander leaves showed an effective chelating nature with
iron [31], indicating the iron metabolism can be influenced
by coriander leaves, whereas parsley leaves are proved to
have components involved in the treatment of anxiety and
depression [32]. (e nanoparticles produced from the
parsley leaves may be used effectively against iron deficiency,
anemia condition, in rats [33]. A study by Lakshmana
Prabhu et al. [34] has reported that phytochemicals such as
3,4′,5,7-tetrahydroxyflavone and quercetin have a good
binding affinity when analyzed for the antiasthma properties
[34]. (e extracts of seeds of C. sativum have been examined
for their anti-cancer properties via docking of phyto-
chemicals, and the rutinmolecule has been found to have the
highest binding affinity [35]. In the present study, cyclopenta
[c]furo[3′,2’:4,5] furo[2,3-h] [1]benzopyran-11(1h)-
one,2,3,6a,9a-tetrahydro-1,3-dihydroxy-4-methoxy and
(2R,3 R)-2,3-dibenzoyltartaric acid have shown an excellent
binding affinity with the transferrin receptor, suggesting the
positive influence in the enhancement of iron absorption.

Caco2 cell lines have been observed to be a better way to
estimate iron absorption in human cells. (e bioavailability,
as well as the uptake of iron by Caco2 cells, has shown a
considerable outcome [36]. In addition, iron uptake by the
human epithelial cells can be correlated more efficiently by
using in vitro studies, which involve the Caco2 cell lines
[36,37]. (e iron uptake by Caco2 cells in the current re-
search has also shown noteworthy results that strongly
suggest the utilization ofC. sativum and P. crispum leaves for
the enhancement of iron absorption in human beings.

5. Conclusion

(e chlorophyll content of C. sativum and P. crispum leaves
were sufficiently significant in their concentration, sug-
gesting the rich chlorophyll nature of these two plants. (e
iron concentration of these two plants was considered
suggestive and higher. (e number of phytoconstituents in
the leaf extracts of C. sativum and P. crispum has been
observed to be considerably higher in all the three solvents
analyzed. Among the identified compounds, the two com-
pounds, cyclopenta[c]furo[3′,2’:4,5] furo[2,3-h] [1]benzo-
pyran-11(1h)-one,2,3,6a,9a-tetrahydro-1,3-dihydroxy-4-
methoxy and (2R,3 R)-2,3-dibenzoyltartaric acid have
shown a better binding affinity with the iron-binding re-
ceptor when compared with the control drug. (e in vitro
studies yielded very suggestive results on enhancing the iron

absorption efficiently in the human intestinal cells by these
two plants. (e iron deficiency can be effectively treated by
using these two plants as the in vitro studies have suggested
an excellent iron absorption in cells treated with plant
extracts.
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Objectives. Guizhi Fuling Formulation (GZFL), a traditional Chinese medical formulation, consists of Cinnamomi Ramulus,
Paeoniae Radix Alba (or Paeoniae Radix Rubra), Moutan Cortex, Persicae Semen, and Poria, with multiple therapeutic functions
such as sedation, antitumor activity, anti-in�ammation, and neuroprotection. However, its clinical applications remain relatively
fragmented, and the underlying mechanisms of GZFL in di�erent diseases are still not very certain. Further research and summary
in both application and mechanisms remain to be needed for human health and the best use of GZFL. �erefore, we summarized
the multiple pharmacologic e�ects and possible mechanisms of action of GZFL according to recent 17 years of research.Methods.
We retrieved four English and two Chinese databases using these keywords (the formulation name or its synonyms) and searched
articles written in English from January 2006 up to February 2022. Key Findings. GZFL exhibits multiple pharmacologic ad-
vantages in gynecologic diseases and other expanding diseases such as cancer, blood, and vascular disease, renal failure, in-
�ammation, and brain injury. Possibly due to its diverse bioactive components and pharmacologic activities, GZFL could target
the multiple signaling pathways involved in regulating blood circulation, in�ammatory and immune factors, proliferation,
apoptosis, and so on.Conclusion.�is review suggests that GZFL displays promising therapeutic e�ects for many kinds of diseases,
which have been beyond the scope of the original prescription for gynecologic diseases. In this way, we wish to provide a reference
and recommendation for further preclinic and clinic studies.

1. Introduction

Guizhi Fuling Formulation (GZFL) is an ancient Chinese
herbal formulation. GZFL was recorded �rst in Synopsis of
Prescriptionsof theGoldenChamber (https://apps.who.int/iris/
handle/10665/206952).�isclassic tomeof traditionalChinese
medicine was written by Zhang Zhongjing (AD 150–219), a
renownedphysician of theEasternHanDynasty (AD25–220).

GZFL is composed of �ve herbal ingredients according
to Chinese Pharmacopeia: Cinnamomi Ramulus (Cinna-
momum cassia Presl), Paeoniae Radix Alba/Paeoniae Radix
Rubra (Paeonia lacti�ora Pall and Paeonia veitchii Lynch),

Moutan Cortex (Paeonia su�ruticosa Andrews), Persicae
Semen (Prunus persica (L.) Batsch and Prunus davidiana
(Carr.) Franch), and Poria (Poria cocos (Schw.) Wolf) [1].
�e �ve herbal ingredients fromGZFL are mixed at the same
ratio in preparations including honey pills, capsules, de-
coctions, and tablets for the therapeutic method of di�erent
diseases. In addition, GZFL is termed di�erently in di�erent
countries: “Guizhi Fuling Wan”, “Guizhi Fuling decoction”,
“Guizhi Fuling capsule”, and “Guizhi Fuling tablets” in
China; Keishibukuryogan (KBG), K-06, and TJ-25 in Japan;
Gyejibokryeong-hwan (GBH) in Korean; and TU-025 in the
USA [2–4]. GZFL has been used in di�erent countries.
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However, the scientific botanical species of these five herbal
ingredients are different according to Pharmacopeia in
different countries. For example, KBG consists of the
Cinnamomi cortex, Radix Paeoniae, Cortex Moutan, Poria,
and Semen Persicae. GBH is composed of Cinnamomi
Ramulus, Poria, Moutan Cortex, Semen Persicae, and
Paeoniae radix. TU-025 comprises Cinnamon bark, Peony
root, Peach kernel, Poria sclerotium, and Moutan bark.

GZFL was utilized widely to invigorate blood circulation
and remove blood stasis. It has achieved obvious effects on
various gynecologic diseases in China for more than
1000 years, such as dysmenorrheal, ovarian cysts, and
uterine fibroids [5]. Moreover, an increasing number of
clinical and experimental data have demonstrated that GZFL
possesses potent sedative, analgesic, antitumor, anti-in-
flammatory, and neuroprotective properties without elicit-
ing adverse effects [6]. -us, GZFL has also been used to
treat microvascular inflammation in the skin [7], bladder
cancer [8], uterine fibroids [9], and brain injury [10]. Due to
these multiple and attractive therapeutic functions, the
bioactivity of GZFL has gained enormous attention, thereby
leading to the increasing interest in exploring its pharma-
cological functions and mechanisms of action.

-e active ingredients from GZFL are complex. Phar-
macologic studies have shown that GZFL consists of cin-
namic acid, cinnamaldehyde, paeoniflorin, albiflorin, gallic
acid, ethyl gallate, benzoylpaeoniflorin, and benzoic acid
[11–13]. Cinnamic acid and cinnamaldehyde are derived
from the crude drugs of Cinnamomi Ramulus, which has
antimicrobial, anti-inflammatory, and neuroprotective ef-
fects [14–16] and has also been reported to be an immune
suppressor [17]. Paeoniflorin and albiflorin are derived from
Paeoniae Radix Alba. Paeoniflorin can alleviate some in-
flammatory and autoimmune diseases, such as endoplasmic
reticulum stress-associated vascular inflammation [18] and
rheumatoid arthritis [19], and also has improving effects on
glutamate-induced damage in PC12 cells and bupivacaine-
induced cytotoxicity in SH-SY5Y cells [20, 21]. Albiflorin has
antidepressant-like effects by increasing hippocampal ex-
pression of 5-hydroxytryptamine (5-HT)/norepinephrine
(NE) and brain-derived neurotrophic factor (BDNF) [22]
and also ameliorates obesity by modulating the expression of
thermogenic genes [23]. Gallic acid and ethyl gallate are
derived from Moutan Cortex. Gallic acid can improve ul-
cerative colitis by suppressing inflammation [24] and also
exert neuroprotective effects on memory and long-term
potentiation (LTP) impairment by decreasing lipid perox-
idation and expression of proinflammatory cytokines in the
cortex of rats with traumatic brain injury [25]. Ethyl gallate
exhibits antioxidant and anticancer capacities in mice with
oral cancer [26]. Benzoylpaeoniflorin and benzoic acids are
the main active ingredients of Paeoniae Radix and Moutan
Cortex, which can prevent hydrogen peroxide (H2O2)-in-
duced cytotoxicity in primary neurons from the rat cortex
and improve dysmenorrhea by suppressing uterus con-
traction [27]. However, the synergistic interactions of active
ingredients remain unclear and the underlying mechanisms
of GZFL in different diseases, such as gynecologic diseases,
cancers, blood, and vascular disease, are still not very certain.

-erefore, in this review, we summarize the clinical
therapeutic efficacy and pharmacologic mechanisms of GZFL
documented in clinical and experimental studies in recent
years, trying to explain the underlyingmechanisms in different
diseases which may instruct clinical treatment in the future.

2. Methods

We retrieved four English and two Chinese databases
(PubMed, Web of Science, Science Direct, Wiley Online
Library, CNKI, Wanfang Data), combining searching these
keywords (the formulation name or its synonyms) in the
Medical Subject Headings (MeSH) field and in the title/
abstract. All types of clinical and experimental investigations
were considered for inclusion. We only searched articles
written in English and published in peer-reviewed journals
from January 2006 up to February 2022. Studies using GZFL
in any preparations (pills, capsules, decoctions, and tablets)
were included. -e studies which involved the following
ineligible interventions were excluded: (1) combined other
herbs, modified GZFL, or active ingredients from GZFL; (2)
qualitative assessments and studies without statistical sig-
nificance; (3) GZFL utilized external or topical adminis-
tration methods. -e name of each herbal ingredient was
included according to the Chinese Pharmacopeia.

3. Gynecologic Diseases

3.1. Dysmenorrhea. Dysmenorrhea is the most common
gynecologic disorder. It presents as cramps in the abdomen/
back during/before menstruation. -e main contributor to
dysmenorrhea is obviously reduced blood flow caused by
enhanced activities and abnormal contractions of the uterus,
which induces sensitization of peripheral nerves [28].

A clinical research indicated that GZFL displayed ob-
viously therapeutic effects on patients with primary and
secondary dysmenorrhea with the indications such as
sweating, heat intolerance, cold sensation in the lower back,
and a tense abdomen [29, 30]. GZFL is used widely to treat
secondary dysmenorrhea with uterine fibroids. A ran-
domized clinical trial reported that GZFL significantly al-
leviated dysmenorrhea in patients with uterine fibroids by
improving blood stasis and inducing smooth blood flow [3,
4]. In addition, one randomized controlled trial provided
support for the positive effects of GZFL on dysmenorrhea
and the accompanying acne vulgaris related to menstruation
in adults women [12].

Various experimental studies have been carried out to
analyze the pharmacologic mechanisms of GZFL in dys-
menorrhea. It was reported that GZFL effectively reduced
lamina propria edema and displayed a directly inhibitory
effect against cyclooxygenase-2 (COX-2) expression, but
there is no effect on COX-2 expression in the uterine tissues
of oxytocin-induced ICR mice [31]. However, a study in
humanumbilical veinendothelial cells showed thatGZFLsact
on downregulating the mRNA levels of COX-1 and COX-2
[32]. Moreover, another in vivo study has demonstrated that
GZFL significantly improved primary dysmenorrhea with
uterine contraction by decreasing the releases of nitric oxide
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(NO), prostaglandin (PG) F2a, Ca2+ concentration, expres-
sion of COX-2, and oxytocin receptor in the uterine tissue of
oxytocin-induced mice. At the same time, GZFL and its
components could suppress spontaneous and oxytocin-in-
duced contractions in uterine strips and reduce intracellular
Ca2+ levels in oxytocin-induced myometrial cells, suggesting
that GZFL might exert relaxant effects upon uterine con-
traction to relieve pain [33]. In addition, an integrative uri-
nary metabolomic study indicated that GZFL treatment
reduced the enhanced writhing times and PGF2a/PGE2 ratio
in plasma of rats with primary dysmenorrhea induced by
oxytocin injection. Notably, urinary metabolic deviations of
those rats were decreased after GZFL treatment, suggesting
that GZFL showed therapeutic effects on primary dysme-
norrheal by regulating several metabolic pathways [34].

To further understand for mechanisms and effects of
GZFL on primary dysmenorrhea, a pharmacokinetic-phar-
macodynamic (PK-PD) model was applied to study the PK
processes of several bioactive ingredients from GZFL in
plasma: gallic acid, amygdalin, albiflorin, prunasin, and
cinnamic acid. Results showed that GZFL significantly de-
creased thenumberof spiral arteries and inflammatorycells in
uterine tissues of ratswith primary dysmenorrhea induced by
estradiol benzoate and oxytocin. Moreover, their bioactive
ingredients were likely to have key roles in blocking platelet
aggregation and thrombosis by increasing the PGE2/PGF2α
ratio and 6-Keto-Prostaglandin F1α (6-Keto-PGF1α)/throm-
boxane B2 (TXB2) ratio in plasma of rats with primary dys-
menorrhea after GZFL treatment [35].

-erefore, in light of these clinical and experimental
studies, we conclude that GZFL possesses the potential for
improving primary and secondary dysmenorrhea by regu-
lating the levels of inflammatory factors, intracellular Ca2+,
and several metabolic pathways.

3.2. Uterine Fibroids. Uterine fibroids (also termed “uterine
leiomyomas” or “uterine myomas”) are the most common
benign tumor in fertile women. About 50% of uterine fi-
broids are symptomatic and elicit abdominal pain or ex-
tension during menstruation, pressure symptoms, and
fertility problems [36]. Surgery is invasive, and hormonal
drugs have obvious side effects, so GZFL and several other
herbal medicines have been used widely as an alternative
treatment for uterine fibroids in China [37, 38]. GZFL was
reported to relieve pelvic pain, alleviate the uterine fibroid
symptoms and reduce uterine size and fibroids volume in
women with symptomatic uterine fibroids [39]. And meta-
analyses of clinical trials have indicated that the combined
treatment of GZFL and mifepristone might be more ad-
vantageous than the use of mifepristone alone for shrinking
the volume of fibroids and reducing uterine size. Meanwhile,
GZFL plus mifepristone showed less adverse events in
comparison to mifepristone alone [3]. Previous research
reported that GZFL drug serum was collected from Sprague
Dawley (SD) rats and used to treat uterine leiomyoma cells
in patients. Results showed that GZFL drug serum possessed
the potential to inhibit the proliferation and promote the
apoptosis of leiomyoma cells by enhancing the expression of

tuberous sclerosis 2 (TSC2) and forkhead box O (FOXO),
which are associated with the 14-3-3c signal pathway [40].
However, one study on SD rats model of uterine fibroids and
human uterine leiomyoma cells demonstrated that GZFL
inhibited uterine fibroids growth by modulating Mediator
complex subunit 12 (Med12)-mediated wingless-type (Wnt)/
β-Catenin signaling pathway [41]. Another research on es-
tradiol-induced endometrial hyperplasia mice showed GZFL
amelioratedendometrial hyperplasia throughpromotingp62-
Keap1-NRF2-mediated ferroptosis [42]. -e therapeutic
mechanismseemsmultiple.Anetworkpharmacologymethod
was used to identify the pharmacologic mechanism of GZFL
against uterine fibroids at the systematic level. -is investi-
gation indicated that GZFL exhibited significant therapeutic
effects onuterinefibroids through inhibitingproliferation and
promoting apoptosis by multiple signaling pathways: Wnt/
β-catenin, retinoic acid (RA), epidermal growth factor (EGF),
and insulin-like growth factor-1 (IGF-1) [9].

3.3. Endometriosis. About 10% of reproductive-age women
suffer from endometriosis, a common estrogen-dependent
benign disease, which is characterized by pelvic pain, dys-
menorrhea, and infertility [43]. In Asia, several herbal
formulations (including GZFL) are widely accepted as a kind
of alternative medicine to treat endometriosis [44].

Meta-analyses of 10 randomized controlled trials in-
volving 1052 women with endometriosis demonstrated that
the combined treatment of GZFL and mifepristone (pro-
gesterone antagonist) had obvious benefits in terms of im-
proving the prevalence of pregnancy and decreasing the
prevalence of recurrence of endometriosis comparedwith the
use of mifepristone alone. Similarly, GZFL also exhibited
adjuvant effects on reducing the level of estradiol and pro-
gesterone in the serumofwomenwith endometriosis without
serious adverse effects.-us,GZFL is considered tobeanadd-
on therapeutic approach for endometriosis patients [45].

Furthermore, studies on pharmacologic mechanisms
have reported that GZFL can induce serious apoptosis and
deter the proliferation and metastasis of endometrial cells in
a rat with endometriosis by reversing suppression of survivin
and the B-cell lymphoma (Bcl)-2/BCL2-associated X protein
(Bax) ratio, which is related to the mitochondrial apoptotic
pathway. -us, GZFL is considered to be a potent apoptosis
inducer and a therapeutic drug for endometriosis [46].

In addition, GZFL has been shown to significantly lower
the volume of endometrial explants in endometriosis rats by
immunologic regulation, including decreasing expressions
of monocyte chemoattractant protein (MCP)-1 and inter-
cellular adhesion molecules (ICAM)-1 and increasing the
number of cluster of differentiation (CD)4+ lymphocytes
and the activity of natural killer (NK) cells [47].

In general, the pharmacologic mechanisms of GZFL in
improving endometriosis could involve regulating apoptosis
and the inflammatory responses as well as other targets.

3.4. Climacteric Syndrome. Climacteric syndrome is caused
by a decrease in hormonal activity during menopause. -is
leads to vasomotor symptoms, mood disorders, night sweats,
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hot flashes, insomnia, and osteoporosis [48–50]. -ese
symptoms usually affect a woman’s quality of life severely.

Accumulating studies have shown that the use of herbal
medicine is an alternative method for improving climac-
teric syndrome in women who cannot receive hormone
replacement therapy [51, 52]. One clinical study found that
GZFL treatment for 12 weeks elicited significant beneficial
effects for patients with climacteric symptoms, such as
vasomotor symptoms and melancholia. Moreover, the
therapeutic effects of GZFL on these patients could be
evaluated by identifying a polymorphism of the estrogen
receptor β (ERβ) gene, which is involved in climacteric
disorders [51]. In perimenopausal and postmenopausal
women in Japan, GZFL treatment was shown to be more
efficacious than other Kampo formulations in terms of
improving sleep disturbance, perspiration, and reducing
blood pressure and heart rate [52]. In addition, various
studies have shown that GZFL displays beneficial effects on
hot flashes in menopausal women [53]. A retrospective
case series reported that young women with hot flashes
showed improvement after GZFL treatment, possibly by
regulating a calcitonin gene-related peptide- (CGRP-)
induced temperature rise on the skin without estrogenic
activity [54]. Furthermore, a randomized controlled trial
in the USA demonstrated that GZFL could obviously
decrease the frequency and severity of hot flashes when
compared before and after a 3-month intervention in post-
menopausal women. However, unlike the clinical experience
in Asia, GZFL did not significantly ameliorate hot flashes or
sleep quality compared with that obtained using a placebo.
-is study suggested that future investigations on traditional
Asian medicines should consider several potentially impor-
tant methodological factors [2].

-ese clinical studies detailed above demonstrated the
therapeutic potential of GZFL for the climacteric syndrome.

3.5. Polycystic Ovary Syndrome. Polycystic ovary syndrome
(PCOS) is a common reproductive endocrine disease in
women and the etiology is complex. Besides reproductive
dysfunction, the pathological manifestations of PCOS
commonly involve insulin resistance and hyperandrogenism
[55, 56] and display an inflammatory state [57].

Studies in vivo have reported that GZFL efficiently re-
duced fasting blood glucose, fasting insulin level, and insulin
resistance index in plasma of PCOS rats with insulin re-
sistance [58, 59]. -e amelioration of insulin resistance was
claimed under the mechanism of regulating intestinal flora
to reduce tumor necrosis factor-α (TNF-α), interleukin-6
(IL-6), and hypersensitive C-reactive protein (HS-CRP) in
plasma [58]. In addition, the GZFL-treated rats had lower
productions of testosterone, luteinizing hormone (LH), and
follicle-stimulating hormone (FSH) compared with PCOS
rats and lower LH/FSH ratios. -ese beneficial tends for
normal ovulation were due to the GZFL’s effects on
inhibiting granulosa cell autophagy and promoting follicular
development via restoring the phosphatidylinositol-3-kinase
(PI3K)/AKT/mammalian target of rapamycin (mTOR)
pathway [59].

4. Cancers

4.1. Bladder Cancer. Studies have indicated the suppressive
effects of GZFL on bladder cancer in vitro and in vivo. For
instance, in vitro data indicated that GZFL interfered with
cell-cycle progression via activation of phosphorylated cell
cycle checkpoint kinase2 (CHK2) and cell cycle regulatory
protein P21, and induction of apoptosis, in human bladder
cancer cell lines. However, GZFL exhibited only weak
toxicity to normal human urothelial cells [60]. Another
molecular mechanism demonstrates that GZFL could arrest
cell cycles efficiently, suppress proliferation, and induce
apoptosis in mouse bladder cancer cells (MB49) through
increasing levels of reactive oxygen species (ROS) and ac-
tivating ataxia telangiectasia-mutated (ATM)/CHK2 and
ATM/P53 pathways. Furthermore, intravesical GZFL ther-
apy has shown greater inhibitory effects on tumor growth
than that of mitomycin C and Bacillus Calmette–Guérin
vaccine in mice with orthotopic bladder tumors [8].

Taken together, these studies mentioned above support
the notion that GZFL is a potential drug for bladder cancer
by using intravesical therapy.

4.2. Ovarian Cancer. Ovarian cancer is a common malig-
nant tumor for women aged >40 years. Radical surgery and
chemotherapy are standard treatments for ovarian cancer
[61]. However, resistance to chemotherapy agents has
greatly restricted their use. Obviously, chemoresistant me-
tastasis hinders survival and is a major cause of death [62].

GZFL has been used to treat ovarian cancer for more
than 20 years in the clinic, which could increase chemo-
therapy efficacy, minimize side effects, and reduce chemo-
resistance. Explicitly, the microarray analyses have shown
that GZFL treatment could deter the cell cycle, invasion, and
migration-related genes in ovarian cancer cell lines SKOV3
by inhibiting protein kinase B (AKT)/glycogen synthase
kinase 3 β (GSK3β) signaling pathway. Meanwhile, GZFL
also reduced tumor growth/metastasis to the lung in xe-
nograft mice [63]. In addition, one study reported that GZFL
had a therapeutic potential against cisplatin-resistant
ovarian cancers in vitro and in vivo by suppressing the
expression level and function of permeability glycoprotein
(P-gp) through blockage of the PI3K/AKT/mTOR pathway.
Furthermore, the inhibitory effect of GZFL on tumor growth
has been found in cisplatin resistance in human ovarian
cancer cell line SKOV3/DDP xenograft nude mice [64].
What’s more, serum derived from rats administrated with
GZFL extract in cisplatin-resistant human ovarian cancer
SKOV3/DDP cells was a promising way to overcome cis-
platin-resistant by inhibiting the expression of metadherin
(MTDH), inducing the expression of phosphatase and tensin
homolog (PTEN), and improving the interaction between
MTDH and PTEN [65].

4.3. Cervical Cancer. Cervical cancer is the primary cause of
death among all gynecologic cancers. -e imbalance of
expression of matrix metalloproteinases (MMPs) and tissue
inhibitors of metalloproteinases (TIMPs) can result in
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degradation of the extracellular matrix (ECM), which is a
pivotal stage in tumor invasion [66]. One study reported that
GZFL might restore the balance of MMPs/TIMPs and in-
hibit ECM degradation by decreasing MMPs activities and
increasing TIMPs activities in HeLa cells which, eventually,
interfered with the growth and invasion of cervical cancer
cells in vitro and in vivo [67].

4.4. Breast Cancer. Breast cancer is one of the women’s most
common cancer, and there is an upward trend in the in-
cidence. An experimental study found that the active
pharmaceutical ingredient and its fraction from the GZFL
capsule had a strong potential to deter the proliferation of
human breast cancer MCF-7 cells andMDA-MB-231 cells in
different doses and suppress the rate of cell growth in human
umbilical vein endothelial cells (HUVECs) proliferation
without toxicity [68]. In addition, the other study found that
GZFL culture suppressed the proliferation of MCF-7 cells in
the S phase by reducing the expression of CyclinA2, Cdk2,
and EGFR [69]. In addition, GZFL exhibited the anti-
proliferation, proapoptosis, and antiangiogenesis activities
in MDA-MB-231 cells mainly through inhibiting the PI3K
and the mitogen-activated protein kinase (MAPK) signaling
pathways [70].

4.5. Malignant Melanoma. Melanoma is an aggressive cu-
taneous cancer with a poor prognosis and high mortality.
Meanwhile, cutaneous melanoma is the most prevalent type.
Accumulating evidence reported that long noncoding RNAs
(lncRNAs) highly expressed in malignant melanoma cells
could promote cellular proliferation, migration, and inva-
sion [71, 72].

One of those abnormal lncRNAs, TPT1-AS1, can target
and bind to miR-671-5p and negatively regulate its level.
However, miR-671-5p played a key role in suppressing
osteosarcoma cell proliferation by blocking the cell cycle
[73]. One study reported that GZFL might suppress the
proliferation, migration, and invasion of human cutaneous
malignant melanoma cells through the regulation of the
TPT1-AS1/miR-671-5p molecular pathway [74].

5. Blood and Vascular Disease

Consolidated evidence indicates that GZFL has various ef-
fects on blood stasis by reducing blood viscosity and platelet
aggregation, increasing blood flow rate and erythrocyte
deformability, as well as dilation of arteries [75]. Patients
suffering varicose veins in the legs often complain of sub-
jective symptoms (malaise, numbness, coldness, pain, and
pruritus) that lower their quality of life. One clinical study
reported that GZFL relieved “oketsu” (impaired microcir-
culation, blood congestion) and skin perfusion pressure in
patients with varicose veins in the legs [75].

-e symptoms of sensory sequelae after a stroke are
usually cold sensations and numbness, which result from an
unregulated vasomotor systemand lowperipheral blood flow
[76]. A clinical investigation using a visual analog scale (VAS)
found that GZFL alleviated cold sensations and numbness in

22 stroke patients by improving the skin perfusion temper-
ature through an increase in peripheral blood flow [77].

In addition, GZFL had improving effects on articular
symptoms and endothelial dysfunction in rheumatoid ar-
thritis (RA) patients by reducing plasma levels of soluble
vascular cell adhesion molecule-1 (sVCAM)-1 and lipid
peroxide (LPO) [78]. A clinical trial demonstrated that
GZFL significantly increased the mean value of the natural
logarithmic-scaled reactive hyperemia index (LRHI) and
decreased levels of nonesterified fatty acid (NEFA),
malondialdehyde, and sVCAM-1 in serum, which con-
tribute to GZFL’s beneficial effects on endothelial function in
metabolic syndrome patients [79].

A study using live imaging techniques showed that GZFL
possessed an antioketsu effect onmicrocirculation in murine
subcutaneous vessels, including amelioration of arterioles
vasodilation and erythrocyte congestion, increasing blood
velocity in the subcutaneous capillary. Furthermore, the
authors found that the effect of GZFL on improving oketsu
was related to an increase in NO levels in the mesenteric
arterial endothelium of rats [80]. In addition, impaired
microcirculation can be caused by other factors, such as
platelets/leukocytes aggregation on endothelial cells. A study
using screen filtration pressure showed that GZFL and its
main constituent (Moutan Cortex and Cinnamomi Ramu-
lus) were associated with the inhibitory effects on collagen-
induced platelet aggregation and impaired microcirculation
in whole blood samples from guinea pigs [81].

High cholesterol concentrations in serum have key roles
in the progression of hypercholesterolemia and nonalcoholic
fatty liver disease (NAFLD), which are critical risk factors for
many cardiovascular diseases, including atherosclerosis,
hypertension, and myocardial infarction [82]. One study
reported that GZFL improved atherosclerosis by down-
regulating the levels of triglyceride (TG), alkaline phos-
phatase (ALP), alanine aminotransferase (ALT), and ICAM-
1 (amarker of activation of the endothelial cell) in the serum,
as well ICAM-1 expression in the aorta, of rats fed a high-
cholesterol diet [83]. Analysis of network pharmacology and
molecular docking confirmed thatAKT1, caspase-3 (CASP3),
MAPK1, MAPK3, NOS2, and prostaglandin-endoperoxide
synthase 2 (PTGS2) were GZFL’s potential target genes
against atherosclerosis [84]. Besides, GZFL alleviated Coro-
nary Heart Disease (CHD) syndromes (such as elevated ST
segment, increased levels of serum creatine kinase-MB (CK-
MB) and lactic dehydrogenase (LDH), abnormal histopath-
ological features) and downregulated TNF-α and IL-6 levels
in acute myocardial ischemia (AMI) rats induced with iso-
proterenol [85].

-erefore, GZFL shows the potential for inhibiting the
development of blood stagnation, vascular endothelial
dysfunction, and atheromatous plaque by exerting anti-
oxidative, anti-inflammatory, and immunoregulatory effects
against many blood and vascular diseases.

6. Renal Failure

Chronic renal failure is the most common complication of
diabetes mellitus. Furthermore, in recent years, increasing
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numbers of patients suffering from diabetic nephropathy
have required dialysis therapy, which lead to a rise in the cost
of cure [86].

Notably, traditional herbal medicines are considered to
be an effective alternative medicine for diabetic nephropa-
thy. One study in spontaneously diabetic WBN/Kob rats
reported that GZFL obviously reduced urinary excretion of
proteins and serum levels of creatinine, inhibited oxidative
stress by decreasing 8-Hydroxy-deoxyguanosine (8-OHdG)
release in urine and kidneys and hepatic lipid peroxidation,
and showed protective effects on renal function by sup-
pressing transforming growth factor β1 (TGF-β1)-induced
fibronectin release in the renal cortex [87]. Similarly, GZFL
has been exhibited to significantly reduce the levels of blood
urea nitrogen and urinary excretion of proteins and mRNA
expressions of osteopontin, TGF-β1, and fibronectin in the
remnant kidney of nephrectomized rats. -us, these studies
suggest that GZFL can help to retard the aggravation of
chronic renal failure [88].

Recently, several studies have indicated that solute
carrier organic anion transporters (OATs), as membrane
proteins, regulate the reabsorption and excretion of renal
metabolic substrates and toxins, which are considered to be
novel drug targets for nephrotoxicity [89]. Furthermore, the
pharmacologic effects of GZFL on the functions of renal
transporters have been investigated. GZFL can suppress the
substrate-uptake activities of urate transporter 1 (URAT1),
OAT1, and OAT3 in Xenopus oocytes and HEK293 human
kidney embryonic cells [90]. -erefore, GZFL has been
seriously considered to be a nephroprotective agent.

7. Inflammation

Accumulating studies have presented experimental evidence
of GZFL for the treatment of inflammation. An abnormal
immune reaction can trigger chronic inflammation in skin
diseases such as psoriasis, chronic pigmented purpura, and
atopic dermatitis. -us, regulation of immune homeostasis
and inflammation in the skin may be an efficacious thera-
peutic approach against skin disease [91].

A study reported that GZFL treatment alleviated the
disease severity using clinical assessments (SCORAD index
and VAS score) in patients with atopic dermatitis, partic-
ularly those presenting with chronic lichenification. Con-
versely, the level of serum lactate dehydrogenase (LDH) was
also decreased significantly in atopic dermatitis patients after
GZFL treatment according to laboratory assessments [92].
Studies have shown that GZFL treatment significantly
suppressed levels of migration inhibitory factor (MIF, an
initiator of proinflammatory cytokines) [93] and subsequent
production of IL-6, IL-8, TNF-α, COX-2, and inducible
nitric oxide synthase (iNOS) in lipopolysaccharide- (LPS-)
stimulated cultured human dermal microvascular endo-
thelial cells (HDMECs). -ese results imply that GZLF
exhibited a potential for improving microvascular inflam-
mation-mediated shin disease, such as chronic pigmented
purpura [7]. In addition, GZFL extract significantly reduced
levels of chemokine (macrophages are derived from che-
mokines (MDC), regulated upon activation of normal T cell

expressed sequence (RANTES)), and production of IL-8 and
IL-8 mRNA in TNF-α/interferon-gamma- (IFN-c-) stim-
ulated HaCaT human keratinocytes by blocking the signal
transducer and activator of transcription 1 (STAT1) path-
way, which contributed to the anti-inflammatory effect of
GZFL on skin disorders [94]. Taken together, those data
suggest that GZFL is a potent therapeutic drug for in-
flammation-associated skin diseases.

In addition, GZFL and its active complex can inhibit the
inflammatory response by decreasing the secretion of IL-1β,
TNF-α, and PGE2 in LPS-induced RAW264.7 cells [95].
Furthermore, proinflammatory chemokines factors con-
tribute to the development of atherosclerosis and NAFLD.
GZFL can downregulate the expression of MCP-1 and its
receptor CC chemokine receptor 2 (CCR2) in the liver and
adipose tissue to improve atherosclerosis in rats fed a high-
cholesterol diet [83]. Furthermore, another study on neu-
roinflammation reported that GZFL also decreased levels of
proinflammatory factors, such as NO, IL-1β, TNF-α, iNOS,
COX-2, macrophage inhibitory protein- (MIP-) 1α, MCP-1,
and IFN-c inducible protein- (IP-) 10, RANTES, in LPS-
stimulated BV2 microglia by blocking nuclear factor-kappa
B (NF-κB), extracellular signal-regulated kinase (Erk), c-Jun
N-terminal kinase (JNK), and PI3K/AKT pathways. On the
contrary, GZFL could increase the expression of anti-in-
flammatory factors, including IL-10 and Heme oxygenase 1
(HO-1), in LPS-stimulated BV2 microglia through activa-
tion of nuclear factor-E2-related factor-2 (NRF2) and cyclic
adenosine monophosphate-response element-binding pro-
tein (CREB) pathways, suggesting that GZFL exhibited an
anti-inflammatory effect on microglia-related neuro-
inflammatory disorders [96].

8. Brain Injury

Disability and death are common outcomes of ischemic
stroke and are characterized by the interruption of cerebral
blood flow. -e postischemic inflammatory response ex-
acerbates neuronal damage and loss, leading to neurological
dysfunction in patients suffering from ischemic stroke.
However, efficacious treatment approaches against stroke
are lacking.

In Asia, extensive experiences and clinical research have
indicated that traditional herbal medicine has beneficial
effects on postischemic rehabilitation in stroke patients [97].
Studies demonstrated that GZFL administration elicits
significant protective effects against cerebral ischemia/
reperfusion injury through decreasing infarct areas and
water contents of brain tissue in stroke rats, which is at-
tributed to the anti-inflammatory properties of GZFL. As
expected, GZFL treatment not only obviously reduced the
levels of TNF-α and IL-1β but also elevated IL-10 levels in
serum and brain tissue of rats with cerebral ischemia/
reperfusion injury [10].

Recently, diabetes mellitus has been reported to induce
neuronal loss and cognitive deficits [98]. One study showed
that GZFL treatment ameliorated memory impairment in
streptozotocin- (STZ-) induced hyperglycemic mice.
Moreover, GZFL significantly reduced the number of
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TUNEL+ cells and caspase-3+ cells in the cortex and hip-
pocampus of STZ-induced hyperglycemic rats. Similarly, the
increased protein levels of caspase-3 and reduced Bcl-2 were
reversed in the cortex and hippocampus by GZFL treatment
in STZ-induced hyperglycemic rats [99]. A depression-re-
lated study found that GZFL could reverse the decreased
bodyweight and food intake in reserpine-induced depression
mice. Furthermore, GZFL improved depressive-like behav-
iors by regulating immune/endocrine dysfunction in de-
pression mice, as evidenced by a decrease in corticosterone
levels in plasma and mRNA expressions of proinflammatory
factors in the hippocampus after GZFL treatment through
activation of the BDNF-CREB pathway [100].

In general, these results mentioned above suggest that
GZFL treatmentmay be beneficial for patientswith ischemia-
or diabetes mellitus-induced brain injury and depression.

9. Other Therapeutic Effects

Other therapeutic effects of GZFL have been reported in
clinical and experimental studies. After GZFL treatment,
dietary-induced obese mice showed an obvious decrease in
serum levels of leptin, liver levels of TG, and cholesterol. In
addition, GZFL also reduced the adipocyte accumulation
and steatosis in the liver of dietary-induced obese mice by
suppressing expressive of lipid metabolism-associated genes
such as peroxisome proliferator-activated receptor-c (PPAc)
and sterol-regulated element-binding protein 1 (SERBP1)
[101]. GZFL and its active components exhibited immu-
nomodulatory effects by enhancing the expression of CD80
and CD86 in splenic lymphocytes and the CD25/CD69 ratio
in splenic T lymphocytes, suggesting that the pharmacologic
mechanism of GZFL is also involved in the regulation
of lymphocyte activation [102].

10. Safety and Toxicity

Security and toxicity evaluations of traditional Chinese
medicine have drawn concerns. Negative side effects or
toxicity of GZFL have been observed in patients with the
gynecologic disease [103]. GZFL was not found to cause
detectable carcinogenic or genotoxic effects in other studies
[104, 105]. GZFL has been assessed for efficacy and safety in
the treatment of dysmenorrhea by the USA Food and Drug
Administration [106, 107]. Gratifyingly, GZFL has been
exhibited to be very safe and efficacious with little adverse
reaction in other studies [6, 108].

11. Conclusion

In summary, this review suggests that GZFL displays
promising therapeutic effects for many kinds of diseases,
which have been beyond the scope of the original pre-
scription for gynecologic diseases. Moreover, a large number
of clinical and experimental researches demonstrated that
GZFL also was used to treat cancer, blood and vascular
disease, renal failure, inflammation, and brain injury. Pos-
sibly due to its diverse bioactive components and phar-
macologic activities, GZFL could target multiple signaling

pathways involved in various diseases, such as blood cir-
culation, inflammatory and immune factors, proliferation,
and apoptosis. -e multiple pharmacologic effects and
possible mechanisms of action of GZFL are summarized in
Table 1. Notably, anti-inflammatory and immunomodula-
tory effects of GZFL play a central role in treating various
diseases, indicating that GZFL possesses a potential for
strengthening the body resistance to eliminate pathogenic
factors and optimize the body function, which conform to
the strategy of the overall treatment in traditional medicine.
However, much of the actual data from in vivo and in vitro
experiments have sufficiently demonstrated obvious po-
tential for GZFL to improve certain diseases, including
cancer, renal failure, and brain injury, which are difficult to
extrapolate these data to the clinical experiments. -us, in
order to prove the potential of GZFL in patients, a large
number of rigorous designed and well-controlled clinical
researches are required, which relate to the cellular and
animal data to supply a strong cause-and-effect for their
therapeutic potentials against the above diseases. At present,
its deeply molecular mechanisms underlying different
pharmacodynamic effects are not fully understood. Ac-
cordingly, in the future, we should fully combine GZFL’s
physical and chemical properties and conduct a new in-
novative research mode “from bedside to bench to bedside”
to examine the pharmacodynamic effects and underlying
mechanisms of GZFL and thereby enlighten the develop-
ment of Chinese classic herbal formulation.
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Osteoporosis is an age-related systemic bone disease that places a heavy burden on patients and society. In this study, we aimed to
investigate the e�ects of naringin (NAR) on the osteogenic di�erentiation of human adipose-derived stromal cells (ADSCs).  e
results demonstrated that NAR pretreatment e�ectively abated H2O2-induced cell death and ROS accumulation in ADSCs
undergoing osteogenic di�erentiation (ADSCs-OD). In addition, we also observed that the impaired extracellular matrix
mineralization and ALP activity in H2O2-stimulated ADSCs-OD were notably rescued by NAR pretreatment. Moreover, the
e�ects of H2O2 exposure onWnt/β-catenin signaling in ADSCs-OD were largely reversed by NAR pretreatment. Collectively, our
�ndings indicated that NAR could protect ADSCs-OD against H2O2-inhibited osteogenic di�erentiation.

1. Introduction

Osteoporosis is a common disease characterised by a
systemic impairment of bone mass, strength, and
microarchitecture which increases the propensity of
fragility fractures [1]. Osteoporosis seriously a�ects
patients’ life quality and places a heavy burden on so-
ciety. At the cellular level, this disease is caused by an
imbalance between osteoclast-mediated bone resorption
and osteoblast-mediated bone formation [2]. In 2001,
adipose-derived stromal cells (ADSCs) were extracted
for the �rst time by digestion of human adipose tissues
[3]. ADSCs are abundant and can be easily acquired [4].
 e in vitro and in vivo osteogenetic capability makes
ADSCs a promising source of seed cells in bone tissue
engineering [5].

Traditional Chinese medicines (TCMs) have long been
used to prevent and treat osteoporosis.  ey have fewer
adverse reactions and are more suitable for long-term use
compared with chemically synthesized medicines [6].
Naringin (NAR), a bio¢avonoid abundant in grapefruit and
other related citrus fruit species, has numerous biological
and pharmacological properties [7]. It has been shown to
prevent ovariectomy-induced osteoporosis and promote
osteoclasts apoptosis via mitochondria-mediated apoptosis
pathway [8]. In this study, we aimed to investigate the e�ects
of NAR on the osteogenic di�erentiation of human ADSCs.

2. Materials and Methods

2.1. Human Samples.  e samples of human abdominal fat
were obtained from 10 donors (the average age was
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33.6± 4.8; 5 males, 5 females) who underwent liposuction at
hospital. Patients with healthy physical examination results
were included. Patients with malignant tumors, autoim-
mune diseases, congenital diseases, and genetic diseases were
excluded. None of the participants had systemic diseases or
infections. -is study was approved by the ethics committee
of the hospital, and written informed consent was obtained
from all participants.

2.2. Isolation and Culture of ADSCs. -e samples of human
abdominal fat were washed twice with 10ml phosphate-
buffered saline (PBS) to remove blood and grease, digested
with collagenase type I solution (Sigma-Aldrich, St. Louis,
MO, USA) for 1 h at 37°C, and filtered through 250 μm
filters. Following centrifugation (500× g, 5min, 3×), the cells
were collected and cultured in Dulbecco’s modified Eagle’s
medium (DMEM; Invitrogen, Carlsbad, CA, USA) con-
taining 10% fetal bovine serum (FBS; HyClone, Logan, UT,
USA) and 1% penicillin/streptomycin at 37°C in a humid-
ified incubator with 5% CO2. Cells at passage 3 were used in
the following experiments.

2.3. Osteogenic Induction and NAR Treatment. To induce
osteogenic differentiation, ADSCs seeded in 24-well plates
(1× 104 cells/well) were treated with osteogenic medium
(OM), which consisted of standard culture medium sup-
plemented with 0.1mM dexamethasone, 7mM sodium
β-glycerophosphate, and 200 μM ascorbic acid. -e medium
was renewed every 2 d. After 14 d, cells were stained with
Alizarin red S to confirm the existence of mineralized
nodules.

-e experiments were divided into four groups:

(i) ADSCs in Group 1 were cultured in OM for 14 d.
(ii) After incubation in OM for 48 h, ADSCs in Group 2

were treated with 0.2mMH2O2 for 4 h. -e su-
pernatant was then discarded, and ADSCs were
further cultured in OM for 12 d.

(iii) ADSCs in Group 3 were cultured in OM for 24 d.
-en, 0.1mM NAR was added to each well, and
ADSCs were further cultured for 13 d.

(iv) After incubation in OM for 24 h, ADSCs in Group 4
were treated with 0.1mM NAR for 24 h. -en
0.2mMH2O2 was added to each well. After addi-
tional 4 h, the supernatant was discarded, and
ADSCs were further cultured in OM+0.1mMNAR
for 12 d.

2.4. Alizarin Red S (ARS) Staining Assay. -e cells were fixed
in 4% paraformaldehyde, and stained with 0.1% ARS
staining solution (pH 4.2; Sigma-Aldrich). After 1 h, the
stained cells were observed by a light microscope (Olympus,
Tokyo, Japan).

2.5. Alkaline Phosphatase (ALP) Staining Assay. -e cells
were fixed in 4% paraformaldehyde, and stained with BCIP/

NBT working solution (Beyotime, Shanghai, China). After
0.5 h, the stained cells were observed by a light microscope.

2.6. Cell Viability Analysis. Cell viability was determined by
the MTT assay. -e cells were seeded into 96-well plates.
After the aforementioned treatments, 20 µl MTT solution
(5mg/l; Sigma-Aldrich) was added to each well. After ad-
ditional 4 h, the supernatant was discarded, and 150 µl
DMSO was added to dissolve the violet formazan crystals.
-e absorbance was measured at 570 nm using a microplate
reader (Molecular Devices, Sunnyvale, CA, USA).

2.7. Measurement of Intracellular ROS Accumulation.
Intracellular ROS production was detected with DCFH-DA
fluorescent probe (Sigma-Aldrich). -e cells were incubated
with 20 µl DCFH-DA solution at 37°C for 30min. -e
fluorescence intensity was measured by using a FACScan
flow cytometer (BD Biosciences, Franklin lakes, NJ, USA).

2.8. RT-qPCR Analysis. Total RNA was extracted from cells
using TRIzol reagent (Invitrogen), and then reverse-tran-
scribed into cDNA by the PrimeScript RT reagent Kit
(TaKaRa, Dalian, China). PCR amplifications were then
carried out using a SYBR Green PCR Kit (TaKaRa) on a 7500
Fast Real-Time Sequence detection system (Applied Bio-
systems, Foster City, CA, USA). -e data were analyzed
using 2−ΔΔCt method [9], and β-actin was employed as an
internal control.

2.9. Western Blot Analysis. Cell lysates were prepared with
RIPA buffer (Beyotime). Identical quantity of protein
samples were separated by SDS-polyacrylamide gels, and
transferred to PVDF membranes (Millipore, Billerica, MA,
USA). Following blocking in 5% nonfat milk for 1 h, the
membranes were incubated with specific primary antibodies
and HRP-conjugated secondary antibody.-e protein bands
were visualized by the Immobilon ECL substrate kit (Mil-
lipore), and β-actin was employed as an internal control.

2.10. Statistical Analysis. All statistical analyses were per-
formed using the GraphPad Prism 6.0 software (GraphPad
Software, Inc., La Jolla, CA, USA). Data were expressed as
mean± standard deviation (SD) of three repeated experi-
ments. -e significance of differences between groups was
assessed by one-way analysis of variance followed by Tukey’s
test. Values of p< 0.05 were considered to indicate a sta-
tistically significant result.

3. Results

We first confirmed that treatment with 0.1mMNAR for 13 d
did not have any significant effect on the survival of ADSCs
undergoing osteogenic differentiation (ADSCs-OD), as
determined by the MTT assay, but 4 h of exposure with
0.2mMH2O2 notably reduced cell viability, and this toxic
effect was markedly rescued by NAR pretreatment
(Figure 1(a)). In addition, NAR pretreatment also
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dramatically reduced the H2O2-induced ROS accumulation
in ADSCs-OD (Figure 1(b)).

Moreover, as shown in Figure 2, the impaired extra-
cellular matrix mineralization and ALP activity in H2O2-
stimulated ADSCs-OD were significantly blocked by NAR
pretreatment.

-rough RT-qPCR analysis, we noted that after H2O2
exposure, the mRNA levels of osteogenesis-related genes,
such as OCN and RUNX2, were significantly reduced in
ADSCs-OD, but these effects were obviously restored by
NAR pretreatment (Figure 3).

Furthermore, through western blot analysis, we observed
that the effects of H2O2 exposure on the expression levels of
Wnt/β-catenin signaling-related proteins, such as β-catenin
and FOXO3a, in ADSCs-OD were largely reversed by NAR
pretreatment (Figure 4).

4. Discussion

Osteoblasts play a major role in bone formation. ADSCs can
be differentiated into osteoblasts under specific induction,
and improving the osteogenic differentiation ability of
ADSCs is of critical importance for bone regeneration.
Oxidative stress, resulting from excessive generation of
reactive oxygen species (ROS), inhibits osteoblastic differ-
entiation of bone cells [10]. -is research used H2O2-in-
duced oxidative stress model, and we confirmed that NAR
pretreatment could reduce the oxidative damage caused by
H2O2 in ADSCs-OD. -e inhibition of osteoblastic differ-
entiation caused by H2O2 was featured by the reduction of
ALP activity, a critical regulator of bone matrix minerali-
zation [11]. Patients with osteoporosis often have lower
OCN and RUNX2 compared to healthy people [12]. -is
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Figure 1: (a)-e viability of ADSCs-ODwas detected byMTTassay. (b)-e intracellular ROS accumulation in ADSCs-ODwas detected by
DCFH-DA staining. ∗p < 0.05 vs. Group 1; #p< 0.05 vs. Group 2.
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Figure 2: (a) -e extracellular matrix mineralization in ADSCs-OD was detected by ARS staining. (b) -e ALP activity in ADSCs-OD was
detected by ALP staining.
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study further showed that H2O2-inhibited osteogenic dif-
ferentiation was notably rescued by NAR pretreatment.

Wnt/β-catenin signaling is involved in the regulation of
diverse pathophysiological processes, and it also plays a key
role in osteogenesis by determining the differentiation of
stem cells into mature osteoblasts rather than into chon-
drocytes and adipocytes [13]. Attenuation of Wnt/β-catenin
signaling may be responsible for decreased bone formation

and increased bone marrow adiposity [14]. Oxidative stress
antagonizes Wnt/β-catenin signaling in osteoblast precur-
sors by activating FOXO3a transcription factor [15]. -e
present study also verified that the effects of H2O2 exposure
on Wnt/β-catenin signaling in ADSCs-OD were obviously
reversed by NAR pretreatment.

In conclusion, our study provides promising evidence
that NAR could protect ADSCs-OD against H2O2-inhibited
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Figure 4:-e expression levels of Wnt/β-catenin signaling-related proteins in ADSCs-OD were detected by western blot analysis. ∗p< 0.05
vs. Group 1; #p< 0.05 vs. Group 2.
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Figure 3: -e mRNA levels of osteogenesis-related genes in ADSCs-OD were detected by RT-qPCR analysis. ∗p< 0.05 vs. Group 1;
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osteogenic differentiation. -erefore, NAR may be a po-
tential therapeutic approach for treating patients with
osteoporosis.
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Nonalcoholic fatty liver disease (NAFLD) is currently the major cause of chronic liver disease globally. To observe the sedative
e�ect ofMallotus furetianus extract (MFE) on NAFLD and the potential molecular mechanism, a high-fat diet (HFD) was used to
induce NAFLD in rats for 8 weeks. Rats were orally given MFE (1.7 g/kg, 2.5 g/kg, and 3.3 g/kg) every day. Serum and liver
biochemical indexes were detected. 16S rDNA sequencing was performed to test the changes in the gut microbiota. Mass
spectrometry was used to analyze the changes in blood and liver metabolites and to perform a joint analysis of di�erential �ora and
di�erential metabolites.  e results showed that MFE alleviated liver injury and decreased hepatic lipids content. ELISA analysis
certi�cated that MFE reduced in�ammation levels in rats fed with HFD. Compared to HFD rats with a normal diet, MFE
signi�cantly changed the overall structure of the intestinal �ora and the composition of the intestinal microbes destroyed by HFD.
In addition, MFE changes the metabolic levels of lipids and proteins in HFD rats. In conclusion, MFE e�ectively treated NAFLD
and signi�cantly improved the overall structure and intestinal microbial composition of the intestinal microbiota. e abundance
of Bacteroides fragilis and Escherichia coli increased signi�cantly in the partridge tea treatment group.

1. Introduction

NAFLD has now become an important cause of chronic liver
disease in developed countries.  e prevalence of NAFLD in
adult people is 10% to 30%, of which 10% to 20% are
nonalcoholic steatohepatitis (NASH).  e incidence of liver
cirrhosis is as high as 25% within 10 years [1, 2]. NAFLD
covers many disease states, such as fatty liver, nonalcoholic
steatohepatitis, �brosis, cirrhosis, and hepatocellular carci-
noma. Various levels of metabolic factors such as insulin
resistance, dyslipidemia, and in�ammation are increasingly
regarded as the main pathogenic factors leading to liver
steatosis, but the speci�c pathogenesis of NAFLD is complex
and unclear [3, 4]. In addition, there is currently no

approved treatment for NAFLD, so new treatments to treat
this complex liver disease are urgently needed [3, 4].

Mallotus furetiamus is an economic plant from Hainan
Island in China. Its leaves are used as an aromatic beverage
and as a folk remedy for the treatment of cholecystitis [5].
 e extract also has antioxidant and antiatherosclerotic
activities.  e water extract can reduce intracellular lipid
accumulation in oleic acid-induced fat degeneration of liver
cancer cells [5].  ese results indicate that MF is e�ective in
treating liver steatosis.

 e intestinal �ora has an important regulatory e�ect
on NAFLD.  e intestinal �ora could a�ect the intestinal
permeability, the luminal metabolism of cholecystic acid,
lipoprotein lipase, endogenous alcohol, and toxic
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compounds [6, 7]. Increased intestinal permeability and
lipoprotein lipase production in intestinal diseases con-
tribute to the pathogenesis of NAFLD.)e gut microbiota,
which affects bile cholic acid biosynthesis in the course of
NAFLD by regulating the liver-like protein X receptor
(FXR) and HF-induced liver steatosis, inhibits the gut by
changing the gut microbiota [8, 9]. )e fermentation of
short-chain fatty acids and carbohydrates produced by
intestinal microorganisms helps to inhibit fat synthesis
and accelerate the oxidation of fat in the liver. Some
enzymes produced by gut microbes convert choline in
food into toxic compounds, which are then absorbed by
the liver, leading to liver damage and inflammation. In
addition, the intestinal flora is the primary source of
endogenous alcohol, and in patients with NASH. Large
numbers of bacteria have been reported to produce al-
cohol [10–12]. Treatment with probiotics or prebiotics to
relieve NAFLD is effective, further confirming the in-
fluence of intestinal flora on NAFLD. )erefore, regu-
lating the intestinal flora is a potential treatment for
NAFLD. In this study, HFD was used to induce NAFLD in
rats, and 16S rDNA sequencing and metabolomics were
used to analyze the regulatory effect and molecular
mechanism of MFE on NAFLD.

2. Materials and Methods

2.1. Experimental Animals. Fifty male Wistar rats
(200–250 g, 4–6 weeks old) were obtained from the Shanghai
Laboratory Animal Center of Chinese Academy of Sciences
(Shanghai, China). )e animals were fed with standard
laboratory feed and allowed to drink tap water at will. All
animals were appropriately treated in accordance with the
institutional animal care guidelines approved by the Ex-
perimental Animal Ethical Committee of Hainan Provincial

Hospital of Traditional Chinese Medicine (IACUC-
20200112-02).

2.2. Treatment of Rats. Fifty rats were divided into 5 groups
randomly: normal-chow diet (NCD) (n� 10); HFD (n� 10);
HFD+MFE (1.7 g/kg) (n� 10); HFD+MFE (2.5 g/kg)
(n� 10); and HFD+MFE (3.3 g/kg) (n� 10). MFE is dis-
solved in physiological saline solution. )e rats were fed
HFD, and MFE was administered daily for 8 weeks.

2.3. Analysis of SerumALT/ASTActivities. )e blood sample
was stored at 4°C for 2 hours and then centrifuged at 860 xg
for 15 minutes before serum collection. )e kit was used to
measure serum ALT and AST according to the manufac-
turer’s instructions [10–12].

2.4. Assessment of IL-1β, IL-6, TNFa, andADS/LEP. For each
rat, commercial ELISA kits were utilized to quantify the level
of serum tumor inflammatory factors (IL-1β, IL-6, and
TNFa) and serum ADS/LEP, in accordance with the man-
ufacturer’s instructions [13].

2.5. Liver Histological Evaluation. Liver sections were fixed
in 10% formalin solution for 24 hours and then embedded in
paraffin. )e specimen sections (5 µm) were stained with
hematoxylin-eosin (H&E) to observe the histology of liver
damage. Oil red O staining was performed to observe the
accumulation of lipids in the liver [14].

2.6. DNA Extraction, PCR Amplification, and MiSeq
Sequencing. Samples were stored at −80°C until the DNA is
extracted. QIAamp DNA Stool Mini Ki was used to extract

600

450

300

W
ei

gh
t (

g)

150

0
0 3

NCD
HFD
HFD+MFE (L)
HFD+MFE (M)
HFD+MFE (H)

6
Time (week)

9 12

ns

(a)

600

450

300

∆ 
W

ei
gh

t (
g)

150

0

ns

NCD HFD MFE (L) MFE (M)

HFD

MFE (H)

(b)

Figure 1: MFE does not affect weight in rats fed with HFD. (a) )e body weight curve from 0 to 12 weeks after treatment (n� 7–9). (b) )e
change in overall body weight within 12 weeks. Data were expressed as mean± SEM. ns, no significance.
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all genomic DNA from each sample. As mentioned earlier,
PCR amplification and MiSeq sequencing were performed.
In summary, Phusion High-Fidelity PCR Master Mix and
HF buffer (New England Biolabs, UK) were used to amplify
the V4-V5 region of the bacterial 16S rDNA. Barcode index
PCR primers 515F and 926R were used.)e amplicon library
with the AXYGEN AxyPrep DNA Gel Extraction Kit
(AXYGEN Scientific, Union City, CA, USA) was purified,
normalized with FTC-3000TM Real-Time PCR, using the
MiSeq instrument (Illumina), using 2× 300 cycles of V3
reagents. )e cassette is sequenced.

2.7. Bioinformatics Analysis. )e original sequencing reads
were optimized, and bioinformatics analysis was performed.
Simply put, the original data are demultiplexed according to
the barcode. Trimmomatic (version 0.35) was used to
eliminate poor-quality base pairs. FLASH (version 1.2.11)
and mothur (version 1.33.3) were used to merge and filter
the truncated reads. )e multivariate statistical analysis was
carried out with mothur, UPARSE (USEARCH version
v8.1.1756), and R (version 3.2.3). )e clean labels are ag-
gregated in OTU and then assigned to the corresponding

taxon according to the Silva 119 database. )e multifactor
analysis was performed to assess the total structural changes
in the intestinal flora, and the sparse curve and alpha di-
versity were tested to assess the richness and diversity of each
group of intestinal flora. )e main coordinate analysis
(PCoA) was performed based on the UniFrac distance and
the UniFrac tree. mothur and R were used to analysis of
α-diversity and β-diversity [15].

2.8. Metabolomic Analysis. A liquid chromatography (LC)
quadrupole mass spectrometry (MS) amino acid analysis
system with two independent liquid phase time-of-flight
(LC-time) mass spectrometry platforms was used tomeasure
the level of metabolites in the serum. For liver samples, the
above 3 LC-MS platforms were analyzed by methanol/water
extraction.

2.9. Statistical Analysis. Data are expressed as mean-
± standard error of mean (SEM). Significant differences
were determined by one-way analysis of variance (one-way
ANOVA) and LSD post test. P< 0.05 was considered sta-
tistically significant.
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3. Results

3.1. MFE Does Not Affect Weight in Rats Fed with HFD.
After pathological examination confirmed that the model
was successfully established, rats were given 1.7 g/(kg·d),
2.5 g/(kg·d), and 3.3 g/(kg·d) partridge tea solution by
intragastric administration, and the normal group and the
model group were given 10ml/(kg·d) body weight distilled
water orally. )e administration period was 4 weeks, during
which all rats were fed with basic feed and free drinking
water, and weighed once a week. Figure 1(a) shows the body
weight curve from 0 to 12 weeks after treatment. No sig-
nificant differences were found between the groups.
Figure 1(b) is the change in overall body weight within 12
weeks. It can be said that MFE has no effect on weight gain
from a high-fat diet.

3.2. MFE Reduced Liver Injury in Rats Fed with HFD. As
shown in Figures 2(a)–2(c), MFE (1.7, 2.5, and 3.3 g/kg)
reduced the increased serum ALT, AST, and GGT activities
induced by HFD in rats. Moreover, the effect of MFE (3.3 g/
kg) was better than the other two doses. )e liver H&E
staining results indicated that MFE could reduce HFD-in-
duced liver steatosis in rats (Figure 2(d)).

3.3. MFE Reduced Hepatic Lipids Accumulation in Rats Fed
with HFD. )e results showed that MFE (1.7, 2.5, and 3.3 g/

kg) reduced the increased contents of serum TC, TG, LDL-
C, and HDL-C induced by HFD in rats. In addition, the
effect of 3.3 g/kg MFE was better than the other dose
(Figure 3).

3.4.MFEReduced Inflammation Levels in Rats FedwithHFD.
Next, the expression of inflammation factors was detected in
rats. )e results showed that MFE (1.7, 2.5, and 3.3 g/kg)
reduced the increased contents of serum IL-1β, IL-6, TNFa,
LEP, and ADP induced by HFD in rats (Figure 4). Moreover,
the effect of 3.3 g/kg MFE was better than the other dose.

3.5. MFE Changed the Composition of the Gut Microbiota.
16S rDNA sequencing generated 593,121 high-quality se-
quences and 1,625 OTUs from 30 stool samples. Wien image
analysis showed that the overall microbial diversity between
the three groups was significantly different (Figure 5(a)).)e
dilution curve shows that the depth of the current sequence
is sufficient andOTU is common (Figure 5(b)). According to
the weighted and unweighted table of PCoA results, com-
pared with the control group, the structure of the intestinal
flora of the HFD group with the second major component
(PC2) changed, and these changes were reversed after high-
dose MFE administration (Figures 5(c) and 5(d)). Weighted
and unweighted UniFrac trees show three different mi-
crobial communities in each group (Figures 5(e) and 5(f )).
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In addition, LEfS was performed to analyze the statistical
differences between the three groups. In the clade diagram,
the circles radiating from the inside to the outside indicate
the order level from the strain to the genus (or species). Each
small circle of different degrees represented a level of the
level, and the diameter of the small circle was proportional to
the relative frequency. Species without a significant differ-
ence were colored yellow and biomarkers of different species

were colored according to the group. )e red knot repre-
sented the microbiome that plays an important role in the
MFE group, and the green knot represented the microbiome
that plays an important role in the MFE high-dose group.
)e blue knot represented the microbial taxa that play an
important role in the NAFLD group (Figure 6(a)).

)e LDA value distribution histogram showed species
with an LDA score greater than 4, showing species with
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significant differences in abundance in different groups, and
the length of the histogram represented the impact of dif-
ferent species (Figure 6(b)). Further analysis of the relative
abundance of the biomarker in each group of samples found
that Bacteroides fragilis and Escherichia coli in the NCD
group were significantly higher than those in the other two
groups, Staphylococcus xylosus in the MFE group was sig-
nificantly higher than that in the other two groups, and
Ruminococcus flavefaciens in the NAFLD group was sig-
nificantly higher than the other two groups (Figure 6(c)). In
addition, we combined the 16S flora analysis data with the
metabolome. We found that the abundance of Bacteroides
was negatively correlated with the contents of 3R, 6’Z)-3,4-
dihydro-8-hydroxy-3-(6-pentadecenyl)-1H-2-benzopyran-
1-one, 4,5-dihydropiperlonguminine, 8-hydroxypinoresinol
4-glucoside, cytidine, hypoxanthine, isoniazid alpha-keto-
glutaric acid, L-isoleucine, and prolyl-alanine, and positively
correlated with the contents of taurochenodesoxycholic acid,
p-aminobenzoic acid, and marmesin rhamnoside
(Figure 6(d)).

4. Discussion

In recent years, NAFLD has become more and more
common in the world, which has attracted widespread
attention from researchers and doctors [16]. Studies have
shown that a variety of Chinese herbal medicines and
natural active ingredients extract have good therapeutic
prospects for NAFLD [17–19]. )ese studies provide new
ideas for the treatment of NAFLD to find effective drugs
from traditional Chinese medicine. MFE has a lipid-
lowering effect and is widely used in the treatment of
NAFLD [20]. MFE has a lipid-lowering effect on the
blood and liver of rats with HFD fed [5]. HFD is widely
used to induce experimental NAFLD in mice, and its
pathology is very similar to human NAFLD [21]. In this
study, liver TG, CT levels, and liver histopathology and
staining showed that MFE reduced liver lipid accumu-
lation in high-fat diet rats. )ese results further con-
firmed the protective effect of MFE on NAFLD and
proved the great potential of MFE in the clinical treat-
ment of NAFLD.

Elevated serum ALT and AST activities are usually signs
of liver cell damage. Liver cell damage was related to the
occurrence of NAFLD [22]. )e results indicated that MFE
also reduced the increased ALT/ASTactivity in the serum of
HFD-fed rats, suggesting that it has a protective effect on
liver cell damage during the progression of NAFLD. To
determine the causes of weight loss and anti-inflammatory
effects, we analyzed the gut microbiota of rats. )e α-di-
versity analysis showed that the microbial accumulation of
liraglutide in NAFLD rats was significantly reduced and not
reversed.)e β-diversity analysis shows that liraglutide has a
significant influence on the composition of the intestinal
flora. Hence, we speculate that liraglutide may have received
a healthier composition of the intestinal flora, that is ben-
eficial for lipid metabolism and inhibits inflammation.

Previous studies have shown that Phascolarcto-
bacterium, Blautia, Ruminococcus, Clostridium, etc., in

the samples of the NAFLD group are significantly in-
creased, and they all have the ability to ferment to
produce short-chain fatty acids (SCFAs) in the human
intestine. Studies have shown that NAFLD affects the
intestinal SCFA content. )e level of SCFAs detected in
the feces of NAFLD patients is increased, and the con-
centration of SCFAs produced by bacterial fermentation
is relatively higher, suggesting a more adequate energy
intake. )e content of Lachnospiraceae in the NAFLD
group was significantly reduced. Lachnospiraceae is a
butyrate-producing bacteria. Its reduced content can
significantly reduce the content of butyrate in SCFAs.
Butyrate can be used as an important energy source for
colon cells and also participates in inhibiting inflammation
and enhanced screen long function. )ese indicate that the
concentration of SCFAs in the intestinal tract of NAFLD is
increased, which may only be due to the increase in the
content of some of them, such as acetic acid [23].
We combined the 16S flora analysis data with themetabolome
and found that the contents of (3R, 6’Z)-3,4-dihydro-8-
hydroxy-3-(6-pentadecenyl)-1H-2-benzopyran-1-one, 4,5-
dihydropiperlonguminine, 8-hydroxypinoresinol 4-glu-
coside, cytidine, hypoxanthine, isoniazid alpha-ketoglutaric
acid, L-isoleucine, prolyl-alanine, taurochenodesoxycholic
acid, p-aminobenzoic acid, and marmesin rhamnoside were
correlated with the flora in the NAFLD group. )is study is
consistent with previous studies, showing that the intestinal
flora can regulate metabolic pathways and participate in
regulating the life activities of the body.

5. Conclusion

MFE reduced liver damage and lipid accumulation in
NAFLD rats. MFE significantly improved the overall
structure and intestinal microbial composition of the
intestinal microbiota. )e abundance of Bacteroides
fragilis and Escherichia coli increased significantly in
the MFE treatment group. In future research, we will
further clarify the molecular regulation mechanism and
target of MFE based on molecular docking, affinity
chromatography, and coprecipitation experiments and
lay a better research foundation for the clinical appli-
cation of MFE.
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Red raspberry contains a variety of bioactive ingredients and has high edible and medicinal value. Red raspberry extractions
(RREs) have strong antioxidant capacity and anticancer ability in vivo and in vitro. is study was to explore the speci�c
mechanism of RREs inhibiting the proliferation of liver cancer HepG2 cells and provide a theoretical basis for the prevention and
treatment of liver cancer by RREs. HepG2 cells were cultured in vitro, and MTTassay was adopted to detect the e�ect of RREs on
HepG2 cell activity. Colony formation assay was applied to detect the growth and proliferation of cells, cell apoptosis was detected
by �ow cytometry, and dichloro-dihydro-�uorescein diacetate (DCFH-DA) assay was adopted to detect the e�ect of RREs on the
production of reactive oxygen species (ROS) in cells. e e�ect of RREs on cell mitochondrial membrane potential was evaluated
by mitochondrial membrane potential assay kit with JC-1 (JC-1 assay), and western blot was used to detect the expression of
apoptosis-related proteins (B-cell lymphoma-2 (Bcl-2), Bcl-2-associated x (Bax), and Caspase-3), thus investigating the e�ect of
RREs on the molecular mechanism of HepG2 cell apoptosis. e results showed that RREs could inhibit the proliferation activity
of HepG2 cells and promote their apoptosis in a concentration-dependent manner. e level of ROS in HepG2 cells interfered by
RREs increased markedly, while the cell mitochondrial membrane potential decreased sharply. As the concentration of HepG2
increased, the mitochondrial membrane potential reduced steeply. Western blot results showed that the expression of apoptosis-
related protein Bcl-2 in the RREs treatment group dropped, but the expression of Bax and Caspase-3 rose. In summary, RREs
could inhibit the proliferation of liver cancer HepG2 cells and promote their apoptosis. is inhibition might be executed by
inducing HepG2 cells to produce ROS, a decrease in Bcl-2/Bax protein ratio, and an obvious reduction in mitochondrial
membrane potential.

1. Introduction

Cancer is a serious threat to human life and health. However,
radiotherapy and chemotherapy, the main methods of
cancer treatment, have certain side e�ects and limitations
[1]. erefore, it is imperative to develop new drugs and
treatment methods. Studies suggested that there are two
di�erent manifestations between tumor cells and normal
cells. On the one hand, tumor cells are under oxygen
pressure due to relatively high ROS content [2, 3]. On the
other hand, tumor cells contain lower enzymes and non-
enzymatic antioxidants. us, the two di�erent

manifestations make tumor cells more sensitive to ROS
[4, 5]. Besides, the existence of these two di�erences provides
a biochemical basis for selectively killing tumor cells by
increasing ROS [6]. e free radicals are used for selective
antitumor to achieve therapeutic e�ects [7, 8], which have
attracted more and more attention from researchers.

Red raspberry contains a lot of active substances, such as
phenolic acids, �avonoids, proanthocyanidins, and ellagic
acid [9, 10]. Proanthocyanidins and ellagic acid have certain
preventive and therapeutic e�ects on tumors [11]. At
present, most of the domestic research on red raspberries
focus on the identi�cation of active ingredients and the
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separation of biologically active substances [12, 13], and
there are relatively few studies on the specific anticancer
mechanisms. It is expected that RREs can prevent and treat
oxidative stress-related diseases by protecting the body
through antioxidant effect. In addition, ROS can be used to
selectively kill cancer cells to treat cancer for antioxidants
can promote oxidation under certain conditions. To gain a
deeper understanding of antioxidant and oxidative stress,
and to better understand the relationship between free
radicals and tumors, the specific mechanism of RREs
inhibiting the proliferation of liver cancer cells was explored
in this work, hoping to provide new ideas for the prevention
and treatment of liver cancer.

2. Materials and Methods

2.1. Cell Culture. Human liver cancer cell line HepG2 was
purchased from Shanghai Honsun Biological Technology
Co., Ltd., China. HepG2 cells were cultured in a 37°C and 5%
CO2 incubator with the Roswell Park Memorial Institute
(RPMI) 1640 complete medium (containing 10% fetal bo-
vine serum, 100 μg/mL penicillin, and 100 μg/mL strepto-
mycin). Besides, the medium was changed every two days.
When the confluence of the cells reached 70%–80%, trypsin
was used for digestion and passage or experiments.

2.2. Extraction Method of Red Raspberry. *e frozen red
raspberry fruit was taken out, thawed at room temperature
(25°C), and pulped.*ere was reflux and extraction for three
times (material-to-liquid ratio was m(g): V(mL)� 1 : 8,
temperature was 60°C, and extraction solvents were distilled
water, 50% ethanol solution, and 100% ethanol solution in
turn).*en, it was centrifuged at 3,000 r/min for 10 minutes,
combined with the supernatant, and distilled under reduced
pressure. Besides, the concentrates were combined, and the
mixture was frozen and dried. Finally, the collected RREs
were stored at −80°C.

2.3. MTT Assay. *e effect of RREs on the cell activity of
human liver cancer cell line HepG2 was analyzed. Cells were
inoculated in a 96-well plate at 2×104 cells/well, and 200 μL
RPMI 1640 culture medium was added to each well. After
the cells adhered to the wall, the RREs were added at the
concentration of 0, 5, 10, 20, 60, 80, 120, and 160mg/mL. Six
auxiliary wells were set up in each group. 48 hours after the
addition of the drug, 20 μL of MTT was added to each well
under dark conditions. After four hours of incubation, the
medium and MTT were discarded. *en, 150 μL dimethyl
sulfoxide (DMSO) was added to each well, which was shaken
for 5 minutes, and the optical density (OD) of each well was
measured at the absorbance of 490 nm.*e inhibition rate of
different concentrations of drugs on cell activity was cal-
culated, and the half inhibitory concentration of RREs on the
activity of HepG2 cells was also calculated. Besides, the
growth inhibition of the cells was measured 48 hours after
the drug was added, and the cell inhibition rate of different
concentrations of RREs was calculated. Cell inhibition

rate �
experimental group
blank control group

× 100%. (1)

2.4.CloneFormationExperiment. Cloning experiments were
performed using the method in reference [14]. *e effect of
RREs on the growth and proliferation status of cells were
observed. *e cells were inoculated in a 6-well plate at 1,000
cells/well, and 3mL culture medium was added to each well.
After the cells adhered to the wall, a blank group, a 30mg/
mL RREs group, and a 60mg/mL RREs group were set up.
Next, the RREs groups were added with different concen-
trations of drugs, and the blank group was added with an
equal volume of normal saline. *e culture solution was
discarded after 14 days of culture, and phosphate buffer
saline (PBS) was utilized to rinse the cells carefully for twice.
Each well was added with 5mL of 4% paraformaldehyde to
fix the cells for 15 minutes. *en, the fixative was discarded,
and the above was rinsed with distilled water twice and
added with an appropriate amount of crystal violet staining
solution to soak for 15 minutes. *e staining solution was
slowly washed off with running water, and then it was dried
in the air. After picture taking, the software was adopted to
count the number of colonies formed by the clones. Clone
formation

rate �
number of clones forming cell colony

number of inoculated cells
× 100%. (2)

2.5. Cell Apoptosis Detected by Flow Cytometry. *e method
in reference [15] was used to detect apoptosis of HepG2 cells
in each group. HepG2 cells grown in the logarithmic phase
were inoculated in a 6-well plate at a concentration of
3×105 cells/mL and cultured in an incubator with 2mL per
well at 37°C and 5% CO2 saturated humidity for 24 hours.
*en, the control group, 30mg/mL RREs group, and 60mg/
mL RREs group were set up. After a culture of 48 hours, the
cells were collected, washed with precooled PBS 3 times, and
added with 195 μL Annexin V-FITC binding solution. *e
cells were gently resuspended, and 5 μL Annexin V-FITC
and 10 μL of propidium iodide staining solution were added,
which was mixed gently. Finally, cells were incubated at
room temperature under dark conditions for 10–20 minutes
and then detected by flow cytometry.

2.6. Cell ROS Detection. ROS levels in HepG2 cells in each
group were detected using the method in reference [16]. *e
HepG2 cells growing in the logarithmic phase were collected
for resuspension and inoculated in a 6-well plate at a density
of 3×105 cells/mL. An untreated group, a 30mg/mL RREs
group, and a 60mg/mL RREs group were set in this study.
After a culture of 48 hours, the medium was incubated with
10mmol/L DCFH-DA at 37°C for 30min and then washed
with PBS for 3 times. After the treatment, pictures were
taken under a fluorescence microscope immediately, and
light should be avoided carefully during the operation.
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2.7. Detection of Cell Mitochondrial Membrane Potential.
e mitochondrial membrane potential of HepG2 cells in
each group was detected by the method in reference [17].
After the cells were passaged, the cells were inoculated in a
96-well plate. When the cells were 60% full, they were
processed. e drug treatment group was added with 30mg/
mL and 60mg/mL RREs, and a serum-freemediumwas used
for the control group. Six wells were repeated at each
concentration and incubated for 48 hours in an incubator.
e medium was discarded, and the wells were washed with
sterile PBS for three times and added with 100 μL JC-1
staining solution to stain for 30 minutes. After staining,
sterile PBS was used to wash for 3 times, and 100 μL of PBS
was added and placed in a multifunction microplate detector
to measure the �uorescence intensity. e decrease in the
�uorescence intensity ratio indicated that the mitochondrial
membrane potential decreased.

2.8. Western Blot. HepG2 cells were cultured routinely and
inoculated in 6-well plates at 2×105/well. After the liver cancer
HepG2 cells were treated by RREs at di�erent concentrations
(30 and 60mg/mL) for 48 hours, the cells in each group were
collected and added with the cell lysis bu�er to lyse the cells for
protein extraction. e loading amount was 30μg. e protein
was separated by 10% polyacrylamide gel electrophoresis and
then transferred to the polyvinylidene �uoride (PVDF)
membrane.e 5% skimmedmilk solution was used to seal the
plate at room temperature for 1 hour, and Bcl-2 (1 : 3000), Bax
(1 : 3000) or Caspase-3 (1 : 3000), and β-actin primary antibody
were added for incubation overnight at 4°C. After three times of
washing with tris bu�ered saline tween (TBST) the next day, 1 :
2,000 diluted horseradish peroxidase-labeled rabbit secondary
antibody was added and then incubated for 1 hour at room
temperature. After the membrane was washed with TBST, the
target band was detected by chemiluminescence method, and
the band gray-scale analysis was performed. e experiment
was repeated 3 times.

2.9. Statistical Analysis. SPSS 22.0 was employed for data
processing, the data were expressed as mean± standard
deviation (x ± s), and the one-way analysis of variance was
applied in this study. P< 0.05 indicated that the di�erence
was statistically considerable.

3. Results

3.1.HepG2CellActivity. After HepG2 cells were treated with
di�erent concentrations of RREs for 48 hours, RREs showed
inhibitory e�ect on the activity of liver cancer HepG2 cells,
which was concentration-dependent. e 50% inhibitory
concentration of RREs against HepG2 cell activity was
48.37mg/mL, while the lower concentration of RREs had no
obvious inhibitory e�ect on cell proliferation (Figure 1).

3.2. HepG2 Cell Proliferation. e results of the colony
formation experiment revealed that the cells in the control
group grew vigorously and the colonies were evenly

dispersed. After being treated with RREs, the formation of
the number of colonies was reduced steeply by RREs at a
concentration of 30mg/mL and 60mg/mL (P< 0.05), and
the e�ect of 60mg/mL was more signi�cant (Figure 2).

3.3. HepG2 Cell Apoptosis. Compared with the control
group, both early and late apoptosis elevated obviously
(P< 0.05) after the treatment of 30mg/mL and 60mg/mL
RREs for 48 hours, which was concentration-dependent,
suggesting that RREs treatment could induce HepG2 cell
apoptosis (Figure 3).

3.4. ROS Measurement Results. e change of intracellular
ROS content is shown in Figure 4 after 30mg/mL and 60mg/
mL RREs were used for treatment for 48 hours. us, RREs
treatment could substantially increase the intracellular ROS
level.

3.5. Measurement Results of Cell Mitochondrial Membrane
Potential. Figure 5 indicates that the RREs treatment for 48
hours decreased the mitochondrial membrane potential of
HepG2 cells in a concentration-dependent manner after
HepG2 cells were incubated with di�erent concentrations of
RREs.

3.6. Western Blot Test Results. To explore the speci�c
mechanism of RREs promoting the apoptosis of liver cancer
HepG2 cells, western blot was applied to detect the ex-
pression of Bcl-2, Bax, and Caspase-3. Compared with the
control group, RREs could sharply inhibit the expression of
Bcl-2 (P< 0.05) but enhance the expression of Bax and
Caspase-3 (P< 0.05), thereby reducing the ratio of Bcl-2/Bax
(Figure 6).

4. Discussion

Red raspberries are extensively applied in medical research
and have certain e�ects on tumors, diabetes, and cardio-
vascular and cerebrovascular diseases [18]. Moreover, red
raspberry juice or extractions have been proven to inhibit
tumor growth in vivo and in vitro [19]. e experimental
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results of this study showed that RREs had a marked in-
hibitory e�ect on the proliferation of liver cancer cells in
vitro. Besides, the inhibitory e�ect becomes more obvious,
with the concentration growth of the RREs.

In recent years, research on red raspberry anticancer is
more inclined to the speci�c molecular mechanisms of
chemical composition anticancer, including research on
signaling pathways, oxidative stress, cell cycle block, apo-
ptosis, and angiogenesis [20, 21]. Lee et al. (2016) [22]
pointed out that red raspberry component sanguiin H-6
(SH-6) could suppress the proliferation of ovarian cancer
cells A2780. e experimental results suggested that SH-6
could pass P38, mitogen-activated protein kinase (MARK),
and Caspase-8-dependent BID decomposition pathways to
induce apoptosis of ovarian cancer cell A2780.

e proapoptotic and antiapoptotic proteins in the Bcl-2
family in normal cells are at a relatively stable level [23].
When cells are stimulated by apoptotic factors, the upstream
apoptotic signaling pathway is activated, and proapoptotic
proteins are activated and translocated to mitochondria [24].
e Bax gene induces mitochondrial fragmentation and the
release of cytochrome C, which activates the Caspase

cascade, leading to apoptosis [25]. What’s more, Bcl-2 can
inhibit the opening of mitochondrial permeability transition
pore (MPTP), avoid the activation of the Caspase system,
and prevent cell apoptosis [26]. e experimental results of
this study indicated that RREs could reduce the expression of
Bcl-2 protein in HepG2 cells, increase the expression of Bax
protein to elevate the ratio of Bax/Bcl-2, promote the ac-
tivation of Caspase-3, and cause cell apoptosis.

e key of cancer treatment is to inhibit the cancer cell
proliferation and to induce cancer cell death, and ROS-
mediated mitochondrial pathway apoptosis plays a critical
role in the treatment of cancer [27]. erefore, the ROS-
mediated mitochondrial apoptosis pathway was used as a
clue in this study to investigate the e�ect of RREs on mi-
tochondrial membrane ROS production of liver cancer cells,
and the e�ect of RREs induced ROS production on mito-
chondrial membrane potential of apoptotic cells, so as to
reveal the e�ect and mechanism of RREs on liver cancer
cells. From the research results, it could be inferred that
RREs induced HepG2 cell apoptosis by generating ROS to
disrupt the normal redox balance in the cell, which made the
mitochondrial structure change, so as to disrupt the
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mitochondrial membrane potential and destroy the normal
function of mitochondria, thereby leading to apoptosis of
HepG2 cells. Studies have speculated that RREs may induce
HepG2 cell apoptosis through ROS-mediated mitochondrial
pathway.

5. Conclusions

To explore the therapeutic effect of RREs on hepatocellular
carcinoma, HepG2 cells were treated with RREs, and the
mechanism of its effect on cell proliferation and apoptosis
was detected. *e results suggested that RREs may inhibit
the proliferation and apoptosis of HCC cells by inducing
ROS production, decreasing Bcl-2/Bax ratio, and signifi-
cantly decreasing mitochondrial membrane potential of
HepG2 cells, thus inhibiting the progression of HCC.
However, the in vitro assay was adopted to analyze the
inhibitory effect of RREs treatment on HepG2 cells, without
combining signal pathway or transcriptome data for specific
analysis. In future studies, animal models of liver cancer will
be further constructed and the specific effects of RREs on
liver cancer will be verified in in vivo experiments. In
conclusion, this study provides reference for finding new
therapeutic methods for hepatocellular carcinoma.
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Moringa concanensis Nimmo (Moringaceae) belongs to the same family of M. oleifera (miracle tree) and is a medicinal plant
traditionally used by Indians to treat various ailments related to diabetes, tumours, in�ammation, and blood pressure. Despite its
versatility, thephotoprotectivepropertiesof theplant remainunclear.�isstudyrevealed theUV-protectivepropertiesof itsmethanol
bark extract and respective subfractions, chloroform, hexane, and ethyl acetate through total phenolic and �avonoid content (TPC&
TFC), antioxidant (DPPH), sun protecting factor (SPF) value, andUVabsorption spectra analysis.�is study also investigated on the
inhibitory e�ect of the tested samples on collagenases and elastase, which are well-known for their role in the skin.�e cytotoxic and
H2O2 scavengingproperties ofM.concanensis in3T3-L1 cellswere explored. Finally, thephytochemical pro�lingof the active fraction
was conducted throughUPLC-QTOF/MSanalysis.Among the tested fractions, the chloroform fractionofM.concanensis showed the
highest TPC (30.92± 0.71mg GAE/DW), TFC (29.05± 0.09mg QE/DW), and antioxidant properties (IC50-6.616± 1.90 μgml−1).
Additionally, chloroformfractiondemonstrated thehighest SPFvalue, 10.46at 200 μgml−1, compared to theother tested fractions.All
the fractions showed a broad absorption spectrum covering both UVA and UVB ranges.�e chloroform fraction ofM. concanensis
also showed collagenase (50%) and elastase (IC50-2.95± 1.23 μgml−1) inhibition properties similar to the positive control. Cytotoxic
results revealed that the chloroform fraction ofM. concanensis prevented theH2O2-induced oxidative damage in 3T3-L1 cells even at
lower concentrations (1.56 μgml−1). UPLC-QTOF/MS analysis tentatively identi�ed the presence of bioactive �avonoids and
phenolics such as astragalin, quercetin, isoquercetin, and ca�eic acid in the active fraction of M. concanensis bark. Overall, it is
suggested that the chloroform fractionofM.concanensisbarkhas thepotency tobeused as anactive ingredient in sunscreenproducts.

1. Introduction

In recent times, the intensity of ultraviolet (UV) radiation
reaching the earth’s surface has increased due to ozone
depletion by releasing human-made chemicals into the

atmosphere. [1]. �ree types of UV (200–400 nm) radiations
are available: UVA (320–400 nm), UVB (290–320 nm), and
UVC (200–290 nm). UV radiation-stimulated skin damage
is highly in�uenced by its wavelength, intensity, and ex-
posure time [2]. UV radiation directly interacts with the
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skin, which leads to the activation of several signaling
cascades in the skin layers. Excessive doses of UVA and UVB
rays are widely considered the leading causative agent for
sunburns, early aging, DNA damage, wrinkle formation,
oxidative stress, and skin cancer. [3]. In particular, UVA
radiation produces immediate skin pigmentation and skin
alterations related to premature aging via penetrating the
deeper layers of the skin, whereas UVB is responsible for
skin damage, including erythema and sunburn, by inducing
late pigmentation. UVB is also associated with changes in
cellular DNA and can provoke skin cancer [4]. Both rays are
capable of promoting lipid peroxidation, which is strongly
associated with the generation of reactive oxygen species
(ROS) [5]. �e excessive production of ROS leads to direct
DNA damage; stimulation of proinflammatory cytokines
such as IL-1 (interleukin-1), IL-6 (interleukin-6), and TNF-α
(tumor necrosis factor); activation of signaling pathways;
and the release of matrix metalloproteinases. Over-
expression of these biomarkers could damage the matrix
proteins such as elastin and collagen, which finally results in
phototoxic reactions such as photoallergy, photosensitivity,
photoaging, and photocarcinogenesis [6, 7].

Nowadays, sunscreen-based photoprotection is one of the
essential strategies utilized to prevent UV-induced damage
and other skin-related disorders. Sunscreens can protect the
skin from sunburn, sun allergy rash, immune suppression,
and other harmful effects induced by UV radiation. �ese
sunscreens are made up of different organic and inorganic
filters to protect the skin [3, 4]. Synthetic-based sunscreens are
now becoming a serious threat to consumers and a threat to
marine lives and the environment. A wide range of novel
hypoallergenic cosmetics has been developed using natural
products due to the adverse effect of synthetic sunscreen
ingredients. Specifically, plant-based products are in high
demand due to their myriad benefits such as antioxidant, anti-
inflammatory, and immune enhancers [3–9]. Compared to
synthetic filters, compounds, fractions, and extracts from
plant sources offer a broad range of UV absorption. Several
natural products are incorporated into sunscreen products.
Previous research reported the usage of numerous traditional
plants such as Moringa. oleifera Lam, Zanthoxylum rhetsa
(Roxb.) DC., Parentucellia latifolia Caruel, and Nephelium
lappaceum L., Camellia sinensis L. Kuntze, and other plant
extracts or fractions that are rich in polyphenols were de-
scribed to possess appreciable sunscreen properties via tar-
geting free radicals, inflammatory pathways (NF-κB, MAPK)
and cytokines, and matrix metalloproteinases (MMP1,
MMP3, MMP9, etc.) [2, 3, 6, 8, 10, 11]. �ough there are
studies that revealed the photoprotective potency of some
traditional medicinal plants, it remains limited.

Moringa concanensis Nimmo is an important traditional
medicinal plant in the family of Moringaceae mainly spotted
in the Western Ghats of India and also widely distributed in
Asian and Arab countries [12]. �is species looks almost
similar to the well-known medicinal, nutritional value species
M. oleifera. However, it has some distinct features such as
bipinnate leaves, a strong central trunk with an extremely
distinctive layer of very furrowed bark, and the petals and

sepals of the flower have green patches at the tip. Moreover,
the leaves and flowers of M. concanensis are larger compared
toM. oleifera [13]. In Indian traditional systems of medicine,
M. concanensis is mainly used to treat fertility problems. �e
leaves and bark of this species were used to treat skin tumours,
tiredness, high blood pressure, jaundice, eye problems, dia-
betes, and swellings [14] with a wide range of therapeutic
properties. Studies revealed that the ethanol extract of
M. concanensis extract exhibited hyperglycaemic activity and
showed protective activity against oxidative tissue damage in
the pancreas, liver, and kidney [15]. In this study, the pho-
toprotective properties of various solvent fractions of the
M. concanensis bark were revealed for the first time using
biochemical assays such as total phenolic (TPC) and flavonoid
content (TFC), DPPH free radical scavenging activity, SPF
value determination, and UVA/UVB absorption spectra
analysis. Moreover, the inhibitory effect of the plant extract
towards collagenase and elastase was also shown using gelatin
digestion and antielastase assay. �e cytotoxic and H2O2
damage preventive potential of the extracts and fractions were
assessed through the cell culture technique using MTTassay.
�e potential metabolites present in the active fraction re-
sponsible for the biological properties ofM. concanensis bark
were identified through UPLC-QTOF/MS analysis.

2. Materials and Methods

2.1. Chemical and Reagents. Solvents such as hexane (CAS
No. 110-54-3), chloroform (CAS No. 67-66-3), methanol
(CAS No. 67-56-1), and ethyl acetate (CAS No. 141-78-6)
used for extraction are of analytical grade obtained from
Merck Millipore (Darmstadt, Germany). Collagenase from
Clostridium histolyticum (CAS No. 9001-12-1), N-succinyl-
ala-ala-ala-p-nitroanilide (AAAPVN, CAS No. 52299-14-6),
2,2-diphenyl-1-picrylhydrazyl (DPPH, CAS, No. 1898-66-
4), gelatin (CAS No. 9000-70-8), porcine elastase (CAS No.
39445-21-1), Coomassie blue R-250 (CAS No. 6104-59-2),
ascorbic acid (AA) (CAS No. 50-81-7), epigallocatechin
gallate (EGCG, CAS No. 989-51-5), Tris-HCl (CAS No.
1185-53-1), agarose (CAS No. 9012-36-6), acetic acid (CAS
No. 64-19-7), dimethyl sulfoxide (DMSO, CAS No. 67-68-5),
and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT, CAS No. 57360-69-7) were purchased from
Sigma-Aldrich Chemicals (St. Louis, MO, USA). Dulbecco’s
modified Eagle’s medium (DMEM, CAT No. 11-995-073),
TrypLE Express (CAT No. 12604–013), fetal bovine serum
(FBS, CAT No. 26-140-079), and penicillin/streptomycin
(CAT No. 15140–122) were purchased from Gibco (Life
Technologies, California, USA).

2.2. Samples Collection and Extraction. �e stem bark of
M. concanensiswas collected fromMadukkarai, Coimbatore,
Tamil Nadu, India. �e plant specimen was authenticated,
and plant identification certificate was given by Dr. G.V.S.
Moorthy, Head of Office, Southern Regional Centre (Letter
No. BSI/SRC/5/23/2018/Tech-437), Botanical Survey of In-
dia, Coimbatore, Tamil Nadu, India. �e Voucher specimen
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(BUH-VA-3203/2018) was submitted to the Herbarium of
Department of Botany, Bharathiar University, Coimbatore,
Tamil Nadu, India. �e crude methanolic extract (28 g) from
dried and powdered bark (600 g) of M. concanensis was
obtained using ultrasound-assisted extraction technique
according to the literature [6].

2.3. Liquid-Liquid Partitioning. Various solvent fractions of
the crude methanol extract ofM. concanensis were subjected
to liquid-liquid partitioning technique using different sol-
vents based on their polarity. Initially, 15 g of the methanol
crude extract was mixed with equal volume of hexane and
water (1 :1) and loaded into the separating funnel. After few
agitations, the hexane fraction was removed and the chlo-
roform was added to the separating funnel. �en, the same
process was repeated with ethyl acetate. Finally using
rotavapor, the resultant fractions such as hexane (3.1 g),
chloroform (6.2 g), and ethyl acetate (1.8 g) were obtained
and dried under vacuum and lyophilized [11].

2.4.TotalPhenolicContent. �e total phenolic content for all
the solvent fractions ofM. concanensis bark was determined
using the Folin–Ciocalteu method [16]. Briefly, 50 μL of the
sample (1mgml−1) in methanol was mixed with 50 μL dis-
tilled water, 50 μL of 10% Folin–Ciocalteu’s phenol reagent,
and 50 μL of 1M sodium carbonate solution in a 96-well
microwell plate and incubated for 60min at room tem-
perature without exposing it to light. Methanol was used as a
blank.�e absorbance of the reaction mixture was measured
using a microplate reader at 750 nm. �e total phenolic
content was determined through calibration curve using
gallic acid (7.81, 15.62, 31.25, 62.5, 125, 250, and
500 μgmL−1) as standard. Results are expressed as milligram
gallic acid equivalents (GAE) per gram of dry plant extract.
All tests were done in triplicates.

2.5. Total Flavonoid Content. �e total flavonoid content for
all the fractions ofM. concanensis barkwas determined using
spectrophotometric method [16]. 100 μL of the plant extract
(1mgmL−1) and standard solutions of quercetin (7.81, 15.62,
31.25, 62.5, 125, 250, and 500 μgmL−1) in methanol solution
were mixed with 100 μl of 2% AlCl3 solution. Reaction
mixtures were incubated for an hour at room temperature.
�e absorbance was measured using Tecan Infinite F200 Pro
plate reader at λmax 415 nm. Total flavonoid contents were
expressed as mg quercetin equivalent (QE) per gram of dry
plant extract. Experiments were done in triplicates.

2.6. DPPH Scavenging Activity Assay. �e crude extract and
the fractions ofM. concanensis bark were tested for their free
radical scavenging properties using DPPH free radical
scavenging assay [16, 17]. Briefly, 0.12mM DPPH in
methanol was prepared and mixed with various concen-
trations of test samples at 1 :1 ratio (100 μL). Ascorbic acid
was used as the positive control. Test samples and DPPH
solution were incubated at room temperature for 30min in
the dark. After the incubation, the absorbance value of the

mixture was recorded on a microwell plate reader at 570 nm.
�e experiment was done in triplicates. �e DPPH radical
scavenging activity was calculated using the formula:

DPPH radical scavenging activity(%)

�
Abscontrol − Abssample  

Abscontrol(  
× 100,

(1)

where Abscontrol is the absorbance of DPPH radical-
+methanol and Abssample is the absorbance of DPPH
radical + samples/positive control.

2.7. SPF Value Determination. �e in vitro SPF value of the
crude extract and solvent fractions of M. concanensis were
obtained by the method described in the literature [16].
Briefly, the absorbance value of the test sample (200 μgmL−1)
was determined on a UV-Visible spectrophotometer at 5 nm
intervals within the range of 290–320 nm.�e SPF value was
then calculated by using the formula:

SPF spectrophotometric � CF
320

290
x  EE(λ)xI(λ)xAbs(λ),

(2)

where CF is the correction factor (� 10), EE (λ) is the
erythemal effect spectrum, I (λ) is the solar intensity
spectrum, Abs (λ) is the absorbance of test sample, where EE
(λ) x I(λ) are constants. Methanol was used as a blank, and
measurements were made in triplicate.

2.8. UVA/UVB Absorption Spectra. �e UV absorption
spectrum of the crude extract and solvent fractions of
M. concanensis (100 μgmL−1 in methanol) were measured
over a wavelength range of 200–400 nm on a UV-Visible
spectrophotometer using a quartz cell (1 cm). �e UV ab-
sorption spectrum of the samples tested was compared with
the positive control, epigallocatechin gallate (EGCG) pre-
pared with the same concentration.

2.9. Gelatin Digestion Assay. �e gelatin digestion assay was
done according to the method described by Santhanam et al.
[6] with slight modifications. Agarose (2%) was prepared in
a collagenase buffer (50mM Tris-HCl, 10mM CaCl2, 0.15M
NaCl, pH 7.8) and porcine gelatin (0.15%). �e mixture was
transferred into a petri dish and left at room temperature for
1 h for solidification. Later, the wells were made using a
sterile 200 μL microtip. �en, 25 μL of the samples was
incubated with 25 μL of bacterial collagenase-1
(0.1mgmL−1) for 1 h. Finally, the reaction mixture (50 μL)
was loaded into the well and further incubated overnight.
EGCG was used as a positive control. �e next day, the petri
dish was visualized by the Coomassie brilliant blue staining
method. �e degree of gelatin digestion was determined by
measuring the area of the light translucent zone formed after
destaining over a blue background.
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2.10. Antielastase Assay. �e antielastase activity of the
various solvent fractions of M. concanensis was determined
according to themethods of Santhanam et al. [6], withminor
modifications. �e assay was performed in Tris-HCl buffer
(0.2mM, pH 8.0). �e stock solution of porcine pancreatic
elastase (PE–E.C. 3.4.21.36) was dissolved in sterile water.
N-succinyl-ala-ala-ala-p-nitroanilide (AAAPVN) was dis-
solved in 1mL Tris-HCl (0.2mM) buffer (pH 8.0), and the
samples were dissolved in buffer. �en, the test samples and
elastase were incubated for 15 minutes before adding the
substrate to start the reaction. �e final reaction mixture
contains a buffer, 0.8mM AAAPVN, 50 μgmL−1 PE, and the
test samples at various test concentrations in a total volume
of 250 μL. EGCG served as the positive control while water
served as the negative control. �e absorbance value was
measured using a Tecan Infinite F200 Pro plate reader
(Tecan Group Ltd., Männedorf, Switzerland) at 410 nm.

Enzyme inhibition activity (%)

�
Abscontrol − Abssample  

Abscontrol 
× 100.

(3)

2.11. Cell Culture. 3T3-L1 cells were maintained in complete
Dulbecco’s modified Eagle’s medium (DMEM) high-glucose
media according to the method of Raseetha et al. [18] with
slight modification.�e media were supplemented with 10%
fetal bovine serum(FBS)and5%ofpenicillin-streptomycin in
a humidified 5%CO2 incubator at 37°C. Once the cell reaches
70–80% confluence, it was utilized for seeding and treatment.

2.11.1. Cytotoxicity. Cells cytotoxicity was performed using
MTTassay based on the method described by Raseetha et al.
[18]. �e cells were seeded at a density of 1× 105 cells/well in
96-well plates. Once the cell reaches 80% confluence, the
100 μL of various concentrations of methanol extract and
solvent fractions of M. concanensis and positive control
EGCG were treated in each well. After 24 h, 20 μL of MTT
was added to the cells and it was incubated at 37°C for 4 h.
�e medium was replaced with 100 μL DMSO, and the
absorbance for each well was measured at 570 nm on Tecan
Infinite F200 Pro plate reader. Cytotoxicity assay was
conducted to determine the range of concentrations of the
active fraction. Experiments were performed in triplicates.

2.11.2. Protective Effect of Samples against H2O2-Induced
Oxidative Damage in 3T3-L1 Cells. �e protective effect of
M. concanensis fractions against H2O2 was performed
according to Chen et al. [19] with slight modification. �e
3T3-L1 cells were seeded on 96-well plates at a density of
1× 105 (in 100 μLmedium) perwell and incubated at 37°C for
24 h. Once the cell reaches the confluence, the medium was
replaced with 100 μl of samples with various concentrations
(0–100 μgmL-1) and positive control (ascorbic acid) for 18 h.
�en, the cells were treated with H2O2 (125 μM) to induce
oxidativedamage, and thedose concentrationwasfixedbased

on the current study.After 6 h, themediumwas removed, and
the cellswerewashed thricewithPBS.Next, theMTTsolution
was addedand the cellswere further incubated for 4 h. Finally,
the formazan crystals were dissolved in DMSO (100 μL per
well), and theabsorbancevaluewasmeasuredat 540 nmusing
Tecan Infinite F200 Pro plate reader [20].

2.12. Ultraperformance Liquid Chromatography Quadrupole
Time-of-Flight Mass Spectrometry (UPLC-QTOF/MS)
Analysis. Phytochemical profiling in chloroform fractions
of M. concanensis was conducted via ultraperformance
liquid chromatography (UPLC-MS) analysis. �e analysis
was carried out using Waters ACQUITY ultraperformance
LC system (Waters, Milford, MA, USA). Chromatographic
separation of the respective extract was conducted using a
selected column (ACQUITY UPLC HSS T3,
100mm× 2.1mm× 1.8m, Waters, Manchester, UK) main-
tained at 40°C. �e UPLC systems were connected to Vion
IMS QTOF detector (Waters, Milford, MA, USA). �e
mobile phases used in the analysis were 0.1% formic acid (A)
and acetonitrile (B). �e composition of mobile phases was
consisted of the following multistep linear gradient: 0min,
1% B and 99% A; 0.5min, 1% B and 99% A; 16.00min, 35% B
and 65%A; 18.00min, 100%B and 0%A; and 20.00min, 1%B
and 99% A, respectively. �e injection volume used for the
sample was 1μL while the flow rate was set at 0.6mL/min.�e
data were obtained from the UHPLC system coupled with
Vion IMS QTOF hybrid mass spectrometer from waters,
equipped with a LockSpray ion source. �e ion source was
operated in negative electrospray ionization (ESI) mode by
applying specific conditions such as the capillary voltage at
1.50 kV, reference capillary voltage at 3.00 kV, source tem-
perature at 120°C, desolvation gas temperature at 550°C,
desolvation gas flow at 800 L/h, and cone gas flow at 50 L/h,
respectively. Nitrogen (>99.5%) was used as desolvation and
cone gas. Data were acquired in high-definition MSE
(HDMSE) mode ranging between m/z 50 and 1500 at 0.1 s/
scan. Hence, two independent scans with different collision
energies (CE) were alternatively obtained during the run: a
low-energy (LE) scan at a fixed CE of 4 eV and a high-energy
(HE) scan where the CE was ramped from 10 to 40 eV. Argon
(99.999%) was used as collision-induced-dissociation (CID)
gas. Data interpretation was carried out using Waters UNIFI
Scientific Information System database. Resolved peaks were
further identified with the assistance of reported values from
previous literature and are shown in Table 1.

2.13. Statistical Analysis. All the data were represented as
mean± SD. Statistical analyses were performed using
GraphPad Prism version 5 with one-way ANOVA followed
by Dunnett’s test. p values < 0.05 were considered to be
statistically significant.

3. Results and Discussion

3.1. Total Phenolic and Flavonoid Contents. It is well
established that phenolic compounds from various plants
are strongly associated with their biological properties.
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Hence, it would be worthwhile to determine the total
phenolic and flavonoid contents in the plant extracts [10].
�e total phenolic and flavonoid contents of methanol ex-
tract and its fractions ofM. concanensis bark are presented in
Table 2. �e total phenolic (30.920± 0.71mg GAE/g DW)
and flavonoid (29.054± 0.09mg QE/g DW) contents were
found to be higher in the chloroform fraction followed by
hexane fraction. Phenolic components are regarded as
powerful antioxidants and act in redox-sensitive signaling
cascades to prevent DNA damage [11].

Data expressed as mean± SD, n� 3. Data with different
alphabet superscript letters show significant difference at
p< 0.05, among different solvents, with multiple compari-
sons (one-way ANOVA, followed by Dunnett’s test).

3.2. Antioxidant Activity of M. concanensis Bark Fractions

3.2.1. Free Radical Scavenging Assay. �e free radical scav-
enging capacity of the crude methanol extract and other
fractions of M. concanensis bark were determined using the
DPPH assay, and the results are shown in Figure 1. All the
samples exhibited varying degrees of concentration-depen-
dent DPPH radical scavenging activity. In that, the chloro-
form fraction showed the strongest DPPH radical scavenging
activity with the IC50 value of 6.616± 1.90 μgmL−1 followed by
ethyl acetate fraction (IC50�13.4± 2.22 μgmL−1) which is
comparable to the positive control, ascorbic acid (AA). Gori
et al. [22] revealed the photoprotective effect of 11 medicinal
plants Atalantia ceylanica (Arn.) Oliv, Argyreia populifolia
Choisy, Hibiscus furcatus Roxb. ex DC, Ipomoea mauritiana
Jacq, LAsia spinosa (L.) Ew, Leucas zeylanica (L.) W.T.Aiton,
Olax zeylanica Wall., Ophiorrhiza mungos Linn., Plectranthus

amboinicus (Lour.), and Mollugo cerviana (L.).Ser. where the
plant that showed high SPF values is closely related to its
antioxidant properties. Numerous studies also suggested that
the plant fraction which shows high free scavenging prop-
erties offers significant protection towards UV-induced
damage [16, 22].

3.3. Protective Effect of the M. concanensis Fractions
against UV

3.3.1. Sunscreen Protection Factor (SPF) Value. SPF value
refers to the efficacy of test samples that protects the devel-
opment of UV radiation-induced erythema [23]. It is ameasure
of UVB protection offered by sunscreen products. As the value
increases, the percentage of UVB protection increases. As
shown in Table 3, at the concentration of 200μgmL−1, the
chloroform fraction of M. concanensis bark exhibited the
highest SPF value (10.50± 0.23 with >87% of UVB protection)
compared to the other fractions such as ethyl acetate and
hexane. �e SPF value of the most active ingredient epi-
gallocatechin gallate (EGCG) from Camellia sinensis (Green

Table 1: Compounds tentatively identified in the chloroform fraction from the methanol extract of M. concanensis bark using UPLC-
QTOF/MS analysis.

Peak
no. Tentative identification Elemental

composition
Calculated m/z

[M-H]-
Observed m/z

[M-H]-
Retention

time References

1 Kaempferol-3-O-rutinoside C27H30O15 593.1507 593.1512 6.65 [21]
2 Astragalin C21H20O11 447.0927 447.0937 7.50 [21]
3 Quercetin-3-O-glucuronide C21H18O13 477.0670 477.0685 7.83 —
4 Tetra-O-galloyl-glucoside C34H28O22 787.0994 787.1005 8.11 —

5 Kaempferol-3-O-glucuronosyl
methyl ester C22H20O12 475.0876 475.0867 8.61 [21]

6 Isoquercetin C21H20O12 463.0877 463.0884 8.63 [21]
7 Caffeic acid C9H8O4 179.0344 179.0352 9.01 [21]
8 Hydroxy-methoxy-cinnamic acid C10H10O4 193.0501 193.0511 9.38 —
9 Sinapic acid C11H12O5 223.0607 223.0613 10.04 —
10 Kaempferol 3-O-arabinoside C20H18O10 417.0822 417.0844 10.40 —
11 Secoisolariciresinol C20H26O6 361.1651 361.1656 10.43 —
12 Kaempferol-3-O-rhamnoside C21H20O10 431.0978 431.0995 10.91 [21]

13 Quercetin-3-O-glucuronide-methyl-
ester C22H20O13 491.0826 491.0842 10.99 —

14 Quercetin C15H10O7 301.0348 301.0351 11.93 [21]
15 Eugenol C10H12O2 163.0759 163.0765 12.47 [21]
16 Naringenin C15H12O5 271.0607 271.0615 13.07 —
17 Trimethoxyflavone C18H16O5 311.0920 311.0929 13.32 —
18 Demethoxycurcumin C20H18O5 337.1076 337.1085 15.53 —
19 Sanleng acid C18H34O5 329.2328 329.2339 15.62 [21]
20 Licoricone C22H22O6 381.1338 381.1335 15.65 —

Table 2: Total phenolic and flavonoid contents of the methanol
extract and its fractions from the bark of M. concanensis.

Fractions Total phenolics
mg GAE/g DW

Total
flavonoids

mg QE/g DW
Methanol 9.858± 0.036d 3.655± 0.061d
Hexane 14.306± 0.073b 9.089± 0.193b
Chloroform 30.920± 0.717a 29.054± 0.099a
Ethyl acetate 12.154± 0.158c 4.055± 0.056c
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Tea) is 10.34± 0.21, which is almost like the SPF value of the
chloroform fraction of M. concanensis bark. �e literature
revealed that the seed oil fromM. concanensis could be a good
candidate for sunscreen formulation [24]. �e bark extract of
medicinal plants such as Curatella americana L andAmburana
cearensis (Allemao) A.C. Sm. showed SPF values 14.74 and
12.21 at 0.2mgmL−1 which is suggested to be the promising
source of future skin care products [25]. Similarly, the bark
extract of M. concanensis could also be utilized as one of the
encouraging ingredients in natural product sunscreen
formulation.

3.3.2. UV Absorption Spectra. UV absorption spectra of
various solvent fractions of M. concanensis and the positive
control EGCG are shown in Figure 2.�e results showed that
all the fractions of M. concanensis have a wide range of UV
absorption; however, among the other fractions, the chlo-
roform fraction of M. concanensis showed a broad spectrum
of UV absorption which covers UVA (320–400 nm), UVB
(280–320 nm), and also UVC (200–280 nm). �e positive
control EGCG showed the absorption under the UVB range
only. Similar patterns of results were observed in the active
fraction of Zanthoxylum rhetsa (Roxb.) DC. bark extract
which is suggested to be utilized in broad-spectrum sunscreen

formulations [6]. Compared to the active fraction of Z. rhetsa,
the UV absorption spectra ofM. concanensis bark are high. At
present, several studies and regulatory bodies recommend
using broad-spectrum natural sunscreen to prevent the
damages such as wrinkling and sunburns induced by both
UVA andUVB, respectively [26].�e results revealed that the
chloroform fraction of M. concanensis bark could be an
optional ingredient to be used in a natural broad-spectrum
sunscreen formulation.

3.4. Gelatin Digestion Assay. Collagenases are one of the
important matrix metalloproteinases responsible for the
breakdown of collagen present in the skin layers. Studies
revealed that continuous exposure of UV radiation could
increase the level of collagenases that might damage the
matrix proteins and cause wrinkle formation as well as lead
to premature aging [27]. �e collagenase inhibitory activity
of extract and various solvent fractions ofM. concanensis are
presented in Table 4. Compared to the extract and other
fractions, the chloroform fraction showed appreciable col-
lagenase inhibitory activity of 50% at the concentration of
200 μgmL−1 which is comparable to that of EGCG. However,
the hexane and ethyl acetate fractions exhibited a weaker
collagenase inhibition activity. Studies revealed that various
parts ofmedicinal plants such as leaves extracts (methanol) of
Aegle marmelos (L.)Correa, Acalypha indica Linn, Calotropis
gigantea (L.)W.T. Aiton, Nerium oleander L., andNyctanthes
arbor-tristis Linn and a rhizome extract of Acorus calamus.
Linn at the concentration of 1 mgmL−1 showed 50% colla-
genase inhibitory activity [28], whereas the ethyl acetate
fraction of the bark extract of Z. rhetsa showed 50% colla-
genase inhibition at the concentration of 500 μgmL−1 [6].

3.5. Antielastase. Elastase is a serine protease, responsible
for the breakdown of elastin, an important protein re-
sponsible for skin elasticity [29]. �e inhibitory activity of

Table 3:�e sun protection factor (SPF) value and UVB protection
effect of the methanol extract and its fractions from the bark of
M. concanensis.

Samples (200 μgml−1) SPF value UVB protection (%)
Methanol 4.37± 0.17∗∗∗ >75
Hexane 5.49± 0.01∗∗∗ >75
Chloroform 10.50± 0.23ns >87
Ethyl acetate 5.18± 0.01∗∗∗ >75
Epigallocatechin gallate 10.34± 0.21 >87
Data are expressed as mean± SD, n� 3. Data represent a significant difference
at (∗∗∗) p value < 0.05, among different solvent fractions compared with the
positive control (EGCG), using one-way ANOVA, followed by Dunnett’s test.
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Figure 2: UV absorption spectra of the methanol extract and its
fractions from the bark of M. concanensis. M, methanol extract; C,
chloroform extract; H, hexane extract; EGCG, epigallocatechin
gallate; EA, ethyl acetate extract (n� 3).
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Figure 1: DPPH radical scavenging activity of the methanol extract
and its fractions from the bark ofM. concanensis. AA, ascorbic acid;
M, methanol extract; H, hexane extract; C, chloroform extract; EA,
ethyl acetate extract. (n� 3).
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methanol extract and its fractions of M. concanensis on
elastase enzyme were examined. Figure 3 and Table 5
show the effect of methanol extract and its fractions of
M. concanensis bark against elastase enzyme activity.
Among different fractions tested, the chloroform frac-
tion exhibited remarkable elastase inhibition activity
with the IC50 value of 2.957 ± 1.23 μgmL−1 than the
standard EGCG (IC50-39.32 ± 1.41 μgmL−1). �ese find-
ings demonstrated that chloroform fraction of
M. concanensis may have antiaging potentials by
inhibiting elastase enzyme production and delaying the
degradation of elastin fibers. Researchers suggested that
the plant fraction that is rich in phenolics and flavonoids
is reported to possess significant antielastase activity. �e
ethyl acetate fraction of Garcinia daedalanthera Pierre.
stem bark extract possesses 43.96 ± 12.53% elastase in-
hibitory effect at the concentration of 100 ppm [30]. In
this study, the chloroform fraction of M. concanensis
bark exhibited >50% of elastase inhibitory effect at the
concentration of 31.25 μgmL−1.

3.6. Cytotoxicity of M. concanensis Fractions in Cell Culture
(3T3-L1 Cell Lines)

3.6.1. MTT Assay. Cytotoxic effect of various solvent frac-
tions ofM. concanensiswas tested in 3T3-L1 cells with a wide
range of concentration (0–500 μgmL−1). Results revealed that
all the fractions ofM. concanensis bark except the chloroform
fraction were nontoxic to the cells up to 250 μgmL−1. How-
ever, the chloroform fraction ofM. cocanensiswas toxic to the
cells at the concentration >25 μgmL−1, where it showed the
strongest cytotoxic activity against 3T3-L1 cells by reducing
the cell viability to 16.5% at the concentration of 62.5 μgmL−1,
Figure 4.�is is the first study to reveal the cytotoxic effect of
various solvent fractions of M. concanensis bark against the
preadipocyte cells. Previously, the ethanol extract of the leaves
ofM. concanensiswas also reported to be nontoxic to 3T3-L1
adipocytes up to 100 μgmL−1 until 24 h of treatment [15].
Balamurugan et al. [31] tested the crude ethanol extract of
M. concanensis leaves and bark against HepG2 cell lines and
revealed that both parts ofM. concanensis strongly inhibit the
growth of cancerous cells in a dose-dependent manner. In
another study, the methanolic root bark extract of
M. concanensis was found to be toxic against HepG2 cells,

whereas it does not induce toxic effect against A549 and HT-
29 cell line which demonstrates its selective cytotoxicity [21].
In this study, the crude methanol extract of M. concanensis
bark does not induce any toxicity against 3T3-L1 cells up to
500 μgmL−1.SincetheothersolventfractionsofM.concanensis
bark have toxic effect >250 μgmL−1 and the chloroform
fractionhas toxiceffect>25 μgmL−1,onanaverage,wereduced
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Figure 3: Antielastase activity of the methanol extract and its
fractions from the bark of M. concanensis. Data are expressed as
mean± SD, n� 3.

Table 5: IC50 values of elastase inhibition activity of the methanol
extract and its fractions from the bark of M. concanensis.

Samples IC50 (μgmL−1)
EGCG 39.32± 1.41
Methanol 88.53± 1.95∗∗
Hexane 78.11± 1.72∗
Chloroform 2.957± 1.23∗∗
Ethyl acetate 176.7± 2.20∗∗∗

Data expressed as mean± SD, n� 3. Data represent significant differences at
p value < 0.05, among different solvent fractions compared with the positive
control (EGCG), using one-way ANOVA, followed by Dunnett’s test.
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Figure 4: Cytotoxic effect of the methanol extract and various
solvent fractions of M. concanensis bark treated with 3T3 mouse
fibroblasts for 24 h data expressed as mean± SD, n� 3.

Table 4: Gelatin digestion activity of the methanol extract and its
fractions from the bark of M. concanensis.

Samples
(200 μgmL−1)

Zone inhibition
(mm)

Enzyme inhibition
(%)

Control 20± 0.81 0
EGCG 10± 0.47∗∗∗ 50
Chloroform 10± 1.24∗∗∗ 50
Hexane 16± 0.47∗∗∗ 20
Ethyl acetate 16± 0.47∗∗∗ 20
Methanol 18± 0.81 10
Data are expressed as mean± SD, n� 3. Data represent significant differ-
ences at (∗∗∗) p value < 0.05, among different solvent fractions compared
with negative control (water), using one-way ANOVA, followed by
Dunnett’s test.
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the concentration range of all the extracts/fractions to
0–100 μgmL−1 for further assay.

3.6.2. H2O2-Induced Damage. �e protective effect of var-
ious solvent fractions of M. concanensis bark against H2O2-
induced oxidative damage in 3T3-L1 was determined and
shown in Figure 5. From the results, it has been clear that the
H2O2 (125 μM) reduced the viability of cells to 15.35% after
6 h of treatment, whereas the cells pretreated with various
solvent fractions of M. concanensis bark prevented the cells
from oxidative damage. However, the level of protection by
each fraction varies and it depends on the concentration and
constituents present in each sample.�e chloroform fraction
of M. concanensis bark offers significant protection against
H2O2-induced damage even at low concentration, where the
viability of cells treated with 1.56 μgmL−1 protects 56% of
cells which was comparable to that of positive control, AA
(cell viability—57%). As the concentration increases, up to
12.5 μgmL−1, the chloroform fraction prevented the cells up
to 72% where AA prevented up to 69%. However, at the
concentration of 25 μgmL−1 and above, the viability of cells
treated with chloroform fraction got drastically reduced.
�is might be due to the overdose of chemical constituents
present in it. Similar patterns of results were obtained in the
cytotoxicity assay, and at low concentration (<15 μgmL−1),
the chloroform fraction was nontoxic to 3T3-L1 cells. As the
concentration increases, the chloroform fraction is toxic. As
reported, the extracts and fractions of various parts of
M. concanensis are cytotoxic to different cancer cell lines like
HepG2 [31, 32], and the chloroform fraction of
M. concanensis bark could offer a significant cytotoxic effect

in other cancerous cell lines. Further research is needed to
evaluate the selective cytotoxic effect of chloroform fraction
of M. concanensis bark.

From this study, it has been evident that compared to
other fractions, the chloroform fraction of M. concanensis
bark has a high sunscreen protection factor value, broad-
spectrum UV absorption, appreciable DPPH scavenging,
anticollagenase, antielastase, high phenolic, and high fla-
vonoid content. Additionally, it also prevents the H2O2-
induced oxidative damage in 3T3-L1 cells which was
comparable to that of positive control, AA.

3.7. UPLC-QTOF/MS Analysis. From this study, it has been
identified that thechloroformfraction is thebioactive fraction
ofM. concanensis bark. UPLC-QTOF/MS analysis was found
to be a convenient method to determine the presence of
possiblephytoconstituents in the studied fraction through the
exact mass detection. Polyphenolic compounds such as
phenolic acids and flavonoids are naturally abundant and
commonly found in the genus Moringa. Bioactive flavonols
such as quercetin, hyperoside, astragalin, isoquercetin,
kaempferol-3-O-rutinoside, and rutin were reported previ-
ously in this genus especially in the species,Moringa oleifera
[20]. In this study, 20 different phytoconstituents were
identified in the chloroform fraction obtained from the
methanol extract ofM. concanensis bark usingUPLC-QTOF/
MS analysis, Table 1.�e result indicated that the chloroform
fraction contains a complex mixture of bioactive tentative
annotated phenolics such as kaempferol-3-O-rutinoside,
astragalin, quercetin-3-O-glucuronide, kaempferol 3-O-
glucuronopyranosyl methyl ester, isoquercetin, kaempferol-
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Figure 5: Protective effect of various solvent fractions of M. concanensis bark against H2O2-induced oxidative damage in 3T3-L1 cells
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3-O-arabinoside, kaempferol-3-O-rhamnoside, quercetin-3-
O-glucuronide-methyl ester, eugenol, quercetin, and caffeic
acid. �e assignations were carried out on a prediction basis
anddetailedphytochemistry studies required tobecarriedout
on this species for the affirmation of the presence of the
predicted metabolites in the studied fraction/extract in the
future. �is comprehensive phytochemical profiling analysis
has revealed the structural diversity of phenolics and their
similar structural patterns as well as the biological potency of
the studied fractions.

Moreover, the findings are in agreement with the results
obtained from the total phenolic and total flavonoids
evaluation conducted on the respective fractions. �e ex-
istence of flavonoids, especially flavonols, could possibly be
the main contributors to photoprotective properties espe-
cially in collagenase and elastase inhibitory activities through
a synergistic effect [33]. Furthermore, the presence of car-
bonyl and hydroxyl moieties in the main scaffold of the
flavonols might be played the role in giving the inhibitory
effects which allow them to bind to metalloenzymes like
collagenase and elastase that could alter or inhibit metabolic
pathways [34]. However, further studies are required in
relation to the detailed identification and isolation of bio-
active metabolites from the bark ofM. concanensis as well as
molecular mechanisms of their photoprotective potentials.

4. Conclusion

In summary, the result obtained from the phytochemical
analysis showed that chloroform fractions ofM. concanensis
have the highest DPPH, TPC, and TFC values. �e pho-
toprotective study also demonstrated a high SPF value for
chloroform fractions and gave the same UVB protection as
its positive control, EGCG. Besides that, the chloroform
fractions have a much broader spectrum of UV absorption
that covers both UVA and UVB when compared to others.
�e inhibitory effect ofM. concanensis chloroform fractions
towards elastase and collagenase proved that the plant ex-
tract has potential biological properties that can reduce the
breakdown of collagen and elastin within the skin. In vitro
study showed that some of the fractions possessed low
cytotoxicity towards the 3T3-L1 cell line even at higher
concentrations (methanol, hexane, and ethyl acetate).
However, chloroform fractions obtained from the plant
extract exhibit high cytotoxic activity even at lower con-
centrations (ranging from 31.25 to 500 μgmL−1). All the
fractions displayed protective effect against H2O2-induced
oxidative damage in 3T3-L1 cells, with methanol, hexane,
and ethyl acetate having a higher cell viability percentage
even at higher concentrations (50 and 100 μgmL−1). Various
metabolites especially bioactive flavonols that were tenta-
tively identified using UPLC-QTOF/MS analysis might be
the source for the high photoprotective activity. Based on
these results, M. concanensis has the potential to be a new
applicant as an active component in pharmaceutical and
cosmetics formulation. However, detailed preclinical re-
search is needed to demonstrate the individual or synergistic
effect of the bioactive components involved in the photo-
protective mechanism of M. concanensis.
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Background. ZhiKe GanCao Decoction (ZKGCD) is a commonly used traditional Chinese medicine in the clinical treatment of
intervertebral disc degeneration (IDD). However, its active ingredients and mechanism of action remain unclear. �is study aims
to propose the systematic mechanism of ZKGCD action on IDD based on network pharmacology, molecular docking, and
enrichment analysis. Methods. Firstly, the common target genes between ZKGCD and IDD were identi�ed through relevant
databases. Secondly, the protein-protein interaction (PPI) network of common genes was constructed and further analyzed to
determine the core active ingredients and key genes.�irdly, gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analysis of common genes were performed. Finally, the stability of the binding between core active in-
gredients and key genes was veri�ed by molecular docking analysis. Results. “Intersecting genes-active components” network
consists of 154 active ingredients and 133 common genes. �e ten key genes are AKT1, TNF, IL6, TP53, IL1B, JUN, CASP3,
STAT3, MMP9, and MAPK3. Meanwhile, quercetin (Mol000098), luteolin (Mol000006), and kaempferol (Mol000422) are the
most important core active ingredients. �e main signal pathways selected by KEGG enrichment analysis includes AGE-RAGE
signaling pathway in diabetic complications (hsa04933), TNF signaling pathway (hsa04668), IL-17 signaling pathway (hsa04657),
cellular senescence (hsa04218), apoptosis (hsa04210), and PI3K-Akt signaling pathway (hsa04151), which are mainly involved in
in¤ammation, apoptosis, senescence, and autophagy. Conclusion. �is study provides a basis for further elucidating the
mechanism of action of ZKGCD in the treatment of IDD and o¥ers a new perspective on the conversion of the active ingredient in
ZKGCD into new drugs for treating IDD.

1. Introduction

Low back pain (LBP) is one of the most common global
health problems, and it has been younger in recent years [1].
According to the Global Burden of Diseases Survey, LBP
ranks among the top causes of disability [2, 3]. Intervertebral
disc degeneration (IDD) is the most signi�cant factor in LBP
patients (40%) [4]. �e vast majority of studies have sug-
gested that LBP caused by IDDmay be closely related to local
in¤ammatory, but the speci�c mechanism is not yet fully
understood [5, 6]. �erefore, the current pretreatment of

IDD is still based on a single symptomatic treatment, and the
main clinical drugs used are nonsteroidal anti-in¤ammatory
drugs (NSAIDs) [7, 8]. �ere is a lack of e¥ective nonin-
vasive methods to control, slow down, and reverse the
progression of IDD.

Traditional Chinese medicine (TCM) has been used for
thousands of years in Eastern countries and is widely used to
treat various diseases [9, 10]. In recent years, an increasing
number of scholars have advocated a novel treatment
method combining TCM and Western medicine. ZhiKe
GanCao Decoction (ZKGCD) is a classic empirical formula
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for the treatment of IDD, which was developed by Professor
Gong Zhengfeng with his years of clinical experience [11].
Professor Gong Zhengfeng is one of China’s leading tra-
ditional Chinese medicine practitioners and has received
many national honors. ZKGCD is mainly composed of
Aurantii Fructus (Pinyin: ZhiKe (ZK)), Licorice (Pinyin:
GanCao (GC)), Angelicae Sinensis Radix (Pinyin: DangGui
(DG)), Radix Salvia (DanShen (DS)), Sparganii rhizome
(Pinyin: SanLeng (SL)), Curcumae rhizome (Ezhu (EZ)),
Semen Pharbitidis (Pinyin: QianNiuZi (QNZ)) (Table 1).
,e main effect of this formula is to invigorate blood cir-
culation and remove blood stasis, which can alleviate the
patient’s pain by improving the local microenvironment of
the herniation and the nerve root [11]. Currently, ZKGCD is
mainly used by TCM practitioners to treat cervical and
lumbar spine disorders and skeletal muscle disorders as-
sociated with inflammation [12–15]. However, the specific
mechanism of action has not been elucidated and verified.
,en, TCM is characterized by multiple components,
multiple targets, and multiple mechanisms, which limited
the elucidation of specific therapeutic mechanisms.

,e emergence of network pharmacology presents a new
opportunity. Recent studies have confirmed that network
pharmacology has good predictive performance in the study
of different drug-disease interactions [16–19]. Network
pharmacology is mainly used to explain the relationship
among herbs, compounds, targets, signaling pathways, and
diseases with a specific approach. Currently, network
pharmacology has been successfully applied to study the
relationship between herbal medicines and skeletal muscle
diseases and to demonstrate the complex mechanisms of
TCM diseases based on multiple compounds, multiple
targets, and multiple pathways. In addition, gene ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis combined with network pharmacology
may provide more valuable and complementary informa-
tion, thus further improving the predictive performance of
potentially effective mechanisms.

,is study aimed to explore the main active ingredients,
potential targets, and signaling pathways of ZKGCD for the
treatment of IDD based on the network pharmacology
approach and to provide theoretical support for clinical
practice. In addition, the reliability of the results was further
confirmed by molecular docking. Figure 1 illustrates the
detailed workflow of this study.

2. Methods

2.1. Selection of IntersectingGenes for ZKGCDand IDDTarget
Genes. ,e formula of this study is ZKGCD, which contains
seven herbs: Aurantii Fructus (Pinyin: ZhiKe (ZK)), Licorice
(Pinyin: GanCao (GC)), Angelicae Sinensis Radix (Pinyin:
DangGui (DG)), Radix salvia (DanShen (DS)), sparganii
rhizome (Pinyin: SanLeng (SL)), curcumae rhizome
(Ezhu(EZ)), semen pharbitidis (Pinyin: QianNiuZi (QNZ)).
We used the Traditional Chinese Medicine Systems Phar-
macology (TCMSP) database (https://tcmsp-e.com/) [20] to
select the active ingredients of each herb in ZKGCD and set
oral bioavailability (OB)≥ 30% and drug-likeness (DL)≥

0.18. Meanwhile, the target genes corresponding to each
active ingredient were obtained from the DrugBank database
(https://go.drugbank.com/) [21] and UniProt database
(https://www.UniProt.org) [22].

We integrated a total of 5 databases of target genes for
IDD, namely Online Mendelian Inheritance in Man
(OMIM) (https://omim.org/) [23], GeneCards database
(https://www.genecards.org/) [24], Comparative Tox-
icogenomics Database (CTD) (http://ctdbase.org/) [25],
DrugBank database (https://go.drugbank.com/) [21], and
DisGeNet database (https://www.disgenet.org/) [26]. Fi-
nally, the obtained genes were uniformly named through the
UniProt database.

,e intersection gene set was obtained based on the
above two gene sets by constructing Venn diagrams, which
are potential target genes for ZKGCD treatment of IDD.

2.2. Network Construction and Core Gene Identification.
In this study, we used Cytoscape software [27] to construct
the “intersecting genes-active components” network and the
“IDD-key genes-active ingredients-herbs” network to show
the relationships among ZKGCD, seven herbs, intersection
genes and IDD. In the network, the degree represents the
number of edges shared by each node. Based on the degree of
each active ingredient in the two networks, we used the top
three active ingredients as the main active ingredients. ,en,
protein-protein interaction (PPI) network was obtained by
importing all the intersecting genes into the STRING da-
tabase (https://www.string-db.org/) [28] with Homo sapiens
and 0.4 moderate confidence for filter conditions. At the
same time, the TSV file was obtained. Finally, the obtained
TSV file was imported into Cytoscape software to visualize
the PPI network of intersected genes, and the PPI network
was analyzed by MCODE and CytoHubba plugin in
Cytoscape to acquire clusters and key genes with 12 kinds of
topological measures.

2.3. Enrichment Analysis of Intersecting Genes. To further
clarify the potential specific mechanism of the ZKGCD
treatment IDD, we used the clusterProfiler package of R
software to perform enrichment analysis for the intersection
gene set, mainly including gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis [29]. On the one hand, GO analysis was used to
explore the potential relationship of intersecting genes with
IDD treatment at three levels: cellular components (CCs),
molecular functions (MFs), and biological processes (BPs).

Table 1: Scientific names for all herbs in ZhiKe GanCao Decoction.

Pin Yin Latin name
ZhiKe (ZK) Aurantii Fructus
GanCao (GC) Licorice
DangGui (DG) Angelicae Sinensis Radix
DanShen (DS) Radix Salvia
SanLeng (SL) Sparganii Rhizome
Ezhu(EZ) Curcumae Rhizome
QianNiuZi (QNZ) Semen Pharbitidis
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On the other hand, KEGG analysis reveals the main path-
ways of action of the target genes.

2.4. Verification of Stability for Core Genes and Active
Ingredients. In this study, we mainly used molecular
docking analysis to clarify whether there is a good stability
between our selected key genes and the corresponding active
ingredients. ,e stereo structures of key genes and active
ingredients (small molecule ligands) were downloaded from
the RCSB PDB database (https://www.rcsb.org/) and Pub-
Chem database (https://pubchem.ncbi.nlm.nih.gov/), re-
spectively. And then, they were preprocessed by PyMol 2.4.0
and ChenBio3D software. Finally, we used AutoDock Vina
to calculate the binding energy based on the hydrogenation
reaction of proteins and small-molecule ligands.

3. Results

3.1. Bioactive Components and Drug Targets for ZKGCD.
A total of 194 active ingredients from seven herbs in ZKGCD
were obtained from the TCMSP database based on two
selection conditions (OB≥ 30% and DL≥ 0.18). Among
them, 5 active ingredients were derived from ZK, 92 from
GC, 2 from DG, 65 from DS, 5 from SL, 3 from EZ, and 22
from QNZ (Supplementary Table 1). ,en, 186 active in-
gredients were obtained after removing the repeats. Finally,
267 targets of ZKGCD were obtained by sorting the cor-
responding targets of 186 active compounds through
DrugBank and UniProt databases (Supplementary Table 2).

3.2. Potential Target Genes of ZKGCD for the Treatment of
IDD. We obtained a total of 2166 nonduplicated IDD-re-
lated genes from five databases OMIM, GeneCards, CTD,

DrugBank, and DisGeNet database based on the keyword of
Intervertebral disc degeneration. ,en, we analyzed the
intersection gene set of ZKGCD targets and IDD-related
genes through online analysis (http://bioinformatics.psb.
ugent.be/webtools/Venn/) and obtained the intersection
gene set containing 133 drug-disease targets, which are
potential target genes of ZKGCD treatment for IDD (Fig-
ure 2 and Supplementary Table 3).

3.3. Construction of “Intersecting Genes-Active Components”
Network. According to the relationship between drug targets
and bioactive ingredients, we established the “intersection gene-
active ingredient” network through Cytoscape software, which
contains 1278 edges, 133 intersection genes, and 154 active
ingredients (Figure 3).,en,we performed statistical analysis for
this network structure and found that quercetin (Mol000098),
luteolin (Mol000006), and kaempferol (Mol000422) were the
top three degrees, which indicated that these three components
correspond to the largest number of intersecting genes.
,erefore, they may be the key components of ZKHCD for the
treatment of IDD. ,e top 10 active ingredients were screened
according to the degree value, as shown in Table 2.

3.4.ConstructionofProtein-Protein Interaction (PPI)Network
and Key Genes Network. All 133 intersecting genes were
imported into the STRING database to construct the PPI
network and visualized it by Cytoscape (Figure 4). ,en,
based on the results of 12 topological algorithms, we selected
the top 10 key genes based on degree values, namely AKT1,
TNF, IL6, TP53, IL1B, JUN, CASP3, STAT3, MMP9, and
MAPK3 (Figure 4). Additionally, a total of three clusters
were identified in the PPI network by the cluster analysis
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Figure 1: Flow chart of the study. OB: oral bioavailability. DL: drug-likeness.
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function with the MCODE plugin (Figure 5, Table 3). We
found that the first cluster contained 10 key genes, further
confirming the credibility of key gene selection.

3.5. Construction of “Diseases-Key Genes-Active Ingredients-
Herbs” Network. To further elaborate the relationship be-
tween ZKGCD and IDD, we identified 11 bioactive
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ingredients and 4 herbs corresponding to 10 key genes, and
the relationship among them is shown in Figure 6 (Sup-
plementary Table 4). ,e 11 bioactive ingredients are
quercetin (Mol000098), luteolin (Mol000006), kaempferol
(Mol000422), beta-sitosterol (Mol000358), naringenin
(Mol004328), nobiletin (Mol005828), formononetin
(Mol000392), licochalcone A (Mol000497),

cryptotanshinone (Mol007088), tanshinone IIA
(Mol007154), and rhein (Mol002268).,e 4 herbs are ZhiKe
(ZK), GanCao (GC), DanShen (DS), and SanLeng (SL).
Analyzing the “diseases-key genes-active ingredients-herbs”
network revealed the highest degree of quercetin, the second
degree of luteolin, and the third degree of kaempferol, which
were consistent with the results of the “intersecting genes-
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Table 2: Basic information of 11 active components in ZKGCD.

Molecule ID Molecule name PubChem CID OB (%) DL Source (herb name) Targeted key genes
MOL000098 Quercetin 5280343 46.43 0.28 GanCao AKT1, MMP9, TNF, JUN, IL6, CASP3, TP53, IL1B
MOL000006 Luteolin 5280445 36.16 0.25 DanShen AKT1, MMP9, TNF, JUN, IL6, CASP3, TP53
MOL000422 Kaempferol 5280863 41.88 0.24 GanCao AKT1, TNF, JUN, CASP3
MOL004328 Naringenin 932 59.29 0.21 ZhiKe, GanCao AKT1, MAPK3, CASP3
MOL000392 Formononetin 5280378 69.67 0.21 GanCao, SanLeng JUN
MOL005828 Nobiletin 72344 61.67 0.52 ZhiKe MMP9, JUN, TP53
MOL007154 Tanshinone IIA 164676 49.89 0.40 DanShen MMP9, JUN, CASP3, TP53
MOL000497 Licochalcone A 5318998 40.79 0.29 GanCao STAT3
MOL000354 Isorhamnetin 5281654 49.60 0.31 GanCao /
MOL004373 Anhydroicaritin 44259058 45.41 0.44 QianNiuZi /
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active components” network analysis. Eight of the 11 bio-
active ingredients are among the top 10 active ingredients in
the “intersecting genes-active components” network.

3.6. Enrichment Analysis for GO Function and KEGG
Pathway. Based on R platform, we conducted GO function
and KEGG pathway enrichment analysis for 133 intersected
genes. A total of 2610 results were obtained by GO functional
enrichment analysis, including 2423 BPs, 50 CCs, and
137MFs. Among them, biological processes are mainly
related to response to oxidative stress, response to reactive
oxygen species, cellular response to reactive oxygen species,
reactive oxygen species metabolic process, and regulation of
apoptotic signaling pathway. As for CCs, the results showed
that it was mainly related to membrane raft, cyclin-de-
pendent protein kinase holoenzyme complex, RNA

polymerase II transcription regulator complex, nuclear
chromatin, and vesicle lumen.,eMFs are mainly related to
cytokine activity, DNA-binding transcription activator ac-
tivity, cytokine receptor binding, and receptor ligand ac-
tivity. Figure 7 exhibits the top 10 for each category, and
details of the GO analysis results are listed in Supplementary
Table 5.

We used KEGG pathway enrichment analysis to further
and comprehensively elaborate the potential mechanism of
ZKGCD in delaying the IDD process. Finally, a total of 172
potential related pathways are enriched, mainly involving
inflammation, apoptosis, senescence, and autophagy, which
are specifically manifested as AGE-RAGE signaling pathway
in diabetic complications (hsa04933), TNF signaling path-
way (hsa04668), IL-17 signaling pathway (hsa04657), cel-
lular senescence (hsa04218), apoptosis (hsa04210), and
PI3K-Akt signaling pathway (hsa04151) (Table 4).
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Figure 6: “IDD-key genes-active ingredients-herbs” network. Red pentagons represent diseases, dark blue triangles represent key genes,
purple inverted triangles represent active ingredients associated with core genes, and light blue rectangles represent herbs. ,e size of each
node represents the number of degrees.

Table 3: Cluster information of the protein-protein interaction (PPI) network for common genes.

Cluster Score Nodes Edges Gene names

1 50.156 65 1605

MMP2, TGFB1, SERPINE1, MPO, CCL2, CDK4, MYC, IL2, MDM2, IFNG, IL4, NR3C1, CRP, CDK2,
MAPK3∗, IL1A, STAT3∗, ICAM1, TP53∗, VCAM1, NOS3, MMP3, BCL2L1, CXCL8, SELE, CXCL10,
JUN∗, MMP9∗, MMP1, EDN1, SPP1, NOS2, MAPK8, CASP9, HSP90AA1, SIRT1, IKBKB, HIF1A,

PPARG, ESR1, IL10, CASP8, STAT1, PTEN, EGFR, PPARA, ADIPOQ, MCL1, AKT1∗, CHUK, IL1B∗,
FOS, NFKBIA, PTGS2, NFE2L2, CREB1, TNF∗, CCND1, CASP3∗, RELA, IL6∗, MAPK14, CDKN1A,

HMOX1, TIMP1

2 7 19 63 NCF1, HSPB1, RAF1, AR, F3, PLAU, CCNB1, BIRC5, MAPK1, GSK3B, CAV1, CDK1, KDR, PRKCA,
RB1, RUNX2, CCNA2, CASP7, HSPA5

3 3 3 3 F2, THBD, PLAT
∗Core genes are highlighted in red.
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Particularly, we visualized the first 30 pathways of enrich-
ment results according to adjusted P values (Figure 8).
Detailed information of the GO analysis results is listed in
Supplementary Table 5.

3.7. Molecular Docking between Key Genes and Active
Ingredients. Binding energy is considered to be one of the
key indicators to verify the stability of the conformation of
the bound protein and active ingredient. At the same time,

the stability of the conception increases as the binding
energy decreases. For this reason, we performed molecular
docking analysis on 10 key genes and the top 3 bioactive
components, and the results are shown in Figure 9. ,e
results of molecular docking showed that all binding en-
ergies were lower than −5.0 kcal/mol, which on the other
hand reflected that ZKGCD acted through multiple targets
in the treatment of IDD. In addition, we found that quer-
cetin, the most important bioactive component of ZKGCD,
obtained the highest binding energy of 10.5 kcal/mol for
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Figure 7: GO enrichment analysis of common genes. (a) Top 10 significantly enriched terms in biological processes (BPs). (b) Subnetwork
showing the top five BP terms and related genes. (c) Top 10 significantly enriched terms in cellular components (CCs). (d) Subnetwork
shows the top five CC terms and related genes. (e) Top 10 significantly enriched terms in molecular functions (MFs). (f ) Subnetwork shows
the top five MF terms and related genes.

Table 4: ,e main related pathways for IDD are in the top 30.

ID Description p. adjust Count
hsa04933 AGE-RAGE signaling pathway in diabetic complications 3.36E-34 30
hsa04668 TNF signaling pathway 1.53E-26 29
hsa04657 IL-17 signaling pathway 4.17E-26 27
hsa04218 Cellular senescence 5.35E-19 26
Hsa04210 Apoptosis 3.71E-18 24
Hsa04151 PI3K-Akt signaling pathway 2.00E-16 33
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binding to the protein AKT1. Similarly, the highest binding
energy of 9.9 kcal/mol was obtained for kaempferol binding
to AKT1. However, for luteolin, the binding to MMP9 was
required to obtain the highest binding energy of 10.7 kcal/
mol. Moreover, we showed the structure of the interaction
between each bioactive ingredient and the key protein with
the strongest binding activity, whereas, for quercetin, we
selected two key proteins (Figure 10).

4. Discussion

With the increasing intensity of modern work, the incidence
of IDD is increasing. Currently, the generally recognized
mechanisms of IDD may be related to the enrichment of
inflammatory factors, senescence, and apoptosis of nucleus
pulposus cells (NPC) and degradation of extracellular matrix
(ECM). However, there is a lack of effective noninvasive
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treatment for IDD before it progresses to surgery. Single
NSAIDs are mainly used to relieve painful symptoms, but it
is accompanied by a series of side effects. Since herbs taken
from nature have no or very few side effects, it has been used
as a supplement to western medicine. ZKGCD, a traditional
Chinese medicine compound, has been used to treat mus-
culoskeletal diseases. However, the specific therapeutic
mechanism of ZKGCD is not clear, which limited the ap-
plication of ZKGCD in clinical practice. ,is study used
network pharmacology theories, molecular docking tech-
niques, high-throughput data analysis, and a series of related
tools to visualize the specific relationships among drug active
ingredients, key targets, important signaling pathways, and
disease.

In this study, a total of 154 active ingredients were se-
lected, among which quercetin (Mol000098), luteolin
(Mol000006), and kaempferol (Mol000422) were identified
as the core active ingredients. Quercetin is one of the main
active components of licorice, which is a natural flavonoid
with antioxidant and anti-inflammatory effects and widely
exists in various plants. Several studies have shown that
quercetin can delay IDD progression through multiple
signaling pathways, mainly including (1) quercetin can
prevent IDD by regulating p38 MAPK-mediated autophagy

[30]; (2) quercetin can promote SIRT1-dependent auto-
phagy to prevent IDD [31]; (3) QUE inhibits the expression
of SASP and senescence phenotype in NPC and improves
the progression of IDD through Nrf2/NF-κB axis [32].
Luteolin, also a natural flavonoid, has anti-inflammatory and
anticatabolic effects as its most important effects, which are
opposed to the underlying mechanisms of IDD develop-
ment. ,erefore, it is reasonable that luteolin has a thera-
peutic effect on IDD. ,e most significant effect of
kaempferol is anti-inflammatory, which has been shown to
have beneficial effects on chronic inflammatory diseases,
including IDD [33]. In addition, experimental studies have
shown that kaempferol reduces inflammation mainly by
increasing the levels of IL-10 and IL-6, which are anti-in-
flammatory and proinflammatory factors, respectively [34].
,e major pathological features of IVDD are the elevated
expression of inflammatory mediators, increased senescence
and apoptosis of nucleus pulposus cells (NPCs), and deg-
radation of the extracellular matrix [5, 6]. ,erefore, reg-
ulating inflammation and oxidative stress is a crucial step in
the treatment of IDD. Quercetin, luteolin, and kaempferol
all have anti-inflammatory effects. We speculate that, on the
one hand, the combination of multiple components may
have produced a synergistic effect. On the other hand, other

AKT1-Quercetin
(a)

MMP9-Quercetin

(b)

AKT1-Kaempferol

(c)

MMP9-Luteolin

(d)

Figure 10: Four examples of conformations for some core compounds and key genes.

Evidence-Based Complementary and Alternative Medicine 9



bioactive components may have promoted the antioxidant
effect of luteolin. In addition, several studies have shown that
the majority of herbal formulas with quercetin, kaempferol,
and luteolin as the core bioactive components have regulated
effects on inflammation, oxidative stress, and apoptosis,
which is consistent with the potential mechanism of ZKGCD
for IDD [35–38].

According to the ten key targets selected by the PPI net-
work and topology algorithm, and the results of GO function
enrichment and KEGG pathway enrichment analysis, the final
results all mainly focused on the regulation of inflammatory
response, oxidative stress response, reactive oxygen meta-
bolism, and apoptotic signaling pathway. AKT1 is a serine/
threonine protein kinase involved in a variety of biological
processes. AKT activation depends on the PI3K pathway.
Furthermore, studies have confirmed that the pathogenesis of
disc lesions may be related to end-plate sclerosis, increased
oxidative stress, and AGE/RAGE-mediated interactions. TNF
and IL6, as typical inflammatory factors, are associated with
our selected core active components and potential mechanisms
(TNF signaling pathway and IL-17 signaling pathway) that are
complementary to each other. ,e enrichment results also
suggested that two pathways, including cellular senescence and
apoptosis, may play a very important role in the treatment of
IDD. On the one hand, senescence of NPC is a key factor in
IDD, and delaying NPC senescence may be beneficial for al-
leviating IDD [39, 40]. On the other hand, endoplasmic re-
ticulum (ER) stress and ECM degradation are important
factors in the development of IDD. Autophagy can effectively
repair ER stress and maintain ECM homeostasis [41]. More-
over, TP53 and CASP3, among the key targets, are mainly
associated with induction of apoptosis and senescence, which
further confirmed the potential of ZKGCD in treating IDD.
However, we must acknowledge that the results of this study
were confirmed by experiments in other studies, lacking our
own in vivo experimental validation.

5. Conclusion

In conclusion, this study systematically elucidated the po-
tential mechanisms of ZKGCD for the treatment of IDD
based on a network pharmacology approach, molecular
docking technique, and GO and KEGG enrichment analysis.
,e results indicated that quercetin (Mol000098), luteolin
(Mol000006), and kaempferol (Mol000422) were the main
bioactive components, which may alleviate the occurrence
and development of IDD through the AGE-RAGE signaling
pathway in diabetic complications, TNF signaling pathway,
IL-17 signaling pathway, cellular senescence, apoptosis, and
PI3K-Akt signaling pathway. ,is study demonstrated the
characteristics of multicomponent, multitarget, and multi-
pathway of ZKGCD and provided potential targets and a
basis for the development of new drugs and experimental
studies for the subsequent treatment of IDD.
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�is research aimed to explore the e�ect of Licochalcone-A (LCA) combined with Rab23 gene on the proliferation, migration, and
invasion of glioma U251 cells through the Wnt/β-catenin signaling pathway. �e glioma U251 cell line was taken as the research
object, and the Rab23 overexpression plasmid was constructed. According to the treatment method, U251 cells were rolled into
blank control group (BC), Rab23 overexpression plasmid transfection group (Rab23), 25 μmol·L−1 LCA treatment group (LCA),
and Rab23 overexpression plasmid transfection combined with 25 μmol·L−1 LCA treatment group (Rab23 + LCA). Subsequently,
the ability of cell proliferation, migration, and invasion of each group was detected by methyl thiazolyl tetrazolium (MTT) assay,
scratch healing test, and Transwell cell invasion test, respectively. Western blot was implemented to detect the expression
di�erences of cell proliferation antigen Ki-67, apoptosis-related proteins Bcl-2 and Bax, and Wnt/β-catenin pathway-related
proteins β-catenin, glycogen synthase kinase-3 (GSK3β), Axin2, and c-myc. �e results showed the successful construction of
Rab23 overexpression and stable transfection U251 cell line. After grouping and treatments, the cell proliferation, migration, and
invasion ability of the Rab23 group, LCA group, and Rab23 + LCA group was substantially reduced relative to BC group (P< 0.05).
In addition, the cell proliferation, migration, and invasion ability of Rab23 + LCA group decreased relatively more signi�cantly.
�e expression levels of Ki-67, Bcl-2, β-catenin, and c-myc in the Rab23, LCA, and Rab23 + LCA groups were greatly lower versus
those of BC group. Moreover, the protein expression levels of Bax, GSK3β, and Axin2 were considerably increased (P< 0.05),
while the expression of protein in Rab23 + LCA group increased notably. �ese �ndings indicate that LCA combined with Rab23
gene can inhibit the proliferation, migration, and invasion of glioma U251 cells through the Wnt/β-catenin signaling and can
promote cell apoptosis.

1. Introduction

At present, the mortality rate of malignant tumors accounts for
about 24% of all causes of death, and the incidence and
mortality rate of nervous system tumors account for the top ten
of all malignant tumors. �e pathogenesis of primary central
nervous system tumors is not clear and has the characteristics of
strong invasion, high recurrence rate, and high mortality,
among which glioma accounts for more than 50% [1]. �e
current standard clinical treatment of glioma is surgery com-
bined with chemotherapy or radiotherapy. Glioma is highly

invasive, and the prognosis of patients is very poor, with the
recurrence rate reaching 100%, while the 5-year survival rate is
less than 5% [2]. Multidisciplinary treatment, including surgery,
radiotherapy, and chemotherapy, is the standard treatment for
glioma, but the survival time of most patients after treatment
does not exceed two years [3]. �erefore, the development of
new drugs for killing glioma cells is of great signi�cance for
reducing the recurrence rate and mortality after treatment and
improving the quality of life of patients and the prognosis.

Chinese herbal medicine is one of the preferredmethods of
modern medicine to treat diseases, and the antitumor activity
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and the advantages of low side effects of Chinese herbal
medicine have also received extensive attention from people.
Licochalcone-A (LCA) extracted from licorice is a kind of
natural active brass, and it has antitumor activity [4]. At
present, many studies confirmed that LCA had excellent an-
ticancer effects, such as in liver cancer [5], gastric cancer [6],
breast cancer [7], and bladder cancer [8].)e process of tumor
cell invasion and metastasis is regulated by multiple genes and
steps. Rab23 gene is a member of the Ras oncogene family.
Studies confirmed that the Rab23 gene played an imperative
role in the occurrence and progression of tumors [9]. In ad-
dition, the overexpression of Rab23 gene can inhibit the
proliferation activity of glioma cells [10]. In recent years, studies
verified that the disorder and excessive activation of the Wnt
signaling pathway can participate in the biological processes of
glioma cell proliferation, migration, and invasion [11].

However, the mechanism of Rab23 gene combined with
LCA in the invasion and metastasis of glioma remains to be
explored. In this research, glioma U251 cells were deemed as
the research object, and the effects on cell proliferation, mi-
gration, and invasion were explored through overexpression of
Rab23 and LCA treatment. )en, the mechanism of Wnt/
β-catenin pathway in the proliferation, migration, and invasion
of glioma U251 cells was preliminarily explored.

2. Materials and Methods

2.1. Experimental Materials. )e glioma cell line U251 was
purchased fromATCC, USA. Fetal bovine serum, high glucose
DMEM, penicillin mixture, and trypsin were all purchased
fromGibco, USA. LCA powder (molecular formula: C21H22O4;
molecular weight: 338.40; purity≥ 96.0%), dimethyl sulfoxide
preparation, and methyl thiazolyl tetrazolium (MTT) kit were
purchased from Sigma, USA. A 4% paraformaldehyde was
purchased from Invitrogen, USA. Radio immunoprecipitation
assay (RIPA) cell lysate was purchased from Beyotime Institute
of Biotechnology, China. Bicinchoninic acid (BCA) kit and
horseradish peroxidase-labeled goat anti-mouse IgG antibody
were purchased from )ermo Company, USA. )e ultrasen-
sitive ECL chemiluminescence kit was purchased from
Advansta, USA. Mouse anti-human Ki-67, β-catenin, GSK3β,
Axin2, c-myc, Bcl-2, Bax, andGAPDHwere all purchased from
Cell Signaling, USA. Puromycin was purchased from Merck,
USA. Lentiviral Vector Particle was purchased fromChina Jikai
Gene. )e cell culture dishes were purchased from Corning
Costar, USA.

2.2. Experimental Methods

2.2.1. Cultivation of Glioma U251 Cells. Glioma U251 cells
were cultured in Dulbecco’s modified eagle medium
(DMEM) containing 10% fetal bovine serum (FBS) and
100UL−1 penicillin streptomycin, and placed in a 37°C
thermostatic cell culture incubator ()ermo Company,
USA) containing 5% CO2. When the degree of cell fusion
reached 80%, the cells were digested with trypsin and passed
at a rate of 1 : 4. In this study, 2–13 generations of cells with
the best culture activity were used for subsequent
experiments.

2.2.2. Grouping and Transfection of Glioma U251 Cells.
)e glioma U251 cells were rolled into blank control group
(BC), Rab23 transfection group (Rab23), LCA group (LCA),
and Rab23 + LCA group (Rab23 + LCA). )e cells in Rab23
group were transfected with Rab23 overexpression plasmid;
cells in LCA group were treated with 25 μmol·L−1 LCA; and
the cells in the Rab23 + LCA group were transfected with
Rab23 overexpression plasmid and 25 μmol·L−1 LCA.

)e cells were transfected according to the instructions
of Lentiviral Vector Particle. Glioma U251 cells were in-
oculated into 96-well plates, and 1× 108 TU·mL−1 trans-
fection solution (2 μL virus mixed with 98 μL DMEM
containing 10% FBS) was added into each well when the
fusion degree reached about 70%. After 12 h of culture, the
original medium was discarded, and conventional cell
medium was added to culture for 3 days for fluorescence
observation. After 7 days of culture, the cells were inoculated
into 24-well plates when the fluorescence expression of the
cells exceeded 70%. Routine cell culture medium containing
1mg·L−1 puromycin was added for culture for 7 days, to
obtain stable overexpression of Rab23 cell lines. Western
blot was performed to detect the expression of Rab23 in
glioma U251 cell lines transfected with lentivirus.

2.2.3. MTT Assay. )e cells were seeded into 96-well cell
culture plates at a density of 1× 107 cells·mL−1, the inocu-
lation volume was 100 μL per well, and five replicates were
set in each group. When the degree of cell fusion reached
about 80%, the cells were passed and grouped. After 48 h of
culture, the original medium of cells in each well was re-
moved, and 20 μL MTTworking solution was added to each
well successively. )e cell culture plates were replaced in a
37°C constant temperature cell incubator containing 5%
CO2 and incubated in dark place for 4 h. )en, the original
MTT working fluid of cells in each well was removed, and
150 μL dimethyl sulfoxide reagent was added to each well
successively.)eMTTworking fluid in each well was shaken
at low speed for 10min avoiding light. Finally, the absor-
bance (OD) of cells in each well was measured at 490 nm
using a microplate analyzer (BioTek, USA). )e relative
viability of cells was calculated according to the equation:
(average absorbance in the test group/average absorbance in
the blank group) ×100%.

2.2.4. Scratch Healing Test. Cells were seeded in a 6-well cell
culture plate with the density of 4×105 cells·mL−1, and
cultured for 24 h. When the degree of cell fusion reached
about 80%, the sterilized 100 μL pipettor head was used to
scratch the monolayer cells perpendicular to the bottom of
the orifice plate. )e cells were gently washed with phos-
phoric acid buffer (PBS) 3 times. After transfection and
administration, new cell medium was added to each well for
further culture for 24 h. A microscope (Nikon, Japan) was
employed to take pictures of monolayer cells with different
field of view and the width of the scratches is measured. )e
cell scratch healing rate was calculated according to the
equation: (scratch width of 0 h – scratch width of 24 h)/
scratch width of 0 h× 100%.
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2.2.5. Transwell Chamber Cell Invasion Test. Cell concen-
tration was adjusted to 2×105 cells·mL−1, and transfected
and administered, respectively. After 24 h of normal culture,
serum-free starvation lasted for 12 h. After trypsin digestion,
the cell density was adjusted to 1× 105 cells·mL−1 using
serum-free medium. )en, 50mg·L−1 Matrigel 1 : 8 diluent
was used to coat the upper compartment surface of the
membrane at the bottom of the Transwell chamber, and the
solution was fixed in an incubator for 30min. After this, the
residual liquid in the chamber was removed, and 50 μL
serum-free culturemediumwas added to each well, hydrated
for 30min. )en, 200 μL cell suspension was taken and
placed in Transwell chamber of 24-well plate. )e experi-
ment was repeated for three times in each group. A quantity
of 500 μL high glucose DMEM containing 20% FBS was
added into the lower chamber, and put into 37°C constant
temperature cell incubator containing 5% CO2 for 24 h.
)ree days later, the Transwell chamber was removed, the
matrix glue and cells in the chamber were gently wiped with
a sterile cotton swab, and 4% paraformaldehyde solution was
added to fix the cells for 5min. )en, the residual liquid was
discarded, and 4 g·L−1 crystal violet solution was added for
staining for 20min. )en, the cells were washed for 3 times
with PBS. Ten fields were randomly selected from each
sample. )e cells transferred to the subcellular membrane
were counted using an inverted microscope (Nikon, Japan)
and averaged.

2.2.6. Western Blot. )e treated cells of each group were
taken, RIPA cell lysate was added, and the supernatant was
taken after centrifugation at 12,000 rpm for 20min.
According to the instructions of the BCA kit, the total
protein concentration was measured at 570 nm using an
enzyme plate analyzer. )en, Western blot analysis was
performed on 40 μg protein. After 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel
electrophoresis, transfer blot was performed, and the
membrane was sealed overnight with 5% skimmed milk at
4°C. Mouse anti-human Ki-67 (1 :1000), Bcl-2 (1 :1000), Bax
(1 :1000), β-catenin (1 :1000), GSK3β (1 :1000), Axin2 (1 :
1000), c-myc (1 :1000), and GAPDH (1 :1000) primary
antibodies were added, and sealed overnight at 4°C. )en,
horseradish peroxidase (HRP) labeled goat anti-rat IgG (1 :
2000) secondary antibody was added and incubated at room
temperature for 2 h. According to the instructions of the
ECL chemiluminescence kit, the color of protein bands was
developed. After exposure, ECL chemiluminescence in-
strument (Bio-Rad, USA) was utilized for development and
fixing. Quantity One was then employed to analyze the gray
value of the target protein bands. )e relative expression of
target protein was calculated according to the equation: gray
value of target protein band/gray value of GAPDH band.

2.3. Statistical Methods. SPSS 19.0 was employed for sta-
tistical analysis. )e test data were all expressed as mean plus
or minus standard deviation (x ± s), and differences were
compared by one-way ANOV A analysis. P< 0.05 was
considered statistically significant.

3. Results

3.1. Evaluation of Stable Transformation of U251 Cells
Overexpressing Rab23. )e fluorescence expression in U251
cells after transfection was observed with an inverted fluo-
rescencemicroscope. Figure1(a) shows that after transfection
with the empty vector and the Rab23 overexpression vector,
the U251 cells all had green fluorescence expression, and they
were evenly distributed in the cytoplasm. Western blot de-
tection results of Rab23 protein expression in cells in
Figure 1(b) showed that there was no significant difference in
Rab23 protein expression between the blank control group
and the transfected empty vector group (P> 0.05). In contrast
to blank control group and the transfected empty vector
group, the Rab23 protein expression level in the cells of the
Rab23 overexpression plasmid transfection group was re-
markably increased (P< 0.05).

3.2. Detection of U251 Cell Proliferation Inhibition by MTT
Assay. MTT assay was adopted to detect the differences in
cell proliferation levels of U251 cells in different treatment
groups after 48 hours of grouping treatment. Figure 2
presents that the cell proliferation activity of the Rab23
group, the LCA group, and the Rab23 + LCA group was
greatly reduced compared to that of the BC group (P< 0.05).
)e cell proliferation activity of the Rab23 + LCA group was
considerably reduced relative to that of Rab23 group and the
LCA group (P< 0.05), while there was no obvious difference
in the cell proliferation activity between the Rab23 group
and the LCA group (P> 0.05).

3.3. Scratch Healing Test to Detect the Migration Ability of
U251Cells. )escratchhealing testwasperformed toevaluate
the migration ability of U251 cells in different treatment
groups,andtheresultsareshowninFigure3.FromFigure3(a),
therewasnosubstantialdifferenceinthescratchhealingdegree
amongthe fourgroupsofcells at0 hof the scratch.After24 hof
scratching, the scratches in the BC group healed significantly,
the scratches in the Rab23 group and the LCA group were
obvious, and the scratches in the Rab23 +LCA group were
more obvious. Figure 3(b) shows that compared to the BC
group, the healing of the scratches of the cells in the Rab23
group, the LCA group, and the Rab23 +LCA group was no-
tablyreduced(P< 0.05).Incontrast totheRab23groupandthe
LCAgroup, the scratch healing of the cells in theRab23 +LCA
group was remarkably reduced (P< 0.05), while there was no
great difference in the scratch healing of the cells between the
Rab23 group and the LCA group (P> 0.05).

3.4. Transwell Chamber Test to Evaluate Invasion Ability of
U251 Cells. )e Transwell chamber test was implemented to
evaluate the invasion ability of U251 cells in different treatment
groups, and the results are shown in Figure 4. Figure 4(a) shows
that the cell invasion staining of the Rab23 group, the LCA
group, and the Rab23+LCA groupwas obviously less than that
of the BC group, and the cell invasion staining of the
Rab23+LCA group was the least. )e number of positive
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U251 cells stained was counted. Figure 4(b) shows that com-
pared with the BC group, the cell invasion level of the Rab23
group, the LCA group, and the Rab23+LCA group was
substantially reduced (P< 0.05). )e cell invasion level of the
Rab23+LCA group was evidently inferior to that of Rab23
group and the LCA group (P< 0.05), while the Rab23 group
and the LCA group had no remarkable difference in the cell
invasion level (P> 0.05).

3.5. Western Blot Detection of Ki-67 and Apoptosis-Related
Protein Expression inU251Cells. Western blot was adopted to
detect the differences in the expression of Ki-67 antigen and
apoptosis-related proteins Bcl-2 and Bax in U251 cells in dif-
ferent treatment groups. )e results are shown in Figure 5.
Figure 5(a) shows that the expression of Ki-67 and Bcl-2 protein
in the Rab23 group, the LCAgroup, and the Rab23+LCAgroup
were significantly reduced relative to those of BC group, while
the Bax protein expression was significantly increased. )e gray
value difference of target protein in each group was counted.
From Figures 5(b), 5(c), and 5(d), the expression of Ki-67 and
Bcl-2 protein in the Rab23 group, the LCA group, and the
Rab23+LCA group were notably reduced in contrast to BC
group, while the Bax protein expression was greatly increased
(P< 0.05). Compared with the Rab23 group and the LCA
group, the expression of Ki-67 and Bcl-2 protein in the
Rab23+LCA group was reduced, and the Bax protein ex-
pression was increased greatly (P< 0.05). However, there were
no significant differences in the expression of Ki-67, Bcl-2, and
Bax proteins between Rab23 group and LCA group (P> 0.05).

3.6.Western Blot Detection ofWnt/β-Catenin Related Protein
Expression in U251 Cells. Western blot was performed to
detect differences in the expression of Wnt/β-catenin

signaling-related proteins β-catenin, GSK3β, Axin2, and
c-myc in U251 cells in different treatment groups.)e results
are shown in Figure 6. Figure 6(a) shows that, compared
with the BC group, the expression of β-catenin and c-myc
protein in the Rab23 group, the LCA group, and the
Rab23 + LCA group was considerably reduced, while the
expression of GSK3β and Axin2 protein was substantially
increased.

)e differences in the gray value of the target protein of
each group of cells were statistically analyzed. Figures 6(b)–
6(d) show that the expression of β-catenin and c-myc
protein in the Rab23 group, LCA group, and Rab23 + LCA
group was greatly lower than that of the BC group (P< 0.05).
)e expression of β-catenin and c-myc protein in the
Rab23 + LCA group was notably lower than that in the
Rab23 group and the LCA group (P< 0.05). From
Figures 6(c)–6(e), the expression of GSK3β and Axin2
protein in the Rab23 group, LCA group, and Rab23 + LCA
group was remarkably inferior to that in the BC group
(P< 0.05). )e expression of GSK3β and Axin2 protein in
the Rab23 + LCA group was evidently lower than that in the
Rab23 group and the LCA group (P< 0.05). However, there
was no significant difference in the expression of β-catenin,
GSK3β, Axin2, and c-myc in the cells of Rab23 group and
LCA group (P> 0.05).

4. Discussion

Glioma is a primary intracranial tumor with high incidence
and high degree of malignancy, and the average survival time
of patients is relatively short [12]. Rab23 gene is closely
related to the progression of cancer. Studies found that
overexpression of Rab23 can inhibit the proliferation activity
of cancer cells and promoted cell apoptosis [13]. At present,
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Figure 4: A comparison of U251 cell invasion levels in each group. (a) Cell invasion staining map (×100); (b) cell invasion level statistics.
∗P< 0.05 versus BC group; #P< 0.05 versus Rab23 group; &P< 0.05 versus LCA group.
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the standard treatment for glioma is surgery combined with
chemotherapy and radiotherapy, but the treatment effi-
ciency is still unsatisfactory. LCA is a Chinese herbal extract
with anti-inflammatory, antiviral, and antitumor properties,
and studies showed that LCA can inhibit the proliferation
activity of various tumor cells [14, 15]. )erefore, the po-
tential molecular mechanisms of the effects of over-
expression of Rab23 and LCA on proliferation, migration,
and invasion of glioma U251 cells were explored. )e results
showed that overexpression of Rab23 and LCA treatment
could inhibit the proliferation, migration, and invasion
ability of human glioma U251 cells. Moreover, the inhibition
effect of overexpression of Rab23 combined with LCA on
proliferation, migration, and invasion of human glioma
U251 cells was significantly superior to that of single
treatment group.)ese results indicated that overexpression
of Rab23 and LCA could inhibit the proliferation, migration,
and invasion of glioma U251 cells, and the combined
treatment had a better effect.

Studies revealed that LCA can activate mitochondrial-
dependent endogenous apoptosis, and can downregulate the
level of antiapoptotic protein Bcl-2 and upregulate the level of
proapoptotic protein Bax [16, 17].)e balance of Bcl-2 and Bax
protein expression levels determines the state of cell survival or
apoptosis [18]. )erefore, this work further examined the
changes in the expression of Bcl-2 and Bax proteins in cells.

Western blot results showed that overexpression of Rab23,
LCA simple treatment, and combined treatment can reduce the
expression level of Bcl-2 protein and can promote the ex-
pression level of Bax protein. Among these proteins, the Bcl-2
protein level decreased and the Bax protein level increased
obviously in the combined treatment group, indicating that
overexpression of Rab23 and LCA can also promote the ap-
optosis of glioma U251 cells by regulating the expression levels
of Bcl-2 and Bax protein, thus playing an antitumor effect.

Wnt/β-catenin signaling pathway participates in the
regulation of tumor cell growth and differentiation, and
activation of Wnt/β-catenin signaling pathway can partic-
ipate in the process and metastasis of glioma cells [19, 20].
Studies revealed that inhibiting the Wnt/β-catenin signaling
pathway can inhibit the proliferation and migration of
glioma cells [21]. β-Catenin is a positive regulator of this
pathway, and GSK3β and Axin can form a “destruction
complex” and bind to β-catenin [22]. In tumor cells, theWnt
signaling pathway was activated to transfer β-catenin, which
in turn lead to the activation of downstream target genes
c-myc, thus promoting tumor development [23]. Studies
suggested that Axin expression was downregulated in glioma
cells, and the activation of GSK3β can promote the prolif-
eration and differentiation of glioma cells [24, 25]. Western
blot results showed that overexpression of Rab23, LCA
alone, and combined treatment can downregulate β-catenin
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Figure 5: )e differences in the expression of proliferation antigens and apoptosis proteins of U251 cells in each group. (a) Western blot;
(b) relative expression of Ki-67 protein; (c) relative expression statistics chart of Bcl-2 protein; (d) relative expression statistics chart of Bax
protein. ∗P< 0.05 versus BC group; #P< 0.05 versus Rab23 group; &P< 0.05 versus LCA group.
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and c-myc protein levels in glioma U251 cells, which can
upregulate GSK3β and Axin2 protein levels.

5. Conclusion

In summary, the results of this study preliminarily showed
that overexpression of Rab23 and LCA can effectively inhibit
the proliferation, migration, and invasion of glioma cells
through the Wnt/β-catenin signaling, and promoted cell
apoptosis. In this study, only glioma cells were used as
experimental subjects, and the inhibitory effects of LCA on
the proliferation, invasion, and migration of glioma cells

were verified in vitro. However, whether LCA can prolong
survival and other specific mechanisms remain to be ex-
plored. )erefore, in future studies, animal glioma models
will be further prepared to explore the effects of LCA
treatment on the blood–brain barrier, tumor immune in-
flammatory microenvironment, and survival rate in animal
models, thereby comprehensively exploring the effect of
LCA treatment on glioma. Meanwhile, the interaction be-
tween LCA and Rab23 gene will be further explored. )e
effect of overexpression of Rab23 combined with LCA was
even obvious. )is study can provide a new research di-
rection for the clinical treatment of glioma.
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Figure 6: Differences in Wnt/β-catenin pathway-related protein expression in U251 cells in each group. (a) Western blot; (b) relative
expression of β-catenin protein; (c) relative expression of GSK3β protein; (d) relative expression of Axin2 protein; (e) statistical graph of
relative expression of c-myc protein. ∗P< 0.05 versus BC group; #P< 0.05 versus Rab23 group; &P< 0.05 versus LCA group.
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Mycoplasma pneumoniae (MP), an atypical bacterium, is a common pathogenetic organism of respiratory infection in children. In
the present study, we analyzed the bene�cial role of fucoxanthin (Fx), a marine carotenoid, in amurinemodel ofMP. C57BL/6mice
were inoculated once intranasally with 107CFU of M. pneumoniae, and we found that Fx treatment markedly decreased BAL
(quantitative bronchoalveolar lavage) M. pneumoniae concentrations and alleviated airway obstruction in the infected mice.
Moreover, the concentrations of proin�ammatory cytokines, including IL-6, TNF-α and IL-1β, were signi�cantly decreased by Fx
treatment in the BAL samples of infected mice. In vitro study further indicated that Fx treatment markedly suppressed the
production of proin�ammatory cytokines inmouse peritoneal macrophages afterM. pneumoniae infection. In conclusion, this may
be the �rst study to report the protective role of Fx againstM. pneumoniae infection, providing a potential therapeutic agent forMP.

1. Introduction

Mycoplasmas are the smallest (50–300 nm in diameter) free-
living organisms. Mycoplasma pneumoniae (MP) is recog-
nized as a worldwide cause of community-acquired pneu-
monia in children and young adolescents [1]. MP in children
is an acute lung in�ammation caused by atypical Myco-
plasma infection, accounting for about 10%–40% of com-
munity-acquired pneumonia in children. In clinical
manifestations, severe complications such as bronchiectasis,
necrotizing pneumonia, even fatal pneumonia, and damage
of multisystem function may occur in children with MP
infection. In this situation, the therapeutic e¤ect is poor and
the hospitalization time is prolonged [2]. �e strong in-
�ammatory responses induced byM. pneumoniae are closely
related to the pathogenic factors to induce pneumonia [3].
�us, there is an urgent need to identify more appropriate
methods to alleviate in�ammatory responses in MP.

In recent years, natural products draw great attention
from scientists around the world. Fucoxanthin (Fx;
Figure 1(a)), a natural product of carotenoids, is widely
recognized as a potential drug source obtained from marine
algae [4]. �is compound has a wide range of pharmaco-
logical properties, including antioxidant, anti-in�ammatory,
and antimicrobial activities [5, 6]. Fx also attenuates LPS-
induced acute lung injury and ameliorates the in�ammatory
responses [7]. �e objective of the present study was to
determine the bene�cial role of Fx in a murine model of MP,
as well as the related underlying mechanisms.

2. Materials and Methods

2.1. M. pneumoniae Preparation. M. pneumoniae wild-type
(WT) strain M129, obtained from American Type Cell
Collection (Manassas, VA, USA), was cultured in SP4 broth
in culture �asks at 37°C. After 72 h, M. pneumoniae were
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harvested by centrifugation and resuspended in PBS solution
to achieve a concentration in the range of 108–109 CFU/ml.
Aliquots were stored at −80°C.

2.2. Animals and Treatments. Forty male C57BL/6 mice,
purchased from Shanghai Laboratory Animal Center
(Shanghai, China), were housed under a 12-hour light/dark
cycle in a temperature-controlled room (22–24°C). *e
animals were supplied with water and standard chow ad
libitum. All animal care and experimental protocols were
approved by the ethics committee of hospital. All efforts
were made to minimize animal suffering.

Fx (purity ≥95% by HPLC) was purchased from Sigma-
Aldrich (St. Louis, MO, USA) and dissolved in DMSO before
use.

*e mice were allowed to acclimate to new environment
for 1 week and then randomized into four groups (n� 10/
group). On day 0, the mice in group A were treated with
100 μl vehicle solution (PBS solution containing 25mM
HCl) by nasal drops, while the mice in group C and group D
were successively given Fx orally at a dose of 50mg/kg for
five days. *en, the mice in group B and group D were
inoculated intranasally infected with M. pneumoniae M129
(107 CFU in 50 μl of SP4 broth) on day 1. On day 5, the
mouse lungs were lavaged with 1ml of sterile saline. Cell-
free bronchoalveolar lavage (BAL) fluid samples were stored
at –80°C. Whole-lung specimens (including the trachea and
both lungs) were collected, fixed in buffered formalin,
dehydrated in 70% ethanol, cut in 4 μm thick sections, and
stained with hematoxylin and eosin. Morphometric analysis
was performed under an optical microscope.

2.3. Measurement of Cytokine Production. *e concentra-
tions of IL-6, TNF-α, and IL-1β in culture supernatants were
measured using specific ELISA kits (Affymetrix-eBioscience,
Santa Clara, CA, USA), according to the manufacturer’s
instructions.

2.4. Cell Culture and Treatments. Peritoneal macrophages
were isolated from male C57BL/6 mice, as previously de-
scribed [8]. *e isolated macrophages were seeded into 6-

well plates and cultured in the RPMI-1640 medium
(HyClone, Logan, UT, USA), containing 10% fetal bovine
serum (FBS; HyClone) at 37°C in a humidified incubator
with 5% CO2.

Cells in group Awere treated with vehicle (DMSO). Cells
in group C and group D were treated with 20 μM Fx. After
2 h, cells in group D were infected with M. pneumoniae
(20 CFU/ml) for another 24 h. Cells in group B were infected
with M. pneumoniae (20 CFU/ml) for 24 h without Fx
treatment.

2.5. Statistical Analysis. All statistical analyses were carried
out using GraphPad Prism 6.0 software (GraphPad Software,
Inc., La Jolla, CA, USA). *e data were expressed as the
mean± standard deviation (SD). Differences among two or
more independent groups were analyzed using Student’s
t-test or one-way analysis of variance followed by Tukey’s
test. P values of less than 0.05 were considered as statistically
significance.

3. Results

All abbreviations and their full names are given in Table 1.
As shown in Figure 1(b), the concentration of MP was

observed in the BAL samples of mice in groups A and
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Figure 1: (a)*e chemical structure of fucoxanthin (Fx). (b)*e concentrations ofM. pneumoniae in the BAL samples of mice. ∗P< 0.05 vs.
group A; #P< 0.05 vs. group B.

Table 1: Abbreviations and full names.

Abbreviation Full name
MP Mycoplasma pneumoniae
Fx Fucoxanthin
CFU Colony forming unit
BAL Bronchoalveolar lavage
IL-6 Interleukin-6
TNF-α Tumor necrosis factor-α
IL-1β Interleukin-1β
WT Wild-type
PBS Phosphate buffer solution
DMSO Dimethyl sulfoxide
ELISA Enzyme-linked immunosorbent assay
FBS Fetal bovine serum
RPMI Roswell Park Memorial Institute
SD Standard deviation
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Figure 2: *e pathological changes in lung tissues of mice.
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Figure 3: *e concentrations of proinflammatory cytokines in the BAL samples of mice. ∗P< 0.05 vs. group A; #P< 0.05 vs. group B.
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C. After comparison, it was found that the concentration of
MP in the BAL samples of mice in group B was significantly
higher than that in group A (P< 0.05); the concentration of
MP in the BAL samples of mice in group D was significantly
lower than that in group B (P< 0.05).

As shown in Figure 2, the lung histomorphology of mice
in groups A and C was normal, the lung tissues of mice in
group B showed significant pathological changes of alveolar
wall thickening and bronchial stenosis, while the inflam-
matory infiltration status in the lung tissues of mice in group
D was significantly alleviated.

Figure 3 shows that the concentrations of IL-6, TNF-α,
and IL-1β in BAL samples of group B were significantly
higher than those of group A (P< 0.05); the concentrations
of IL-6, TNF-α, and IL-1β in BAL samples of group D mice
were significantly lower than those of group B (P< 0.05);
there was no statistically significant difference in the con-
centrations of IL-6, TNF-α, and IL-1β in BAL samples of
groups A and C (P> 0.05).

Figure 4 shows that the concentrations of IL-6, TNF-α,
and IL-1β in peritoneal macrophages of group B were
significantly higher than those of group A (P< 0.05); the
concentrations of IL-6, TNF-α, and IL-1β in peritoneal
macrophages of group D were significantly lower than
those of group B (P< 0.05); there was no statistically

significant difference in the concentrations of IL-6, TNF-α,
and IL-1β in peritoneal macrophages of groups A and C
(P> 0.05).

4. Discussion

MP is a community-acquired infection occurring mainly in
children. Drug development forMP is still a tough challenge.
Previous studies have shown that inoculation with
M. pneumoniae induces significant airway obstruction in
mice [9]. Consistent with this, in the present research, we
successfully established the murine model of MP, and we
observed that Fx treatment could promote the clearing of
M. pneumoniae infection and protect the mouse lung from
M. pneumoniae-induced injury, as evidenced by the alle-
viation of airway obstruction.

*e pathogenesis of MP infection is attributed to an
excessive immune response, and cytokine content is closely
related to the severity of MP [10]. Zhao et al. [11] concluded
that IL-6 level in bronchoalveolar lavage fluid in children
with severe MP was significantly higher than that in children
with mild MP, indicating that IL-6 is closely related to the
severity of MP. *e changes in the contents of proin-
flammatory cytokines IL-6, TNF-α, and IL-1β in BAL
samples from MP-infected mice were examined using
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ELISA, and it was found that the levels of proinflammatory
factors in BAL samples from MP mice were significantly
higher than those from normal mice, while Fx treatment
significantly decreased the concentrations of proin-
flammatory cytokines. Macrophages are one of the major
immune cells that internalize MP during infection [12].
Collins et al. [13] demonstrated that TNF-α levels signifi-
cantly increased in MP-infected mice and their macro-
phages. Vitro analysis also confirmed that Fx treatment
significantly inhibited the production of proinflammatory
cytokines IL-6, TNF-α, and IL-1β in peritoneal macrophages
of mice after MP infection. In conclusion, to our knowledge,
this may be the first study to report the protective role of Fx
against M. pneumoniae infection, providing a potential
therapeutic reagent for MP.

5. Conclusions

In order to investigate the inflammatory response and the
therapeutic effect of Fx after MP infection, the MP mice
model was obtained by MP pathogen infection, and Fx was
used for the treatment of mice. *e results showed that the
lung tissues of MP mice had obvious pathological changes,
and the contents of proinflammatory cytokines IL-6, TNF-α,
and IL-1β in bronchoalveolar lavage fluid and macrophages
were significantly increased. However, after treatment with
Fx, the histopathological changes and proinflammatory
factor levels in the lungs of MP mice were significantly
improved. *e above results confirmed that Fx can play a
protective role after MP infection by reducing the inflam-
matory response of the body. *e results can provide a
reference for the research and development and selection of
new drugs for the clinical treatment of MP.
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Objective. �is study aims to explore the e�ect of the prescription for Zhujingqiaoyun receptivity in patients with infertility.
Methods. �is project is a prospective randomized controlled clinical study, including infertility diagnostic criteria and dialectical
kidney de�ciency patients. 60 cases were randomly divided into 2 groups: the control group, where medication complex packing
estradiol tablets were given, and the treatment group, on the basis of the control group, which was given Zhujingqiaoyun
receptivity plus or minus. Transvaginal ultrasound was used to observe the endometrial thickness, endometrial volume, en-
dometrial blood supply, and other aspects of patients in the two groups to evaluate the endometrial receptivity before and after
treatment, and to record the pregnancy rate and safety of patients in the two groups after three menstrual cycles. Results.�ere was
no signi�cant di�erence in age, course of disease, and endometrial thickness between the two groups (P> 0.05). Before and after
treatment, the endometrial thickness of the two groups increased signi�cantly, and the uterine artery blood �ow pulsatility index
(PI) and resistance index (RI) decreased signi�cantly (P< 0.05). �e endometrial volume in the control group was signi�cantly
lower than that in the treatment group, and the di�erence was statistically signi�cant (P< 0.05).�e endometrial FI and VFI in the
control group were signi�cantly lower than those in the treatment group, and the di�erence was statistically signi�cant (P< 0.05).
In the treatment group, 30 cases were treated for 3months, and 11 of those were pregnant (36.7%). �ere were 30 cases in the
control group, and 5 cases were pregnant (16.67%). Both groups had good safety. SPSS 22.0 statistical software was used for the
chi-square test. Conclusion. Zhujingqiaoyun receptivity on endometrial receptivity can treat infertility patients with good e�cacy,
increasing endometrial thickness and reducing uterine artery blood �ow index. It is worthy of clinical promotion to improve
pregnancy rates.

1. Introduction

Couples who live together for one year without contra-
ception and have a normal sex life and fail to conceive are
called infertile. Infertility is one of the three major diseases
a�ecting human life and health. At the same time, infertility
is also a di�cult disease that causes common concern all
over the world. According to the relevant survey data, the
incidence rate of infertility in China is 10% to 15%. One of
the main reasons for female infertility is ovulation disorders.
Ovulation-related infertility accounts for 25% to 30% of the
causes of infertility [1]. �e latter mainly depends on

endometrial receptivity. Improving endometrial receptivity
and increasing the implantation rate is the key to improve
the pregnancy rate.

Endometrial receptivity means that the endometrium is
in a state where the blastocyst can be positioned, adhered,
and invaded, and the endometrial stroma changes at the
same time, which leads to embryo implantation [2]. �e
embryo can be implanted smoothly, and excellent endo-
metrial receptivity is essential. �ere are many clinical in-
dicators to evaluate endometrial receptivity. Pinocytosis is a
morphological indicator. Its acquisition is an invasive op-
eration, and its clinical application is limited. Nowadays,
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three-dimensional color ultrasound is often used to monitor
endometrial anatomy and physiological parameters to in-
directly reflect endometrial receptivity [3]. Traditional
Chinese medicine believes that the kidney is the main re-
productive organ. For the treatment of infertile patients,
Cang Fu Dao Tan decoction is added to strengthen the
spleen and reduce phlegm. Phlegm wet removal can pro-
mote the development of follicles and improve the preg-
nancy rate [4, 5]. To improve the endometrial capacity,
traditional Chinese medicine believes that tonifying the
kidneys and promoting blood circulation is important [6].
Studies have found that the use of kidney-tonifying tradi-
tional Chinese medicine can thicken endometrial thickness
and improve uterine arterial blood supply, thereby im-
proving endometrial tolerance and increasing clinical
pregnancy rate [7]. It is found that in traditional Chinese
medicine, kidney deficiency and blood stasis are the main
pathogenesis of low endometrial receptivity. Traditional
Chinese medicine can improve endometrial receptivity and
pregnancy rate by reducing blood flow resistance, increasing
endometrial thickness, and improving endometrial type and
endocrine hormone environment [6]. ,e theory of tradi-
tional Chinese medicine believes that the kidney is the main
reproductive. ,e kidney is the origin of the congenital, and
the spleen is the origin of the acquired, so the treatment is
based on tonifying the kidney and strengthening the spleen,
regulating Chong Ren, and has achieved good clinical effect.
,is study showed that the basic pathogenesis of the disease
was based on deficiency, kidney deficiency, phlegm and
blood stasis, so attention should be paid to the combination
of promoting blood circulation and tonifying the kidney and
spleen in treatment [8]. ,e formula in this test consists of
tonifying the kidney and spleen, regulating qi, reducing
phlegm and promoting blood circulation, taking dryness
and dampness as the basic laws, as well as tonifying the
kidney and promoting blood circulation. ,e whole party
played kidney-tonifying spleen, resolving phlegm and
promoting blood circulation [9].

In recent years, Chinese medicine has made some
progress in the etiology, pathogenesis, treatment, curative
effect observation, and mechanism of infertility. Dr. Shen-
gyang Xu, a national-famous and old traditional Chinese
medicine practitioner, summarized the previous experience
and combined it with his own clinical experience for many
years, putting forward that the disease is based on kidney
deficiency, mixed with phlegm dampness or blood stasis. In
the treatment, the method of tonifying the kidney, activating
blood circulation, and resolving phlegm is adopted, which
has significant curative effects in inducing ovulation, im-
proving endometrial receptivity, and improving the preg-
nancy rate. ,erefore, this study intends to explore the effect
of the prescription for Zhujingqiaoyun receptivity in pa-
tients with infertility.

2. Methods

2.1.Participants. ,is study was verified by the Research and
the Ethics Committee of Wuhan Hospital of Traditional
Chinese Medicine, where the patients recognized the study

procedure by signing the consent form and approval letter.
,is unit was facilitated with the staff having a specialized
multidisciplinary team, comprising physiotherapy, dietetics,
occupational therapy, medical and nursing.

By the principle of randomized control, 60 infertile
women were divided into two groups: the treatment group
and the control group, with 30 cases in each group.

,e inclusion criteria were as follows: (1) meet the
diagnostic and syndrome differentiation criteria of tradi-
tional Chinese medicine and Western medicine; (2) the
reproductive ability of the spouse is normal; (3) the size and
shape of uterus and ovary are normal after imaging and
laparoscopy, and at least one fallopian tube is unobstructed
after salpingography or hydrotherapy; (4) ovulation oc-
curred in 3 natural ovulation cycles monitored by B-ul-
trasound; (5) no history of estrogen/progesterone uses
within 3months before admission; (6) there was no history
of pelvic and uterine surgery within 6months before ad-
mission; (7) sign informed consent; and (8) approved by the
ethics committee.

,e exclusion criteria were as follows: (1) a history of
endocrine diseases; (2) endometritis and tuberculosis; (3)
there are uterine malformations, endometriosis, and other
diseases that cause abnormal uterine cavity morphology and
lead to infertility; (3) received sex hormone treatment in
recent 3 months; and (4) those who are allergic to drugs or
allergic constitution.

2.2. Study Protocol. Control group: oral complex packing
estradiol tablets were given from the 5th day of menstrual or
withdrawal bleeding. 1 tablet, quaque die (qd), 21-day
continuous treatment is a course of treatment. ,e drug is
stopped for 1 week, regardless of menstrual cramps. ,e
abovementioned steps were repeated for treatment for 3
consecutive courses.

Treatment group: on the basis of the control group, oral
prescription for Zhujingqiaoyun receptivity (12 g Rehman-
nia glutinosa, 15 g Cuscuta chinensis Lam., 15 g Morinda
officinalis, 15 g Cistanche salsa, 12 g Cornus officinalis, 15 g
Lyciumbarbarum L., 15 g Carapax Testudinis, 10 g Angelica
sinensis, 5 g Rhizoma Chuanxiong, 12 g Paeoniae RadixAlba,
15 g Salvia miltiorrhiza Bunge, 10 g Rhizomacyperi, and 12 g
Rhizoma Atractylodismacrocephalae) was added. Decoction
of traditional Chinese medicine in accordance with the
requirements of “Management Regulations of Traditional
Chinese Medicine Decoction Room in Medical Institutions”
issued by the National Chinese Medicine (2009) No. 3, using
drinking water that meets national health standards for
decoction. Each dose of Chinese medicine was concentrated
and filtered into 2 bags of liquid medicine, 200ml/bag,
divided into morning and evening. Starting from the fifth
day of menstruation, one payment was made every day, and
21 days were taken as a course of treatment. ,e medication
is stopped for 1week. After menstrual cramps, the above-
mentioned steps were repeated for 3 consecutive courses of
treatment. ,e medication was stopped in the case of
pregnancy. Cold, greasy, and irritating foods were avoided
during the medication.
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2.3. Observation Index and Curative Effect Standard.
After pregnancy determination treatment, blood/urine hu-
man chorionic gonadotropin (HCG) was detected. If it is
(+), it indicates pregnancy. ,en, the clinical pregnancy was
diagnosed by transvaginal ultrasonography (35 days after
ovulation) as an intrauterine gestational sac, fetal bud, or
fetal heart. Pregnancy rate� number of clinical pregnancies/
total number of cases × 100%.

Transvaginal three-dimensional color Doppler detec-
tion: (1) when the whole segment of the endometrium is
displayed on the sagittal section of the uterus by transvaginal
two-dimensional color Doppler, the thickness of the double-
layer endometrium is measured at the place 10mm away
from the uterine fundus. After three consecutive measure-
ments, the average value is calculated to observe the en-
dometrial type and endometrial peristalsis. At the same time,
after adding color on the sagittal section of the uterus, at the
junction of myometrium and endometrium, the Doppler
spectrum was taken out from the brightest part of the color
blood flow of the low return vocal cord. ,e PI and RI were
measured, and the average value was calculated after three
consecutive measurements. (2) ,e 3D function key was
enabled, the multiplane mode was applied, the volume angle
to 120° was set, the sampling frame was adjusted to fully
wrap the inner membrane, and the 3D volume data were
obtained and stored after starting the volume scanning. ,e
virtual organ computer-aided analysis (vol) software was
used to draw the contour manually. ,e angle between each
face of the extracted volume data was set to 30°. ,e intimal
contour was drawn, 6 different sections were traced, and the
three-dimensional volume of the intima was automatically
obtained.

2.4. Statistical Analysis. SPSS 22.0 statistical software was
used for data analysis. When the measurement data conform
to the normality and homogeneity of variance, the mean-
± standard deviation (x± s) is used for statistical description.
P< 0.05 was statistically significant, P< 0.01 was statistically
significant.

3. Results

3.1. General Information Comparison. ,ere was no sig-
nificant difference in age, course of disease, and endometrial
thickness between the two groups (P> 0.05) (Table 1).

3.2. Comparison of Efficacy Indexes between the Two Groups
before and after Treatment. Before and after treatment, the
endometrial thickness of the two groups increased signifi-
cantly (Table 2 and Figure 1), and the uterine artery blood
flow PI and RI decreased significantly (P< 0.05). ,e en-
dometrial volume in the control group was significantly
lower than that in the treatment group, and the difference
was statistically significant (P< 0.05). ,e endometrial FI
and VFI in the control group were significantly lower than
those in the treatment group, and the difference was sta-
tistically significant (P< 0.05) (Table 3).

3.3. Comparison of Pregnancy Rate between Two Groups after
Treatment. In the treatment group, 30 cases were treated for
3 months, and 11 of those were pregnant (36.7%). ,ere
were 30 cases in the control group, and 5 cases were pregnant
(16.67%). It could be seen that the pregnancy rate of the
experimental group was significantly higher than that of the
control group, but the difference was not statistically sig-
nificant by the chi-square (X2) test (P� 0.82) (P> 0.05).

3.4. SafetyObservation. ,ere was 1 patient in the treatment
group who had mild diarrhea during medication, which did
not affect normal work and life and was not treated with
special treatment, but spontaneously relieved after two days.
In the control group, 2 patients showed nausea symptoms,
which did not affect their normal work and life, did not stop
treatment, and then were relieved by themselves. No adverse
reactions occurred in other patients. ,ere were no ab-
normalities in blood and urine routine, electrocardiogram,
liver and kidney function before and after treatment.

4. Discussion

Traditional Chinese medicine believes that the kidney stores
the essence and governs reproduction and is connected to the
uterus through the veins, which is the innate foundation and
the root of gestation [10]. ,e essence of the kidney is filled,
the qi and blood flow through the channels, and the endo-
metrium is nourished, which is the material basis for the
implantation of the fertilized egg and the continued preg-
nancy [11, 12]. Insufficient kidney essence, lack of source of
essence and blood, inability to promote the circulation of qi
and blood, endometrial and embryonic uterus cannot be
nurtured, the uterus is unable to consolidate the fetal element,

Table 1: General information comparison.

Group N Age Course of disease Endometrial thickness (mm)
Control group 30 28.62± 3.72 4.65± 1.06 7.35± 0.98
Treatment group 30 28.43± 3.27 4.72± 1.24 7.31± 0.84

Table 2: Comparison of three-dimensional ultrasonic parameters between two groups after treatment.

Group N Endometrial volume VI% FI VFI
Control group 30 3.76± 0.78 4.65± 1.06 23.07± 2.58 1.12± 0.38
Treatment group 30 5.23± 0.84∗ 4.72± 1.24 24.36± 2.18 1.26± 0.29
Note. P< 0.05∗.
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the material basis for gestation and growth is lacking, and the
fetus loses its implantation soil, leading to infertility. Western
medicine believes that after the fertilized egg is implanted into
the endometrium, the growth of the endometrium must be
synchronized with the fertilized egg to ensure the stability of
embryo implantation [13]. ,is stability is called endometrial
receptivity. Western medicine mainly improves the endo-
metrial capacity by supplementing progesterone, estrogen,
and using anticoagulant drugs, and strives to synchronize
with follicular development, but the coordination is not good.
Clomiphene citrate tablets have the effect of promoting
ovulation and are currently commonly used drugs for the
treatment of infertility, but they can inhibit the synthesis of
estrogen, causing retardation of endometrial growth, a high
ovulation rate, but a low pregnancy rate [14].

At present, the application of endometrial thickness to
evaluate endometrial receptivity is still controversial. Some
scholars believe that pregnancy rates decrease significantly
when endometrial thickness is less than 7mm. Dickey et al.
[15] found that endometrial thickness in the pregnant group
was significantly higher than that in the nonpregnant group,
and they believed that endometrial thickness was an im-
portant factor in predicting pregnancy. However, Zollner

et al. [16] believed that endometrial thickness had no sta-
tistical difference between pregnant and nonpregnant
women and could not predict pregnancy. ,e endometrial
thickness of the two groups after treatment was significantly
different from that before treatment (P< 0.05). ,e thera-
peutic effect was better in the treatment group. It indicates
that in the treatment of infertility patients, adding the
treatment of Zhujingqiaoyun receptivity can increase the
endometrial thickness.

,ree-dimensional energy Doppler ultrasound can
evaluate all blood vessels in the overall volume of an organ or
tissue, which can accurately, intuitively, and truly reflect the
blood perfusion in the area of interest. ,e parameters in-
clude VI, vascular index, which represents the ratio of color
voxel value in the region of interest to the total voxel and
represents the vascular density within the observed intimal
volume, expressed as a percentage. ,e FI, or blood flow
index, is interested in all color voxel intensity averages (i.e.,
the sum of the weighted color voxel divided by the total
number of all the colors of the body element), which is all the
average color value of blood flow or blood cell density. ,is
prompts interest in the endovascular blood cell energy re-
flected by endovascular blood, the more the FI, the higher.

(a) (b)

(c) (d)

Figure 1: (a, b) After three-dimensional power Doppler imaging, the endometrial volume of the two groups was measured by voice
software. (c) (d) After three-dimensional power Doppler imaging, the blood flow histogram function was used to obtain the endometrial VL,
FI, and VFI of the two groups.

Table 3: Comparison of efficacy indexes between the two groups before and after treatment.

Group N Time Endometrial thickness (mm) PI RI

Control group 30 Before treatment 7.35± 0.98 2.53± 0.72 0.92± 0.12
After treatment 7.87± 0.86 2.49± 0.68 0.86± 0.08

Treatment group 30 Before treatment 7.31± 0.84 2.56± 0.80 0.90± 0.10
After treatment 8.34± 0.91∗ 2.31± 0.55 0.81± 0.07

Note. P< 0.05∗.
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VFI refers to the average color intensity of the total voxels in
the area of interest; that is, the sum of all the color voxels
divided by all the voxels. VFI reflects not only the vascular
density of the tissue but also the blood cell density of the
tissue [17]. ,e results of this study show that the endo-
metrial volume in the control group was significantly lower
than that in the treatment group, and the difference was
statistically significant (P< 0.05). ,e endometrial FI and
VFI in the control group were significantly lower than those
in the treatment group, and the difference was statistically
significant (P< 0.05).

In the treatment group, there were 30 patients, 11 of
whom were pregnant after treatment, with a pregnancy rate
of 36.67%. In the control group, there were 30 patients, 5 of
whomwere pregnant after treatment, and the pregnancy rate
was 16.67%. ,e pregnancy rate in the treatment group was
significantly higher than that in the control group, but the
difference was not statistically significant (P> 0.05), which
may be related to the small sample size and short treatment
time.

5. Conclusion

According to the results of the trial, Zhujingqiaoyun re-
ceptivity on endometrial receptivity can increase the en-
dometrial thickness and improve the endometrial type of
infertility patients on ovulation day, reduce the uterine
artery blood flow resistance, and other endometrial recep-
tivity indicators. ,erefore, Zhujingqiaoyun receptivity can
treat infertility patients with good efficacy, increasing en-
dometrial thickness, and reducing uterine artery blood flow
index. It is worthy of clinical promotion to improve preg-
nancy rates.
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Background. When the skin and tissues within the body are injured, the healing process begins. Medicinal herbs have been used to
cure wounds since time immemorial.(e antimicrobial and antioxidant activity possessed by P. integrifoliamay accelerate wound
healing. Objectives. To assess the wound healing activity of Premna integrifolia extract (PIE) by employing in-vivo experimental
animal models and an in-vitro migration scratch assay. Furthermore, to assess its cytotoxicity using the MTT assay. Methods.
Wistar albino rats were used for the in vivowound healing models. (e animals were divided into four groups at random: Group I
was untreated. Group II was vehicle control (ointment base). Group III was PIE ointment (5% W/W). Group IV was standard
(povidone-iodine ointment) (5% W/W). (e ointments were applied directly to the wounds as described above until they healed
completely. (e wound contraction percentage and tensile strength were calculated. (e MTT test was used to determine the
viability of the test extract against the fibroblast cells. (e scratch assay was used in vitro to determine the wound healing potential
of the test drug. P≤ 0.05 values were considered statistically significant. Results. Premna integrifolia extract did not possess any
noticeable cytotoxicity to the cell line and showed an IC50 of 185.98 μg/ml. (e wound contraction potential of PIE ointment-
treated animals was considerably greater (P≤ 0.001) on days 4, 8, 12, 16, and 20 when compared to the control group. (e
percentage of wound contraction on day 20 was 99.92% in PIE-treated animals compared to 83.23% in untreated animals.
Compared to the untreated group, the duration of full epithelization was significantly (P≤ 0.01) shorter in the test group. When
compared to the incision control group, the animals treated with PIE ointment had significantly higher (P≤ 0.001) tensile
strength. In addition, animals given the test drug had a significant (P≤ 0.001) increase in total protein and hydroxyproline. In the
in vitro scratch assay, test drug-treated cells demonstrated greater cell migration. Histology images confirmed that the test drug-
treated group had epithelial tissue proliferation and keratinization. Conclusion. (e current study found that Premna integrifolia
improved wound healing activity both in vitro and in vivo. (ese findings indicate that Premna integrifolia extract has wound-
healing potential and could be a viable source of nutraceuticals with wound-healing properties.

1. Introduction

A wound is a rupture in the continuity of a living tissue’s
cellular, functional, and anatomical properties caused by
chemical, physical, thermal, immunological, or microbial

assaults [1]. To restore the structural integrity of the dam-
aged tissue, a sequence of activities must occur, including
cell migration, proliferation, interaction, differentiation,
bimolecular interactions, matrix component creation, and a
complicated signaling network [2].
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(e regulation of the acute wound healing process is
determined by interacting processes at the cellular, molec-
ular, and extracellular matrix levels and concludes with
wound closure in extended periods of time [3]. Physiological
healing can be divided into three stages: inflammation,
proliferation, and remodeling [4]. However, an asymmetry
between metalloproteinases (MMPs) and the associated
tissue inhibitors of metalloproteinase (TIMPs) may impede
the healing process throughout the inflammatory phase,
particularly during the tissue formation phase. Chronic
wounds are used to characterize this type of injury [4, 5].
Although the mechanism underlying this chronic wound is
complex, it is frequently linked to other comorbid disorders,
such as diabetes, obesity, vascular insufficiency, or high
blood pressure. Local hypoxia, bacterial colonization, and
repeated ischemia-reperfusion damage, as well as cellular
and systemic alterations, are the most common symptoms
associated with chronic wounds [6].

Skin injury has been considered to be a complicated
process. (e current wound management strategies for
resolving minor to severe injuries include irrigation, de-
bridement, proteolytic enzymes, antibiotics, and tissue
grafts, however, they have been linked to severe downsides,
such as invasiveness and cost [7]. (e emergence of anti-
bacterial resistance combined with the high cost and slow
rate of new antibiotic development increases wound-related
mortality and morbidity. (e rise of resistant bacterium
strains, particularly those that cause wounds, such as
Pseudomonas and Acinetobacter species that are multidrug-
resistant, vancomycin-resistant Staphylococcus aureus
(VRSA), and methicillin-resistant Staphylococcus aureus
(MRSA), remains a global public health concern. As a result,
wound infection continues to be the most common cause of
nonhealing wounds and continues to be a considerable
burden for both patients and caregivers [8, 9]. Apart from
being expensive, the drugs utilized in the management of
wounds pose issues, such as hypersensitivity reactions and
resistance [10]. Herbal medicines can solve the adverse ef-
fects, costs, and antimicrobial resistance issues. (e anti-
microbial activity possessed by the phytoconstituents in
herbal extracts may aid in wound healing [11]. (e effec-
tiveness of antimicrobials in wound healing is well-estab-
lished and reinforces their role in accelerating wound
healing with either systemic or topical use [10–12].

Since the dawn of time, medicinal herbs have been
utilized to treat wounds. Natural products, particularly plant
secondary metabolites, such as isoprenoids, phenolics, and
alkaloids, have been shown to be the most effective sources
of novel wound healing agents [13]. Premna integrifolia
Linn. (Lamiaceae) is a common shrub with 40 species found
in tropical and subtropical locations around the world,
including the United States, India, Australia, Bangladesh,
and China. Although this genus has several species, only two
of them, P. latifolia and P. integrifolia, are known to have
medicinal properties [14].

Several diseases, including bronchitis, diabetes, edema,
chyluria, dyspepsia, inflammation, liver problem, con-
stipation, piles, and fever can be treated with the roots of
P. integrifolia [15]. Anticoagulant, antiarthritic,

antihyperglycemic, and antimicrobial characteristics have
also been reported for the plant [15]. It protects against
cardiovascular diseases since it contains alkaloids and iri-
doid glycosides [16].

P. integrifolia ethanolic extract exhibits potent antidia-
betic, analgesic, antibacterial, antiulcer, and antioxidant
properties [15]. P. integrifolia leaf extracts were found to
have hepatoprotective properties against carbon tetrachlo-
ride and paracetamol-induced liver damage [15]. However,
no research has been done on the plant’s effectiveness in
wound healing.(e current study was carried out to evaluate
the wound-healing property of P. integrifolia, utilizing the
incision wound model and excision wound model, in per-
spective of its anti-inflammatory and antibacterial
characteristics.

2. Materials and Methods

2.1. Premna integrifolia Extract. (e standardized extract of
Premna integrifolia was procured from Vital Herbs Z-26/27
Commercial Enclave, Uttam Nagar, New Delhi, India.

2.2. Ointment Formulation. A simple ointment (British
Pharmacopoeia) was prepared using white soft paraffin,
cetostearyl alcohol, hard paraffin, and wool fat [17].

Procedure: hard paraffin (5 g) was melted in a beaker
over a water bath to make the 100 g simple ointment base.
(e remaining ingredients were added in the descending
order of melting point: cetostearyl alcohol (5 g), white soft
paraffin (85 g), and wool fat (5 g). All of the ingredients were
melted in a water bath while being constantly stirred until
they were completely homogeneous. (e mixture was taken
off the heat and stirred until it was completely cool. Five
grams of P. integrifolia extract were mixed with a portion of
the simple ointment base to make a 5% (w/w) ointment. (e
rest of the simple ointment base was gradually added and
thoroughly mixed in. (e prepared ointment was stored in a
clean and dry container, away from heat. (e ointment was
used for topical application on the wounds for 20 consec-
utive days during the experiment.

2.3. Animals. Male and female Wistar albino rats (≈200 g)
were maintained under typical ambient conditions of humidity
and temperature (25± 0.5C) and a 12h light/dark cycle. (e
rats were given a conventional pellet diet and free access to
water. (e animal research was carried out at the institute with
the Najran University Scientific Research Ethical Committee’s
approval, vide number 443-41-49631-DS.

2.4. Acute Dermal Toxicity. (e goal of the study was to
figure out what the therapeutic dose of the standardized
extract should be. (e extract’s acute cutaneous toxicity was
tested by applying an ointment containing extract at the
highest concentrations of 5% (w/w) to the rats’ shaved backs.
(e study was conducted in accordance with OECD
Guidelines No. 434 [18].
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2.5. Wound Healing Activity. With six animals in each
group, the animals were divided into four major groups:
control, base, test, and standard. (e control group was not
given any treatment. (e base (vehicle) control group re-
ceived only the ointment base. (e test group was given
ointment with a high concentration of extract (5% w/w)
mixed into a simple ointment base. Cipladine (5% w/w
povidone-iodine ointment) was used on the control group.

2.6. Excision Wound Model. (e animals were divided into
four groups at random: Group I: untreated excision; Group
II: vehicle control (ointment base); Group III: PIE ointment
(5% W/W); Group IV: standard (povidone-iodine ointment
5% W/W). Ketamine (0.5ml/kg b. w. i.p.) was used to
anesthetize the rats. On the shaved backs of the rats, a full-

thickness excision wound of circular area (about 250mm2)
and 2mm depth was made 30 minutes after the injection of
ketamine. Day 0 was designated as the day of the wounding
(Figure 1). (e topical application of the ointments as in-
dicated above was used to treat the wounds until they were
totally healed. On days 0, 4, 8, 12, 16, and 20, the wounds
were observed, and the area of the wound and the mean
percent wound contraction were assessed. (e number of
days required for the dead tissue to fall without any
remaining raw wound was used to calculate the epitheli-
zation duration [19].

2.7. Wound Healing Rate [20]. Wound healing rate is given
by

%of wound closure �
wound area on day 0 − wound area on day n

wound area on day 0
× 100. (1)

3. Estimation of Biochemical Markers

3.1.HydroxyprolineEstimation. (e hydroxyproline content
of resected wound tissues was determined on day 20 of the
experiment. (e tissue samples were dried in a hot air oven
at 60°C, and thereafter, they were hydrolyzed for four hours
at 130°C in 6NHCl.(e hydrolysates were neutralized to pH
7.0 and oxidized with Chloramine-T for 20 minutes. (e
reaction was stopped after 5 minutes by adding 0.4M
perchloric acid and developing color with Ehrlich’s reagent
at 60C. (e materials were examined in an ultraviolet
spectrophotometer at 557 nm after complete stirring. (e
hydroxyproline concentration of the tissue samples was
determined using a pure L-hydroxyproline standard curve
[21].

3.2. Protein Estimation. Protein estimation was determined
on day 20 of the experiment. Tissue specimens were ho-
mogenized overnight in 0.1N NaOH. (e homogenate
(2mL) was placed in a vial and centrifuged for 15 minutes at
5000 rpm. 1mL of supernatant was added to 1mL of reagent
(50mL of 2% Na2CO3 in 0.1N NaOH+ 2mL of 0.5 percent
CuSO4 in 1% sodium potassium tartrate) in a separate vial.
At room temperature, the samples were incubated for 15
minutes. Each sample received 100mL of Folin–Ciocalteau
reagent, which was left at room temperature for 30 minutes.
A UV–vis spectrophotometer was used to measure absor-
bance at 670 nm within 30 minutes [22].

3.3. Incision Wound Model. Ketamine (0.5ml/kg b. w. i.p.)
was used to anesthetize the rats. (irty minutes after the rats
were given ketamine, sterilized scalpels were used to make
6 cm long and 2mm deep incision wounds on their shaved
backs (figure 1(b)). (e skin was held together by stitching it
at 0.5 cm intervals with black silk. Stitching was done with
surgical thread (number. 000) and a curved needle (no. 9).

(e continuous thread on both wound edges was tightened
to ensure that the wounds were properly closed.(e wounds
of the animals in each group were treated for 10 days with
the topical treatment of the ointments as indicated above.
(e day of the wounding was counted as day 0. On the eighth
postwounding day, the sutures were removed, and the
tensile strength of the skin, defined as the weight in grams
necessary to tear open the skin/wound, was determined
using a tensiometer on day 10 [23].

3.4. MTT Assay. (e MTT test was used to determine
whether the test extract was viable against L929 Mouse
transformed fibroblast cell line. Different concentrations of
the test extract (50–250 μg/ml) were added to the fibroblast
cell lines. (e fibroblast cell lines were cultured for 24 hours
in DMEM. After that, 10 μl MTT (3-(4, 5-dimethyl-thiazol-
2-yl)-2, 5-diphenyl tetrazolium bromide) was added to each
well and allowed to sit for 2 hours. After dissolving the
formazan crystals with dimethyl sulfoxide (DMSO), ab-
sorbance was measured at 570 nm in a microtitre plate [24].
Cisplatin is the known standard cytotoxic drug, and it was
used as a control to compare the results of the test drug.

3.5. In Vitro Wound Healing Activity. (e trypsinized cells
were aspirated into a 5ml centrifuge tube. Centrifugation at
300 x g yielded a cell pellet. (e cell count was adjusted in
each well of the 12-well plate using DMEM. (en, 1ml
DMEM containing 100 μl of the cell suspension was added,
and the plate was incubated at 37°C and 5%CO2 for 24 hours
to achieve 100% confluence as a monolayer. A new 200 μl
pipette tip was used to scratch the monolayer gently and
slowly over the center of the well. To remove the detached
cells, gently wash the well twice with medium after
scratching. Refill the well with fresh media after washing the
cells twice with 1x Phosphate Buffered Saline (PBS).(e PBS
was sucked out. With 1ml of new medium, 25 μl of varied
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test concentrations from the stock of test medications were
introduced to the appropriate wells. (e images of the
scratched monolayers were obtained at different time in-
tervals of 0 hours, 12 hours, and 24 hours, followed by a 24-
hour incubation of the plate at 37°C and 5% CO2. By
measuring the gap distance at 4X resolution using Mag-
Vision Software, the gap distance was quantified [25].

(e rate of migration was calculated using the below
formula:

Rm �
Wi − Wt( 

T
, (2)

where Rm: rate of cell migration (μm/h); Wi: initial wound
width (μm); Wt: final wound width (μm); T: duration of
migration (hours)

4. Antibacterial and Antifungal Activity

4.1. Agar-Well Diffusion Method. Petri plates containing
25ml of optimized media were seeded using a glass rod with
24 hr-old cultures of Candida albicans strains for assessing
antifungal activity and Escherichia coli (Gram +ve) and
Bacillus cereus (Gram −ve) strains for assessing antibacterial
activity.(e spread plate method was followed, and the wells
were made using a well-borer. A stock concentration of
100mg in 1ml and a standard drug (Itracanozole and
ciprofloxacin) of 30 µl were used. (e plates were then in-
cubated at 37°C for 24 hours. (e antimicrobial activity was
confirmed by measuring the diameter of the inhibition zone
formed around the well.

4.2. Histological Examination. At the conclusion of the
experiment, skin biopsies were taken from the rats and
preserved in a buffered formaldehyde solution (10% v/v).

Tissue samples were treated and fixed in paraffin wax on a
regular basis. Hematoxylin and eosin were used to stain the
longitudinal sections (5mm) of healed lesions. On coded
slides, the microscopic examination was done blindly using a
light microscope.

4.3. Statistical Analysis. (e data was statistically analyzed
using GraphPad Prism® version 5.01 (GraphPad Software,
USA) using one-way analysis of variance, followed by
Tukey’s post hoc test. P 0.05 was used as a cut-off point for
statistical significance.

5. Results

5.1. Acute Dermal Toxicity Test. (ere were no signs of in-
flammation or edema after applying a 5%w/w ointment dose
during the first 24 hours. In addition, 14 days after topical
application of the PIE ointment, no mortality or signs of
toxicity were observed.

5.2. MTT Assay. Phytochemicals have long been researched
for their therapeutic characteristics, however, their cytotoxic
effects on the cell type of interest are often overlooked.
However, there has been an increasing trend to examine this
crucial component in recent years. (e MTTassay was used
to check the cytotoxicity of the test extract against a fi-
broblast cell line. (e test extract was less cytotoxic to the
normal cell line than the control drug cisplatin. (e cell line
treatment with various doses of test extract had no dis-
cernible cytotoxicity and showed an IC50 of 185.98 μg/ml.
However, at a concentration of 250 μg/ml of test extract, a
little reduction in cell viability was observed (Figure 2).
(ese results showed that P. integrifolia extract was not
cytotoxic and that its medicinal potential may be

(a) (b)

Figure 1: (a) Circular excision wound on day 0. (b) Linear incision wound on day 0.
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investigated further. In contrast, cells treated with cisplatin
showed maximum toxicity. Cisplatin inhibits cell prolifer-
ation by a cytotoxic mechanism, characterized by DNA
damage and the modulation of oxidative stress. Exposure to
oxidative stress can upset regular biological functions.
Cisplatin also induces reactive oxygen species that trigger
DNA damage, leading to cell death. Cell death occurs upon
the immediate activation of numerous signaling pathways.

5.3.Effect of theStandardizedExtract of Premna integrifolia on
Percentage Wound Contraction and Epithelialization Period.
Table 1 and Figure 3 show the results of wound-healing
activity using the excision wound model. (e percentage
wound-healing values shown in the table are for excision
control, base, test extract, and the standard group at 0, 4, 8, 12,
16, and 20 days. (e wound-contracting ability of animals
treated with the ointment containing 5% (w/w) test extract
was shown to be considerably higher (P 0.001) on days 4, 8,
12, 16, and 20 when compared to the excision control group
(Figure 4). On day four after wounding, the control group
animals had firm thrombus edema and exudates on the
wound area (group I), while a comparatively soft thrombus
with a decrease in inflammation and no noticeable discharge
was observed in the PIE ointment (group III) and standard
treated group (group IV). (e generation of reddish con-
nective tissue was detected in the animals of groups III and IV
on day eight. In group IV, however, it was noticed earlier (on
the eighth day after wounding) than in group III. In com-
parison to group I, the animals treated with standard and PIE
ointment significantly (P 0.001) improved wound-healing
effects in the rat models and aided in wound contraction from
day 4 to day 20.

(e complete epithelization period for group I animals
was 17 days, while epithelization times for group III and
group IV animals were 11 and 8.6 days, respectively. In
comparison to the untreated group, the full epithelization
duration was significantly (P 0.01) shorter in groups III and
IV. (e wound-healing effect of PIE ointment was found to
be comparable to that of the commercially available 5% w/w
povidone-iodine ointment (standard).

5.4. Hydroxyproline Content. (e animals treated with the
test extract exhibited significantly (71.72± 0.79 μg/100mg of

tissue) higher hydroxyproline content than the excision
control. (e standard control group showed
90.41± 0.9241 μg/100mg of tissue [figure 5(a)].

5.5. Protein Estimation. (e levels of total protein in the
tissue were found to be 131± 3.26, 107.2± 2.45, 78.17± 2.3,
67.50± 2.26 μg/100 mg of issue in the standard, test extract,
base, and excision control groups, respectively. (e animals
treated with the test and standard drug have shown a sig-
nificant (P< 0.001) increase in total protein level compared
with the excision control animals [figure 5(b)].

5.6. Incision Wound Study. (e tensile strength of the in-
cision wound was used to assess the influence of the wound-
healing activities in this model. (e results are provided as
themean weight in Gram± SEM, necessary to burst open the
sutured incision (Table 2 and Figures 6 and 7). When
compared to the incision control group, the animals treated
with PIE ointment had considerably higher (P � 0.001)
tensile strength. (P 0.001) tensile strength.

5.7. In Vitro Wound-Healing Cell Migration Assay.
Scratch assay is a frequently used in vitro technique for
determining a compound’s wound-healing potential. In the
current study, the mouse fibroblast cell line was treated with
Premna integrifolia for 24 hours. Cell migration was cap-
tured at different time intervals of 0 hrs, 6 hrs, 12 hrs, and
24 hrs. (e results showed that the PI extract (18 μg/mL)
filled the scratch gap by 87.89 percent in 24 hours. Table 3
shows the percentage of wound closure at various time
periods in untreated, extract-treated, and standard drug-
treated cells. When compared to the control, the test extract
caused the fibroblast cells to migrate, resulting in a higher
percentage of wound closure. At 24 hours, 96.53% of the gap
in the cells treated with the standard drug had been closed,
which was almost similar compared to the test drug. In the
standard and the extract-treated cells, the images demon-
strate greater cell migration (Figure 8).

5.8. In Vitro Antimicrobial Activity. (e data obtained from
the standard antimicrobial assay of Premna integrifolia were
compared with that of the standard drugs. (e antimicrobial

(a) (b) (c)

Figure 2: Pictographs. (a) Untreated. (b) Premna integrifolia extract (250 μg/ml). (c) Cisplatin.
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assay test results showed a promising outcome when
compared to that of standard antimicrobial agents. (e
results showed that E. coli (Gram −ve), B. cereus (Gram +ve),
and C. albicans strains were susceptible to the tested drug
with the inhibition zone diameter of 20mm, 07mm, and
9mm, respectively (Table 4 and Figure 9).

5.9. Histopathological Study. On the twentieth day, the
histological investigations of the skin in the excision wounds
were done, and the histopathological features of the tissue
from all groups of animals are depicted in Figure 10. An-
imals in group I (A) (excision control) had inflammatory
cells, decreased collagen fibers, fibroblast cells, and blood

C 0 day C 16 dayC 12 dayC 8 dayC 4 day

B 0 day B 12 day B 16 dayB 8 dayB 4 day

S 0 day S 16 dayS 12 dayS 8 dayS 4 day

T 0 day T 16 dayT 12 dayT 8 dayT 4 day

C 20 day

B 20 day

S 20 day

T 20 day

Figure 3: Photos depicting the effect of PIE ointment on excision wound model across different stages of the study.
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Figure 4:(e percentage contraction of the wound area was employed as an evaluation criterion for in vivowound-healing activity using an
incision wound model. Values are expressed as mean± SEM for 6 animals per group. ∗P< 0.01. #P< 0.001 compared with controls
(ANOVA followed by post hoc tests for multiple comparisons).
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vessels, as well as apparent scar tissue. Group II (B) (base
treatment) exhibited necrotic cells and fewer collagen fibers
and blood vessels. However, as compared to the control,
group III (C) (PIE ointment) revealed significantly more
fibroblast cells, blood vessels, and well-organized collagen
fibers. Group IV (D) (standard) demonstrated complete
tissue regeneration as evidenced by increased fibroblast cells,
collagen fibers, and blood vessels, as well as decreased in-
flammatory cells. Both the extract ointment-treated and

standard groups demonstrated epithelial tissue proliferation
and keratinization.

6. Discussion

Wound-healing is a sophisticated process that takes place
when the skin and other soft tissues of the body are dam-
aged. Wound-healing is a dynamic process that involves
numerous chemical pathways with the goal of returning the
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Figure 5: (a) (e hydroxyproline content of various animal groups’ granulation tissues. (b) Protein content in the granulation tissues of
different animal groups.

Table 2: Effect of PIE on tensile strength in the incision wound-healing model.

S. no. Groups Tensile strength (gm)
1 Incision control 768.0± 4.041
2 Base 862.5± 3.030
3 Extract (PIE) 1090± 16.09∗∗∗
4 STD (povidone-iodine) 1204± 12.39∗∗∗
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Figure 6: (e effect of PIE ointment on tensile strength in incision wound model in Wister rats.
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wounded cellular structure to its original form [26]. (e
conventional wound-healing cascade consists of three se-
quential and overlapping steps: inflammation, proliferation,
and remodeling [27].

To further understand the extended usage of crude plant
extracts or purified secondary metabolites in wound healing,
a variety of in vitro investigations have been conducted.
Several medicinal plants have been identified as medicinally
relevant and important in both traditional and modern
scientific studies [28]. P. integrifolia is an edible plant and
has culinary uses. Its leaves are eaten by the inhabitants of
the Coromandel coast, India. In Vietnam, the aromatic
leaves are used to cook in some braise or stir fry dishes [29].
(us, the consumption of this plant may also help heal
gastric ulcers. Although P. integrifolia’s medical benefits
have been known for decades, they are yet to be scientifically
verified.

In the current study, we used in vitro assays and in vivo
animal models to examine the wound-healing characteristics
of Premna integrifolia.

In the current investigation, the topical administration of
PIE (5% w/w) ointment promoted wound healing in both
excision and incision wound types in rats. Recent research
has suggested that triterpenoids, flavonoids, and tannins
play an important role in wound healing through various
mechanisms, including wound contraction, increased rate of
epithelialization, and prevention of secondary bacterial in-
fection [30, 31]. Previous studies on Premna integrifolia
found the presence of sterols, flavonoids, tannins, and sa-
ponins, all of which aid in wound healing.

In our investigation, the test extract-treated groups
exhibited a larger area of wound contraction than the ex-
cision control and ointment base groups. Furthermore, the
tensile strength of PIE ointment was higher than the incision
control animals. It could be related to increased fibroblast
activity, increased collagen synthesis, antioxidant, anti-in-
flammatory [32], and antibacterial properties of the plant. In
the current study, the antimicrobial activity of PIE was
assessed, and it showed good antibacterial and antifungal
potential.

(a) (b) (c)

(d) (e) (f )

Figure 7: Photos depicting the effect of PIE ointment on the incision wound model across different stages of the study. (a) Wound suturing
on day 0. (b)Wound-healing on day 8. (c)Wound-healing on day 12. (d)Wound-healing on day 16. (e) Tensile strength of test drug-treated
animal wound on day 20 (wound did not open after applying 1090 g of weight). (f ) Tensile strength of control animal wound on day 20
(sutured wound opened after applying 768 g of weight).

Table 3: (e percentage of cell migration (wound closure) of STD and test samples at different time intervals.

S. no Test sample Duration Cell migration in μm Percentage wound closure (24 h)

1 Untreated 12 hours 5.08 16.90%24 hours 4.589

2 Standard drug 12 hours 15.12 96.53%24 hours 21.65

3 Premna integrifolia 12 hours 21.44 87.89%24 hours 22.07
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Wound contraction shortens healing time by lowering
wound size and the volume of extracellular matrix needed to
repair the injury.(ewound-healing property of the PIE was
parallel to that of povidone-iodine ointment, which is used
as a standard treatment for wound-healing. Povidone-iodine
is a well-known antibacterial medication that is used to
prevent persistent wound infections.

Collagen is an extracellular protein found in the gran-
ulation tissue of a regenerating wound, assisting wound
resilience and tissue matrix integrity [33, 34]. Controlled
synthesis and the deposition of new collagen and its mat-
uration are essential for wound healing [35]. In the current
study, wound contraction was substantially higher in PIE-
treated animals compared to the control group, which could
be attributable to increased collagen synthesis. It could be
related to the presence of phenolic compounds [25, 28],
however, flavonoids may also help prevent secondary wound
infections because they have antiviral and antibacterial
properties [36]. (is study focuses on hydroxyproline levels
as a biochemical measure of collagen turnover. Significantly
higher (P≤ 0.001) hydroxyproline content in the granula-
tion tissue of PIE ointment-treated rats shows an elevated

level of collagen content, which leads to rapid wound-
healing, and this significant finding could be attributed to
the presence of flavonoids [37]. Subsequently, the tensile
strength of the treated wounds increased, which could be
attributed to higher collagen levels and collagen fiber sta-
bilization [38].

(ere was no indication of pus build-up, polymor-
phonuclear cell infiltration, fibrin deposition, or edema in
animal lesions in the drug-treated group.Wound infection is
the most common cause of delayed healing of skin wounds.
Some of the most common bacteria that cause wound in-
fection are P. aeruginosa, E. coli, S. pyogenes, S. aureus, and
Corynebacterium sp. [39]. PIE previously demonstrated
antibacterial action against B. subtilis, S. lutea, E. coli,
Pseudomonas sp., X. campestris, and K. pneumoniae [40]. In
the present study, PIE exhibited good antibacterial and
antifungal activity, which might be one of the mechanisms
responsible for its wound-healing potential. It has been
previously reported that plants rich in polyphenols exhibit
significant antibacterial activity [41, 42].

(e in vitro MTT assay is well-known for testing the
cytotoxicity of test drugs against fibroblast cell lines. In this

Untreated 0 hr

Untreated 6 hr

Untreated 12 hr

Untreated 24 hr

Std 0 hr

Std 6 hr

Std 12 hr

Std 24 hr

PI 0 hr

PI 6 hr

PI 12 hr

PI 24 hr

Figure 8: Microscopical photos illustrating Premna integrifolia’s ability to heal wounds in vitro. Images were taken at 0, 6, 12, and 24 hours
after the mice fibroblast cells were cultured in the presence or absence of the test and standard drugs.

Table 4: Antimicrobial activity of test drug as depicted by the zones of inhibition (mm).

Escherichia coli (Gram −ve) Bacillus cereus (Gram +ve) Candida albicans (fungi)
Control (ciprofloxacin): 29mm Control (ciprofloxacin): 22mm Control (Itraconazole): 13mm

Test drug Conc. 1 Conc. 2 Conc. 3 Conc. 1 Conc. 2 Conc. 3 Conc. 1 Conc. 2 Conc. 3
Premna integrifolia 0mm 0mm 20mm 0mm 0mm 7mm 0mm 7mm 9mm
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(a) (b) (c)

(d) (e) (f )

Figure 9: Antimicrobial activity of P. integrifolia against C. albicans: control itraconazole (a) and drug-treated (b). B. cereus: control
ciprofloxacin (c) and drug-treated (d). E. coli: control ciprofloxacin (e) and drug-treated (f ).

(a) (b)

Figure 10: Continued.
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experiment, fibroblast cells were treated with PIE at various
concentrations (50–250 μg/ml) and showed minimal or very
minor toxicity to the fibroblast cells [43].

In the scratch-healing assay, scratching forms a “wound
gap” in a cell monolayer, and the “healing” of this breach by
cell proliferation and migration toward the center of the gap
is recorded and frequently analyzed [44]. Factors affecting
cell migration and/or proliferation can cause the gap to
“heal” at a quicker or slower rate.(is assay is easy to use and
affordable, and the experimental settings can be simply
changed to suit varied needs.

In the present study, when fibroblast cells were treated
with P. integrifolia extract, we found that they migrated
better toward the artificially created wound. It indicates that
the extract hastens wound healing by causing fibroblast
migration. A similar study on A. saccata leaves extract found
that its methanolic extract stimulated the migration of fi-
broblasts while also increasing the expression of wound-
healing genes [28].

One of the primary benefits of the scratch method is
that it approximates cell mobility in vivo to some extent.
Endothelial cells (ECs) migrate into the wound region to
mend the wound. Furthermore, migration patterns mimic
the behavior of these cells during in vivo migration,
whether as a loosely connected population (e.g., fibro-
blasts) or as sheets of cells (e.g., epithelium and ECs).
Another advantage of this experiment is its ability to
investigate extracellular matrix and cell-cell interactions
as regulators of cell migration [44].

7. Conclusion

(e present research demonstrated that Premna integrifolia
enhanced wound-healing activity in vitro and in vivo. (e
obtained results showed that the application of PIE on
wounds induced considerable wound contraction and
accelerated healing. Furthermore, the extract was

determined to have good antibacterial activity and had no
cytotoxic effects. (ese findings show that Premna integ-
rifolia extract possesses wound-healing potential and could
be a viable source for isolating natural wound-healing
phytochemicals. However, further clinical trials are war-
ranted to extrapolate the results of this study in human
beings.

7.1. Limitations, Economic Aspects, and Applied Suggestions.
In the field of regenerative medicine for wound repair, most
wounds are currently treated with supportive measures,
such as appropriate wound dressing, maintaining hygiene,
and prophylactic antibiotic use rather than drugs that
innately boost the healing process. Drugs for wound
healing should ideally be designed so that they are effective
and provide quick results, reduce patient morbidity and
suffering, and, most importantly, are cost-effective. Premna
integrifolia ointment shows excellent promise for the future
of wound healing while also being cost-effective. (e an-
imal models for wound healing are not devoid of their
limitations. (ere are differences in the anatomy and
physiology of rodents and human skin. (e architecture of
human skin is not reflected by the loose skin and dense hair
on the rodent skin.(ere is no single animal model that can
capture the heterogeneity and complexity of human
wounds. (e ultimate challenge remains to be the repro-
ducibility and translation of preclinical data into clinical
reality. Rat wounds heal primarily through contraction,
reducing the importance of re-epithelialization and gran-
ulation unless a splinting technique is used, and they are
less tractable genetically than mice.

Data Availability

(e data related to this research are included in the Results
section.

(c) (d)

Figure 10: Histopathology analysis of newly healed tissue on day 20 post-treatment with PIE ointment. (a) Group I (excision control).
(b) Group II (base treatment). (c) Group III (PIE ointment). (d) Group IV (Standard-Povidone-Iodine).
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Objective. Zuojin pill (ZJP) is used as the classical prescription for a wide variety of digestive diseases. However, there is a lack of
direct evidence for its use in the treatment of chronic nonatrophic gastritis (CNG). In particular, there is a lack of rigorous trials of
randomized controlled designs. In this study, a randomized active-controlled clinical trial was performed to verify the efficacy and
safety of ZJP in detail.Methods. Patients with CNG were divided into the ZJP group and the Marzulene-S granule group. Patients
were enrolled from September 2019 to February 2021 (ChiCTR2000040549). Endoscopy and histology scores were evaluated as
the primary outcomemeasure.-eHelicobacter pylori positive rate and the disappearance rate of symptoms were alsomeasured to
reflect the outcomes. Finally, adverse events were also calculated as the index of safety. Results. A total of 68 eligible patients were
enrolled in this trial and randomly divided into two groups with baseline comparability. ZJP was able to improve the red plaques as
well as bile reflux scores compared with Marzulene-S granule (P � 0.043 and P � 0.019, respectively). Moreover, it also re-
markably alleviated the active chronic inflammation score (P � 0.043). However, there was no difference between theHelicobacter
pylori positivity rate (P � 0.752). -e symptom scores of abdominal distension (P � 0.004), belching (P � 0.010), and loss of
appetite (P � 0.019) were alleviated by ZJP, but nausea and vomiting were not (P � 0.616). ZJP can also be considered safe with
no obvious adverse effects. Conclusion. ZJP might decrease mucosal injury and alleviate symptoms in CNG. In addition, more
large-scale clinical trials should be carried out to further confirm its clinical efficacy and safety.

1. Introduction

Chronic gastritis refers to the chronic infiltration of in-
flammation in the gastric mucosa and is the most common
disease worldwide. It can be divided into three types:
nonatrophic gastritis (CNG), atrophic gastritis (CG), and
other special types. Recent data from theDigestive Endoscopy
Branch of the Chinese Medical Association indicated that
approximately 49.3% of patients with upper gastrointestinal
symptoms were diagnosed with CNG. Further evidence

suggested that CNG can develop into CG without proper
treatment. Patients who had CG with premalignant gastric
lesions were shown to carry a remarkable risk of gastric
cancer within 10 years of follow-up. Even in the short term,
symptomatic patients might have a decreased quality of life
due to nonspecific dyspeptic symptoms, such as epigastric
discomfort, belching, distention, nausea, and even loss of
appetite. However, there is still a lack of a specific medicine
for CNG treatment due to the complex pathogenesis. Hel-
icobacter pylori (Hp) infection is believed to be the primary
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cause of CNG, and therapy involving the eradication ofHp is
applied worldwide. Clarithromycin-containing regimens are
recommended as first-line drugs. However, the increasing
rate of antibiotic resistance has already influenced the
treatment of CNG [1]. Moreover, proton pump inhibitors
(PPIs), such as omeprazole, esomeprazole, and lansoprazole,
are also important medicines that could reduce the damage
to the mucosa that is induced by gastric acid. Studies have
indicated that PPIs are associated with a series of adverse
effects, including osteoporosis, hypomagnesemia, Clostrid-
ium difficile colitis, and cardiovascular morbidity [2, 3]. In
addition, bismuth quadruple therapy is also widely
employed as a first-line treatment. However, current studies
have suggested that it might cause short-term dysbiosis of
the gut microbiota and lead to adverse effects [4]. Specific
medicine with ideal efficacy that can improve the quality of
life is urgently needed for CNG patients.

It has long been recognized that traditional medicine still
demonstrates unique therapeutic characteristics in the
modern clinical system [5, 6]. Artemisinin, derived from
Artemisia annua L. (Qinghao), is one of the most commonly
used medicines to efficiently fight against malaria. -e
original plant was first recorded by Ge Hong in A Handbook
of Prescriptions for Emergencies and was applied to relieve
malaria symptoms. It is widely thought to be a gift from
traditional Chinese medicine to the world [7]. Apart from
artemisinin, Maxingshigan decoction and Yinqiao powder
have also been recently used to fight against complex dis-
eases. -ese two prescriptions are thought to be antiplague
formulae in traditional Chinese medicine. In 2011, the
combination of these two formulae was demonstrated to
reduce the fever resolution period of patients with H1N1
influenza virus infection compared with oseltamivir in a
prospective randomized controlled trial [8]. Lianhua-
qingwen capsule, one type of traditional Chinese patent
medicine that is made from the combination of Maxing-
shigan decoction and Yinqiao powder, was further con-
firmed to be effective in alleviating coronavirus disease 2019
(COVID-19) pneumonia in the clinic [9]. -erefore, it could
serve as a crucial source for drug development from tra-
ditional Chinese medicine.

Zuojin pill (ZJP) was initially created by Danxi Zhu in his
Danxi’s Experiential�erapy,which is a well-known formula
that has been used since the 15th century. Two kinds of
herbal medicine containing the root of Coptischinensis
Franch. and the fruit of Euodia ruticarpa (A. Juss.) Benth. are
involved in this prescription at a ratio of 6 :1 (w/w). It is used
for the pattern of liver fire invading the stomach, which
represents specific symptoms, including heartburn, dys-
pepsia, vomiting, and abdominal distension, in traditional
Chinese medicine. -is pattern occurs in a wide variety of
digestive diseases in modern clinics [10]. Hence, it is rec-
ognized as the principle medicine for the treatment of pa-
tients suffering from gastritis, gastroesophageal reflux
disease, gastric ulcer, and even gastric carcinoma [11].
Several preclinical pharmacologic experiments also sug-
gested that the Zuojin pill could significantly reduce gastric
mucosal injury by inhibiting the regulation of the NF-lB
signaling pathway and reducing the inflammatory response

[12, 13]. All these studies provide indirect data that confirm
the therapeutic efficacy of the Zuojin pill on CNG. However,
there is a lack of direct evidence, especially with rigorous
trials of randomized controlled designs. In this study, an
open-label, randomized controlled trial was performed to
verify the efficacy and safety of the Zuojin pill in detail. -e
results will definitely guide clinical applications.

2. Methods and Design

2.1.ParticipantDiagnosis. Patients with CNGwere recruited
from September 2019 to February 2021 at the Fifth Medical
Center of PLA General Hospital, Beijing, China. -e pro-
tocol was approved by the Ethics Committee at FifthMedical
Center of PLA General Hospital (approval number:
2019087D). All procedures and the purpose of the trial were
clearly explained to all participants. Consent was obtained
prior to participation. Participants with CNG were diag-
nosed according to the current standards of the Chinese
Consensus on Chronic Gastritis (Shanghai, 2017).

2.1.1. Clinical Manifestations. Nonspecific dyspepsia, such
as epigastric pain, distention, belching, acid regurgitation,
nausea, vomiting, and loss of appetite, was the clinical
manifestations of symptomatic patients. -e physical sign
was slight epigastric pain or mild discomfort in the upper
abdomen.

2.1.2. Endoscopic and Histopathological Diagnosis.
Endoscopic and histopathological examinations were the
main references for CNG diagnosis. -e essential charac-
teristics of CNG are red plaques with punctuates, patches,
and striae. Coarse and unevenmucosa, hemorrhagic spots or
plaques, oedematous mucosa, and exudates without atrophic
changes were also seen under endoscopy. Furthermore, no
atrophic changes or intestinal metaplasia were found in the
histopathological examination of the gastric mucosa.

2.2. Inclusion, Exclusion, Rejection, and Withdrawal Criteria

2.2.1. Inclusion Criteria. -e inclusion criteria were as
follows: participants were diagnosed with CNG according to
the Chinese Consensus on Chronic Gastritis; participants
were diagnosed with liver fire invading stomach syndrome,
according to TCM syndrome differentiation; participants
were between 20 and 70 years of age; participants voluntarily
provided written informed consent.

2.2.2. Exclusion Criteria. -e exclusion criteria were as
follows: patients who underwent gastric-related surgery;
patients with atrophic changes, intestinal metaplasia, or
suspected malignant changes in the gastric mucosa; patients
who also had other systemic diseases in the heart, liver, lung,
kidney, or blood system; female patients who are planning to
have a baby, are currently pregnant, or are lactating; patients
with life-threatening illnesses, such as tumors and AIDS;
patients who received other kinds of medicine in the 2 weeks
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before recruitment; and patients who were judged as in-
appropriate to be enrolled in the trial by investigators.

2.2.3. Rejection Criteria. -e rejection criteria were as fol-
lows: patients who were misdiagnosed; patients who did not
take the proper drug dosage; and patients who could not
complete the follow-up.

2.2.4. Withdrawal Criteria. -e withdrawal criteria were as
follows: patients who quit the clinical trial voluntarily and
patients who were intolerant to the Zuojin pill or conven-
tional therapy. Adverse events occurred during the trial.
-ese adverse events included severe hepatic injury, ma-
lignant tumors, or hemorrhage of the digestive tract, and
thus, a patient with these events was unlikely to complete the
procedure.

2.3. Intervention. Participants assigned to the control group
received Marzulene-S granule (2.01 g/day, three times a day,
for 12 weeks). One granule of Marzulene-S weighed 0.67 g
and contained 663.3mg L-glutamine and 2.0mg sodium
gualenate. Participants in the treatment group received the
Zuojin pill (6.0 g/day, twice a day, for 12 weeks). Zuojin pill
was available from the Department of Pharmacy in the Fifth
Medical Center of PLA General Hospital. A chemical
analysis was performed to ensure the homogeneity of the
prescription. During the treatment, a healthy lifestyle with a
light diet, regular work and rest, and proper exercise were
required, and smoking, alcohol consumption, and the
consumption of spicy foods were prohibited. Patients with
Helicobacter pylori also received clarithromycin-containing
regimens for eradication. A follow-up was scheduled every 4
weeks following the treatment. Patients received conven-
tional treatment if they did not obtain full recovery of CNG
after the trial.

2.4. Outcome Measures

2.4.1. Primary Outcome. -e score of endoscopy evaluation,
involving red plaques, erosion, hemorrhage, and bile reflux,
was compared between the control group and the treatment
group (Supplementary Table 1). -e grade of histopatho-
logical changes, including chronic inflammation and active
chronic inflammation, was also evaluated (Supplementary
Table 2). -e standard was set according to the Chinese
Consensus on Chronic Gastritis.

2.4.2. Secondary Outcomes

(1) Helicobacter pylori positive rate. -e Helicobacter pylori
positive rate in patients was also evaluated for the treatment.

(2) Symptom scores. Changes in each symptom score, in-
cluding abdominal distension, belching, nausea, vomiting,
and loss of appetite, were compared to reflect the quality of
life (Supplementary Table 3).

2.4.3. Subgroup Analysis. Subgroup analysis based on Hp
infection was also conducted with all the outcome measures.

2.5. Safety Outcome. Patients were interviewed every 4
weeks to record adherence and identify adverse events.
Routine tests, including blood, urine, and stool tests, elec-
trocardiogram, and liver and renal function tests, were
performed at baseline. If the adverse events were relevant to
the medication, patients were followed until their adverse
events were resolved or there was no clinical significance.

2.6. Preparation and HPLC-MS/MS Analysis of Zuojin Pill.
-e preparation and HPLC-MS/MS analysis of the Zuojin
pill were conducted according to a previous method.

2.6.1. Preparation of Zuojin Pill Extracts and Standard
Samples. -e root of Coptis chinensis Franch. and the fruit
of Euodia ruticarpa (A. Juss.) Benth. ley were weighed and
added at 6 :1 ratio. -ey were soaked for 30min in pure
water (1/10, w/v). After that, it was extracted twice by heating
(1 h at a time). -e filtrate was rotationally evaporated,
condensed, and dried into a dry powder for preservation.
-e weight ratio of the Zuojin pill was 23.48%. Berberine
hydrochloride, Coptis chinensis alkaloid, palmatine, mag-
nolia alkaloid, evodiamine, rutaecarpine, and dehy-
droevodiamine were purchased from Chengdu Chroma-
Biotechnology Co., Ltd. (China). Carbamazepine (internal
standard) was purchased from the National Institutes for
Food and Drug Control. Berberine hydrochloride, Coptis
chinensis alkaloid, palmatine, magnolia alkaloid, evodi-
amine, rutaecarpine, and dehydroevodiamine were prepared
to standard concentrations of 1.1, 5.15, 1.6, 2.55, 12, 17, and
0.5 μg/mL in methanol/water (1 :1, v : v). Aliquots of all
standards and internal standards were stored at −20°C.
Linearity was measured using a freshly prepared calibration
pool of themixed standards that was diluted to 1/2, 1/4, 1/10,
1/20, 1/40, 1/100, 1/500, and 1/1000 to obtain 9 final
standard concentrations. -e final concentration of the
internal standard was 10 μg/mL. Each concentration was
prepared in three replicates. -e calibration curve was
prepared by determining the best fit of the peak area ratio
(peak area of analyte/internal standard) versus concentra-
tion. -e calibration curves were constructed using linear
regression with 1/x or 1/x2 weighting factors. -e results
were used to calculate the overall linearity.

2.6.2. HPLC-MS/MS Analysis. -e chromatographic sepa-
ration was carried out on a Shim-pack GIS C18 column
(10mm× 2.1mm, 3 μm) fitted on a Jasper HPLC system.-e
mobile phases were 0.1% formic acid (A) and acetonitrile
(B). -e flow rate was set to 0.3mL/min. -e column
temperature was maintained at 40°C. -e following gradient
program was used: the initial mixture of 90% A and 10% B
was held for 0.5min; the linear gradient was increased to
70% B in 5min and held for 2min; then the linear gradient
was increased to 90% B in 0.1min and held for 1min; then
return to the initial conditions in 0.1min, followed by
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3.3min of equilibration. -e total run time was 12min, and
the injection volume was 2 μL. Mass spectra were obtained
using an API 3200 equipped with a TurboIon electrospray
(ESI) interface set in the positive mode (needle voltage
+5500V). -e mass spectrometry conditions were as fol-
lows: CUR, 20 psi; Gas 1 and Gas 2, 55 psi; IS: 5500V; gas
temperature: 550°C. -e acquisition dwell time for each
transition monitored was 50ms.

2.7. Statistical Analyses. A series of statistical analyses were
conducted by SPSS 26.0. Continuous variables are expressed
as ‘mean± standard’, and categorical variables are expressed
as frequencies (percentages). Student’s t-test, Man-
n–Whitney test, or Chi-square test was used to compare
baselines in different circumstances. For the comparison of
variations from baseline to endpoint, Student’s t-test and
Wilcoxon signed-ranks test were performed according to
normal or nonnormal variables, respectively. Moreover, the
Wilcoxon test was applied to analyze the differences in the
endoscopic scores and symptom scores between groups. -e
Chi-square test or Fisher’s exact test was used for the
symptom disappearance rate. All statistical tests were two-
sided. -e levels of P< 0.05 and P< 0.01 were assumed to be
statistically significant and markedly significant,
respectively.

3. Results

3.1. Participant Distribution. Seventy patients with endos-
copy evaluation were determined to be eligible. However,
one patient had liver cirrhosis, and one patient refused to
sign the informed consent forms. -us, a total of 68 patients
were eligible for inclusion in this trial according to the
CONSORT statement (Figure 1). All 68 patients were ran-
domly assigned to the control group and treatment group.
-irty-four patients were assigned to the treatment group.
-is group included 22 men and 12 women, and the average
age was 56.20± 9.33 years. -irty-four patients were in-
cluded in the control group.-is group included 17men and
17 women, and the average age was 53.91± 10.92 years. Two
patients were excluded due to loss of follow-up, 1 patient
deviated from the protocol, and 1 patient had poor
compliance.

3.2. Baseline Characteristics. -ere was no significant dif-
ference in age, sex, endoscopic scores, histopathological
changes, or symptom scores between the two groups.
Moreover, the number of patients withH. pylori (positive) in
the treatment group (44.12%, 15/34) and that in the control
group (52.94%, 18/34) were also comparable (P � 0.355)

(Table 1).

3.3. Endoscopy and Histology Evaluation Scores. Zuojin pill
was able to improve the red plaques and the bile reflux scores
compared with Marzulene-S granule (P � 0.043 and
P � 0.019, respectively). However, there was no significant
difference in the erosion score between patients who

received the Zuojin pill and the Marzulene-S granule
(P � 0.769). Although the Zuojin pill had a trend of de-
creasing hemorrhage compared with Marzulene-S granule,
it did not reach statistical significance (P � 0.405) (Table 2).
In addition, the grade of histopathological changes in
chronic inflammation was not significantly different be-
tween the two therapies (P � 0.055). However, the Zuojin
pill markedly alleviated the active chronic inflammation
score compared with the Marzulene-S granule (P � 0.043)

(Table 2).

3.4.HelicobacterpyloriPositiveRate. -ere was no difference
in the Helicobacter pylori positive rate between the patients
in the Zuojin pill group (14.70%, 5/34) and those in the
Marzulene-S granule group (20.59%, 7/34) (Figure 2(a)).

3.5. Symptom Scores. -e disappearance rates of symptoms
in patients treated with the Zuojin pill were 0.76± 0.78 for
abdominal distension, 0.18± 0.58 for belching,0.35± 0.77 for
nausea and vomiting, and 0.29± 0.52 for loss of appetite.
-ese rates in the Marzulene-S granule group were
1.29± 0.68, 0.68± 0.94, 0.26± 0.66, and 0.68± 0.77, respec-
tively. Zuojin pill significantly alleviated the symptoms of
abdominal distension, belching, and loss of appetite com-
pared with Marzulene-S granule (P � 0.004, P � 0.010,
P � 0.019). However, there was no difference in the
symptoms of nausea and vomiting between the two groups
(P � 0.616) (Figure 2(b)).

3.6. Subgroup Analysis. Because Hp infection is thought to
be the main cause of CNG, a subgroup analysis based on Hp
infection was also conducted. -e results indicated that the
Zuojin pill could significantly decrease active chronic in-
flammation compared with Marzulene-S granule treatment
in patients with Hp infection (P � 0.033). Moreover, the
Zuojin pill was able to alleviate red plaques (P � 0.016),
chronic inflammation (P � 0.005) , and abdominal dis-
tension (P � 0.012) compared with Marzulene-S granule
treatment in patients without Hp infection (Table 3).

3.7. Adverse Events. Adverse events included constipation (1
case in the Zuojin pill group) and dizziness (1 case in the
Zuojin pill group and 2 cases in the Marzulene-S granule
group). None of the cases were determined to be related to
the medication.

3.8. HPLC-MS Analysis of Zuojin Pill. Seven major com-
pounds were identified, including berberine hydrochloride
Coptis chinensis alkaloid, palmatine, magnolia alkaloid, evodi-
amine, rutaecarpine, dehydroevodiamine, and carbamazepine,
which was the internal standard (Supplementary Figure 1).

4. Discussion

4.1. �e Insight into CNG from Mechanism to Treatment.
CNG is a common digestive disease but has a wide variety of
complex mechanisms that require further investigation. -e
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traditional concept of ‘one target, one disease’ seems in-
adequate for the determination of this crucial pathogenesis
and is a limited approach for treatment [14, 15]. -erefore,
the recent recognition of the pathogenesis of this disease

could be beneficial to improving the therapeutic options. It is
widely believed that the progression of CNG, CAG, gastric
intestinal metaplasia (GIM), and gastric cancer (GC) occurs
through a thoroughly programmed deterioration with

Marzulene-S treatment analyzed (n=34)

Lost to follow-up (n=1)
Poor compliance due to not following the 

critieria (n=1)

Allocation to Marzulene-S (n=34)
(i) Received allocated intervention (n=34)
(ii) Did not receive allocated intervention 

(n=0)

Assessed for eligibility (n=70)

Randomized (n=68)

Excluded (n=2)
(i) Not meeting inclusion criteria (n=2)
(ii) Declined to participate (n=0)
(iii) Other reasons (n=0)

Enrollment

Allocation
Allocation to Zuojin pill (n=34)

(i) Received allocated intervention (n=34)
(ii) Did not receive allocated intervention 

(n=0)

Follow-Up
Lost to follow-up (n=1)

Protocol deviation due to take other 
medicine (n=1)

Analysis
Zuojin pill treatment analyzed (n=34)

Figure 1: Standard CONSORT flowchart of the clinical trial.

Table 1: Comparison of baseline characteristics (mean± SD).

Variables Zuojin pill (n� 34) Marzulene-S granule (n� 34) P value
Gender (male/female) 22/12 17/17 0.327
Age 56.20± 9.33 53.91± 10.92 0.355
Red plaques 2.09± 0.83 2.15± 0.92 0.770
Erosion 2.09± 0.83 2.15± 0.66 0.747
Hemorrhage 1.62± 1.10 1.38± 0.95 0.350
Bile reflux 1.65± 0.69 1.76± 0.85 0.535
Chronic inflammation 2.35± 0.64 2.26± 0.66 0.581
Active chronic inflammation 2.20± 0.81 2.06± 0.78 0.447
Positive Hp rate 15 (44.1%) 18 (52.9%) 0.628
Abdominal distension 2.82± 0.39 2.68± 0.59 0.228
Belching 2.15± 0.36 2.29± 0.46 0.148
Nausea and vomiting 2.47± 0.67 2.38± 0.74 0.594
Loss of appetite 2.79± 0.50 2.76± 0.50 0.804
Notes: Hp, Helicobacter pylori.

Table 2: Comparison of endoscopy and histology evaluation after treatment (mean± SD).

Variables Zuojin pill (n� 34) Marzulene-S granule (n� 34) P value
Red plaques 1.15± 0.92 1.62± 0.95 0.043
Erosion 1.82± 0.83 1.88± 0.81 0.769
Hemorrhage 0.38± 0.74 0.53± 0.71 0.405
Bile reflux 0.26± 0.57 0.74± 0.99 0.019
Chronic inflammation 1.47± 0.96 1.91± 0.90 0.055
Active chronic inflammation 1.29± 1.12 1.82± 1.00 0.043
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organized steps. CNG is accompanied by various biological
factors, such as Helicobacter pylori infection, excessive in-
flammation, oxidative stress, and DNA damage and repair.

Helicobacter pylori is a Gram-negative pathogenic bac-
terium that has been found to colonize in the gastric mucosa

of a large population worldwide. -e progress of Heli-
cobacter pylori infection is believed to be the initiating cause
of gastritis, and this has been established for almost a century
[16]. However, the investigation into its role in inducing
inflammatory responses in gastritis has never ended.
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Figure 2: Comparison of secondary outcome measures. (a) Helicobacter pylori positive patients before and after treatment. (b) Symptom
scores after treatment. ∗ P< 0.05 compared with theMarzulene-S granule group; ∗∗ P< 0.01 compared with theMarzulene-S granule group;
ns: No significance).

Table 3: Subgroup comparison based on Helicobacter pylori infection after treatment (mean± SD).

Variables Zuojin pill Marzulene-S granule P value
Helicobacter pylori infection positive N� 15 N� 18
Red plaques 1.40± 1.12 1.56± 0.92 0.665
Erosion 2.07± 0.80 2.11± 0.83 0.877
Hemorrhage 0.53± 0.83 0.67± 0.77 0.636
Bile reflux 0.47± 0.74 0.83± 1.04 0.263
Chronic inflammation 1.87± 0.99 1.78± 0.88 0.786
Active chronic inflammation 1.27± 1.10 2.06± 0.94 0.033
Abdominal distension 1.00± 0.84 1.39± 0.70 0.157
Belching 0.27± 0.70 0.78± 1.00 0.107
Nausea and vomiting 0.54± 0.92 0.39± 0.78 0.627
Loss of appetite 0.40± 0.63 0.83± 0.78 0.095
Helicobacter pylori infection negative N� 19 N� 16
Red plaques 0.95± 0.70 1.69± 1.01 0.016
Erosion 1.63± 1.01 1.62± 0.72 0.980
Hemorrhage 0.26± 0.65 0.38± 0.62 0.609
Bile reflux 0.16± 0.50 0.38± 0.88 0.369
Chronic inflammation 1.16± 0.83 2.06± 0.93 0.005
Active chronic inflammation 1.32± 1.16 1.56± 1.03 0.514
Abdominal distension 0.58± 0.69 1.19± 0.66 0.012
Belching 0.10± 0.46 0.56± 0.89 0.077
Nausea and vomiting 0.21± 0.63 0.12± 0.50 0.664
Loss of appetite 0.21± 0.42 0.50± 0.73 0.152
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Traditional concepts recognize that Helicobacter pylori ac-
tivates inflammation through various pathways that are
associated with modifying TLR ligands [17]. Moreover, the
most recent research indicates that Helicobacter pylori could
exacerbate gastric inflammation by triggering C-type lectin
receptors to modify host cholesterol [18].Helicobacter pylori
infection is widely associated with inflammation and the
dysregulation of metabolites, which affects the progression
of gastritis to a great extent. Oxidative stress, which plays a
double-edged role, has also received increasing attention for
its role in the progression of gastritis. First, redox homeo-
stasis and antioxidant defense are highly needed to maintain
homeostasis of the gastric epithelium due to excessive ex-
posure to harsh conditions involving digestive enzymes, an
aggressive pH environment, and bacteria [19]. For instance,
the products of lipid peroxidation, including HNE and its
protein/histidine adducts, are thought to be closely related to
the pathogenesis of numerous gastric diseases [20]. Inter-
estingly, a beneficial role has emerged for HNE in eradi-
cating Helicobacter pylori infection. A study from
Grasberger indicated that the dual oxidases (DUOX) en-
zyme complex was able to prevent gastric colonization by
alleviating Helicobacter pylori and the inflammatory re-
sponse [21]. In addition, DNA damage and repair are an-
other important cause of chronic gastritis. -e p42.3 gene is
a typical tumorigenesis promoter in various cancers [22]. It
has been proven that both Helicobacter pylori and inflam-
matory factors can significantly enhance p42.3 expression at
the protein level. -is gene was also positively associated
with the severity of injury to the gastric mucosa. -us, the
damage caused by p42.3might be a significant regulator that
affects CNG [23].

It is critically important to reverse the complex signaling
network associated with CNG progression. -e concept of a
combination medication for CNG, such as triple therapy, is
to maintain the surrounding stability. -is concept has
lasted at least 2000 years since the development of traditional
Chinese medicine. Zuojin pill is used to treat various gastric
diseases that are associated with network regulation. Its
gastroprotective effect has been revealed at the molecular
level during the past decade. Rhizoma Coptidis, one of the
constituents in the Zuojin pill, was able to alleviate chronic
gastritis with Helicobacter pylori infection. Our previous
pharmacological research revealed that this effect was due to
palmatine. It might ameliorate Helicobacter pylori-induced
chronic gastritis by inhibiting MMP-10 through the
ADAM17/EGFR signaling pathway [24]. Moreover, this
action was also related to a metabolite network involving
taurine and hypotaurine metabolism, glycerophospholipid
metabolism, and pentose and glucuronate interconversions
[25]. Another compound, berberine, which is derived from
Rhizoma Coptidis, also demonstrates a beneficial effect on
chronic gastritis. Research has indicated that berberine is
able to suppress the IRF8-IFN-c signaling axis to inhibit
progression [26]. Apart from Rhizoma Coptidis, the re-
search on the effects of Fructus Evodiae on gastritis has also
vastly improved. Rutaecarpine, one of the main quinazolino
carboline alkaloids, exerts a remarkable gastroprotective
effect against mucosal injury induced by ethanol. -is effect

is highly associated with the suppression of the nuclear
translocation of NF-κB p65 and its downstream signaling
factors. -e antioxidant role of this compound also involves
the activation of the PI3K/AKT signaling pathway [27].
-us, the components of the Zuojin pill are integral to the
mechanisms of its effects.

4.2. �e Guidance of TCM from Bedside to Bench to Bedside.
Establishing an approach that connects basic research and
clinical practice has long been an aim inmedical science. In the
past two decades, translational medicine has been considered a
suitable concept for bridging this gap. It acts as a robust bi-
directional link between research and application to enhance
the rapid clinical translation and provide further feedback for
basic research results [28]. During this progress, basic research
knowledge can be translated to clinical application. It thus
provides more advanced concepts, techniques, tools, and
methods to address the diagnosis and treatment of diseases.
Moreover, clinical researchers also ruminate the basic advances
to further amend deficiencies in basic research. -ese rela-
tionships are commonly called ‘from bench to bedside’, ‘from
bedside to bench’, or ‘B2B’ [29]. -ereafter, chemicals were
developed for various diseases via this approach [30].

As the cornerstone of traditional medicine, herbal
medicine has been recognized as an important source for
drug development [31, 32]. Moreover, modern basic re-
search offers deep insight into this clinical application and
promotes further indication of its use.-us, manymedicines
experience the process of ‘from bedside to bench to bedside’
to find the optimal guidance in TCM. -e anti-influenza
virus efficacy of Yinqiao powder (Yinqiaosan) is an out-
standing example. -is formula is found in ‘Wen Bing
TiaoBian’, which is the basis of the theoretical research on
the warm-heat disease in TCM. It consists of nine herbal
components, such as Flos Lonicerae, Fructus forsythiae,
Fructus arctii, andHerba Schizonepetae. Yinqiao powder and
its modified formulae have a long history in the treatment of
the common cold, fever, coughing, and other respiratory
infectious diseases. Furthermore, researchers found that
Yinqiao powder is able to inhibit the influenza-A virus based
on an infected embryonated hen egg model [33]. In 2011, a
modified formula of Yinqiao powder demonstrated re-
markable efficacy in reducing the time to fever resolution in
patients combating H1N1 influenza virus infection in the
clinic [8]. -is model sheds light on the translational
medicine approach for TCM and bridges the gap between
clinical experience and medicinal therapy. In addition, our
previous research also confirmed the gastroprotective effect
of the Zuojin pill and its components against mucosal injury.
-us, a clinical trial will provide clinical evidence for the
value of the Zuojin pill for further application in CNG.

4.3. �e Indication of Current Research from Results to
Application. -is research mainly focused on the efficacy of
the Zuojin pill on CNG in the clinic.-e results suggested that
the Zuojin pill was able to alleviate several indices of mucosal
injury under endoscopy and histology. It could downregulate
red plaques and bile reflux but not erosion and hemorrhage,
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indicating the selectivity of Zuojin pill action. In addition, it
could remarkably alleviate active chronic inflammation. -is
action is critically important in anti-inflammation. -erefore,
this efficacy coincides with our previous experimental results
[27]. Furthermore, the efficacy of the Zuojin pill in alleviating
symptoms of abdominal distension, belching, and loss of
appetite was remarkable, indicating an integral improvement
in quality of life. However, this result should be interpreted
with caution. -e concept of ‘pattern’ is the core factor for
differentiating disease and further treatment in traditional
Chinese medicine. -at is, the Zuojin pill might be more
suitable for CNG patients with a pattern of liver fire invading
the stomach in TCM. Patients with this kind of pattern might
achieve higher efficacy. -us, subgroup trials with different
patterns are needed for further exploration. Regarding the
Helicobacter pylori positivity rate, the Zuojin pill did not
demonstrate a significant difference compared to the Mar-
zulene-S granule. -is is because the main targets of the
Zuojin pill focus more on downstream signaling pathways
involved in inflammatory regulation. Furthermore, safety was
also observed during the whole trial. However, all the cases
with adverse events were ultimately determined to have no
relation to the medication. -erefore, Zuojin pill treatment
could be considered safe.

4.4. �e Limitations of the Current Research. Overall, this
trial strictly abided by the clinical standard from design to
the determination to calculation. However, there still exists
improvement in three aspects. First, a multicenter ran-
domized clinical trial with large sample size is needed for
further exploration. Only by performing this kind of trial can
the evidence reported here be applied to guide gastritis
treatment. Second, this research mainly uses the modern
clinical index of CNG. Zuojin pill alleviates various symp-
toms.-erefore, the index of TCM symptoms should also be
evaluated to obtain further clinical data. Finally, a com-
prehensive investigation of the specific mechanisms is still
needed. Due to the current progress of multiomics tech-
niques, the exploration of combined metabolomics and
proteomics is urgently needed to predict possible molecular
mechanisms and indicate the cure index.

5. Conclusion

Zuojin pill is able to decrease the mucosal injury of CNG and
alleviate the related symptoms to elevate the life of quality. It
is also safe for patients to use. In addition, more large-scale
clinical trials with longer intervention durations should be
carried out to further prove its clinical efficacy and safety.
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.e effect and mechanism of artemisinin therapy on cerebral ischemia-reperfusion injury (CIRI) was analyzed in this work. 100
healthy male C57BL/6 mice were selected and randomly divided into the sham group (no treatment), CIRI model group (IR),
IR + artemisinin posttreatment group (IR +Arte), EX527 + IR group (EX527 + IR), and EX527 + IR + artemisinin posttreatment
group (EX527 + IR +Arte), with 20 mice in each group..e cerebral infarct volumes of mice in different groups were measured by
the 2,3,5-triphenyltetrazolium chloride (TTC) staining method. .e neurological function scores and oxidative stress levels of
mice in different groups were measured and compared. In addition, the expressions of silent information regulator 1 (SIRT1),
forkhead transcription factor O1 (FOXO1), and p53 protein in brain tissue were detected. .e results showed that the contents of
reactive oxygen species (ROS) and malondialdehyde (MDA) in the EX527 + IR group and EX527 + IR +Arte group were sig-
nificantly higher than those in the IR +Arte group (P< 0.05). .e expressions of SIRT1 protein in the brain tissue of the IR group
and EX527 + IR group weremuch lower than that of the sham group (P< 0.01); compared with the IR +Arte group, the expression
of the X527 + IR group in the brain tissue was greatly reduced (P< 0.05). .e expression levels of FOXO1 protein and p53 protein
in the brain tissue of mice in the IR group and EX527 + IR group were higher than those in the sham group (P< 0.01). It was
concluded that artemisinin treatment can reduce oxidative stress damage and alleviate CIRI through the SIRT1/FOXO1 signaling
pathway, thereby achieving neuroprotective effects.

1. Introduction

Ischemic stroke is a sudden and acute disorder of cerebral
blood circulation, which has a high morbidity, fatality, and
disability rate [1]. Among the current treatment methods for
ischemic stroke, thrombolysis with recombinant tissue-type
plasminogen activator and mechanical recanalization to
establish cerebral blood flow reperfusion are the best
treatment options, but it is easy to cause cerebral ischemia-
reperfusion injury (CIRI) [2]. CIRI is an irreversible process,
which is related to factors such as mitochondrial dysfunc-
tion, oxidative stress, apoptosis, inflammation, and ion
imbalance in the body [3]. Artemisinin is an extract from the
Compositae plant Artemisia annua. Current research results

show that artemisinin has immunomodulatory, anti-in-
flammatory, antiapoptotic, and antifibrosis effects [4, 5].
Artemisinin can effectively reduce the myocardial CIRI
through antioxidant and scavenging oxygen free radicals [6].
However, there are currently few studies on artemisinin
posttreatment on brain protection, and its mechanism is not
yet known [7].

Silent information regulator 1 (SIRT1) is a histone
deacetylase that relies on nicotinamide adenine dinucleotide
(NAD+), and it participates in cell proliferation, senescence,
apoptosis, oxidative stress, and inflammatory reactions by
cooperating with various factors such as forkhead tran-
scription factor O1 (FOXO1) and nuclear transcription
factor-κB (NF-κB) [8, 9]. It has been reported that the SIRT1/
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FOXO1 signaling pathway has a cerebral protective effect in
a variety of brain diseases such as CIRI and subarachnoid
hemorrhage [10]. Curcumin can reduce myocardial CIRI
and large CIRI by activating the SIRT1/FOXO1 signaling
pathway [11]. Chinese researchers Zhang et al. [12] pointed
out that artemisinin has a certain effect on rat myocardial
CIRI, but there is no report on the effect of artemisinin
posttreatment on large CIRI and the specific mechanism.

2. Materials and Methods

2.1. Experimental Reagents. .e experimental reagents in-
cluded the malondialdehyde (MDA) kit (Nanjing Jiancheng
Bioengineering Institute), superoxide dismutase (SOD) kit
(Nanjing Jiancheng Bioengineering Institute), glutathione
peroxidase (GSH-Px) kit (Nanjing Jiancheng Bioengineering
Institute), MitoCheck Complex I Activity Assay Kit (Cay-
man Islands, USA), 2,3,5-triphenyltetrazolium chloride
(TTC, Beijing Soleibo Biotechnology Co., Ltd.), parafor-
maldehyde (Hebei Tianda Chemical Co., Ltd.), and dihy-
droethidium (DHE).

2.2. Experimental Animals and ,eir Grouping. 100 healthy
male C57BL/6 mice aged 7-8 weeks and weighing 20–25 g
were selected in this study; 5 mice per cage were housed in
specified pathogen free (SPF) laboratory, with the room
temperature of 25°C, relative humidity of about 55%, under
12-hour light conditions, and free drinking and eating. After
2 weeks of adaptive rearing, all mice were randomly divided
into 5 groups: sham group (sham, no treatment), ischemia-
reperfusion (IR) group (CIRI model), IR + artemisinin
posttreatment group (IR +Arte), EX527 + IR group
(EX527 + IR), and EX527 + IR+ artemisinin posttreatment
group (EX527 + IR +Arte), with 20 animals in each group.
.e details of time and route of administration are given in
Table 1. All animal procedures in this experiment were
approved by the Experimental Animal Management
Committee, and the experimental methods were carried out
in accordance with the approved guidelines.

2.3. Establishment of the Mice CIRI Model and Treatment
Methods of Mice in Different Groups. A mouse middle ce-
rebral artery occlusion model (MACO) [13] was used to
establish a CIRI model, which was modified on this basis.
During the operation, the mice were anesthetized with a
mixture of oxygen and isoflurane, the neck and chest hair
were removed, and the mice were fixed on the operating
table in a supine position. A heating pad was adopted to
maintain the rectal body temperature of mice at 37± 1°C.
After routine disinfection of the head and neck, the anterior
median incision of the neck was bluntly separated under a
microscope to fully expose the right common carotid artery
and external carotid artery of the mice. A 6-0 monofilament
nylon thread with a length of 11mm and poly-L-lysine-
coated was inserted into the internal carotid artery through
the common carotid artery to block the blood flow of the
middle cerebral artery, induce ischemia for 30 minutes, and
remove the thread plug for reperfusion. After the operation,

themice were resuscitated on a constant temperature plate at
37°C and then returned to room temperature for 24 hours.

Artemisinin was first completely dissolved in absolute
ethanol and then diluted to normal saline at a volume ratio
of 1 : 9. .e mice except the sham group were injected in-
traperitoneally with artemisinin 10 minutes before brain
tissue reperfusion. .e dosage was 25mg/kg. Before model
construction, mice in the EX527 + IR and EX527 + IR+Arte
groups were intraperitoneally injected with EX527 at a dose
of 5mg/kg, once every two days, for a total of 3 times.

2.4. Measurement of Neurological Function Score and
Cerebral Infarct Volume. After 24 hours of reperfusion,
mice in different groups were scored by three experimenters
with unclear information about grouping, surgery, and
dosage of mice individually with reference to Liang et al. [14]
method mechanical energy neurological function score, and
the average value was calculated and recorded. .e normal
state was rated as 0; the left front paw of the mouse could not
be fully extended was rated as 1; the mouse turned to the left
when awake was rated as 2 points; the mouse still had left
side dumping in the resting state was rated as 3 points; and
the mice were unable to walk or roll was rated as 4 points.

24 hours after reperfusion, pentobarbital sodium was
used for anesthesia, the skin was cut along the middle of the
mouse neck, the left mouse carotid artery was separated, the
brain tissue was completely separated, weighed and sliced,
and the thickness was about 2mm. 2% 2,3,5-triphenylte-
trazolium chloride (TTC) dye solution (Sigma-Aldrich,
USA) was added for 30min at 37°C under dark conditions,
and 4% paraformaldehyde (Hebei Tianda Chemical Co.,
Ltd.) was added overnight. .en, the photos were taken. Red
indicated normal brain tissue, and unstained indicated brain
tissue in the infarct area. .e infarct volume of mice in
different groups was calculated.

2.5. Detection on Oxidative Stress Level, Mitochondrial
Complex I (MCI), and ROS Activity. .e malondialdehyde
(MDA) kit (Nanjing Jiancheng Institute of Bioengineering),
superoxide dismutase (SOD) kit (Nanjing Jiancheng Insti-
tute of Bioengineering), and glutathione peroxidase (GSH-
Px) kit (Nanjing Jiancheng Institute of Bioengineering) were
used to detect MDA, SOD, and GSH-Px contents in mouse
brain tissues of different groups. .e MitoCheck Complex I
Activity Assay Kit (Cayman, USA) was used to detect the
activity of MCI in the main member of the reactive oxygen
species family in the brain tissue of different groups of mice.

.e brain tissue was embedded with optimum cutting
temperature compound (OCT) glue and frozen at −80°C for
1min. After taking it out, the tissue was wrapped in tin foil
and stored in the refrigerator at −80°C for later use. .e
tissue was cut into slices of about 10 μm using a cryostat
(Meikang, Germany), added with 10mol/L dihydroethidium
(DHE), and then treated at 37°C for 30 minutes. Next, it was
photographed with a confocal microscope (Olympus, Japan)
to analyze the fluorescence intensity with the Image Pro Plus
software.
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2.6. Western Blot (WB) to Detect Brain Tissue Protein
Content. .e tissue was rinsed with precooled phosphate
buffer saline (PBS) and put into a homogenizer, added with
500 μL of protein lysis solution for grinding, and fully lysed
to extract total protein. .e protein content was determined
by the bicinchoninic acid (BCA) method. .e sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) was adopted to separate the cellular proteins; the
protein was transferred to polyvinylidene fluoride (PVDF)
membrane by the wet transfer method and then sealed with
5% skimmed milk. After adding with primary antibodies
diluted 1 :1000, the tissue was incubated overnight at 4°C,
thoroughly washed 3 times with Tris-buffered saline Tween
(TBST), added with horseradish peroxidase-conjugated sec-
ondary antibody, and then incubated at room temperature for
2 hours. After it was thoroughly washed 3 times with TBST,
the tissue was added with color-developing solution and
automatically exposed on the developing instrument to take
pictures for grayscale scanning. Finally, the protein expression
level was analyzed according to the gray value.

2.7. StatisticalAnalysis. SPSS 19.0 was used for data statistics
and analysis. Measurement data were expressed in the form
of mean± standard deviation (x± s), and counting data were
displayed in the form of percentage (%). Measurement data
that obeyed the normal distribution were expressed by the t-
test, or otherwise, they were expressed by Wilcoxon. In the
test, one-way analysis of variance was used for comparison
between groups, and P< 0.05 indicated that the difference
was statistically significant.

3. Results

3.1. Comparison on Neurological Function Score Results in
Different Groups of Mice. .e neurological function scores
of mice in different groups were compared, as shown in
Figure 1. .e neurological function scores of mice in the IR
group, EX527 + IR+Arte group, and EX527 + IR group were
much higher than those in the sham group (P< 0.01), and
compared with the sham group, there was a statistical dif-
ference in the IR +Arte group (P< 0.05). .e neurological
function scores of the mice in the IR +Arte group and
EX527 + IR+Arte group were statistically different from
those in the IR group (P< 0.05), and those in the EX527 + IR
group and EX527 + IR+Arte group were visibly greater than
the score in the IR +Arte group (P< 0.05).

3.2. Comparison on Cerebral Infarct Volume in Different
Groups of Mice. .e results of TTC staining in the brain

tissue of mice in different groups are shown in Figure 2(a).
As it was shown, most of the area of TTC in the brain tissue
of the IR group was unstained, and the TTC staining in the
sham group was basically red..e cerebral infarct volume of
mice in the IR group, EX527 + IR+Arte group, and
EX527 + IR group was extremely obviously larger than that
of the sham group (P< 0.01), and there was a statistical
difference between the IR +Arte group and the sham group
(P< 0.05). .e cerebral infarct volume of mice in the
IR +Arte group and EX527 + IR+Arte group was greatly
different from that of the IR group (P< 0.05) and that in the
EX527 + IR group and EX527 + IR+Arte group was dra-
matically larger than the IR +Arte group (P< 0.05)
(Figure 2(b)).

3.3. Analysis of ROS Level and Oxidative Stress Level in Brain
Tissue of Mice with Acute CIRI. .e ROS levels in the brain
tissues of mice in different groups were detected and ana-
lyzed, and the results are shown in Figure 3. .e ROS levels
in the brain tissues of mice in the IR group,
EX527 + IR+Arte group, and EX527 + IR group were much
higher than those in the sham group (P< 0.01). Compared
with the IR group, the ROS levels of the mice in the IR +Arte
group and EX527 + IR+Arte group were statistically dif-
ferent (P< 0.05) and that in the mice in the EX527 + IR
group and EX527 + IR+Arte group were remarkably higher
in contrast to the IR +Arte group (P< 0.05).

.e MDA contents in the brain tissues of mice in dif-
ferent groups were detected and analyzed, and the results are
shown in Figure 4. .e MDA content in the brain tissues of
mice in the IR group, EX527 + IR+Arte group, and

Table 1: Time and route of administration.

Group Administration time Route of administration Dose
Sham 10 minutes before brain tissue reperfusion Intraperitoneal injection 25mg/kg
IR Before model construction Intraperitoneal injection 5mg/kg
IR +Arte Before model construction Intraperitoneal injection 5mg/kg
EX527 + IR Before model construction Intraperitoneal injection 5mg/kg
EX527 + IR +Arte Before model construction Intraperitoneal injection 5mg/kg
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Figure 1: Comparison on neurological function score results in
different groups of mice. ∗ , #, &Difference was statistically great
compared with the sham group, IR group, and IR+Arte group,
respectively (P< 0.05). ∗∗Statistically extremely great difference in
contrast to the sham group (P< 0.01).
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EX527 + IR group was much higher than those in the sham
group, showing extremely statistical differences (P< 0.01).
Compared with the IR group, the MDA contents of the mice
in the IR +Arte group and EX527 + IR +Arte group were
statistically different (P< 0.05) and those in the mice in the

EX527 + IR group and EX527 + IR+Arte group were re-
markably higher in contrast to the IR +Arte group
(P< 0.05).

.e SOD contents in the brain tissues of mice in different
groups were detected and analyzed, and the results are
shown in Figure 5. .e SOD contents in the brain tissues of
mice in the IR group, EX527 + IR+Arte group, and
EX527 + IR group were much lower than those in the sham
group, showing extremely statistical differences (P< 0.01).
Compared with the IR group, the SOD contents of the mice
in the IR +Arte group and EX527 + IR+Arte group were
statistically different (P< 0.05) and those in the mice in the
EX527 + IR group and EX527 + IR+Arte group were re-
markably lower in contrast to the IR +Arte group (P< 0.05).

.e GSH-Px contents in the brain tissues of mice in
different groups were detected and analyzed, and the results
are shown in Figure 6. .e GSH-Px contents in the brain
tissues of mice in the IR group, EX527 + IR +Arte group, and
EX527 + IR group were much lower than those in the sham
group, showing extremely statistical differences (P< 0.01).
Compared with the IR group, the GSH-Px contents of the
mice in the IR +Arte group and EX527 + IR+Arte group
were statistically different (P< 0.05) and those in the mice in
the EX527 + IR group and EX527 + IR+Arte group were
remarkably lower in contrast to the IR +Arte group
(P< 0.05).

3.4. Analysis on Protein Expression Related to the SIRT1/
FOXO1 Signaling Pathway in Different Groups of Mice.
.e SIRT1, FOXO1, and p53 protein expressions in the
SIRT1/FOXO1 signaling pathway in the brain tissue of
different groups of mice were analyzed, as shown in Figure 7.
.e expression of SIRT1 protein in the brain tissue of the IR
group and EX527 + IR group was greatly lower than that of
the sham group (P< 0.01), that in the IR +Arte and
EX527 + IR+Arte groups was statistically significant in
contrast to that in the sham group (P< 0.05), that in the
IR +Arte group/EX527 + IR +Arte group and the
EX527 + IR+Arte group was greatly different from that of
the IR group (P< 0.05), that in the EX527 + IR group was
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Figure 2: Comparison on cerebral infarct volume in different groups of mice. (a) TTC staining results. (b) .e comparison of cerebral
infarct volume. ∗ , #, &Difference was statistically great compared with the sham group, IR group, and IR +Arte group, respectively (P< 0.05).
∗∗Statistically extremely great difference in contrast to the sham group (P< 0.01).
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Figure 3: Comparison on ROS levels in brain tissue of mice with
acute CIRI. ∗ , #, &Difference was statistically great compared with
the sham group, IR group, and IR+Arte group, respectively
(P< 0.05). ∗∗Statistically extremely great difference in contrast to
the sham group (P< 0.01).
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Figure 4: Comparison on MDA contents in brain tissue of mice
with acute CIRI. ∗ , #, &Difference was statistically great compared
with the sham group, IR group, and IR +Arte group, respectively
(P< 0.05). ∗∗Statistically extremely great difference in contrast to
the sham group (P< 0.01).
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lower visibly compared with that in the IR +Arte group
(P< 0.05), and that in the brain tissue of the
EX527 + IR+Arte group was lower greatly than that of the
IR +Arte group (P< 0.05). .e expressions of FOXO1
protein and p53 protein in the brain tissue of mice in the IR
group and EX527 + IR group were observably higher than
the expression in the sham group (P< 0.01), those in the
brain tissue of the mice in the IR +Arte and
EX527 + IR+Arte groups were statistically different from
the sham group (P< 0.05), those in the IR +Arte group,
EX527 + IR+Arte group, and EX527 + IR+Arte group were
extremely different from those of the IR group (P< 0.05),
those in the EX527 + IR group was higher than that in
IR +Arte group (P< 0.05), and those in the brain tissue of
the EX52 + IR +Arte group was significantly higher than that
of the IR +Arte group (P< 0.05).

3.5. Activity Analysis on MCI in Rat Brain Tissue. .e
activity of MCI in the brain tissue of mice in different groups
was analyzed, as shown in Figure 8. .e activity of MCI in
the brain tissue of mice in the IR group and EX527 + IR
group was extremely lower than that in the sham group
(P< 0.01) and that in EX527 + IR+Arte group was

significantly different from that in the sham group
(P< 0.05); it in the IR +Arte group, EX527 + IR+Arte
group, and EX527 + IR +Arte group was greatly different
from that of the IR group (P< 0.05), and the activity of MCI
in the EX527 + IR and EX527 + IR +Arte groups was lower
in contrast to the IR +Arte group (P< 0.05).

4. Discussion

Oxidative stress can promote the occurrence and develop-
ment of CIRI by inducing cell apoptosis and promoting
inflammation [15, 16], and it plays an important role in
CIRI. Studies have pointed out that inhibiting oxidative
stress can effectively improve the blood-brain barrier caused
by CIRI [17]. Ischemia-reperfusion will induce a large
amount of ROS in the body, which will further initiate the
process of inflammation and apoptosis, leading to neuronal
cell death and aggravation of penumbra area damage [18].
Artemisinin has anti-inflammatory, antiapoptotic, and an-
tioxidant effects [19] and is an antimalarial drug recognized
by the World Health Organization. Current research results
show that artemisinin can reduce myocardial fibrosis by
downregulating the expression of transforming growth
factor β1 protein, inhibit ventricular remodeling after
myocardial infarction, and ultimately achieve a protective
effect on the heart [20]. Franke et al. [21] pointed out that
artemisinin can improve myocardial ischemia-reperfusion
injury through an antioxidant mechanism..e results of this
study showed that the levels of ROS and MDA in the brain
tissue of mice in the IR group, EX527 + IR+Arte group, and
EX527 + IR group were extremely higher than those in the
sham group (P< 0.01), and those in the EX527 + IR group
and EX527 + IR+Arte group were higher than those in the
IR +Arte group (P< 0.05). .e contents of SOD and GSH-
Px in the brain tissue of mice in the IR group,
EX527 + IR+Arte group, and EX527 + IR group were much
lower than those in the sham group (P< 0.01), those in the
IR +Arte group and EX527 + IR+Arte group were different
from those in the IR group (P< 0.05), and those in the
EX527 + IR group and EX527 + IR +Arte group were lower
compared with the IR +Arte group (P< 0.05). In addition,
the contents of ROS and MDA in the brain tissue of the IR
group of mice increased greatly after ischemia-reperfusion,
while the contents of SOD and GSH-Px decreased obviously.
It shows that obvious oxidative stress damage has occurred
after ischemia and reperfusion. After treatment with arte-
misinin, the content of ROS and MDA decreased, while the
content of SOD and GSH-Px increased observably. It shows
that artemisinin may improve oxidative stress damage after
ischemia-reperfusion through antioxidant. Furthermore, the
SIRT1 molecular-specific blocker EX527 was used to block
the SIRT1/FOX1 signaling pathway. .e results showed that
the levels of ROS and MDA in the brain tissue of the mice in
the EX527 + IR+Arte group were higher than those in the
artemisinin-treated group, indicating that the SIRT1 signal is
blocked, and the protective effect of artemisinin on the brain
is weakened. MCI is an important member of the reactive
oxygen species family, and it also plays an important role in
the production of reactive oxygen species after cerebral
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Figure 5: Comparison on SOD contents in brain tissue of mice
with acute CIRI. ∗ , #, &Difference was statistically great compared
with the sham group, IR group, and IR +Arte group, respectively
(P< 0.05). ∗∗Statistically extremely great difference in contrast to
the sham group (P< 0.01).
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Figure 6: Comparison on GSH-Px contents in brain tissue of mice
with acute CIRI. ∗ , #, &Difference was statistically great compared
with the sham group, IR group, and IR +Arte group, respectively
(P< 0.05). ∗∗Statistically extremely great difference in contrast to
the sham group (P< 0.01).
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ischemia and reperfusion [22]. .e results in this study
found that the activity of CMI in the brain tissue of mice in
the IR group and EX527 + IR group was much lower than
that in the sham group (P< 0.01), that in the
EX527 + IR+Arte group was lower compared with the sham
group with a statistical difference (P< 0.05), and that in
EX527 + IR and EX527 + IR+Arte groups was lower in
contrast to the IR +Arte group (P< 0.05). It suggests that the
activity of MCI is significantly inhibited after CIRI, and it is
increased greatly after artemisinin treatment, indicating that

artemisinin can alleviate oxidative stress damage by acti-
vating MCI activity. After CIRI, a large number of free
radicals will be produced in the body, and the activity ofMCI
will decrease, leading to damage to the nerves [23]. Arte-
misinin activates the activity of MCI to alleviate the damage
of CIRI.

5. Conclusion

It explored the role of artemisinin in CIRI and its specific
regulatory mechanism in the SIRT1/FOX1 signaling path-
way. It was found that artemisinin can improve cerebral
infarction volume and oxidative stress damage by regulating
the SIRT1/FOX1 signaling pathway, relieving CIRI, and then
achieving the neuroprotective effect. .e results could
provide a reference for the clinical treatment of CIRI. .e
disadvantage of this work was that only the oxidative stress
factors in the SIRT1/FOX1 signaling pathway were detected,
while the apoptosis-related factors in this pathway were not
analyzed. In future works, it would further analyze whether
oxidative stress factors in the SIRT1/FOX1 signaling path-
way were involved in the protective effect of artemisinin on
acute CIRI.

Data Availability

.e data used to support the findings of this study are in-
cluded within the article.
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Figure 7: Analysis on protein expression related to the SIRT1/FOXO1 signaling pathway in different groups of mice. (a) .e WB band.
(b)–(d).e comparisons of SIRT1, FOXO1, and p53 expression levels. ∗ , #, &Difference was statistically great compared with the sham group,
IR group, and IR +Arte group, respectively (P< 0.05). ∗∗Statistically extremely great difference in contrast to the sham group (P< 0.01).
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Dietary nutraceutical compounds have been evidenced as backbone for bone health in recent years. It is reported that medicine
food homology (MFH) plants have multiple nutraceutical compounds. Based on our literature research, 20 MFH plants caught
our attention because they contain three popular antiosteoporosis compounds simultaneously: quercetin, rutin, and kaempferol.
According to traditional Chinesemedicine (TCM), their characteristics including natures, flavors, attributive tomeridian tropism,
and efficacies were listed. -e relationships between TCM efficacies, such as “heat clearing,” “tonic,” and “the interior warming,”
and antiosteoporosis pharmacological actions such as antioxidant and immune regulation were discussed. -e in vivo anti-
osteoporosis effects of the 20MFH plants were summarized.-e in vitro antiosteoporosis activities and related mechanisms of the
20 plants and quercetin, rutin, kaempferol were detailed.-e TGF-β-Smad signaling, fibroblast growth factor, andWnt/β-catenin
signaling on bone formation and the RANKL signaling, NF-κB signaling, and macrophage-colony-stimulating factor on bone
resorption were identified. From food point, these 20MFH plants could be classified as condiment, vegetable, fruit, tea and related
products, beverage, etc. Based on the above discussion, these 20 MFH plants could be used as daily food supplements for the
prevention and treatment against osteoporosis.

1. Introduction

Osteoporosis is a systemic metabolic bone disease charac-
terized by bone mass decrease and microstructural degra-
dation, which may increase the risk of bone fracture and lead
to high mortality [1]. China National Health Commission
conducted an osteoporosis epidemiological survey in 2018.
-e results showed that osteoporosis has become an im-
portant health problem for middle-aged and elderly people
in China: the incidence of osteoporosis was 19% in people
over 50 years old and even reached 32% in over 65 years old
[2]. It is confirmed that factors such as age, sex, weight, and
diabetes are significant predictors of osteoporosis in the

Chinese people [3]. Estrogen deficiency and aging are the
main causes for disturbances in bone remodeling activity
and bone loss [4]. -e current drugs for the treatment of
osteoporosis include bisphosphonates, estrogen, receptor
activator of nuclear factor kappa B ligand (RANKL) in-
hibitors, etc. -ese drugs play important roles clinically, but
their serious side effects limit their clinical use [5, 6].

Scientific reports suggest that natural Chinese medicine
therapies appear to have both the anabolic and anticatabolic
effects for the treatment of osteoporosis by promoting bone
formation and attenuating imbalanced bone resorption,
leading to improved bone mineral density and reducing
bone microstructural degradation. A wide range of natural
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compounds were identified to bear this potential. -e
identified natural compounds are summarized such as
kaempferol, icariin, and berberine [7]. -e classic and bone-
specific drugs in natural Chinesemedicines for the treatment
of osteoporosis were reviewed comprehensively on the
treatment of osteoporosis that had been deeply and defi-
nitely studied [8].-ese studies provide a critical overview of
alternative medicine for the treatment and prevention of
osteoporosis.

Dietary nutraceuticals as backbone for bone health in
Chinese medicine therapies have been evidenced in recent
years. -e nutraceutical compounds such as ginsenosides
and quercetin identified from medicinal plants can reverse/
slow down osteoporosis. Most of these compounds are
inexpensive and have no side effect [9]. Some nutraceutical
compounds are from medicine food homology (MFH)
plants, such as ginsenosides from ginseng [10].

“-e list of MFH species” was updated by the National
Health Commission in 2014, and a total of 94 MFH plants
were included in this list [11]. Compared with modern
dietary nutrition, MFH plants have unique beneficial con-
cepts, such as the holism, and diet suggestions based on
different syndromes. On the other hand, the MFH research
has some limitations such as lack of evidence-based data and
difficult to evaluate the active ingredients [12]. From the
point of pharmacological research, some nutraceutical
compounds, mainly including quercetin, resveratrol, cur-
cumin, rutin, and kaempferol [9], showed more and more
antiosteoporosis evidences recently.

Based on PubMed, Scopus, Wanfang, and CNKI data-
base, the literature of the five popular nutraceutical com-
pounds [9] on antiosteoporosis effects was searched, and the
results showed that most of the relevant studies are on
resveratrol, quercetin, and curcumin (Figure 1). Further
literature studies showed an interesting result: quercetin,
rutin, and kaempferol were present in more MFH plants
than curcumin and resveratrol (Figure 2, the 38 references
did not show). Based on above information, the 20 MFH
plants that contain quercetin, rutin, and kaempferol si-
multaneously were discussed in this manuscript. -eir
characteristics according to the theory of traditional Chinese
medicine (TCM) are summarized in Table 1, the in vitro
antiosteoporosis research is detailed in Table 2, and the in
vivo antiosteoporosis research is detailed in Table 3 and
Figure 3. -eir antiosteoporosis mechanisms related to
quercetin, rutin, and kaempferol are identified in Figure 4.
-is review finally explored the possibilities of the 20 MFH
plants as antiosteoporosis food supplementation, as shown
in Figure 5.

2. TCM Characteristics

2.1. Four Natures and Five Flavors. -e properties and ac-
tions of Chinese herbs are mainly summarized as the four
natures and five flavors, meridian tropism, and toxicity. Four
natures and five flavors are also known as the properties and
tastes of Chinese herbs. Cold-cool and hot-warm are two
completely different categories of natures [55]. As shown in
Table 1, there are ten herbs in the cold-cool category and six

in the hot-warm category. In addition, there are also some
herbs known as neutral ones whose cold or hot nature is not
so remarkable and whose action is relatively mild. Among
the 20 MFH plants, there are four herbs with neutral
properties.

-e five flavors of Chinese herbs refer to the five different
tastes: pungent, sweet, sour, bitter, and salty [56]. Actually,
the five flavors are not only the true reflection of the taste of
drugs but also the high generalization of the effects of herb
medicines. Since the theory of five tastes was applied to
summarize therapeutic effects, the “taste” of five tastes has
gone beyond the scope of the real taste of herb medicines.
From Table 1, we could see that there are 9 MFH plants with
sweet taste (alone or dominated), 5 MFH plants with
pungent taste, 2 MFH plants with sour, and 4 MFH plants
with bitter taste.

2.2. Attributive to Meridian Tropism. Meridian tropism re-
fers to that herbs often produce their therapeutic effects on
some portion of a human body in preference. If certain herb
can work on several meridians, which means the herb can be
used widely to treat the disorders of these meridians. From
Table 1, we could see that only 2 MFH plants point a single
meridian, and the other 18 MFH plants have more than two
meridians. -e meridian tropisms include spleen and liver
(10 MFH plants, separately), lung (9 MFH plants), stomach
(7 MFH plants), and kidney (6 MFH plants).

In TCM, kidney deficiency is the main pathogenesis of
osteoporosis based on the theory of “kidney governing
bones” [57]. On the other hand, modern clinical and pre-
clinical research showed that liver-spleen-kidney insuffi-
ciency may result in the development of diabetic
osteoporosis [58]. In this case, it is necessary to develop an
objective and comprehensive method to evaluate and un-
derstand the antiosteoporosis effects of the 17 MFH plants
attributed to the liver, spleen, and kidney.

2.3. Traditional Efficacies and Modern Antiosteoporosis
Actions. According to some research, there was a certain
relationship between TCM efficacies and modern pharma-
cological actions [59]. In order to find the relationships
between traditional efficacies of the 20 MHF plants such as
“heat clearing” and “diaphoretics with cool property” and
modern antiosteoporosis pharmacological action, we will
provide some information and references as follows.

“Clearing away heat” in TCM displays a variety of bi-
ological activities and mainly antioxidant and anti-inflam-
matory actions [59, 60]. Attenuating effect of P. oleracea
extract on chronic constriction injury-induced neuropathic
pain in rats was related to its antioxidative and anti-in-
flammatory effects [61]. H. cordata crude extract adminis-
tration inhibited fever in rats, reduced the number of
leukocytes, and restored serum complement levels [62]. A
recent study demonstrated a broad range of biological
activities of P. vulgaris, including immune modulatory,
antiviral, anti-inflammatory, antioxidant, and antidia-
betic [63]. Chemical compositions and antioxidant ac-
tivities of C. album were identified, and dietary intakes of
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health-promoting components were also estimated [64].
-e antioxidant activities, antiglycation effects, and in-
hibition activities on α-glucosidase and α-amylase of
seven extracts from H. acerba were confirmed in vitro
[65]. -e health-promoting activities attributed to
C. intybus include anti-inflammatory, antimutagenic,
antifungal, and antioxidative qualities [66].

Chinese herbs “with cool property” also show important
pharmacological effects on antioxidant activities [67].
Mulberry leaves extract ameliorated alcohol-induced liver

damages through reduction of acetaldehyde toxicity and
inhibition of apoptosis induced by oxidative stress signals
[68]. Antioxidant effects of C. morifolium could be potent
phytochemical agents to reduce low-density lipoprotein
(LDL) oxidation and prevent the progression of athero-
sclerosis [69].

Traditional “tonic” efficiency is normally related with
immune regulation effects [70]. Ginseng has been used
worldwide for its miracle “tonic” effects, especially for its
immunomodulatory activities [71].-e fruits ofM. albahave

The list of MFH species #
(n = 101)

MFH plants
(n = 94)

The 65 MFH plants contain quercetin in which the 29,
the 54 MFH plants contain rutin in which the 24,
the 47 MFH plants contain kaempferol in which the 23,
the 8 MFH plants contain resveratrol in which the 4,
and the 7 MFH plants contain curcumin in which the 3
showed in vivo and in vitro anti-osteoporosis activities.

Anti-osteoporosis research of the 20 MFH plants that contain
quercetin, rutin and kaempferol simultaneously.

Anti-osteoporosis mechanisms of quercetin, rutin, kaempferol:
details in Figure 4.

1.The TCM characteristics: details in Table 1.
2.In vitro anti-osteoporosis research: details in Table 2.
3.In vivo anti-osteoporosis research: details in
Table 3 and Figure 3.
4.Anti-osteoporosis mechanisms: details in Figure 4.
5.Food functions: details in Figure 5.

Excluded:
1. All animal species: such as oyster (n = 4)
2. The other non-plant species: such as honey (n = 3)

Figure 2: Antiosteoporosis research of the 20 MFH plants that contain quercetin, rutin, and kaempferol. Notes. #-e list of MFH species is
according to “-emanagement about medicine food homology catalog” issued by the National Health Commission of the People’s Republic
of China in 2014 [11]. Abbreviations: MFH, medicine food homology; TCM, traditional Chinese medicine.

Total number: 587

Total number: 439

Total number: 272

Total number: 195

Total number: 118Rutin

Kaempferol

Curcumin

Quercetin

Resveratrol

0 50 100 150 200 250 300

Wanfang
Pubmed

CNKI
Scopus

Figure 1: Antiosteoporosis literature research of five popular nutraceutical compounds [9]. Abbreviations: CNKI, China National
Knowledge Infrastructure; Wanfang, Wanfang Database.
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Table 1: -e list of 20 medicine food homology plants and their TCM characteristics.

Classification in TCM& Botanical name∗
English

name#(Chinese
name∗)

Nature∗ Flavor∗
Attributive to
meridian
tropism∗

Efficiency in TCM∗

Heat-clearing CMHs

Portulaca oleracea Purslane
(Machixian) Cold Sour

Intestine,
liver, and
spleen

Clears away heat and relieves
toxins, cools the blood, and

stops bleeding.

Houttuynia cordata
Heartleaf

Houttuynia herb
(Yuxingcao)

Slight
cold Pungent Lung

Clears away heat and relieves
toxins, treats carbuncle and
promotes pus drainage, and
promotes diuresis to treat

stranguria.

Prunella vulgaris Common selfheal
spike (Xiakucao) Cold Bitter and

pungent
Liver and
gallbladder

Clears away liver-fire and
disperses stagnation.

Canarium album

Immature
Tomentosa
Terminalia
(Qingguo)

Cool Sweet and
sour

Stomach and
lung

Clears away heat and relieves
toxins, eases the throat, and

resolves phlegm.

Hovenia acerba Raisin tree seed
(Zhijuzi) Neutral Sweet and

bitter Stomach
Clears away heat and

promotes diuresis, and relieves
alcohol toxins.

Cichorium intybus Chicory (Juju) Cool Bitter and
salty

Spleen, liver,
and bladder

Clears away liver-fire, relieves
constipation, and promotes

diuresis.

Tonics

Panax ginseng Ginseng (Renshen) Neutral
Sweet and
slightly
bitter

Spleen, lung,
and heart

Invigorates renal qi,
strengthens qi of the spleen

and lung, promotes
production of the body fluids
to quench thirst, and calms the
mind to promote intelligence.

Morus alba Mulberry fruit
(Sangshen) Cold Sweet Heart, liver

and kidney

Nourishes yin and enriches the
blood, nourishes the liver, and

invigorates the kidney.

Polygonatum
sibiricum

Siberian Solomon’s
seal rhizome
(Huangjing)

Neutral Sweet Spleen, lung,
and kidney

Moistens the lung and
nourishes the kidney,

invigorates the kidney, and
benefits qi.

Lycium barbarum Wolfberry fruit
(Gouqizi) Neutral Sweet Liver and

kidney

Tonifies the kidney and
benefits essence, and
nourishes the liver and
improves eyesight.

Rubus chingii Palmleaf raspberry
fruit (Fupenzi) Warm Sweet and

sour
Liver and
kidney

Benefits the kidney to preserve
the essence and reduces the
frequency of urination, and
nourishes the liver to treat eye

diseases.

-e interior warming
CMHs

Eugenia
caryophyllata Clove (Dingxiang) Warm Pungent

Spleen,
stomach, and

kidney

Warms the middle energizer
to low the adverse rising qi,
and promotes circulation of qi

and alleviates pain.
Zanthoxylum
schinifolium
/Zanthoxylum
bungeanum

Bunge pricklyath
pericarp (Huajiao) Hot Pungent

Spleen,
stomach, and

kidney

Warms the middle energizer
to alleviate pain.

Alpinia officinarum
Lesser galangal

rhizome
(Gaoliangjiang)

Hot Pungent Spleen and
stomach

Expels cold and relieves pain,
and warms the spleen and
stomach to stop vomiting.

Diaphoretics with
pungent-cool property

Morus alba Mulberry leaf
(Sangye) Cold Bitter and

sweet Lung and liver

Expels wind and heat, clears
away lung heat and

moisturizes dryness, and
clears away liver-fire to treat

eye diseases.

Chrysanthemum
morifolium

Chrysanthemum
flower (Juhua) Cold Bitter and

pungent Lung and liver

Expels wind and clears away
heat, clears liver-fire to treat
eye diseases, and eliminates

toxic substances.
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Table 1: Continued.

Classification in TCM& Botanical name∗
English

name#(Chinese
name∗)

Nature∗ Flavor∗
Attributive to
meridian
tropism∗

Efficiency in TCM∗

Phlegm resolving,
antitussive and
antiasthmatic CMHs

Siraitia acerba Siraitia fruit
(Luohanguo) Cool Sweet Lung and

spleen

Resolves phlegm and arrests
cough, clears away lung heat
and eases throat, and moistens

the intestine to relieve
constipation.

Hippophae
rhamnoides

Sea buckthorn fruit
(Shaji) Warm Sour and

astringent

Lung, spleen,
stomach, and

liver

Resolves phlegm and arrests
cough, and nourishes the

spleen and stomach.

CMHs for invigorating the
blood and removing blood
stasis

Crocus sativus
Saffron crocus style

and stigma
(Xihonghua)

Warm Pungent Heart and
liver

Promotes blood circulation to
remove blood stasis, promotes
menstruation, and alleviates

pain.

Dampness-removing
CMHs Coix lacryma-jobi Adlay (Yiyiren) Cold Sweet

Spleen,
stomach, and

lung

Promotes diuresis to resolve
dampness and invigorates the
spleen, treats Bi-syndrome,

and clears away heat to drain
the pus.

Notes. ∗Botanical name, Chinese name, natures, flavors, attributive to meridian tropism, and efficiency in TCM are according to Chinese Pharmacopoeia (Chinese
Pharmacopoeia Commission, ChinaMedical Science Press, Beijing, China, 2020). #English name is according to the Chinese Herbal Medicine Name Dictionary (Z.W.
Xie, Beijing Science andTechnology Press, Beijing, China, 2004). &Classification inTCMis according to the Science ofChineseMateriaMedica (D.C.Tang and J. Y.Xun,
Publishing House of Shanghai University of TCM, Shanghai, China, 2003). Abbreviations: TCM, traditional Chinese medicine; CMHs, Chinese medicine herbs.

Table 2: In vitro research of the 20 medicine food homology plants on osteoblastogenesis and osteoclastogenesis process.

Botanical name∗ On osteoblastogenesis process On osteoclastogenesis process References

Portulaca oleracea Purslane on human osteoblasts.

(1) -e extract on RANKL-induced
primary mice BMMs. [13–15](2) -e extract on primary mice osteoclast
cells.

Prunella vulgaris -e extract on glucocorticoids-induced BMMSCs
by activating the Smad pathway. [16]

Canarium album -e extract on RANKL-induced RAW264.7
cells. [17]

Hovenia acerba
-e extract on calvarial osteoblasts from the
calvaria of ICR mice at postnatal day, via Wnt/
β-catenin pathway.

[18]

Panax ginseng

(1) Ginsenoside Rb1 on aluminum chloride-
induced rat osteoblasts.

(1) Ginsenoside Rb1 on RANKL-induced
RAW264.7 cells, via NF-κB and MAPKs
pathways

[19–24]
(2) Ginsenoside Rb2 on hydrogen peroxide-
induced osteoblastic MC3T3-E1 cells, via
reduction of oxidative damage.

(2) Ginsenoside Rb2 on RANKL-induced
RAW264.7 cells, via NF-κB and STAT3

(3) Ginsenoside Rg3 on osteoblastic MC3T3-E1
cells.

(3) Ginsenoside Rg3 on RANKL-induced
RAW264.7 cells, via RANKL, JNK, and p38
MAPK pathways.

Polygonatum sibiricum
-e polysaccharide on primary mice BMMSCs, via
ERK/GSK-3β/β-catenin and Wnt/β-catenin
pathways.

-e polysaccharide on RANKL-induced
primary mice BMMs. [25–27]

Lycium barbarum -e polysaccharides on the osteoblast MC3T3-E1
cell line. [28]

Rubus chingii Seven compounds on primary rat osteoblasts. Seven compounds on primary rat
osteoclasts. [29]

Zanthoxylum schinifolium
/Zanthoxylum bungeanum

-e extract on RANKL-induced RAW264.7
cells. [17]

Alpinia officinarum -e extract on primary rat osteoblasts isolated
from newborn rat calvariae.

-e extract on RANKL-induced primary
mice BMMs. [30, 31]

Chrysanthemum
morifolium

Linarin on the osteoblast MC3T3-E1 cell line, via
BMP-2/Runx2 pathway. [32]
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Table 2: Continued.

Botanical name∗ On osteoblastogenesis process On osteoclastogenesis process References

Siraitia acerba Mogroside V on primary rat osteoblasts isolated
from newborn rat calvariae. [33]

Crocus sativus (1) Crocin on the osteoblast MC3T3-E1 cell line. Crocin on RANKL‑induced primary mice
BMMs, via JNK and NF‑κB pathways. [34–36](2) Crocin and crocetin on primary rat BMMSCs.

Coix lacryma-jobi

(1) -e extract on the primary rat osteoblasts
isolated from the calvaria of fetal rats (18 days old)
via the ERK‑regulated pathway. [37, 38]
(2) -e water extract of adlay seeds in cultured
neonatal rat calvariae.

Notes. ∗Botanical name are according to Chinese Pharmacopoeia (Chinese Pharmacopoeia Commission, China Medical Science Press, Beijing, China, 2020).
Abbreviations: RANKL, receptor activator for nuclear factor κB ligand. BMMs, bone marrow-derived macrophages; BMMSCs, bone marrow mesenchymal
stem cells; ICR, Institute of Cancer Research; NF-κB, nuclear factor kappa B; MAPK, mitogen-activated protein kinases; p38 MAPK, p38 mitogen-activated
protein kinase; STAT3, signal transducer and activator of transcription protein 3; JNK, c-Jun N-terminal kinase; ERK, extracellular signal regulated kinase;
GSK-3β, glycogen synthase kinase-3β; Wnt, wingless; BMP-2, bone morphogenetic protein 2; Runx2, runt-related transcription factor 2.

LPS-induced model: 1 plant

GIOP model: 1 plant

Metabolic syndrome model: 1 plant

Age-related model: 2 plants

Portulaca oleracea

The mixtures: mulberry leaves and chicory.
The raw herbs: ginseng and C. lacryma-jobi.
The compounds: crocin, linarin and ginsenoside Rg3.
The active ingredients: H. cordata, P. vulgaris and P. sibiricum.
The extracts: H. acerba, mulberry fruits, wolfberry, clove and A. officinarum.

Cichorium intybus

Panax ginseng

Crocus sativus

OVX model: 14 plants

Hippophae rhamnoides
on bone health of man and woman

Hippophae rhamnoides
on normal and osteopenic women

Cichorium intybus
on postmenopausal women

Figure 3: In vivo clinical and animal research of medicine food homology plants. Abbreviations: LPS, lipopolysaccharide; GIOP, glu-
cocorticoid-induced osteoporosis; OVX, ovariectomy.

Table 3: In vivo animal research of the 15 medicine food homology plants.

Botanical name∗ Model Dose Route Intervention
time Main improved results Reference

Portulaca oleracea
-e extract in LPS-

induced osteolysis male
mice.

250mg/kg Administered
orally

Every 2 days for
8 days

Bone loss, bone erosion,
and the number of TRAP-

positive osteoclasts↓ [13]

BV/TV, Tb.Sp, and Tb.N↑

Houttuynia
cordata

-e essential oil in OVX
mice.

10 and
20mg/kg I.g. 12 weeks

ALP, TRAP, TNF-α, IL-1β,
and MDA↓

[39]SOD, parameters of bone
morphometry , and

biomechanical properties↑
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Table 3: Continued.

Botanical name∗ Model Dose Route Intervention
time Main improved results Reference

Prunella vulgaris -e flavonoids in OVX
rats. 10% I.g. 12 weeks

ALP, the number of
osteoclasts, and bone
resorption perimeter

percentage↓ [40]OPG, BMD, and the
relative volume and

thickness of trabecular
bone↑

Hovenia acerba

(1) -e extract in normal
8-week-old male mice. 200mg/kg I.p.

5 sequential days
each week for 4

weeks

Trabecular bone, BV/TV
and Tb.N, femoral bone
mass, and thickness and
area of femoral cortical

bone↑ [18]Trabecular or cortical
femoral bone loss↓

(2) Methyl vanillate in
OVX mice.

Administrated
orally

5 sequential days
each week for 4

weeks

BV/TV, Tb.N, trabecular
bone volume↑

Cichorium intybus

(1) Chicory inulins and a
mixture of inulins-
isoflavones in OVX rats.

385mg/
day In water 2 months BMD↑ [41]

(2) Chicory inulin in
growing male rats.

5 and 10 g/
100 g diet In diet 22 weeks WBBMC and WBBMD↑ [42]

(3) A purified native
inulin, a reformulated
inulin, and a dehydrated
chicory in young male
rats.

7.5% inulin
in the diet In diet 3 months Mg absorption, BMD, and

breaking load↑ [43]

(4) -e chicory extracts in
GIOP rats. 100mg/kg Administrated

orally
3 times per week

for 8 weeks
Ca, P, BMD, BMC↑ [44]PTH, ALP↓

Panax ginseng

(1) Ginseng on
osteoporosis in OVX rats
in which inflammation
was induced.

100 and
200mg/kg

Administrated
orally 20 days

BMD↑

[45]OC, TNF-α, IL-1β, IL-6↓

(2) Ginsenoside Rg3 in
OVX rats 20mg/kg I.p. Every 2 days for

5 weeks

-ickness, number, and
density of trabeculae,

osteogenesis↑
[19]

(3) Ginseng extracts in
112-week-old male rats.

300mg/kg/
day

Administrated
orally 8 weeks Total BMD in the tibia，

osteoblast↑ [46]

Morus alba -e extract in OVX rats. 0.5% or 1% Tube feeding 8 weeks
ALP, fragile structure was

reduced↓ [47]
Trabecular thickness↑

Polygonatum
sibiricum

(1) -e polysaccharide in
OVX rats.

100, 200,
and

400mg/kg
I.g. Every 2 days for

35 days

BMD, BGP↑
[48]ALP, TRAP, and TNF-α↓

(2) -e polysaccharide on
osteoporotic fracture,
which is established by
OVX rats.

100, 500,
and

1000mg/
kg

I.g. 8 weeks

TRAP and PINP↓

[49]
ALP, OPG, the maximum
tibial load, elastic load,
BMD, BGP, GPR48, and

BMP-2 protein↑

Lycium barbarum -e extract in OVX mice. 1 and
100mg/kg

Administrated
orally 6 weeks.

BMC, BMD, CON,
calcium↑ [50]Hypertrophy of the

epiphyseal plate ↓

Eugenia
caryophyllata -e extract in OVX rats. Administrated

orally 4 weeks

AP, TRAP, urinary
phosphate, and creatinine↓

[51]Ca, bone density, bone
mineral content, bone

tensile strength↑
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Table 3: Continued.

Botanical name∗ Model Dose Route Intervention
time Main improved results Reference

Alpinia
officinarum -e extract in OVX rats. 300mg/kg I.g. 12 weeks OP↓ [30]Bone strength↑

Crocus sativus

(1) Crocin in OVX rats. 5, 10, and
20mg/kg

Administrated
orally 16 weeks

BMD of L4 vertebrae and
femurs, skeletal

remodeling, bone-turnover
markers↑ [52]

Oxidative stress status in
bone tissue↓

(2) Crocin in metabolic
syndrome-induced
osteoporosis rats.

5 and
10mg/kg I.g.

5 sequential days
each week for 12

weeks

OCN, longitudinal, and
perpendicular forces of

femurs↑ [53]TRAP, CTX1, IL-6, TNF-α,
oxidative stress in femur
distal epiphysis tissues↓

Morus alba

-e combined extract of
mulberry leaf and

Polygonum odoratum in
OVX rats.

5, 150, and
300mg/kg

Administrated
orally 3 months

Oxidative stress and
osteoclast density↓

[54]Osteoblast density and
cortical thickness, serum
Ca, ALP, and OCN↑

Chrysanthemum
morifolium Linarin in OVX mice 50 and

150mg/kg I.g. 8 weeks
BMD, BV/TV, BS/TV, and

Tb.N↑ [32]
ALP and OCN↓

Coix lacryma-jobi

(1) -e adlay diet and
adlay extract in OVX
mice.

10% and
30% in diet In diet 4 weeks ALP, Ca, and BMD↑ [37]

(2) -e extract in OVX
rats. 300 μg/mL Administrated

orally 4 weeks ALP, Ca↑ [38]TRAP↓
Notes. ∗Botanical name are according to Chinese Pharmacopoeia (Chinese Pharmacopoeia Commission, China Medical Science Press, Beijing, China, 2020).
Abbreviations: ALP, alkaline phosphatase; BMD, bone mineral density; BGP, bone Gla protein; BMP-2, bone morphogenetic protein-2; BV/TV, bone
volume/total volume; CTXI; collagen cross-linking carboxy-terminal telopeptide, type I; GIOP, glucocorticoid-induced osteoporosis; GPR48, G protein-
coupled receptor 48; IL-1β, interleukin-1β; LPS, lipopolysaccharide; MDA, malondialdehyde; OCN, osteocalcin; OP, osteopontin; OPG, osteoprotegerin;
OVX, ovariectomy; PINP, procollagen type I N-terminal propeptide; PTH, parathyroid hormone; SOD, superoxide dismutase; Tb.N, trabecular number;
Tb.Sp, trabecular separation; TNF-α, tumor necrosis factor-α; TRAP, tartrate-resistant acid phosphatase; WBBMC, whole-body bone mineral content;
WBBMD, whole-body bone mineral density.

Bone formation:
signaling pathways on osteoblast

Bone resorption:
signaling pathways on osteoclast

Quercetin

Prunella vulgaris

Coix lacryma-jobi

Chrysanthemum morifolium

Polygonatum sibiricum

Siraitia acerba

Panax ginseng

Crocus sativus

Kaempferol

Rutin

TGF-β-Smad signaling

Fibroblast growth factor
signaling

Wnt/β-catenin signaling

RANKL signaling

NF-κB signaling

Macrophage-colony stimulating factor

Figure 4: Mechanism research of quercetin, kaempferol, rutin, andmedicine food homology plants on bone formation and bone resorption.
Abbreviations: TGF-β, transforming growth factor-β; Smad, suppressor of mothers against decapentaplegic; Wnt, wingless; RANKL,
receptor activator for nuclear factor kappa B ligand; NF-κB, nuclear factor kappa B.
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been traditionally used as a “tonic” to enhance immune
responses [72]. P. sibiricum participated in the protection
against immunosuppression in cyclophosphamide-
treated mice, highlighting its potential as an

immunostimulant [73]. Several clinical studies in healthy
subjects showed that consumption of wolfberry juice
improves general wellbeing and immune functions [74].
It is reported that antiosteoporotic activity is related to

Eugenia caryophyllata

as seasoning and spices, pectin
coatings, food additive, food
colorant and flavoring agent.

Condiment

MFH plants Served in daily lifeFood category

Tea and
related products

Fruit products

Vegetable products

Beverage

Healthy food

Processed food

as alternative teas, to prepare high
melatonin pateurized milk, for meat
processing, as natural sweetener and to
produce novel dairy products.

as fruits, alternative tea, flavoring
agent.

as vegetable, fermented
juice, tea blends, coffee
supplementation, etc.

as fruit pulp, compound tea beverage,
etc.

as soup, mixed wine,
tea blends, alternative tea.

as processed cereals.

Zanthoxylum schinifolium

Alpinia officinarum

Crocus sativus

Canarium album

Siraitia acerba

leaves of Morus alba

Fruits of Morus alba

Rubus chingii

Chrysanthemum morifolium

Cichorium intybus

Portulaca oleracea

Houttuynia cordata

Hovenia acerba

Hippophae rhamnoides

Prunella vulgaris

Panax ginseng

Lycium barbarum

Polygonatum sibiricum

Coix lacryma-jobi

Figure 5: Food functions of the 20 MFH plants. Abbreviation: MFH, medicine food homology.
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the regulation of immune functions and antioxidant
activity [75]. In this case, traditional “tonic”, “clearing
away heat” efficiency, and “with cool property” could
explain the antiosteoporotic activity from the point of
antioxidant and immune-regulatory activities.

It is interesting that “the interior warming” efficiency
could be understood from the point of penetration en-
hancement activity of essential oils from E. caryophyllata,
Z. schinifolium, andA. officinarum [76]. Flurbiprofen is one
of the most potent nonsteroidal anti-inflammatory drugs
with very low bioavailability of approximately 12% after
transdermal administration, compared with that after oral
administration.-e essential oils from A. officinarum could
be used as an oil phase and a penetration enhancer that help
transdermal delivery of flurbiprofen [77]. Further study in
ovariectomy (OVX) rats showed that osteogenic efficacy
can be enhanced by kaempferol through an engineered
layer-by-layer matrix [78]. -at might explain the anti-
osteoporosis effect of “the interior warming” efficiency
based on penetration enhancement activity of essential oil
and kaempferol.

From amodern perspective of the cardiovascular system,
it seems easy to understand the ancient efficiency of “acti-
vating blood circulation and removing blood stasis.” In
TCM, the antiosteoporotic effect of some traditional herbs is
ascribed to their action on liver and blood stasis as main
therapeutic targets defining osteoporosis [79], but the re-
search of MFH plants with “removing blood stasis” effi-
ciency on antiosteoporosis effect should be conducted
further.

For more than 300 years, S. grosvenorii has been used as a
natural sweetener and as a traditional medicine for the
treatment of pharyngitis and pharyngeal pain, as well as an
antitussive remedy in China [80]. Its ancient antitussive
efficiency is similar to modern terms but difficult to un-
derstand from the antiosteoporosis point. -e mechanisms
of adlay were confirmed in regulating the water transport on
the spleen deficiency and wet dampness rat model [81]. It is
also hard to understand its antiosteoporosis effects from the
point of “dampness removing.”

Based on the above discussion, some traditional effica-
cies of MFH plants might be related with modern antiox-
idant and immune-regulatory activities, and latter are
associated with antiosteoporosis effects.

3. In Vivo Clinical Studies

Postmenopausal women tend to be susceptible to primary
osteoporosis due to its association with estrogen deficiency.
Aside from physical activity, nutrition and diet in adequate
proportions are suggested to be an important tool for
ameliorating osteoporosis and bone health issues in post-
menopausal women [82]. -ere were three clinical studies
that correlated with postmenopausal women [83–85].

-e first clinical study was a test of a mixture of chicory
oligofructose and long-chain inulin on 15 postmenopausal
women ((72.2± 6.4) years). -e women were treated with
the mixture for 6 weeks using a double-blind, placebo-
controlled, crossover design [83].

-e second one was a study about sea buckthorn oil
fatty acid, which was tested on normal and osteopenic
women. A total of 1865 female subjects (20–79 years old)
were enrolled in this study. -e results showed that the
intake of the oil fatty acids seemed to be positively as-
sociated with bone mineral density (BMD), which is
obtained by dividing the bone width by the bone mineral
content (BMC) at both the hips and the lumbar spine in
normal and osteopenic women [84].

-e last one was about omega-3 polyunsaturated fatty
acids from sea buckthorn, which was studied on bone health
of 20 males and 3 females for 6 weeks in a randomized, 3-
period crossover design. -e results indicated that sea
buckthorn may have a protective effect on bone metabolism
via a decrease in bone resorption in the presence of con-
sistent levels of bone formation [85].

In summary, clinical antiosteoporosis studies of the 20
MFH plants are still limited. -e popular compounds such
as quercetin and kaempferol have not reported clinical re-
search till now [9]. Well-designed clinical studies will help
discover the antiosteoporosis evidences of these MFH plants
and also compounds.

4. In Vivo Animal Studies

4.1. OVX Models. Animal models of osteoporosis are ap-
propriate tools for establishing new prevention strategies
and more effective treatment modalities, of which the OVX
rat model is the most commonly used [86]. From Figure 3,
we could see that the 14 MFH plants were tested on OVX
animal models and they all had positive effects on bone
health. -ese 14 MFH plants were tested on mixtures
[41, 54], single herbs [18, 30, 37, 45, 47, 50, 51], and active
ingredients [19, 32, 39, 40, 48, 52] separately.

-e combined extract of mulberry leaves and Polygonum
odoratum were also tested [54]. Chicory inulins and a
mixture of inulins-isoflavones were compared in OVX rats.
-e results showed that there were no apparent histological
changes in rats treated with inulins and the mixture [41].

-e tested two raw herbs were ginseng [45] and adlay
[37]. -e tested extracts were from H. acerba [18], mulberry
fruits [47], wolfberry [50], clove [51], and A. officinarum
[30].

-e tested active ingredients included the essential oil of
H. cordata [39], the flavonoids from P. vulgaris [40], and the
polysaccharide from P. sibiricum [48]. -e tested nutra-
ceutical compounds included crocin from saffron [52],
linarin from chrysanthemum [32], ginsenoside Rg3 from
ginseng [19], etc.

Based on OVX models, the effects of P. sibiricum were
reported on an OVX-induced fracture model that was
established by broken femoral shaft in OVX rats. -e
related research showed that P. sibiricum improved the
biomechanical properties and BMD of fracture rats by
regulating bone repair and bone metabolic factors [49].
Most studies have reported that polysaccharides, flavo-
noids, and saponins are the main bioactive compounds in
P. sibiricum, which play important roles on antioxidation
[87]. -at suggested that the antifracture effect of
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P. sibiricum might be related with its antioxidation
activities.

In vitro cultured rat femoral metaphyseal tissues isolated
from an OVX model were used for the research of adlay
extract.-e results showed that adlay seeds could reverse the
decreased calcium levels induced by parathyroid hormone in
cultured metaphyseal tissues [38].

4.2. Age-Related Models. Bone health is important
throughout the whole human life: infancy, adolescence,
adulthood, and old age. Age-related model studies in this
review included a nutraceutical compound from chicory on
growing rats [42] and young rats [43] and extracts and
compounds from ginseng on aged animals [19, 46, 88].

Inulin, a nutraceutical compound from chicory, showed
its effects on whole-body BMC, whole-body bone area, and
whole-body BMD in growing male rats (4-5 weeks old). -e
results also showed that chicory inulin not only increases
calcium absorption but also increases mineral parameters in
whole-body bones [42].

Furthermore, a purified native inulin, a reformulated
inulin based on a combination of short- and long-chain
fructans, and a dehydrated chicory were tested in 3-month-
old young male rats, and the experiment was continued for 3
months. -e results showed that bone parameters had a
significant positive improvement by the chicory diet,
whereas the purified inulin diets were less effective. -e
particular effects of the chicory crude fraction on digestive
fermentation and bone parameters suggest possible syner-
gisms between inulin-type fructans and other nutrients [43].

It is well known that aging leads to impaired bone
regulation, resulting in an imbalance between bone ho-
meostasis and pathological bone mass [89]. Using natural
112-week-old male rats, some research indicated that the
extracts from ginseng might be a potential alternative
medicine for the prevention and treatment of natural aging-
induced osteoporosis in humans [46]. Ginsenosides are
pharmacologically active compounds that are often
extracted from P. ginseng for their medicinal properties.
Many ginsenosides can promote bone formation and inhibit
bone resorption, such as Rb1, Rb2 [88], and Rg3 [19]. We are
interested that these ginsenosides have effects on aging-
induced osteoporosis in the following research.

As we discussed before, estrogen deficiency and aging are
the main causes for disturbances in bone remodeling activity
and bone loss [4]. -e current drugs for the osteoporosis
include estrogen treatment [5, 6]. Estrogen is involved in the
regulation activity of osteoblasts and osteoclasts, directly
through estrogen receptor (ER)-α and ER-β. In the last
decades, in vitro and in vivo results have revealed that
P. ginseng and its active compounds are equipped with
hormone analogous effects. -ere is evidence that ginse-
nosides Rg1 exert estrogen-like effect via the activation of
ER-α [90].

4.3. Glucocorticoid-Induced Models. Glucocorticoid-induced
osteoporosis (GIOP) that is mainly featured as low bone
density and increased risk of fracture is prone to occur with

the administration of excessive glucocorticoids [91]. Chicory
showed bone protection against GIOP in rats, and the
protective effects were related to its flavonoids and inulin
[44]. Estrogen is involved in the regulation activity of bone,
indirectly through parathyroid hormone (PTH).-e chicory
extracts can decrease PTH in GIOP rats [44].

4.4. Metabolic Syndrome Models. Metabolic syndrome is a
serious health problem. Complications of metabolic syn-
drome include osteoporosis. Antiosteoporotic activities of
crocin from saffron were evaluated in a rat model of met-
abolic syndrome-induced osteoporosis. Crocin enhanced
both the longitudinal and perpendicular bone strength
(bone strength means the ratio of the maximum load value
to the BMC per millimeter of specimen length) of femurs.
-at enhanced effects of crocin mitigated oxidative stress in
femur distal epiphysis tissues [53].

4.5. LPS-Induced Bone Loss Model. Injection of lipopoly-
saccharide (LPS) rapidly induced trabecular bone loss
through stimulation of osteoclast differentiation. -e pro-
tective effect of purslane on LPS-induced bone loss was
confirmed. Purslane exhibited its antiosteoclastogenic ac-
tivity based on its anti-inflammatory and antioxidative
properties [13].

5. In Vitro Studies

-e homeostasis of bones is jointly maintained by osteo-
blasts, osteoclasts, bone marrow mesenchymal stem cells
(BMMSCs), and other cells [92]. Osteoporosis is produced
by an imbalance between osteoblastogenesis and osteo-
clastogenesis processes during bone metabolism. Inflam-
mation and high reactive oxygen enhance osteoclastogenesis
while reducing osteoblastogenesis by inducing osteoblast
apoptosis and suppressing osteoblastic proliferation and
BMMSC differentiation [93].

5.1. On Osteoblastogenesis Processes. A total of 12 MFH
plants were reported to have a positive regulatory effect on
osteoblast differentiation. -e extracts from H. acerba [18],
A. officinarum [30], and mogroside V from S. grosvenorii
[33]. -e above three samples were tested on calvarial os-
teoblasts from the rat/mice calvaria at postnatal day. -e
polysaccharides from L. barbarum [28], and three com-
pounds including crocin [34], linarin via bone morphoge-
netic proteins 2(BMP-2)/runt-related transcription factor 2
（Runx2） pathway [42], and ginsenoside Rb2 via a re-
duction of oxidative damage [20] were all tested on the
osteoblast MC3T3-E1 cell line. -e results showed that
osteoblast differentiation could be induced by the above
extracts and compounds [18, 20, 28, 30, 33, 34, 42].

Comparison of seven compounds from R. chingii was
carried out on primary rat osteoblasts [29]. Purslane was
tested on primary human osteoblasts [14], and the adlay
extract was tested on primary rat osteoblasts isolated from
the calvaria of fetal rats (18 days old) via an extracellular
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signal regulated kinase (ERK) pathway [37]. -e promoting
effects on osteoblast differentiation could be seen in the
related results [14, 29, 37].

-e effects of two MFH plants and their active ingre-
dients on BMMSCs were reported. P. vulgaris protected
glucocorticoids-induced osteogenesis inhibition in
BMMSCs through activating the suppressor of mothers
against decapentaplegic (Smad) pathway [16]. -e poly-
saccharide from P. sibiricum was tested on primary mice
BMMSCs [25, 26]. Crocin and crocetin, two major com-
pounds from saffron, were compared and their effects on
osteogenic differentiation of BMMSCs isolated from rats
were tested [35]. Ginsenoside Rb1 from ginseng was re-
ported to alleviate aluminum chloride-induced rat osteoblast
dysfunction [21].

5.2. On Osteoclastogenesis Processes. Osteoclasts are func-
tional cells and play a major role in pathological bone re-
sorption. -ey are derived from hematopoietic precursors
and undergo a series of differentiation and fusion steps in
response to various humoral factors. RANKL-induced os-
teoclast formation is considered as an important canonical
pathway [94].

According to current studies, two MFH plants were only
tested on RANKL-induced osteoclastogenesis processes in
vitro: both C. album and Z. schinifolium were tested on the
RANKL-induced RAW 264.7 cell line [17]. -e two MFH
plant extracts from purslane [15] andA. officinarum [31] and
the polysaccharide from P. sibiricum [25, 27] were also tested
on RANKL-induced osteoclastogenesis processes on pri-
mary bone marrow-derived macrophages (BMMs).

-e active compounds research included the following:
crocin by regulating c-Jun N-terminal kinase (JNK) and
nuclear factor kappa B (NF-κB) signaling pathways [36];
ginsenoside Rg3 via RANKL, JNK, and p38 mitogen-acti-
vated protein kinase (MAPK) pathways [22], ginsenoside
Rb1 via NF-κB and MAPKs pathways [23]; and ginsenoside
Rb2 via NF-κB and STAT3 [24] were all tested and their
effects on RANKL-induced RAW264.7 cells were defined.

6. Mechanism Studies

Signaling pathways are key players in the commitment and
differentiation of osteoblasts and osteoclasts. A number of
studies have identified key signals in the process of osteo-
genesis. From Figure 4, it seems that three compounds have
more signaling research than MFH plants. Among the three
compounds, quercetin is the most used one in pathway
studies: transforming growth factor-β (TGF-β)-Smad sig-
naling, fibroblast growth factor (FGF) signaling, wingless
(Wnt)/β-catenin signaling in bone formation and RANKL
signaling, NF-κB signaling, and macrophage colony-stim-
ulating factor (M-CSF) in bone resorption.

6.1. TGF-β-Smad Signaling. -e TGF-β superfamily mem-
bers bind and signal through dual type I and II trans-
membrane receptors, containing serine/threonine kinase
domains. Smad proteins play key roles in transmitting

signals from receptor to nucleus. One of the members of
TGF-β superfamily, BMPs is critical in osteogenesis. -e
activation of MAPKs including ERK, JNK, and p38 is
regulated by BMP-2 in osteoblastic cells [9].

-e interaction of BMP-2 and TGF-β with their re-
spective receptors results in the upregulation of osteogenic
genes and osteoclastogenic genes via activation of Smad
proteins and/or inhibition of MAPKs. Quercetin may have
positive or negative effects on the levels of BMP-2, TGF-β,
and Smad protein in bone cells [95]. -e research found that
kaempferol increased cell growth, secretion of osteoblast
growth factor, and the level of BMP receptor II in opossum
kidney cells. Findings from this study implied that
kaempferol stimulated kidney repair, which indirectly
stimulates bone formation [5].

-e 5 MFH plants showed their effects on TGF-β-Smad
signaling: the polysaccharide from Siberian Solomon’s seal
rhizome on primary mice BMMSCs via ERK [25], the ex-
tracts from common selfheal spike on glucocorticoids-in-
duced BMMSCs by activating the Smad pathway [16], the
adlay extract on the primary rat osteoblasts via the ERK
pathway [37], compound linarin from chrysanthemum
flowers on the osteoblast MC3T3-E1 cell line via BMP-2
[32], and the compound ginsenoside Rb1 from ginseng
alleviated aluminum chloride-induced rat osteoblast dys-
function via the increased TGF-β and BMP-2 expression
[21].

6.2. FGF Signaling. -e FGFs are the family members of
secreted polypeptides. FGFs bind to FGF tyrosine kinase
receptors (FGFRs) and then take part in a number of bio-
logical events critical in endochondral and intra-
membranous ossification. It has been demonstrated that
FGF activates runt-related transcription factor 2 (Runx2) by
MAPKs pathways and thus helps bone formation [9].

-e treatment of MC3T3-E1 cells with rutin can sig-
nificantly increase the expression of Runx2 gene, and sig-
nificant differences were found among groups in which
different concentrations were used [96]. -e majority of
studies have reported osteoblastogenesis-activating effects of
quercetin via increased Runx2 levels, with a few exceptions.
-ese discrepancies may be related to the cell types and
doses of quercetin used [95]. Studies have shown that
chrysanthemum flowers activate the transcription factor
Runx2 through MAPKs pathways, therefore promoting
bone formation [32].

6.3.Wnt/β-Catenin Signaling. -e canonical Wnt/β-catenin
signaling pathway has a central regulatory role in bone
metabolism. -e activation of Wnt signaling leads to the
expression of the Wnt-targeted gene Runx2, which is es-
sential for osteoblast differentiation [95]. In unstimulated
conditions, β-catenin is sequestered into a destruction
complex consisting of axis inhibition protein 2 (Axin-2),
casein kinase 1 alpha (CK1α), adenomatosis polyposis coli
(APC), and glycogen synthase kinase-3 beta (GSK3β).
Higher levels of β-catenin signaling upregulate the
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expression of genes implicated in the differentiation of
osteoblasts [9].

Quercetin rescued LPS-induced impairment of
osteogenesis in murine osteoblastic MC3T3-E1 cells by
enhancing the protein levels of Wnt3 and β-catenin and
decreasing the protein level of GSK3β [95]. -e stimu-
lation of SaOS-2 cells by kaempferol resulted in an in-
creased activity of Wnt signaling responsive reporter
construct, Axin-2, and, subsequently, stabilization of
Wnt signaling-mediated transcription factor β-catenin,
probably leading to the activation of Wnt-targeted genes
for osteogenesis [97].

-e polysaccharide from Siberian Solomon’s seal rhi-
zome was tested on primary mice BMMSCs. -e results
showed that the polysaccharide promoted the osteogenic
differentiation of BMMSCs. -is effect was due to the in-
creased nuclear accumulation of β-catenin, resulting in a
higher expression of osteoblast-related genes [25]. One of
the ingredients in raisin tree seeds was reported to activate
the Wnt/β-catenin pathway to induce osteogenic differen-
tiation of calvarial osteoblasts [18].

6.4. RANKL Signaling. RANKL, an important member of
tumor necrosis factor (TNF) superfamily, is also known as
osteoclast differentiation factor (ODF). -e binding of ex-
tracellular signaling factor RANKL to RANK activates sig-
naling cascades by recruiting adapter protein tumor necrosis
factor receptor-associated factor 6 (TRAF6), which leads to
multiple downstream events such as activation of MAPKs
(ERK, p38, and JNK) and NF-κB [9].

Numerous studies have found that quercetin inhibits the
formation of osteoclast-like cells, bone resorption pit, and
F-actin ring formation in murine macrophage RAW264.7
cells, human peripheral-blood mononuclear cells (PBMCs),
or bone marrow macrophages treated with M-CSF and/or
RANKL [95].

In RAW264.7 cells treated with RANKL, kaempferol was
shown to abrogate RANKL-induced cells, the indicator for
osteoclast differentiation. -e downregulation of osteo-
clastogenic factors including RANKL, nuclear factor of
activated T-cells cytoplasmic 1, and TRAF6 was also ob-
served in kaempferol-treated cells [5].

-e effects of rutin on the development and activity of
osteoclasts in vitro were compared with the effects of 17β-
estradiol. -e anti-resorbing properties of rutin were
mainly mediated by ER proteins through the inhibition of
RANK protein or the activation of caspases [98]. On the
other hand, the research in silico interaction of rutin with
the RANK/RANKL system in diabetoporosis showed that
the initial interaction of RANK with rutin will facilitate
the bond of RANK to RANKL. -is is in contrast to
previous findings that rutin decreases the activity of
RANKL [99].

Ginsenoside Rg3 is one of the most promising com-
pounds of ginseng with numerous biological activities. In-
hibition of osteoclast differentiation by ginsenoside Rg3 in
RAW264.7 cells via RANKL, JNK, and p38 MAPK pathways
was observed [22].

Crocin, an important compound from saffron crocus
style and stigma, inhibited RANKL-induced phosphoryla-
tion of JNK in BMMs. -e results suggested that the in-
hibitory effect of crocin on the differentiation of osteoclast
precursors into mature osteoclasts may be mediated by the
regulation of JNK phosphorylation [36].

6.5. NF-κB Signaling. NF-κB is a set of nuclear factors that
bind to consensus DNA sequences called κB sites and is
essential for osteoclast formation and survival. Abnormal
activation of NF-κB signaling in osteoclasts is associated
with excessive osteoclastic activity and observed in osteolytic
conditions frequently. Modulators of NF-κB signaling
pathways have a great therapeutic potential in bone disease.
NF-κB signaling pathways are strictly regulated by cytokines
such as RANKL, TNF-α, and IL-1, which differentially
regulate classical and/or alternative NF-κB pathways to
maintain bone homeostasis in osteoclastic cells [100].
Curcumin, an important dietary nutraceutical compound
derived from the Indian spice turmeric, has been shown to
inhibit both NF-κB activation and osteoclastogenesis in-
duced by RANKL [100].

Several studies using genetically engineered mouse
models suggested that the NF-κB pathway plays a key role in
RANKL-induced osteoclast development and function [9].

Both quercetin and kaempferol potentially protect the
bone through their anti-inflammatory property on osteo-
blastic cells via inhibition of NF-κB nuclear translocation
[5, 9]. Similarly, rutin inhibits osteoclast formation by de-
creasing reactive oxygen species and TNF-α by inhibiting
activation of NF-κB [101].

-ree compounds crocin [36], ginsenoside Rb1 [23], and
ginsenoside Rb2 [24] showed their inhibition on RANKL-
induced osteoclastogenesis by regulating NF-κB signaling
pathways.

6.6. Macrophage-Colony-Stimulating Factor. Osteoclasts are
specialized bone-resorbing cells regulated by RANKL and
M-CSF. When monocytes were stimulated with M-CSF,
mature osteoclasts were formed, and quercetin decreased
this osteoclastogenesis [102].

7. Food Functions

TCM nutrition is an ancient but burgeoning discipline, and
its main goal is to use food as a means to achieve balance and
harmony within the body [12]. From the point of food
supplementation, the viewpoints of MFH plants conform to
today’s food requirements of returning to a natural and
green healthy life and seem easy to accept [103]. Take some
examples, the edible flowers such as chrysanthemum [104],
the vegetable such as chicory [105], and wild edible plants
such as purslane [106] are all distributed all over the world
and have been consumed as food since ancient times.

According to the “Measures for the Administration of
Food Production Licensing,” the State Administration for
Market Supervision and Administration updated the
“Catalogue of Food Production Licensing” in 2020 [107].

Evidence-Based Complementary and Alternative Medicine 13



Food functions of the 20 MFH plants were discussed as the
following catalogues: condiment (5 MFH plants), tea and
related products (3MFH plants), vegetable products (3MFH
plants), beverages (3 MFH plants), healthy food (3 MFH
plants), fruit products (2MFH plants), and processed food (1
MFH plant).

7.1.Condiments. Both clove andA. officinarum are normally
served as seasoning in daily life. -e effectiveness of pectin
coatings enriched with clove essential oil was investigated to
preserve bream fillets during refrigeration. -e results
showed that pectin coating along with clove oil was effective
in inhibiting bacterial growth especially in Gram-negative
bacteria [108].

Z. schinifolium is distributed in more than 20 provinces
in China including Sichuan. Sichuan-Z. schinifolium are also
a popular food additive and widely used in cooking with the
history of more than 1000 years for both medicinal and
economic values [109].

Saffron, stigmas of C. sativus, is one of the most precious
spices used as a food colorant and flavoring agent and is
widely consumed in culinary for its famous and unique
color. Crocin is the typical carotenoid pigment of saffron
that gives food a rich golden-yellow tinge [110], and crocin
also plays an important role as a nutraceutical compound
and exhibits antiosteoporosis effects according to our
review.

C. album, normally called Chinese olive, is a tropical and
semitropical fruit of the family Burseraceae, widely culti-
vated in Taiwan, Southeast China, and other regions of Asia.
Some findings suggest that Chinese olive may ameliorate
metabolic dysfunction in diabetic rats under high-fat diet
challenge [111].

7.2. Tea and Related Products. Both the fruits and leaves of
M. alba have nutritional and medicinal values and could be
served as tea. Mulberry fruits with high concentrations of
anthocyanins are favored by consumers as fruits because of
their good taste, bright color, and high nutritional value
[112]. Findings indicated that mulberry leaves and soybean
are both good sources of melatonin and free tryptophan and
can be applied to prepare high-melatonin pasteurized milk
[113].

Mulberry leaves and mulberry fruits have different
clinical efficiencies according to TCM, but they both showed
antiosteoporosis effects on OVX models [47, 54]. -e
phenolic profile of mulberry leaves was characterized by the
presence of a high number of flavonol derivatives, mainly
glycosylated forms of quercetin and kaempferol [114]. LC-
MS analysis also revealed that the contents of four flavonoid
glycosides including kaempferol rhamnosylhexoside in-
creased after digestion of mulberry fruits [115]. Another
popular tea in China is made from chrysanthemum flower
[116]. As a novel natural antioxidant, chrysanthemum could
be used for the meat processing industry [117].

Siraitia fruits have been used as a natural sweetener for
more than 300 years [80]. -e research of Siraitia fruit
extract supplementation on the chemical, microbial, and

sensory properties of probiotic yogurt showed that it offers a
promising option as a dietary supplement to produce novel
dairy products that have high nutritional and bioactivity
values [118].

7.3. Vegetable Productions. Purslane is a popular wild edible
plant. Wild edible plants are gaining importance as they are
potential sources of food due to their nutritional value,
besides showing positive health effects and offering inno-
vative applications in haute cuisine [106].

H. cordata is a popular vegetable in Asian countries [119]
and is an important traditional Chinese medicine used in
heat clearing and detoxifying, swelling and discharging pus,
promoting diuresis, and relieving stranguria [120]. It was
reported that fermented juice of H. cordata can improve
diabetic symptoms by enhancing insulin sensitivity, re-
ducing oxidative stress, and suppressing inflammation [121].

Chicory is a perennial herb and is cultivated worldwide.
So far, chicory has been used mainly in animal feed but also
in several cases in the food industry: as salad, for teas and tea
blends, for coffee supplementation, and as a source for the
inulin production. Nowadays, there is an increasing interest
in chicory utilization for food production and supplemen-
tation. Some compounds present in chicory, such as
kaempferol, inulin, and oligofructose may be considered as
potential carriers of food functionality [105].

7.4. Beverage. Herbal teas or herbal drinks are traditional
beverages that are prevalent in many cultures around the
world. P. vulgaris L. is as a major plant in the Chinese
traditional functional beverage Guangdong herbal tea for the
treatment of fevers, diarrhea, and sore mouth [122].

H. acerba has long been used as traditional folk remedies
for alcohol intoxication.-e antihangover effect ofH. acerba
extract was examined in a randomized controlled crossover
trial. -e results suggest that a favorable effect of H. acerba
beverage on alcohol hangovers might be associated with
enhancing homeostatic regulation of inflammatory response
[123].

Eighteen novel smoothie products containing sea
buckthorn (25–50%) with other fruits and vegetables were
analyzed. -e results showed that sea buckthorn enriched
the flavonols in smoothies and provided the most sensory
attractive [124].

7.5. Healthy Food. -e related research showed that wolf-
berry ameliorates osteoporosis in OVX mice by improving
several important parameters including BMC, BMD, and
bone-turnover markers such as osteocalcin and calcium
levels in serum [37]. Wolfberry has been used as a tonic
medicine and a long-term healthy food, which can be served
as nutritional soup [125]. Several clinical studies in healthy
subjects show that consumption of wolfberry juice improves
general wellbeing and immune functions [74].

As another nutrition is this study, the safety and ef-
fectiveness of ginseng in different regions including
American ginseng, Korean ginseng, and Asian ginseng were
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supported by some research [126] and already accepted in
the East and West. Ginseng can be served as mixed wine, tea
blends, alternative tea, soup, etc [107].

P. sibiricum is widely distributed in most regions in the
south of the Yangtze River in China. It has served as a Taoist
health potion such as soup and food ingredient since ancient
times and functions to nourish the liver and kidney and
prolong life [127].

8. Conclusive Remarks

Based on the literature research, 20 MFH plants are dis-
cussed in this review. -eir common features are they all
contain quercetin, rutin, and kaempferol and they all showed
antiosteoporosis activities, in vivo and in vitro. -e TCM
characteristics including natures, flavors, attributive to
meridian tropism, and efficiencies of the 20 MFH plants are
compared. We have tried to explain their traditional effi-
ciencies with pharmacological actions. Based on anti-
osteoporosis pathway research of quercetin, rutin, and
kaempferol, more mechanisms of the 20 MFH plants should
be evidenced for further application. At the same time, how
to evaluate the actions of these compounds in the MFH
plants is another problem that should be solved. Anyway, as
food and food supplementation, these MFH plants with
multiple nutraceutical compounds can be served as multiple
food forms in our daily life. -is is the focus of our concern.
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PTH: Parathyroid hormone
RANKL: Receptor activator for nuclear factor κB ligand
RUNX2: Runt-related transcription factor 2

SMAD: Suppressor of mothers against decapentaplegic
STAT3: Signal transducer and activator of transcription

protein 3
TCM: Traditional Chinese medicine
TGF-β: Transforming growth factor-β
WNT: Wingless
TNF: Tumor necrosis factor
TRAF6: Tumor necrosis factor receptor-associated

factor 6.

Data Availability

All the authors declare that the readers can access the
conclusions from the five figures and three tables. All the
figures and tables are summarized based on the references.

Additional Points

Chemical compounds mentioned in this article: Crocetin
(PubChem CID: 5281232); Crocin (PubChem CID:
5281233); Curcumin (PubChem CID: 969516); Ginsenoside
Rb1 (PubChem CID: 9898279); Ginsenoside Rb2 (PubChem
CID: 6917976); Ginsenoside Rg3 (PubChem CID: 9918693);
Inulin (PubChemCID: 24763); Kaempferol (PubChemCID:
5280863); Linarin (PubChem CID: 5317025); Quercetin
(PubChem CID: 5280343); Rutin (PubChem CID: 5280805);
Resveratrol (PubChem CID: 445154); Genistein (PubChem
CID: 5280961).
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[43] C. Demigné, H. Jacobs, C. Moundras et al., “Comparison of
native or reformulated chicory fructans, or non-purified
chicory, on rat cecal fermentation and mineral metabolism,”
European Journal of Nutrition, vol. 47, no. 7, pp. 366–374,
2008.

[44] W. G. Hozayen, M. A. El-Desouky, H. A. Soliman,
R. R. Ahmed, and A. K. Khaliefa, “Antiosteoporotic effect of
petroselinum crispum, ocimum basilicum and Cichorium
intybus L. in glucocorticoid-induced osteoporosis in rats,”
BMC Complementary and Alternative Medicine, vol. 16,
no. 165, pp. 1–11, 2016.

[45] U. Avsar, E. Karakus, Z. Halici et al., “Prevention of bone loss
by panax ginseng in a rat model of inflammation-induced
bone loss,” Cellular andMolecular Biology, vol. 59, no. Suppl,
pp. OL1835–OL1841, 2013.

[46] H. J. Kim, K. H. Park, D. H. Kim, H. J. Chae, G. H. Sung, and
Y. O. Kim, “In vitro assessments of bone microcomputed
tomography in an aged male rat model supplemented with
Panax ginseng,” Saudi Journal of Biological Sciences, vol. 25,
no. 6, pp. 1135–1139, 2018.

[47] H. Y. Jao, J. D. Hsu, Y. R. Lee, C. S. Lo, and H. J. Lee,
“Mulberry water extract regulates the osteoblast/osteoclast

balance in an ovariectomic rat model,” Food & Function,
vol. 7, no. 12, pp. 4753–4763, 2016.

[48] G. F. Zeng, Z. Y. Zhang, L. Lu et al., “Protective effects of
polygonatum sibiricum polysaccharide on ovariectomy-in-
duced bone loss in rats,” Journal of Ethnopharmacology,
vol. 136, no. 1, pp. 224–229, 2011.

[49] S. Ye and Y. Li, “Effect of polysaccharide on bone repair and
bone metabolic factor in rats with osteoporotic fracture,”
Chinese Journal of Clinical Pharmacology, vol. 35, no. 18,
pp. 2128–2131, 2019.

[50] M. H. Kim, J. E. Lee, J. S. Lee, and W. M. Yang, “Im-
provement of osteoporosis by lycium chinense administra-
tion in ovariectomized mice,” Journal of the Chinese Medical
Association, vol. 80, no. 4, pp. 222–226, 2017.

[51] S. Karmakar, M. Choudhury, A. S. Das, A. Maiti,
S. Majumdar, and C. Mitra, “Clove (Syzygium aromaticum
Linn) extract rich in eugenol and eugenol derivatives shows
bone-preserving efficacy,” Natural Product Reearch, vol. 26,
no. 6, pp. 500–509, 2012.

[52] P. C. Cao, W. X. Xiao, Y. B. Yan et al., “Preventive effect of
crocin on osteoporosis in an ovariectomized rat model,”
Evidence-Based Complementary and Alternative Medicine,
vol. 2014, Article ID 825181, 11 pages, 2014.

[53] M. M. Algandaby, “Crocin attenuates metabolic syndrome-
induced osteoporosis in rats,” Journal of Food Biochemistry,
vol. 43, no. 7, Article ID e12895, 2019.

[54] S. Sungkamanee, J. Wattanathorn, S. Muchimapura, and
W. -ukham-Mee, “Antiosteoporotic effect of combined
extract of morus alba and polygonum odoratum,” Oxidative
Medicine and Cellular Longevity, vol. 2014, Article ID
579305, 9 pages, 2014.

[55] H. Liao, L. K. Banbury, and D. N. Leach, “Antioxidant ac-
tivity of 45 Chinese herbs and the relationship with their
TCM characteristics,” Evidence-Based Complementary and
Alternative Medicine, vol. 5, no. 4, pp. 429–434, 2008.

[56] D. C. Tang, Science of Chinese Materia Medica, House of
Shanghai University of Traditional Chinese Medicine,
Shanghai, China, 2003.

[57] Z.Ma, X. Li, Y. Chen et al., “Comprehensive evaluation of the
combined extracts of epimedii folium and ligustri lucidi
fructus for PMOP in ovariectomized rats based on MLP-
ANN methods,” Journal of Ethnopharmacology, vol. 268,
Article ID 113563, 2021.

[58] R. Ma, R. Zhu, L. Wang et al., “Diabetic osteoporosis: a
review of its traditional Chinese medicinal use and clinical
and preclinical research,” Evidence-Based Complementary
and Alternative Medicine, vol. 2016, Article ID 3218313,
13 pages, 2016.

[59] J. G. Ren, D. Z. Wang, L. Lei, L. Kang, and J. X. Liu,
“Preliminary analysis on relationship between traditional
efficacy of Chinese medicine and modern pharmacological
action,” Zhongguo Zhongyao Zazhi, vol. 42, no. 10,
pp. 1979–1983, 2017.

[60] Q. Q. Wang, S. Han, X. X. Li et al., “Nuezhenide exerts anti-
inflammatory activity through the NF-κB pathway,” Current
Molecular Pharmacology, vol. 14, no. 1, pp. 101–111, 2021.

[61] F. Forouzanfar, H. Hosseinzadeh, M. B. Khorrami,
S. Asgharzade, and H. Rakhshandeh, “Attenuating effect
of Portulaca oleracea extract on chronic constriction
injury induced neuropathic pain in rats: an evidence of
anti-oxidative and anti-inflammatory effects,” CNS &
Neurological Disorders - Drug Targets, vol. 18, no. 4,
pp. 342–349, 2019.

Evidence-Based Complementary and Alternative Medicine 17



[62] Y. Lu, Y. Jiang, L. Ling, Y. Zhang, H. Li, and D. Chen,
“Beneficial effects of Houttuynia cordata polysaccharides on
“two-hit” acute lung injury and endotoxic fever in rats as-
sociated with anti-complementary activities,” Acta Phar-
maceutica Sinica B, vol. 8, no. 2, pp. 218–227, 2018.

[63] K. B. Roh, D. Park, and E. Jung, “Inhibitory effects of
prunella vulgaris L. extract on 11β-HSD1 in human skin
cells,” Evidence-Based Complementary and Alternative
Medicine, vol. 2018, Article ID 1762478, 8 pages, 2018.

[64] D. Perez-Balladares, M. Castaneda-Teran, M. G. Granda-
Albuja et al., “Chemical composition and antioxidant activity
of the main fruits, tubers and legumes traditionally con-
sumed in the Andean regions of Ecuador as a source of
health-promoting compounds,” Plant Foods for Human
Nutrition, vol. 74, no. 3, pp. 350–357, 2019.

[65] D. T. Wu, W. Liu, M. L. Xian et al., “Polyphenolic-protein-
polysaccharide complexes from hovenia dulcis: insights into
extraction methods on their physicochemical properties and
in vitro bioactivities,” Foods, vol. 9, no. 4, p. 456, 2020.

[66] I. C. Nwafor, K. Shale, and M. C. Achilonu, “Chemical
composition and nutritive benefits of chicory (Cichorium
intybus) as an ideal complementary and/or alternative
livestock feed supplement,” Scientific World Journal,
vol. 2017, Article ID 7343928, 11 pages, 2017.

[67] Y. Q. Liu, M. C. Cheng, L. X. Wang, N. Zhao, H. B. Xiao, and
Z. T. Wang, “Functional analysis of cultured neural cells for
evaluating cold/cool- and hot/warm-natured Chinese herbs,”
Ee American Journal of Chinese Medicine, vol. 36, no. 4,
pp. 771–781, 2008.

[68] H. W. Liang, T. Y. Yang, C. S. Teng et al., “Mulberry leaves
extract ameliorates alcohol-induced liver damages through
reduction of acetaldehyde toxicity and inhibition of apo-
ptosis caused by oxidative stress signals,” International
Journal of Medical Sciences, vol. 18, no. 1, pp. 53–64, 2021.

[69] H. H. Lin, A. L. Charles, C. W. Hsieh, Y. C. Lee, and
J. Y. Ciou, “Antioxidant effects of 14 Chinese traditional
medicinal herbs against human low-density lipoprotein
oxidation,” Journal of Traditional and Complementary
Medicine, vol. 5, no. 1, pp. 51–55, 2015.

[70] Q. Wu and Y. Hu, “Integrated network pharmacology and
molecular docking strategy to explore the mechanism of
medicinal and edible astragali radix-atractylodis macro-
cephalae rhizoma acting on pneumonia via immunomo-
dulation,” Journal of Food Biochemistry, vol. 44, no. 12,
Article ID e13510, 2020.

[71] B. Ma, W. L. Kan, H. Zhu, S. L. Li, and G. Lin, “Sulfur
fumigation reducing systemic exposure of ginsenosides and
weakening immunomodulatory activity of ginseng,” Journal
of Ethnopharmacology, vol. 195, pp. 222–230, 2017.

[72] S. B. Kim, B. Y. Chang, Y. H. Jo et al., “Macrophage
activating activity of pyrrole alkaloids from morus alba
fruits,” Journal of Ethnopharmacology, vol. 145, no. 1,
pp. 393–396, 2013.

[73] Z. Chen, J. Liu, X. Kong, and H. Li, “Characterization and
immunological activities of polysaccharides from polygo-
natum sibiricum,” Biological and Pharmaceutical Bulletin,
vol. 43, no. 6, pp. 959–967, 2020.

[74] J. Cheng, Z. W. Zhou, H. P. Sheng et al., “An evidence-based
update on the pharmacological activities and possible mo-
lecular targets of lycium barbarum polysaccharides,” Drug
Design, Development and Eerapy, vol. 9, pp. 33–78, 2015.

[75] Y. Xi, T. Jiang, J. Yu et al., “Preliminary studies on the anti-
osteoporosis activity of baohuoside I,” Biomedicine &
Pharmacotherapy, vol. 115, Article ID 108850, 2019.

[76] J. Yao, Q. Jiang, X. Zhu et al., “Cytotoxicity and penetration
enhancement activity of essential oils from warming the
interior medicinals with hot or warm property in terms of
Traditional Chinese Medicine,” Journal of Traditional Chi-
nese Medicine, vol. 38, no. 2, pp. 257–265, 2018.

[77] J. Dong, X. M. Zhu, F. Y. Wu et al., “Development of galangal
essential oil-based microemulsion gel for transdermal de-
livery of flurbiprofen: simultaneous permeability evaluation
of flurbiprofen and 1,8-cineole,” Drug Development and
Industrial Pharmacy, vol. 46, no. 1, pp. 91–100, 2020.

[78] G. K. Gupta, A. Kumar, V. Khedgikar et al., “Osteogenic
efficacy enhancement of kaempferol through an engineered
layer-by-layer matrix: a study in ovariectomized rats,”
Nanomedicine, vol. 8, no. 5, pp. 757–771, 2013.

[79] Y. Guo, Y. Li, L. Xue et al., “Salvia miltiorrhiza: an ancient
Chinese herbal medicine as a source for anti-osteoporotic
drugs,” Journal of Ethnopharmacology, vol. 155, no. 3,
pp. 1401–1416, 2014.

[80] X. Gong, N. Chen, K. Ren et al., “-e fruits of siraitia
grosvenorii: a review of a Chinese food-medicine,” Frontiers
in Pharmacology, vol. 10, p. 1400, 2019.

[81] X. Han, X. Ji, H. Zhao et al., “Mechanisms of coix seed
compositions in the treatment of spleen deficiency and wet
dampness zheng,” African Journal of Traditional, Comple-
mentary and Alternative Medicines, vol. 14, no. 4, pp. 239–
246, 2017.

[82] B. L. Ilesanmi-Oyelere and M. C. Kruger, “Nutrient and
dietary patterns in relation to the pathogenesis of post-
menopausal osteoporosis-a literature review,” Life, vol. 10,
no. 10, p. 220, 2020.

[83] L. Holloway, S. Moynihan, S. A. Abrams, K. Kent,
A. R. Hsu, and A. L. Friedlander, “Effects of oligofructose-
enriched inulin on intestinal absorption of calcium and
magnesium and bone turnover markers in postmeno-
pausal women,” Ee British Journal of Nutrition, vol. 97,
no. 2, pp. 365–372, 2007.

[84] J. Lavado-Garcı́a, R. Roncero-Martin, J. M. Moran et al.,
“Long-chain omega-3 polyunsaturated fatty acid dietary
intake is positively associated with bone mineral density in
normal and osteopenic Spanish women,” PLoS One, vol. 13,
no. 1, Article ID e0190539, 2018.

[85] A. E. Griel, P. M. Kris-Etherton, K. F. Hilpert, G. Zhao,
S. G.West, and R. L. Corwin, “An increase in dietary n-3 fatty
acids decreases a marker of bone resorption in humans,”
Nutrition Journal, vol. 6, no. 2, pp. 1–8, 2007.

[86] N. Yousefzadeh, K. Kashfi, S. Jeddi, and A. Ghasemi,
“Ovariectomized rat model of osteoporosis: a practical
guide,” EXCLI Journal, vol. 19, pp. 89–107, 2020.

[87] G. Wang, Y. Fu, J. Li et al., “Aqueous extract of Polygonatum
sibiricum ameliorates ethanol-induced mice liver injury via
regulation of the Nrf2/ARE pathway,” Journal of Food
Biochemistry, vol. 45, no. 1, Article ID e13537, 2021.

[88] N. Yang, D. Liu, X. Zhang et al., “Effects of ginsenosides on
bone remodelling for novel drug applications: a review,”
Chinese Medicine, vol. 15, no. 42, pp. 1–15, 2020.

[89] N. Imerb, C.-onusin, N. Chattipakorn, and S. C. Chattipakorn,
“Aging, obese-insulin resistance, and bone remodeling,”
Mechanism of Ageing and Development, vol. 191, Article ID
111335, 2020.

[90] M. Tian, L. N. Li, R. R. Zheng, L. Yang, and Z. T. Wang,
“Advances on hormone-like activity of Panax ginseng and
ginsenosides,” Chinese Journal of Natural Medicines, vol. 18,
no. 7, pp. 526–535, 2020.

18 Evidence-Based Complementary and Alternative Medicine



[91] J. Wu, Z. Zeng, Y. Li et al., “Cycloastragenol protects against
glucocorticoid-induced osteogenic differentiation inhibition
by activating telomerase,” Phytotherapy Research, vol. 35,
no. 4, pp. 2034–2044, 2021.

[92] Y. Jiang, P. Zhang, X. Zhang, L. Lv, and Y. Zhou, “Advances
in mesenchymal stem cell transplantation for the treatment
of osteoporosis,” Cell Proliferation, vol. 54, no. 1, Article ID
e12956, 2021.

[93] H. T. Huang, T. L. Cheng, S. Y. Lin et al., “Osteoprotective
roles of green tea catechins,” Antioxidants, vol. 9, no. 11,
p. 1136, 2020.

[94] W. Feng, J. Guo, and M. Li, “RANKL-independent modu-
lation of osteoclastogenesis,” Journal of Oral Biosciences,
vol. 61, no. 1, pp. 16–21, 2019.

[95] S. K. Wong, K. Y. Chin, and S. Ima-Nirwana, “Quercetin as
an agent for protecting the bone: a review of the current
evidence,” International Journal of Molecular Sciences,
vol. 21, no. 7, p. 6648, 2020.

[96] X.W. Liu, B. Ma, Y. Zi, L. B. Xiang, and T. Y. Han, “Effects of
rutin on osteoblast MC3T3-E1 differentiation, ALP activity
and Runx2 protein expression,” European Journal of His-
tochemistry, vol. 65, no. 1, p. 3159, 2021.

[97] A. R. Sharma and J. S. Nam, “Kaempferol stimulates WNT/
β-catenin signaling pathway to induce differentiation of
osteoblasts,” Journal of Nutritional Biochemistry, vol. 74,
Article ID 108228, 2019.

[98] C. M. Rassi, M. Lieberherr, G. Chaumaz, A. Pointillart, and
G. Cournot, “Modulation of osteoclastogenesis in porcine
bonemarrow cultures by quercetin and rutin,” Cell and Tssue
Research, vol. 319, no. 3, pp. 383–393, 2005.

[99] I. Z. Akbar, F. R. P. Dewi, and B. Setiawan, “In silico
interaction of the active compounds of scurrula atro-
purpurea with the RANK/RANKL/OPG system in dia-
betoporosis,” Acta Informatica Medica, vol. 27, no. 1,
pp. 8–11, 2019.

[100] J. Xu, H. F. Wu, E. S. M. Ang et al., “NF-kappaB modulators
in osteolytic bone diseases,” Cytokine & Growth Factor
Reviews, vol. 20, no. 1, pp. 7–17, 2009.

[101] T. W. Kyung, J. E. Lee, H. H. Shin, and H. S. Choi, “Rutin
inhibits osteoclast formation by decreasing reactive oxygen
species and TNF-alpha by inhibiting activation of NF-kap-
paB,” Experimental & Molecular Medicine, vol. 40, no. 1,
pp. 52–58, 2008.

[102] H. R. Kim, B. M. Kim, J. Y. Won et al., “Quercetin, a plant
polyphenol, has potential for the prevention of bone de-
struction in rheumatoid arthritis,” Journal of Medicinal Food,
vol. 22, no. 2, pp. 152–161, 2019.

[103] Y. Hou and J. G. Jiang, “Origin and concept of medicine food
homology and its application in modern functional foods,”
Food & Function, vol. 4, no. 12, pp. 1727–1741, 2013.

[104] J. Zheng, B. Lu, and B. Xu, “An update on the health benefits
promoted by edible flowers and involved mechanisms,” Food
Chemistry, vol. 340, Article ID 127940, 2021.
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Background. Renal interstitial fibrosis (RIF) is an important cause of kidney disease, which seriously affects people’s health. As a
traditional Chinese medicine, Shen-Shuai-Ling Formulation (SSLF) has obvious kidney function. However, the therapeutic effect
of SSLF on RIF and its molecular mechanism are still unclear.Methods. First, the potential targets and pathways of SSLF for RIF
were predicted by network pharmacology, and then, the binding of luteolin and target protein to SSLF was verified by molecular
docking and Co-IP experiments. Finally, the effects of SSLF and luteolin on PLZF and (Pro) renin receptor (PRR) were verified by
western blot and qPCR experiments. Angiotensin (Ang)-1, Ang-2, and transforming growth factor-β (TGF-β) were the indexes of
renal interstitial fibrosis. Results.,rough the drug-active component-target network diagram, we found that luteolin has themost
connections, and promyelocytic leukemia zinc finger (PLZF) is the target protein. GO analysis and KEGG pathway analysis of
targets were performed using Cytoscape ClueGO. Molecular docking experiments and Co-IP are used to prove that luteolin and
PLZF can be combined. Western blot and qPCR results showed that both SSLF and luteolin significantly upregulated the
expression of PLZF and decreased the levels of PRR, Ang-1, Ang-2, and TGF-β. ,e overexpression of PLZF decreased the
expression of PRR, the knockdown of PLZF increased the expression of PRR, and the overexpression of PRR decreased the
expression of Ang-1, Ang-2, and TGF-β. Conclusions. SSLF inhibits PRR and renal interstitial fibers by the upregulation of
PLZF levels.

1. Introduction

Chronic kidney disease (CKD) is a disease in which renal
structural or functional abnormalities last longer than 3
months. RIF is a common pathological feature of CKD. RIF
is the replacement of normal tissue by fibrous tissue and
renal failure following chronic and persistent renal injury.
Inhibition of RIF is significant in the treatment of CKD.

Excessive accumulation of extracellular matrix (ECM) in
the kidneys is an important cause of RIF [1, 2]. TGF-β plays a
key role in regulating the upstream factors produced by
ECM. Ang-2 is of great significance in regulating TGF-β
upstream factors. PRR plays an important role in regulating

the production of Ang-2 [3]. In 2002, a new member of the
PRR upstream of the renin-angiotensin system (RAS) was
found to be located primarily on the cell surface and at cell
intervals, particularly perinuclear spaces [4, 5]. PRR is in-
volved in the production of Ang-2 mainly through two
pathways: proteolytic pathway and nonproteolytic pathway
[6, 7].

PLZF is also known as zinc finger and BTB (Broad-
complex, Tramtrack, and Bric-a-brac) domain containing 16
(ZBTB16) or zinc finger protein 145 (Zfp145). In humans,
the PLZF gene is located at position 23 (11q23) of the long
arm of chromosome 11, and the gene expression product is a
transcription factor composed of 673 amino acids [8, 9]. It is
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highly conserved in humans, mice, and rats. PLZF is a
transcription factor that can act as both a transcriptional
inhibitor and a transcriptional activator, and the mechanism
of its activation is not known at present. Meanwhile, it has
not been elucidated whether PLZF acts as an activator or as a
determinant of repression. It is found that renin-treated
HEK293 cells can cause PLZF nuclear translocation, and
then, PLZF is recruited into the promoter of the PRR gene,
which inhibits PRR transcription.

SSLF is a prescription developed by Xin Zheng, a master
of traditional Chinese medicine with more than 60 years of
clinical experience [10]. SSLF has apparent effects on im-
proving renal function and delaying the progression of CKD
and can significantly relieve clinical symptoms such as
constipation and abdominal distension.

To study SSLF’s functional mechanism and understand
its potential inhibitory role in renal fibrosis, we first pre-
dicted the possible targets and pathways of SSLF for renal
fibrosis using network pharmacology molecular docking,
and then, we used molecular docking and Co-IP experi-
ments to verify the binding of SSLF and its luteolin to target
proteins. Finally, western blot and qPCR experiments were
used to find the mechanism of SSLF and luteolin in
inhibiting renal fibrosis.

2. Materials and Methods

2.1. Experimental Herbal Formulation. SSLF is composed of
Herba Rhubarb (DH), Herba Codonopsis pilosula (DS),
Herba Astragalus membranaceus (HQ), Herba Stony dragon
(ML), Herba Safflower (HH), Herba Ganoderma lucidum
(JLZ), Herba Angelica sinensis (DG), Herba Salvia mil-
tiorrhiza (RS), Herba Epimedium (YYH), and Herba
Dandelion (PGY). SSLF used in our research was processed
by the Chongqing Institute of Traditional Chinese Medicine
(Chongqing, China).

2.2. Cell Cultures and Experimental Treatments. Human
kidney 2 (HK-2) cells were purchased from the American
Type Culture Collection (ATCC) (Manassas, USA). HK-2
cells were cultured in DMEM/F12 medium (Gibco). In
addition, ten 6-week-old male SD rats were given 20mg/kg
SSLF intragastrically for 7 days. ,e animal experiment was
approved by the Animal Ethics Committee of the Chongqing
Hospital of Traditional Chinese Medicine. Rats were eu-
thanized, and serum was collected on day 8. HK-2 cells were
seeded and exposed to drug-containing serum or blank
serum for 24 hours. HK-2 cells were treated with 10 ng/ml
TGF-β and 100 nM renin for 24 hours.

2.3. Network Pharmacology-Based Analysis. ,e active
components of SSLF were retrieved from the website http://
www.swisstargetprediction.ch/. ,e genes related to human
RIFwere selected from theGeneCards (https://www.genecards.
org/) disease database. ,e PPI network was constructed by
STRING database (https://string-db.org/), and the drug-com-
ponent-target network was constructed by Cytoscape 3.6.0.,e
GOanalysis andKEGGpathway analysis were performed on 86

target sites with Cytoscape ClueGO, and the enrichment
analysis results were visualized.

2.4. Molecular Docking. ,e 3D structure of luteolin was
obtained from the TCMSP (https://tcmspw.com/tcmsp.
php), the 3D structure of the key target protein was re-
trieved from the Protein Data Bank (http://www.rcsb.org/
pdb), the receptor protein was hydrogenated by Auto-
Dock 4.2.6 software, the charge was calculated, and the
receptor protein and ligand molecules were molecularly
docked by AutoDock Vina 1.1.2. ,e confirmation was
obtained by docking, the binding energy was scored, and
the best binding energy was obtained for graph analysis.
PyMOL was used as a three-dimensional graph to show
the interaction between the receptor protein and a small
molecule of ligand.

2.5.WesternBlotAnalysis. Cells were collected and added to
RIPA lysate including PMSF and proteinase inhibitor
cocktail. ,e supernatant was transferred into a precooled
1.5mL centrifuge tube and centrifuged at 13000 rpm for
20min for concentration determination. 30 ug/well of total
protein was boiled at 100°C for 10min, separated by 10%
polyacrylamide gel electrophoresis (SPS-PAGE), then
transferred to a PDVF membrane, closed with 5% skim milk
for 1 h at room temperature, and washed 3 times with TBST,
5min each time. 3% BSA primary antidilution solution was
diluted with 1 :1000∼2000, incubated at 4°C overnight, and
incubated with secondary antidilution solution (1 :1000) for
1 h on the next day.

2.6. Coimmunoprecipitation. Luteolin was labeled with bi-
otin by EZ-LinkTM Biotin-LC-Hydrazide (,ermo Scien-
tific). After 24 h incubation, the cells were collected by
centrifugation and precooled RIPA buffer was added. ,e
suspension was centrifuged for 15min. ,e protein A
agarose beads were added and centrifuged for 15 minutes to
remove the protein A agarose beads. Add rabbit anti at 4°C
overnight. Protein A agarose beads were added to capture
the antigen-antibody complex at 4°C overnight. Agarose
beads-antigen antibody complexes were collected by cen-
trifugation.,e samples were boiled for 5min. After boiling,
the samples were detected by SDS-PAGE electrophoresis.

2.7. qPCR. Total RNA was extracted from the sample using
TRIzol reagent (Takara, Japan). cDNA was reverse-tran-
scribed using the PrimeScript TM RT kit (Takara, Japan).
,e response system and procedures for qRT-PCR are
described in the instructions of the TB Green Premix Ex Taq
II (Takara, Japan), using the CFX96 Real-Time System (Bio-
Rad, USA). ,e relative expression level of genes was cal-
culated by the 2−∆∆CT algorithm. Primer sequence of each
gene is as follows: PLZF-F(GCTACTGTGCAAGGCCAAC
CA), PLZF-R(GCGGTGGAAGAGGATCTCAAACA), PRR-F
(GGTAGGGAAGGCAAACTCAGTG), PRR-R(ATTGA
GGGGGAGTGAACTGAGAAC), Ang-1-F(AAGATTGCT
TCAGCCAGCGTC), Ang-1-R(AGGTGACTTTGGCTAC
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AAGCATTGT), Ang-2-F(TTCAACCTCGCTGTGGCTGA),
Ang-2-R(AACTTTGCACATCACAGGTCCAA), TGF-β1-F
(AATACAGCAACAATTCCTGGCGA), TGF-β1-R(CG
CACAACTCCGGTGACATCAAA), GAPDH-F(CTGGGC
TACACTGAGCACC), and GAPDH-R(AAGTGGTCGTTG
AGGGCAATG).

2.8. Statistical Analysis. SPSS 23.0 was used to analyze the
data. ,e mean of two groups of independent samples was
compared by t-test, and the mean of multiple groups of
samples was analyzed by one-way ANOVA (p< 0.05). All
the experiments were repeated three times independently,
and the results are expressed as the mean value ± standard
deviation.

3. Results

3.1. Common Targets and Network Visualization of SSLF and
RIF. In order to study the role of SSLF in RIF, we first predicted
747 targets of SSLF active components in the Swis-
sTargetPrediction database, screened 414 targets of RIF-related
genes in the GeneCards database, and obtained 86 intersection
genes by intersection analysis (Figure 1(a)). ,en we use UpSet
plot to visualize the intersection gene between the components
of SSLF (Figure 1(b)). We use the STRING database to obtain
the protein-interaction network and put the network into the
Cytoscape 3.6 to obtain the visual protein interaction network
diagram (Figure 1(c)).,e network diagram shows that STAT3,
VEGFA, and AKT1 are in the central position. Finally, we use
Cytoscape 3.6 to analyze SSLF and its components and targets
and draw a drug-active component-target network diagram.
We find that luteolin has themost connections, and PLZF is the
target protein (Figure 1(d)).

3.2. GO and KEGG Pathway Enrichment Analyses. In order
to explore the function of SSLF and the role of potential
targets in signaling pathways, we used Cytoscape ClueGO to
analyze 86 targets by GO and KEGG pathway and visualized
the enrichment analysis results.,e GO enrichment analysis
shows that, in biological process (BP), it is related to acute
inflammatory response, hormone metabolic process, posi-
tive regulation of protein localization to the membrane, and
negative regulation of gene silencing by RNA (Figure 2(a)).
In molecular function (MF), it is associated with the reg-
ulation of protein binding, protein phosphatase binding, and
growth factor receptor binding (Figure 2(b)). In cellular
component (CC), it may be associated with membrane
microdomain, clathrin-coated vesicle membrane, and basal
plasma membrane (Figure 2(c)). Analysis of the KEGG
pathway revealed that 86 potential targets of SSLF for renal
fibrosis were primarily associated with the PI3K-Akt sig-
naling pathway, the Rap1 signaling pathway, and the HIF-1
signaling pathway (Figure 2(d)).

3.3. Interaction betweenLuteolin andTarget Protein. In order
to investigate the effect of luteolin in SSLF on PLZF and core
target protein, we first select the key component luteolin and

core target genes AKT1 (PDB ID :1UNQ), VEGFA (PDB ID :
3V2A), STAT3 (PDB ID : 4ZIA), and PLZF (PDB ID :1BUO)
for molecular docking. ,e binding energies of luteolin and
core target proteins were 5.58 kcal/mol (AKT1), 5.25 kcal/mol
(VEGFA), 4.08 kcal/mol (STAT3), and 6.48 kcal/mol (PLZF).
,e amino acid residues (LEU29, ARG28, ALA47, and
LEU84) of luteolin and PLZF form hydrogen bonds. ,e
amino acid residues of luteolin and PLZF (ALA-30, GLY-31,
GYS-34, GLU-85, GEN-81, HIS-46, and PHE-45) form hy-
drophobic interactions (Figures 3(a)–3(d)). To verify the
relationship between luteolin and PLZF and its target pro-
teins, we labeled luteolin with biotin and observed whether
luteolin could bind to PLZF and other target proteins. ,e
Co-IP results show that luteolin can be combined with PLZF
(Figure 3(e)). ,erefore, we wondered whether SSLF and
luteolin could inhibit renal fibrosis by regulating PLZF.

3.4. SSLF and Luteolin Upregulate PLZF Levels in HK-2 Cells.
In order to verify whether SSLF can regulate PLZF, we first
added renin to induce fibrosis of HK-2 cells. ,e experi-
ment was divided into two groups: the control group and
the model group. ,e model group was divided into three
groups. ,e first group was low-dose SSLF (20% of rat
serum concentration) and the second group was medium-
dose SSLF (40% of rat serum concentration). ,e third
group was high-dose SSLF (60% of rat serum concentra-
tion). ,e effect of SSLF sum on PLZF was detected by
western blot experiment and qPCR experiment. ,e
western blot results showed that SSLF significantly upre-
gulated the expression of PLZF and decreased the levels of
PRR, Ang-1, Ang-2, and TGF-β. ,e qPCR results were
consistent with the western blot results (Figures 4(a) and
4(b)). Similarly, the results showed that luteolin could
upregulate the expression of PLZF and decrease the levels
of PRR, Ang-1, Ang-2, and TGF-β (Figures 4(c) and 4(d)).
Recently, it has been found that renin in HEK293 cells can
cause nuclear translocation of PLZF, and then PLZF is
recruited to the promoter of the PRR gene, which inhibits
PRR transcription. We have confirmed that luteolin can
bind to PLZF, and we suspect that luteolin can regulate
downstream fibrosis by upregulating PLZF to inhibit PRR
expression.

3.5. PLZF Reduced the Levels of Ang-1, Ang-2, and TGF-β by
Inhibiting PRR in HK-2 Cells. In order to study the effect of
PLZF on the PRR of a downstream target gene, we first
constructed an overexpression cell model and a knockdown
model of PLZF. We used western blot and qPCR experi-
ments to verify the effect of PLZF on PRR. ,e results
showed that overexpression of PLZF could decrease the
expression level of PRR, knockdown of PLZF could increase
the expression level of PRR, and the expression levels of
Ang-1, Ang-2, and TGF-βwere consistent with those of PRR
(Figures 5(a) and 5(b)). It was found that renin-treated
HEK293 cells resulted in PLZF nuclear translocation, and
then PLZF was recruited to the promoter of the PRR gene,
which inhibited PRR transcription.
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To verify whether PLZF inhibits PRR expression, we
induced fibrosis in HK-2 cells with renin and found that the
addition of the positive drug TGF-β reduced PLZF levels and
increased the index of PRR and other indices of renal in-
terstitial fibrosis. In cells overexpressing PLZF, PRR sig-
nificantly increased the levels of other indices of renal
interstitial fibrosis, suggesting that PLZF did inhibit the
index levels of renal interstitial fibrosis by inhibiting PRR
expression, and qPCR also validated the same conclusion
(Figures 5(c) and 5(d)).

4. Discussion

CKD is a disease in which renal structural or functional
abnormalities last longer than 3 months. At present, CKD is
a worldwide public health problem. ,e prevalence rate
increases year by year. With the prolongation of the disease
course and the development of the disease, some patients
will enter end-stage renal disease (ESRD) [11, 12]. End-stage
renal disease patients are in the final stage of chronic renal
failure caused by various primary or secondary renal
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Figure 1: Analysis of key components and core targets of SSLF therapy for RIF based on network pharmacology. (a) Venn diagram of the
intersection gene between SSLF and RIF target. (b) Venn diagram of the target intersection gene. (c) Protein-protein interaction network.
Edges represent protein-protein interactions. (d) SSLF-compound-target-RIF network. In this network, the blue diamonds represent
candidate targets of SSLF against RIF, and the yellow hexagon represents active compounds in SSLF.
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Figure 2: GO and KEGG pathway enrichment analyses of SSLF for RIF. (a–c) ,e bubble graph shows biological process, cellular
component, molecular function, and the intersection gene GO analysis. ,e left Y-axis is the name of the GO path, and the abscissa is
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names are displayed in the right side and gene names are displayed in the left side. ,e inner ring on the left indicates the significant p value
of gene corresponding pathway.
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diseases, which are the key diseases endangering human
health worldwide. RIF is an important cause of ESRD, in
which excessive accumulation and precipitation of ECM in
the kidneys lead to the pathogenesis of renal fibrosis. ,e
associated molecular signaling pathways that affect ECM
accumulation are complex and include a variety of cytokines
as well as hormonal, metabolic, and kinetic factors [13–15].
SSLF contains Herba Rhubarb (DH), Herba Codonopsis
pilosula (DS), Herba Astragalus membranaceus (HQ),
Herba Stony dragon (ML), Herba Safflower (HH), Herba
Ganoderma lucidum (JLZ), Herba Angelica sinensis (DG),
Herba Salvia miltiorrhiza (RS), Herba Epimedium (YYH),
and Herba Dandelion (PGY). SSLF has apparent effects on
improving renal function and delaying the progression of
CKD.

To study SSLF’s functional mechanism and understand
its potential inhibitory role in renal fibrosis, first, we found
that STAT3, VEGFA, and AKT1 of the intersection genes of
SSLF and RIF are the core proteins in the intersection genes.
Using the SSLF-compound-target-RIF network, we found
that luteolin, the monomeric drug, has the most connec-
tions, and PLZF is the target protein. In order to study the
effect of SSLF on PLZF, we used molecular docking and IP
experiments to find that the key component of SSLF,
luteolin, can bind to PLZF. At present, the mechanism of
transcriptional inhibition of PLZF is that PLZF binds to the
promoter of the target gene through nine zinc finger
structures at the C-terminal, and then its N-terminal BTB/
POZ domain recruits nuclear coinhibitory complexes. ,e
physiological functions of PLZF mainly include regulating

AKT1 and luteolin

(a)
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Figure 3: Luteolin and core targets for molecular docking. (a–d),e molecular docking of AKT1, PLZF, STAT3, VEGFA, and luteolin. ,e
yellow line represents the hydrogen bonds; the blue sticks represent amino acid residues. (e) Coimmunoprecipitation assay shows PLZF-
luteolin interactions in HK-2 cells.
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the differentiation of hematopoietic cells, maintaining the
stability of the hematopoietic progenitor cell pool, main-
taining the normal development of bone and the renewal of
male germ cells, participating in the development of nerve
cells, regulating the cell cycle, and participating in cell
growth, proliferation, differentiation, and apoptosis. Recent
studies have shown that PLZF also participates in immune
response and has environmental-dependent anticancer and
antitumor effects [16–21].

TGF-β is the most effective factor affecting ECM ac-
cumulation, which can stimulate ECM production and in-
hibit ECM degradation. Ang-2 is a member of RAS, and RAS
is one of the important pathways closely related to TGF-β.
,e classical RAS is mainly the conversion of renin to Ang-2.

Renin is an important hormone secreted by RAS, which can
catalyze the conversion of angiotensinogen to Ang-1, and
Ang-1 is subsequently cleaved by ACE to Ang-2. It is found
that injection of Ang-2 in rats can increase the expression of
glomerular TGF-β, and blocking the activity of Ang-2 can
significantly reduce the expression of TGF-β, reduce the
formation of ECM, and effectively slow down the pro-
gression of disease [22, 23]. It has been reported that PRR
plays an important role in regulating the production of Ang-
2 [24]. PRR is mainly located on the cell surface and at cell
intervals, especially perinuclear spaces. PRR is involved in
the production of Ang-2 mainly through two pathways: the
proteolytic pathway and the nonproteolytic pathway
[25, 26].
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Figure 4: SSLF and luteolin upregulation of PLZF levels. (a, b) Protein and gene expression of PLZF, PRR, Ang-1, Ang-2, and TGF-β.
Western blot and qPCR analyses were performed after treatment with different concentrations of medicated rat serum containing SSLF.
(c, d) Protein and gene expression of PLZF, PRR, Ang-1, Ang-2, and TGF-β. Western blot and qPCR analyses were performed after
treatment with different concentrations of luteolin (5 μM, 10 μM, and 20 μM). Data are represented as mean± SD (n≥ 3 experiments).
∗p< 0.05, ∗∗p< 0.01, ∗∗∗p< 0.001, and ∗∗∗∗p< 0.0001 as determined using Student’s t-test (two groups) or one-way ANOVA, followed by
Tukey’s test (more than two groups).
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To investigate whether SSLF regulates PLZF, we first used
renin to induce fibrosis in HK-2 cells. ,en, western blot and
qPCR experiments showed that SSLF could significantly
upregulate the expression of PLZF and decrease the expression
of PRR and other indices of renal interstitial fibrosis. ,en we
also found that luteolin, a key component of SSLF, could
upregulate the expression of PLZF and reduce the expression of
PRR and other renal interstitial fibrosis markers. ,e present
study found that renin-treated HEK293 cells resulted in nu-
clear translocation of PLZF, and then PLZFwas recruited to the
promoter of the PRR gene. We then found that overexpression
of PLZF inhibited PRR levels and other indices of renal in-
terstitial fibrosis using western blot and qPCR in a renin-in-
duced model of renal interstitial fibrosis. ,e knockdown of
PLZF resulted in a significant increase in the PRR levels in cells
and a significant increase in other indices of renal interstitial

fibrosis, and qPCR also validated the same conclusion. ,is
suggests that PLZF can indeed regulate PRR expression. In
addition, we found that TGF-β reduced the PLZF levels and
inhibited PRR and other indices of renal interstitial fibrosis. To
verify that PLZF affects renal interstitial fibrosis by regulating
PRR, we overexpressed PRR, and western blot and qPCR
results showed that, in HK-2 cells, PRR significantly increased
the levels of other indices of renal interstitial fibrosis, suggesting
that PLZF does inhibit renal interstitial fibrosis by inhibiting
PRR expression.

5. Conclusions

We first predicted the possible targets and pathways of SSLF
for RIF using network pharmacology, and then we used
molecular docking and IP experiments to verify the binding
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Figure 5: PLZF inhibits PRR expression in HK-2 cells. (a, b) Protein and gene expression of PLZF, PRR, Ang-1, Ang-2, and TGF-β. Western
blot and qPCR results of overexpression of PLZF and PLZF upon knockdown. (c, d) Protein and gene expression of PLZF, PRR, Ang-1, Ang-
2, and TGF-β. Western blot and qPCR results of overexpression of PRR. Data are represented as mean± SD (n≥ 3 experiments). ∗p< 0.05,
∗∗p< 0.01, ∗∗∗p< 0.001, and ∗∗∗∗p< 0.0001 as determined using Student’s t-test (two groups) or one-way ANOVA, followed by Tukey’s test
(more than two groups).
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of SSLF and its key component, luteolin, to target proteins.
Finally, using western blot and qPCR experiments, we found
that SSLF and luteolin could upregulate the expression of
PLZF and inhibit the level of PRR. In future studies, we will
further verify the effect of SSLF and luteolin in regulating
renal interstitial fibrosis through PLZF in animal models and
collect clinical data to analyze the relationship between the
consumption of SSLF and the expression level of PLZF in the
body to provide a basis for better clinical applications.
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Background. *e current study aims to give a scientific origin for employingHabenaria plantaginea Lindl. as a potential candidate
against nociception, inflammation, and pyrexia. *e pharmacological studies were performed on crude extract and subfractions.
In the gas chromatography-mass spectroscopy analysis, a total of 21 compounds were identified.*e plant samples were displayed
for in vitro anti-inflammatory potentials.*e observed IC50 for chloroform against cyclooxygenase-2 and 5-lipoxygenase enzymes
was 33.81 and 26.74 μg/mL, respectively. *e in vivo activities were prerequisites with the acute toxicity studies. In carrageenan-
induced inflammation, the chloroform fraction exhibited 46.15% inhibition similar to that of standard drug diclofenac sodium
47.15%. Likewise, in the acetic acid-induced writhing test, the ethyl acetate fraction displayed 71.42% activity, which was dose-
dependent as that of standard drug. In Brewer’s yeast-induced antipyretic activity, a significant decrease in rectal volume was
observed after 30, 60, and 90 minutes. Moreover, the results of this study indicated that the chloroform and ethyl acetate fractions
inhibited nociception, inflammation, and pyrexia dose dependently. Likewise, mechanistic insights indicated that naloxone
antagonized the antinociceptive effect of chloroform and ethyl acetate fractions, thereby signifying the involvement of opioidergic
mechanisms respectively. *ese results suggest that these molecules present in this plant have synergistically beneficial potential
for the cure and management of analgesia, inflammation, and pyrexia.

1. Introduction

New drug from a natural source with a desirable profile is
tremendously an inspiring task in the field of clinical re-
search [1]. Nociceptive pain induces activation of sensory
nerve fibers when the stimulus overshoots the noxious in-
tensity [2]. Chemical, thermal, and mechanical stimuli are
the various common types of nociceptive pain which might
further be alienated into deep, visceral, superficial somatic,

and somatic pain [3]. *e visceral part of the organ is ex-
tremely sensitive to inflammation, ischemia, and stretch but
is not sensitive to the other stimuli that induce pain in other
parts of the body [4]. Deep somatic pain initiates in blood
vessels, muscles, tendons, bones, and ligaments after the
stimulations of nociceptors in these organs.*is type of pain
is dull and poorly localized. Muscle sprain and breaking
bones are the most common examples of deep somatic pain
[5]. When the nociceptors in superficial and skin tissues
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activate, they induce superficial pain, which is very sharp.
Minor burns and minor wounds are the most common
examples of superficial pain [6]. Pain is a sign to propel a
person from deleterious conditions to protect a damaged
part of the body after healing. After removing the toxic
stimuli, most of the pain sensation disappears but in some
cases, pain perception remains for a long time after re-
moving the damaging stimuli. Inflammation is a compli-
cated protective response involving immune cells, blood
vessels, and molecular mediators of the body to harmful
stimuli, damaged cells, or invadingmicrobes [6, 7].*emain
role of inflammation is to eliminate of necrotic cells,
damaged tissues, and injured cells and to start the tissue
repairing process of the body [8]. *e immune response of
the body is not specific of a body to irritation, infection, and
injury, which may be acute or chronic [9].

*e clinical hallmarks of inflammations in Latin are
rubor (redness), calor (warmth), tumor (swelling), and dolor
(pain). *e characteristics of inflammation were first de-
scribed by the Roman physician Aulus Cornelius Celsus
(Aurelius) [10]. *e body response against the invading
microbes or any other foreign substances is the innate
immune system that is specific for specific microorganisms
that enter into the body [11]. Inflammation is divided into
two types: acute and chronic inflammation.

Presently, mild-to-moderate pain, inflammation, and
pyrexia are managed with NSAIDs, but there are serious
limitations of these therapies [12]. For example, there is well-
documented evidence that continuous use of NSAIDs dis-
plays toxicity such as GIT ulceration, bleeding, perforation,
cardiovascular disorders, and analgesic nephropathy. Hence,
across the globe, extensive search is in progress in the area of
medical management of pain and inflammation to find out
new remedies [13]. *is new drug discovery acts as alter-
native drugs to traditional analgesics including NSAIDs and
narcotics.

Hebanaria genus is associated with the Orchidaceae
family, which may consist of about 850 genera and 35000
species [14, 15]. Orchids were employed as the basis of
conventional remedy for a very long time to cure various
disorders such as arthritis, syphilis, stomach problem,
acidity, tumor, jaundice, boils, inflammations, piles, hepa-
titis, malaria, blood dysentery, pyrexia, sexually transmitted
ailments, tuberculosis, cholera, wounds, eczema, vermifuge,
and diarrhea [16–18]. Bulbophyllum neilgherrense, a tradi-
tional therapeutic plant, has lately been assessed as a me-
diator of inflammation and analgesia [19]. *e anti-
inflammatory properties of orchids from South Africa have
also been studied [20]. No scientific evaluation has been
reported for the investigation of pharmacological features of
H. plantaginea. In our previous study, we have also explored
H. digitata, which belongs to the same family for its anti-
inflammatory and analgesic potential [21].

We have deliberated this research work to explore the
pyrexia, analgesia, and anti-inflammatory properties of
H. plantaginea based on ethnomedicinal exploitation and
previous literature assessment. Furthermore, we have in-
domitable phytochemicals via GC-MS methods. Evaluation
of these unexplored plants can potentially lead to the

generation of new molecules for drug development and
better medicine.

2. Materials and Methods

2.1. Chemicals and Drugs. For anti-inflammatory in vitro
assay, the enzyme COX-2 (Catalog no. C0858) and 5-LOX
(Catalog no. 437996) were acquired from the Sigma-Aldrich
GmbH, USA. *e substrate arachidonic acid (CAT no.
150384), linoleic acid (CAS no. 60-33-3), and their cofactor
solution materials TMPD (CAS no. 637-01-4), hematin
(CAS no. 15489-90-4), and glutathione (CAS no. 70-18-8)
were purchased from Sigma-Aldrich, Germany. Carra-
geenan (CAS no. 9064-67-7), naloxone, and AA (CAS No:
506-32-1) were also acquired from Sigma-Aldrich, Ger-
many. Buffer solution containing KH2PO4 and K2HPO4 and
solvents employed were of pure class. Celecoxib and
Montelukast was purchased from Pfizer pharmaceutical and
Libra (Pvt.) Limited. Tramadol and Diclofenac were pur-
chased from Alliance Pharmaceuticals, Pakistan.

2.2. Plant Material, Collection, and Extraction. *e
H. plantaginea plant was collected from the Dir (L) KPK,
Pakistan, in mid of April and then was identified via Prof.
Muhammad Ilyas, Department of Botany, University of
Swabi, Swabi KPK, Pakistan. *e sample of the said plant
was kept and recorded at herbarium having voucher number
H.UOS.20-2. *e aerial pieces of the plant (15 kg) were
soaked with uncontaminated water and were sheltered
desiccated for 21 days. *e sheltered desiccated pieces of
plants were firstly incised into minor pieces and then via
grinder changed into coarse fine particles (7.5 kg). *e
pulverized substance was then macerated in the 26 L
methanol (80%) for 21 days. Afterward, the entire substance
was filtered using the muslin cloth and consequently by the
Whatman filter paper. *en, the filtrate was transferred to a
rotary evaporator (40°C) for further extraction [2, 22]. *e
last gloomy green color hard methanolic extort of
H. plantaginea was attained weighing 650 g.

2.3. Fractionation. Methanol extort was decanted quietly in
the separating funnel having a closed stopper. *e Hp. Cr
was mixed with the same amount of 500ml hexane and
water. *e separating funnel was shacked vigorously for
proper mixing of all the ingredients and then reserved at the
correct position via a stand to prepare two separate layers:
the n-hexane and water layer. *e layer of n-hexane was
alienated. A similar process was repeated two times through
500ml of hexane. *e organic layers which were separated
three times were then mixed and concentrated in decreased
pressure via rotary evaporator having a temperature of 40°C.
*e obtained concentrated weight of Hex. was 27.6 g.
Similarly, the identical protocol was applied with the further
solvents via raising the polarization of solvents. Following
solvent fractions acquired was basically of ethyl acetate,
chloroform, and Bt., having weights of 30, 42, and 94 g
correspondingly. In last, the aqueous stratum was concen-
trated with a weight of 140 g [23].
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2.4. GC-MS Analysis (Phytochemistry). *e tandem gas
chromatography/mass spectrometry procedure of crude
extract was executed by Agilent USB:393752 gas chro-
matograph (Agilent Technologies, Palo Alto, CA, USA)
having an HHP-5MS 5% phenyl methyl siloxane tubular-
column (30.0m× 0.25mm× 0.25 μm film thickness: Restek,
Bellefonte, PA, USA) prepared through the Agilent HP; 5973
mass selective detector having the effective mode of electron
(Ionization energy; 70 eV) performance in the parallel in-
vestigational ambiance as exemplification, intended for gas
chromatography [10, 24].

2.5. In Vitro Pharmacological Activities

2.5.1. COX-2 Activity. *e in vitro COX-2 scavenging ac-
tivity was conceded through the previous explained normal
protocol [25]. *e COX-2 solution of the enzyme was
equipped to have 300 Uml−1 concentrations. For enzyme
activation, the enzyme solution (10 μl) was placed on ice for
5 minutes. Likewise, total of 50 μl cofactor mixture with
0.9mM glutathione, 1mM hematin, and 0.24mM TMPD
within 0.1M Tris HCl buffer (pH 8.0) was added to a mixture
of the solution of enzyme. Consequently, plant samples
(20 μl) including different concentrations
(1000–31.25 μgml−1) along with 60 μl of the solution of the
enzyme were placed at room temperature for five minutes.
Similarly, 30mM AA (20 μl) was added for starting the
reaction. After that, the solution mixture was incubated for
5min. After the incubation, the absorbance of the solution
mixture was recorded at 570 nm using UV-visible spec-
trophotometer. *e COX-2 enzyme inhibition was in-
domitable from per unit time of absorbance value. *e IC50
values were resolute by plotting the reticence of enzyme
beside different test fraction concentrations. Celecoxib was
employed as a positive control (standard drug).

2.5.2. 5-LOX Assay. *e inhibitory potential of 5-LOX on
the H. plantaginea various fractions was carried out as per
the previously reported procedure. Firstly, various dilutions
were made ranging from 31.25 to 1000 μg/mL. Afterward,
the 5-LOX enzyme having 10,000 Uml−1 solutions was
prepared. Linoleic acid (80mM) was used as a substrate in
this assay. Likewise, phosphate buffer (50mM) was ready
with 6.3 pH. *e various fractions of the plant samples were
mixed in phosphate buffer solution and lipoxygenase en-
zyme (250 μl each) was mixed with it and incubated for 5
minutes at normal room temperature. *en, 0.6mM of
substrate solution (1000 μl) was added with that of the so-
lution containing enzyme and shaken; after that, absorbance
was deliberated at 234 nm. *e experimental procedures
were carried out thrice. In our activity, the standard drug
employed was zileuton [26]. *e % inhibition was calculated
by the following equation:

Percentage Inhibition �
Control Abs. − Sample Abs.

Control Abs.
× 100.

(1)

2.6. In Vivo Pharmacological Activities

2.6.1. Animals. Albino mice of either sex were used in all
experimental work and all experiments were conducted in
the time range from 8.00 am to 5.00 pm. Food and water
were available to all animals. *e light-and-dark cycle was
conserved with a temperature of 22± 2°C and which has an
exhaust fan facility. At the end of all experimental processes,
animals were sacrificed by scheduled 1 method and ap-
propriately disposed of according to ethical guidelines of the
institution. *e experimental albino mice were employed as
per authorization of the ethical board having letter number:
UOS. Ph. 40121 Department of Pharmacy, University of
Swabi, Pakistan.

2.6.2. Acute Toxicity. *e acute toxicity was carried out on
investigational albino mice. All animals were alienated into
different sets having test and control groups. Every group
has 5 tested animals. *eH. plantaginea tested samples were
administered per oral at various doses (25 to 2000mg kg−1)
according to body weight. For the dose preparation, Tween-
80 was employed. After administration of various doses, the
experimental mice were pragmatic for up to 3 days for any
minor allergic reactions and abnormal behavior [27].

2.6.3. Antinociceptive Activity. We used two standard
models for the evaluation of antinociceptive activity in mice:
acetic acid-induced writhes and hot plate models [28, 29].

(1) Acetic Acid-Induced Writhes. Animals were deprived of
food and water for 2 hours before starting the experi-
mental procedure. Animals were divided into various
groups. *e acetic acid at a dose of 10ml/kg (1%) was
administered intraperitoneally into the animal, which
leads to constrictions of the abdomen. *is constriction
was counted for 20 minutes [23]. Diclofenac sodium at a
dose of 50mg/kg was taken as a reference standard. Crude
extract and their subsequent fractions were given at doses
of 100mg/kg, while 0.9% sodium chloride was taken as a
control group. *e standard drug, test drug, and normal
saline were administered intraperitoneally to different
groups of animals 30 minutes before the administration of
acetic acid.

(2) Hot Plate Test. All the animals were habituated to the
laboratory environment at least 2 hours before experimental
procedures. Analgesiometer was used for the evaluation of
analgesic activity on hot plate [30]. *e hot plate temper-
atures were kept at 54.0± 0.1°C. Animals were subjected to
pretest and all those animals that show latency time less than
30 seconds were selected. *e selected animals were then
arranged into various groups like normal saline group,
standard group, and other potent fractions of the tested
samples. *e normal saline, standard drug, and various
fractions of the test sample were administered intraperito-
neally. *e latency time of animals on the hot plates at
intervals of 30, 60, and 90 minutes was calculated.
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(3) Effect of Naloxone on Antinociceptive Activity of Various
Fractions on Hot Plate Model Experimental Protocol. For the
evaluation of the mechanism of theH. plantaginea, naloxone
and tramadol were given to the animals. *e animals were
divided into ten groups, each group containing six animals
(n� 6). All the animals were acclimatized to the laboratory
environment 1 hour before the start of experimental work.
In this study, albino mice of either sex were used through
experiments and are exposed to the hot plate having a
temperature of 54.0± 0.1°C. All the animals were subjected
to pretest. All those animals were selected which shows
latency time less than 30 seconds and the other animals were
rejected to circumvent tissue damage [29]. After completion
of the pretest, tramadol at a dose of 5mg/kg was injected
intraperitoneally and the latency time was recorded at 30, 60,
and 90 minutes. In the antagonistic activity, naloxone at a
dose of 1mg/kg was administered subcutaneously 10
minutes before tramadol administrations [31].

2.6.4. Anti-Inflammatory Activity

(1) Carrageenan-Induced Inflammation. Carrageenan-in-
duced paw edema was used for evaluation of anti-inflam-
matory activity [32]. All the animals of either sex were
arranged into five groups each having six animals. All the
animals were fasted overnight but have free excess to water.
Diclofenac sodium (50mg/kg) as a standard drug, normal
saline as a control group, and various fractions at a dose of
100mg/kg were administered 30 minutes before adminis-
tration of 0.05ml of 1% carrageenan into the subplantar area
of the paw. A high-sensitivity instrument digital plethys-
mometer was used for measuring a small volume change in
hid paw developed in the form of edema after injection of
carrageenan. Reading was taken on a plethysmometer before
and after carrageenan administrations up to 5 hours at an
interval of 1 hour.

2.6.5. Antipyretic Activity

(1) Brewer’s Yeast-Induced Pyrexia. For the evaluation of
antipyretic study, Brewer’s yeast model was used in which
20% Brewer’s yeast was injected subcutaneously leading to
hyperpyrexia [33]. All the animals were fasted overnight
having free excess to water only and are arranged into
various groups, each group containing 6 animals. With the
help of a digital thermometer, rectal temperatures were
recorded after 24-hour administration of Brewer’s yeast. All
those animals were selected which shows the rise in tem-
perature up to 0.3–0.5°C. Group 1 received normal saline at a
dose of 10ml/kg, group 2 received standard drug at a dose of
150mg/kg, and groups 3, 4, and 5 received test drug at a dose
of 100mg/kg body weight intraperitoneally. Rectal tem-
perature was recorded after administration of all groups at
an interval of 30 minutes, 60 minutes, and 90 minutes.
Lubricants such as olive oil were used for insertion into the
animal rectum and were maintained for 30 seconds for
temperature record (Figure 1).

2.6.6. Analysis of Data. *e results of all the experimental
works were demonstrated as mean± SEM of all the groups
having six animals. *e IC50 values were calculated through
SPSS software. One-way ANOVA statistical tools were used
for the assessment and differences of various means, which
follow two-way ANOVA followed by Bonferroni’s posttest
by using GraphPad Prism version 5. During statistical
analysis, the value of P that is less than 0.05 was considered
to be statistically significant.

3. Results

3.1. GC-MS Analysis. *e GC-MS analysis of Hp. Cr was
executed and recognized twenty-two (22) molecules in it.
*e structure of all the known molecules is exhibited in
Figure 2. GC-MS identification depends on the corre-
sponding of spectral peak, the fragmentation pattern of its
peak and mass through the identified library is established
inside the apparatus. For that reason, occasionally it is
probably because of the fact that basic two molecules will
have the same fragmentation pattern andmass spectra, but it
is not an ordinary case. Furthermore, all the details about the
new molecule present inside of plant were not installed in
GC-MS library, so there is the probability of not identifying
those new molecules. Full details of GC-MS analysis are
summarized in Table 1. *e compounds 2, 4, 5 were pre-
viously reported for their anti-inflammatory potential while
compound 6 was reported as antihemorrhagic, analgesic,
diuretic, antipyretic, and insecticide activities.

3.2. In Vitro Pharmacological Activates

3.2.1. Cox-2 Assay. In this assay, various fractions like Hp.
Chf and Hp. EtAc exhibited excellent COX-2 inhibition as
shown in Table 2. Hp. Chf showed that the highest COX-2
inhibitory potential observed was 77.40± 0.25,72.41± 0.30,
65.79± 1.28, 61.32± 0.68, and 56.49± 0.73%; activity was
monitored for the fraction Hp. Chf at concentration of 1000,
500, 250, 125, and 62.5 μgmL−1, respectively, with IC50 value
of 33.81 μgmL−1. Likewise, Hp. EtAc exhibited second
highest inhibitory potential observed: 76.38± 0.76,
69.37± 0.52, 62.90± 1.16, 54.48± 0.54, and 45.56± 0.69 with
IC50 value 87.56 μgmL−1, respectively. Celecoxib demon-
strated 84.51± 0.30, 77.84± 0.27, 73.50± 2.26, 65.74± 0.16,
and 61.56± 0.28 with IC50 value 23.30 μgmL−1 respectively.
All the other fractions displayed good-to-moderate activity
in this assay.

3.2.2. 5-LOX Assay. In this assay, Hp. Chf exhibited highest
activity against with 81.73± 0.37, 75.27± 1.37, 69.62± 0.11,
63.81± 0.51, and 59.08± 0.12 percent inhibition at concen-
tration of 1000, 500, 250, 125, and 62.5 μgmL−1, respectively.
*e IC50 value measured from the dose-response curve was
26.74 μgmL−1. Similarly, Hp. EtAc exhibited 80.47± 0.70,
73.57± 0.43, 65.12± 0.94, 57.76± 1.09, and 49.38± 0.50 with
IC50 value 67.51 μgmL−1, respectively. *e standard drug
linoleic acid displayed 87.66± 0.45, 81.64± 0.42, 76.01± 1.61,
70.46± 0.32, and 64.50± 0.02 inhibition at concentration
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ranging from 1000 to 62.5 μgmL−1, respectively, attaining
the IC50 value of 17.47 μgmL−1 as shown in Table 2.

3.3. In Vivo Pharmacological Activities

3.3.1. Acute Toxicity Result. In the acute toxicity studies, no
mortality and no changes in behavior were noticed in the
investigational mice. Based on the observation in the acute
toxicity result, a dose of 2000mg/kg was measured as the
safest dose. *e information of the doses specified to mice is
presented in Table 3.

3.3.2. Evaluation of Antinociceptive Activity

(1) Acetic Acid-Induced Writhing Activity. A significant
decrease in the number of writhing was observed in animals
treated with standard drug (50mg/kg I/P) as compared to
the normal saline control group. *e number of writhes
exhibited by the standard group is 10.33 with 74.70% of
inhibition, while the Hp. Chf and Hp. EtAc have also re-
versed the effect of acetic acid and displayed number of
writhes 16.17± 0.10 and 11.67± 0.60 (P< 0.001) with
60.39± 0.42, and 71.42± 0.55% of inhibition, respectively, at
a dose of 100mg/kg I/P (Figure 3).

Acute Toxicity Study

Antinociceptive Activity
i. Acetic acid induced writhing test
ii. Hot Plate Test
iii. Nalaxone activity on Hot plate model

Anti-inflammatory Activity
i. Carrageenan Induced Inflammation

Anti-Pyretic Activity
i. Brewer’s yeast induced PyrexiaHabenaria plantaginea

In-vivo Study

Figure 1: Schematic diagram of the in vivo experimental animal design.
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Figure 2: Identified compounds’ structures in Habenaria plantaginea.
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(2) Evaluation of Antinociceptive Activity on Hot Plate Model
after 30 Minutes. A significant increase in the latency time
was observed in animals treated with standard drug (tra-
madol 5mg/kg I/P) as compared to the vehicle control
group. *e latency time after 30 minutes observed in the
positive control group was 17.23 with 47.59± 0.71% anal-
gesic activity at 100mg/kg body weight.*eHp. Chf fraction
of the plant has reversed the latency time 14.33± 0.44
(P< 0.01) with 36.99± 0.94% inhibition of thermal stimuli
significantly at the dose of 100mg/kg I/P. *e Hp. EtAc also
reversed the effect significantly causing 29.62± 0.84
(P< 0.05) % inhibitions at the dose of 100mg/kg (Table 4).

(3) Evaluation of Antinociceptive Activity on Hot Plate Model
Result after 60 Minutes. A significant increase in the latency
time was observed in animals treated with standard drug
(tramadol 5mg/kg I/P) as compared to the vehicle control
group after 60 minutes (P< 0.001). *e fraction Hp. Chf has
reversed the analgesic potential causing 44.16± 0.70% in-
hibition (P< 0.01) significantly at the dose of 100mg/kg I/P.
*e tested fraction Hp. EtAc having latency time in 14
seconds, which has also reversed the good effect of thermal
stimuli with 35.50± 0.50% inhibition (P< 0.05) significantly
at the dose of 100mg/kg (Table 4).
(4) Evaluation of Antinociceptive Activity on Hot Plate
Model Result after 90 Minutes. A significant increase in the
latency time was observed in animals treated with standard
drug (tramadol 5mg/kg I/P) as compared to the vehicle
control group with latency time 13.27 (P< 0.001) causing
34.69± 0.56 of % inhibition. *e Hp. Chf fractions reversed

the pain effect significantly with latency time 11.25 (P< 0.01)
causing percent analgesic inhibitions 22.93± 0.60 at the dose
of 100mg/kg I/P. *e Hp. EtAc fraction displayed a latency
time of 8.8 causing a very low effect as contrasted to the
negative control at the same dose. Results were shown in
Table 4.
(5) Mechanistic Antinociceptive Activity of Various
Fractions on Hot Plate Model. It depicts the tramadol
antinociceptive activity, which shows that standard drug
morphine (5 mg/kg) possesses a significant result,
34.10 ± 0.20 (P< 0.001) % inhibition; the tested fraction
Hp. Chf at a dose of 100mg/kg causes 58.23 ± 0.44
(P< 0.001) % inhibition while Hp. EtAc exhibited sig-
nificant result 43.39 ± 0.52 (P< 0.001). Table 5 represents
the effects of naloxone after 30, 60, and 90 minutes in hot
plate test. *e data were expressed as means ± SEM
(n � 6).

3.3.3. Evaluation of Anti-Inflammatory Activity Test Results.
A significant decrease in paw volume was observed in an-
imals treated with standard drug (diclofenac sodium 10mg/
kg I/P) as compared to the vehicle control group. *e
percent increase in paw volume in the positive control group
is decreased from the first 1st to 5th h with 30.01± 0.10 to
23.20± 0.40 (P< 0.001) causing 34.76± 0.56 to
55.38± 0.80% edema volume inhibition from the 1st to 5th
hours, respectively. *e Hp. Chf displayed 32.61± 0.88
percent inhibition at the 1st h and till significant 46.15± 0.10
at the 5th h. *e next most potent activity was shown by Hp.

Table 1: GC-MS details of identified compounds.

S.
no. Chemical name Common name/synonym Formula

1 1-Methyl-4-(prop-1-en-2yl)cyclohexyl acetate Beta-terpinyl acetate C12H20O2
2 1-Methyl-4-(6-methyl hept-5-en-2-yl)benzene Alpha-curcumene C15H22
3 1-Isopropyl-4,7-dimethyl-1,2,4a,5,6,8a-hexahydronaphthalene Not identified C15H24
4 2-(4-Methylcyclohex-3-enyl)propan-2-0l Alpha-terpineol C10H18O
5 1-Methyl-4-(6-methylhepta-1,5-dien-2-yl)cyclohex-1-ene β-Bisabolene C15H24
6 1-Isopropyl-4,7-dimethyl-1,2,3,4,4a,5,6,8a-octahydronaphthalen-4a-ol Cadina-1(6),4-diene C15H26O
7 Spiro[androst-5-ene-17,1′cyclobutan]-2′one,3-htdroxy- Not identified C22H32O2
8 (Z)-1-Methyl-4-(6-methylhepta-2,5-dien-2-yl)-7-oxa-bicyclo[4.1.0]heptane Not identified C15H24O
9 2,7,7-Trimethylbicyclo[2.2.1]heptan-2-ol Isoborneol C10H18O
10 1,1,4,7-Tetramethyl-decahydro-1H-cyclopropa[e]azulen-4-0l Viridiflorol C15H26O
11 1,1,4,7-Tetramethyl-decahydro-1H-cyclopropa[e]azulen-4-0l Globulol C15H26O
12 4-Isopropyl-1,6-dimethyl-1,2,3,4,4a,7,8,8a-octahydronaphthalen-1-ol δ-Cadinol C15H26O
13 4,6-Dimetylcyclohex-1-enecarbaldehyde Not identified C9H14O
14 Spiro [4.5]dec-6-en-8-0ne, 1,7-dimethyl-4-(1-methylethyl)- Acorenone 1 C15H24O
15 (Z)-3-isoropyl-6,8 a-dimethyl-1,2,3,3a,4,5,8,8a-octahydroazulen-3a-ol Bullnesol C15H26O
16 (E)-3,7-dim ethylocta-1,5,7-trien-3-one Hotrienol C10H14O
17 (E)-3,7-dimethylocta-2,6-dienal Not identified C10H16O

18 Methyl octadeca-2,5-diynoate Methyl 2,5-
octadecadiynoate C19H30O2

19 (E)-3,7-dim ethylocta-2,6-dienyl acetate 1-Octanol C12H20O2

20 Ethyl pentadecanoate n-Pentadecanoic acid ethyl
ester C17H34O2

21 (1,2,6a,6b,9,9,12a-heptamethyl-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-
icosahydropicen-4a yl)methanol Not identified C30H50O

22 10,13-Dimethyl-2-methylene-17-(6-methylheptan-2-yl)-hexadecahydro-1H-cyclopenta[a]
phenanthren-3-ol Not identified C28H48O
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Table 2: Results of in vitro cyclooxygenase and lipoxygenase inhibitory activity.

Name Concentration COX-2% inhibition
(mean± SEM)

COX-2 IC50 (μg/
ml)

5-LOX % inhibition
(mean± SEM)

5-LOX IC50 (μg/
ml)

Hp. Chf

1000 77.40± 0.25∗∗∗

33.81

81.73± 0.37∗∗∗

26.74
500 72.41± 0.30∗∗ 75.27± 1.37∗∗∗
250 65.79± 1.28∗∗∗ 69.62± 0.11∗∗∗
125 61.32± 0.68∗ 63.81± 0.51∗∗∗
62.5 56.49± 0.73∗∗ 59.08± 0.12∗∗∗

Hp. EtAc

1000 76.38± 0.76∗∗∗

87.56

80.47± 0.70∗∗∗

67.51
500 69.37± 0.52∗∗∗ 73.57± 0.43∗∗∗
250 62.90± 1.16∗∗∗ 65.12± 0.94∗∗∗
125 54.48± 0.54∗∗∗ 57.76± 1.09∗∗∗
62.5 45.56± 0.69∗∗∗ 49.38± 0.50∗∗∗

Hp. Cr

1000 65.94± 0.71∗∗∗

200

71.50± 0.56∗∗∗

106.99
500 58.28± 0.54∗∗∗ 65.40± 0.55∗∗∗
250 52.65± 0.91∗∗∗ 59.36± 0.57∗∗∗
125 45.30± 0.55∗∗∗ 51.30± 0.52∗∗∗
62.5 37.63± 0.98∗∗∗ 44.37± 0.58∗∗∗

Hp. Hex

1000 64.55± 0.51∗∗∗

217.93

66.42± 0.46∗∗∗

171.05
500 57.55± 0.67∗∗∗ 60.53± 0.41∗∗∗
250 51.40± 0.44∗∗∗ 52.68± 0.64∗∗∗
125 45.67± 0.55∗∗∗ 47.46± 0.47∗∗∗
62.5 37.33± 0.62∗∗ 40.51± 0.62∗∗∗

Hp. Bt

1000 60.35± 0.51∗∗∗

438.39

63.45± 0.59∗∗∗

328.34
500 51.27± 0.58∗∗∗ 55.49± 0.60∗∗∗
250 43.41± 0.55∗∗∗ 46.23± 0.44∗∗∗
125 34.40± 0.76∗ 37.50± 0.61∗∗
62.5 27.24± 0.80∗ 31.47± 0.46∗

Hp. Aq

1000 68.83± 1.07∗∗∗

141.2

72.37± 0.54∗∗∗

132.27
500 61.39± 0.60∗∗∗ 64.00± 0.20∗∗∗
250 56.58± 0.56∗∗∗ 57.15± 0.91∗∗∗
125 49.29± 0.43∗∗∗ 51.15± 0.61∗∗∗
62.5 41.37± 0.58∗∗∗ 40.40± 0.68∗∗∗

Celecoxib

1000 84.51± 0.30

23.20 — —
500 77.84± 0.27
250 73.50± 2.26
125 65.74± 0.16
62.5 61.56± 0.28

Montelukast

1000

— —

87.66± 0.45

17.47
500 81.64± 0.42
250 76.01± 1.61
125 70.46± 0.32
62.5 64.50± 0.02

*e values are presented as mean± SEM (n� 5). *e asterisk shows that the significance levels in comparison with that of the negative control. Data were
analyzed via two-way ANOVA followed by Bonferroni’s posttest. ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001.

Table 3: Group of animals and drug quantities are given for acute toxicity studies with various fractions of H. plantaginea.

Groups Animals Conc. (μg/mL)
1 5 25
2 5 50
3 5 100
4 5 200
5 5 300
6 5 400
7 5 500
8 5 1000
9 5 2000
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EtAc at the 4th h (43.40± 0.42) after carrageenan induction
(Figure 4).

3.3.4. Evaluation of Brewer’s Yeast-Induced Antipyretic Ac-
tivity Result. *e subcutaneous injection of yeast suspension

noticeably elevated the rectal temperature after adminis-
tration. A significant decrease in rectal volume was observed
after 30, 60, and 90 minutes with 34.20± 0.42, 33.02± 0.10,
and 35.50± 0.52°C (P< 0.001) in animals treated with
standard drug (50mg/kg I/P) as compared to the vehicle
control group. *e tested fraction Hp. Chf also reduced the

writhing test (100 mg/kg)
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Figure 3: Analgesic activities through acetic acid-induced writhing potential in mice.*e data were expressed as means± SEM (n� 6). Data
were analyzed via two-way ANOVA followed by Bonferroni’s posttest. ∗∗∗P< 0.001. ###Comparison of standard drug to the normal saline
group.

Table 4: Antinociceptive activity of H. plantaginea assessed using the hot plate test.

Treatment Dose (mg/kg)
Latency time in seconds (mean± SEM)

After 30min After 60min After 90min
Normal saline 10ml/kg 9.03± 0.40 10.05± 0.30 8.67± 0.65
Standard 5mg/kg 17.23± 0.33∗∗∗ 19.56± 0.52∗∗∗ 13.27± 0.25∗∗∗
Hp. Chf 100mg/kg 14.33± 0.44∗∗ 16.17± 0.42∗∗ 11.25± 0.52∗∗
Hp. EtAc 100mg/kg 12.83± 0.52∗ 14.00± 0.10∗∗∗ 8.83± 0.80∗

*e data represent analgesic activities through hot plate test in mice.*e data were expressed as means± SEM (n� 6) analyzed via two-way ANOVA followed
by Bonferroni’s posttest. ∗P< 0.05; ∗∗P< 0.01; ∗∗∗P< 0.001; and ns: not significant.

Table 5: Results of analgesic activity following hot plate model and opioid receptors evaluation study.

Samples Dose (mg/kg)
Reaction time on hot plate

30min 60min 90min
Normal saline 10ml/kg 10.12± 0.42 10.12± 0.57 10.12± 0.33
Normal saline +NLX 10ml/kg + 1 10.14± 0.71 10.14± 0.47 10.14± 0.60
Morphine 5 21.64± 0.59 23.64± 0.70 19.64± 0.60
Morphine +NLX 5 + 1 14.26± 0.94 16.60± 0.66 12.40± 0.88
Hp. EtAc 100 19.96± 0.05 22.26± 0.04 24.80± 0.07
Hp. EtAc +NLX 100 + 1 11.30± 0.03 13.70± 0.09 16.60± 0.48
Hp. Chf 100 20.42± 0.08 25.60± 0.05 28.10± 0.55
Hp. Chf +NLX 100 + 1 8.53± 0.30 9.98± 0.59 14.40± 0.71
While after 60 minutes, the standard drug tramadol possesses a significant result (P< 0.01). Hp. Chf and Hp. EtAc fractions displayed dose-dependent result
causing 61.01± 0.45 (P< 0.001) and 38.45± 0.50 (P< 0.01) analgesic effect at the dose of 100mg/kg. Similarly, after 90 minutes, tramadol again exhibited a
significant result (P< 0.01), while tested fraction Hp. EtAc has 33.06± 0.33 (P< 0.01)% potential. Likewise, tested fraction Hp. Chf at 100mg/kg body weight
exhibited dose-dependent results as that f the standard drug causing 48.75± 0.56 (P< 0.001)% inhibitions.
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rectal temperature significantly at 30, 60, and 90 minutes
causing 34.10± 0.56, 32.88± 0.66, and 34.10± 0.20°C
(P< 0.001) at 100mg/kg I/p. *e other fraction like Hp.
EtAc also revealed good reduction in rectal volume after 60
minutes, 36.20± 0.40°C (P< 0.01) (Figure 5).

4. Discussion

Currently, several investigational drugs have been developed
by scientists to control pain and inflammation but still the
therapy is not completely satisfactory [34, 35]. Due to a
considerable increase in the field of medicine, disease and
disorder treatment with new inventions increase tremen-
dously.*e evolutions of synthetic compounds and alternate
medicine are searching out in which the possibilities of
adverse effects should be minimized as compared to existing
drugs. For the treatment and management of pain, in-
flammation, and pyrexia, the use of NSAIDs leads to severe
abnormalities and complications which causes cardiac and
kidney abnormality, gastric and intestinal bleeding, and so
on (Wolfe et al., 1999) [27]. *e human COX enzyme is a
dimer of COX-1 and COX-2 subunits and catalyzes the
oxidation of AA to generate PGG2 followed by reduction
into PGH2 [36]. *e prostaglandins PGG2 and PGH2 are the
precursors of signaling molecules in various diseases in-
cluding inflammation, cardiovascular problems, and cancer
[37]. *e catalytic domain of each subunit of the dimer
comprises cyclooxygenase and peroxidase active sites on
either side of the heme prosthetic group [38]. *e nonse-
lective NSAIDs target the COX-1 and COX-2 enzymes to
block the formation of inflammatory signaling precursors
leading to acute inflammation, cancer, and cardiovascular

diseases [39]. For example, aspirin acetylates Ser-530 on the
cyclooxygenase active site and inactivates the enzyme by
interfering with the binding of AA to Ser-530 in each of the
two subunits [40].

For the evaluation of antinociceptive activity acetic acid-
induced writhing model, pain in the peripheral origin is
induced through the injection of irritant chemicals, such as
acetic acid [41]. In the activity of abdominal constrictions,
which are induced by acetic acid, the synthesis of prosta-
glandins plays a key role [42] through the action of the
essential enzymes such as cyclooxygenase-II, which cause an
increase in pain perception at sensory nerve endings. Per-
ception of pain through COX pathway and activation of the
sensory pathways in the peritoneum of mice encourage
abdominal constrictions and a viscerosomatic reflex was
observed in response to acetic acid (algesiogenics) [43]. At
the terminal of the abdominal peritoneum sensory afferents,
neurons possess adrenergic receptors like α-adrenoceptors,
β-adrenoceptors, and some opioid receptors. *e genera-
tions of pain impulses become depressed with the activation
of these receptors by the appropriate agonists but in the mice
peritoneum, an interaction was found between opioid re-
ceptors and α-adrenoceptors [44, 45]. *e central and pe-
ripheral processes are involved in abdominal constrictions
[46].

*e inflammatory process along with neurons of the
dorsal horn is activated in the later phase of nociception [47].
It was suggested that in hot plate test determination of
central pain mechanisms the nociceptive responses are in-
tegrated supraspinally [48].

In Figure 1, the study of antinociceptive activity on mice
was evaluated through acetic acid induced writhing model,
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Figure 4: Carrageenan-induced anti-inflammatory potential in mice. *e data were expressed as means± SEM (n� 6). Data were analyzed
via two-way ANOVA followed by Bonferroni’s posttest. ∗∗∗P< 0.001.

Evidence-Based Complementary and Alternative Medicine 9



which shows a significant decrease in the number of writhes
in animals treated with standard drug being 10.33 with
74.70% of inhibition at a dose of 50mg/kg I/P. *e potent
fractions of H. plantaginea like Hp. Chf and Hp. EtAc at the
dose of 100mg/kg body weight I/p show a significant effect
with the number of writhes: 16.17± 0.10 and 11.67± 0.60
causing 60.39± 0.42 and 71.42± 0.55% of inhibition, re-
spectively (P< 0.001), in acetic acid-induced analgesia. Hot
plat test has been performed to distinguish whether the
various fractions have a central or peripheral antinociceptive
effect. Standard drug shows a significant 47.59± 0.71 %in-
hibition (P< 0.001) resulting in prolonging the latency time
at various intervals while in tested fractions Hp. Chf
exhibited a significant result causing 36.99± 0.94 and
44.16± 0.70 (P< 0.01) after 30 and 60 minutes at a dose of
100mg/kg I/P in hot plate evaluation test. *e tramadol
antagonistic nociceptive activity was evaluated by utilizing
the hot plate test [49]. *e antinociceptive effect of tramadol
(5mg/kg) was reversed significantly by opioid antagonist
naloxone (1mg/kg) causing 34.10± 0.20 (P< 0.01), and the
Hp. EtAc and Hp. Chf fractions have shown a significant
result: 43.39± 0.52 (P< 0.01) and 29.76± 0.66 (P< 0.01)
percent inhibition after 30 minutes at a dose of 100mg/kg,
respectively.

For the evaluation of antipyretic activity, fungal pyro-
gens present in Brewer’s yeast induce pyrexia in rodents.
Recommended guidelines for the evaluation of antipyretic
activities show that Brewer’s yeast should be administered
subcutaneously [50]. Upon administration of Brewer’s yeast,
several inflammatory mediators such as transcription fac-
tors, cytokines like IL-6 and TNF-, and enzymes involved in
the synthesis of PGE2 are released [51]. *e retardations of
these mediators are accountable for the antipyretic effects

(Rawlins, 1973). *e cause of pyrexia induced with the
administration of Brewer’s yeast may be due to the pro-
duction of prostaglandins [52]. Upon administration of
various reactions of the H. plantaginea at high doses such as
100mg/kg on the base of body weight I/P and standard drug
paracetamol the rectal temperature of mice were signifi-
cantly at 30, 60, and 90 minutes with 34.20± 0.42,
33.02± 0.10, and 35.50± 0.52°C (P< 0.001) reduced, which
shows that the tested fraction possesses antipyretic activity.
*e possible mechanism of the Hp. Chf (34.10± 0.56 at 30
minutes) fraction and standard drug paracetamol may be the
inhibition of PGs, which shows its antipyretic activities.

*e most common model used for the study of in-
flammation is carrageenan-induced paw edema [53]. *e
most important parameter of inflammation is the formation
of edema, which is considered for the evaluation of anti-
inflammatory activity of selected compounds [54]. PGE2 and
Bradykinin release at the site of inflammation induced
carrageenan [55, 56]. A biphasic response was investigated
with the injection of carrageenan in the paw of the mice in
which multiple mediators are released which leads inflam-
mation (Cuzzocrea et al., 1999). *is study shows that Hp.
Chf fraction of H. plantaginea significantly displayed
32.61± 0.88 percent inhibition at the 1st h and till significant
46.15± 0.10 at the 5th h. *e next potent activity was shown
by Hp. EtAc at the 4th h (43.40± 0.42) after carrageenan
induction. *e results demonstrate that the both fractions
affect the early and late phases of inflammation.

During the pain and inflammatory progression, the
release of free radicals like ROS that cause the proin-
flammatory cytokines (IL1β, TNF-α, and IL-6), production
of cell lyses, and COX and LOX expression are responsible
for various diseases [57, 58]. *e inhibitory result of the
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various fractions of H. plantaginea against COX-2 and 5-
LOX enzyme was assessed that were extensively employed to
conclude the anti-inflammatory capacity of the fractions
[59] and is generally employed for the evaluation of analgesic
and anti-inflammatory potential of various fractions. Based
on the result attained from the current study, the COX-2 and
5-LOX scavenging potential of Hp. Chf (IC50 33.81 and
26.74 μg/mL) exhibited comparable and dose-dependent
results to that of standard drug celecoxib and montelukast
(IC50 23.20 and 17.47 μg/mL) [60].*e in vitro analgesic and
anti-inflammatory capacity of various fractions contribute to
strengthening the anti-inflammatory, antipyretic, and an-
algesic potentials.

*is study possesses significant importance in the de-
velopment of new natural product research, which permits
us to predict that the said plant has new drugs that contain
antinociceptive, antipyretic, and anti-inflammatory prop-
erties. *e natural products are free from common side
effects possessed by traditional NSAIDs, which minimize
economic burden and increase patient compliance. *e
current study possesses a base for the development of new
drugs, which require detailed pharmacological study on
different animal models.

5. Conclusions

Based on current results, it might be clear thatH. plantaginea
plant has anti-inflammatory potential and also possesses
analgesic and antipyretic compounds. Further,
H. plantaginea may be a good candidate for complementary
and alternative therapy. *is might be free from common
side effects passed by traditional NSAIDs. *is study also
gives investigational and scientific justification for the eth-
nomedicinal use of H. plantaginea plant as analgesic, anti-
inflammatory, and antipyretic.
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Objective. Acute-on-chronic liver failure (ACLF) is a group of chronic liver diseases and caused by acute internal and external liver
injury. Wenyang Huazhuo Tuihuang (WYHZTH) formula had a good clinical effect on promoting the resolution of jaundice. -e
aim of this study is to further investigate the mechanism of theWYHZTH formula in the ACLF rat model.Methods. -e ACLF rat
model was constructed by combining human serum albumin with LPS and D-gal. WYHZTH was used to intervene and treat. -e
cytokines IL-17, IL-23, IL-10, and TGF-βwere detected by ELISA and fluorescence-quantitative PCR. Flow cytometry was used to
detect the percentage of-17 and Treg cells in the peripheral blood and liver tissues of each group of rats.-e pathological changes
in the liver tissue were detected by hematoxylin-eosin staining, immunohistochemistry, and electron microscopy. Results.
Compared with the ACLF group, the WYHZTH formula and-y significantly decreased the levels of ALT, AST, and CHE in the
ACLF group. After drug intervention, apoptosis was significantly reduced. -e PCNA expression decreased in the ACLF model
group but increased in the WYHZTH or -y group. Under transmission electron microscope, hepatocytes in the ACLF group
showed obvious necrosis. After drug intervention, hepatocyte necrosis was reduced with most of the structure returning to
normal. Conclusion. -is present study demonstrated that WYHZTH formula may protect against acute-on-chronic liver failure,
which may be related to the inhibition of -17/Treg cell imbalance.

1. Introduction

Liver failure is a serious clinical syndrome, which is char-
acterized by massive necrosis of hepatocytes caused by
various acute or chronic injuries caused by drinking, hep-
atotoxic drugs, or virus infection, such as hepatitis B virus
(HBV) and hepatitis C virus (HCV) [1–3]. Acute-on-chronic
liver failure (ACLF) is a concept that was first widely used in
liver disease intensive care units to distinguish patients who
were treated with artificial livers as a way to liver trans-
plantation [4]. In 2009, the Asia Pacific Association for the
Study of the Liver (APASL) first defined the concept of
ACLF. ACLF is an acute injury of liver function that occurs
on the basis of chronic liver disease, and it is related to
multiple organ failure and high mortality [5–7]. -erefore,

new strategies to prevent the disease progression of liver
failure are urgently required.

In recent years, -17/Treg balance in liver failure has
become a research hotspot [8, 9]. CD4+ T lymphocytes, as
helper Tcells, play an important regulatory role in the body’s
immune response and inflammatory response, and Treg/
-17 is derived from the initial CD4+ T cells (-0), which
antagonize each other in differentiation and function, and is
closely related to the inflammatory response, which is in-
volved in the occurrence of viral hepatitis, cirrhosis, and
acute or chronic liver failure [10–13].

Currently, the treatment of liver failure mostly adopts
comprehensive measures such as removing the cause and
regulating immune function, but there is still no break-
through progress, and there are many complications and
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high mortality. So far, there was no western medicine that
could inhibit the progress of ACLF, while in a previous
study, Wenyang Huazhuo Tuihuang (WYHZTH) formula is
composed of Baifu tablets, dried ginger, Yin Chen, raw
rhubarb, Chishao, Polygonum cuspidatum, ginseng, atrac-
tylodes, and licorice, which have a good clinical effect on
promoting the resolution of jaundice and removing the
dampness of the liver, gallbladder, spleen, and stomach,
thereby clearing away heat and removing fire. At the same
time, studies have pointed out that it also has a diuretic effect
[14, 15], which shows a delightful prospect for liver function
[16].

Our study was to deeply explore the mechanism of
WYHZTH formula in the ACLF rat model. We intended to
use Wenyang Huazhuo Tuihuang Recipe (WYHZTHR) to
treat the ACLF model, evaluate the expression changes of
CD4+ T cell subsets, clarify the protective effect of
WYHZTHR on liver tissue damage, explore the targets of
action of Chinese medicine in the treatment of ACLF, and
provide a new theoretical basis for the prevention and
treatment of ACLF by Chinese medicine.

2. Materials and Methods

2.1. Materials. -e herbal WYHZTH formula was decocted
by the Traditional Chinese Medicine Laboratory Center of
the First Affiliated Hospital of Guangxi University after the
identification of crude drugs was confirmed. -ymopentin
injection (M107827, Aladdin), 20% human serum albumin
(HSA), D-galactosamine (D-Gal), and lipopolysaccharide
(LPS) were purchased from Sigma. -e other reagents used
were as follows: hematoxylin-eosin (Cat. No. E8090, G1140,
G8590, Solarbio); protein marker, BCA protein concen-
tration determination kit (Cat. No. XY-MY-0112, XY-
MY-0096, Shanghai Xuanya), PVDF membrane, ECL
luminescence reagent (Cat. No. XF- P3360, ZDSJ140, Xinfan
Company), Tween-20 (Cat. No. PW0028, LEAGEN Com-
pany); RIPA tissue cell rapid lysate (Cat. No. BL504A,
Biosharp); Nephrin, Podocin, LC3-I/II, Beclin1, P62,
AMPK, and GAPDH protein primary antibody (Cat. Nos.
PAB40854, PAB44275, PAB34124, PAB44768, PAB35470,
PAB30970, and PAB36269, Bioswamp); p-AMPK and
p-ULK1 (Cat. Nos. 50081S and 14202S, CST); goat anti-
rabbit IgG (Cat. No. SAB43714, Bioswamp); and MaxVision
TM secondary antibody and HRP-polymer (Cat. No. Kit-
5020, Maixin).

2.2.AnimalModel. Sprague Dawley (SD) rats, equal number
of rats of either sex, 8 weeks old, weighing about 250 g, with a
total of 90 were used. -e animals come from -ree Gorges
University. Laboratory animal license number: SYXK (E)
2018-0104, certificate No. 42010200003097.-ey were raised
under SPF conditions. -e temperature was 22–26°C, rel-
ative humidity 50–60%, artificial light and dark for 12 hours,
and adaptive feeding for 1 week.

According to the random number table method, 15 rats
were selected as the normal control group and the other 75
rats were model groups. 20% human serum albumin was

used to construct a rat model of liver cirrhosis [17]. -e rats
were injected with 20% human serum albumin at 15mg/kg
through the tail vein twice a week, and themodel was formed
after 6 weeks. Based on liver cirrhosis, the ACLF rat model
was constructed by intraperitoneal injection of lipopoly-
saccharide (LPS 100 μg/kg) and D-galactosamine (D-Gal
400mg/kg) [17].

2.3. Drug Intervention and Animal Groups. After the model
was successfully constructed, the rats were divided into 6
groups for drug intervention, each with 15 rats: ①Normal
control group (NC): no treatment, fed with ordinary feed;
②Acute-on-chronic liver failure model group (ACLF):
equal volume of drinking water gavage. ③-ymopentin
group (ACLF+-y) : thymopentin 0.11mg/(kg·d) injected
and administered for 6 weeks;④WYHZTH low-dose group
(ACLF+WYHZTH-L): 0.23 g/(kg·d) was given by intra-
gastric administration for 6 weeks; ⑤WYHZTH middle-
dose group (ACLF+WYHZTH-M): 0.46 g/(kg·d) suspen-
sion was gavaged for 6 weeks; and ⑥WYHZTH high-dose
group (ACLF+WYHZTH-H): 0.92 g/(kg·d) suspension was
gavaged for 6 weeks. -e WYHZTH group and the thy-
mopentin group were planned to be administered by gavage
5 days before the model was started, continued until 48 h
after the success of the model, twice a day with an interval of
12 h, and the amount of gavage liquid was 2mL/100 g per
day.

2.4. General Behavior Observation. During the experiment,
the body weight (BW) of the rats was recorded every week,
and the weight changes of the rats in each group compared
with the NC group were statistically analyzed.

2.5. Biochemical Index Detection. After aseptic blood col-
lection from the abdominal aorta, the whole blood was
centrifuged at 3000 rpm for 15min, and the serum was
collected. -e alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and cholinesterase (CHE) in the
serum were detected by an automatic biochemical analyzer.

2.6. HE Staining. After the drug intervention completed, all
rats were sacrificed. -e liver tissue was dissected and then
fixed with 4% paraformaldehyde solution for more than 24
hours, dehydrated with absolute ethanol, respectively, at
70%, 80%, 90%, and 95% gradient elution for 30min,
dehydrated with absolute ethanol twice and transparent with
xylene, embedded in paraffin, and cut into tissue slices with a
thickness of 5 μm. After staining, the pathological changes in
the liver tissue were observed, especially hepatocyte damage,
and photos were taken under a light microscope.

2.7. TUNEL Method. According to the literature [18], after
fixation, the liver tissue is paraffin-embedded and sectioned.
-e sections had undergone routine dewaxing and hydra-
tion. According to TUNEL test kit instructions, DAB was
added into the sections for color rendering and restained
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with hematoxylin. 5 high-power lens fields were randomly
selected; each lens count 100 hepatocyte nuclei in each field,
and the percentage of apoptotic cells was calculated.

2.8. Immunohistochemical Assay. After antigen retrieval,
paraffin sections were placed in 3% H2O2 and blocked for 10
minutes to eliminate endogenous peroxidase activity. And
then, it was blocked and incubated with 10% goat serum for
30min. Primary antibody (proliferating cell nuclear antigen,
PCNA, 1 : 200 dilution) was added and incubated at 4°C in a
humidified box overnight. -en, the secondary antibody
(1 : 200) was added dropwise and incubated at 37°C for
30min. -e substrate DAB was added to develop color.
When the color change of the section was observed, the
staining solution was washed off with tap water immediately.
Hematoxylin was counterstained for 3min, differentiated
with 1% hydrochloric acid and alcohol, and rinsed with tap
water for 10min. Gradient alcohol dehydration was per-
formed. Xylene is transparent, and the film is mounted with
a neutral gum.-e regeneration of liver cells is observed, and
pictures were captured under a microscope.

2.9. Transmission Electron Microscope. -e liver specimens
were fixed with 2.5% glutaraldehyde and 1% hungry acid,
embedded in epoxy resin and sectioned after being dehy-
drated by ethanol and acetone, and then double stained with
saturated uranyl acetate and lead citrate. Finally, we ob-
served the change in the ultrastructure of the liver tissue
under a transmission electron microscope.

2.10. Enzyme-Linked Immunosorbent Assay. -e serum of
rats was collected in each group, 50 μL of different con-
centrations of standards and samples to be tested on the
ELISA plate and 50 μL PBS were added to the blank wells.
50 μL of enzyme-labeled IL-17, IL-23, IL-10, or TGF-β
antibody was added to each well, except for blank wells.
After sealing the plate with a sealing film, incubate at 37°C
for 30min, carefully remove the sealing film, discard the
liquid, and spin dry. 50 μL of A developer and 50 μL of B
developer were added and develop the color at 37°C for
10min in the dark. Finally, 50 μL of stop solution was added
to stop the reaction and the absorbance (OD value) of each
well was measured at 450 nm wavelength. A standard curve
was drawn with the concentrations of the standards as the
abscissa and the OD values as the ordinate, and the con-
centration of IL-17, IL-23, IL-10, and TGF-β was calculated
in the sample according to the OD value.

2.11. Real-Time Fluorescence Quantitative PCR. -e total
RNA of liver tissue was extracted by the Trizol method;
reverse transcription was performed according to the
TAKARA rapid cDNA first-strand generation kit; the
generated cDNA was used as a template for fluorescence
quantitative PCR amplification. Designing and synthesizing
of each qRT-PCR primer: IL-17-F CCCTCA-
GACTACCTCAACCG, IL-17-R GCTCTCAGGC
TCCCTCTTC; IL-23-F TGCTGCTCACGGTCACTT, IL-

23-RGCTTTGTGGCATCCTGG; IL-10-FGGTTGTCGTCT
CATTCTGAAAGA, IL-10-R GGTAGAGGACCCAAG
TTCGTTAAGA; TGF-β-F ACCAACTATTGCTTCAG
CTC, TGF-β-RCTTGCAGGAGCGCACGATCA; FOXP3-
FCTGGGAAGATGGCATTGAC, FOXP3-RCACTCTC-
CACTCGCACAAA; GAPDH-FCCTTCCGTGTTCCTAC,
GAPDH-RGACAACCTGTTCCTCA. All primers were
synthesized by Wuhan Tianyi Huiyuan Company. PCR
reaction conditions were as follows: predenaturation at 95°C
for 3min; 95°C for 5 s, 56°C for 10 s, 72°C for 25 s, total 40
cycles, and 72°C for 10min. -e Bio-Rad fluorescent
quantitative PCR instrument was used to determine the Ct
value. -e Ct value is standardized with the Ct value of
GAPDH, and the relative fold is calculated by 2−△△Ct, and
the data are recorded and carried out by ABIprism7300SDS
software.

2.12. Flow Cytometry. 1 ml of anticoagulated whole blood
sample was taken from each group of rats. After separating
the cells, IL-17 and CD4 labeling were used and the fre-
quency of - cells was detected. Meanwhile, CD4, CD25,
and Foxp3 labeling was used, and the frequency of Treg cells
was detected on a flow cytometer.

2.13. Statistical Analysis. SPSS 21.0 was used for data
analysis. -e t-test for the comparison of the two sample
means was statistically processed.-e data were expressed as
the x± s, and the comparison of percentages was performed
by the χ2 test; the comparison between multiple groups was
performed by one-way ANOVA analysis, and P< 0.05 in-
dicates the difference was significant.

3. Results

3.1. Effect of WYHZTH on the Body Weight of ACLF Rats.
After the success of the acute-on-chronic liver failure model,
the weight of rats in the ACLF group gradually decreased
over time. After 4 weeks, the weight in the ACLF group was
significantly lower than that in the NC group (P< 0.01).
Compared with the ACLF group, the weights in the
ACLF+WYHZTH-L/M/H group were all increased
(P< 0.05), and the weight in the ACLF+WYHZTH-H
group and the ACLF+-y group was significantly im-
proved, which was gradually increased with the increase of
the WYHZTH dose (P< 0.05, Table 1).

3.2. �e Level of Serum Liver Function Indexes in ACLF Rats
after WYHZTH Treatment. In order to explore the effect of
WYHZTH on the liver function of ACLF models, after the
drug intervention was completed, we measured ALT, AST,
and CHE in the serum. It was found that the levels of ALT
and AST in the ACLF group were higher than those in the
NC group (P< 0.001). Instead, the level of CHE was lower in
the ACLF group. After treatment, the levels of ALTand AST
in different doses of WYHZTH groups were significantly
lower than those in the ACLF group (P< 0.05), but CHE was
increased. Meanwhile, the content of ALT, AST, and CHE
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gradually changed with the WYHZTH dose increasing
(Figure 1).

3.3. Effect of WYHZTH on the Morphology of Liver Tissue in
ACLF Rats. In order to further demonstrate the role of
WYHZTH in the process of acute-on-chronic liver failure,
the changes in the liver tissue structure of rats in each group
were observed by HE staining (Figure 2(a)) and TUNEL
staining for apoptosis change in the liver tissue (Figure 2(b)).

Compared with the NC group, it was easy to find that the
ACLF group showed ballooning and vacuolar degeneration
of hepatocytes and the liver sinusoids dilated and congested
in a small area, with a small amount of inflammatory cell
infiltration outside the blood vessels and bile ducts. -e
degree of hyperemia and inflammatory cell infiltration in the
ACLF+-y group and the ACLF+WYHZTH group at
different doses were significantly reduced (Figure 2(a)). It
showed that the ACLF group significantly induced apoptosis
in liver tissue in TUNEL staining. However, after drug
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Figure 1: Effect of WYHZTH on the level of serum liver function indexes in ACLF rats. (a) -e quantification of AST in serum of rats from
different groups; (b) the concentration of ALT in serum of rats from different groups; (c) the concentration of CHE in serum of rats from
different groups. vs. NC group, ∗P< 0.05, ∗∗P< 0.01, ∗∗∗P< 0.001; vs. DN group, #P< 0.05, ##P< 0.01, ###P< 0.001.

Table 1: -e effect of WYHZTH on body weight of rats with acute-on-chronic liver failure (x± s, n� 6).

Group
BW (g)

After drug intervention
0 week 4 weeks 8 weeks

NC 266.37± 6.28 407.53± 4.21 478.53± 5.38
ACLF 259.60± 4.53 373.62± 6.42∗∗ 419.30± 5.46∗∗∗
ACLF+-y 260.28± 2.72 398.53± 6.23## 462.83± 6.34###
ACLF +WYHZTH-L 267.12± 2.64 368.53± 5.65 416.35± 2.35
ACLF+WYHZTH-M 265.42± 5.77 383.29± 1.59# 440.86± 6.71##
ACLF+WYHZTH-H 269.53± 3.26 401.78± 3.65## 466.54± 3.87###

vs. NC group, ∗P< 0.05, ∗∗P< 0.01, ∗∗∗P< 0.001; vs. ACLF group; #P< 0.05, ##P< 0.01, ###P< 0.001.
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intervention, there were some little green fluorescent spots;
that is, apoptosis was significantly reduced (Figure 2(b)).-e
PCNA expression in the NC group was uniformly diffused,
but expression decreased in the ACLF model group. In
ACLF+-y group and the different doseWYHZTH groups,
PCNA increased in varying degrees. -e arrows represented
the local expression of PCNA (Figure 2(c)). Under trans-
mission electron microscope, hepatocytes in the ACLF
group showed obvious necrosis, mitochondria swelled, and
cristae fractured or even disappeared, lipid droplets were
seen in the cytoplasm, and lysosomes were significantly
increased. After drug intervention, hepatocytes necrosis was
reduced, and the degree of lesions was significantly reduced
with most of the structure returning to normal. -e arrows
represented the distribution of mitochondrial cristae
(Figure 2(d)).

3.4. Expression of Inflammatory Factors IL-17, IL-23, IL-10,
and TGF-β in Serum and Liver Tissue of Rats. In order to

clarify whether WYHZTH plays a role in improving the
inflammatory injury of liver in ACLF, we first detected the
expression of inflammatory factors IL-17, IL-23, IL-10, and
TGF-β in the serum in each group of rats by ELISA. -e
results showed that the expressions of IL-17, IL-23, and IL-10
in the ACLF group were higher obviously than those in the
NC group (P< 0.001); meantime, TGF-β was also increased
in the ACLF group (P< 0.001, Figures 3(a)–3(d)). -e levels
of inflammatory factors in the ACLF+-y and
ACLF+WYHZTH-M/H groups were significantly lower
than those in the ACLF group (P< 0.05, Figures 3(a)–3(d)).
Moreover, as the dose of WYHZTH increasing, the expres-
sion of inflammatory factors and TGF-β gradually decreased.
In the high-dose group, inflammatory factors and TGF-β
were significantly reduced (P< 0.001, Figures 3(a)–3(d)),
which was basically close to the normal level.

In contrast to the cytokine level in the serum of rats, we
further detected the mRNA levels of IL-17, IL-23, IL-10,
TGF-β, and FOXP3 in liver tissues by fluorescence quan-
titative PCR. -e results showed that compared to the NC

NC ACLF ACLF+Thy

ACLF+
WYHZTH‑L

ACLF+
WYHZTH‑M

ACLF+
WYHZTH‑H

(a)

NC

ACLF

ACLF+
Thy

ACLF+
WYHZTH‑L

ACLF+
WYHZTH‑M

ACLF+
WYHZTH‑H

DAPI FITC-dUTP Merge

(b)

NC ACLF ACLF+Thy

ACLF+
WYHZTH‑L

ACLF+
WYHZTH‑M

ACLF+
WYHZTH‑H

(c)

NC ACLF ACLF+Thy

ACLF+
WYHZTH‑L

ACLF+
WYHZTH‑M

ACLF+
WYHZTH‑H

(d)

Figure 2: Effect ofWYHZTH on themorphology of liver tissue in ACLF rats. (a)-e liver tissue injury of rats in each group was observed by
HE staining (200x); (b) the apoptosis change of liver tissue was tested by TUNEL staining (200x); (c) immunohistochemistry detected the
expression of hepatocytes protein PCNA (200x); (d) ultrastructural changes of liver tissue in rats under electron microscope (6000x).
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group, the ACLF group IL-17, IL-23, TGF-β, and FOXP3
mRNA levels were significantly upregulated (all P< 0.05,
Figure 4), but IL-10 mRNA was downregulated. After drug
treatment, the expression of IL-17, IL-23, TGF-β, and FOXP3
was significantly reduced in ACLF+-y and different doses
of WYHZTH groups (P< 0.05, Figures 3(a)–3(d)). Mean-
time, the expression of inflammatory factors, TGF-β and
FOXP3, all gradually changed with the dose of WYHZTH
increasing.

3.5. �e Frequency of �17 and Treg Cells in the Peripheral
Blood of Rats with ACLF and/or WYHZTH Intervention.
Studies have shown that the number of -17 cells and Treg
cells is closely related to the occurrence and progression of
ACLF, so we further tested the frequency of -17 and Treg
cells in the peripheral blood of rats with ACLF and/or
WYHZTH intervention to clarify the mechanism, by which
WYHZTH can alleviate the occurrence and development of
ACLF. Our results showed that the ratio of CD4+IL-17+ -
cells in the ACLF group was significantly higher than that in
the NC group (Figure 5(a)), but after WYHZTH

intervention, the ratio of CD4+IL-17+ - cells decreased
(Figure 5(a)), which gradually decreased with increasing
dose. However, the opposite was true for
CD4+CD25+Foxp3+ Treg cells. -e ratio of Treg cells in the
ACLF group was significantly lower than that in the NC
group (Figure 5(b)), but after WYHZTH intervention, Treg
cells gradually increased (Figure 5(b)), which was also dose-
dependent with WYHZTH.

4. Discussion

Acute-on-chronic liver injury manifested as jaundice and
coagulopathy [19, 20]. In APASL revised in 2014, the concept
has been improved and high 28-day mortality rate has been
added [21]. It is usually related to sudden trigger events, and
the 90-daymortality rate increased due tomultisystem organ
failure [22, 23]. Acute-on-Chronic Liver Failure in Cirrhosis
(CANONIC) is a large-scale prospective study of patients
with decompensated acute liver cirrhosis. A multicenter
study [24] aims to distinguish patients with high short-term
mortality risk among people with decompensated cirrhosis
and develops the definition of ACLF.
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Figure 3: Expression of inflammatory factors IL-17, IL-23, IL-10, and TGF-β in serum of rats from different groups: (a) the concentration of
IL-17 in serum of rats in each group; (b) the expression of IL-23 in serum from different groups; (c, d) the concentration of IL-10 and TGF-β
in serum of rats from different groups. vs. NC group, ∗P< 0.05, ∗∗P< 0.01, ∗∗∗P< 0.001; vs. ACLF group, #P< 0.05, ##P< 0.01,
###P< 0.001.
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Among the earlier published studies included alcohol
or bacteria-induced liver cirrhosis, decompensated liver
cirrhosis, and ACLF [25]. -is study found that systemic
inflammation already exists when liver cirrhosis is
decompensated, manifested by increased plasma inflam-
matory factors, renin and copeptin. -ese indicators are
higher in ACLF patients. IL-6, IL-8, TNF-a, IL-10, and IL-1
are different in bacteria-induced ACLF and alcohol-in-
duced ACLF. -e severity of systemic inflammation is
closely related to the frequency and severity of ACLF. -e

latter study included ACLF patients related to chronic
hepatitis B in China [26]. -e difference from the previous
study is that it is not limited to the analysis of various
factors in plasma but extends the scope of the study to
immune cells. -is study found that ACLF patients had
higher peripheral blood white blood cell counts than those
without ACLF. -e neutrophil-to-lymphocyte ratio (NLR)
is related to the death of severe hepatitis B patients. NLR
can independently predict the occurrence and short-term
mortality of ACLF.
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Figure 4: -emRNA level of IL-17, IL-23, IL-10, TGF-β, and FOXP3 in liver tissue of rats from different groups. (a)-e mRNA level of IL-
17 in liver tissue of rat in each group; (b) the mRNA level of IL-23 in liver tissue from different groups; (c–e) the mRNA level of IL-10, TGF-
β, and FOXP3 in liver tissue of rats from different groups. vs. NC group, ∗P< 0.05, ∗∗P< 0.01, ∗∗∗P< 0.001; vs. ACLF group, #P< 0.05,
##P< 0.01, ###P< 0.001.
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Figure 5:-e frequency of-17 and treg cells in the peripheral blood of rats with ACLF and/orWYHZTH intervention. (a) Flow cytometry
detected IL-17 and CD4 labeled -17 cells; (b) flow cytometry detected the frequency of CD25+Foxp3+ treg cells.
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So far, the -17/Treg balance in liver failure has be-
come a research hotspot. CD4+ T lymphocytes, as helper
T cells, play an important regulatory role in the body’s
immune system and inflammatory response, and Treg/
-17 is derived from the initial CD4+ T cells (-0), which
antagonize each other in differentiation and function, and
is closely related. Treg cells mostly secrete IL-10, TGF-β,
and other cytokines to exert their inhibitory function, and
-17 cells mostly secrete IL-17, IL-23, TNF-α, etc. to exert
their proinflammatory effects. Under normal physiolog-
ical conditions, the body is in a balanced state. Once its
steady state changes, it will affect the outcome of immune
and inflammatory responses, which is closely related to
the occurrence and progression of some immune diseases
and inflammatory diseases. -17 and Treg cells are de-
rived from the same naive T cells [27, 28]. Under normal
circumstances, the two maintain a balance, which is
beneficial to the maintenance of the body’s immune
system in a stable state. -17/Treg imbalance leads to
excessive inflammatory response, which is involved in the
occurrence of hepatitis, cirrhosis, and liver failure [26].
Liu et al. [29] compared the -17/Treg ratio in patients
with chronic hepatitis B with different disease progression
levels in healthy people and a series of correlation analyses
and confirmed that -17/Treg is common in chronic HBV
infection. -e -17/Treg ratio can more accurately reflect
the progress of HBV infection-related liver disease. Shi
Wenjuan [30] used ELISA to detect cytokines in the serum
of 33 patients with ACHBLF and found that cytokines are
related to the pathogenesis of ACHBLF with high levels of
IL-17 and IL-35. -e expression may be related to the
occurrence of chronic hepatitis plus acute liver failure.
Kan et al. [31] believed that ACHBLF patients have
varying degrees of immune dysfunction.-17/Treg im-
balance is involved in the occurrence of hepatocyte in-
flammatory necrosis and can reflect the degree of liver
inflammatory response. -e above studies show that Treg
cells, -17 cells, and Treg/-17 ratio are closely related to
the progression of ACLF, and their role in the patho-
genesis of ACLF is not very clear. -erefore, further in-
depth research will provide more in-depth research on the
pathogenesis and treatment of liver failure. Scientific
theoretical basis.

Recently, the role of -17/Treg balance in liver failure
has become a hotspot. Treg cells mainly secrete IL-10, TGF-
β, and other cytokines to exert their inhibitory function, but
-17 cells mostly secrete IL-17, IL-23, TNF-α, and other
cytokines to exert their proinflammatory effects [32–34]. So
we further tested the frequency of -17 and Treg cells in the
rats with ACLF and/or WYHZTH intervention, by which
WYHZTH can improve the balance of -17/Treg cells so as
to maintain the stable secretion of inflammatory factors and
alleviate the happening of ACLF.

Many clinical studies have reported on the advantages
of traditional Chinese medicine in the treatment of liver
failure, believing that it will enhance immune function and
antiviral efficacy, thereby improving life quality. Tradi-
tional Chinese medicine does not have the name of “liver
failure.” According to the symptom, it can be treated from

“jaundice,” “paste yellow,” “abrupt yellow,” “heavenly
yellow,” and other diseases. Although ACLF is caused by
an epidemic virus when you feel it, it is due to the lack of
righteousness in the body, and the epidemic virus can also
cause damp heat, stagnation of blood, and loss of righ-
teousness. With the in-depth study of liver failure, it is not
difficult to find that spleen-yang deficiency and kidney-
yang deficiency are more obvious in liver failure. -ere-
fore, the method of invigorating the yang has become one
of the common methods for the treatment of ACLF. -e
Center of Liver Diseases in the Guangxi University believes
that the pathogenesis of ACLF can be summarized as
poisonous turbidity and injury based on the theory of the
Fuyang school of “yang governs yin from view” and liver
failure “toxin-poisonous disease.” In the liver, qi deficiency
and weakness, blood flow is not smooth; long-term qi
deficiency will damage Yang. Combined with the research
results of the research group’s previous retrospective in-
vestigations, it is suggested that ACLF has certain char-
acteristics of TCM syndrome distribution and evolution.
Prolonged illness can easily lead to a loss of yang in the
body. Yang deficiency and blood stasis yellow syndrome is
the main type of ACLF [35]. According to this, the cor-
responding treatment methods should be to nourish yang,
cultivate soil, detoxify, remove blood stasis, and retreat
yellow, and condense the prescription of warming yang,
dissolving turbidity, and retreating yellow. -is pre-
scription is an effective compound based on the treatment
of acute liver failure with Jiedu Huayu Granules. Long-
term clinical practice has shown that this prescription has
good clinical effects in promoting the resolution of
jaundice and reducing the mortality of liver failure. -e
whole prescription consists of Baifu tablets, dried ginger,
atractylodes macrocephala, Yinchen, raw rhubarb, red
peony root, knotweed, ginseng, and licorice. -e combi-
nation of all the medicines has the effect of warming the
sun to transform the turbidity, promoting blood circula-
tion and relieving jaundice. -e addition of Wenyang
Huazhuo Tuihuang Decoction can reduce the proin-
flammatory factor IL-32 level and increase the inflam-
mation inhibitory factor IL-10 level in patients with HBV-
related ACLF, which has a certain regulatory effect on
immune disorders [36]. But the specific mechanism of
action is currently unclear.

5. Conclusion

In summary, our study established a rat ACLF model and
found that WYHZTH can protect against liver failure by
improving -17/Treg balance, reducing liver damage, and
playing a beneficial role in the ACLF rats. -e mechanism of
ACLF liver injury was elucidated from the perspective of
congenital immunity, and the targets of action of Chinese
medicine were explored in the treatment of ACLF, which
will provide an effective target for the treatment and
prognosis of ACLF. On the other hand, that also laid the
foundation for our next research into the specific mecha-
nism of WYHZTH and its relationship with innate
immunity.
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Acetyl-11-keto-beta-boswellic acid (AKBA), the major component of Boswellia serrata, exhibits anti-inflammatory activities. *is in
vitro study investigated the protective effects of AKBA against lipopolysaccharide (LPS)-induced cardiac dysfunction. In this study,
the H9C2 cardiomyocytes were pretreated with AKBA (2.5, 5, and 10μM for 24h), and then cotreated with LPS for another 24 h.*e
MTTassay, ELISA test kits, and quantitative real-time PCR analysis assessed the cell viability, levels of proinflammatory factors (IL-β,
IL-6, TNF- α, and PGE2), and the gene expression of IL-β, IL-6, TNF- α, iNOS, and COX-2, respectively. *e nitric oxide (NO) and
thiol levels were also measured using a biochemical assay.*e results indicated that LPS exposure markedly reduced cell viability and
total thiol content, but increased the inflammatory cytokines, NOmetabolites, and gene expression of proinflammatory mediators in
H9C2 cells. AKBA pretreatment significantly altered the mentioned factors induced by LPS. Our results demonstrated that AKBA
might be a promising therapeutic agent for treating sepsis-related cardiac dysfunction in the future.

1. Introduction

Sepsis is a lethal condition caused by an overreaction of the
immune system to infection that can lead to tissue damage,
multiple organ failure, and even death [1–4]. Myocardial
dysfunction is one of the prominent sepsis features that has
proved to be associated with a high mortality risk for septic
patients [5, 6]. Many studies have reported the crucial role of
proinflammatory cytokines in myocardial oxidative damage
that commonly occurs in the course of sepsis [7].
*roughout these severe inflammatory conditions, the

elevating production of multiple proinflammatory media-
tors, such as interleukin-1beta (IL-1β), IL-6, tumour ne-
crosis factor-α (TNF-α), and nitric oxide (NO), eventually
lead to cardiac depression, oedema, and necrosis in the
myocardial cells [2–4, 8]. According to previous studies, the
systemic inflammatory response is stimulated by damage-
associated molecular patterns (DAMPs) such as lipopoly-
saccharide (LPS) as a bacterial endotoxin, which can induce
inflammatory signalling pathways through toll-like recep-
tor-4 (TLR-4) in cardiomyocytes [3, 9, 10]. *e LPS/TLR-4
complex formation can activate further inflammatory
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signalling cascades associated with several transcription
factors, particularly the nuclear factor-kappa B (NF-κB)
pathway, which stands as the primary signalling cascade in
initiating the process of intracellular inflammation
[3, 10, 11]. Considering the activation of inflammation by
NF-κB, the intensified proinflammatory cytokines can ac-
cumulate intracellular oxygen free radicals (ROS) and au-
tomatically impair the structure and function of
cardiomyocytes [7, 10, 12–14]. *e available pharmaco-
logical approaches, such as using nonsteroidal anti-in-
flammatory drugs (NSAIDs), are minimal due to their
controversial and various adverse effects [7, 10, 13–15]. It is
consequently necessary to consider efficient therapeutic
interventions to prevent sepsis-induced cardiomyopathy.
*ere is growing evidence on natural compounds, especially
plants’ secondary metabolites, are capable of representing
optimal therapeutic effects in alleviating LPS-induced car-
diotoxicity [6, 16].

Acetyl-11-keto-β-boswellic acid (AKBA), as a plant-
derived-bioactive pentacyclic triterpene, has been isolated
from Boswellia serrata (BS) [4, 10, 17]. *e remarkable
biological features of AKBA have been repeatedly indicated,
including antioxidant [18], antitumour [19], antimicrobial
activity [20], anti-inflammatory [4, 10, 13, 14], neuro-
protective [2, 14], and other beneficial qualities [13, 14, 21].
Recently, the cardioprotective activities of pentacyclic tri-
terpenoid compounds have been paid the attention of many
researchers. In one study, two natural compounds with a
similar chemical structure (boswellic acid and oleanolic
acid) have been investigated on high glucose-induced tox-
icity in the H9C2 cardiomyocyte cell line. *is study showed
that these compounds attenuate apoptosis by reducing the
activity of NF-κB, lowering ROS production, and enhancing
the glutathione redox cycle [22]. Further studies also re-
ported the protective impacts of AKBA against the conse-
quences of myocardial ischemia-reperfusion (I/R) injury in a
rat model by modulating the oxidative-inflammatory cas-
cades [23]. Based on the abovementioned data, this work
aimed to investigate the effects of AKBA on lipopolysac-
charide (LPS)-induced cell injury in H9C2 cells.

2. Methods and Materials

2.1. Chemicals and Reagents. AKBA (Calbiochem), DMEM
culture media, fetal bovine serum (FBS), penicillin plus
streptomycin (pen/strep), dimethyl sulfoxide (DMSO), LPS
(Escherichia coli O55 : B5 purified by phenol extraction,
L2880 SIGMA), and other chemicals used were of cell
culture and analytical grade from Sigma-Aldrich (St. Louis,
MO, USA). A proliferation assay kit (MTT) was provided
from Roche Diagnostic (Mannheim, Germany). ELISA kits
(PGE2, IL-6, IL-1β, and TNF-α) were supplied from IBL
International (USA).

2.2. Cell Viability Assay. In this study, we first evaluated the
viability of H9C2 cells in the presence of AKBA (2.5, 5, and
10 μM) to better understand the working solution selected
based on nontoxic concentration. In brief, the cells were

treated with different concentrations of AKBA (2.5, 5, and
10 μM) for 48 h, and then the cell viability was evaluated
employing the MTT assay. Once the nontoxicity of the
applied concentrations towards cells was ascertained, the
protective effects of AKBAwere assessed. In the next step, we
evaluated the effects of the concentrations of AKBA (2.5, 5,
and 10 μM) on LPS-induced (10 μg/ml) by culturing 7×103
H9C2 cells in a 96-well plate. In review, the cells were
pretreated with different concentrations of AKBA (2.5, 5,
and 10 μM) for 24 h, and then were cocultured with LPS
(10 μg/ml) for another 24 h. In the end, the cell viability was
measured by applying an MTT assay. For the MTT assay,
briefly, 10 μL of MTT solution with a final concentration of
5mg/ml was appended to each well to be incubated for 3 h.
After discarding the medium culture (RPMI-1640), 100 μL
of DMSOwas used to dissolve the formed formazan crystals.
*e absorption of the 96-well plate was recorded by an
ELISA reader (Awareness Inc., USA) at 570 nm and 620 nm
[7].

2.3. Experimental Procedure and Grouping. *e protective
effects of AKBA against LPS-induced cardiomyocyte toxicity
were evaluated as a model of septic shock. Initially, the cells
were pretreated with AKBA (2.5, 5, and 10 μM) for 24 h, and
then were coexposed with LPS (10 μg/ml) for another 24 h.
After that, we assessed the changes in both gene expression
(in the cell lysate, using real-time PCR) and protein (in the
supernatant, using ELISA) levels of proinflammatory bio-
markers, including TNF-α, IL-1β, IL-6, PGE2, iNOS, COX-
2, and nitric oxide metabolites (NO). Total thiol content was
also assessed as an antioxidant marker in the lysate. Ex-
perimental groups were as follows:

Group 1: control group, H9C2 cells received a complete
media culture and the solvent of AKBA with neither
AKBA nor LPS for 48 h
Group 2: LPS group, H9C2 cells received a complete
media culture and the solvent of AKBA and LPS (10 μg/
ml) for 48 h
Groups 3, 4, and 5: AKBA treated groups, H9C2 cells
received a complete media culture and AKBA (2.5, 5,
and 10 μM) for 24 h, and then coincubated with LPS
(10 μg/ml) for another 24 h

AKBA was dissolved in DMSO, which was serially diluted
with a complete medium that contained the final DMSO
concentration at a lower percentage than 0.1% v/v throughout
all of the experiments. We selected the concentrations of
AKBA according to the preliminary results of the cell viability
by the MTT assay, and a similar study evaluated the anti-
oxidative effects of AKBA (2.5–10 μM) [16].

2.4. Measuring Total Protein Levels. *e Bradford protein
assay was carried out to quantify the total protein con-
centration in a sample using the Coomassie Brilliant Blue
G-250 dye [24–27]. First, the dye (10mg) was dissolved in
50ml of ethanol (96%), and then phosphoric acid (85%)
(10ml) was added, and the volume of the solution reached
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100ml. *ereafter, bovine serum albumin (BSA, 4mg/ml)
solution was prepared as a standard curve. *en, after
sample pouring (20 μl), a Bradford reagent (200 μl) was
added to the 96-well microplate. Finally, after 5minutes, the
absorption was read out at 595 nm with a microplate reader
[24–27].

2.5. Evaluation of the Protein Levels of Inflammatory
Biomarkers. *e ELISA assay evaluated the IL-1β, IL-6, TNF-
α, and PGE2 levels as inflammatory mediators, which were
carried out in accordance with the manufacturers’ protocol,
IBL company [6, 7, 24, 26, 28], USA. In summary, 1.5×106 cells
were cultured in a 6-well plate overnight, and they were treated
according to the experimental grouping section. *e super-
natant of cells was then used for the required measurements,
and the lysates were collected for gene expression studies.

2.6.Gene ExpressionAssessment. A real-time PCR technique
was performed through the SYBR Green procedure’s em-
ployment to assess the possible impacts of different AKBA
concentrations on the levels of TNF-α, IL-1β, IL-6, and
COX-2 as well as iNOS relatedmRNA. Rotor-Gene 6000 was
involved as a real-time reaction detection system, and
GAPDH was considered a reference gene [7, 24, 26]. We
procured the required real-time PCR primers in a similar
design to those mentioned in previous studies [29]; the
primer specificity was blasted and confirmed by applying
NCBI Primer-BLAST. *e primer sequences are detailed in
Table 1. *e real-time PCR reaction contained 5 μL of
amplicon master mix, 0.4 μL of each primer (1 μM), 0.2 μL of
DEPC water, and 50 ng of cDNA. Meanwhile, the prepared
conditions for PCR were set at 95°C for 3min and then
followed by 45 cycles of 95°C for 20 sec, annealing tem-
perature (55–65°C) for 5 sec, and 72°C for 10 sec. As the last
step, we examined the values of gene expression levels by
using the ∆Ctmethod and reported the fold-change values as
2−(∆∆Ct) to the control group.

2.7. Evaluation NO Metabolites and 8iol Content Level.
*e nitrite oxide metabolite levels were measured based on
the measurement of nitrite (NO−2) as the stable and the final
NO product by the Griess method described elsewhere [30].
*e NO levels were assessed in the supernatant at 540 nm by
using the standard curve of different nitrite concentrations
[6, 7, 24, 26–28].

*e total thiol content was evaluated through a col-
ourimetric method, which was set according to the reaction
of total thiol content with Ellman reagent (5,5′-dithiobis (2-
nitrobenzoic acid) (Sigma-Aldrich) [31]. *is particular
reaction results in the formation of yellow-coloured TNB (5-
thio-2-nitrobenzoic acid) that can be quantified at 412 nm
[6, 7, 24, 26–28].

2.8. StatisticalAnalysis. We displayed the obtained results as
mean± SEM. *e gathered data were analysed by GraphPad
Prism 6 (GraphPad Software, San Diego, CA, USA) software.
Besides, the one-way analysis of variance (ANOVA) test was

carried out with Tukey-Kramer’s post hoc multiple com-
parisons test according to the variance’s homogeneity. By
statistics, probability (P) values of less than 0.001, 0.01, and
0.05 were considered significant differences in all of the
performed calculations.

3. Results

3.1. AKBAAlleviates LPS-Induced Cytotoxicity in H9C2Cells.
As shown in Figure 1(a), in comparison to the control group,
there were no significant changes in the level of cell viability
of H9C2 cells incubated with various concentrations of
AKBA (2.5, 5, and 10 μM) for 48 h. Incubation of the cells
with LPS (10 μg/mL) for 48 h led to a significant reduction in
the level of cell viability compared to the control group
(P< 0.001; Figure 1(b)). However, treatment with AKBA (5
and 10 μM) notably increased the level of cell viability in the
presence of LPS stimulation (P< 0.05 and 0.001, respec-
tively; Figure 1(b)).

3.2. AKBA Inhibits LPS-Induced Inflammatory Cytokines
Production in H9C2 Cells. To demonstrate the anti-in-
flammatory effects of AKBA, we assessed the production
levels of proinflammatory cytokines, including TNF-α, IL-6,
IL-1β, and PGE2, which contributed to LPS-induced car-
diomyopathy. As illustrated in Figures 2(a)–2(d), the pro-
duction levels of TNF-α, IL-6, IL-1β, and PGE2 were
significantly elevated in H9C2 cells following the LPS (10 μg/
mL) stimulation in comparison to the control group
(P< 0.001 for all cases). However, pretreatment of the cells
with AKBA (2.5, 5, and 10 μM) dramatically decreased the
production of TNF-α (P< 0.001 for all cases; Figure 2(a)),
IL-1β (P< 0.001 for all cases; Figure 2(b)), and IL-6
(P< 0.001 for all cases; Figure 2(c)) in a concentration-
dependent manner, compared to the LPS group. Although
AKBA exerted reducing effects on the level of PGE2, this
effect was statistically significant only at two higher con-
centrations of AKBA (5 and 10 μM) in comparison to the
LPS group (P< 0.001 for both cases; Figure 2(d)).

3.3. AKBA Attenuates the Gene Expression Levels of Inflam-
matory Cytokines in H9C2 Cells. Our study evaluated the
capability of AKBA in suppressing the transcription of
proinflammatory mediators in our study using the real-time
PCR (qPCR) technique. According to Figures 3(a)–3(e),
treatment of H9C2 cells with LPS (10 μg/mL) caused a
significant enhancement in proinflammatory genes’ ex-
pression levels (IL-1β, TNF-α, IL-6, iNOS, and COX-2). We
revealed that three nontoxic concentrations of AKBA (2.5, 5,
and 10 μM) exhibited notable suppressive impacts on the
expression levels of proinflammatory mediators (IL-1β,
TNF-α, IL-6, iNOS, and COX-2), in a concentration-de-
pendent manner, compared to the LPS group
(P< 0.001–0.01 for all cases; Figures 3(a)–3(e)).

3.4. AKBA Decreased Nitric Oxide Level and Increased 8iol
Level. We investigated the antioxidant effect of AKBA in
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LPS-stimulated H9C2 cells by detecting the levels of nitric
oxide (NO) and thiol [32] in the culture medium. According
to the obtained results, LPS at a concentration of 10 μg/mL
led to a significant enhancement in the level of NO
(P< 0.001; Figure 4(a)) and a significant reduction in the
level of total thiol content (P< 0.001; Figure 4(b)), compared
to the control group.

In contrast, pretreatment with AKBA (2.5, 5, and 10 μM)
caused a significant inhibition of NO production compared
to the LPS-treated group (P< 0.001–0.01 for all cases;
Figure 4(a)). Moreover, preincubation of the cells with
AKBA (2.5, 5, and 10 μM) resulted in a marked increase in
the levels of total thiol content in a concentration-dependent
manner compared to the LPS group (P< 0.001–0.01 for all
cases; Figure 4(b)).

4. Discussion

To the best of our knowledge, the present work is the first
study to investigate the potential protective effects of AKBA
against LPS-induced cardiomyopathy. Here, we used an in

vitro H9C2 model of myocardial injury to explore the
protective mechanism of AKBA on LPS-induced cardiac
dysfunction [33]. Our study results showed that LPS in-
creased the levels of proinflammatory mediators (IL-1β,
TNF-α, IL-6, and PGE2) and nitric oxide (NO), whereas it
reduced the cell viability of H9C2 cells as well as the level of
total thiol content. However, pretreatment with various
concentrations of AKBA (2.5, 5, and 10 μM) could dra-
matically enhance the cell viability and the content of total
thiol content. Furthermore, AKBA significantly suppressed
the expression of proinflammatory factors and NO pro-
duction, indicating that AKBA might be effective against
LPS-induced inflammatory responses. We also found that
the gene expression of COX-2 and iNOS was down-regu-
lated by AKBA pretreatment.

It is well established that LPS, as an exogenous ligand of
TLR4, induces inflammatory processes involved in severe
cardiac injury [34]. LPS-mediated activation of initiates NF-
κB dependent signalling pathways, resulting in the over-
production of various proinflammatory mediators, such as
COX-2, iNOS, IL-1β, IL-6, and TNF-α [6, 24, 26–28, 35, 36].

Table 1: List of primers sequence (from 5′ to 3′) [7, 29].

Gene name 5′-3′ primer Sequence Accession Number

tnf-α FW CACCTCTCAAGCAGAGCACAG
RW GGGTTCCATGGTGAAGTCAAC M98820

cox-2 FW AAATGGGCTCCCTCTCATCAGTTC
RW TCTGCTTGGTGGTTTGCTACGAC X66539

il-1β FW TGTATGCTACCATCTGGCTTCGG
RW GTTTGGAACAGTCGCTCGTCATC S67722

il-6 FW CATTGGAAGTGAAGCGTTTCG
RW CAGCTGGGCTGTACAAACCTT L12562

inos FW TCCTACCCCAACTTCCAATGCTC
RW TTGGATGGTCTTGGTCCTTAGCC E02522

gapdh FW GTATTGGGCGCCTGGTCACC
RW CGCTCCTGGAAGATGGTGATGG AB017801

FW, forward primer; RW, reverse primer; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Figure 1: H9C2 cell viability in the presence of AKBA alone and with LPS. Effect of AKBA (2.5–10 uM) on cell viability (a). *e survival of
the H9C2 cell line was evaluated when treated with LPS (10 ug/ml) and 24 h of pretreatment with AKBA then exposure with LPS (b). n� six
per group. Error bars indicate standard error mean (SEM) ∗∗∗P< 0.001 vs. control and ###P< 0.001 vs. LPS.
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Excessive production of proinflammatory cytokines plays a
vital role in developing many inflammatory disorders, in-
cluding sepsis-induced myocardial dysfunction [37].
Meanwhile, several studies have investigated the role of
TNF-α in the pathogenesis of LPS -induced acute cardiac
injury and have shown that high concentrations of TNF-α
promoted the expression of specific cytokines and mediators
involved in LPS-induced septic cardiomyopathy
[6, 24, 26–28, 38, 39]. IL-6 is another important proin-
flammatory factor that can directly cause myocardial
damage by stimulating nitric oxide synthase activity and NO
production [40]. Besides, several published studies have
reported that cytokines such as IL-1β may act as car-
diodepressant inflammatory mediators during sepsis
[6, 24, 26–28, 41]. Hence, inhibiting the production of in-
flammatory cytokines can be a critical molecular target for
novel anti-inflammatory therapeutic approaches. In the
present study, LPS notably stimulated the release of
proinflammatory cytokines from H9C2 cardiomyocytes,
consistent with previous reports [42].*e anti-inflammatory
activity of AKBA has been investigated using several models
of inflammation. Previous studies have reported that AKBA

inhibits the generation of proinflammatory cytokines
through down-regulation of the NF-κB pathway [43]. For
example, Chao Wei et al. evaluated the neuroprotective
function of AKBA in a mouse model of Alzheimer’s disease.
*eir findings indicated that AKBA had a strong anti-in-
flammatory effect on APPswe/PS1dE9 mice by reducing
inflammatory molecules’ production through the inhibition
of the NF-κB signalling pathway [44]. It has also been re-
ported that the potential cardiac-protective of AKBA is likely
associated with the activation of Nrf-2 related signalling
cascades [23]. In another study, AKBA was shown to ef-
fectively alleviate oxygen-glucose deprivation (OGD)-in-
duced neuroinflammation via the increased expression of
Nrf2 [45].

Meanwhile, we explored the possible cardiac-protective
effect of AKBA against LPS-induced inflammatory cytokine
production in H9C2 cells. *e results showed that AKBA
pretreatment dramatically suppressed the protein and gene
expression of IL-1β, IL-6, and TNF-α in LPS-exposed H9C2
cells in a concentration-dependent manner. Our results
revealed that the protective effects of AKBA against LPS-
induced cardiac injury were associated with inflammatory
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Figure 2: Effect of AKBA and LPS on the level of TNF-α (a), IL-1β (b), IL-6 (c), and PGE2 (d).*e cells were pretreated with AKBA for 24 h,
then incubated with LPS for another 24 h, and levels of TNF-α, IL-1β, IL-6, and PGE2 were evaluated by an ELISA assay. *e data are the
mean± SEM (n� 6 per group). ###P< 0.001 vs. control and ∗∗∗P< 0.001 vs. LPS.
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cytokine production inhibition. *e obtained results were in
accordance with a previous study in which AKBA markedly
reduced TNF-α production in the target tissue against the
LPS-induced neuroinflammatory model [13]. *ese findings
suggest that the potent anti-inflammatory properties of

AKBA may be related to its inhibitory activity on the ex-
pression of inflammatory factors.

COX-2 is an inducible isoform from cyclooxygenase that
catalyses the formation of prostaglandin E2 (PEG2), which is
involved in many processes leading to the inflammatory
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Figure 3: Effect of AKBA and LPS on the mRNA Level of TNF-α (a), IL-1β (b), IL-6 (c), Cox2 (d), and iNos (e). *e cells were pretreated
with AKBA for 24 h then incubated with LPS for another 24 h and gene expression of TNF-α, IL-1β, IL-6, Cox2, and iNos was evaluated by
real time-PCR. *e data are mean± SEM (n� 6 per group). ###P< 0.001 vs. control, ∗∗P< 0.001 and ∗∗∗P< 0.001 vs. LPS.
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response [6, 24, 26–28, 46]. Many studies have shown that
COX-2 enzymatic activity is significantly induced by
proinflammatory stimuli such as TNF- α and LPS and high
NO concentrations during various inflammatory conditions
[47–49]. *us, the level of COX-2 expression seems to play a
pivotal role in multiple pathophysiological mechanisms,
especially inflammation-related diseases [49, 50]. Likewise,
several studies have proved that many natural products
derived from medicinal plants with significant anti-in-
flammatory effects act as selective inhibitors of COX-2 ac-
tivity [6, 24, 26–28, 49, 51]. In this research, we found that
AKBA could efficiently suppress the mRNA expression of
COX-2 in H9C2 cardiomyocytes activated with LPS. *is
outcome supports the hypothesis that the cardiac-protective
effect of AKBA may also be attributed to the direct sup-
pression of COX-2 gene expression. To further investigate
the anti-inflammatory potential of AKBA, we measured the
expression level of PEG2 in AKBA+LPS-treated H9C2 cells.
Results indicated that pretreatment with AKBA meaning-
fully decreased the PGE2 level in LPS-activated H9C2 cells.
As a result, inhibiting these inflammatory mediators’ pro-
duction can be an essential indicator for our anti-inflam-
matory agents.

Inducible nitric oxide synthase (iNOS) is commonly
expressed in response to proinflammatory stimuli such as
LPS and specific chemokines/cytokines in a wide range of
cells. It has been found that the overproduction of NO by
iNOS activity plays a crucial role in the pathophysiology of
septic cardiomyopathy [52]. High NO levels lead to the
induction of cellular oxidative damage via increasing the
production of reactive nitrogen species (RNS) such as
peroxynitrite [53]. Many previous studies have revealed
that natural phytochemicals can show therapeutic effects
against LPS-evoked inflammatory injury via reducing the
iNOS expression and NO content [54]. In the current
study, we also found a significant suppressive effect of
AKBA on the expression of iNOS and the production of
NO.

Similarly, antioxidant effects of AKBA have been pre-
viously reported. Manoj Kumar et al. have demonstrated
that AKBA inhibits benzo (a) pyrene-induced liver toxicity
by reducing NO generation [55]. Besides, Yu et al. inves-
tigated the nitric oxide inhibitory activity of bioactive
compounds isolated from the resin of Boswellia carteri.
Interestingly, their experiments showed that AKBA was one
of the most potent antioxidant compounds in Boswellia
carteri that could inhibit NO production in LPS-stimulated
RAW264. 7 cells [56]. *ese findings provide novel evidence
that AKBA may attenuate inflammatory responses by
suppressing iNOS-mediated NO production.

Additionally, the amount of glutathione is another pa-
rameter used in our study to evaluate the antioxidant activity
of AKBA. As a nonenzymatic antioxidant compound, total
thiol content has a crucial role in protecting cells from
oxidative stress and maintaining cellular redox homeostasis
[57]. It has been proven that a decreased level of reduced
total thiol content leads to activation of the NF-κB pathway
and enhances the expression of proinflammatory cytokines
during inflammation-related disorders [58]. Consequently,
the increased level of total thiol content can be part of the
antioxidant defence mechanism to inhibit sepsis-induced
cardiomyopathy [59]. On the other hand, natural metabo-
lites have been shown to protect against oxidative damage in
many inflammatory conditions by enhancing intracellular
total thiol content [6, 24, 26–28, 49, 60]. *e results of a
previous study revealed that AKBA possessed antioxidant
effects through elevating the reduced total thiol content
levels in an experimental model of colitis [61]. Consistent
with these findings, we also observed a remarkable increase
of reduced total thiol content in LPS-exposed H9C2 car-
diomyocytes after pretreating with AKBA. Based on this
result, it can be inferred that the beneficial effects of AKBA
on LPS-induced inflammation in H9C2 cells may be due to
its potent antioxidant potential.

Overall, our findings demonstrate the potent anti-in-
flammatory and antioxidant properties of AKBA, suggesting

AKBA (µM) + LPS

# # #

**

***
***

LPS 2.5 5 10Control
0

50

100

150

N
O

 (µ
 m

ol
/m

g 
pr

ot
ei

n)

(a)

AKBA (µM) + LPS

**

***
***

# # #

LPS 2.5 5 10Control
0

20

40

60

80

Th
io

l (
µ 

m
ol

/m
g 

pr
ot

ei
n 

)

(b)

Figure 4: Cellular redox status including thiol state and NO state after treatment with AKBA and LPS.*e cells were treated (24 hours) with
various concentrations AKBA (2.5–10 μM) and then incubated with LPS (10 ug/ml) for 24 hours. *e data are mean± SEM (n� 6).
###P< 0.001 vs. control, ∗∗P< 0.001 and ∗∗∗P< 0.001 vs. LPS.
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that it can be used as an effective therapeutic agent to lessen
the inflammatory injuries caused by LPS in cardiomyocytes.
However, additional in vivo experiments are required to
further support the therapeutic potential of AKBA in sepsis-
related myocardial dysfunction.
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Neurodegenerative diseases, especially Alzheimer’s disease (AD), are characterised with neuronal synapse and memory dys-
function, and thus, there is an urgent need to find novel therapeutic medicines that can target different pathways to restore the
deficits. In this investigation, we assessed the medicinal potency of folecitin (a flavonoid isolated from Hypericum oblongifolium
Wall.) against lipopolysaccharide (LPS)-induced amyloidogenic amyloid beta (Aβ) production pathway-mediated memory
impairment in mice. .e LPS was administered intraperitonially (i.p.) 250 μg/kg/day for 3 consecutive weeks, followed by the
coadministration of folecitin (30mg/kg/day) with LPS for the last two weeks (2nd and 3rd week)..e expression of various proteins
involved in synapse, neuronal death, and Aβ generation was evaluated using the Western blot approach. Results indicated that
folecitin significantly decreased LPS-induced apoptotic proteins; expressed BAX, PARP-1, and caspase-3 proteins; and inhibited
BACE1 that cleaves transmembrane amyloid precursor protein and the amyloidogenic Aβ production pathway. Folecitin restored
both preneural and postneuronal synapse, accompanied by the improvement in memory impairment. Moreover, folecitin
significantly activated endogenous antioxidant proteins Nrf-2 and HO-1 by stimulating the phosphorylation of Akt proteins.
.ese findings indicate that folecitin might be a promising target for developing novel medication to treat neurodegenerative
disorders caused by neurotoxins.
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1. Introduction

Neurological disorders (NDs), for example, Parkinson’s
disease (PD), Alzheimer’s disease (AD), and amyotrophic
lateral sclerosis (ALS), are the key progressive neurode-
generative problems worldwide. According to reports, 46.8
million individuals suffered from NDs in 2015, incurring an
estimated treatment cost of US$ 818 billion. By 2040, NDs
are expected to be the 2nd most common cause of death [1].
.e NDs are characterised by the depletion (or inadequate
synthesis) of neurotransmitters, inflammation, aggregation
of misfolded proteins, and oxidative stresses in central
nervous system (CNS), for instance, β-amyloid and Tau
proteins in AD [2, 3]. .e treatment of AD uses various
therapeutic agents of natural and synthetic origin [4], some
of which such as the acetylcholinesterase inhibitors present
adverse side effects [5]. Other treatments such as anti-Tau
protein and β-amyloid antibodies, and β-secretase 1
(BACE1) inhibitors are very expensive [6, 7].

Plants have a long history of contributing to the dis-
covery of new drugs. .ere are approximately 300,000
different species of higher plants worldwide, of which more
than 85% have not been explored for the presence of bio-
active principles [8, 9]. Plants produce a diverse range of
chemicals (e.g., alkaloids, polyphenols, flavonoids, glyco-
sides, terpenoids, and saponins) that exhibit various bio-
logical properties [10, 11]. In Asian countries, more than 120
traditional plants-based medicines are used for the man-
agement of CNS disorders [12–14]. .is includes extracts
and phytoconstituents from various plants such as Panax
ginseng (ginsenosides) [15], Curcuma longa (curcumin) [16],
Hypericum perforatum (hyperoside) [17], Centella asiatica
(catechin) [18], Bacopa monneri (bacosides) [19], Withania
somnifera (withanolides) [20], and Ginkgo biloba (ginkgo-
lides) [21] that exhibited promising psychotropic and
neuroprotective properties.

.e genus Hypericum (Hypericaceae) consists of herbs
and shrubs found commonly in temperate regions and used
as a source of natural medicines, pigments, dyes, gums,
resins, and timbers [22]. Various species within the
Hypericum genus, especially Hypericum caprifoliatum [23],
Hypericum perforatum [24, 25], Hypericum grandifolium
[26], Hypericum oblongifolium [27], Hypericum poly-
anthemum [28], and Hypericum triquetrifolium [29] have
been studied for their antidepressant, antioxidant, anxio-
lytic, antimicrobial, antiviral, anticancer, anti-inflammatory,
and antiulcerogenic properties.

H. oblongifolium Wall. (also known as basant, sheen
chayi, and Pendant St. John’s Wort) grows at altitudes of
800–1200m within the Western Himalayas [27]. It is widely
distributed in Northern Pakistan. Its flowers are yellow with
persistent-withering petals, and they bloom from June to
September [30]. .e species is used traditionally for external
wounds, hepatitis, gastric ulcers, and other gastrointestinal
disorders [31]. It has potent in vitro antiglycation and an-
tioxidant properties [32]. It has also demonstrated anti-
proliferative activity on HT-29 human colon
adenocarcinoma cells [33]. .e species mainly contains
flavonoids, triterpenes, and xanthones [34].

Flavonoids are a vast category of natural polyphenolic
plant pigments found in a wide variety of foods, including
fruits, cereals, herbs, and drinks. Flavonoids have anticancer,
cardiovascular, antioxidant, neuroprotective, and anti-in-
flammatory effects [35, 36]. Flavonoids are considered as
potential neuroprotective compounds that can modulate
cellular mechanisms implicated with neurodegeneration
[35, 37–39]. Flavonoids show the characteristics of both
antioxidant and signal pathway modulator. It can modulate
cellular signal cascades by interacting with enzymes or re-
ceptors that are involved in activation and deactivation of
signalling pathways [40, 41]. Reports suggest that a habitual
intake of dietary flavonoids can reduce the risk of dementia
and stroke [39]. For instance, flavonoids in fruits, vegetables,
grains, etc. seem to prevent or reverse cognitive related
deficits [37]. Considering the pivotal role of flavonoids, in
this study, we focused on the isolation of folecitin (a fla-
vonoid), from H. oblongifolium, and the evaluation of its
protective activity against neuroinflammation using a li-
popolysaccharide (LPS)-induced neurotoxicity assay in
mice.

2. Materials and Methods

2.1. Plant Materials. Fresh leaves of H. oblongifolium were
collected from .andiyani, Abbottabad, KPK, Pakistan. .e
plant was authenticated by Dr. Banaras Khan, Department
of Botany, Post Graduate College Attock city, and a voucher
specimen (Atk/102/2018) was deposited in the herbarium of
College.

2.2. Extraction. .e pulverised leaves (15 kg) were macer-
ated for 14 days in methanol:water solution (7 : 3) with
frequent stirring using a steel rod. .e resulting suspension
was filtered by means of Whatman filter paper. .e ob-
tained solution was then concentrated under vacuum to
afford a first crude extract. .e remaining plant material
was re-extracted with a fresh mixture of methanol:water (7 :
3) for another 7 days. After filtration, as aforementioned,
the sample was concentrated under vacuum to afford a
second extract. .e combined crude extracts were resus-
pended in distilled water (1 L), and liquid-liquid partition
was carried out using analytical grade solvents of increasing
polarity starting with n-hexane, chloroform, ethyl acetate,
and n-butanol to obtain n-hexane (640 g), chloroform
(40 g), ethyl acetate (400 g), n-butanol (180 g), and aqueous
(390 g) fractions.

2.3. IsolationofFolecitin fromH.oblongifolium. Ethyl acetate
fraction (400 g) was subjected to column chromatography
over silica gel mesh size 230 (Merck), eluting with n-
hexane:ethyl acetate having a ratio of 2 : 8. A total of 16
major fractions were obtained and pooled on the basis of
their similar chemical profiles on thin layer chromatog-
raphy (TLC) using silica gel 60 PF254 plates (Merck).
Fraction 14 (1.2 g) was further subjected to flash silica gel
column chromatography, eluting with ethyl acetate:chlo-
roform (1 :1). Twelve major fractions were pooled based on
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TLC analysis. Fractions 5–9 led to the separation of fole-
citin (70mg) as yellow crystals. Folecitin was observed on
TLC plates using cerium sulfate (CeSO4) and solid iodine,
followed by heating. .e structure of folecitin was deter-
mined following analysis of its 1H and 13C NMR, COSY,
HSQC, and HMBC spectra recorded on Bruker spec-
trometers (Avance Av 500, 600/150MHz) and comparison
with the literature data [27]. All chemical shifts (δ) and
coupling constants (J) were estimated in ppm and Hz.

2.4. Neuroprotective Activity

2.4.1. Ethical Approval. All experimental animals were taken
care of according to the approvals of the ethical committee of
the Neuroprotective Medicine and Molecular Research
Center, Ring Road Peshawar, Pakistan (Ethical committee
number: NMMRC/2019/Rodents/015). Animals were han-
dled as per the scientific procedures of the UK Animals
guidelines Act 1986.

2.4.2. Chemicals and Reagents. Lipopolysaccharide (LPS),
phosphate buffered saline tablets, polyvinylidene fluoride
(PVDF) membrane, reagent for tissue protein extraction (T-
PER), RNAwait solution, reagent for protein assay dye,
acrylamide, bis-acrylamide, sample buffer (2X Laemmli),
ammonium per sulfate (APS), trizma base, TEMED, sodium
dodecyl sulfate (SDS), glycine, methanol, KCl, skim milk,
NaCl, and Tween 20 were purchased from Sigma Aldrich
(USA) and stored at the required temperature for further
experimental purposes.

2.4.3. Maintenance of Animals Used. BALB/c adult male
mice of 7-8 weeks old (weighing 30–32 g) were acquired
from the Veterinary Research Institute, Peshawar, KPK,
Pakistan..ey were maintained separately in cages (Biobase,
China), kept in a special room with a constant 12 h dark and
12 h light cycle at 27± 3°C, with easy access to food and
water.

2.4.4. Experimental Groups. Animals were arbitrarily di-
vided into 4 experimental groups (n� 6). .e total span of
the experiment was 3 weeks (day 1 to day 21). .e control
group (C) received intraperitoneally (i.p.) normal saline for 3
consecutive weeks. Group 2 (LPS group) received LPS (i.p.)
(250 μg/kg) for 21 consecutive days. Group 3 (LPS + fole-
citin) received LPS (250 μg/kg/day) for first 7 days and then
continue till to the last day, while LPS was complemented by
folecitin (30mg/kg) from day 8 to day 21 of the experiment.
.e fourth and final group received folecitin (30mg/kg)
alone for the last two weeks of the experiment.

2.4.5. Behavioural Tests. Two well-known behavioural tests,
the Y-maze and the Morris water maze (MWM), were
conducted in order to find out the neuroprotective effect of
folecitin on learning and remembrance behaviours in adult
mice (n� 6).

(1) Y-Maze Test. .e Y-Maze test consisted of 3 arms of
60 cm length, 12 cm diameter (width), and 22 cm height at
an angle of 120° from each other [42, 43]. Briefly, all the
experimental mice were allowed to receive trainings for the
first 3 days (3 training trials per day). In each trial, the
animals were trained for 10min so that they could adapt to
their new surroundings. After resting for 2 days, all the mice
were permitted to search and walk around the Y-Maze for
8min by keeping them in the center of the arms. A build-in
camera with software was used to record the movements of
mice, total arm entrances, and consecutive number of
triplets. .e percentage (%) of repetitions was estimated as
per the equation below,

Repetition (%)� (consecutive sets of triplets/total
number of arm entries− 2)× 100.

.e changes and repetition (%) were associated posi-
tively with spatial functioning memory.

(2) MWM Test. .e MWM test was implemented to de-
termine the four-dimensional learning (spatial learning)
and commemoration in adult mice [42]. .e MWM device
was made of a circular water tank of about 1.8m in di-
ameter and 0.6m in height filled with normal tap water
(25–28°C). Skimmedmilk powder (1 kg) was added to make
the water appearance opaque. A grey escape plastic plat-
form (35.5 cm in height) was located 1 cm underneath the
water surface nearby middle of any one of the four corners
of the maze apparatus. .is unique stage can be lowered to
the bottom of the tank or raised to its typical position on
the maze apparatus during behavioural learning and
testing. A second stand (36.5 cm in height), black in colour,
was raised 2 cm over the water layer during the first 3 days
of training..eMWMwas encircled by white curtains with
fixed patterns in order to provide a configuration of three-
dimensional signals. Observations were made using a video
tracing system (HVS Image Analyzing VP-112) with the in-
built software.

Briefly, all the experimental mice were allowed to
receive 3 training trials (60 s per trial) per day for 3
successive days [43]. On each training test, an animal was
released freely in the MWM from one of four equally
spread-out starting positions round the border of the
water tank. If any animal did not locate the escape stage
within 80 s on any training session, it was guided and
placed for 30 s on the platform. After resting for 2 days, all
the animals were exposed to the latency to escape from the
water maze (finding the submerged escape platform) was
determined for each test day (four successive days). Again,
after three-day rest, final escape latency and probe tests
were carried out to estimate memory association..e time
consumed in the particular quadrant by every animal was
recorded.

2.5. Western Blot. Western blotting was carried out
according to the method reported by Badshah et al. [44]
with minor alterations. .e mice brains were collected as
quickly as possible and then homogenized in a T-PER
solution. .e levels of proteins in all 4 groups were
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measured using a BioRad protein assay. For each of the 4
groups, 30 μg of the protein content was run on a 15–20%
SDS-PAGE. After completing the electrophoresis process,
all the proteins were shifted to a PVDF membrane (Santa
Cruz Biotech, USA) over transblot (Bio-Rad). Different
primary monoclonal antibodies (Santa Cruz, CA, USA)
such as caspase-3, Bcl-2-associated X protein (BAX), beta-
secretase-1 (BACE-1), poly (ADP-ribose) polymerase-1
(PARP-1), amyloid beta (Aβ), synaptophysin (SYP),
postsynaptic density protein 95 (PSD-95), and beta actin as
well as HRP-conjugated secondary antibodies (Santa Cruz,
CA, USA) were smeared. All results were visualised in a
dark room on X-ray films.

2.6. StatisticalAnalysis. Results obtained were calculated as
group mean ± SEM (standard error mean) and analysed
using one-way or two-way analysis of variance (ANOVA)
followed by suitable post hoc tests. All the statistical in-
vestigations were conducted using the GraphPad Prism-5
software. P values less than 0.05 were defined as
significant.

3. Results

3.1. Effect of Folecitin on LPS-Induced Neuroapoptotic Protein
Markers. Different apoptotic indicators such as BAX,
caspase-3, and PARP-1 protein expressions were analysed
with theWestern blotting technique. Results revealed that a
3-week administration of LPS-induced widespread upre-
gulation in the adult mice brain. .e LPS induced the
proapoptotic BAX protein expression (P< 0.01) and also
triggered caspase-3 protein expression (P< 0.001). Finally,
LPS-induced neuronal DNA fragmentation increases
PARP-1 protein expression (P< 0.001). Interestingly, the
administration of folecitin during the last 2 weeks of the
experiment significantly inhibited proapoptotic-BAX
(P< 0.001), followed by low levels of caspase-3 (P< 0.01)
and PARP-1 (P< 0.001) proteins (Figure 1).

3.2. Effect of Folecitin on LPS-Induced Aβ Productions.
.e 3-week administration of LPS significantly increased
beta-secretase activity with significant (P< 0.001) upregu-
lation of the BACE-1 protein expression (which produces
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Figure 1: Folecitin decreased the expression of apoptotic proteinmarkers in the mice brain. (a) Immunoblots of BAX, PARP-1, and caspase-
3 in the brain homogenates of the adult mice for the experimental groups including (c) LPS, LPS + F, and F alone. Histogram of (b) BAX, (c)
full-length/cleaved caspase-3, and (d) full-length/cleaved PARP-1. β-Actin was used as a loading control (reference control)..e bands were
analysed using the Image J software, and the density histograms (expressed in AU) compared to the control were organized using GraphPad
Prism. Values are presented as the mean± SEM for the indicated proteins (n� 6 mice per group). C: control, LPS: lipopolysaccharide, F:
folecitin, AU: arbitrary units, ###P< 0.001 as compared to the C group, and ∗∗P< 0.01 and ∗∗∗P< 0.001∗∗∗P< 0.001 as compared to the LPS
group.
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fragments of Aβ precursor protein to cut into toxic Aβ
fragments). Similarly, the expression of Aβ protein (both
oligomers and monomers) was significantly (P< 0.001)
increased after LPS administration. In contrast, treatment
with folecitin not only significantly (P< 0.05) inhibited
BACE-1 expression but also significantly (P< 0.001) de-
creased both oligomers and monomers in the brain ho-
mogenates mixture of adult mice (Figure 2).

3.3. Effect of Folecitin on Neuronal Synapse. Western blot
analysis revealed that systemic LPS injection reduced both
SYP proteins (P< 0.001) and PSD-95 (P< 0.05) in the brain
homogenates of mice with respect to the control group.
Folecitin administration reduced the impact of LPS in-
duction on synaptic markers and enhanced PSD-95 ex-
pression (P< 0.01), as compared to the LPS-treated group,
and SYP (P< 0.001) (Figure 3).

3.4. Effect of Folecitin on Stimulation of Phosphorylated-Akt
(p-Akt) to Activate Nrf-2/HO-1. .e LPS administration
significantly suppressed the protein expressions of p-AKT
(P< 0.001), nuclear factor erythroid 2-related factor 2 (Nrf-
2) (P< 0.01), and HO-1 (P< 0.001), in comparison to the
control group. In contrast, the administration of folecitin for
two weeks significantly (P< 0.001) stimulated phospho-Akt
protein. It was accompanied by the stimulation of Nrf-2
(P< 0.001) and HO-1 (P< 0.01) protein expression in the
brain homogenates of mice (Figure 4).

3.5. Effect of Folecitin on Behaviour and LPS-InducedMemory
Deficits. .e MWM and Y-maze tests were employed to
check the memory-improving ability of folecitin. In the
MWM test, LPS-treated mice showed significantly
(P< 0.001) higher mean escape latencies from day 1 to day 5.
.ere was a gradual decrease in the mean escape latency
from the start to the end of the experiment, suggesting that
these mice had impaired memory. .ere was a little decrease
in the mean latency on a daily basis from day 1 to day 5. On
the other hand, the mice treated with LPS + folecitin showed
better memory from day 1 to day 5. .e performance of
these mice was better with reduced mean escape latencies
from day 1 to day 5 compared to LPS-treated mice (P< 0.05,
P< 0.001). .e experimental mice treated with folecitin
alone showed escape latencies similar to the control group
from the beginning to the end of the test, suggesting that
they have no memory deficiency (Figure 5(a)). In the probe
test, the control animal spent more time as compared to the
LPS-treated animals. Among the other 2 groups, the mice
treated with LPS + folecitin had spent more time (P< 0.001)
in the target quadrant, while the only folecitin-treated mice
shown good memory by spending more time in the target
quadrant (Figure 5(b)). .e short-term memory was in-
vestigated by performing the Y-maze test. .e control an-
imals showed higher percentage of spontaneous alteration,
while the LPS-treated animals displayed less percentage of
spontaneous alteration (P< 0.001). Similarly, animals
treated with LPS + folecitin showed a significantly (P< 0.01)

higher percentage of spontaneous alteration, similar to the
LPS-treated mice (Figure 5(c)).

4. Discussion

.e current study reported that folecitin abrogated LPS-
induced neuroapoptosis-mediated neuronal synapse dys-
function and memory impairment in the adult albino mice
brain. Moreover, folecitin stimulated the p-Akt signalling
pathway to activate Nrf-2 and its downstreammolecule HO-
1 in the brain of adult mice.

Alzheimer’s disease is a neurodegenerative disorder with
leading reason of death and disability [45]. In aging indi-
viduals, AD leads to a gradual impairment in cognition and
neuronal dysregulation of communication. .ere are many
evidences of involvement of neuroinflammation, apoptosis,
and oxidative stress in the pathogenesis of AD and its as-
sociated neurodegenerative diseases [46]. In particular, it has
been stated that the microglial activation plays a key role in
triggering extreme oxidative stress when high levels of re-
active oxygen species (ROS) are present [47]. Intracellular
ROS in microglial cells causes inflammation and ultimately
leads to neuronal cell death [48]. .e level of endogenous
ROS can be controlled by antioxidant molecules and anti-
oxidative enzymes via the Nrf-2/antioxidant response ele-
ment signal pathways [49].

Many reports conferred that the inclusion of LPS in
rodents caused impairment of cognitive function and en-
hanced the level of AD-like markers, namely, Aβ and BACE-
1 [44]. Several studies had reported that LPS impaired
learning and memory [50, 51]. In the line with those studies,
in the current report, the administration of LPS also im-
paired spatial learning and memory in the MWM test [44].
.e MWM test results indicated that the mice receiving LPS
had more mean escape time latencies and travelled longer
distance to identify the escape platform. Our probe trial
findings too demonstrated that LPS receiving animals’ group
failed in finding the exact location of the submerged plat-
form and which is why they spent less time in the target
quadrant. Animals receiving folecitin displayed a good
recognition pattern and recognized the platform place and,
hence, spent more time in the target quadrant.

.e present study also demonstrated that folecitin sig-
nificantly reduced apoptotic markers (BAX, caspase-3, and
PARP-1 proteins) against LPS in the mice brain. Moreover,
we hypothesized that folecitin had activated Nrf-2/HO-1
against LPS-induced oxidative stress in the brain of adult
mice. Our results indicated that folecitin increased the
nuclear translocation of Nrf-2/HO-1 and its production to
inhibit LPS-induced oxidative stress. Of different genes
involved in the antioxidative characteristics, HO-1 has been
rated high, as it can exert protection via various mechanisms.

Akt acts as a signalling pathway with various functions,
such as apoptosis, cell proliferation, and cellular defence,
and is known tomodulate Nrf-2 [52]. Cross-talk between the
PI3K/Akt and Nrf-2 signalling pathways is capable of
protecting cells against inflammatory and oxidative damage
[53]. Subsequently, we investigated whether the Akt path-
way-mediated folecitin-induced Nrf-2 activation and HO-1
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Figure 2: Folecitin reduced Aβ via inhibiting BACE-1 expression. (a) Immunoblots of BACE1 and Aβ in the brain homogenates of the adult
mice for the experimental groups including (c) LPS, LPS + F, and F alone. Histogram of (b) BACE1 and (c) Aβ. β-Actin was used as a house-
keeping loading control (reference control). .e bands were analysed using the Image J software, and the density histograms (expressed in
AU) compared to the control were organized using GraphPad Prism. Values are presented as the mean± SEM for the indicated proteins
(n� 6 mice per group). C: control, LPS: lipopolysaccharide, F: folecitin, AU: arbitrary units, #P< 0.05 and ###P< 0.001 as compared to the C
group, and ∗P< 0.05 and ∗∗∗P< 0.001 as compared to the LPS group.
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Figure 3: Folecitin reversed synaptic deficits induced by LPS. (a) Immunoblots of SYP and PSD95 proteins in the brain homogenates of
male adult albino mice for the experimental groups including (c) LPS, LPS + F, and F alone. Histograms of (b) SYP and (c) PSD-95. β-Actin
was used as a loading control (reference control)..e bands were analysed using the Image J software, and the density histograms (expressed
in AU) compared to the control were organized using GraphPad Prism. Values are presented as the mean± SEM for the indicated proteins
(n� 6 mice per group). C: control, LPS: lipopolysaccharide, F: folecitin, AU: arbitrary units, #P< 0.05 and ###P< 0.001 .as compared to the C
group, and ∗∗P< 0.01 and ∗∗∗P< 0.001 as compared to the LPS group.
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Figure 4: Continued.
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expression or not. .e results showed that folecitin induced
a significant augmentation of the Akt phosphorylation
pathway, which is directly associated with Nrf-2-mediated
antioxidant response.

In this context, we used folecitin in the animal model of
LPS to know its capability to reverse memory impairment.
Our results revealed that folecitin significantly enhanced the
LPS-inhibited endogenous antioxidant system, i.e., Nrf-2
and HO-1 accompanied by subsequent reduced expression
of apoptotic markers in adult albino mice. It is followed by

the positive effect on neuronal synapse and improvement in
the memory impairment in the adult animal model. Most
importantly, folecitin restored the p-Akt/Nrf-2/HO-1 sig-
nalling pathway to overcome the LPS-induced amyloido-
genic pathway of Aβ production in male adult mice.
Considering the antioxidative potential and vital ability in
enhancing memory deficits, folecitin could be the potential
drug candidates against neurodegenerative disorders, es-
pecially AD. An overview of the proposed mechanisms of
action of folecitin is illustrated in Figure 6.
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Figure 4: Folecitin stimulated the phosphorylated-Akt (p-Akt) to activate Nrf-2/HO-1. (a) Immunoblots of p-Akt, HO-1, and Nrf-2
proteins for the experimental groups including (c) LPS, LPS + F, and F alone. Histogram of (b) p-Akt, (c) Nrf-2, and (d) HO-1 proteins.
β-Actin was used as a loading control (reference control). .e bands were analysed using the Image J software, and the density histograms
(expressed in AU) compared to the control were organized using GraphPad Prism. Values are presented as themean± SEM for the indicated
proteins (n� 6mice per group). C: control, LPS: lipopolysaccharide, F: folecitin, AU: arbitrary units, ##P< 0.01 and ###P< 0.001 as compared
to the C group, and ∗∗P< 0.01 and ∗∗∗P< 0.001 as compared to the LPS group.
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Figure 5: Improvement of LPS-induced memory impairment by folecitin. (a) Effect of folecitin on escape latency in the MWM test. (b)
Effect of folecitin in the probe test (time consumed in the target quadrant on final day of the experiment) showed during the MWM test
when the immersed platform was removed. (c) Effect of folecitin on alternation behaviour in the Y-maze test. Values are presented as the
mean± SEM (n� 6 mice per group). C: control, LPS: lipopolysaccharide, F: folecitin, ###P< 0.001 as compared to the control group, and
∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001 as compared to the LPS group.
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5. Conclusions

.e administration of LPS to the brain of adult mice caused
neuronal synapse and memory dysfunction. On the other
hand, folecitin significantly abrogated the LPS-induced
amyloidogenic Aβ production and improved the associated
neuronal synapse and memory impairment. Moreover,
folecitin restored the p-Akt signalling pathway to activate
Nrf-2/HO-1 signalling. Owing to its neuroprotective po-
tential and ability to improve memory deficits, folecitin
might be a promising lead in designing new drugs for
neurotoxin-triggered neurodegenerative problems [54].
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Background. Hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC) has poor prognosis and high mortality rate.
Curcumae Rhizoma, a classic Chinese medicinal herb, is often used to treat tumors. Methods. Active ingredients of Curcumae
Rhizoma were extracted from the Traditional ChineseMedicine Database and Analysis Platform (TCMSP) database, and potential
targets were predicted by the TCMSP database and Swiss Target Prediction database. )e key drug targets were filtered by
intersecting predicted targets, DEGs, and genes in important modules from WGCNA. Besides, the key drug targets were used to
construct a network of “herb-active ingredient-target-disease” interactions and subjected to enrichment analysis and protein-
protein interaction (PPI) analysis. )e hub targets based on PPI analysis was evaluated by the KMplotter database. Results. )ree
active ingredients of Curcumae Rhizoma were collected with OB≥ 30% and DL≥ 0.18, including hederagenin, wenjine, and
bisdemethoxycurcumin. )e key drug targets were mainly enriched in cell cycle checkpoint, DNA integrity checkpoint, and
peptidyl-serine modification. Besides, Curcumae Rhizoma treatment of HBV-related HCC mainly involved the p53 signaling
pathway and arachidonic acid metabolism. Finally, ESR1 and PTGS2 were identified as hub targets from PPI analysis. ESR1 was
found to be correlated with survival in liver cancer patients with hepatitis. Conclusion. Based on WGCNA and network
pharmacological analysis, our results illustrated that Curcumae Rhizoma might work through regulating multitargets and
multipathways in HBV-related HCC.

1. Introduction

Hepatocellular carcinoma (HCC) is currently recognized as
one of the most hard-to-treat malignancies, with the inci-
dence increasing significantly over the last century [1–3].
According to the 2018 global tumor statistics, HCC is the 4th
leading cause of cancer death at 8.2% [4]. It was reported by
the National Cancer Center in 2019 that there were 370000
new cases of HCC in 2015, making it the 4th most common
malignant tumor and the 2nd leading cause of tumor death
in China, seriously threatening human life and health [5, 6].
About 80% of HCC in China are caused by hepatitis B virus
(HBV) infection, making HBV-related HCC one of the
major public health problems in China [6]. However, its
pathogenesis has not yet been fully understood.

In the traditional treatment of HBV-related HCC,
chronic HBV infection and liver malignancy are seen as two
causally related but relatively independent aspects, and
therefore, their treatment is divided into long-term ag-
gressive antiviral therapy for HBV and interventional, tar-
geted, and surgical treatments for HCC [7, 8]. Existing
Western medicine treatment programs are generally com-
binatorial rather than comprehensive. Traditional Chinese
medicine (TCM) treatment, due to its holistic view of the
disease, can play a comprehensive role in controlling disease
progression in the context of chronic HBV infection, in-
cluding blocking precancerous changes, compensating for
the limitations of Western medicine alone, prolonging
survival, and improving quality of life [9, 10]. However, due
to the high complexity of TCMmechanisms, the exploration
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of drug targets and the screening of active ingredients is an
important challenge at present.

Curcumae Rhizoma, bitter and acrid, could invigorate
blood circulation, dispel blood stasis, regulate Qi, alleviate
pain, dissolve accumulations, and alleviate pain [11, 12].
Curcumae Rhizoma has been reported to have anticancer
activity against a variety of cancers, including breast cancer
[13], gastric cancer [14], and colorectal cancer [15]. Cur-
cumae Rhizoma or some of its active ingredients have been
reported to have a better inhibitory effect on liver fibrosis
and HCC [16, 17].

In this study, we obtained the GSE121248 dataset by
searching datasets containing HCC tissues and para-
cancerous tissues with HBV infection in the GEO database.
By bioinformatics techniques, we identified the significant
modules and differentially expressed genes (DEGs) of the
GSE121248 dataset. Using various databases and bio-
informatics algorithms, we screened out active components
of Curcumae Rhizoma, targets of HBV-related HCC, and
key drug targets of Curcumae Rhizoma for the treatment of
HBV-related HCC. )e characteristics of these key targets
were preliminary revealed. In summary, this study provides
new targets and ideas for the treatment of HBV-related HCC
with Curcumae Rhizoma.

2. Methods

2.1. Curcumae Rhizoma Active Ingredient Screening and
Target Prediction. TCMSP is a traditional Chinese medicine
database and analysis platform that could analyze the re-
lationship among drugs, targets, and diseases, revealing the
nature and potential mechanisms of TCM [18]. Curcumae
Rhizoma was searched in the TCMSP database, and the
chemical components were screened with oral bioavailability
(OB)≥ 30% and drug likeness (DL)≥ 0.18%. )e potential
drug targets were also searched in the TCMSP database and
Swiss Target Prediction database [19]. )en, the potential
drug targets from the TCMSP database were imported into
the UniProtKB database [20] for target gene name correc-
tion and elimination of nonhuman targets. )e potential
drug targets from the Swiss Target Prediction database were
screened with probability> 0.

2.2. GSE121248 Dataset Collection. Gene Expression Om-
nibus (GEO) database [21] was utilized to search the public
dataset associated with HBV-related HCC, and the
GSE121248 dataset (https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc�GSE121248) provided by Wang et al.
[22] was downloaded via R (version 3.6.3) package of
GEOquery 2.54.1 [23]. Tissues from chronic hepatitis B
induced HCC and their adjacent normal tissues were iso-
lated, and total RNA was extracted for Affymetrix gene
microarray analysis.

2.3. WGCNA. WGCNA is a systems biology approach to
describe gene association patterns among different samples,
to figure out highly synergistic gene sets, and to identify
candidate biomarkers or therapeutic targets based on the

endogeneity of the gene set and the association between the
gene set and the phenotype [24]. )e analysis methods were
previously described [25]. WGCNA was performed using
top 5000 genes with maximum mean absolute deviation, a
power β of 6, a minimal module size of 30, a deep split of 3,
and an unsigned type of topological overlap matrix (TOM).
Finally, 13 modules were obtained, and Spearman correla-
tions between modules and clinical features were analyzed.

2.4. Differential Expression Analysis. )e expression matrix
of the GSE121248 dataset was filtered by transforming re-
peated probe signals as the median value. )e limma 3.42.2
package was then used for the differential expression analysis
between tumor sample from hepatocellular carcinoma pa-
tient and adjacent normal sample from hepatocellular car-
cinoma patient. Besides, DEGs were screened with |logFC|≥
1 and P< 0.05 and visualized as a volcano plot. Top 50 DEGs
were visualized as heatmaps with the clustering method of
Euclidean distances using the ComplexHeatmap 2.2.0
package [26].

2.5. Construction of the “Herb-Active Ingredient-Target-Dis-
ease” Interaction Network. Key drug targets were screened
by intersecting predicted targets, DEGs, and genes in im-
portant modules from WGCNA. )en, the interactions
among herb, active ingredients, and targets were imported
into the Cytoscape software (version 3.8.3) [27] for network
construction.

2.6. Enrichment and PPI Analysis of Key Drug Targets.
Key drug targets were subjected to Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) en-
richment analysis using the clusterProfiler 3.14.3 package
[28], and the top 10 entries with highest generation and
P< 0.05 were visualized as bubble plots and chord diagrams.

Key drug targets were uploaded to the STRING database
(version 11.0) [29], and interactions with a score above 0.4
were considered significant. )en, the interactions were
downloaded and visualized using Cytoscape software (ver-
sion 3.8.3) [27]. )e common genes in top 5 genes with
highest degree and bottleneck score were detected as hub
targets by cytoHubba plugin [30].

2.7. Prognostic Analysis of Hub Targets. )e hub targets
were entered into the KMplotter database [31] and analyzed
for prognostic value based on the hepatitis virus yes sub-
group and all groups. )e web was established to perform
univariate and multivariate survival analyses using any
custom-generated data.

2.8. Active Ingredient Screening and Target Prediction.
)e active ingredients of Curcumae Rhizoma, including
hederagenin, wenjine, and bisdemethoxycurcumin, were
obtained by searching the TCMSP database and screening
with OB and DL parameters (Figure 1(a), Table 1). )eir
molecule structure was downloaded (Figures 1(b)–1(d)).
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Figure 1: Curcumae Rhizoma active ingredients. (a) )e characteristics of Curcumae Rhizoma active ingredients. (b) Hederagenin
molecule structure. (c) Wenjine molecule structure. (d) Bisdemethoxycurcumin molecule structure.

Table 1: Potential active compounds of Curcumae Rhizoma.

Mol. ID Molecule name MW OB (%) DL
MOL000296 Hederagenin 414.79 36.91 0.75
MOL000906 Wenjine 282.37 47.93 0.27
MOL000940 Bisdemethoxycurcumin 308.35 77.38 0.26
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)en, 22 potential targets of hederagenin were extracted
from the TCMSP database. 11 potential targets of wenjine
and 68 potential targets of bisdemethoxycurcumin were
predicted from the Swiss Target Prediction database.

3. Results

3.1. HBV-Related HCC Target Screening. To identify HBV-
related HCC targets, we downloaded the GSE121248 dataset
from the GEO database. ByWGCNA analysis, a power β of 6
was detected and 13modules were obtained (Figures 2, 3(a)–
3(c)). Among these modules, blue, brown, magenta, red, and

turquoise modules were screened as important modules
since they were most significantly correlated with tumor
(Figure 3(d)).

)en, expression profile of the GSE121248 dataset was
subjected to differential expression analysis (Figure 4(a)).
)e top 50 upregulated (Figure 4(b)) and downregulated
(Figure 4(c)) genes were visualized.

3.2. Key Drug Targets and �eir Features. To identify key
drug targets of Curcumae Rhizoma in treating HBV-related
HCC, we collected the overlapped genes in DEGs, genes in
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Table 2: Potential targets of active compounds of Curcumae Rhizoma in HBV-related HCC.

Gene symbol Protein name logFC Degree Bottleneck
TOP2A DNA topoisomerase 2-alpha 3.261963 4 1
ESR1 Estrogen receptor −2.27525 7 9
CDK1 Cyclin-dependent kinase 1 2.029494 4 1
CYP2C19 Cytochrome P450 2C19 −1.72843 1 1
PTGS2 Prostaglandin G/H synthase 2 −1.62628 3 2
SERPINE1 Plasminogen activator inhibitor 1 −1.55996 2 1
ADH1C Alcohol dehydrogenase 1C −1.4645 0 0
AURKA Aurora kinase A 1.381586 3 1
HSD17B2 17-Beta-hydroxysteroid dehydrogenase type 2 −1.15057 1 1
LYZ Lysozyme C 1.128273 0 0
PRKDC DNA-dependent protein kinase catalytic subunit 1.029811 3 1

Table 3: Enriched GO-BP and KEGG terms of potential targets.

Ontology ID Description GeneRatio BgRatio P value P adjust Q value GeneID Count Zscore

BP GO:
0044774

Mitotic DNA
integrity

checkpoint
4/11 106/

18670 3.14e− 07 1.88e− 04 9.49e− 05

TOP2A/
CDK1/
AURKA/
PRKDC

4 2

BP GO:
0048511 Rhythmic process 5/11 295/

18670 4.07e− 07 1.88e− 04 9.49e− 05

TOP2A/ESR1/
CDK1/

SERPINE1/
PRKDC

5 0.447213595

BP GO:
0031570

DNA integrity
checkpoint 4/11 157/

18670 1.52e− 06 4.10e− 04 2.07e− 04

TOP2A/
CDK1/
AURKA/
PRKDC

4 2

BP GO:
0007093

Mitotic cell cycle
checkpoint 4/11 165/

18670 1.85e− 06 4.10e− 04 2.07e− 04

TOP2A/
CDK1/
AURKA/
PRKDC

4 2

BP GO:
0007623 Circadian rhythm 4/11 208/

18670 4.65e− 06 4.10e− 04 2.07e− 04

TOP2A/
CDK1/

SERPINE1/
PRKDC

4 1
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Table 3: Continued.

Ontology ID Description GeneRatio BgRatio P value P adjust Q value GeneID Count Zscore

BP GO:
0000075

Cell cycle
checkpoint 4/11 216/

18670 5.40e− 06 4.10e− 04 2.07e− 04

TOP2A/
CDK1/
AURKA/
PRKDC

4 2

BP GO:
0018105

Peptidyl-serine
phosphorylation 4/11 299/

18670 1.95e− 05 1.00e− 03 5.04e− 04

CDK1/
PTGS2/
AURKA/
PRKDC

4 1

BP GO:
0007568 Aging 4/11 321/

18670 2.57e− 05 0.001 5.78e− 04

CDK1/
PTGS2/

SERPINE1/
PRKDC

4 0

BP GO:
0018209

Peptidyl-serine
modification 4/11 322/

18670 2.60e− 05 0.001 5.78e− 04

CDK1/
PTGS2/
AURKA/
PRKDC

4 1

BP GO:
0045930

Negative
regulation of

mitotic cell cycle
4/11 338/

18670 3.15e− 05 0.001 6.68e− 04

TOP2A/
CDK1/
AURKA/
PRKDC

4 2

KEGG hsa05204 Chemical
carcinogenesis 3/11 82/8076 1.57e− 04 0.008 0.006

CYP2C19/
PTGS2/
ADH1C

3 −1.73205081

KEGG hsa04913 Ovarian
steroidogenesis 2/11 51/8076 0.002 0.044 0.035 PTGS2/

HSD17B2 2 −1.41421356

KEGG hsa00590 Arachidonic acid
metabolism 2/11 63/8076 0.003 0.044 0.035 CYP2C19/

PTGS2 2 −1.41421356

KEGG hsa00982 Drug metabolism-
cytochrome P450 2/11 71/8076 0.004 0.044 0.035 CYP2C19/

ADH1C 2 −1.41421356

KEGG hsa04115 p53 signaling
pathway 2/11 73/8076 0.004 0.044 0.035 CDK1/
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Figure 6: Continued.

Evidence-Based Complementary and Alternative Medicine 9



important modules, and predicted targets (Figure 5(a)).
)ese genes were screened as key drug targets, including
TOP2A, ESR1, CDK1, CYP2C19, PTGS2, SERPINE1,
ADH1C, AURKA, HSD17B2, LYZ, and PRKDC (Table 2).
Moreover, the expression levels of key drug targets were
analyzed (Figure 5(b)). )en, a network of “herb-active
ingredient-target-disease” interactions was constructed
(Figure 5(c)).

To characterize the key drug targets, we performed GO
and KEGG enrichment analyses (Table 3). )e results
depicted that the key drug targets mainly involved in the
rhythmic process, mitotic DNA integrity checkpoint, DNA
integrity checkpoint, mitotic cell cycle checkpoint, circadian
rhythm, cell cycle checkpoint, peptidyl-serine phosphory-
lation, aging, peptidyl-serine modification, and negative
regulation of mitotic cell cycle (Figure 6(a)). Besides, some

cellular component (CC) terms were also enriched, such as
chromosomal region, spindle microtubule, mitotic spindle,
nuclear chromosome, telomeric region, centriole, chromo-
some, telomeric region, midbody, microtubule organizing
center part, protein-DNA complex, and condensed chro-
mosome (Figure 6(b)). In terms of molecular function (MF),
key drug targets participated in protein serine/threonine
kinase activity, histone kinase activity, oxidoreductase ac-
tivity, acting on the CH-OH group of donors, NAD or
NADP as acceptor, oxidoreductase activity, acting on CH-
OH group of donors, heme binding, tetrapyrrole binding,
and oxidoreductase activity, acting on paired donors, with
incorporation or reduction of molecular oxygen
(Figure 6(c)). Moreover, the involved pathways included
chemical carcinogenesis, ovarian steroidogenesis, arachi-
donic acid metabolism, drug metabolism-cytochrome P450,
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M
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Figure 6: Enrichment analysis of key drug targets. (a) A bubble plot showing GO-BP analysis. (b) A bubble plot showing GO-CC analysis.
(c) A bubble plot showing GO-MF analysis. (d) A bubble plot showing KEGG analysis. (e) A chord diagram showing GO-BP analysis. (f ) A
chord diagram showing KEGG analysis.
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and p53 signaling pathway (Figure 6(d)). Combining logFC,
the GO-biological process (BP) and KEGG enrichment
results are shown in Figures 6(e) and 6(f ).

Meanwhile, the key drug targets were subjected to PPI
analysis (Figure 7(a)). In Cytoscape software, degree and
bottleneck algorithm identify top 5 genes, respectively
(Figures 7(b) and 7(c)). )e common genes were ESR1 and

PTGS2 under two algorithms. Based on the two hub targets,
a network of “herb-active ingredient-target-disease” inter-
actions was simplified (Figure 7(d)).

3.3. Hub Target Verification. )e hub targets, ESR1 and
PTGS2, were uploaded to the KMplotter database, and the
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Figure 7: PPI analysis of key drug targets. (a) PPI network of key drug targets. (b) Top 5 key drug targets under the degree algorithm. (c) Top
5 key drug targets under the bottleneck algorithm. (d) A network of “herb-active ingredient-target-disease” interactions based on hub
targets.
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Figure 8: Prognostic analysis of hub targets. ESR1 expression was associated with overall survival probability (a) and disease-specific
survival probability (b) in liver cancer patients with hepatitis virus. ESR1 expression was associated with overall survival probability (c) and
disease-specific survival probability (d) in liver cancer patients.
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prognostic analysis showed that ESR1 might be a tumor
suppressor gene in HBV-related HCC (Figure 8).

4. Discussion

Globally, there are nearly 887000 deaths per year from HBV
infection-related diseases, of which HBV-related HCC ac-
counts for about 38% [32]. In China, the proportion of HCC
caused by HBV is as high as 84% [32]. Research on the
molecular mechanisms of HBV-related HCC development is
still emerging, but there is still a lack of effective biomarkers
for targeted therapy. In this study, 11 key drug targets of
Curcumae Rhizoma for the treatment of HBV-related HCC
were identified through a combination of data mining and
network pharmacology analysis, and these key targets were
characterized. )is study provided new targets and ideas for
the treatment of HBV-related HCC with Curcumae
Rhizoma.

)rough the TCMSP database and Swiss Target Pre-
diction database, we obtained three potential active ingre-
dients of Curcumae Rhizoma, including hederagenin,
wenjine, and bisdemethoxycurcumin. Hederagenin report-
edly mediated cytotoxicity to cancers via multipathways, for
example, hederagenin inhibits proliferation and promotes
apoptosis of cervical cancer CaSki cells by blocking the
STAT3 pathway [33]. Hederagenin saponin extraction offers
great potential as a antibreast cancer drug via the mito-
chondrial pathway [34]. By impairing autophagy, heder-
agenin induced ROS accumulation, potentiating the
cytotoxicity of cisplatin and paclitaxel to lung cancer cells
[35]. According to Liu et al., hederagenin displayed potent
antihepatoma activities against human HCCHepG2 cell line
[36]. Bisdemethoxycurcumin has antitumor effects exerted
through a multimechanistic mode of action [37]. For ex-
ample, bisdemethoxycurcumin sensitizes nonsmall cell lung
cancer cells to icotinib [38]. It enhances α-PD-L1 antibody-
mediated immune responses against bladder cancer [39]. It
induces glioblastoma cell apoptosis [40]. Besides, it could
cause a decrease in HCC cell viability and an increase in
apoptosis [41, 42].

In terms of pathogenesis, GO-BP enrichment analysis
suggested that the 11 key drug targets screened were in-
volved in cell cycle checkpoint, DNA integrity checkpoint,
and peptidyl-serine modification, all of which were asso-
ciated with the development, progression, and metastasis of
HCC [43–45]. )e KEGG pathway enrichment results in-
dicated that the p53 signaling pathway and arachidonic acid
metabolism are enriched, which was supported by recent
findings. HBV reportedly induce the abnormal lipid
metabolism and activate Tregs through arachidonic acid
signaling [46]. Hepatocytes with p53 inhibition escape death
and senescence, becoming HCC progenitors [47]. Curcumae
Rhizoma might play roles in treatment of HBV-related HCC
via these biological processes and pathways.

In PPI analysis, we screened out ESR1 as a hub target. A
recent study showed that ESR1 could inhibit HCC wors-
ening [48]. ESR1 was lowly expression in liver tissues from
chronic hepatitis B induced HCC in the GSE121248 dataset.
Low ESR1 expression correlated with poor overall survival

and disease specific survival in liver patients, no matter
whether they had hepatitis virus infection. Besides, the study
by Shuying Dai et al. implied that bisdemethoxycurcumin
has a good affinity with ESR1 [49]. Curcumae Rhizoma,
modulating ESR1, could be a potential therapeutic agent
against HBV-related HCC.

Although there are some limitations in this study, such
as fewer Curcumae Rhizoma active ingredients and fewer
HBV-related HCC dataset, making the findings somewhat
one-sided, we used bioinformatics to screen out the key drug
targets of HBV-related HCC, which will lay an important
foundation for subsequent research on the therapeutic
targets of HBV-related HCC with Curcumae Rhizoma.

5. Conclusion

Based on WGCNA and network pharmacological analysis,
our results illustrated that Curcumae Rhizoma might work
through regulating multitargets and multipathways in HBV-
related HCC. )erefore, it is suggested that we can refer to
these relevant mechanisms in the future research of Cur-
cumae Rhizoma on clinically treating HBV-related HCC. In
addition, ESR1 and PTGS2 modulators are also deserved to
be validated by further clinical and animal models of HBV-
related HCC.
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(e usage of herbal remedy is growing vividly all around the world. (ough, ecological contamination particularly with heavy
metals carriages thoughtful problem on quality of medicinal plants and their foodstuffs. In the world, 80% of the population
depend on traditional medicine, while information on the levels of heavy metal such as Zn, Mn, Cu, Cr, Pb, As, Cd, and Cr in
plants utilized for making of herbal remedies is unavailable. (erefore, the purpose of this study was to assess phytochemicals,
biological activities, and heavy metal analysis of Reseda muricata andMarrubium vulgare grown in different parts of Saudi Arabia.
Qualitative phytochemical analysis of R. muricata andM. vulgare confirmed the presence of alkaloids, flavonoids, tannins, phenol,
and saponins. Methanol extracts of both Reseda muricata and Marrubium vulgare were characterized with the help of GC-MS.
Antioxidants, antimicrobial, and brine sharp lethal toxicity of the both species were also evaluated.

1. Introduction

(e medicinal potential of plants species is because of the
occurrence of secondary phytoconstituents which have
numerous functions such as antioxidant, antimicrobial,
cytotoxic, anticancer, and antiviral. Plants have been the
main root of traditional medicines since ancient times [1–3].
(e plants are used as primary healthcare all over the world,
but South American countries in particular [4]. About
300–315 thousand species of plants are present on this
planet, and few of these provide food to humans, aquatic,
and terrestrial animals [5]. Plants are used as antimicrobial
agents that are used to kill microorganisms such as bacteria
and fungi or inhibit their growth [6, 7]. (ey also have
antioxidant, anticancer, antiviral, and cytotoxic and much
more effects. Antioxidants inhibit the oxidation of substrate
such as free radicals [8, 9]. Cytotoxicity is the quality of being
toxic to cells. Cytotoxic potential of crude extract is ascer-
tained against various cells using methods such as MTTand
brine shrimp lethality assays [10, 11]. Reseda muricata is an

herb belonging to family and spread in southeast Egypt.
Family Resedaceae consists of 6 genera and 75 species.
While, very small data about R. muricata appeared till date.
Previously, chemical screening of R. muricata has reported a
flavonoid trioside, and its coumaryl ester together with some
flavonoids and phenolic acids were identified from the leaves
of Reseda muricata. Pharmacological studies of extracts of
various Reseda species presented antifungal, antibacterial,
and anti-inflammatory activities. R. muricata is traditionally
used for the treatment of hemorrhoids, stomach aches, and
diarrhea [12].

Marrubium vulgare is a plant of family Lamiaceae, whose
genus comprises of 97 species. It is spread far and wide along
theMediterranean Sea and growing in the temperate areas of
the Eurasian region. (e plant has been utilized as a sub-
stitute for hops in beer breweries and is presently used to
make herbal teas. In the past times, it was augmented to
boiled vegetables, sauces, and salads. It is also utilized as
traditional medicine. M. vulgare is habitually a significant
foundation for the pharmaceutical and food industries. For
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instance, just in India, there are 33 registered herbal for-
mulations comprising of white horehound. M. vulgare
showed diaphoretic, expectorant, stimulant, tonic, diuretic,
and aromatic potential. Its phytochemical constituents are
diterpenic lactones, phenolic compounds, and phenyl-
propanoids [13]. Folk usage of Reseda muricata fruit is
reported as menstruation tonic [14]. Similarly, in Morocco,
the leaf infusion utilization of M. vulgare is used for the
treatment of metabolic disorder [15]. Furthermore, in Ser-
bian language, M. vulgare is called očajnica, which means
desperate woman; because its tea is considered good remedy
for women who were unable to conceive and regulate
menstrual cycle, it is also traditionally utilized for the
treatment of respiratory and gastrointestinal disorders [16].
Medicinal uses of the plants are due to the presence of
phytochemicals. (e most generally responsible phytocon-
stituents as antidiabetic are benzoic acid derivatives, phenol
and its derivatives, flavonoid, amino acid and its derivatives,
vitamins, saponin, alkaloid, and carbohydrate [17]. Phyto-
chemicals such as flavonoids, polyphenols, steroids, terpe-
noids, and alkaloids have balanced usages and are existed in
different amounts in different plants species.(e presence of
these classes of phytochemicals in plants species and dietary
food plays a substantial part to defend against ailment [18].
Keeping in mind the importance of these plants species, we
have designed the current study to evaluate its biological
potential.

2. Experimental

2.1. Plant Collection. (e plants R. muricata and M. vulgare
were collected from the Hawdaf Sudayeer Dam on 18-3-2017
and identified by Dr. Rifayatullah, a plant taxonomist at our
college. “(e specimen vouchers were deposited in the
Herbarium of the Medicinal Aromatic and Poisonous Plants
Research Center, College of Pharmacy, King Saud Univer-
sity, Riyadh, Saudi Arabia, with voucher numbers SAID 326
and MV-2019, respectively.”

2.2. Extraction Procedure. (e plants R. muricata and
M. vulgare parts were ground to fine powder by amechanical
grinder. (e powder plant material (100 g, each) was soaked
in 3 liters of methanol. (e greenish methanol was filtered
and evaporated with the help of a rotary evaporator. (e
greenish residue of methanol was further assessed for
phytochemicals screening, antimicrobial, antioxidant, and
cytotoxic potential using reported protocols.

2.3. Phytochemicals Screening. Phytochemicals such as al-
kaloids, flavonoids, tannins, phenols, and saponins were
determined using different reagents such as Mayer’s reagent
and ferric chloride reagent [19–24].

2.4. GC-MS Analysis. Agilent GC 7890A combined with a
triple axis detector 5975 C single quadrupole mass
spectrometer were used for GC-MS analysis. (e chro-
matographic column was an Agilent HP 5MS column

(30 m × 0.25 mm × 0.25 µm film thickness), with high-
purity helium as the gas carrier, at a flow rate of 1 mL/
min. (e injector temperature was 250°C, and it was
equipped with a splitless injector at 20 : 1. (e source
temperature of MS was set at 230°C, and the quad
temperature was set at 150°C (e oven temperature was
initially at 40°C (held for 1 min), then was increased to
150°C at 10°Cmin−1 (held for 1 min), and then increased
further to 300°C at 10°Cmin−1 for 1 min. (e injection
volume was 1 μL, and the scan range was set at 50–800
mass ranges at 70 eV electron energy and the solvent
delay of 3 minutes. Finally, unknown compounds were
identified by comparing the spectra with that of the NIST
2008 (National Institute of Standard and Technology
library). (e total time required for analyzing a single
sample was 29 minutes.

2.5. Antimicrobial Activity

2.5.1. Agar Well Diffusion Assay (Antibacterial Activity).
Methanol extracts of the plants R. muricata and M. vulgare
were evaluated for antibacterial potential using the well
diffusion assay. Nutrient agar media plates were inoculated
and were placed in the incubator at 37°C for 18–24 h. Wells
were designed in Petri dish having 6mm diameter with the
help of sterile cork borers. Using a sterile swab, the inocula of
the respective bacterial strains were spread on nutrient agar
plates and then dried at 37°C for 15min. Stock solutions of
n-hexane, chloroform, ethyl acetate, and butanol extracts
were prepared using DMSO as solvent. Concentration of
each extract solution was kept as 2mg/mL and 3mg/mL.
(en, 100 μL of each extract was administered in each well
containing E. coli, K. pneumonia, Xanthomonas, and
S. aureus. (e Petri plates were placed for incubation at
temperature 37°C for 24 h. (e zone of inhibition in (mm)
for antibacterial activity was determined after incubation.
(e positive control used showed antibacterial activity
[25, 26].

2.5.2. Agar Well Diffusion Assay (Antifungal Activity).
Agar well diffusion assay was used to find out the antifungal
activity of R. muricata and M. vulgare. (e fungal strains
were first grown on Petri plates. Wells of 6mm in diameter
were made in Petri plates containing nutrient agar medium
using sterile cork borers. Using a sterile swab, the inocula of
the respective bacterial strains were spread on nutrient agar
plates and then dried at 37°C for 15min. Stock solutions of
n-hexane, chloroform, ethyl acetate, and butanol extracts
were prepared using DMSO as solvent. Concentration of
each extract solution was kept as 2mg/mL and 3mg/mL.
(en, 100 μL of each extract was administered in each well
containing Aspergillus niger, clinical Candida, Acremonium,
Rhizopus, and Trichoderma. (e Petri plates were placed for
incubation at temperature 37°C for 24 h. (e zones of in-
hibition in mm for antibacterial activity were determined
after incubation. (e positive control used showed anti-
bacterial activity [27, 28].
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2.6. Antioxidant Activity. (e antioxidant activity of
R. muricata and M. vulgare was measured by using 2,2-
diphenyl picrylhydrazyl radical (DPPH). (e molecule re-
sponsible for antioxidant activity reacts with DPPH and
converts it into diphenyl-picryl hydrazine having yellow
color. (is change in color is measured with the help of a
spectrophotometer. Using the following equation, the DPPH
radical inhibiting activity or antioxidant activity of the plant
extract with different solvents was calculated.

DPPH scavenged(%) �
Abs(control) − Abs(test)

Abs(control)
× 100,

(1)

where Abs (control) and Abs (test) are the absorbance of the
control and absorbance of the tested sample, respectively
[29].

2.7. Brine ShrimpLethality Protocol. (e cytotoxic activity of
the plant was assessed using the brine shrimp lethality
bioassay method where totally 6 graded doses (3 graded
doses for each plant) (1000 μg/mL, 100 μg/mL, and 10 μg/
mL) were used. Brine shrimps (Artemia salina Leach)
nauplii (Ocean 90, USA) were used as test organisms. For
hatching, eggs were kept in brine with a constant oxygen
supply for 48 h. (e mature nauplii were then used in the
experiment. DMSO was used as a solvent and also as a
negative control. Vincristine sulfate was used as a reference
standard in this case. To gage the percentage mortality (%
M), the number of dead shrimps is divided by the total
number of shrimps and is then multiplied by 100%. (e
death of the shrimps confirmed the presence of bioactive
compounds in the plant extracts [21, 28, 30].

2.8. Determination of Heavy Metals. (e protocol described
by W. Khan et al. [31] was used. Analytical grade concen-
trated per chloric acid (HClO4) and nitric acid (HNO3) were
used for the digestion. Samples (0.2 g) of dry grounded
whole plant (each) were weighed into 100mL beakers.
Predigestion of the samples was performed with HNO3
(5mL), followed by cooling and digestion again to HC1O4
fumes. Heavy metals analyses for zinc (Zn), copper (Cu),
manganese (Mn), chromium (Cr), lead (Pb), arsenic (As),
cadmium (Cd), and chromium (Cr) were performed in
triplicates for both medicinal plants using the atomic ab-
sorption spectrophotometer (Analyst 700, Perkin Elmer).

3. Results and Discussion

3.1. GC-MS Analysis of Reseda muricata (RMM) and Mar-
rubium vulgare (MVM)Methanol Extracts. GC-MS analysis
of Reseda muricata and Marrubium vulgare methanol ex-
tracts is shown in Figure 1, Table 1 and Figure 2, Table 2,
respectively. GC-MS analysis of RMM showed 17 constit-
uents in methanol extracts. (e highest abundance of 2-
propenenitrile, 3-phenyl-, (E)- followed by 1H-indole-3-
acetic acid-methyl ester has been observed as shown in
Figure 1. Similarly, 42 phytoconstituents were noted in the

methanol extract of MVM. 5-Methoxy-2-nitrobenzoic acid
was the highest in abundance followed by hexadecanoic acid
and methyl ester in MVM. Phytochemicals as collective in
the extracts are responsible for biological activities of plant
extracts. (erefore, detail of phytochemicals is important.

3.2. Qualitative Phytochemicals Analysis of R. muricata and
M. vulgare. Qualitative investigation of methanol extract of
R. muricata and M. vulgare confirmed the presence of
different kinds of phytochemicals such flavonoids, phenols,
saponins, alkaloids, and tannins, as given in Table 3.

3.3. Antibacterial Activity. (e bacterial strains used are
E. coli, Klebsiella pneumonia, Xanthomonas, and Staphylo-
coccus aureus. (e methanol extract of R. muricata and
M. vulgare showed antibacterial activity (Table 4). Both the
extracts showed a significant zone of inhibition against the
test bacterial strain, which confirmed that the methanol
extract of R. muricata andM. vulgare can be used for further
investigation.

3.4. Antifungal Activity. A. niger, Candida, Rhizopus,
Acremonium, and Trichoderma fungal stains were used. (e
results obtained are given in Table 5.(emethanol extract of
R. muricata and M. vulgare showed significant antifungal
activities.

3.5. Antioxidant Activity. (e DPPH free radical scavenging
assay was used to evaluate the antioxidant potential of the
methanol extract of R. muricata and M. vulgare which
showed that both extracts are active (Table 6). (e results
were compared with ascorbic acid which was used as a
standard antioxidant having LC50 31.59 μg/mL. (e LC50 of
both extracts was above 100 μg/mL (Table 6).

3.6. Cytotoxicity. Brine shrimp lethality assay (BSLA) was
applied to evaluate the cytotoxicity of the extracts of Reseda
muricata. It can be seen that with increased in concentration,
the mortality rate was increased. (e extracts were found to
have high mortality above 1000 μg/mL mortality rate and
LD50, as given in Table 7.

3.7. Determination of Heavy Metals. (e results given in
Table 8 provide the levels of heavy metal in the whole part of
R. muricata and M. vulgare. (ese results show that the
concentration of bioessential elements is within the per-
missible limit as well as the toxic heavy metal not detected in
it.

According to the FAO/WHO [31], the acceptable limit
for Zn, Cu, Cr, and Mn is 27.4, 3.00, 0.02, and 2 ppm, re-
spectively. From the given findings, it is concluded that the
levels of these elements are within the standard parameters.
Our study completely agreed with the results which con-
firmed that concentration of heavy metals in both species
R. muricata and M. vulgar were within the toxic limits.
(ough, its concentration varies based on different
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environmental conditions [32]. (ese metals are very nec-
essary for the development of plants, and its excess or
shortage can cause serious problems in plants and humans.
Zn is an essential trace nutrient for plant growth due to its
role in several cell functions. It is also vital for brain growth,
normal growth, bone formation, wound-healing, and be-
havioral response with a dietary limit in humans of 100 ppm
[33]. Its deficiency causes diabetes and loss of smell and
touch. Cu is important for normal plant growth, but its
extreme levels (>100 ppm) can cause phytotoxicity. (e
concentration of Cu in seed and flower parts exceeded the

prescribed WHO limits, but its concentration was lower in
leaf, stem, and root. Meanwhile, with respect to bodyweight,
the acceptable lower limit of Cu is 20 μg/mg bodyweight per
day [31, 34]. In both R. muricata andM. vulgare samples, Pb,
As, Cd, and Cr were not detected. Industries, sewage, air,
water pollution, and the fly ash are the main sources of heavy
metal contamination. (ese plants were collected from the
Hawdaf Sudayeer Dam of Saudi Arabia, the dam constructed
only to store rain water. It is away from cities and industries
or industries sewage. (is may be the reason why these
plants are safe. A similar study reports that three other
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Figure 1: GC-MS analysis of Reseda muricata (RMM).

Table 1: GC-MS analysis of Reseda muricata (RMM).

S. no. Rt (min) Area (Ab∗s) Absolute height (ab) Name of compounds Mol. weight (amu)
1 6.145 557970 224607 5-Isothiazolemethanol 115.009
2 7.634 643368 129714 Cyclopentanecarboxylic acid, 1-amino- 129.079
3 8.047 1190894 184042 2-Butanone, 4-hydroxy-3-methyl- 102.068
4 8.359 493253 226255 Piperazine, 1,2,4-trimethyl- 128.131
5 9.642 1203054 357987 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 144.042
6 9.823 719452 222876 2,5-Difluoroanisole 144.039
7 11.706 13822257 4511047 2-Propenenitrile, 3-phenyl-, (E)- 129.058
8 14.002 2029488 241307 Benzeneacetic acid, alpha-hydroxy-, methyl ester, (S)- 166.063
9 19.8 1288777 817118 Pentadecanoic acid, 14-methyl-, methyl ester 270.256
10 20.257 2262071 893465 n-Hexadecanoic acid 256.24
11 21.489 561457 434086 9,12-Octadecadienoic acid (Z,Z)-, methyl ester 294.256
12 21.558 1440001 827838 9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)- 292.24
13 21.99 1513742 536962 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- 278.225
14 23.704 891444 252326 2,5-Dimethylbenzonitrile 131.073
15 24.016 482012 348804 Octadecanoic acid, 3-oxo-, methyl ester 312.266
16 24.098 614148 361747 Heptadecanoic acid, 3-oxo-, methyl ester 298.251
17 24.242 8477297 1450949 1H-indole-3-acetic acid-methyl ester 204.09
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Figure 2: GC-MS analysis of Marrubium vulgare (MVM).

Table 2: GC-MS analysis of Marrubium vulgare (MVM).

S.
no.

Rt
(min)

Area
(Ab∗s)

Absolute height
(ab) Name of compounds Mol. weight

(amu)
1 15.609 917256 441083 Bicyclo[2.2.2]octane, 2-methyl- 124.125
2 18.124 192669 98391 2,10-Dodecadien-1-ol, 3,7,11-trimethyl-, (E)-(.+/−.)- 224.214
3 18.875 305308 206206 Bicyclo[3.1.1]heptane, 2,6,6-trimethyl-, (1.alpha.,2.beta.,5.alpha.)- 138.141
4 19.412 526019 288389 4-(1,3,3-Trimethyl-bicyclo[4.1.0]hept-2-yl)-but-3-en-2-one 206.167
5 19.813 4914762 2914174 Hexadecanoic acid, methyl ester 270.256
6 20.144 1490568 718319 Phenol, o-amino- 109.053
7 20.257 1050891 418235 n-Hexadecanoic acid 256.24
8 20.945 228251 190697 Benzenesulfinothioic acid, 4-methoxy-, S-phenyl ester 264.028
9 21.495 2040641 1171386 9,12-Octadecadienoic acid, methyl ester 294.256
10 21.564 2275132 1115652 9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)- 292.24
11 21.683 650401 450996 Phytol 296.308
12 21.777 1018339 600656 Octadecanoic acid, methyl ester 298.287
13 21.908 3522375 1849605 1H-Indene, 2-butyl-5-hexyloctahydro- 264.282
14 22.015 424602 228408 1H-Indene, 5-butyl-6-hexyloctahydro- 264.282
15 22.327 421674 271332 Carane, 4,5-epoxy-, trans 152.12
16 22.409 447050 331946 1,2-Dioctylcyclopropene 264.282

17 22.609 965818 512697 7-(1,3-Dimethylbuta-1,3-dienyl)-1,6,6-trimethyl-3,8-dioxatricyclo
[5.1.0.0(2,4)]octane 234.162

18 23.141 211430 218876 [1,1′-Biphenyl]-3-amine 169.089
19 23.291 283469 285892 Tricosane 324.376
20 23.435 495501 383643 Methyl 2-octylcyclopropene-1-octanoate 308.272
21 23.547 383518 362077 Methyl 18-methylnonadecanoate 326.318

22 23.61 231395 260954 2(1H)-Naphthalenone, octahydro-4a-methyl-7-(1-methylethyl)-,
(4a.alpha.,7.beta.,8a.beta.)- 208.183

23 23.722 1294950 935884 cis,cis-2,9-Dimethylspiro[5.5]undecane 180.188
24 23.785 1072281 649412 2-Methyl-3-(3-methyl-but-2-enyl)-2-(4-methyl-pent-3-enyl)-oxetane 222.198
25 24.023 278775 211072 3-Cyclohexene-1-carboxaldehyde, 1,3,4-trimethyl- 152.12
26 24.235 235821 253211 Butyramide, 4,N-bis(4-methoxyphenyl)-2,4-dioxo- 327.111
27 24.492 1286972 696867 3-Buten-2-one, 4-(5,5-dimethyl-1-oxaspiro[2.5]oct-4-yl) 208.146
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Table 3: Qualitative phytochemical analysis of R. muricata and M. vulgare.

S. no. Plant species Alkaloids Flavonoids Tannins Phenol Saponins
1 R. muricata (methanol extract) + + + + +
2 M. vulgare (methanol extract) + + + + +

Table 2: Continued.

S.
no.

Rt
(min)

Area
(Ab∗s)

Absolute height
(ab) Name of compounds Mol. weight

(amu)
28 24.654 361709 283653 1,1′-Bicyclohexyl, 2-propyl-, trans- 208.219

29 24.792 393996 301014 Cyclopropane carboxamide, 2-cyclopropyl-2-methyl-N-(1-
cyclopropylethyl)- 207.162

30 25.161 935181 595906 Docosanoic acid, methyl ester 354.35

31 25.292 794788 450542 (7,7-Dimethyl-2-oxobicyclo[2.2.1]hept-1-yl)methanesulfonic acid, methyl
ester 246.093

32 25.461 1111821 672632 2-Heptanone, 6-(3-acetyl-1-cyclopropen-1-yl)-3-hydroxy-6-methyl-,
(R∗,R ∗)- 224.141

33 25.593 2166410 972489 Longipinane, (E)- 206.203
34 25.805 232096 262661 Phenol, 4-methyl-2-nitro- 153.043
35 25.893 263570 304601 3,5-Dihydroxybenzamide 153.043
36 26.106 195485 282498 Ursodeoxycholic acid 392.293
37 26.425 1019036 631125 Trifluoroacetyl-.alpha.-fenchol 250.118
38 26.7 412469 265361 2,4,5,5,8a-Pentamethyl-4a,5,6,7,8,8a-hexahydro-2h-chromene 208.183

39 27.006 1106824 614740 1,4-Methanoazulene-9-methanol, decahydro-4,8,8-trimethyl-, [1S-
(1.alpha.,3a.beta.,4.alpha.,8a.beta.,9R∗)]- 222.198

40 27.313 4354006 2167785 Bicyclo[2.2.1]heptan-2-one, 1,7,7-trimethyl-, (.+/−.)- 152.12
41 27.457 6087633 2947769 5-Methoxy-2-nitrobenzoic acid 197.032
42 28.282 703407 401338 Cyclohexane-1-methanol, 3,3-dimethyl-2-(3-methyl-1,3-butadienyl)- 208.183

Table 4: Antibacterial activity of methanol extract of R. muricata and M. vulgare.

Samples
Gram negative Gram positive

Zone of inhibition (mm)
E. coli Klebsiella pneumoniae Xanthomonas Staphylococcus aureus

Negative control (DMSO) — — — —
R. muricata (methanol extract) 8.03± 0.35 7.13± 0.12 5.13± 0.12 4.13± 0.22
M. vulgare (methanol extract) 5.17± 0.35 6.12± 0.39 8.11± 0.31 6.11± 0.31
Streptomycin 17.00± 1.02 16.20± 0.14 15.91± 0.81 18.10± 0.07

Table 5: Antifungal activity of methanol extract of R. muricata and M. vulgare.

Samples0
Zone of inhibition (mm)

A. niger Candida Rhizopus Acremonium Trichoderma
Negative control (DMSO) — — — — —
R. muricata (methanol extract) 3.09± 0.31 4.12± 0.10 1.19± 0.91 5.11± 0.21 1.08± 0.11
M. vulgare (methanol extract) 2.91± 0.16 4.01± 0.29 2.10± 0.01 7.12± 0.31 0.11± 0.12
Flumetazole 9.89± 2.08 10.25± 1.01 4.29± 0.01 13.21± 1.22 2.22± 1.29

Table 6: LC50 values of the methanol extract of R. muricata and M. vulgare.

Samples LC50 (μg/mL)
R. muricata (methanol extract) 154.80± 12.10a
M. vulgare (methanol extract) 127.20± 10.10b
Ascorbic acid 31.59± 6.01c

Values are presented as means± SD (n� 3). Means with different superscript (a–c) letters in the rows are significantly (p< 0.01) different from one another.
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species, namely, Juniperus communis, Ocimum basilicum,
and Commiphora opobalsamum were collected from Saudi
Arabia where Pb and Cd were not detected [35], which is an
agreement with our findings. Concentration of Cr between 5
and 30mg kg−1 is measured serious for the plants and can
affect the plant by curbing its yield. It is vital to show that
lead is very hazardous both for plants and animals, especially
humans. (e maximum acceptable limit for food stuff is
1mg kg−1 [36]. (e poisonous effects of these heavy metal
are because of their hindrance with the regular body bio-
chemistry in normal metabolic processes. Usually, Cr and
arsenic are the heavy metals most often concerned in
morbidity and death [37]. Likewise, the plant metabolites are
fundamental phytoconstituents that display a few observable
impacts in the human body. Flavonoids and alkaloids
possess strong antioxidant, anticancer, and antimalarial
activities. Steroids are very vital class of alcohols with var-
iable implication. (e structures are so appropriate to be
efficiently transformed by the microbial activities to com-
mercially valued constituents; otherwise, it is hard to syn-
thesize [38]. (e presence of alkaloid and tannin contents in
R. muricata was also quantitively and qualitatively con-
firmed by another study [39]. (ough, till date, very fewer
biological investigations have been made with R. muricata,
Reseda species have been described to hold numerous bi-
ological potential such as antimicrobial, antioxidant, and
anti-inflammatory, which agree with our findings. (e
presence of steroids in all extracts modeled a limitless an-
ticipation. (e saponins are also identified as the soap
forming constituents and are commercially significant [40].
(e extracts displayed a good variety of dose-reliant anti-
microbial actions against the tested pathogenic fungi and
bacteria. So, this plant may be useful for the preparation of
broad-spectrum antibacterial drugs. To summarize, this
study is a decent help for diverse folklore usages of plants,
but still needed a broad study and care because different
geographical conditioned may affect the heavy metal con-
tents as well as phytochemical parameters.

4. Conclusion

Traditionally, both plant species have many biological po-
tentials. Numerous phytoconstituents, counting tannins,
steroids, alkaloids, phenol, saponin, and flavonoid, are

present in methanol extract of R. muricata and M. vulgare.
(e presence of heavy metals such as Zn, Cu, Cr, andMn are
in permissible limits. (e paper disc diffusion test displayed
some significant antimicrobial effectiveness compared to the
standard antibiotics. Antioxidant effectiveness possessed by
a plant is certain to keep the free radicals in the body and
scavenge them if they are high and a very excellent protector
to DNA. Hence, this study recommended further investi-
gation to isolate new bioactive compounds from R. muricata
and M. vulgare.
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Patients treated with cyclophosphamide (CP) usually suffer from severe hemorrhagic cystitis (HC). Our previous study exhibited that
mesna + celery cotherapy partially ameliorated HC.(erefore, there is a substantial need to seek alternative regimens to get complete
protection against CP-induced HC.(e current study investigated the effects of mesna + celery seed oil (MCSO) or mesna +manuka
honey (MMH) cotherapy against CP-induced HC in adult male rabbits. (e forty rabbits were divided into four equal groups and
treated for three weeks.(e control group (G1) received distilled water and the second group (G2) received CP (50mg/kg/week).(e
third group (G3) received CP+MCSO (CPMCSO regimen), and the fourth group (G4) received CP+MMH (CPMMH regimen).
(e urinary bladder (UB) specimens were processed to evaluate UB changes through histopathological, immunohistochemical,
ultrastructural, and biochemical investigations. In G2, CP provoked HC features (urothelial necrosis, ulceration, and sloughing), UB
fibrosis, and TNF-α immunoexpression. Besides, CP reduced the activity of antioxidant enzymes (GPx1, SOD3, and CAT) and
elevated the serum levels of NF-κB, TNF-α, IL-1B, and IL-6 cytokines in G2 rabbits. In contrast, the CPMMH regimen caused
significant increments of UB protection against HC in G4 rabbits compared to the partial protection by the CPMCSO regimen in G3.
(erefore, our study indicated for the first time that the novel CPMMH regimen resulted in complete UB protection against CP-
induced HC via combined antioxidant, anti-inflammatory, and antifibrotic properties.
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1. Introduction

Cyclophosphamide (CP) is an effective antineoplastic drug,
which unfortunately causes multiple side effects such as
hemorrhagic cystitis (HC), delayed wound healing, and
nephropathy in CP-treated patients [1].(e incidence of HC
in those patients may reach up to 75%, with several
symptoms including frequency, dysuria, suprapubic pain,
and hematuria. CP is metabolized into acrolein (urotoxic
hepatic metabolite) by hepatic microsomal hydroxylation to
be excreted by both kidneys into the urinary bladder (UB)
[2]. Direct urothelial contact with acrolein plays a significant
role in HC pathogenesis, which induces a prominent UB
inflammation. Acrolein usually induces urothelial apoptosis,
necrosis, and damage with subsequent ulceration of the UB
[3]. Increased oxidative stress results from increased reactive
oxygen species (ROS) and reactive nitrogen species (RNS)
production or decreased antioxidant defense mechanisms
[4]. Acrolein induces the production of numerous ROS such
as hydrogen peroxide (H2O2), malondialdehyde (MDA),
superoxide (O2

−), and reduced glutathione (GSH). Besides,
it enhances the formation of RNS such as peroxynitrite
(ONOO−) from the combination of nitric oxide (NO) with
O₂− in the urothelial cells [5]. (erefore, the administration
of CP usually evokes HC via overproduction of the ROS and
RNS molecules, which cause UB inflammation. Cellular
injury and necrosis of the UB involve several mechanisms,
including lipid peroxidation of cellular membranes and
DNA damage in the inflammatory areas [6]. Besides, the
oxidative stress conditions induce the formation of nuclear
factor kappa B (NF-κB), which enhances the transcription of
tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β),
and IL-6. (ese proinflammatory cytokines have been in-
volved in HC pathogenesis by oxidizing the polyunsaturated
fatty acids and inducing inflammation [7].

Mesna administration directly binds acrolein in the UB
lumen and neutralizes it into an inert metabolite (thioether),
passing safely in urine without damaging the urothelium [8].
Although it is effective for treating induced HC; however, it
cannot wholly eradicate the challenging symptoms of HC in
25% of CP-treated cases [9]. (erefore, it is essential to
involve other protective antioxidant agents such as celery
seed oil (CSO) or manuka honey (MH) beside mesna to
reduce the hazards of induced HC [10, 11]. Numerous
studies focused on celery (Apium graveolens) and honey as
effective antioxidants, which substantially reduced the cel-
lular oxidative damage [12, 13]. Besides, their phytochem-
icals such as terpenoids, flavonoids, and phenolic acids could
suppress the activity of proinflammatory cytokines [14].

Celery emerges as one of the most prestigious edible
plants, which elicits the attention of researchers as a safe,
cheap, and valid phytochemical vegetable growing mainly
around theMediterranean Sea and in Europe [15]. It belongs
to the parsley family and usually acts as an effective remedy
against numerous inflammatory diseases such as bronchitis,
bronchial asthma, arthritis, and hepatitis [16–18]. At the
same time, celery has a substantial role in inhibiting appetite,

reducing body weight, and preventing hypertension through
its diuretic, antioxidant, and anti-inflammatory properties
[12, 19].

In contrast, honey possesses powerful wound healing
properties and prevents infections for long periods as it
offers antimicrobial activity, immunomodulatory properties,
and protection against wound infections [20, 21]. (e
monofloral MH is derived from the manuka tree and has
numerous biological properties, including antioxidant, an-
timicrobial, and anti-inflammatory activities [22]. Regarding
the dominant constituents in MH, there are high levels of
flavonoids and phenolic acids (glyoxal, benzoic acid, lep-
tosin, quercetin, and chrysin) [23]. A recent study attributed
the beneficial nutritional and antioxidant effects of MH to
these bioactive polyphenolics and flavonoids [24]. Besides,
MH has a high potent antibacterial activity against Staph-
ylococcus epidermidis, Staphylococcus aureus, and Strepto-
coccus pyogenes due to its potential contents of peptides
(abaecin), proteins (royalisin), and lysozymes [25].
Henceforth, MH has been employed as a powerful wound-
healing remedy for combating various types of infections,
including burns, traumatic wounds, and ulcers [26]. Our aim
in the current study was to investigate the effectiveness of
two novel regimens (CP+mesna +CSO (CPMCSO regi-
men) and CP+mesna +MH (CPMMH regimen)) against
CP-induced HC in an experimental model of rabbits and to
evaluate which one of the proposed regimens is more ef-
fective against HC.

2. Materials and Methods

2.1. Drugs and Chemicals. CP (Cytoxan vials 500mg) and
mesna ampoules (uromitexan 400mg) were obtained from
Baxter Healthcare Company (Illinois, USA). (e CSO
bottles (30mL) were purchased from Sameera Fragrance
(New Delhi, India). (e manufacturer extracted the oil by
the steam distillation process. (e main isolated natural
products from the CSO included limonene, sedanolide, and
3-n-butyl phthalide, which give the characteristic odor of
celery [27]. (e MH bottles (250 gm) were purchased from
Airborne Company (Canterbury, New Zealand). (e
ELISA kits of GPx1 (ABIN774992), SOD3 (ABIN6959756),
CAT (ABIN628258), NF-κB (ABIN775386), TNF-α
(ABIN6574142), IL-1B (ABIN6999391), and IL-6
(ABIN6957175) were purchased from antibodies-online
GmbH (Aachen, Germany).

2.2. Animals and Study Design. Forty adult male, New
Zealand rabbits were acclimatized for one week before the
commencement of the current experimental study to induce
a model of HC. (e rabbits’ age was 12 weeks, their weight
was 1.4–2 kg, and they were fed a standard balanced diet ad
libitum in metal cages at 24°C. (e rabbits were divided into
four groups (n� 10) and treated for three weeks. (e study
protocol and procedures were approved by the Institutional
Research Ethics Committee of Qassim University (Cams1-
2019-2-2-I-5467), conducted following the National
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Institutes of Health guide for the care and use of laboratory
animals (NIH publications no. 8023, revised 1978), and
complied with the ARRIVE guidelines [12]. As depicted in
Figure 1, the control group (G1) received an orogastric
distilled water (2mL/kg/day), and the second group (G2)
received an intraperitoneal injection (IPI) of CP (50mg/kg/
week) to induce HC [11, 28]. (e CPMCSO regimen group
(G3) received an IPI of CP (50mg/kg/week) and 21mg of
mesna/kg/week plus 50 µL of CSO/kg/day orally [29–31].
(e CPMMH regimen group (G4) received an IPI of CP
(50mg/kg/week) and 21mg of mesna/kg/week plus 1 gm of
MH/kg/day orally [25].

(e rabbits were anesthetized with an intramuscular
injection of xylazine (6mg/kg) and ketamine (70mg/kg) by a
professional veterinary doctor to minimize pain, anxiety,
and distress effects to the animals. Once the animals became
unconscious, a percutaneous intracardiac 19-gauge needle
attached to a 20mL syringe was inserted between the ribs (at
the most robust heartbeat) to get blood samples for the
various biochemical investigations. (en, the rabbits were
euthanized by cervical decapitation to obtain UB specimens
for investigating the effectiveness of CPMCSO or CPMMH
regimen against CP-induced HC [32]. After ensuring death,
the euthanized rabbits were disposed of appropriately fol-
lowing the National Research Council (USA) Guide for the
Care and Use of Laboratory Animals [33]. (e histopath-
ological (HP), immunohistochemical (IHC), scanning
electron microscope (SEM), and biochemical investigations
were performed, as described in our previous study [34].

2.3. Grading of Macroscopic Hematuria by the Urine Visual
Color Test. (e visual color scale of the Hemostick test was
used to grade the extent of hematuria from 0 to 5 in the urine
samples of all groups, as described by Lee et al. [35].

2.4. Examining the HP Structure of UB. Small UB specimens
from each rabbit were processed to get thin (4 μm) paraffin
sections suitable for staining with H&E and Masson tri-
chrome stains, as described by Hussien et al. [36]. (e UB
general structure was evaluated, and the degree of UB
damage (ulceration and sloughing) was rated from 0 to 3
(no, mild, moderate, and severe) by a pathologist who did
not know the sequence of groups [12].

2.5.Measurement of TNF-α Immunoexpression (IE) in theUB.
(e UB sections were stained by the streptavidin-biotin
peroxidase technique to detect the TNF-α IE in the UB
tissues according to the manufacturer’s protocol, as de-
scribed by Mousa et al. [37].

2.6. Examining the UB Ultrastructure. (e UB mucosal
surface was examined by the SEM to evaluate the degree of
UB ulceration and sloughing. Small specimens from eachUB

were processed to obtain thin sections of UB suitable for
SEM examination as described by Poveda et al. [38].

2.7. Morphometric Study. “(e digital CMOS, TC5PRO
camera on a light microscope (Jinan, China) was used to
photograph ten fields from the UB sections of each rabbit at
magnification 200X to evaluate the UB structure in all
groups. Besides, all sections underwent image analysis by
ImageJ V1.50i (NHI/USA) to measure the UB ulcer’s size
and the area percentage of collagen fibers (CFs) deposition
and TNF-α IE in the UB/10 fields” [12].

2.8. Biochemical Measurement of the Antioxidant Enzymes
and Proinflammatory Cytokines. (e serum levels of anti-
oxidant enzymes (GPx1, SOD3, and CAT) and proin-
flammatory cytokines (NF-κB, TNF-α, IL-1B, and IL-6) were
investigated to elucidate the effectiveness of CPMCSO and
CPMMH regimens against HC. Blood sample centrifugation
was conducted at 3000 rpm for 15 minutes to get serum
samples stored at −20°C for the colorimetric assay according
to the manufacturer’s protocol, as described by Mousa and
Aldebasi [39].

2.9. Statistical Analysis of Data. (e mean (M)± standard
deviation (SD) of the data was analyzed statistically by the
SPSS software program (IBM, USA), and the one-way
ANOVA test followed by LSD was performed to evaluate the
intergroup comparisons. At first, the normality tests
(skewness and Kurtosis) were performed and revealed the
normal data distribution. P≤ 0.05 indicated statistically
significant results. (e GraphPad Prism software version 6.0

G1 received
2 mL of

DW kg/day

G2 received
50 mg of

CP/kg/week

Rabbits were sacrificed after 3 weeks of treatment for
histopathological, immunohistochemical, SEM, and

biochemical studies

G3 received 50 mg of
CP and 21 mg of

M/kg/week + 50 µL of
CSO/kg/day)

G4 received 50 mg of
CP and 21 mg of M
/kg/week + 1gm of

MH/kg/day)

Study design (n = 10)

Figure 1: Schematic illustration of the experimental design. (e
control group (G1) received distilled water (DW), and the second
group (G2) received cyclophosphamide (CP).(e third group (G3)
received CP+mesna (M) + celery seed oil (CSO)�CPMCSO
regimen group. (e fourth group (G4) received CP+M+manuka
honey (MH)�CPMMH regimen group.
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(GraphPad Software Inc., San Diego, CA) was used to create
graphs of the analyzed data [12, 40].

3. Results

3.1. CPMCSO and CPMMH Effects on the Macroscopic He-
maturia Scale of UB. Figure 2 exhibited a significant
(P≤ 0.05) elevation of the hematuria scale in G2 compared
with G1 and G4 rabbits. In contrast, G4 revealed a significant
(P≤ 0.05) reduction of the hematuria scale compared with
G3 rabbits.

3.2. CPMCSO and CPMMH Effects on the UB Structure.
Figure 3 revealed a typical structure of the UB in G1 and G4
rabbits, elucidating a wholly protective role of the CPMMH
regimen against HC in G4. In contrast, G2 exhibited an
obvious abnormality of UB structure (urothelial vacuolar
degeneration, ulceration, and sloughing) compared with G1,
elucidating the harmful effects of CP on the UB of G2
rabbits. Besides, G3 revealed mild erosion and ulceration of
the urothelium compared with G2, elucidating the partial
protective role of the CPMCSO regimen against HC in G3
rabbits. Statistical analysis of the urothelial ulcer’s size
confirmed the appearance of HC in G2 compared with G1
and G4 rabbits.

3.3. CPMCSO and CPMMH Effects on CF Deposition in the
UB. Figure 4 exhibited average deposition of CF in G1 and
G4 rabbits, indicating the protective role of the CPMMH
regimen against HC and UB fibrosis in G4. In contrast, G2
and G3 rabbits revealed urothelial ulceration and moderate
CF deposition in the UB, indicating substantial UB fibrosis
in both groups.

3.4. CPMCSO and CPMMH Effects on TNF-α IE in the UB.
Figure 5 exhibited mild TNF-α IE in the UB of G1 and G4
rabbits, elucidating complete anti-inflammatory protection
against HC by the CPMMH regimen in G4. In contrast, G2
and G3 revealed marked urothelial TNF-α IE, indicating a
weak anti-inflammatory protective effect of the CPMCSO
regimen on the UB of G3 rabbits.

3.5. CPMCSO and CPMMH Effects on the Urothelial
Ultrastructure. SEM examination revealed the typical uro-
thelial structure of G1 and G4 in Figure 6, indicating wholly
urothelial protection by the CPMMH regimen in G4. In
contrast, the urothelial ulcers were significantly increased in
G2 (confirming urothelial ulceration) compared with G4
and significantly reduced in G4 compared with G3 (eluci-
dating a partial protective role of the CPMCSO regimen on
the urothelium of G3).

3.6. CPMCSO and CPMMH Effects on the Activity of Anti-
oxidant Enzymes. Figure 7 revealed significant reductions in
the activity of antioxidant enzymes (GPx1, SOD3, and CAT),
indicating a marked induction of oxidative stress by CP
administration in G2 compared with G1 and G4. In contrast,

the antioxidant activity significantly increases by the
CPMMH regimen in G4 compared with G3, indicating the
potent antioxidant activity of the CPMMH regimen against
HC in G4 compared with the moderate antioxidant activity
of the CPMMH regimen in G3.

3.7. CPMCSO and CPMMH Effects on the Proinflammatory
Cytokines. Figure 8 reveals significantly elevated serum
levels of proinflammatory cytokines (NF-kB, TNF-α, IL-1B,
and IL-6) in G2 compared with G1 and G4, indicating the
extensive induction of proinflammatory cytokines’ pro-
duction by CP administration in G2. In contrast, the
CPMMH regimen caused marked reductions of the
proinflammatory cytokines’ levels, indicating its substantial
anti-inflammatory effects on G4 compared with G3 rabbits.

4. Discussion

It is evident that CP-induced HC is mainly sparked by renal
excretion of acrolein, which induces inflammatory reactions
in the UB by enhancing the oxidative stress process and
releasing the proinflammatory cytokines [28]. (erefore,
finding a novel, safe, and selective therapeutic modality rich
in antioxidants and anti-inflammatory agents is expected to
be an enduring progression for avoiding HC. (e CPMCSO
and CPMMH regimens involve the coadministration of CP
plus mesna and CSO or mesna and MH. Both regimens are
rich in antioxidants and anti-inflammatory agents (bioactive
flavonoids and polyphenols) [41].

Rabbits of the current study were treated with the
CPMCSO or CPMMH regimen to determine which one of
them is more protective against CP-induced HC. (e
main HP, IHC, and SEM features of HC appeared as
urothelial degeneration, ulceration, and sloughing in G2,
which were significantly attenuated with remarkable cu-
rative effects on HC by the CPMMH regimen in G4
compared with the CPMCSO regimen in G3 rabbits.
Additionally, it was not surprising that CP induced a
significant reduction of the antioxidant enzymes (GPx1,
SOD3, and CAT) activity and significantly elevated the
levels of proinflammatory cytokines (NF-κB, TNF-α, IL-1,
and IL-6) in G2 compared with G1 and G4 rabbits. In
contrast, the CPMMH regimen significantly elevated the
antioxidants activity and significantly reduced the levels
of proinflammatory cytokines in G4 compared with the
CPMCSO regimen in G3 rabbits.

(e pathogenesis of CP-induced HC could be explained
by several studies, which reported that toxic acrolein me-
tabolites directly contact the urothelium, induce the tran-
scription of NF-κB factor, and activate the overproduction of
intracellular ROS and RNS, leading to the marked formation
of ONOO− [42, 43]. Besides, these substances influence the
progression of HC by inducing lipid peroxidation, depleting
numerous cellular proteins, and evoking the cascade of
cellular proinflammatory mediators, with subsequent UB
injury [44, 45]. Moreover, NO and ONOO− activation
disrupts the UB integrity, exaggerates the oxidative stress
process, and activates the inflammatory cells (especially
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macrophages), leading to potentiation of NF-κB expression
and overproduction of the proinflammatory cytokines TNF-
α, IL-1B, and IL-6 [46, 47].

On the other hand, mesna is transformed into dimesna,
which is rapidly excreted in urine to create a nontoxic, inert

dimer (thioether) on the mucosal surface of UB by direct
coupling of dimesna with acrolein [48]. Lack of mesna
antioxidant and anti-inflammatory activity limits its effec-
tiveness, leading to ineffective prevention of HC in 25% of
cases treated with CP.
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Figure 2: Statistical analysis of the macroscopic hematuria scale. (e CP group (G2) exhibits a significant elevation of the hematuria scale
compared with the control group (G1) and the CPMMH regimen group (G4). In contrast, G4 reveals a significant reduction of the
hematuria scale compared with the CPMCSO regimen group (G3). ∗P≤ 0.05 vs. G1 and G4 and #P≤ 0.05 vs. G3.
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Figure 3: Histological structure of the urinary bladder (UB) in all groups. (e UB of G1 and G4 rabbits show typical urothelial structure
(arrow) compared with the marked urothelial vacuolar degeneration (#) and ulceration (∗) in G2 and G3. In contrast, G4 reveals a significant
improvement of urothelial ulceration compared with G3. H&E; 200x, bar� 100 µm. Statistical analysis of the UB ulcer’s size/10 fields (F).
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Nowadays, numerous studies have proved that dietary
modifications could become an essential adjuvant thera-
peutic line in minimizing UB damage by enhancing the
antioxidative defense system, augmenting the anti-in-
flammatory effects, and abolishing the severity of UB
damage [49]. Hence, numerous natural products such as
celery and honey could be safe, effective, and cheap agents
against HC due to their antioxidant and anti-inflammatory
effects [50]. (erefore, a real need to coadministrate extra
natural antioxidants and anti-inflammatory agents with
mesna exists to enhance its protective role against HC. In
the current work, we expected that coadministration of
mesna with these agents could be a novel effective che-
motherapeutic regimen for protection against CP-induced
HC [51].

Indeed, the CSO has several active constituents with
potent antioxidant and anti-inflammatory properties,
including d-limonene, sedanolide, terpenoids, polyphe-
nols, apiin, and apiuman [52, 53]. (erefore, the potential
effects of these compounds improved the healing power
of urothelium, enhanced the activity of antioxidant

enzymes (GPx1, SOD3, and CAT), and subsequently
improved the CPMCSO regimen’s efficacy against HC in
G3 rabbits [14]. Besides, CSO has been ameliorated the
damaged UB tissues via enhancing the scavenging power
of free radicals and reducing the lipids peroxidation
process [54, 55]. Additionally, the anti-inflammatory
properties of CSO could be attributed to the inhibitory
effects of apiin and apiuman against the expression of
proinflammatory cytokines (NF-κB, TNF-α, IL-1B, and
IL-6) [16].

On the other hand, several studies explained the healing
power of MH via its various antioxidant, antimicrobial, and
anti-inflammatory effects on the inflammatory response
[56, 57]. (e potent antioxidant capacity of MH in G4
rabbits could be attributed to its high contents of phenolic
compounds, whichmodulate the free radical production and
protect the cell components from the harmful effects of ROS
[58]. At the same time, the diverse phenolic compounds and
defensin-1 in MH may account for its potential antimi-
crobial effects [59]. Furthermore, the potent protective anti-
inflammatory mechanisms of MH could be explained via the
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suppression of inflammatory cells migration at the wound
site, the reduction of proinflammatory cytokines (TNF-α,
IL-1β, and IL-6) production, and the enhancement of fi-
broblasts proliferation, which improves the wound healing
process [60].

To sum up, the CPMMH regimen significantly improves
the antioxidants activity, reduces the NF-κB, TNF-α, IL-1β,
and IL-6 activation, and ensures better protection of the UB
in G4 rabbits compared with the partial protection against
UB toxicity by the CPMCSO regimen in G3 rabbits.
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5. Conclusion

(e current study concludes that CP therapy induced ap-
parent hazardous urothelial oxidative stress and impaired
the healing process of UB, which developed HC and re-
markably impeded the usage of CP against several neoplastic
diseases. In contrast, the CPMMH regimen revealed marked
improvement of the UB structure and caused lesser in-
flammation and ulceration of the urothelium. Additionally,
it significantly improves the antioxidant activity of GPx1,
SOD3, and CATenzymes, reduces the NF-κB, TNF-α, IL-1B,
and IL-6 cytokines activation, and ensures better protection
of the UB in G4 rabbits compared with the partial protection
against UB injury by the CPMCSO regimen in G3. (ere-
fore, the CPMMH regimen seems to be more effective than
the CPMCSO regimen for combating HC and could be a
novel future cotherapy against CP-induced HC.
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Heart failure (HF) is a serious manifestation or advanced stage of various cardiovascular diseases, and its mortality and
rehospitalization rate are still on the rise in China. Based on the network pharmacology method, 59 components of Zhen Wu
decoction (ZWD) and 83 target genes related to HF were obtained. *rough the PPI network, four potential therapeutic targets
were identified: AKT1, IL6, JUN, and MAPK8. *e beneficial components of ZWD might intervene HF through the AGE-RAGE
signalling pathway in the diabetes component, fluid shear stress and atherosclerosis, the TNF signalling pathway, TB, and Kaposi
sarcoma related herpesvirus infection, according to a KEGG enrichment study. *e protein interaction network of candidate
targets was constructed by the STRING database, and the protein interaction network was clustered byMEODE software. GO and
KEGG enrichment analyses were performed on the core modules obtained by clustering. Finally, AutoDock Vina software was
used for molecular docking verification of key targets and active ingredients. *e result was that 75 active ingredients and 109
genes were screened as potential active ingredients and potential targets of Shengjie Tongyu decoction for CHF treatment. *e
main active components were quercetin, luteolin, kaempferol, dehydrated icariin, isorhamnetin, formononetin, and other
flavonoids. Il-6, MAPK1, MAPK8, AKT1, VEGFA, and JUN were selected as the core targets. Molecular docking showed that the
key components were well connected with the target. GO enrichment analysis showed that Shengjie Tongyu decoction could play a
role through multiple biological pathways including angiogenesis, regulation of endothelial cell proliferation, binding of cytokine
receptors, negative regulation of apoptotic signalling pathways, regulation of nitric oxide synthase activity, and reactive oxygen
metabolism. Key pathways mainly focus on the toll-like receptor signalling pathway, nod-like receptor signalling pathway, MAPK
signalling pathway, mTOR signalling pathway, JAK-STAT signalling pathway, VEGF signalling pathway, and other pathways.
*rough molecular docking technology, it was found that a variety of effective components in ZWD, such as kaempferol.
Molecular docking technology has preliminatively verified the network pharmacology and laid a foundation for the follow-up
pharmacological research.

1. Background

Heart failure (HF) refers to a variety of heart function or
organic diseases caused by cardiac insufficiency or dys-
function, resulting in cardiac output which cannot meet the
metabolic needs of the disease [1]. After the illness, organ
deficiency, dyspnea, fluid retention, and so on seriously
threaten the life safety of patients [2]. Heart failure (HF) is a
prevalent kind of critical clinical disease. According to

cardiac systolic/diastolic dysfunction, it can be divided into
systolic HF and diastolic HF. Rendering to different clinical
manifestations, it can be divided into left HF, right HF, and
total HF [3]. In developed countries, the mortality rate is
1.5%–2.0%, and the pervasiveness proportion of individuals
more than 70 years of age is more than or equal to 10%, while
in China, the mortality rate of hospitalized patients is about
4.1% [4]. Primary myocardial damage and abnormality are
the main causes of HF, and in addition to cardiovascular
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disease, noncardiovascular disease can also lead to it. At
present, it is a chronic, spontaneous progressive disease [5].
According to the HF diagnosis and treatment quality
evaluation and control index expert consensus 2021 in
China, cardiac activation is the key factor that causes the
development of HF. It is recommended to use the early use
of sarkoba valsartan drugs to reduce the incidence rate and
mortality [6]. Chinese medicine [7] is a comprehensive
medical system that has been passed down for over two
millennia.

Zhen Wu decoction (ZWD) comes from the treatise on
febrile and miscellaneous diseases by Zhang Zhongjing.
Modern research shows that it has a therapeutic effect on HF
and other diseases [8]. Traditional Chinese medicine and its
compounds have the characteristics of multicomponent, low
selectivity, and multitarget interaction. *is complexity
makes it difficult to control the treatment; it lacks a rea-
sonable and effective safety evaluation system and is rela-
tively difficult to analyze its action and compatibility
mechanism [9]. In recent years, network pharmacology has
been rising in the world. It has the characteristics of mul-
tidirectional cross-fusion. It can realize the comprehensive
network analysis of traditional Chinese medicine and its
compound prescriptions and understand the pathogenesis
of diseases from the system level. It has significant advan-
tages and the potential to clarify the mechanism of action
and explain the law of prescription composition [10, 11],
because the integrity and systematicness of its research
strategy correspond to the overall concept of traditional
Chinese medicine and syndrome differentiation and treat-
ment. As a result, one such study employs network phar-
macology to investigate the pharmacodynamic material
basis and molecular basis of Zhen Wu decoction in the
therapies of HF, creates the “pharmacodynamic element goal
continuum” relationship network, investigates the multi-
component, multitarget, and multichannel mechanism of
Zhen Wu decoction, and preliminarily validates the results
using docking study technology to provide the foundation
for basic experimental research and clinical trials.

2. Data and Methods

2.1. Acquisition of Effective Components and Targets of Core
Drugs. Input each medica of ZWD into TCMSP [12] data
step by step (https://tcms-pw.com/tcmsp.php). Oral bio-
availability is determined by the same principle [13] ≥ 30%,
drug-like (DL)≥ 0.18, was selected to obtain the effective
components and target of core drugs. At the same time, the
structure of the effective components was retrieved and
saved in mol2 format. Import the abovementioned targets to
the UniProt [14] website (https://www.UniProt.org/). Gene
mapping is performed towards obtaining gene symbols to
the corresponding target.

2.2. Acquisition of Disease-Drug Common Target Genes.
In the human gene database, GeneCards (https://gene-
cards.Weizmann.ac.il/v3/) and MalaCards (https://www.
malecards.org/) were used. To obtain the target genes of

coronary heart disease, we searched with the keyword
“hyperlipidemia” in the abovementioned drug target genes,
and disease target genes were introduced into the Venn
diagram web (http://bioinformatics.PSB.ugent.be/webtools/
Venn/). *e common illness and therapeutic target genes
were discovered.

2.3.ConstructionofProtein-Protein Interaction (PPI)Network
for Key Targets. *e suitable target genes of the disorders
and medications mentioned above have been entered into
the STRING website [15]. *e species chosen as “Homo
sapiens,” and the associated connections between protein
targets were determined. Following the PPI file export, the
graphs were improved with Cytoscape software, and the 10
leading essential genes (hub genes) in the PPI network were
determined based on the degree values.

2.4.GOEnrichmentAnalysis andKEGGEnrichmentAnalysis.
*e illness medication commonality genes were added to the
David database, and the species “Homo sapiens” was chosen
for gene ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) signal pathway enrichment analyses
[16, 17]. And the alleyway map of the signal pathways closely
related to hypertension is obtained. *e abovementioned
results are imported into R software for visual operation of
relevant results and data.

2.5. Composition-Target-Signal Pathway Network Diagram.
Potential targets are imported into the David6.8 (HTTP://
David, abcc. Ncifcrf. Gov/) gene function analysis tool. *e
identifier is selected. *e list type were set to official gene
symbol, gene list, and species is limited to Homo sapiens.
Submit List is clicked for the GO function and KEGG en-
richment analysis. At the same time, the ENSG encoding
corresponding to potential genes is obtained by gene ID
conversion. *e whole human genome is taken as the
background gene. *e ENSG codes obtained were imported
into the OmicShare (WWW. omicshare.com/tools) website
for KEGG pathway annotation number analysis. To create
the network design of active ingredient, target, and signal
pathways, the active ingredient, target, and signal routes
were loaded into the Cytoscape 3.6.0 programme.

2.6. Molecular Docking Verification

(1) *e PDB structure of hub protein was acquired by
researching hub genes on the RCSB PDB database
(https://www.rcsb.org/search). *e abovementioned
compounds were entered into the DS programme
and prepared using the “prepare ligands” feature. To
locate the probable active surface area in the protein
cavities, remove water, ligand classes, and irrelevant
side chains from the receptors and click on receptor-
ligand interactions> define and edit the bind-
ing> from receptor cavities. (3) CDOCKER IN-
TERACTION ENERGY (molecular docking binding
energy) was utilised to identify and rank the
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optimum molecular conformations of every docking
molecule. *e findings reveal that the smaller the
binding energy of the docking study conformation,
the more stable the binding notion is and the more
likely the reactive receptor molecule and ligand will
bind.

3. Results

3.1. Active Ingredients and Targets of Core Drugs. From the
TCMSP website, there are 13 active ingredients in Paeoniae
Radix Alba, 7 active ingredients in Atractylodes macro-
cephala Koidz, 15 active ingredients in Poria Cocos (Schw.)
Wolf, 21 active ingredients in Aconiti Lateralis Radix
Praeparata, and 5 active ingredients in Zingiber officinale
Roscoe, with 59 constituents (Table 1). *e abovementioned
effective components were input into the TCMSP website
and searched for 85 effective component targets. *en, these
target proteins were introduced into the UniProt website
and transformed into a corresponding gene symbol.

3.2. Common Target Genes of ZWD and HF. 13194 genes
targets of hyperlipidemia were obtained since the GeneCards
website, and disease and drug boards were imported to draw
Venn diagram website for Wayne map analysis, and 83
common target genes of illness and drugs were obtained, as
shown in Figure 1.

3.3. Key Target PPI Network. As shown in Figure 2, the PPI
network map was created after the 83 frequent genes were
added to the string database. Targets appear as nodes and are
connected by edges in a PPI network. *e more dense the
edges of key targets are, the larger the nodes are, which
means the more important role they play in the PPI network.
*e hub plug-in in the Cytoscape programme is used to
retrieve the top 4 hub genes (core genes) according to the
degree value after the PPI network is stored in TSV format,
as shown in Figure 3.

3.4.KEGGPathwayEnrichmentAnalysiswithGOEnrichment
Analysis. As shown in Figure 4, the 53 shared target genes of
ZWD and HF were entered into the David database for
ontologies (GO) enrichment research, which included three
components: biological process (BP), cellular component
(CC), and molecular function (MF). GO is mainly related to
response to drugs, response to lipopolysaccharides, response
to molecules of bacterial origin, and other BPs; membrane
raft, micromembrane domain, plasma membrane raft,
caveola, and other Mfs; nuclear receptor activity, live acti-
vated transcription factor activity, peptide binding, G pro-
tein-coupled amine receptor activity, and other MFs. KEGG
enrichment analysis mainly involves the AGE-RAGE sig-
nalling pathway in diabetic composition, fluid shear stress
and atherosclerosis, the TNF signalling pathway, tubercu-
losis, Kaposi sarcoma-associated herpesvirus infection, etc.,
as shown in Figure 5.

3.5. Component-Target-Pathway Network Analysis of ZWD.
To more clearly show the relationship between components,
targets, and pathways of ZWD in the treatment of HF, the
network of pathways, active ingredients, and core targets was
constructed using Cytoscape software (Figure 6). A network
graph contains nodes and edges. *e green node represents
drugs, the blue node represents active ingredients, the yellow
node represents target genes, the red node represents sig-
nalling pathways, and the black node represents disease. *e
network diagram can directly show that ZWD own features
of multicomponent, multitarget, and multichannel inter-
action in hyperlipidemia.

3.6. Molecular Docking Results. According to the method in
1.6 for molecular verification, the docking results of each
group are shown by the heat map in Figure 7. *e protein
group is on the horizontal axis while the ligand is on the
vertical axis. *e redder the color, the stronger the binding
force is. Each group’s first two docking results with the
highest energy score are shown as three-dimensional and
two-dimensional graphs. *e three-dimensional graph
shows the spatial relationship between the ligand and the
protein. *e two-dimensional graph shows the chemical
bond type formed by the ligand and the amino acid group or
residue of the protein.*e docking scores of the AKT1 group
were MOL002433、MOL002394, 56.1364 and 53.2491, re-
spectively, as shown in Figures 8(a) and 8(b). In the IL6
group, MOL 000422 and MOL 000492, the docking scores
were 74.0031 and 48.4424, respectively, as shown in
Figures 8(c) and 8(d) . In Jun group, MOL 000422 and
MOL006129 were used, with docking scores of 75.7236 and
69.2787, as shown in Figures 8(e) and 8(f). In mapk8 group,
MOL 000422 and MOL 002419, with docking scores of
48.9098 and 47.1798, as shown in Figures 8(g) and 8(h).

4. Discussion

HF is a range of complicated clinical syndromes, a significant
manifestation or end phase of several heart illnesses [18]. It is
produced by aberrant cardiac structure and/or function
induced by various factors, obstructing ventricular systolic
and/or diastolic function. An epidemiological survey shows
that the disease is prone to people over 65 years old, with a
high mortality and hospitalization rate, which causes a
substantial economic burden. In recent years, modern
medicine has made remarkable progress in the prevention
and treatment of HF. However, there is still a lack of ideal
treatment countermeasures in diuretics resistance, repeated
hospitalization of HF, and the decline of quality of life. In the
face of these problems, traditional Chinese medicine has a
significant advantage and a broad prospect in treating HF
due to its multidirectional, multitarget, multimechanism,
and small side effects.*e occurrence of HF is closely related
to ion defects, inflammation and remodelling, myocardial
hypertrophy, etc., and the discovery of new biomarkers is
beneficial to its early diagnosis [19, 20].

*e compensations and characteristics of old Chinese
medicine diagnosis and management of HF are obvious, and
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rich clinical experience has been accumulated. *e combi-
nation of Chinese and Western medicine allows patients to
get comprehensive treatment in all directions [21]. ZWD is a
classic Chinesemedicine prescription for HF, and it is urgent
to study its pharmacological mechanism.

In the current research, 59 dynamic apparatuses of ZWD
was found, including kaempferol, paeoniflorin, (+) -catechin,
6-methylgingediacetate 2, and (R) -norcoclaurine. Kaemp-
ferol blocks Akt/glycogen kinase (GSK)-3β. *e apoptosis of
the signal transduction pathway of p38 mitogen-activated
protein kinase/extracellular signal-regulated kinase can in-
hibit apoptosis, thus improving the cardiac protection of KF.
Kaempferol is a kind of flavonoid compound, which prevents
the cardiac remodelling induced by angiotensin II by reducing
the inflammation and oxidative stress induced by angiotensin
II [22, 23]. Kaempferol significantly inhibited the expression
of high glucose-induced inflammatory cytokines and ROS

production, thus reducing the fibrosis response and apoptosis
in vitro. Kaempferol suppresses nuclear factors- κ B (NF- κB)
and nuclear translocation, and the protective action of DCM
is mediated by nuclear factors-like erythrocytes 2 P45 related
factor 2 (Nrf-2). Kaempferol reduced diabetes-induced car-
diac fibrosis and apoptosis in type 1 diabetic mice generated
by streptozotocin. *ese alterations were similarly associated
with decreased inflammation and oxidative stress in diabetic
mice’s hearts [24]. Sinapine decreased the activity of the
ASK1/JNK1/2/p38 signal pathway and the amplification of
H9c2 cardiomyocytes in vitro. Furthermore, in mice,
kaempferol was found to protect the heart and H9c2 cells
from the effects of oxidative stress [25]. Catechins significantly
reduced the expression level of inflammatory cytokines and

2 83 13111

HF

ZWD

Figure 1: Common target genes of ZWD and HF.

Figure 2: PPI network of common target genes of ZWD and HF.

Table 1: Operative ingredients of ZWD.

Drug Mol ID Mol Name OB DL
Paeoniae Radix Alba MOL001910 11alpha,12alpha-epoxy-3beta-23-dihydroxy-30-norolean-20-en-28,12beta-olide 64.77 0.38
Paeoniae Radix Alba MOL001918 Paeoniflorgenone 87.59 0.37

Paeoniae Radix Alba MOL001919 (3S,5R,8R,9R,10S,14S)-3,17-Dihydroxy-4,4,8,10,14-pentamethyl-2,3,5,6,7,9-
hexahydro-1H-cyclopenta[a]phenanthrene-15,16-dione 43.56 0.53

Paeoniae Radix Alba MOL001921 Lactiflorin 49.12 0.8
Paeoniae Radix Alba MOL001924 Paeoniflorin 53.87 0.79
Paeoniae Radix Alba MOL001925 Paeoniflorin_qt 68.18 0.4
Paeoniae Radix Alba MOL001928 Albiflorin_qt 66.64 0.33
Paeoniae Radix Alba MOL001930 Benzoyl paeoniflorin 31.27 0.75
Paeoniae Radix Alba MOL000211 Mairin 55.38 0.78
Paeoniae Radix Alba MOL000358 Beta-sitosterol 36.91 0.75
Paeoniae Radix Alba MOL000359 Sitosterol 36.91 0.75
Paeoniae Radix Alba MOL000422 Kaempferol 41.88 0.24
Paeoniae Radix Alba MOL000492 (+)-Catechin 54.83 0.24
Atractylodes
macrocephala Koidz MOL000020 12-Senecioyl-2E,8E,10E-atractylentriol 62.4 0.22

Atractylodes
macrocephala Koidz MOL000021 14-Acetyl-12-senecioyl-2E,8E,10E-atractylentriol 60.31 0.31

Atractylodes
macrocephala Koidz MOL000022 14-Acetyl-12-senecioyl-2E,8Z,10E-atractylentriol 63.37 0.3

Atractylodes
macrocephala Koidz MOL000028 α-Amyrin 39.51 0.76

Atractylodes
macrocephala Koidz MOL000033 (3S,8S,9S,10R,13R,14S,17R)-10,13-Dimethyl-17-[(2R,5S)-5-propan-2-yloctan-2-yl]-

2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H-cyclopenta[a]phenanthren-3-ol 36.23 0.78
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provided cardiac protection for adriamycin-induced cardiac
toxicity through antioxidation and anti-inflammatory prop-
erties [26]. Catechins regulate CREB/lncRNA Miat/Akt/Gsk-
3β. *e pathway abridged the programmed cell death of
myocardial cells induced by H/R [27]. Paeoniflorin also
inhibited collagen deposition in the heart under pressure
overload, TGFβ, CTGF, Iα, and IIIα. *e expression of

collagen and phosphorylation of Smad2 and Smad3. Eonoside
can inhibit the apoptosis of myocardial cells, and the intro-
duction of AB by the cleavage of Bax and caspase 3 reduces
cardiac hypertrophy, fibrosis, apoptosis, and inflammation in
stress overload mice and improves left ventricular function
[28]. Paeoniflorin’s goal is to improve remodelling induced by
distress in spontaneously hypertensive rats by modulating the
MAPK signalling system [29]. Paeoniflorin can reduce heart
remodelling and improve cardiac function, as well as reduce
CVF level, collagen volume around blood vessels, and TGF in
rats with HF- β. *e expression of Smad3 and 1 suggests that
the potential mechanism of cardiac protection may be related
to TGF- β 1/the down-down height correlation of the Smad
signal path [30].

We also got 83 common target genes of disease drugs.
*rough PPI network analysis, we got the hub genes with the
highest degree: AKT1, IL6, Jun, and MAPK8. AKT1 is a
critical gene in the PI3k/Akt signalling pathway. AKT1 is
involved in cell functions such as apoptosis, glucose meta-
bolism, and cell proliferation and growth [31]. Akt activity
was raised when interacting with actin and HSP90, while it
was lowered when interacting with other proteins (such as
CTMP and TRB3). *e function of Akt in cardiovascular
processes such as cell survival, growth, proliferation, angio-
genesis, vasodilation, and cell metabolism is determined by its
activity in downstream targets. Akt enhances cell survival by
activating caspase-9, Yap, Bcl-2, and Bax. Akt mediated eNOS
activation, vasodilation, and angiogenesis, as well as increased
VEGF release. *rough its downstream targets, GSK3 and
GLUT4, Akt can boost cell metabolism.

Many cardiovascular diseases, such as atherosclerosis,
cardiac hypertrophy, and vascular remodeling, are linked to
changes in Akt signal transduction [32]. In the large het-
erogeneous HF cohort, more than 50 per cent of patients
found that IL-6 levels were elevated and were associated with
iron deficiency, reduced LVEF, atrial fibrillation, and poor
clinical outcomes.*ese findings require further study of IL-6
as a potential therapeutic target in specific HF subgroups [35].
In HF, there was an inequity between proinflammatory and
anti-inflammatory cytokines. *e concentration of several
interleukins in HF increased, including IL-1β, IL-6, IL-8, IL-9,
IL-10, IL-13, IL-17, and IL-18 were downregulated, while IL-

AKT1 MAPK8

JUN IL6

Figure 3: TOP4 genes of PPI network by degree value.
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5, IL-7, or IL-33 were downregulated [34]. *e concentration
of inflammatory medium is related to cardiac function, which
can be an HF marker and a predictor of adverse outcome or
mortality. IL-6 may cause myocardial damage and dysfunc-
tion in chronic HF syndrome caused by different reasons. As
the cause of cardiomyopathy, myocarditis, rejection of allo-
geneic transplantation, and CHF in the condition of left
ventricular assist device (LVAD), the IL-6 level in circulation

is related to the severity of left ventricular dysfunction and is
also a powerful predictor of subsequent clinical results. In
viral myocarditis, continuous and excessive production of IL-
6 will destroy the cytokine network and virus clearance, thus
promoting myocardial damage. Although IL-6 may be es-
sential in the process of virus antigen presentation, early
activation of the immune response and weakening of virus
replication seem to be significant in animal models of viral

Figure 6: Network of component-targets pathways of ZWD treating HF.
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myocarditis. IL-6 can induce cardiac hypertrophy by IL-6
signalling receptor glycoprotein 130 [35].

Response to the drug, lipopolysaccharide, bacterial
molecule response, and other BPs; membrane raft, mem-
brane microdomain, plasma membrane raft, caveola, and
other MFs; nuclear receptor activity, live activated tran-
scription factor activity, peptide binding, G protein-coupled
amine receptor activity, and other MFs. *e AGE-RAGE
signalling pathway in diabetes composition, fluid shear
stress and atherosclerosis, TNF signalling pathway, TB, and
Kaposi sarcoma linked herpesvirus infection are all included
in the KEGG enrichment study. It is known that the for-
mation and accumulation of advanced glycation end
products (ages) are accelerated in diabetes. In addition, even
with improved glycemic control, ages hardly degraded and
remained in diabetic vessels for a long time.*erefore, aging
can explain why previously accumulated diabetic exposure
may lead to the current progression of diabetic vascular
complications [36]. Kaempferol can alleviate myocardial
ischemia-reperfusion injury in diabetic rats by reducing the
oxidative stress and inflammatory response induced by
AGE-RAGE/MAPK [37]. Endothelial cells convert friction
(fluid shear stress) from blood flow into biochemical signals,
which influence gene expression and cell activity via specific

processes and pathways.*ese routes improve tissue flow by
shaping the circulatory system during development, post-
partum, and maturity. Atherosclerosis and vascular ab-
normalities are also caused by the same way [38]. TNF
receptor activation in myocardial ischemia/reperfusion
damage and protection has a conflicting function. Excess
TNF expression and subsequent activation of TNF receptor
type 1 in cardiomyocytes can result in systolic dysfunction,
hypertrophy, fibrosis, and cell death.

In contrast, lower levels of TNF can result in systolic
dysfunction, hypertrophy, fibrosis, and cell death. In type 2
cardiomyocytes, the presence of TNF and subsequent ac-
tivation of the TNF receptor produced protective benefits. In
addition to its concentration and receptor subtypes, TNFα
the myocardial effect of CPB also depends on the duration of
exposure and its location [39].

Discovery Studio (DS, v2016) is a younger breed of
molecular modeling software that uses the method of the
CDOCKER module to randomise search the conformational
changes of molecules and then optimises each shape in the
receptor active site region using the stochastic optimization
method [40, 41]. We can simulate the docking of active
components and target targets in the component target
signalling pathway network diagram usingmolecular docking
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Figure 7: Docking heatmap of ligands and hub proteins.
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technology, and it can help with the discovery of effective
ingredients with clinical potential, drug design, and precursor
optimization by analysing relevant binding parameters and
binding conformation [42]. Several components, including
kaempferol, P (+) - catechin, 6-methylgediacetate 2, and (R) -
norcoclaurine, have favourable docking conformations. *e
forces include the Van derWaals force, the Yanqiao force, and
the PI alkyl force. Molecular docking proved that ZWD could
regulate the PPI network by binding with a hub protein and
intervening in HF through different signalling pathways [43].

5. Conclusion

Based on the network pharmacology method, 59 compo-
nents of ZWD and 83 target genes related to HF were
obtained. *rough the PPI network, four potential thera-
peutic targets were identified: AKT1, IL6, Jun, and mapk8.
*e beneficial components of ZWD might intervene HF
through the AGE-RAGE signalling pathway in diabetic
composition, fluid shear stress and atherosclerosis, the TNF
signalling pathway, TB, and Kaposi sarcoma related her-
pesvirus infection, according to a KEGG enrichment study.
*rough molecular docking technology, it was found that a
variety of effective components in ZWD, such as kaempferol,
could combine with hub protein, which preliminarily ver-
ified network pharmacology and laid a foundation for
subsequent pharmacological research.
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Mesosphaerum suaveolens (L.) Kuntze is a species widely used traditionally in the treatment of ailments, such as stomach pain,
hemorrhoids, cough, verminosis, ulcer, liver disease, fever, influenza, nasal congestion, and inflammation. /is review aims to
provide a survey of available information on seven international electronic databases (Google Scholar, Medline, ResearchGate,
Web of Science, Scopus, Science Direct, and PubMed) about botanical aspects, traditional uses, phytochemistry, and biological
activities ofM. suaveolens.Mesosphaerum suaveolens is a tropical America native species, but it can be found in several parts of the
world as a ruderal plant. /e species is the most studied species of the genus Lamiaceae due its phytochemical aspect, especially
regarding the chemical composition of its essential oil. Besides the essential oils,M. suaveolens is a source of numerous secondary
compounds such as triterpenes, diterpenes, and phenolic compounds, which are related to its biological activities, such as
allelopathic, antibacterial, antifungal, insecticidal, and larvicidal activities as described in the literature.

1. Introduction

Plant species, with medicinal properties that have always
been part of human life, are being used both for the
treatment of diseases as for food. For the treatment of
diseases, they are accessible and culturally accepted, so their

use is popular since ancient civilizations [1, 2]. /e Lam-
iaceae family is one of the most diverse and widespread in
terms of the ethnomedicinal value and variety of plants with
biological and medical applications [3–8]. Regarding the
genus Mesosphaerum, previous studies demonstrate the
ethnomedicinal and pharmacological importance of some
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species that belong to it, such as Mesosphaerum sidifolium
(L’Hérit.) Harley & J.F.B. Pastore, used to treat stomach
disorders and headaches, as well as being used as an
expectorant, carminative, and tonic./is species possesses in
vivo antitumor activity against Ehrlich ascites carcinoma
cells causing growth inhibition by inducing cell cycle arrest,
besides not showing cytotoxicity [9]. Another species with
several bioactivities is Mesosphaerum verticillatum (syn.
Hyptis verticillata Jacq.) with anti-inflammatory, antimi-
crobial, and anticancer potentials, among other reports.
Ethnomedicinal uses of this plant include cough, colds,
asthma, fever, tonsillitis, uterine fibroids, bronchitis, and
gastrointestinal problems [5].

In Northeast Brazil, the use of plant species as therapeutic
resources is widespread, and one species present in this region
is Mesosphaerum suaveolens (L.) Kuntze, known as “bam-
burral,” “erva-canudo,” or “alfazema-brava” [10]. Its leaves are
mainly used to treat respiratory diseases (asthma, bronchitis,
colds, and flu) and diseases related to the gastrointestinal tract
[1]. Such medicinal uses are related to the chemical hetero-
geneity arising from the secondary metabolism of the species, a
recurrent characteristic in species of the Lamiaceae family [6].

Several works in the literature indicate that
M. suaveolens presents a high biotechnological potential,
mainly regarding its essential oil [10]. In addition, a large
number of studies have emphasized the biological activities
of the essential oil and extracts of this species against
pathogenic microorganisms to humans [6]. Taking into
account that M. suaveolens is a medicinal species widely
studied by the scientific community, the main objective of
this work was to make a general review of the botanical
aspects, traditional uses, phytochemistry, toxicity and bio-
logical, and pharmacological activities.

2. Materials and Methods

Methodologically, it was used the keywords “Mesosphaerum
suaveolens” and its synonym “Hyptis suaveolens” associated
to the terms “biological activity,” “bioactive,” “ethno-
medicinal use,” “traditional use,” “ethnobotany,” “ethno-
pharmacology,” “toxicity,” “natural products,”
“phytochemistry,” and “allelopathy” to collect information
available on Google Scholar, Medline, ResearchGate, Web of
Science, Scopus, ScienceDirect, and PubMed databases. /e
consideration insertion criteria of the articles were as fol-
lows: full article only, articles written in English and/or
Portuguese languages, and all available and opened access
articles, with no time limit determined.

It was obtained 190 articles dated between 1971 and 2021
which were grouped into some categories. (1) Botanical
aspects, with information on description, classification, and
geographical distribution; (2) phytochemistry; (3) ethno-
botany; (4) biological activities; and (5) pharmacological
activities. /e trial process (collecting of the articles, reading
of the abstracts, and checking the insertion criteria) took
three months, and all the selected articles had been read
completely and summarized in a table with the isolated
chemical constituents and their respective biological
activities.

3. Review

3.1. Botanical Aspects: Description, Classification, and
Distribution. Mesosphaerum suaveolens (L.) Kuntze is an
herbaceous plant belonging to the Lamiaceae family. /e
word “mesosphairon” comes from the Greek and Latin
“mesosphaerum,” meaning “a type of tuberose withmedium-
sized leaves,” while its specific epithet suaveolens, means
“with a sweet fragrance” due to the aroma of essential oils
exhaled by the trichomes present on its leaves [11, 12].

Its vernacular name varies widely according to the region
of occurrence. In the northeastern region of Brazil, the
species is known as “bamburral” and “alfazema-brava” and
in the southern region of the country, the herbaceous plant is
called “erva-canudo” and “betônica-brava” [10]. In other
parts of the world, such as in India, it is known as “pignut,”
“beejabandha,” “sima tulasi,” “sakavong,” “pichi tulas,” and
“bushmint” [13], while in Nigeria, it is known as “false
buttonweed” and in Bangladesh as “tukma” [14]. In French-
speaking countries, the species is called “horehound,”
“pignut,” “wild spikenard,” “gros baume,” and “Hyptis à
odeur.” In other languages, the plant is called “chao,” “hierba
de las muelas,” “menta de campo” (Spanish), “wilaiti tulsi”
(Hindi), “bhustrena,” “darp tulas,” “jungli tulas” (Marathi),
“sirna tulasi” (Telugu), “bilati tulas” (Bengali), “ganga tulasi”
(Ora), and “bhustrena” (Sanskrit) [13].

Taxonomically, M. suaveolens presents as botanical
synonyms Ballota suaveolens L., Hyptis suaveolens (L.) Poit.,
Bystropogon suaveolens (L.) L’Hér., Bystropogon graveolens
Blume, Hyptis congesta Leonard, Hyptis ebracteata R.Br.,
Hyptis plumierii Poit., andMarrubium indicum Blanco, with
H. suaveolens as the most widespread synonym in scientific
circles. However, the current circumscription of the genus
Mesosphaerum P. Browne was recognized in 2012 after
phylogenetic studies [15].

Morphologically, M. suaveolens is an erect herb or
subshrub that measures up to 2m in height. Its photosyn-
thetic quadrangular stem is hairy with closely spaced
branches and nodes. It has oval leaves, serrate or cordate
margin, pilose limb, acute apex, and obtuse base with op-
posite crossed phyllotaxis. /e petioles are short, canal-
iculate, as are its stems. Its inflorescences consist of up to 20
flowers located around the nodes and near the leaf axils. /e
flowers are pedunculate, with a persistent, tubular calyx, and
5 pointed sepals. /e corolla is also tubular with five lilac
petals, and the lobes are evident. Its fruits are dry, inde-
hiscent, and uniseminated, originating from a bicarpellate
gynoecium. Such fruits originate dimorphic seeds, two per
fruit. Morphologically, such diaspores are elongated with
dorsoventral flattening, longitudinal median ridge, starting
near the hilum and extending to the apex of the seed with
retusa boundary with black coloration (Figure 1) [16–18].

As for the geographical distribution, M. suaveolens is
native to tropical America; however, as it is ruderal, it ended
up invading natural ecosystems in tropical and subtropical
regions of the globe, so that, due to this widespread oc-
currence, the species is considered a pantropical ruderal
species [19–22]. In Brazil,M. suaveolens is present in almost
the entire territory [23].
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3.2. Phytochemistry. Mesosphaerum suaveolens is an im-
portant source of essential oils, alkaloids, flavonoids, phe-
nols, saponins, triterpenes, and sterols [13, 24]. /e essential
oil of this species, obtained exclusively from its leaves, has
already been chemically characterized in several studies.
However, since this species exhibits a high level of genetic
polymorphism and allows adaptation to changes in envi-
ronmental characteristics, high variability in the composi-
tion and content of the major constituents (>20%) has been
found [25]. InM. suaveolens extracts, terpenoids had a great
predominance (mono, di, tri, and sesquiterpenes) (Table 1)
(Table 1). Among the diterpenes, suaveolic acid stood out
with recognized antimicrobial and allelopathic action [26].
Furthermore, phenolic acids, phenylpropanoids, flavonoids
[10, 27], and fatty acids [28, 29] were also identified in
different parts of M. suaveolens (Table 1).

3.3. Ethnobotany. Traditionally, M. suaveolens is taken to
treat ailments in Brazil, Benin, India, Nigeria, /ailand, and
Togo. In Brazil, the leaves in the form of infusions, de-
coctions, teas, and syrups are used to treat ulcers, inflam-
mation, respiratory diseases (asthma, bronchitis, colds, flu,
and sinusitis), diseases related to the gastrointestinal tract,
pain, dizziness, nausea, nervousness, and constipation

[1, 56–64]. /e leaves are also used to treat headaches [65],
malaria [14, 66], fever [67, 68], and used to reduce labor time
and labor pain [69]. /e flowers of M. suaveolens are
employed as therapeutic resources against dysmenorrhea,
respiratory diseases, and as a febrifuge [70, 71].

In the Asian continent, more specifically in India, the
leaves, stems, inflorescence, and roots are used to treat
urinary calculi [72], stomach pain [73], healing, itching [74],
boil, eczema, diabetes [75], pneumonia [76], and fever [77].
Besides that, the seeds of M. suaveolens are used to treat
gynecological disorders such as menorrhagia, leucorrhea,
and rheumatism [78, 79]. /e fresh poultice of the leaves is
applied to snake bites, wounds, and mycoses [80], while the
paste of the fresh leaves is also indicated for skin diseases
[81].

In South Asia, in Bangladesh, traditional communities
use the seeds in juice preparations to treat constipation and
weakness [82, 83]; in addition, the seeds are consumed along
with roots of Bombax ceiba to treat gonorrhea [84, 85], and
the paste of the leaves is used to treat skin infections [86]. In
Togo, the leaves of the species are spent in decoction form for
the treatment of gynecological disorders [87], while in
/ailand, the decoction of the roots is indicated in cases of
food poisoning [88]. On the African continent, more spe-
cifically in Benin and Nigeria, the whole plant of

(a) (b)

(c) (d)

Figure 1:Mesosphaerum suaveolens (L.) Kuntze (Lamiaceae). (a) Leaves and stem. (b) Population ofM. suaveolens in an area of Caatinga, a
seasonally dry tropical forest, in Quixelô-CE, Brazil. (c) Prominence of flowers. (d) Leaves in senescence. Source: author (2018).
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Table 1: Identified constituents in Mesosphaerum suaveolens (L.) Kuntze (Lamiaceae).

Composite Structure Identification
method

Part of the
plant Citation

Monoterpene

Sabinene

CH2

H3C

H3C
GC-MS Leaves

(essential oil) [30–35]

Eucalyptol

CH3

CH3

O

H3C

GC-MS Leaves
(essential oil) [35–37]

Sesquiterpene

E-Caryophyllene GC-MS Leaves
(essential oil) [38]

Germacrene D GC-MS Leaves
(essential oil) [38]

β-Caryophyllene
H2C

CH3

CH3

CH3

HH

GC-MS Leaves
(essential oil) [32, 33, 39, 40]

Diterpenes

Mellowolic acid

HOOC
H

1H-NMR and 13C-
NMR

Leaves and
stem [26, 41]

Suaveolol

H

OH

1H-NMR and 13C-
NMR Leaves [41–43]
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Table 1: Continued.

Composite Structure Identification
method

Part of the
plant Citation

Dehydroabietinol

H

OH

GC-MS, 1H-NMR,
and 13C-NMR

Leaves, stem,
and flowers [29, 44, 45]

9α,13α-Epi-dioxiabiet-
8(14)-en-18-ol

CH2OH
H

O

O

1H-NMR and 13C-
NMR Leaves [46]

Methyl suaveolate

COOCH3

OH

H

1H-NMR and 13C-
NMR Leaves [42]

Ácido 8α,9α-
epoxysuaveolic OH

H

O 1H-NMR and 13C-
NMR

Leaves and
stem [43]

4α-Hydroperoxy-5-
enovatodiolide

OOH

O
O

O

O

1H-NMR and 13C-
NMR Flowers [47]

4-Methylene-5β-
hydroperoxy
ovatodiolide

O
O

O HOO

O

1H-NMR and 13C-
NMR Flowers [47]

Ovatodiolide

O
O

O

O

1H-NMR and 13C-
NMR Flowers [47]
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Table 1: Continued.

Composite Structure Identification
method

Part of the
plant Citation

4α-Hydroxy-5-
enovatodiolide

O

OH

O

O

O

1H-NMR and 13C-
NMR Flowers [47]

Phytol
HO

GC-MS Flowers [29]

Triterpenes and steroids

α-Peltoboikinolic acid H

OH

HH

O

HO

1H-NMR and 13C-
NMR Root [48]

Oleanolic acid

H

OH

O

H

H

HO

1H-NMR and 13C-
NMR Root [48]

Bacosine

H

H

OH
HO O

HH

1H-NMR and 13C-
NMR Root [49]

Betulinic acid

H

H

OH

O

HO

HH

1H-NMR and 13C-
NMR Root [49]

Ursolic acid

H

H

OH

O

HO

H

1H-NMR and 13C-
NMR

Root, leaves,
and stem [49, 50]
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Table 1: Continued.

Composite Structure Identification
method

Part of the
plant Citation

α-Amyrin

H

O

O

1H-NMR and 13C-
NMR Root [51]

3β-Hydroxylup-20(29)-
en-28-oic acid

O

OH

HO

1H-NMR and 13C-
NMR Root [51]

Urs-12-en-3β-ol-29-oic
acid

HO

HO
O

1H-NMR and 13C-
NMR

Leaves and
stem [53]

Lupeol

HO

HH

H
1H-NMR and 13C-

NMR Leaves [50]

Rotundic acid
HO

HO O

H H

H

H OH

OH

1H-NMR and 13C-
NMR

Leaves and
stem [50]

β-Sitosterol

HH

HO

H

1H-NMR and 13C-
NMR

Leaves and
stem [50]
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Table 1: Continued.

Composite Structure Identification
method

Part of the
plant Citation

Hyptadienoic acid

H

H

HO

HO

OH

O

1H-NMR and 13C-
NMR

Leaves and
stem [53]

Phenolics

Gallic acid

HO

O OH

OH

OH

HPLC-DAD and
HPTLC

Leaves and
stem [10, 27]

Ellagic acid

HO

O

O

HO OH

OH

O

O

HPLC-DAD Leaves and
aerial parts [6]

Ferulic acid

HO

OH
O

O

HPTLC Leaves and
stem [27]

Caffeic acid

HO

HO
OH

O

HPLC-DAD and
UPLC-MS Leaves [6, 10, 54]

Chlorogenic acid

HO

HO

O

O

O

OH

OH

OH

OH

HPLC-DAD and
HPTLC

Leaves and
stem [6, 10, 27]

Apigenin
HO O

OOH

OH

HPLC-DAD Leaves [6, 10]

Catechin
HO O

OH

OH

OH

OH

HPLC-DAD Leaves [6, 10]
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Table 1: Continued.

Composite Structure Identification
method

Part of the
plant Citation

Rutin

HO

HO

HO

HO

O

O

O
O

O

OOH

OH

OH
OH

OH

OH

HPLC-DAD and
UPLC-MS Leaves [6, 10, 54]

Quercetin
HO O

O

OH

OH

OH

OH

HPLC-DAD and
UPLC-MS

Leaves and
stem [6, 10, 27, 54]

Rosmarinic acid

HO

O

O

O
OH

OH

OH

OH

UPLC-MS Leaves [54]

Ethyl caffeate
HO

HO

O

O UPLC-MS Leaves [54]

Sagerinic acid

O

O O

OH

OH

UPLC-MS Leaves [54]

Isoquercetin
HO

HO

O

O

OH

OH

OH

OH

OH

OH

O
O

UPLC-MS Leaves [54]

Syringic acid

O

O O

OH

OH

UPLC-MS Leaves [54]
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Table 1: Continued.

Composite Structure Identification
method

Part of the
plant Citation

Yunnaneic acid

OH

OH

OH

O

O O O

O

O

H

H

O

OH

OHOH

OH

H O

O

O
HO

HO

HO

HO

HO

HO
O UPLC-MS Leaves [54]

Secoiridoid

Oleoside dimethyl ester

O

O

O

O

O
HO

HO
O

O

OH

OH

UPLC-MS Leaves [54]

Fatty acids

Linoleic acid

O

HO

GC-MS Seeds [28]

Palmitic acid

O

OH

GC-MS Seeds and
leaves [28, 29]

Oleic acid

O

OH GC-MS Seeds [28]

Stearic acid

O

OH GC-MS Seeds [28]

Palmitoleic acid

O

OH

GC-MS Seeds [28]

Undecanoic acid

O

OH
GC-MS Leaves [29]
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M. suaveolens is used for the treatment of candidiasis and as
a blood tonic [89, 90].

From a veterinary point of view, M. suaveolens has also
been used for the treatment of diseases in animals. Such use
is reported in India for the treatment of inflammation in
cattle, with the juice of the leaves being applied to the an-
imal’s eyes [91]. In Brazil, the species is employed against
diarrhea [92]. In the African continent, more specifically in
Kenya, the aerial parts of the plant are utilized as a repellent
for the mosquito Anopheles gambiae Giles, 1926 (Diptera:
Culicidae) [93, 94].

3.4. Biological Activities

3.4.1. Allelopathic Activity. According to Sharma et al. [95],
after the establishment of M. suaveolens in an area, it be-
comes evident that the species imposes a profound impact
on the local vegetation, as the number of species, richness,
diversity, and uniformity is severely reduced. Although
M. suaveolens is native to the Brazilian territory, it is dis-
tributed in different ecosystems, such as Caatinga, a sea-
sonally dry tropical forest [20].

Mesosphaerum suaveolens produces numerous seeds of
rapid germination and subsequent growth and thus manages
to occupy and dominate environments because of its alle-
lopathic action [96]. Islam et al. [26], for example, isolated
suaveolic acid from M. suaveolens and demonstrated in
bioassays that this diterpene exhibits allelopathic action,
interfering with the growth of the caulicle and radicle of
Lepidium sativum L. (Brassicaceae), Lactuca sativa
L. (Asteraceae), Lolium multiflorum Lam. (Poaceae), and
Echinochloa crus-galli (L.). P. Beauv. (Poaceae). /eir ex-
tracts present allelopathic action against Echinochloa crus-
galli (L.) P. Beauv. [97], Sorghum vulgare Pers., Raphanus
sativus L., and Lactuca sativa L. [98].

Allelochemicals present in the species have been re-
ported to act by causing oxidative stress, reduction in
chlorophyll content, and inducing the formation of chro-
mosomal aberrations [99, 100]. Such damage may occur in
response to the synergistic action of the constituents.

In addition to heterotoxicity, M. suaveolens has been
found to exhibit autotoxicity; however, its constituents affect

other species more than itself [101]. /us, the low amounts
of allelochemicals released by M. suaveolens affect the
ecological succession of other species, but do not affect the
species itself as much.

Despite reports of the allelopathic action of
M. suaveolens, it is worth noting that most of these studies
were conducted under laboratory conditions and with ex-
tracts of the plant, so these actions do not match the alle-
lopathic actions found in the environment. /us, it is
necessary to conduct studies that simulate as much as
possible the natural conditions, to affirm whether one
species can affect another. Only Kapoor [99] evaluated the
allelopathic action of M. suaveolens in conditions similar to
those found in the environment, demonstrating in fact that
the species has allelopathic action on Parthenium hyster-
ophorus L. (Asteraceae).

M. suaveolens has allelochemicals from its secondary
metabolism, which compromise the structure and plant
diversity [102].

3.4.2. Antimicrobial Activity. Teas ofM. suaveolens are used
to treat diseases related to the gastrointestinal and respi-
ratory tracts [1], so numerous researchers have hypothesized
that the species exhibits biological activity against strains of
pathogenic microorganisms.

Cyrille et al. [103] evaluated the antibacterial action of
the hydroethanolic extract (70%) of the leaves and found
that the species presented low antibacterial activity since an
MIC of 3.12mg/ml was observed against Staphylococcus
aureus (Rosenbach, 1884) (Staphylococaceae) ATCC 25923
and Pseudomonas aeruginosa (Schroeter, 1872) (Pseudo-
monadaceae) ATCC 27853 strains. It is worth noting that
MIC values obtained above 1mg/ml (1000 μg/ml) do not
reflect clinically notable activity (Van Vuuren, 2008)
(Table 2).

/e works evaluating the antimicrobial action of the
species highlight the use of the volatile terpenes (essential
oils) of the leaves (Table 2). Xu et al. [104] demonstrated that
the oil ofM. suaveolens showed antimicrobial action through
the microdilution technique with MIC values of great
clinical relevance, notably against Bacillus subtilis (Cohn,
1872) (Bacillaceae) CMCC 63501, Escherichia coli

Table 1: Continued.

Composite Structure Identification
method

Part of the
plant Citation

Octanoic acid

O

OH

GC-MS Leaves [29]

n-Decanoic acid

O

OH
GC-MS Leaves [29]

Tetradecanoic acid
O

OH
GC-MS Leaves [29]

Myristic acid ethyl ester
O

O
GC-MS Aerial parts [55]
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Table 2: Antimicrobial activities of Mesosphaerum suaveolens (L.) Kuntze (Lamiaceae).

Extract/parts of the plant Assay Antimicrobial activity Citation
Methanolic extract of the
aerial parts Disk diffusion test Candida albicans (7mm) [105]

Essential oil from the
leaves Disk diffusion test

Staphylococcus aureus ATCC 29213 (27mm)
Escherichia coli ATCC 25922 (22mm)
Trichophyton mentagrophytes (15mm)

Trichophyton rubrum (24mm)

[106]

Essential oil from the
leaves Dilution method

Staphylococcus aureus ATCC 29213 (MIC 8.82 mg/ml)
Streptococcus pyogenes P183 (MIC 4.41 mg/ml)

Streptococcus pyogenes P31 P183 (MIC 4.41 mg/ml)
[106]

Essential oil from the
leaves Disk diffusion test

Bacillus subtilis (MIC 16.67 μl/ml)
Staphylococcus aureus (MIC 1.56 μl/ml)

Escherichia coli (MIC 6.25 μl/ml)
Proteus vulgaris (MIC 50 μl/ml)

Pseudomonas aeruginosa (MIC 25 μl/ml)

[107]

Essential oil from the
leaves

Disk diffusion test and
dilution method

Erwinia herbicola MTCC 3609 (MIC 2 μl/ml)
Pseudomonas putida MTCC 1190 (MIC 8 μl/ml) [108]

Essential oil from the
aerial parts Microdilution method

Staphylococcus aureus CMCC 26001 (MIC 50 μg/ml)
Bacillus subtilis CMCC 63501 (MIC 25 μg/ml)

Pseudomonas aeruginosa CMCC 10104 (MIC 50 μg/ml)
Escherichia coli CMCC 44102 (MIC 25 μg/ml)

Fusarium graminearum (MIC 50 μg/ml)
Botrytis cinerea (MIC 25 μg/ml)

Exerohilum turcicum (MIC 50 μg/ml)
Lecanosticta acicola (MIC 50 μg/ml)

[104]

Ethanolic extract of the
aerial parts Disk diffusion test

Aeromonas caviae (0.1mm)
Aeromonas hydrophila (0.1mm)

Ralstonia spp. (0.17mm)
Shigella spp. (0.23mm)

[109]

Aerial parts essential oil Disk diffusion test

Trichophyton mentagrophyte (15.7mm)
Trichophyton rubrum (14.7mm)
Microsporum gypeum (13.3mm)
Candida albicans (13.7mm)

[110]

Blossoms essential oil Disk diffusion test
Escherichia coli ATCC 25922 (MIC 350 μl/ml)

Klebsiella pneumoniae ATCC 23357 (MIC 400 μl/ml)
Salmonella typhi CDC57 (MIC 450 μl/ml)

[111]

Flower essential oil Disk diffusion test
Escherichia coli ATCC 25922 (MIC 350 μl/ml)

Klebsiella pneumoniae ATCC 23357 (MIC 400 μl/ml)
Salmonella typhi CDC57 (MIC 450 μl/ml)

[111]

Leaf hydroethanolic
extract (70%) Agar diffusion method

Staphylococcus aureus Meti-R (MIC 3.12mg/ml)
Pseudomonas aeruginosa Cefta/Imp-R (MIC 12.5mg/ml)
Staphylococcus aureus ATCC 25923 (MIC 3.12mg/ml)

Pseudomonas aeruginosa ATCC 27853 (MIC 3.12mg/ml)

[103]

Leaves essential oil Agar diffusion method

Staphylococcus aureus Meti-R (MIC 5.37mg/ml)
Pseudomonas aeruginosa Cefta/Imp-R (MIC 10.75mg/ml)
Staphylococcus aureus ATCC 25923 (MIC 5.37mg/ml)

Pseudomonas aeruginosa ATCC 27853 (MIC 10.75mg/ml)

[103]

Seed fixed oil Dilution method

Escherichia coli MTCC 443 (MIC 0.5mg/ml)
Salmonella typhi MTCC 531 (MIC 0.125mg/ml)
Shigella flexneri MTCC 1457 (MIC 0.5mg/ml)
Vibrio vulnificus MTCC 1145 (MIC 0.5mg/ml)

Pseudomonas aeruginosa MTCC 424 (MIC 0.125mg/ml)
Lactobacillus plantarum MTCC 2621 (MIC 0.125mg/ml)
Lactobacillus leishmanii MTCC 911 (MIC 0.25mg/ml)
Staphylococcus aureus MTCC 737 (MIC 0.25mg/ml)
Candida tropicalis MTCC 227 (MIC 0.125mg/ml)
Candida albicans MTCC 227 (MTCC 0.25mg/ml)

[112]

Essential oil from leaves Disc diffusion method
Escherichia coli ATCC 25922 (MIC 350 μl/ml)

Klebsiella pneumoniae ATCC 23357 (MIC 300 μl/ml)
Salmonella typhi CDC57 (MIC 400 μl/ml)

[111]
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Table 2: Continued.

Extract/parts of the plant Assay Antimicrobial activity Citation

Hexanic extract from the
seeds Microdilution method

Staphylococcus aureus Meti-R (MIC 0.375mg/ml)
Enterococcus faecalis ATCC 29212 (MIC 0.1875mg/ml)

Escherichia coli ATCC 25922 (MIC 0.1875mg/ml)
Pseudomonas aeruginosa ATCC 15442 (MIC 0.375mg/ml)

Klebsiella pneumoniae (MIC 0.375mg/ml)
Acinetobacter baumannii (MIC 0.375mg/ml)

[113]

Aqueous extract from the
leaves Microdilution method

Candida albicans 77 (IC50 266.4 μg/ml)
Candida albicans 40006 (IC50 300.4 μg/ml)
Candida tropicalis 23 (IC50 359.9 μg/ml)

Candida tropicalis 40042 (IC50 640.3 μg/ml)

[6]

Aqueous extract from
aerial parts Microdilution method

Candida albicans 77 (IC50 18.5 μg/ml)
Candida albicans 40006 (IC50 526.4 μg/ml)

Candida tropicalis 23 (IC50 25 μg/ml)
Candida tropicalis 40042 (IC50 58.62 μg/ml)

[6]

Essential oil from the
leaves Disk diffusion test

Staphylococcus aureus UCH 511 (14mm)
Bacillus cereus (10mm)

Escherichia coli NCTC 7001 (12mm)
Pseudomonas aeruginosa UCH 655 (14mm)

Candida albicans (16mm)

[114]

Leaf ethanolic extract Disk diffusion test Sclerotium rolfsii (MIC 2000mg/ml) [115]

Leaf hydroethanolic
extract (70%) Disk diffusion test

Staphylococcus aureus Meti-R (24mm)
Staphylococcus aureus ATCC 25923 (24mm)
Pseudomonas aeruginosa Ceft/Imp-R (16mm)
Pseudomonas aeruginosa ATCC 27853 (20mm)

[116]

Leaf essential oil Disk diffusion test

Staphylococcus aureus Meti-R (13mm)
Staphylococcus aureus ATCC 25923 (16mm)
Pseudomonas aeruginosa Ceft/Imp-R (0mm)
Pseudomonas aeruginosa ATCC 27853 (0mm)

[116]

Leaf essential oil Disk diffusion test

Staphylococcus aureus (MIC 30 μg/ml)
Bacillus subtilis (MIC 26 μg/ml)
Proteus vulgaris (MIC 15 μg/ml)
Candida albicans (MIC 10 μg/ml)
Aspergillus niger (MIC 40 μg/ml)

Pseudomonas aeruginosa (MIC 28 μg/ml)
Trichophyton mentagrophytes (MIC> 100 μg/ml)

Escherichia coli (MIC 26 μg/ml)
Klebsiella pneumoniae (MIC 37 μg/ml)
Yersinia enterocolitica (MIC> 100 μg/ml)

[117]

Essential oil from the
leaves Disk diffusion test Aspergillus flavus (MIC 93.8 μl/ml) [118]

Essential oil from the
leaves Disk diffusion test

Escherichia coli (7mm)
Bacillus subtilis (8mm)
Vibrio cholerae (9mm)

Shigella dysenteriae (9mm)
Corynebacterium diphtheriae (10mm)

Salmonella typhi (9mm)
Streptococcus faecalis (9mm)
Bacillus pumilus (9mm)

Streptococcus pyogenes (8mm)
Micrococcus (8mm)

Pseudomonas solanacearum (10mm)

[119]

Crushed leaves Disk diffusion test Aspergillus flavus (56% inhibition at 5% concentration) [120]

Methanolic extract from
the leaves Disk diffusion test

Bacillus cereus (9mm)
Bacillus subtilis (3mm)Bacillus megaterium (1mm)Staphylococcus

aureus (6mm)
Enterococcus faecalis (7mm)Escherichia coli (12mm)

Salmonella typhi (6mm)Salmonella paratyphi (5mm)Pseudomonas
aeruginosa (3mm)Klebsiella pneumoniae (4mm)

[121]
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Table 2: Continued.

Extract/parts of the plant Assay Antimicrobial activity Citation

Essential oil from the
leaves Microdilution method

Saccharomyces cerevisiae (IC50 1000 μg/ml)
Fusarium moniliforme 7075 (IC50> 1500 μg/ml)

Mucor sp. (IC50 750 μg/ml)
[122]

Whole plant aqueous
extract Disk diffusion test

Candida albicans (0mm)
Colletotrichum capsici (10mm)

Fusarium oxysporum F.sp. lycopersici (5mm)
Klebsiella pneumoniae (14mm)

Escherichia coli (12mm)
Staphylococcus aureus (0mm)

Pseudomonas aeruginosa (0mm)

[123]

Whole plant ethanolic
extract Disk diffusion test

Candida albicans (19mm)
Colletotrichum capsici (20mm)

Fusarium oxysporum F.sp. lycopersici (18mm)
Klebsiella pneumoniae (22mm)

Escherichia coli (18mm)
Staphylococcus aureus (29mm)

Pseudomonas aeruginosa (12mm)

[123]

Ethanolic (1), chloroform
(2), methanolic (3),
petroleum ether (4), and
aqueous (5) extracts of the
whole plant

Disk diffusion test

Aspergillus niger:
1: 6mm
2: 11mm
3: 0.5mm
4: 7mm
5: 12mm

Candida albicans:
1: 10mm
2: 10.5mm
3: 3.5mm
4: 8.5mm
5: 8mm

Fusarium sp.:
1: 12mm
2: 11mm
3: 3mm
4: 12mm
5: 19mm

[124]

Essential oil from the
leaves Microdilution method Aspergillus fumigatus ATCC 40640 (MIC 40 μl/ml)

Aspergillus parasiticus ATCC 15517 (MIC 40 μl/ml) [36]

Essential oil from the
leaves Microdilution method

Trichophyton mentagrophytes (MIC 640 μl/ml)
Staphylococcus aureus (MIC 160 μl/ml)
Streptococcus suis (MIC 160 μl/ml)

Erysipelothrix rhusiopathiae (MIC 80 μl/ml)
Actinomyces pyogenes (MIC 80 μl/ml)
Pasteurella multocida (MIC 80 μl/ml)

Pseudomonas aeruginosa (MIC 20 μl/ml)
Escherichia coli (MIC 20 μl/ml)

[125]

Essential oil from the
leaves Disk diffusion test

Rhizoctonia solani (MIC 4000 μl/l)
Pythium debaryanum (MIC 300 μl/l)

Pythium aphanidermatum (MIC 300 μl/l)
[126]
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Table 2: Continued.

Extract/parts of the plant Assay Antimicrobial activity Citation

Aqueous extract of the
leaves Microdilution method

Trichoderma viride (IC50> 500 μl/l)
Alternaria porri (IC50> 500 μl/l)

Aspergillus parasiticus (IC50> 500 μl/l)
Aspergillus fumigatus (IC50> 500 μl/l)

Fusarium lini (IC50> 500 μl/l)
Alternaria brassicae (IC50> 500 μl/l)
Colletotrichum sp. (IC50> 500 μl/l)
Fusarium sesami (IC50> 500 μl/l)
Fusarium nivale (IC50> 500 μl/l)
Alternoria solani (IC50> 500 μl/l)

Fusarium oxysporum f. sp. ciceri (IC50> 393.4 μl/l)
Aspergillus niger (IC50> 244.7 μl/l)

Aspergillus sulphureus (IC50> 475.4 μl/l)
Helminthosporium oryzae (IC50> 197.7 μl/l)

Alternoria alternata (IC50> 475.5 μl/l)
Alternoria tenuissima (IC50> 321.1 μl/l)
Fusarium semitectum (IC50> 243.5 μl/l)

Cladosporium cladosporioides (IC50> 228.6 μl/l)
Drechslera aunti (IC50> 411 μl/l)

Penicillium citrinum (IC50> 446.7 μl/l)

[127]

Methanolic extract of the
leaves Disk diffusion test Staphylococcus aureus (6mm)

Bacillus subtilis (9mm) [128]

Hexanic extract of the
leaves Microdilution method

Escherichia coli ATCC 10536 (IC50 � 200 μg/ml)
Proteus mirabilis ATCC 7002 (IC50 � 200 μg/ml)

Klebsiella pneumoniae ATCC 10031 (IC50 � 400 μg/ml)
Proteus vulgaris ATCC 49132 (IC50 �100 μg/ml)Serratia marcescens

FJ584421 (IC50 � 50 μg/ml)

[29]

Petroleum ether (1),
chloroform (2),
methanolic (3), and
aqueous (4) extracts of the
leaves

Disk diffusion test

Staphylococcus aureus ATCC 29213:
1: 13mm
2: 8mm
3: 8mm
4: 12mm

Listeria monocytogenes ATCC 19115:
1: 0mm
2: 7mm
3: 5mm
4: 0mm

Escherichia coli ATCC 25922:
1: 7mm
2: 10mm
3: 0mm
4: 0mm

Serratia marcescens ATCC 21074:
1: 18mm
2: 0mm
3: 8mm
4: 0mm

Aspergillus flavus ATCC 32612:
1: 18mm
2: 0mm
3: 0mm
4: 14mm

[129]

Leaf essential oil Disk diffusion test Fusarium oxysporum f. sp. gladioli MPPLU 01 (MIC 0.6 μl/ml) [130]

Leaf essential oil Disk diffusion test
Rhizoctonia solani (MIC 5.000 μg/ml)

Sclerotinia sclerotiorum (MIC 5.000 μg/ml)
Sclerotium rolfsii (MIC 5.000 μg/ml)

[131]

Leaf methanolic extract Disk diffusion test Klebsiella pneumoniaeMTCC 109 (7.5mm)Bacillus subtilisMTCC 121
(8mm)Salmonella typhi MTCC 733 (7mm) [132]

Leaf essential oil Disk diffusion test Fusarium oxysporum f.sp. gladioli MPPLU 01 (MIC 0.998 μg/ml) [133]

Evidence-Based Complementary and Alternative Medicine 15



(T. Escherich, 1885) (Enterobacteriaceae) CMCC 44102, and
Botrytis cinerea (De Bary) Whetzel, 1945 (Sclerotiniaceae).
/e oil was also very active against S. aureus CMCC 26001,
P. aeruginosa CMCC 10104, Fusarium graminearum
Schwabe, 1839 (Nectriaceae), Exerohilum turcicum (Pass.)
K.J. Leonard & Suggs, 1974 (Pleosporaceae), and Lecanos-
ticta acicola (/üm.) Syd., 1924 (Mycosphaerellaceae).

Besides the essential oil, the fixed oil from
M. suaveolens seeds showed activities of clinical relevance
against E. coli MTCC 443 (MIC 0.5 mg/ml), Salmonella
typhi Typhi (Enterobacteriaceae) MTCC 531 (MIC
0.125mg/ml), Shigella flexneri Castellani & Chalmers,
1919 (Enterobacteriaceae) MTCC 1457 (MIC 0.5mg/ml),
Vibrio vulnificus (Reichelt et al.) Farmer, 1980 (Vibrio-
naceae) MTCC 1145 (MIC 0.5 mg/ml), P. aeruginosa
MTCC 424 (MIC 0.125mg/ml), Lactobacillus plantarum
(Orla-Jensen) Bergey et al., 1923 (Lactobacillaceae)
MTCC 2621 (MIC 0.125mg/ml), Lactobacillus leishmanii
(Henneberg) Bergey et al. 1923 (Lactobacillaceae) MTCC
911 (MIC 0.25mg/mL), S. aureus MTCC 737 (MIC
0.25mg/ml), Candida tropicalis Berkhout, 1923 (Sac-
charomycetaceae) MTCC 227 (MIC 0.125mg/ml), and
Candida albicans Berkhout, 1923 (Saccharomycetaceae)
MTCC 227 (MIC 0.25mg/ml) (Table 2).

3.4.3. Insecticidal Activity. Popularly, in Kenya, the aerial
parts of M. suaveolens are burned to repel mosquitoes of
the species Anopheles gambiae [84, 94]. Subsequently,
other researchers have highlighted that the oil has bio-
logical action against various insects, such as A. gambiae
itself (Table 3).

Works evaluating the insecticidal action showed that the
essential oil of M. suaveolens by fumigation showed the
effect against Callosobruchus maculatus (Fabricius 1775;
Coleoptera: Chrysomelidae) (CL50 4.7 μg/ml), Rhyzopertha
dominica (Fabricius 1972; Coleoptera: Bostrichidae) (CL50
12 μg/ml), Sitophilus oryzae (Linnaeus 1763; Coleoptera:
Curculionidae) (CL50 10.6 μg/ml), Tribolium castaneum

(Herbst 1932; Coleoptera: Tenebrionidae) (CL50 23.2 μg/ml)
(Tripathi; Upadhyay 2009), and Sitophilus granarius (Lin-
naeus, 1758) (CL50 0.251 μl/insect) [138].

Mesosphaerum suaveolens oil showed toxicity through
contact and ingestion against Mediterranean flies
(Ceratitis capitata (Wiedemann, 1824) (Diptera: Teph-
ritidae)) with CL50 13.041 μl/l through ingestion and CL50
0.066 μl/l through contact [30]. Canale et al. [139], when
evaluating the toxicity of the oil against Bactrocera oleae
(Rossi, 1790) (Diptera: Tephritidae), demonstrated that,
by ingestion, the product showed a CL50 of 4.9 mg/ml.
Bezerra et al. [10] evaluated by fumigation the action of
the oil and highlighted that it presents great insecticidal
action with CL50 of 15.5 μg/ml against adults ofDrosophila
melanogaster (Meigen, 1830) (Diptera: Drosophilidae).
Also, via the fumigation test, Wangrawa et al. [35] found a
CL50 of 1.86 μg/ml (oil/air) against A. gambiae. Recently,
Adjou et al. (2019) found the insecticidal action of
M. suaveolens oil against Tenebroides mauritanicus
(Linnaeus, 1758) (Coleoptera: Trogossitidae) with a CL50
0.35 μl/g.

3.4.4. Repellent Activity. Besides causing mortality in in-
sects, the products of M. suaveolens, especially the essential
oil of the leaves, can repel insects and arachnids of public
health and economic interests (Table 4). As for Diptera, the
essential oil by fumigation and the fresh leaves by contact
were able to repel mosquitoes of the species Anopheles
gambiae, malaria vector, with the former showing an ef-
fective rate of 98% repellency at a low concentration (6%)
[152], while the leaves when rubbed on the body had a rate of
66.5% [153]. Besides this Diptera, Aedes aegypti vector of
arboviruses, such as dengue, yellow fever, chikungunya, and
zika, was also repelled when in contact with the ethyl acetate
extract of the leaves.

As for insects of economic interest, the leaves of
M. suaveolens showed that the phytochemicals released by
the leaves can repel two species of coleoptera, being

Table 2: Continued.

Extract/parts of the plant Assay Antimicrobial activity Citation
Aerial parts methanolic
extract Disk diffusion test Candida albicans (7mm) [105]

Leaf essential oil Disk diffusion test

Microsporum gypseum (MIC 625 μg/ml)
Aureobasidium pullulans (MIC 5.000 μg/ml)

Candida albicans (MIC 10.000 μg/ml)
Aspergillus flavus (MIC 10.000 μg/ml)Trichophyton rubrum (MIC

156 μg/ml)Cryptococcus neoformans (MIC 5.000 μg/ml)

[134]

Essential oil from the
leaves Microdilution method

Staphylococcus aureus (MIC 64 and 256 μg/ml)
Candida albicans (IC50 18.15 μg/ml)
Candida tropicalis (IC50 40.4 μg/ml)

[135]

Leaf hydroethanolic
extract Disk diffusion test

Staphylococcus aureus (0.7 cm)
Salmonella typhi (0.52 cm)
Escherichia coli (0.25 cm)

[136]

Leaf essential oil Microdilution method

Enterococcus faecalis (IC50 5.78 μg/ml)
Staphylococcus aureus (IC50 68.98 μg/ml)

Bacillus cereus (IC50 9.35 μg/ml)
Candida albicans (IC50 6.78 μg/ml)

[137]
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Sitophilus granarius and Callosobruchus maculatus. As for
arachnid repellency, the essential oil was able to repel
Amblyomma cajennense and Ixodes ricinus.

3.4.5. Larvicidal Activity. Besides microbiological and in-
secticidal activities, apolar and polar extracts of
M. suaveolens showed larvicidal action in some studies
(Table 5). Its oil, for example, showed activity against Aedes
albopictus (Skuse, 1894) (Diptera: Culicidae) (CL50

240.3 μg/ml) [159], Aedes aegypti (Linnaeus, 1762) (Diptera:
Culicidae) (CL50 0.4 μL/ml) [160], Artemia salina (Linnaeus,
1758) (Anostraca: Artemiidae) (CL50 49.72 μg/ml) [10], and
Chrysodeixis chalcites (Esper, 1789) (Lepidoptera: Noctui-
dae) (CL50 2.42 μg/ml) [32].

3.4.6. Cytotoxic Activity. Besides microbiological and in-
secticidal activities, it was evidenced that M. suaveolens
products present biologically active compounds against

Table 3: Insecticidal activities of Mesosphaerum suaveolens (L.) Kuntze (Lamiaceae).

Extract/parts of the plant Assay Insecticidal activity Citation

Leaf essential oil
Fumigation
Ingestion

Contact toxicity

Ceratitis capitata
Fumigation: CL50 18.37 μl/l
Ingestion: CL50 13.041 μl/l

Contact toxicity: CL50 0.066 μl/l

[30]

Leaf essential oil Fumigation

Callosobruchus maculatus (CL50 4.7 μg/ml)
Rhyzopertha dominica (CL50 12 μg/ml)
Sitophilus oryzae (CL50 10.6 μg/ml)

Tribolium castaneum (CL50 23.2 μg/ml)
Callosobruchus maculatus (CL50 57 μg/mg)
Rhyzopertha dominica (CL50 126 μg/mg)

Sitophilus oryzae (CL50 101 μg/mg)
Tribolium castaneum (CL50 167 μg/mg)

[34]

Leaf essential oil Contact toxicity Sitophilus granarius (CL50 0.251 μL/insect) [138]
Leaf essential oil Ingestion Bactrocera oleae (CL50 4.9mg/ml) [139]

Leaf methanolic extract Contact
Sitophilus oryzae (CL50 475.9 μl/ml)
Sitophilus zeamais CL50 707.4 μl/ml)

Callosobruchus maculatus (CL50 451.2 μl/ml)
[140]

Leaf essential oil Fumigation Tribolium castaneum (CL50 229.33 μg/ml) [141]
Leaf essential oil Fumigation Drosophila melanogaster (CL50 15.5 μg/ml) [10]
Leaf infusion Ingestion Drosophila melanogaster (CL50 > 30.3 μg/ml) [10]
Leaf essential oil Fumigation Anopheles gambiae (CL50 1.86 μg/ml) [35]
Leaf essential oil Contact toxicity Tenebroides mauritanicus (CL50 0.35 μl/g) [142]
Leaf essential oil Toxicity by ingestion Apis mellifera (CL50 43.03%) [143]
Leaf ethanolic extract Fumigation Callosobruchus maculatus (100% mortality (at 10% concentration) [144]
Crushed leaves Ingestion toxicity Callosobruchus maculatus (CL50 73mg/g) [145]
Crushed leaves and flowers Ingestion toxicity Callosobruchus maculatus (20.1% of mortality) [146]

Crushed leaves Ingestion toxicity
Callosobruchus maculatus (96.6% of mortality in the concentration 43.75mg/

g)
Sitophilus zeamais (30% of mortality in the concentration 43.75mg/g)

[147]

Leaf essential oil Fumigation Callosobruchus maculatus (CL50: 1.3 μl/l) [148]
Leaf essential oil Fumigation Callosobruchus maculatus (CL50: >20 μl/l) [149]
Leaf essential oil Fumigation Callosobruchus maculatus (CL50: >2.6 μl/ml) [150]
Leaf essential oil Fumigation Nauphoeta cinerea (did not show insecticidal action) [151]

Table 4: Repellent activities of Mesosphaerum suaveolens (L.) Kuntze (Lamiaceae).

Extract/parts of the plant Assay Insecticidal activity Citation
Aerial parts essential oil Contact Amblyomma cajennense (EC50 0.55mg/cm2) [23]
Crushed leaves Fumigation Callosobruchus maculatus (repellency from 5 minutes of exposure) [146]
Leaf essential oil Fumigation Anopheles gambiae (98% repellency rate at 6% concentration) [152]
Fresh leaves Contact Anopheles gambiae (repellency rate 66.5%) [153]
Leaf essential oil Fumigation Sitophilus granarius (repellency rate 40% at 100% concentration) [154]
Leaf ethyl acetate extract Contact Aedes aegypti (repellency rate of 78.8% for 500 μl) [155]

Crushed leaves (1) and twigs (2) Contact
Callosobruchus maculatus:
1: repellency index: 0.11
2: repellency index: 0.2

[156]

Leaf essential oil Fumigation Anopheles sp. (67% repellency rate at 6.3 μg/ml concentration) [157]
Leaf essential oil Fumigation Ixodes ricinus (repellency rate 93% at 10% concentration) [158]
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Table 5: Larvicidal activities of Mesosphaerum suaveolens (L.) Kuntze (Lamiaceae).

Extract/parts of the plant Assay Larvicidal activity Citation
Leaf essential oil Acute toxicity Artemia salina (CL50 49.72 μg/ml) [10]
Leaf infusion Acute toxicity Artemia salina (CL50> 1000 μg/ml) [10]
Leaf essential oil Acute toxicity Chrysodeixis chalcites (CL50 2.42 μg/ml) [32]
Essential oil from leaves Acute toxicity Aedes albopictus (CL50 240.3 μg/ml) [159]
Leaf essential oil Acute toxicity Aedes aegypti (CL50 0.4 μL/ml) [160]

Hexanic extract (1), diethyl
ether (2), dichloromethane
(3), and ethyl acetate (4) from
leaves

Acute toxicity

Aedes aegypti
1: CL50 543.66 μg/ml
2: CL50 1443.53 μg/ml
3: CL50 1292.36 μg/ml
4: CL50 853.04 μg/ml

[161]

Hexanic extract (1), diethyl
ether (2), dichloromethane
(3), and ethyl acetate (4) from
aerial parts

Acute toxicity

Anopheles stephensi
1: CL50 1.52mg/ml
2: CL50 1.49mg/ml
3: CL50 1.39mg/ml
4: CL50 0.94mg/ml

[162]

Hexanic (1), isopropanolic
(2), methanolic (3), acetone
(4), and dimethyl sulfoxide
(5) extract from the leaves

Acute toxicity

Aedes albopictus
1: CL50 1.52mg/ml
2: CL50 1.52mg/ml
3: CL50 1.52mg/ml
4: CL50 1.52mg/ml
5: CL50 1.52mg/ml

[163]

Isopropanolic (1), methanolic
(2), acetonic (3), dimethyl
sulfoxide (4), and aqueous
extract from the leaves (5)

Acute toxicity

Aedes albopictus
1: CL50 900 μg/ml
2: CL50 940 μg/ml
3: CL50 820 μg/ml
4: CL50 1590 μg/ml
5: CL50 1560 μg/ml

[163]

Aqueous leaf extract Acute toxicity
Anopheles stephensi (CL50 26.08mg/ml)

Aedes aegypti (CL50 17.6mg/ml)
Culex quinquefasciatus (CL50 33.68mg/ml)

[164]

Methanolic (1), chloroform
(2), and petroleum ether (3)
extracts of the leaves

Acute toxicity

Culex quinquefasciatus:
1: CL50> 300 μg/ml
2: CL50 41.93 μg/ml
3: CL50 38.39 μg/ml

Aedes aegypti:
1: CL50> 300 μg/ml
2: CL50> 300 μg/ml
3: CL50 64.49 μg/ml

[165]

Dichloromethane extract
from the aerial parts Acute toxicity Anopheles gambiae (CL50 63.5mg/ml) [166]

Aqueous extract from aerial
parts Spraying Sesamia calamistis (37.85% motility (300mg/ml)) [167]

Aqueous extract from leaves
and fruits Contact toxicity

Mussidia nigrivenella (49% motility (200mg/g))
Sesamia calamistis (37% motility (200mg/g))
Eldana saccharina (41% motility (200mg/g))

[168]

Hexanic (1), chloroform (2),
ethyl acetate (3), and
methanolic (4) extract from
the aerial parts

Acute toxicity

Culex quinquefasciatus:
1: CL50 213.09 μg/ml
2: CL50 217.64 μg/ml
3: CL50 167.59 μg/ml
4: CL50 86.93 μg/ml

[169]

Crushed aerial parts Contact toxicity Helicoverpa armigera (66.7% mortality at 20% concentration) [170]
Essential oil from leaves Ingestion toxicity Spodoptera frugiperda (CL50 600 μg/ml) [171]
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cancer cells (Table 6)./e activities evaluated using the MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide) assay demonstrated that the leaves are the source of
the anticancer compounds against some cell types. Among
these, Lautié et al. [175] evaluated the bioactivities of
chlorophore and butanolic extracts against MCF-7 cell lines
and showed that such products have low IC50 (12 and 2.8 μg/
ml, respectively). Besides these cell lines, activities were
demonstrated against EAC (Ehrlich ascites carcinoma),
human breast epithelial adenocarcinoma (MDA-MB-231),
and T-lymphocyte leukemia cells.

Among the studies against cancer cell lines, only the
aqueous extract of the leaves showed low cytotoxicity (IC50
1,356.17 μg/ml) when evaluated against T-lymphocyte leu-
kemia-causing cells [176]. Concomitantly in the same study,
the ethanolic extract of the same organs had moderate cy-
totoxicity (IC50 553.52 μg/ml); such fact is explained by the

variation of solvent used for the extraction of the
compounds.

3.4.7. Other Biological Activities (Antiarachnidic, Antipar-
asitic, andMolluscicides). In addition to the aforementioned
activities, the herbaceous species present bioactive com-
pounds against other biological organisms. Among these
were highlighted parasitic organisms of humans, as reported
by Shittu et al. [180], in which evaluating the trypanocidal
action (Trypanosoma brucei brucei) in vivo of gold nano-
particles from M. suaveolens demonstrated that the species
can cause a complete clearance of the parasite after seven
days of infection. As well as in insecticidal action against
malaria vectors (Anopheles spp.), M. suaveolens exhibits
antiplasmodial activity (Plasmodium falciparum 3D7)
[45, 46, 181]. Noronha et al. [181] evaluated the antiparasitic

Table 5: Continued.

Extract/parts of the plant Assay Larvicidal activity Citation

Hexanic extract (1),
chloroform (2), and ethyl
acetate (3) from leaves

Ingestion toxicity

Helicoverpa armigera:
1: mortality of 31.68% (concentration: 1%)
2: mortality of 65.28% (concentration: 1%)
3: mortality of 72.87% (concentration: 1%)

Spodoptera litura:
1: mortality of 34.09% (concentration: 1%)
2: mortality of 63.62% (concentration: 1%)
3: mortality of 74.56% (concentration: 1%)

Earias vittella:
1: mortality of 44.37% (concentration: 1%)
2: mortality of 69.28% (concentration: 1%)
3: mortality of 73.40% (concentration: 1%)

Leucinodes orbonalis:
1: mortality of 37.57% (concentration: 1%)
2: mortality of 67.62% (concentration: 1%)
3: mortality of 78.28% (concentration: 1%)

[172]

Essential oil from leaves (1)
and crushed leaves (2) Contact toxicity

Dinarmus basalis:
1: CL50 7.76 μl
2: CL50 14.06 g

[173]

Leaf essential oil Acute toxicity Aedes aegypti (CL50 139.07 μg/ml) [174]

Table 6: Cytotoxic activities of Mesosphaerum suaveolens (L.) Kuntze (Lamiaceae).

Extract/parts of the plant Assay Cytotoxic activity Citation

Chloroform (1) and butanolic (2)
extract from the leaves MTT assay

MCF-7 cell lines
1: IC50 12 μg/ml
2: IC50 2.8 μg/ml

[175]

Ethanolic (1) and aqueous (2)
extracts of the leaves MTT assay

Human T-lymphocyte leukemia:
1: IC50 553.52 μg/ml
2: IC50 1356.17 μg/ml

[176]

Ethanolic extract of the aerial
parts MTT assay EAC cells (IC50 10.63 μg/ml) [177]

Leaf callus MTT assay

Human breast epithelial adenocarcinoma (MDA-MB-231)
IC50 74.66 μg/ml

Prostate cancer (PC-3)
IC50 173.21 μg/ml

[178]

Silver nanoparticles from the
leaves MTT assay

Human breast epithelial adenocarcinoma (MDA-MB-231)
IC50 63.16 μg/ml

Prostate cancer (PC-3)
IC50 52.49 μg/ml

[179]
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action of the methanolic extract of M. suaveolens leaves and
observed that the natural product has an IC50 of 3.906 μg/ml
against chloroquine-sensitive Plasmodium falciparum
strains. In the study by Ziegler et al. [45], the researchers
isolated a diterpene (dehydroabietinol) from the leaves and
observed that the compound was able to inhibit 50% of
parasite growth at a low concentration of 7.3 μg/ml. Simi-
larly, Chukwujekwu et al. [46] demonstrated that another
diterpene (13α-epi-dioxiabiet-8(14)-en-18-ol) isolated from
the same organ showed an IC50 of 0.11 μg/ml, against
P. falciparum D10, being of great clinical interest.

Research involving the extracts and essential oil of
M. suaveolens focus on insecticidal activities, so only one
work aimed to evaluate the bioactive potential against
Arachnida species [182]. In this study, the authors dem-
onstrated that the essential oil of the leaves at the concen-
tration of 31.3mg/ml can cause 50% mortality of
Rhipicephalus (Boophilus) microplus for engorged females,
while for juvenile forms of the tick, CL50 is 51.6mg/mL,
demonstrating that females are more susceptible to the oil.

Salawu and Odaibo [182] evaluated the molluscicide
action of the ethanolic extract of M. suaveolens against
Bulinus globosus, found that the product presents both le-
thality in adult individuals (LC50 77 μg/ml), and also pres-
ents an ovicidal potential (LC50 614 μg/ml).

3.5. Pharmacological Activities

3.5.1. Antioxidant Activity. Narayanaswamy and Balak-
rishnan [84] evaluated the extracts of thirteen plants of
ethnomedicinal importance and identified that
M. suaveolens species among all had the highest activity in
both aqueous and ethanolic extracts evaluated. /us, it
demonstrates that the species is a source of compounds of
pharmacological interest for the development of natural
antioxidant products.

Agarwal [183] showed that the methanolic extract of
M. suaveolens leaves has potent antioxidant activity evaluated
by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method with
IC50 value� 40.91 μg/ml, and there is about 69% free radical
inhibition capacity at the highest concentration (100 μg/ml).
It was also found that the percentage of inhibition is con-
centration dependent, the higher the concentration the
greater the inhibition of free radicals, and that the main
phytochemicals involved in this activity may be phenols and
flavonoids. /e methanolic extract also demonstrated anti-
oxidant activity with assays other than DPPH, such as ferric
reducing antioxidant power (FRAP) and 2,2′-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) [184].

Other studies have also evaluated the free radical
scavenging potential by the DPPH method. Gavani and
Paarakh [185] evaluated the methanolic extract of
M. suaveolens leaves and obtained an IC50 of 14.04 μg/ml.
/e aqueous and ethanolic extracts of the fresh leaves of
M. suaveolens demonstrated high antioxidant activity. /e
former product had an IC50 � 20.32 μg/ml, while the etha-
nolic extract had a statistically equal result to the positive
control, ascorbic acid, with IC50 of 7.06± 0.82 and

6.69± 0.85 μg/mL, respectively [186]. Such results are at-
tributed to the phenolic compounds present in such extracts.

Iqbal et al. [187] reported that the methanolic extract of
the seeds ofM. suaveolens showed better antioxidant activity
by the DPPH method (IC50 � 72± 0.45 μg/ml) when com-
pared to the methanolic extracts of the stem
(IC50 � 250± 5.46 μg/ml) and root (IC50 �143± 2.15 μg/ml).

In the work of Priyadharshini and Sujatha [188], four
types of leaf extracts were evaluated; in the DPPH assay,
three of the extracts had significant results, the best of them
being the ethyl acetate extract with a percentage of inhibition
(IC50 �137 μg) very close to that of the standard used,
ascorbic acid (IC50 �127 μg). In this same study, the acetate
extract also stood out with other tests; in the superoxide
anion radical scavenging assay, the IC50 value� 22.94 μg, and
the standard had a value of 21.47 μg.

In addition to leaves, antioxidant potentials of other organs
such as flowers were investigated in the study by Banerjee and
De [189]. However, the results were not promising, as the
extract of the reproductive parts exhibited an IC50 of
1690.21μg/ml against DPPH. Antioxidant studies involving
M. suaveolens are not restricted to extracts only. Nantitanon
et al. [126] evaluated the effect of the essential oil from the
leaves; however, it showed low potential to reduce free radicals
(IC50 of 3.7200mg/ml). Hsu et al. [190] demonstrated that the
seeds also exhibit antioxidant action, as they showed moderate
inhibitory activity against xanthine oxidase. In a study con-
ducted by Lima et al. [191], it was observed that the essential oil
from M. suaveolens leaves showed moderate Fe2+ chelating
activity at the concentration of 480μg/ml.

3.5.2. Healing Potential. /e healing potential of
M. suaveolens leaves was evaluated by three types of extracts
(petroleum ether, ethanolic, and aqueous) in different wound
models (excision, incision, and healing) using albino Wistar
rats [192]. In this study, it was revealed that the extract using
petroleum ether had the greatest significant effect on wound
healing in murine wounds. Shirwaikar et al. [193] evaluated
the ethanolic extract on these same three types of wounds,
also obtaining significant results which were justified by the
free radical scavenging action of this species.

3.5.3. Neuroprotective Activity. Ghaffari et al. [184] deter-
mined the neuroprotective potential of the methanolic ex-
tract of the aerial parts of M. suaveolens on mouse N2A
neuroblastoma cells, in which they observed that the natural
product inhibits hydrogen peroxide (H2O2)-induced neu-
ronal death. /e authors justified this effect by the fact that
the extract can regulate the activation of antioxidant and
protective genes of the nerve cells. /ese results are
promising, and the methanolic extract can be employed to
treat stress-induced neurodegeneration.

3.5.4. Anti-Inflammatory Activity. Shenoy and Shirwaikar
[194] evaluated the anti-inflammatory potential of ethanolic
extract of the leaves against inflammation induced by car-
rageenan in albino rats; the extract showed significant results
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when compared to standard ibuprofen; this result is justified
by the good antioxidant activity of this extract. In the study
by Grassi et al. [42], two diterpenes (C20) isolated from
M. suaveolens, suaveolol and methyl suaveolate, showed
anti-inflammatory potential when evaluated regarding the
reduction of ear edema in rats. In such research, it was
observed that the compounds reduced inflammation with
ID50 � 0.71 μmol/cm2 (dose giving 50% edema inhibition)
for suaveolol and ID50 � 0.60 μmol/cm2; however, despite the
pharmacological effect, the results were only two to three
times less active than the standard drug used in the study
indomethacin (ID50 � 0.26 μmol/cm2).

3.5.5. Antiulcer Activity. Mesosphaerum suaveolens leaves
are popularly used for the treatment of gastric ulcers;
however, no active ingredient had been identified. /e first
study evaluating such an effect was by Vera-Arvaze et al.
[43], in which such authors isolated the diterpene suaveolol
from the leaves and evaluated it against an induced ex-
perimental model; the results presented indicated that this
compound had a gastroprotective effect of more than 70%.

One year after the publication of the mentioned study,
Jesus et al. [195] using the ethnopharmacological approach
ofM. suaveolens evaluated its antiulcer potential through the
ethanolic extract and its fractions./e results for all products
had high significance, p> 0.001, with the hexanic fraction of
the extract being the most effective with 74% inhibition of
induced gastric ulcer at a dose of 500mg/kg.

3.5.6. Antidiarrheal Activity. Although M. suaveolens is
popularly used to treat gastrointestinal disorders such as
diarrhea, only the work of Shaikat et al. [196] evaluated its
antidiarrheal potential. /e researchers prepared ethanolic
extracts of the leaves and based on the popular use, evaluated
against an experimental model of diarrhea induced in mice;
the results obtained show that this species presents com-
pounds with the antidiarrheal effect (p> 0.001) that may be
acting in an isolated or synergistic way.

3.5.7. Antihyperglycemic Activity. /e ethanolic extract of
M. suaveolens leaves was evaluated in the in vivo experi-
mental model of streptozotocin-induced diabetes. /e ex-
tract at doses of 250 and 500mg/kg bodyweight was
administered orally over 21 days; at the end of the treatment,
a decrease in the levels of triglycerides, total cholesterol, and
low-density lipoprotein can be seen; these results indicate
that this species has significant antidiabetic activity [197].

3.5.8. Hepatoprotective Effect. Ghaffari et al. [198] induced
damage to livers of Wistar rats using carbon tetrachloride
(CCl4) and subsequently administered doses of 50 and
100ml/kg of methanolic extract of the aerial parts of
M. suaveolens. /e results were promising, demonstrating
that the extract has a hepatoprotective effect, which can be
explained by the antioxidant potential of the product, also
demonstrated in the study.

3.5.9. Toxicity. A topical cream based on M. suaveolens
essential oil was prepared based on its popular use in
/ailand, where they pointed out further investigations
related to its toxicity in humans. /is study was conducted
on Wistar rats for 28 days under 3, 10, and 30% concen-
tration of essential oil. /e results showed us that concen-
trations of 3 and 10% did not cause a statistically significant
dermal toxicity unlike the 30% concentration in which some
female rats presented signs of erythema on its shaved dorsal
skin between 11 and 14 days after the cream application
[199].

4. Conclusions

It is evident thatM. suaveolens is the most studied species of
the genus, traditionally used in the new and old world to
combat several diseases. Chemically, the species is much
investigated, mainly about the composition of its essential
oils that can vary according to the locality of occurrence.
Mesosphaerum suaveolens also behaves as ruderal, and its
success may be due to the release of allelochemicals. /e
species also presents a biotechnological potential corrobo-
rated by the remarkable activity against pathogenic mi-
croorganisms, insects, and other arthropods that transmit
diseases. Finally, the pharmacological applications of the
species are highlighted, especially the antioxidant action
found in several organs of the species.
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[155] T. G. T. Jaenson, K. Pålsson, and A.-K. Borg-Karlson,
“Evaluation of extracts and oils of mosquito (Diptera:
Culicidae) repellent plants from Sweden and Guinea-Bis-
sau,” Journal of Medical Entomology, vol. 43, no. 1,
pp. 113–119, 2006.

[156] B. A. d. Melo, A. J. Molina-Rugama, K. Haddi, D. T. Leite,
and E. E. d. Oliveira, “Repellency and bioactivity of Caatinga
Biome plant powders against Callosobruchus maculatus
(Coleoptera: Chrysomelidae: Bruchinae),” Florida Ento-
mologist, vol. 98, no. 2, pp. 417–423, 2015.
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the bushmint, Hyptis suaveolens, for the control of infesta-
tion by the pink stalk borer, Sesamia calamistis on maize in
southern Benin, West Africa,” Journal of Insect Science,
vol. 11, p. 33, 2011.

[168] K. Agboka, A. K. Mawufe, M. Tamò, and S. Vidal, “Effects of
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SARS-CoV-2 is a novel coronavirus and the cause of the recent pandemic; it is an enveloped β-coronavirus. SARS-CoV-2 appear
in the Wuhan City of China for the first time and outspread worldwide quickly. Due to its person-to-person fast transmission,
COVID-19 is becoming a global problem. SARS-CoV-2 enter into cells by using ACE2 receptors that are numerous in the lungs
and finally can cause acute respiratory distress syndrome (ARDS). Dry cough, sore throat, fever, body pain, headache, GIT
discomfort, diarrhoea, and fatigue are some of the COVID-19 symptoms. ,ere is no definite and certain treatment for disease
caused by SARS-CoV-2 till now. Some pharmacological effects of toxins, toxoids, and venoms have been proven, and their effects
on some diseases have been evaluated. ,is study aimed to investigate the role of toxins, toxoids, and venom in the patho-
physiology of COVID-19 disease.

1. Background

Acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is
characterized by severe cytokine syndrome following in-
flammation.,e pathogenesis of SARS-CoV-2 is such that in
the first stage, viral binding to epithelial cells occurs with a
minimal innate immune response. In the second stage, we
see increased viral replication along with an active immune
response and the spread of the virus to the lower respiratory
tract, which may also affect the digestive and cardiovascular
systems. In the third stage, events such as hypoxia, the
penetration of the virus into the entire respiratory tract, and
finally acute respiratory distress syndrome (ARDS) occur,
which the fatal rate is potentially high [1].

SARS-CoV-2 affects the lungs the most, but it can also
attack the brain and cause unpredictable nervous defects by
crossing the blood-brain barrier [2]. SARS-CoV-2 is
transmitted person-to-person through viral airborne

droplets.,is infection has several clinical symptoms such as
dry cough, sore throat, fever, body pain, headache, ab-
dominal discomfort, diarrhoea, and fatigue. In the acute
phase, it can cause pneumonia, acute respiratory failure,
encephalopathy, multiorgan dysfunction, and death. Be-
cause angiotensin-converting enzyme 2 (ACE2) is one of the
major receptors identified for SARS-CoV-2 and is pre-
dominantly expressed in the lungs, the lungs are involved in
coronavirus infection. ,is receptor can also be found in the
gastrointestinal tract, the cardiovascular system, the brain,
and other organs [3–5].

Various data and treatments for SARS-CoV-2 infection
are being reviewed. We previously examined the impact of
serum electrolytes, trace elements, and heavy metals in
COVID-19 [6, 7]. Toxins are small molecules, peptides, or
proteins secreted by prokaryotic and eukaryotic cells and
provide defence ability for them [8]. Phospholipases, pro-
teases, and ion channel modulators are their primary targets.
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Many toxins are multifunctional and have several biological
targets which may have no relation with their toxic role [9].
Some toxin-derived peptides are now being used to treat
type 2 diabetes, hypertension, neuropathic pain, and other
medical disorders [10–13]. Some data confirm the effect of
bee venom (BV) on preventing COVID-19 and improving it
[1]. Some other data ignore the BV effect on preventing
COVID-19 and hypothesize that less SARS-CoV-2 infection
in beekeepers is due to their less exposure to other people
[3]. A low dose of botulinum neurotoxin (BoNT) can reduce
the symptoms of COVID-19, and so, it could be used in
treatment lines [14]. It has demonstrated that the rate of
DTP vaccination has an inverse correlation with COVID-19
prevalence [15]. Cobrotoxin has an anti-inflammatory effect
and also can restore the CD4/CD8 ratio and perform
immunoprotective activity against SARS-CoV-2 [16]. Te-
trodotoxin is an inhibitor ofMPro of SARS-CoV-2 and so can
affect the virus [17]. ,is study aimed to investigate the role
of toxins, toxoids, and venom in the pathophysiology of
COVID-19 disease.

2. Method

,e bibliographic search was performed on PubMed, Sco-
pus, and Web of Science databases in Sep 2021. Search
keywords including “toxin” OR “aflatoxin” OR “botulinum
toxin A” OR “dioxin” OR “diphtheria toxin” OR “exotoxin”
OR “pertussis toxin” OR “tetanus toxin” OR “tetrodotoxin”
OR “trichothecenes” OR “Shiga toxin” OR “cholera toxin B”
OR “bufotoxin” OR “ochratoxin A” OR “Anthrax toxin”
AND “coronavirus 2019” OR “COVID-19” OR “SARS-CoV-
2” in all fields. Any languages or date restrictions were not
applied. Identified studies were screened by title, abstract,
and full text. ,e reference list of identified studies was also
evaluated to increment the sensitivity and choice of most
literature which we could not identify in the database.
Greatest sensitivity search was initiated, 167 articles on
external databases were found and collected by a researcher
using the Endnote software. ,en, unifying the articles from
all the cited databases and bringing out duplicate articles, the
two researchers separately investigated all the articles and
excluded the articles that includes irrelevance of title to toxins
and COVID-19, absence of keywords in the title or abstract of
studies, and the inclusion index criteria. Afterwards, several
articles after reviewing titles and abstracts were excluded. ,e
existing publications were carefully assessed, the relevant
study was chosen, and the data for the studies were appraised
based on the title, examined technique, sample size, and so on.
Finally, 38 articles were analyzed after acquiring relevant
papers and determining the limitations of the search strategy.
During the examination of publications in 2021, we discov-
ered 30 new articles that were included in the study (search
strategy was shown in Figure 1).

3. Results

3.1. Bee Venom. Apitherapy means the use of bee stings to
treat certain diseases. However, the results regarding the
effectiveness of this method are controversial [3]. Bee venom

(BV) has antiviral properties because of the presence of
melittin and phospholipase A2 (PLA2). Both agents work
against enveloped and nonenveloped viruses, and they work
against H1N1 and HIV by using antagonist activity against
IL-6, IL-8, interferon, and TNF-α. BV vaccination is also a
way to protect against cytomegalovirus. In modern medi-
cine, bee venom is used to treat Parkinson’s disease, multiple
sclerosis, and arthritis [1, 18–20].

According to a study in Hubei Province in China, none
of the 5115 local beekeepers had covid-19 symptoms. 5
apitherapists and 121 patients who received apitherapy were
also interviewed. Two of the apitherapists, although exposed
to suspected or confirmed covid-19 victims without pro-
tection, showed no signs of COVID-19. Also, none of the 121
patients was infected with COVID-19, even though 3 of
them were exposed to relatives infected with SARS-CoV-2.
,ey suggested that BV therapy, due to the presence of
melittin and phospholipase A2, which have a strong anti-
inflammatory function, could help support recovery because
even if the patient recovers from the initial SARS-CoV-2
infection, and it may have long-term effects which are
known as long-covid because PLA2 binds to the membrane
in vivo, causes antibodies to bind with the cell membrane,
and stimulates CD8 T cells [1]. Bee venom increases the

First search

N= 230

Second search

N= 45 (2021)

After removing
duplicates

N= 167+30

Title
assessment

N=167+30

Excluded
records

N= 100

Full-text
evaluation

N=67+30

Studies
included

N=38+ 30

Records
excluded

N= 29

Figure 1: Flow chart of the search strategy.
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differentiation of FOXP3-expressing cells in CD4 Tcells and
mature CD4 thymocytes [21, 22]. Yang et al. believe that the
effect of BV on the immune system and increasing the
differentiation of human regulatory T cells plays an im-
portant role in controlling COVID-19 [18]. Also, Block et al.
believe that the anti-inflammatory and antimicrobial
properties of BV derivatives may help prevent long-term
fibrotic destruction of the lungs. It has demonstrated that IL-
10 increase in beekeepers due to their persistent exposure to
BV. IL-10 is an anti-inflammatory cytokine that reduces
inflammatory cytokines IL-1 and TNF-alpha and so, BV can
decrease the cytokine storm [3, 23].

A study conducted in Germany did not confirm the
results of apitherapy in SARS-CoV-2. ,e study found that
beekeepers were not immune to SARS-CoV-2 infections.
,e hypothesis that beekeepers will not be infected with
SARS because of immunity due to bee stings is not supported
by the data of this study. Some factors like how long they had
been a beekeeper, the total number of bee stings received, the
number of bee stings received in the year 2020, and potential
allergic reactions to bee stings do not have any effect on the
severity of COVID-19. However, beekeepers’ reactions to
bee stings are one of the elements that influence two
COVID-19 symptoms, including tiredness and sore throat
soreness. ,ese symptoms are more pronounced in bee-
keepers who are more sensitive to bee stings. ,e fact that
beekeepers are less affected by SARS-CoV-2 infection may
be due to their personality traits, which tend to spend more
time alone and therefore less exposed to contact with other
humans and COVID-19. BV and the melittin it contains can
regulate ,1 and other immune cells and are used to lower
viral load and reduce the severity of interstitial pneumonia in
PRRSV-infected pigs. ,ese effects may also be crucial in the
case of SARS-CoV-2 pneumonia, but these effects were only
achieved when BV was administered through the nasal or
rectal route.,e various effects of BV on the immune system
and its resistance to SARS-CoV-2 should be considered as an
indicator of the level of the immune response, rather than as
a definite therapy strategy [3].

3.2. Botulinum Neurotoxin (BoNT). ,e use of therapeutic
botulinum neurotoxin (BoNT) against SARS-CoV-2 is also
being considered. Botulinum toxins are powerful neuro-
toxins that can cause muscle paralysis and acute respiratory
arrest in humans, but a mild dose of the pure form of Botox
therapy is known to reduce the common clinical symptoms
of COVID-19 including chronic cough, dyspnoea, pneu-
monia, acute respiratory failure, abnormal circulation,
cardiac defects, and various neurological deficits. A low dose
of purified BoNT is also used in many diseases such as
strabismus, blepharospasm, chronic migraine, and overac-
tive bladder. ,erapeutic BoNT can be used as a method of
preventing SARS-CoV-2 infection in high-risk populations.
To reduce its side effects, antioxidants can also be used along
with treatment. It reported that the side effects of therapeutic
BoNT are temporary and reversible, and the action of this
toxin in very mild doses is relatively safe [24].,ere are some
reports that therapeutic BoNT in very mild doses can

suppress many human diseases by 10 to 20 units [25–28]. It
also can migrate from the site of intramuscular injection to
the brain and other organs. ,e beneficial effects of a single
therapeutic dose are probably long-lasting. Designing a
multifaceted drug to fight SARS-CoV-2 infection can be
effective, and therapeutic BoNTcan be a good option [14]. In
a study in France, 193 patients who used BoNT/A in dif-
ferent doses for different purposes such as migraines and
facial palsy were evaluated, and a critical contrast between
the number of infected people within the common populace
and the number of patients injected with BoNT/A who
appeared signs of COVID-19 has seen [29].

3.3. Tetanus and Diphtheria. ,ere is evidence suggesting
that a tetanus toxoid vaccine could reduce the severity of
COVID-19 symptoms. A connection between tetanus toxin
and the COVID-19 spike glycoprotein as well as a similar
connection between the tetanus toxin protein sequence and
other coronaviruses was observed [30]. Also, neurological
symptoms and temporomandibular joint (TMJ) pain, which
are common symptoms of tetanus disease, have been re-
ported in several COVID-19 patients. Also, in comparison
between the United States and other countries where tetanus
vaccination rates were lower, an inverse correlation was
observed between tetanus vaccination rates and mortality
rates [31, 32]. We know the DTP vaccine contains toxoids of
tetanus, diphtheria, and pertussis, and it is noteworthy that
there is a correlation between the rate of DTP vaccination in
children worldwide and the rate of asymptomatic COVID-
19. A similar association is observed in pregnant women,
who are advised to receive two flu and TDaP vaccines in the
third month of pregnancy [30]. As a result, it may be inferred
that tetanus and diphtheria vaccines may have a protective
effect against COVID-19 in both children as well as adults
who are up-to-date on their tetanus vaccination. Two other
studies also noted a reduction in the severity of COVID-19
in children and its possible association with DTP vaccination
and suggested that the DTP vaccine could stimulate the
immune system. In one case, it was concluded that the DTP
vaccine is the only vaccine with a high potential for cross-
reactivity with COVID-19 spike protein [15, 33]. CRM197, a
modified diphtheria toxin found in the Hib vaccine, and
rubella vaccine are highly similar to SARS-CoV-2 proteins,
suggesting that they may have some anti-SARS-CoV-2 ac-
tivity [34].

3.4. Cobrotoxin. Cobrotoxin, a short-chain α-neurotoxin
from Naja naja atra venom (NNAV), may be effective in
treating COVID-19 patients and inhibiting SARS-CoV-2
infection. ,e inflammatory cytokine storm causes aggra-
vation of lung disease in COVID-19 patients, in addition to
other deadly consequences. As a result, in addition to
attempting to restrict virus replication, anti-inflammatory
medication is an important method of combating COVID-
19 disease. Cobrotoxin and alpha-neurotoxins have anti-
inflammatory activity and prevent the binding of the nuclear
factor-κB to DNA, which is a transcription factor that
regulates the expression of genes involved in the
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inflammatory response, thereby reducing the transcription
of inflammatory genes. Cobrotoxin inhibits CD8 T cell pro-
liferation more than that of CD4 Tcells, and since COVID-19
cellular immune responses are induced by overexpression and
hyperactivation of cytotoxic T lymphocytes [35], cobrotoxin
can restore the CD4/CD8 ratio and perform an immuno-
protective activity [16].

3.5. Tetrodotoxin. Tetrodotoxin is a sodium channel blocker
and acts on the nervous system message delivery [36]. ,e
toxicity of tetrodotoxin is 1200 times more than cyanide.
One of the important drug targets in coronaviruses is the
main protease (MPro) due to its important role in controlling
replicate complex activity and its vital role in viral repli-
cation and transcription [37, 38]. Tetrodotoxin is a potential
MPro inhibitor of SARS-CoV-2 which may be a potential
compound against SARS-CoV-2 according to the results of
the ligand-based approaches [17].

3.6. Snake Venoms. Nature is known to offer numerous
biotherapeutics from animal venoms, green growth, and
plant that have been generally utilized in conventional
medication. Among these bioresources, snake poison shows
numerous bioactivities such as antiviral, antiplatelet,
antithrombotic, anti-inflammatory, antimicrobial, and an-
titumoral. Snake venom contains a mixture of amino acids,
proteins, peptides, nucleotides, lipids, carbohydrates, and
metal elements along with proteins [39, 40]. Several studies
have reported that snake venom ingredients have antiviral
activity against measles, Sendai, dengue, yellow fever, and
human immunodeficiency virus [41–43]. Snake venoms are
a complex combination of proteins and peptides. Venom
serine proteases (SVSPs), snake venom metalloproteinases
(SVMPs), secreted phospholipases A2 (SV-PLA2s), C-type
lectins, and disintegrins are the major groups of snake
venom components, while the minor group includes nu-
cleotidases (Ntases), phosphodiesterases (PDEs), cysteine-
rich secretory proteins, L-amino acid oxidases, Kunitz
peptides, three-finger peptides (3FTX), and natriuretic
peptides [44–48]. Bradykinin-potentiating peptide 10C
(BPP-10C) isolated from Bothrops jararaca can decrease
angiotensin II by inhibiting the ACE and increase brady-
kinin 2-receptor [49–51] that both have a role in the
pathogenesis of SARS-CoV-2 [52–55], and it can be

considered as an anti-SARS-CoV-2 agent [56]. Kunitz-type
peptides ((also called bovine pancreatic trypsin inhibitors)
(BPTIs)) are 50 to 60 amino acid components found in the
snake venoms that inhibit the catalytic site of serine pro-
teases [57]; so, they are potential antiviral agents because
transmembrane protease serine-2 (TMPRSS2) activity is
required for SARS-CoV-2 entry [58, 59]. Clinical infor-
mation has appeared that numerous patients with serious
COVID-19 display coagulation anomalies such as micro-
vascular thrombosis and venous or blood vessel thrombosis
[60–63]. Snake venoms are wealthy sources of bioactive
particles interfering with the blood coagulation cascade and
platelet aggregation [64, 65]. Phospholipase A2s (PLA2s) are
one of the main components of snake venoms [66]. HDP-1
and HDP-2 are PLA2s that are isolated from V. nikolskii and
could inhibit SARS-CoV-2 binding to ACE2 [67]. So, they
can be effective in improving COVID-19 [68].

4. Discussion

Coronavirus pandemic induced by SARS-CoV-2 has been
the cause of high burden worldwide. On 4 February 2022,
the WHO announced 383,510,000 confirmed coronavirus
illness 2019 cases and 5,700,000 deaths due to COVID-19.
Although wide research has been carried out on the finding
of effective therapeutics, so far there are no approved
treatments against COVID-19. In the present study, har-
nessing natural toxic metabolites have been prioritized to
make a review focusing on the efficacy of these metabolites as
therapeutic agents [69]. Chloroquine/hydroxyl chloroquine
combined with azithromycin had been used to improve
COVID-19, but the results were controversial [70].
Remdesivir was the only approved antiviral drug for
COVID-19 that was administrated for severe patients [71].
Some evidence indicates that toxins, toxoids, and venoms
might be effective against SARS-CoV-2 through their anti-
inflammatory, MPro inhibitory, or antiviral effect. Due to the
presence of melittin and phospholipase A2 (PLA2) in BV, it
has antiviral effects on some enveloped and nonenveloped
viruses. We know that after curing COVID-19, also some
long-term effects may remain. BV has also a positive effect
on recovery from long-COVID-19 [1]. Another idea is that
fewer infected beekeepers are due to their less contact with
other people and not for the effect of BV [3]. A low dose of
pure botulinum toxin can reduce some symptoms of

Table 1: Data summary.

Bee venom

IL-1 and TNF-α decrease because of an increase in cytokine IL-10 due to bee venom, so, cytokines storm could
be weakened. Also, bee venom contains melittin and phospholipase A2 that have an antagonist effect on IL-6,
IL-8, interferon, and TNF-α. [1, 3, 18–20, 23]. Less infection in bee keepers is due to their less exposure to

other people not because of bee venom [3].

Botulinum neurotoxin
(BoNT)

A mild dose of the pure BoNT can reduce the common clinical symptoms of COVID-19 including chronic
cough, dyspnoea, pneumonia, acute respiratory failure, abnormal circulation, cardiac defects, and various

neurological deficits [14].

Tetanus and diphtheria Tetanus toxin and diphtheria toxin both are similar to SARS-CoV-2 proteins, and so, the administration of the
DTP vaccine may have a protective effect against SARS-CoV-2 [30, 34].

Cobrotoxin Cobrotoxin prevents the expression of inflammatory genes and also balances the ratio of CD4/CD8 cells and
performs immunoprotective activity [16].

Tetrodotoxin Tetrodotoxin is a potential MPro inhibitor of SARS-CoV-2. So, it may affect SARS-CoV-2 [17].
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COVID-19-like acute respiratory failure and dyspnoea [14].
Tetanus toxin is similar to SARS-CoV-2 spike proteins and
has been demonstrated that there is a correlation between
DTP vaccination and the severity of COVID-19. Also, the
rate of COVID-19 infection in pregnant women who re-
ceived the TDaP vaccine decreases [30]. CRM197 that is a
modified diphtheria toxin is similar to SARS-CoV-2 proteins
and is present in some vaccines such as Hib and rubella. So,
these vaccines may also have a protective effect on COVID-19
[34]. Cobrotoxin regulates the expression of genes involved in
the inflammatory response and can prevent cytokines storm
that causes more lung damage. Also, CD4/CD8 ratio that is
imbalanced in COVID-19 can restore by cobrotoxin [16, 35].
Tetrodotoxin inhibits main protease (MPro) and affects the
replication of the virus [17]. Toxins, toxoids, and venoms
may have effects on SARS-CoV-2 disease and prevent dis-
ease or reduce its symptoms. In addition, to achieve de-
finitive results and efficacy of natural toxic metabolites
comprehensive studies are needed (the data summary is
presented in Table 1).

5. Conclusion

In this study, we investigated the role of toxins, toxoids, and
venom on the pathophysiology of COVID-19 as an in-
flammatory disease. We discussed BV, botulinum toxin,
tetanus toxin or toxoid, diphtheria toxin or modified toxin,
cobrotoxin, and tetrodotoxin, which can be impressive in the
pathophysiology of COVID-19. More surveys and clinical
assessments are needed for better knowledge about the effect
of toxins on COVID-19.
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Objective. To explore the mechanism of the action of Huoluo Xiaoling Dan (HLXLD) in the treatment of psoriasis based on network
pharmacology andmolecular docking.Methods.,emain active components and targets ofHLXLDwere collected fromCMSP, and the
targets related to psoriasis were collected from GeneCards, OMIM, TTD, DisGeNET, and DrugBank. Drug disease target genes were
obtained by Venny tools, drug-component-target networks were constructed and analyzed, and pathway enrichment analysis was
performed. AutoDockTools is used to connect the core components and the target, and PyMOL software is used to visualize the results.
Results. 126 active components (such as quercetin, luteolin, tanshinone IIA, dihydrotanshinlactone, and beta-sitosterol) and 238 targets
of HLXLDwere screened out. 1,293 targets of psoriasis were obtained, and 123 drug-disease targets were identified. Key targets included
AKT1, TNF, IL6, TP53, VEGFA, JUN, CASP3, IL1B, STAT3, PTGS2, HIF1A, EGF, MYC, EGFR, MMP9, and PPARG. Enrichment
analysis showed that 735 GO analysis and 85 KEGGpathways weremainly involved in biological processes such as response to the drug,
inflammatory response, gene expression, and cell proliferation and apoptosis, as well as signal pathways such as cancer, TNF, HIF-1, and
T cell receptor. Molecular docking showed that there was strong binding activity between the active ingredient and the target protein.
Conclusions. HLXLD could treat psoriasis throughmulticomponents, multitargets, andmultipathways, which provides a new theoretical
basis for further basic research and clinical application.

1. Introduction

Psoriasis was a common inflammatory reactive skin disease
with erythema and scaly lesions as the main manifestations,
accompanied by varying degrees of pruritus, with a chronic
course and easy recurrence [1]. ,e pathogenesis of the disease
was not completely clear, and the etiology was complex, which
was related to genetic, environmental, immune, and other
factors [2]. Syndrome differentiation and treatment was a
unique advantage of traditional Chinese medicine (TCM).

TCM treatment of psoriasis is mostly based on blood,
and blood stasis syndrome is one of the most common
syndromes [3]. In recent years, many doctors had treated
psoriasis from the perspective of collateral disease theory.
Based on the Huoluo Xiaoling Dan (HLXLD) composed of
Radix Salviae (Danshen (DS)), Angelica Sinensis (Danggui
(DG)), Frankincense (Ru Xiang(RS)), and Myrrha (Moyao

(MY)), they have added and subtracted according to the
syndrome and achieved good results [4, 5], but themolecular
mechanism of the treatment has not been clear.

,erefore, this study through network pharmacology to
predict the potential targets and signal pathways of HLXLD
in the treatment of psoriasis and combines it with molecular
docking technology to assist verification, to provide a certain
theoretical basis for the in-depth study of HLXLD in the
treatment of psoriasis.

2. Materials and Methods

2.1. Screening of Active Components and Targets of HLXLD.
On the Traditional Chinese Medicine Database and Analysis
Platform [6] (TCMSP, https://www.tcmspw.com/), the
names of four Chinese herbal medicines were input in
succession to obtain the corresponding chemical
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compounds and related information. According to the
principle of pharmacokinetics (ADME), the oral bioavail-
ability (OB)≥ 30% and drug-likeness (DL) ≥0.18 were set as
the screening conditions to obtain the effective components
and corresponding targets of each drug of HLXLD. ,e
Uniprot database [7] (http://www.uniprot.org/) was used to
screen the target genes from human attributes and was
verified, and the target names were standardized into official
symbols.

2.2. Collection of Target Proteins Associated with Psoriasis.
To ensure the comprehensiveness and accuracy of the data,
the potential targets of psoriasis in GeneCards [8] (https://
www.genecards.org/), OMIM [9] (https://omim.org/), TTD
[10] (http://db.idrblab.net/ttd/), DisGeNET [11] (https://
www.disgenet.org/), and Drugbank [12] (https://go.
drugbank.com/) were searched with “psoriasis” as key-
words. In the GeneCards database, the score indicates the
closeness between the target and the disease, so the target
with a score greater than the median was set as the potential
target of psoriasis. ,e targets obtained from the above
disease database were combined, and the repetition was
removed to get the psoriasis-related targets, and the Uniprot
database is used to standardize the target names through the
above methods.

2.3. Identification of Potential .erapeutic Targets of HLXLD
in the Treatment of Psoriasis. ,e two target sets were input,
respectively, to the Venny 2.1.0 to acquire the common
targets, and the Venn diagram was drawn to obtain the
potential targets of HLXLD in the treatment of psoriasis.

2.4. Construction of the Drug-Compound-Target Network.
,e obtained active components of HLXLD and the po-
tential targets for psoriasis treatment were imported into
Cytoscape 3.8.2 [13] software to draw the drug-compound-
target network diagram for visual analysis, in which “node”
was used to represent drugs, components, or targets, and
“edge” was used to represent the relationship between nodes.
,e network parameters of each node were analyzed based
on the network analyzer and cytoNCA plugins.

2.5.ConstructionofProtein-Protein Interaction (PPI)Network
Map and Core Targets’ Screening. ,e potential targets
screened above were imported into the STRING [14]
(https://www.string-db.org/), “Homo sapiens” was selected,
the minimum required interaction score was set to≥ 0.4, the
free nodes were hidden, the PPI network was built, and the
corresponding files were exported. ,e downloaded results
were uploaded to Cytoscape3.8.2 software for analysis. ,e
network analyzer and cytoNCA plugins were used for to-
pology analysis. ,e core targets were screened by taking the
median of 2 times of degree, and the median of Betweenness
Centrality (BC) and Closeness Centrality (CC) as card
values.

2.6. Gene Ontology (GO) Functional Enrichment and Kyoto
Encyclopedia of Genes and Genomes (KEGG) Pathway
Analysis. ,e previously obtained potential targets were
imported into the DAVID database [15] (https://david.
ncifcrf.gov/), and the species was defined as “Homo sapi-
ens.” ,e GO function and KEGG pathway enrichment of
common target genes of HLXLD and psoriasis were ana-
lyzed. ,e results were visualized by using Bioinformatics
online mapping tool (http://www.bioinformatics.com.cn/),
and the network diagram of “disease-pathway-target-com-
ponent drug” was constructed by using Cytoscape 3.8.2.

2.7. Molecular Docking. Molecular docking was applied for
the key components with the top 5 degree values in the drug-
compound-target network and the core targets with the top
5 degree values in the PPI network. ,e protein structure of
the core target was downloaded from the PDB [16] database
(https://www.rcsb.org/). ,e selection criteria [17] are as
follows: (1) X-ray structures with a resolution of 2.5 Å or
better were included, if available; (2) if two or more
structures were available, that with the best solution was
selected; (3) a structure with a ligand bound to its nucle-
otide-binding site was selected; (4) non-modified and non-
phosphorylated residues found in the binding site were
selected with priority; (5) the organism was human. ,e
small molecular structure of key components was down-
loaded from the TCMSP database. ,e PyMOL 2.4.0 [18]
software was used to dewater, hydrogenate, and separate the
original ligand of the core target protein. ,e molecular
docking was completed in the AutoDockVina [19] software.
When the binding energy was negative, it indicated that the
receptor and ligand can bind spontaneously; when the
binding energy was less than -5 kcalmol−1, it indicated that
there was good binding activity between the receptor and the
ligand [17]. ,e results with higher activity were visualized
by PyMOL 2.4.0.

3. Results

3.1. Screening of Active Components and Targets of HLXLD.
,rough TCMSP database retrieval, DS, DG, RX, and MY
had 66, 8, 9, and 45 active ingredients, respectively. A total of
126 active components of HLXLD were obtained after
merging and removing duplicates, and the corresponding
target proteins were further obtained. After being trans-
formed into standard gene names in the UniProt database
and removing duplicates, a total of 238 predicted targets
were obtained.

3.2. Collection of Target Proteins Associated with Psoriasis.
After merging and removing the duplication of acne disease
target genes collected by GeneCards, OMIM, TTD, Dis-
GeNET, and DrugBank databases, a total of 1,923 related
target proteins were obtained. After matching the target
genes of the active components of HLXLD with the target
genes related to psoriasis, the intersection was taken, and 123
common genes were obtained through the Venn diagram
(Figure 1).
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3.3. Construction of the Drug-Compound-Target Network.
,e active components and the corresponding targets of
HLXLD in the treatment of psoriasis were introduced into
the Cytoscape 3.8.2 software to construct the network di-
agram of the drug-compound-target network which in-
cluded 225 points and 759 edges (Figure 2). Among them,
the red hexagon node represents the drug, the light blue
diamond node represents the effective components of DS,
the orange diamond node represents the effective compo-
nents of DG, the dark blue diamond node represents the
effective components of RX, the purple diamond node
represents the effective components of MY, the pink dia-
mond node represents the common components of DG and
MY, and the green square node represents the action target.
After network topology analysis, the median of degree, BC,
and CC was set as the card values. Among the effective active
ingredients screened out, quercetin (MOL000098) had the
highest degree value, acting on 93 drug targets. In the
descending order, luteolin (MOL000006) acted on 37 drug
targets, tanshinone IIA (MOL007154) acted on 22 drug
targets, and dihydrotanshinlactone (MOL007100) acted on
18 drug targets, β-sitosterol (MOL000358) acted on 17 drug
targets. Table 1 shows that the 27 key drug components were
analyzed by topology. Figure 2 and Table 1 show the
characteristics of HLXLD in the treatment of psoriasis with
multicomponent and multitarget.

3.4. PPI Network Construction and Topology Analysis. 123
intersection targets brought in the STRING database to set
up the PPI network (Figure 3). ,e network consists of 123
points and 2,413 edges, with an average degree of 39.2.
Imported into Cytoscape 3.8.2 software, network analyzer
and cytoNCA plugins were used to further analyze the PPI
network, and 16 targets with degree ≥74, BC≥ 0.0021906,
and CC≥ 0.57819905 were selected. ,ese targets played a
key role in the PPI network and are the core targets of
HLXLD in the treatment of psoriasis. ,e core protein
interaction was further visualized (Figure 4). ,ere were 16
nodes and 240 edges in the network. ,e size and color of
nodes reflect the size of the degree. ,e larger the node, the
more red color indicates the higher degree. ,e thickness of

edges reflects the size of the connection score between nodes.
,e thicker the color indicates the larger the connection
score between nodes. ,e basic information is shown in
Table 2.

3.5. GO Enrichment Analysis. 123 common targets were
enriched and analyzed by the David database, and a total of
735 were obtained, including 588 biological process (BP), 49
cellular component (CC), and 98 molecular function (MF).
,e top 20 results were selected according to the P value to
draw the bubble chart (Figures 5–7).,e smaller the P value,
the more the color of the point tends to red, the more the
number of enriched genes, and the larger the area of the
point.

3.6. KEGG Pathway Enrichment Analysis. A total of 85
pathways were obtained by KEGG pathway enrichment
analysis. ,e top 20 results were selected according to the P
value to draw the bubble diagram (Figure 8). ,e disease-
pathway-target-compound-drug network is further con-
structed through Cytoscape 3.8.2 (Figure 9). ,e network
consists of 179 points (including 1 disease, 20 pathways, 78
targets, 76 components, and 4 drugs) and 844 edges.

3.7. Molecular Docking ofMain Active Components with Core
Targets. Quercetin, luteolin, tanshinone IIA, β-sitosterol,
and dihydrotanshinlactone ranked among the top 5 key
components in the drug-compound-target network. ,e top
5 targets with degree value in the core target PPI network
were AKT1, TNF, IL6, TP53, and VEGFA. ,e above
components and targets were docked by the AutoDockVina
software. ,e results are shown in Table 3. ,e average
binding energy was -6.65 kcalmol−1, among which tan-
shinone IIA-TNF, β-sitosterol-TNF, β-sitosterol-TP53, and
tanshinone IIA-TP53 had the highest affinity. ,e molecular
docking results showed that all binding energies were
negative, and most of them were less than -5.0 kcalmol−1.
,e binding pattern diagram was drawn by PyMOL 2.4.0 for
the docking results with binding energy≤ -9 kcalmol−1
(Figure 10).

4. Discussion

,e course of psoriasis was prolonged and easy to relapse.
,e skin lesions of psoriasis were thick and dark, and there
were obvious abnormalities in the microcirculation of pa-
tients with psoriasis [20, 21]. ,ese clinical characteristics
were closely related to the “blood stasis” factor of TCM,
which was very consistent with the thought of “long illness
entering the collaterals” in the theory of collateral diseases.
As a classic prescription for the treatment of collateral
diseases, HLXLDwas from Integrating Chinese andWestern
Medicine and was composed of DS, DG, RX, and MY.
Danshensu could effectively improve the skin lesions of the
psoriasis mouse model induced by imiquimod (IMQ). ,e
higher the concentration, the more obvious the improve-
ment of skin lesions. At the same time, it could also reduce

Drug Disease

123
(6%)

1800
(88.3%)

115
(5.6%)

Figure 1: Venn diagram of intersecting targets of HLXLD and
psoriasis.
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the expression of Yes-related protein (YAP) in skin lesions
[22]. YAP was highly expressed in psoriasis and could
participate in the pathogenesis by regulating the prolifera-
tion and apoptosis of keratinocytes [23]. Salvianolic acid B
could improve the skin lesions of IMQ-induced psoriasis
mouse models by inhibiting the PI3K/AKT pathway and
downregulating the expression of keratin markers [24].
Angelica polysaccharides could downregulate the protein
expression of NF-κB in peripheral blood mononuclear cells
and reduce the secretion of IFN-c in patients with psoriasis
[25]. Mastic acid was also widely used in the clinic because of

its strong anti-inflammatory ability [26]. A clinical trial in
Italy used boswellic acid to treat psoriasis with an effective
rate of up to 70% [27]. Myrrhosterone could significantly
inhibit the proliferation of HaCaT cells, induce apoptosis,
downregulate the expression of psoriasis-related genes
mRNA, and reduce the severity of skin lesions in mice with
psoriasis [28]. However, the target and signal pathways of
psoriasis treatment from the perspective of “collateral dis-
ease theory” have still been unclear. TCM had the charac-
teristics of multicomponent, multitarget, and multichannel
in the treatment of diseases. ,erefore, combined with the

Figure 2: ,e drug-compound-target network of HLXLD.

Table 1: ,e drug components of HLXLD in the treatment of psoriasis.

MOL ID Molecule name OB DL Degree Source
MOL000098 Quercetin 46.43 0.28 96 MY
MOL000006 Luteolin 36.16 0.25 38 DS
MOL007154 Tanshinone IIA 49.89 0.40 23 DS
MOL000358 Beta-sitosterol 36.91 0.75 19 DG、MY
MOL007100 Dihydrotanshinlactone 38.68 0.32 18 DS
MOL007088 Cryptotanshinone 52.34 0.40 16 DS
MOL007093 Danshexinkum D 38.88 0.55 16 DS
MOL007119 Milrinone I 49.68 0.32 14 DS
MOL007108 Isocryptotanshinone 54.98 0.39 14 DS
MOL007124 Neocryptotanshinone II 39.46 0.23 13 DS
MOL007041 2-Isopropyl-8-methylphenanthrene-3,4-dione 40.86 0.23 13 DS
MOL007049 4-Methylenemiltirone 34.35 0.23 13 DS
MOL007098 Deoxyneocryptotanshinone 49.40 0.29 12 DS
MOL007105 Epidanshenspiroketallactone 68.27 0.31 12 DS
MOL001601 1,2,5,6-Tetrahydrotanshinone 38.75 0.36 12 DS
MOL000449 Stigmasterol 43.83 0.76 11 DG、MY
MOL007111 Isotanshinone II 49.92 0.40 11 DS
MOL007094 Danshenspiroketallactone 50.43 0.31 11 DS
MOL007061 Methylenetanshinquinone 37.07 0.36 11 DS
MOL007145 Salviolone 31.72 0.24 11 DS
MOL001004 Pelargonidin 37.99 0.21 10 MY
MOL007122 Miltirone 38.76 0.25 10 DS
MOL007127 1-Methyl-8,9-dihydro-7H-naphtho[5,6-g]benzofuran-6,10,11-trione 34.72 0.37 10 DS
MOL007036 5,6-Dihydroxy-7-isopropyl-1,1-dimethyl-2,3-dihydrophenanthren-4-one 33.77 0.29 9 DS
MOL007125 Neocryptotanshinone 52.49 0.32 10 DS
MOL007059 3-β-Hydroxymethyllenetanshiquinone 32.16 0.41 10 DS
MOL007069 Przewaquinone C 55.74 0.40 10 DS
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Figure 4: Core target PPI network.

Figure 3: ,e PPI network of HLXLD in the treatment of psoriasis.
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big-data analysis method of network pharmacology, this
study aimed to explore the mechanism of HLXLD in the
treatment of psoriasis and provide theoretical support for
follow-up research.

,e results showed that there are 123 potential targets of
HLXLD in the treatment of psoriasis, involving 98 active
components of HLXLD. According to topological analysis,
the main components were quercetin, luteolin, tanshinone
IIA, β-sitosterol, etc., as shown in Table 1. Previous studies
have shown that quercetin and luteolin could inhibit the
activation of the NF-κB pathway, reduce the levels of serum
inflammatory factors such as TNF-α, IL-6, and IL-17, and
significantly reduce the PASI score of IMQ-induced pso-
riasis mouse models [29–31]. In addition, quercetin could
significantly reduce the expression level of tyrosine kinase in
HaCaT cells [32]. Luteolin could promote the expression of
HSP90 in HaCaT cells, reduce the ratio of ,1/,2 and

,17/Treg in the immune cells of psoriasis mice, and inhibit
the increase of ,1 and ,17 in peripheral blood [33].
Tanshinone IIA could inhibit the proliferation of kerati-
nocytes and induce apoptosis in mouse models of psoriasis,
thereby reducing the appearance of skin lesions [34, 35].
Another study found that cryptotanshinone could reduce
epidermal hyperplasia by inhibiting the activation of STAT3
[36].

,e potential target PPI network of HLXLD in the
treatment of psoriasis (Figure 3) had selected the core targets
by topological analysis (Figure 4), indicating that HLXLD
may treat psoriasis by acting on core targets such as AKT1,
TNF, IL6, TP53, VEGFA, JUN, CASP3, IL1β, STAT3,
PTGS2, HIF1A, EGF, MYC, EGFR, MMP9, and PPARG.
Many studies have shown that the excessive proliferation of
psoriasis keratinocytes was closely related to the increase of
AKT1 levels in skin lesions [37, 38]. ,e dysregulation of the
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Figure 5: BP enrichment analysis of 123 nodes.

Table 2: ,e core target topological parameters of HLXLD in the treatment of psoriasis.

Gene Gene name BC DC Degree
AKT1 RAC-alpha serine/threonine-protein kinase 0.06452241 0.82993197 97
TNF Tumor necrosis factor 0.05075691 0.81879195 95
IL6 Interleukin-6 0.03833700 0.80794702 93
TP53 Cellular tumor antigen p53 0.03368498 0.80263158 92
VEGFA Vascular endothelial growth factor A 0.01953143 0.77707006 87
JUN Transcription factor AP-1 0.03194387 0.76250000 85
CASP3 Caspase-3 0.01684584 0.75776398 83
IL1B Interleukin-1 beta 0.01865965 0.75308642 82
STAT3 Signal transducer and activator of transcription 3 0.01224804 0.74390244 81
PTGS2 Prostaglandin G/H synthase 2 0.01437445 0.73493976 79
HIF1A Hypoxia-inducible factor 1-alpha 0.01139618 0.73493976 79
EGF Proepidermal growth factor 0.01558726 0.73053892 78
MYC Myc proto-oncogene protein 0.01512287 0.72189349 77
EGFR Epidermal growth factor receptor 0.02954812 0.72189349 76
MMP9 Matrix metalloproteinase-9 0.02061406 0.72619048 76
PPARG Peroxisome proliferator-activated receptor gamma 0.01436399 0.71764706 74
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Akt-FOXO1 pathway led to T cell dysfunction, which was
also widespread in patients with psoriasis [39]. Inflamma-
tion-related factors such as TNF, IL6, and IL1β were ab-
normal throughout the pathogenesis of psoriasis [40].
Growth factors and their receptors such as VEGFA, EGF,
and EGFR were also inextricably linked with psoriasis
[41–44]. ,e above point of view had long become a con-
sensus in dermatology. ,e protein P53 encoded by
TP53was called the “Genome Guardian.” During the cell
cycle, p53 could not only repair cell cycle arrest in the G1
phase through the expression of p21 but also mediate cell
death through the Bcl-2/Bax pathway [45]. Moorchung’s
study found that p53 was an important protein that

regulated the apoptosis process of psoriasis epidermal cells
[46]. A clinical study used UV to treat psoriasis. After the
course of treatment, it was found that p53 and Foxp3 de-
creased significantly, and it was speculated that p53 was an
essential protein for UV-induced Foxp3 transcription [47].
c-JUN was a pathway closely related to a variety of auto-
immune diseases. c-JUN activation could stimulate the
production of inflammatory factor IL-6, thereby further
aggravating the inflammatory response in psoriasis skin
lesions [48]. Bears found that the expression of CASP3 was
positively correlated with the condition of psoriasis, espe-
cially with the early psoriasis lesions located at the ex-
tremities [49]. STAT3 could regulate T cell differentiation.
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Figure 8: ,e top 20 pathways of KEGG enrichment.

Figure 9: ,e disease-pathway-target-compound-drug network.

Table 3: Molecular docking results.

Active ingredient
Binding energy (kcal·mol−1)

AKT1 TNF IL6 TP53 VEGFA
Quercetin −4.49 −5.13 −4.9 −5.52 −4.23
Luteolin −6.21 −7.4 −4.48 −6.07 −5.41
Tanshinone IIA −7.97 −9.42 −6.84 −9.07 −7.73
β-Sitosterol −7.99 −9.30 −6.8 −9.27 −6.50
Dihydrotanshinlactone −6.07 −6.82 −5.48 −7.2 −6.13
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Studies have found that mice with high expression of the
STAT3 pathway can spontaneously develop psoriasis-like
skin lesions [50]. In the pathogenesis of psoriasis, the STAT3
pathway was involved in regulating the secretion of ,17
cytokines. When the STAT3 pathway was overactive, it
could promote the excessive proliferation of keratinocytes
and the production of IL6 and IL17.,ese cytokines, in turn,
trigger ,17 and STAT3 signaling pathways, resulting in a
sustained inflammatory response [51]. In addition, STAT3
also activated the transcription of related genes by targeting
its promoter region, thereby forming a regulatory feedback
loop that affected the proliferation and apoptosis of
HaCaT cells [52]. Studies have found that HIF1A levels in
patients with psoriasis were significantly higher than those in
normal patients and were positively correlated with
microvessel density in skin lesions [53]. Many other studies
have reported that the protein expression levels of PPARG
[54], MMP9 [55], and MYC [56] were also strongly cor-
related with the incidence of psoriasis.

,e results of GO functional enrichment analysis and
KEGG pathway enrichment showed that the mechanism of
HLXLD treatment of psoriasis mainly focuses on drug re-
sponse, negative regulation of apoptosis process, hypoxia
response, positive regulation of RNA polymerase II pro-
moter transcription, and positive regulation of cells. Pro-
liferation, aging, inflammation, positive regulation of gene
expression, positive regulation of transcription, DNA
templating, etc., and the pathways related to the treatment of
psoriasis by HLXLD mainly involved pathways in cancer
(including multisystem and multiorgan cancers), TNF sig-
naling pathway, HIF-1 signaling pathway, T cell receptor
signaling pathway, etc. At present, more and more pieces of
evidence supported the correlation between cancer and
psoriasis. Several meta-analyses and retrospective studies
[57–60] have found that the risk of cancer in patients with

psoriasis was higher than that of normal people, especially
skin cancer, lymphatic cancer [58], colorectal cancer [59],
and lung cancer [60], etc. TNF had strong biological activity
and played an important role in the pathogenesis of pso-
riasis. ,e TNF/IL23/IL17A axis was also widely involved in
the body’s immune response, promoting the occurrence of
psoriasis inflammatory response and the proliferation of
epidermal cells [61]. ,e increase of HIF-1 in keratinocytes
helped promote angiogenesis and skin inflammation [62].
Another study found that HIF1A might promote the gly-
colysis process of psoriasis Vulgaris by increasing the ex-
pression of CD147 and GLUT1 [63]. From an immune
perspective, psoriasis was a chronic skin disease associated
with T cell-mediated inflammation. ,e activation of T cells
promoted the proliferation and migration of keratinocytes,
thereby causing or accelerating the progression of the dis-
ease. At present, most monoclonal antibody preparations
were aimed at this mechanism and block downstream in-
flammatory mediators such as TNF and IL17A to treat
psoriasis [64].

5. Conclusion

To sum up, based on the network pharmacology method,
this study systematically expounded the relationship be-
tween HLXLD in the treatment of psoriasis through mul-
ticomponent, multitarget, and multichannel, and verifies the
strong binding activity between key components and core
targets by molecular docking technology.,e results showed
that HLXLD might act on AKT1, IL6, TNF, TP53, VEGFA,
EGF, EGFR, CXCL8, MMP9, MAPK8, and other targets
through active components such as quercetin, luteolin,
tanshinone IIA, β-Sitosterol, and dihydrodanshenlide, in-
volving multiple signal pathways such as cancer signaling
pathway, TNF signaling pathway, HIF-1 signaling pathway,

(a) (b)

(c) (d)

Figure 10: Molecular docking mode. (a) Tanshinone IIA-TNF, (b) beta-sitosterol-TNF, (c) beta-sitosterol-TP53, and (d) tanshinone
IIA-TP53.
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and T cell receptor signaling pathway, participating in the
drug reaction, inflammatory reaction, gene expression, cell
proliferation, and apoptosis, to play a role in the treatment of
psoriasis, which provided a theoretical basis for the further
application of HLXLD in the clinic. However, because this
study mainly relied on the network database, there were still
some limitations. ,e specific drug action mechanism needs
further experimental verification in vivo and in vitro.
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)e traditional medicine Dingqing Tablet produces effective efficacy in treating acute myeloid leukemia, but its specific
mechanism remains to be investigated. Dingqing Tablet consists of Codonopsis, Indigo Naturalis, Cortex Moutan, Radix
Notoginseng, Citrus Reticulata, and Eolite. )e active components of Dingqing Tablets were screened by the TCMSP database.
Meanwhile, the SwissTargetPrediction database was utilized to predict the corresponding targets. Relevant disease targets of acute
myeloid leukemia were obtained from GeneCards. )e obtained targets of Dingqing Tablets and genes of acute myeloid leukemia
were used, and the overlapped genes were presented in the Venn diagram. A drug-component-target network was constructed via
Cytoscape 3.6.0 software. Molecular docking methodology was also used with AutoDock Vina 1.1.2. Furthermore, the effects of
kaempferol on the proliferation and apoptosis of HL-60 cells were identified using 3-(4,5)-dimethylthiahiazo(-z-y1)-3,5-di-
phenytetrazoliumromide (MTT), 5-Ethynyl-2′-deoxyuridine (EDU), flow cytometry, and TdT-mediated dUTP nick-end labeling
(TUNEL) assays. )e combination of kaempferol and AKT1 was verified using an immunoprecipitation (IP) experiment and the
effects of Kaempferol on HL-60 cell apoptosis by western blot (WB) and qPCR.)e key component kaempferol and the core target
gene AKT1 were sorted out using a drug-component target network diagram. Molecular docking results revealed that the binding
energy between kaempferol and AKT1 was lower than -5 kcal/mol. MTT and EDU assays indicated that kaempferol markedly
inhibited the proliferation of HL-60 cells. Flow cytometry and TUNEL assays suggested that kaempferol substantially promoted
HL-60 cell apoptosis. IP assay results testified that kaempferol could bind to AKT1, thereby reducing the level of P-AKT and
promoting HL-60 cell apoptosis. )e monomer kaempferol of Dingqing Tablet could promote apoptosis of HL-60 cells, and the
mechanism might correlate with the combination of kaempferol and AKT1, reducing the level of P-AKT and promoting the
expression of the apoptotic signaling pathway.

1. Introduction

Acute myeloid leukemia (AML) is recognized as a highly
heterogeneous disorder and the most common acute leu-
kemia developed in adults [1]. )e American Cancer
Society’s 2021 estimate of leukemia in the United States is
that there will be 20,240 new cases of AML, mostly adults,
and about 11,400 deaths from acute myeloid leukemia, al-
most all of which occur in adults. AML is one of the most
common types of leukemia in adults. AML is fairly rare
overall, accounting for only about 1% of all cancers [2]. It is

characterized by an abnormal proliferation of leukemia cells
in the bone marrow. )e clinical manifestations are anemia,
hemorrhage, infection and pyrexia, organ infiltration, and
metabolic abnormalities [3]. Currently, chemotherapy and
stem cell transplantation are widely applied in the treatment
of AML [4]. However, the prevalence of chemotherapy
resistance and relapse remains a challenge for AML patients.
Meanwhile, the five-year survival rate is still very low [5].
Further and deeper investigations have found that AML
pathogenesis is complicated with multiple genes, multiple
factors, and evenmultiple molecules involved [6, 7]. As AML
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patients develop general conditions of chemotherapy re-
sistance, recurrence, and low survival rates, there is an ur-
gent need to explore new biomarkers applied in diagnosing
the occurrence, development, and prognosis of AML, as well
as to discover novel therapeutic targets.

Dingqing Tablet serves as effective preparation for the
treatment of leukemia. It has been developed by the team led
by Professor Huang Zhenqiao from Yueyang Hospital of
Integrated Traditional Chinese and Western Medicine,
Shanghai University of Traditional Chinese Medicine, under
the principles of Chinese medicine. )is prescription con-
sists of Codonopsis, Indigo Naturalis, Cortex Moutan, Radix
Notoginseng, Citrus Reticulata, and Eolite [8]. Kaempferol is
a main component of Cortex Moutan [9]. Kaempferol is also
known as kaempferide with the chemical name of 3,5, 7-
trihydroxy-2-(4-hydroxyphenyl)-4h-1-benzopyran 4-ke-
tone, which belongs to the flavonol compounds [10]. )is
flavonoid compound is extensively present in edible plants
and traditional natural medicines. Numerous preclinical
studies have revealed that kaempferol and kaempferitrin
exhibit extensive biological activities, including anticancer,
anti-inflammation, antimicrobe, antioxidant, protection of
both cardiovascular, and neuron as well as antidiabetes
[11–13].

As a major intracellular signal transduction pathway
[14], the PI3K-Akt signaling pathway is essential in pro-
moting cell proliferation and inhibiting apoptosis in the
body by influencing the activation of multiple downstream
effector molecules [15]. Akt serves as a serine/threonine
protein kinase (molecular weight 57 kD) [16]. )e Bcl-2
family includes homodimers and heterodimers of which the
formation and balance are of great significance to cell
survival or apoptosis [17]. p-Akt promotes the phosphor-
ylate of the Ser136/Ser112 residues of Bad, while Bcl-2 or
Bcl-xl inhibited the phosphorylate of Bad [18].)e PI3K-Akt
pathway activation enables phosphorylate the Ser184 residue
of Bax, allowing Bax to stay in the cytoplasm, thereby
promoting the formation of heterodimers and inhibiting cell
apoptosis [18].

)is research predicted the active ingredients and rel-
evant targets of Dingqing Tablet employing a network
pharmacology technique. )e overlapped targets with dis-
ease target genes were subsequently obtained. Followed by
core targets identification, we also conducted GO and KEGG
pathway analysis and screened out the component
kaempferol in Cortex Moutan. Molecular docking was
subsequently conducted with the core target AKT1. More-
over, flow cytometry and TUNEL assays testified that
kaempferol promoted apoptosis of HL-60 cells and deter-
mined that kaempferol and AKT could bind to each other
and reduce the phosphorylation of AKT.

2. Materials and Methods

2.1. Cell Culture and Drug Treatment. Human leukemia cell
line HL60 was purchased from American Type Culture
Collection (ATCC). Culture medium utilized RPMI 1640
containing 10% inactivated fetal bovine serum, streptomy-
cin, penicillin (each 100U/mL), NaHCO3 (2 g/L), and

HEPES (2.4 g/L) at PH 7.2–7.4, and incubation was per-
formed at 37°C constant temperature and 5% CO2. Cells at
the logarithmic growth phase were collected for further
experiments, which were treated using kaempferol (25, 50,
and 100 μM), and the positive control was treated using all-
trans retinoic acid (ATRA) (10 μM).

2.2. Network Pharmacological Analysis. )rough the net-
work pharmacology approach, principal components and
action targets of Dingqing Tablets were predicted. Firstly, the
active ingredients of Dingqing Tablets (Codonopsis, Indigo
Naturalis, Cortex Moutan, Radix Notoginseng, Citrus
Reticulata, and Eolite) were retrieved from the TCMSP
database [19] (https://tcmspw.com/tcmsp.php), and their
corresponding targets were predicted using the Swis-
sTargetPrediction website [20]. Human AML-related genes
were sorted out from the gene disease database [21], and
then a PPI protein interaction network diagram was con-
structed using String [22], and a drug-component-target
network diagram was plotted using Cytoscape 3.6.0. A
Cytoscape plugin ClueGO was used for GO and KEGG
pathway analysis on the 92 targets, and visualization of the
enrichment analysis results was processed [23].

2.3.Molecular Docking. )e 3D structure of kaempferol was
exported from TCMSP (https://tcmspw.com/tcmsp.php),
and AKT 3D structure was retrieved from the Protein Data
Bank [24] (http://www.rcsb.org/pdb). )e receptor protein
was added with hydrogen and calculated charge using
AutoDock 4.2.6 software [25], docked with a ligand using
AutoDock Vina 1.1.2 software. )e docking results and the
scores of binding energy were obtained.)ose parts with the
best binding energy were utilized for plotting.)e 3D images
plotted using PyMOL [26] presented the interaction between
the receptor protein and the ligand.

2.4. MTT Assay. HL-60 cells were inoculated into a 96-well
plate and followed by 6 d incubation. After being supple-
mented with 20 μL MTT solution [27] in the wells, cell
incubation was conducted, lasting for 4 h until being ter-
minated. To each well, 150 μL DMSO was added and shaken
for 10min [28]. )e light absorption of each hole was
measured on an enzyme-linked immunosorbent monitor at
the wavelength of 490 nm for colorimetry. Cell growth
curves were recorded and plotted [29].

2.5. EDU Assay. )e HL-60 cells were planted to a 24-well
plate. In light of the instructions of the EdU kit, a 2x EdU
reaction solution was prepared and added to the 24-well
plate. )e cells were incubated in the dark for 2 h after the
supplement of the reaction solution, fixed with 4% para-
formaldehyde at room temperature for 20min, supple-
mented with 500 μL 0.3% Triton X-100, and reacted at room
temperature for 10min. )en, PBS was employed to rinse
the cells 3 times. AZIDE 555-Click reaction solution was
freshly prepared, supplied 200 μL to each well, and incubated
30min at room temperature avoiding light. After the
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reaction was completed, the solution was removed and
followed by PBS washing 3 times, the nuclei were subse-
quently counterstained using Hoechst for further immu-
nofluorescence. Observe and take pictures under an inverted
microscope. Observation and photograph were performed
under an inverted microscope [30].

2.6. Flow Cytometry. )e cells were evenly inoculated into a
6-well plate, digested using tyrisin after 48 h transfection,
and collected after centrifugation. Following two cycles of
washing with precooled PBS, the cells were added with
400 μL of 1×Annexin V binding solution and suspended at a
concentration of about 1× 106 cells/mL. )e solution was
transferred to a flow cytometry tube, supplied with 5 μL
Annexin V-FITC staining solution and mixed well gently.
Incubation was followed under 4°C for 15min avoiding
light, supplemented with 10 μL PI staining solution again
and gently mixed, incubated for 5min at 4°C in the dark
followed by immediate detection by flow cytometry [31].

2.7. TUNEL Assay. )e cell slides processed in experiments
were treated with paraformaldehyde for 15–30min at room
temperature, washed 3 times with PBS, added with blocking
solution, and incubated at room temperature for 10min.
Rinsed again with PBS, the slides were added with mem-
brane solution and incubated 30min at room temperature.
)e mixture of TUNEL reaction was prepared and mixed
with 50 μL TdT+ 450 μL fluorescein-labeled dUTP solution.
Following reaction at room temperature for about 30min, a
50 μL mixture was supplied for reaction in a wet chamber
avoiding light at 37°C for 60min. Following 3 cycles of
washing with PBS, one PBS was dripped, and the apoptotic
cells were observed using a fluorescence microscope (the
excitation and detection wavelength were 450–500 nm and
515–565 nm, respectively) [32].

2.8. Coimmunoprecipitation Assay. Biotin-labeled kaemp-
ferol, the kit used EZ-Link™ Biotin-LC-Hydrazide ()ermo
Scientific), and the procedures were followed following the
operating instructions. Biotin-labeled kaempferol was in-
oculated into HL-60 cell suspension, cultured for 24 h, and
centrifuged to collect the cells. Precooled RIPA Buffer was
added, and the cells were collected for centrifugation at 14
000 g 15min. Protein A agarose was prepared following two
cycles of bead washing with PBS. To each 1mL of total
protein, 100 μL Protein A agarose beads (50%) were added
and centrifuged at 14 000 g for 15min. Rabbit antibody was
subsequently added, and the antigen-antibody mixture was
slowly shaken at 4°C overnight, added with 100 μL protein A
agarose beads, and shaken slowly overnight at 4°C. In-
stantaneous centrifugation was performed at 14 000 rpm for
5 s before the collection of agarose bead-antigen-antibody
complex and followed by electrophoresis [33].

2.9. WB Assay. )e cells were harvested for lysis using IP
lysis buffer. Following centrifugation at 4°C 13 000 rpm
20min, the supernatant was obtained, and the protein was

harvested. 10% SPS-PAGE was employed to separate the
total protein, which was then transferred to PDVF,
blocked with milk at room temperature for 1 h with
subsequent TBST washing 3 times. Primary antibody was
supplied and incubated overnight at 4°C, and second
antibody was supplied the next day and incubated for 1 h
for ECL coloration [34].

2.10. qPCR Assay. Extraction of total RNA was conducted
employing Trizol reagent (Takara, Japan). )e first reversely
transcribed cDNA strand used the PrimeScript™ RT kit
(Takara, Japan). When determining relative gene expression,
the reaction system and procedures of qPCR referred to
instructions of TBGreenPremixExTaqII (Takara, Japan), and
the instrument was CFX96Real-Timesystem (Bio-Rad,
USA). )e 2−∆∆CT algorithm was used to calculate the rel-
ative gene expression levels [34].

2.11. Data Analysis. )e experimental data obtained were
exhibited as mean± standard deviation (SD). Student’s t-test
was performed for pairwise comparison and one-way
analysis of variance (ANOVA) for multiple group com-
parison to assess the significance of statistical data using
GraphPad Prism 7.0 software (LaJolla, CA, USA). p values
less than 0.05 were regarded as the difference was statistically
significant.

3. Results

3.1. Overlapped Targets and Network Visualization of Drugs
and Diseases. To explore the actions of Dingqing Tablet on
leukemia HL-60 cells, we initially determined the active
ingredients and relevant targets of Dingqing Tablets. )ere
were 707 targets sorted from Dingqing Tablet and 585
targets from human AML (Figure 1(a)). )e overlapped
genes of Radix Notoginseng, Citrus Reticulata, Codonopsis,
Cortex Moutan, Indigo Naturalis, and Eolite and human
AML were 37, 6, 97, 15, 102, and 58, respectively
(Figure 1(b)). A PPI protein interaction network diagram
was constructed through String (Figure 1(c)). )e drugs,
ingredients, and targets were visualized via Cytoscape 3.6,
we found that MDP2 (kaempferol), DS6 (luteolin), XH
(eolite), and E1 (quercetin) were the key ingredients in
Dingqing Tablet, and AKT and STAT3 were the core target
genes with top degrees (Figure 1(d)).

3.2. Molecular Docking. We selected the key ingredient
kaempferol and the core target genes AKT1 (PDB ID:
1UNQ) and XDH (PDB ID: 5DN2) to conduct molecular
docking with its corresponding chemical components. As
shown in Figure 2, the binding energies of AKT1 and the
main chemical components kaempferol (Figure 2(a)),
isoindigo (Figure 2(b)), luteolin (Figure 2(c)), and
quercetin (Figure 2(d)) were −5.16, −5.91, −5.37, and
−5.45 kcal/mol, respectively. )e binding between
kaempferol and AKT1 exhibited that the amino acid
residues Arg48 and Tyr38 generated hydrogen bond
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interactions, while the amino acid residues Pro51, Glu49,
Ile36, Leu28, Lys30, Ile6, Val4, and kaempferol formed
hydrophobic interactions.

3.3. GO and KEGG Pathway Enrichment Analysis. We had a
further illustration of the target function of Dingqing Tablet
and the role of potential targets in the signaling pathway and
analyzed the 92 targets through GO and KEGG pathway
analysis employing a Cytoscape plugin ClueGO. Meanwhile,
visualization of the enrichment analysis results was pro-
cessed. As shown in Figure 3, GO analysis indicated that the
most prominent biological processes included negative
regulation of small molecule metabolic process and trans-
lation repressor activity; and those included in cell com-
ponents and molecular functions were ligand-activated
transcription factor activity, mRNA regulatory element
binding, myeloid cell differentiation, and nuclear receptor
activity (Figure 3(a)). KEGG pathway analysis results

revealed that the 92 potential targets of Dingqing Tablet in
AML treatment were mainly correlated with the MAPK
signaling pathway and PI3K-Akt signaling pathway
(Figure 3(b)).

3.4. Monomer of Dingqing Tablet Inhibits the Proliferation of
HL-60. To explore influences of Dingqing Tablet monomer
kaempferol on the proliferation of HL-60, we divided HL-60
into a Control group, a Cisplatin group, a 25μM kaempferol
group, a 50μM kaempferol group, and a 100μM kaempferol
group. We detected the cell proliferation using MTT assays,
and the results revealed that ATRA and 100μM kaempferol
could markedly suppress the proliferation of HL-60 cells on
day 4 (p � 0.0213 and p � 0.0306) (Figure 4(a)). Furthermore,
the action of kaempferol on the proliferation ability of HL-60
cells was detected using EDU experiment, and the results
revealed that 100μM kaempferol could markedly suppress the
proliferation ability of HL-60 cells (Figures 4(b)–4(c)).

615 92 493

DQP Human acute myeloid leukemia

(a)

Radix Nologinsong

Eolite

Indigo Naturalis

Cortex Moutan

Codonopsis

Citrus Reliculata

acute myeloid
leukemia

(b)

(c)

DQP

(d)

Figure 1: Analysis of the regulatory network of Dingqing tablets-key components-targets-acute myeloid leukemia based on network phar-
macology. (a) Venn diagram of overlapped genes between Dingqing Tablet and human AML targets. (b) Venn diagrams of overlapped genes
between Radix Notoginseng, Citrus Reticulata, Codonopsis, Cortex Moutan, Indigo Naturalis, and Eolite and human AML targets. (c) Protein-
protein interaction analysis of 92 proteins. (d) Drug-active ingredient-target gene network diagram. DQP represented the compound drug
Dingqing Tablet, and SSQ, CP, DS, MDP, QD, and XH, respectively, represented the six herbs containing in Dingqing Tablet: Radix Notoginseng,
Citrus Reticulata, Codonopsis, Cortex Moutan, Indigo Naturalis, and Eolite.
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3.5. Monomer of Dingqing Tablet Promotes HL-60 Apoptosis.
To clarify the effect of kaempferol on HL-60 apoptosis, we
performed flow cytometry and TUNEL assays to determine
whether kaempferol acted on HL-60 cell apoptosis. Flow
cytometry results revealed that the 100 μM kaempferol
group substantially promoted apoptosis of HL-60 cells
compared with the control group (Figures 5(a) and 5(c)).
And TUNEL assays indicated that 100 μM kaempferol re-
markably elevated the percentage of TUNEL+ cells (%)
compared with the control group (Figures 5(b) and 5(d)).

3.6. Kaempferol Dingqing Tablet Combined with AKT to
Promote the AKT-Bcl2 Signaling Pathway Activation. To
explore whether kaempferol was correlated with the
downstream apoptosis signaling pathway of AKT1, WB
results indicated that kaempferol could increase the ex-
pression of apoptotic proteins by inhibiting P-AKT levels
(Figures 6(a) and 6(b)). Meanwhile, kaempferol could
markedly promote apoptosis of HL-60 detected by qPCR
(Figure 6(c)). As verification of the relationship between
kaempferol and AKT1 was required, we labeled kaempferol
with biotin to observe whether it could bind to AKT1 or not.
IP results revealed that kaempferol could combine with
AKT1 (Figure 6(d)).

4. Discussion

AML is a malignant clonal disease originating from the
hematopoietic system. )e leukemia cells lose control in
proliferation and develop differentiation dysfunction and
apoptosis obstruction during cell cycles [35]. )ey can

aggregate in the bone marrow and certain hematopoietic
tissues in a great number, thereby inhibiting the normal
hematopoietic function of bone marrow and infiltrating
multiple organs [36]. As techniques in chemotherapy,
specifically targeted therapy, and bone marrow transplan-
tation advance constantly in recent years, the treatment
effect has been continuously improved [36]. )e overall
disease remission rate of AML patients can reach 50% to
80%. However, approximately 65% of patients remain to
undergo relapse within 3 to 5 years [37]. )e overall survival
rate of adults is only 24% to 28% [38].

Traditional Chinese medicine presents unique benefits in
antitumor and immune function regulation of the body. In
recent years, Chinese medicine has been commenced
gradually in clinically treating malignant hematological
diseases [39]. Despite the fact that Dingqing Tablet devel-
oped by the team led by Professor Huang Zhenqiao can
effectively treat leukemia, its specific mechanism has not yet
been elucidated. We screened the traditional Chinese
medicine monomer kaempferol and AKT interaction using
network pharmacology and molecular docking and verified
its downstream apoptosis signaling pathway.

First, the 38 active ingredients of Dingqing Tablet and
their corresponding 615 targets were identified. A total of 92
overlapped targets of Dingqing Tablet and AML targets were
obtained subsequently. Second, the constructed PPI network
diagram via the String platform revealed that proteins
VEGFA, STAT3, AKT1, and TNF were located in the center
of the network and interacted more frequently with other
factors. )e results suggested that AKT1 might be a key
target for the AML treatment. )e drugs, ingredients, and

AKT and kaempferol

(a)

AKT and isoindigo

(b)

AKT and luteolin

(c)

AKT and quercetin

(d)

Figure 2: Molecular docking of the key components in Dingqing Tablet and the core target AKT1. (a) Molecular docking of AKT and
kaempferol. (b) Molecular docking of AKT1 and isoindigo. (c) Molecular docking between AKT1 and luteolin. (d) Molecular docking
between AKT1 and quercetin.
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Figure 3: GO and KEGG pathway enrichment analysis of Dingqing Tablet in AML treatment (a, b, c) Bubble charts of biological process,
immune response, the molecular function of overlapped genes using GO analysis. )e Y-axis on the left represented entry names of GO
analysis, and the X-axis represented p values. Big circles represented that more genes were aligned with the pathway, and darker colors
represented a higher proportion of the aligned genes in the pathway. (d) Analysis results of KEGG pathway enrichment. )e outermost
circle on the right indicated entry names of the signaling pathways, and the left indicated genes. )e inner circle on the left indicated the
significance of p values of the pathways corresponding to the gene.
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targets were visualized using the Cytoscape software. We
found that kaempferol, luteolin, Eolite, and quercetin had
the most connections, and they might be the key ingredients
of Dingqing tablet. Next, we carried out molecular docking,
and the binding energies between AKT1 and the main
chemical components kaempferol, isoindigo, luteolin, and
quercetin were −5.91, −5.16, −5.37, and −5.45 kcal/mol,
respectively, of which kaempferol and AKT1 had the lowest
binding energy. It was obvious that kaempferol was very
likely to treat AML by acting on AKT1. Recently, a great
number of studies have reported that kaempferol can pro-
mote tumor cell apoptosis by regulating the PI3K-AKT
pathway [39–41].

Subsequently, the function of the targets of Dingqing
Tablet was testified and whether the potential targets played a
role in the signaling pathway was also assessed.)e 92 targets

were analyzed using GO andKEGG pathway analysis with the
Cytoscape ClueGO software. GO analysis results demon-
strated that the collected targets might affect the negative
regulation of the small molecule metabolic process and
translation repressor activity in the biological process.
)rough analyses of cell components and molecular func-
tions, the previously described targets might influence mRNA
regulatory element binding, myeloid cell differentiation, li-
gand-activated transcription factor activity, and nuclear re-
ceptor activity. KEGG pathway analysis results exhibited that
the 92 potential targets of Dingqing Tablet in AML treatment
were mainly correlated with both PI3K-Akt and MAPK
signaling pathways, of which AKTserved as a core protein of
the PI3K-Akt signaling pathway. We hypothesized that
kaempferol in Dingqing Tablet directly acted on AKT to treat
AML by regulating the PI3K-Akt signaling pathway.
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Figure 4: Kaempferol inhibits HL-60 cell proliferation. (a) HL-60 cell growth curves. HL-60 cells were treated with kaempferol (25μM, 50μM,
and 100 μM) and ATRA (10μM) for 72 h (b, c) Representative images (b) and quantification (c) were obtained via EdU incorporation assays.
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To clarify how the monomer of Dingqing Tablet
kaempferol acted on the proliferation of HL-60, we con-
ducted MTT experiments, which suggested that kaempferol
could inhibit the proliferation of HL-60 cells. Furthermore,
an EDU experiment was conducted to determine the effect
of kaempferol on the proliferation ability of HL-60 cells, and
consistent results were obtained. To explore the effect of

kaempferol on HL-60 apoptosis, we performed flow
cytometry and TUNEL experiments, which proved that
kaempferol promoted HL-60 cell apoptosis.

To verify the intrarelationship between kaempferol and
core targets AKT1 and VEGFA, we employed a biotin-la-
beled IP technique to observe the binding of kaempferol
target proteins. IP results suggested that kaempferol could
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Figure 5: Kaempferol promotes apoptosis of HL-60 cells. (a) Flow cytometry analysis of apoptosis was performed following kaempferol
treatment (25 μM, 50 μM, and 100 μM) and ATRA (10 μM). (b) TUNEL analysis of apoptosis following kaempferol treatment (25 μM,
50 μM, and 100 μM) and ATRA (10 μM). (c) Quantification of cell death detected in Figure 4(c). (d) Quantification of TUNEL+cell in
Figure 4(b). Data obtained were expressed as mean± SD (n≥ 3). ∗p � 0.05, ∗∗p � 0.01, ∗∗∗p � 0.001, ∗∗∗∗p � 0.0001 based on Student’s t-
test (two groups) or one-way ANOVA and Tukey’s test for more than two groups.
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combine with AKT1. To explore whether kaempferol was
linked to the AKT1 downstream apoptosis signaling path-
way, WB and qPCR results demonstrated that kaempferol
could elevate the expression of apoptotic proteins and re-
duce the expression of anti-apoptotic proteins by sup-
pressing P-AKT levels. qPCR assays also proved that
kaempferol could promote apoptosis of HL-60 cells. )e
previously described experiments demonstrated that
kaempferol could bind to AKT1, thereby reducing the levels
of P-AKT and promoting apoptosis of HL-60 cells.

Taken together, the main components and targets of
Dingqing Tablet were predicted in a network pharmaco-
logical approach. Meanwhile, molecular docking was
employed to determine the key components kaempferol and
the core overlapped protein AKT1. )e IP experiment
demonstrated that kaempferol and AKT1 could interact with

each other, and further findings indicated that kaempferol
reduced the levels of P-AKTand promoted apoptosis of HL-
60 by binding to AKT1.

5. Conclusion

)e monomer kaempferol of Dingqing Tablet could pro-
mote apoptosis of HL-60 cells. )e mechanism of Dingqing
Tablet might correlate with the combination of kaempferol
and AKT1, reducing the level of P-AKT and promoting the
expression of the apoptotic signaling pathway.

Data Availability

)e data used to support the research were included within
this manuscript.
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Polyalthia suberosa (Roxb.) is a plant used to cure coughs, dysentery, fevers, joint aches, rheumatic pain, inflammation, and a
variety of skin diseases.*e aim of the study was to evaluate the ethyl acetate extract of Polyalthia suberosa (P. suberosa) leaves and
their effects onmice for neuropharmacological, analgesic, and antidiarrheal activities. For neurological studies, the hole cross, hole
board, open field, and thiopental sodium-induced sleep duration measurement methodologies were used. *e castor oil-induced
diarrhea inhibition test was used to assess antidiarrheal action, and the acetic acid-induced writhing inhibition test was used to
determine analgesic effectiveness. *e extract was given in doses of 250 and 500mg kg−1 body weight. As a standard drug,
diazepam at a dosage of 3mg kg−1 was used.*e extract was also given to groups, and sleep time was measured and recorded.*e
onset of the anxiolytic effect of the extract at both doses was found to be significant (p< 0.001), and sleep time increased to 273
minutes. For assessing analgesic activity, the extract along with standard diclofenac was administered and found to be 55.02
percent and 64.33 percent, respectively, for the extracts, and diclofenac was found to be 67.44 percent (p< 0.001). For antidiarrheal
activity, it was compared with the standard drug, loperamide. *e decrease for plant extracts was 50.07 percent and 70.06 percent
at 250mg kg−1 and 500mg kg−1, respectively, whereas it was 85.01 percent for loperamide (3mg kg−1) (p< 0.00). In this study, it
was found that ethyl acetate extract of Polyalthia suberosa leaves had strong CNS depressant, analgesic, and antidiarrheal activities,
which indicates that it may be used in contemporary medicine.

1. Introduction

Traditional medicine, like modernmedicine, has exploded in
popularity in Bangladesh in recent years. Traditional med-
icines (TM) in different forms have been utilized in our

nation as a crucial way of treating illnesses and managing
various health issues since the dawn of time [1]. In the
previous several years, traditional remedies have seen ex-
ponential development in recent years, and these treatments
are gaining appeal on both sides of the Atlantic. Because of
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their natural nature and fewer adverse effects, they are used
in both developing and developed nations. *ere are several
traditional medications available. Medicinal herbs, minerals,
and organic substances are all used. *e World Health
Organization (WHO) has compiled a list of 21,000 plants
utilized for medical reasons all around the globe [2, 3].

Sedatives and hypnotics are medicines that may relieve
anxiety and provide a relaxing effect while allowing you to
sleep. Currently, these medicines are widely used to treat a
variety ofmental problems, including anxiety and sleeplessness.
Long-term use of these presently available sedative-hypnotic
therapies, on the other hand, seems to have adverse effects
ranging from respiratory, digestive, and immune system
damage to decreased cognitive performance, physical depen-
dence, and tolerance [4]. Numerous herbal medications have
been shown to be active in the central nervous system (CNS)
and may have the ability to treat chronic diseases including
anxiety, depression, migraines, and epilepsy that do not re-
spond well to conventional treatments. For many years, people
in different parts of the globe have used herbal remedies to treat
emotional disorders, and as a consequence, the search for new
pharmacotherapy from medicinal plants has exploded in the
past decade [5]. Medicinal plants are valuable treasures with a
diverse range of compounds that are frequently used in
conventional medicine to prevent, relieve, or cure a variety of
human diseases in various parts of the world [6, 7], and about
80% of people in developing countries rely on herbal medicine
to treat their illnesses [8]. *ere are a few medicinal plants that
have neuropharmacological action and have fewer adverse
effects than conventional medications. *e presence of alka-
loids, glycosides, and flavonoids in high concentrations in plant
extracts has sedative, anxiolytic, and antiepileptic effects [9].
Analgesic effects are attributed to phenols and particular fla-
vonoids such as normal, quercetin, and luteolin [10, 11]. Plants
containing phytoconstituents such as tannins, alkaloids, sa-
ponins, flavonoids, steroids, and or terpenoids have antidiar-
rheal action [12]. Polyalthia suberosa (synonym: Uvaria
suberosa Roxb.; family: Annonaceae) is a short, tiny tree that is
extensively spread in Bangladesh, the West Indies, the Phil-
ippines, India, Sri Lanka, Malaysia, and Myanmar. Fruits are
often used to prevent diarrhea. Lung issues are treated using
fruits and herbs. Coughs, colds, and diarrhea are treated with
the leaves. It is also utilized as an anti-HIV drug and for
flatulence [13]. *e bark is used as a febrifuge to prevent di-
arrhea and dysentery. *is is an analgesic and laxative that is
readily astringent. Seeds have a diuretic, sedative, and soporific
action. Latex is utilized as an inexpensive filler for dental
cavities in the tropics [14, 15]. *e goal of this research was to
see whether the ethyl acetate extract of Polyalthia suberosa
leaves had any neuropharmacological, analgesic, or antidiar-
rheal properties.

2. Materials and Methods

2.1. Plant Collection and Extraction. During the month of
December 2018, the leaves of Polyalthia suberosa were com-
pletely collected by us from Sundarban, Bangladesh.*e sample
was identified by Sr. Scientist Mahabuba Sultana at Bangla-
desh’s National Herbarium in Mirpur, Dhaka. A voucher

specimen (DACB: 46476) was submitted for future reference.
*e plant’s leaves were gathered and cleaned in freshwater
before being chopped into tiny pieces and shred-dried for up to
ten days. Capacitor start motor, China dish, crushed the dried
leaves into a fine powder. Cold extraction of 560 g of powder in
900ml of 90% methanol in a clean and sealed glass jar for
fourteen days at room temperature with periodic shaking and
stirring yielded the crude extract. *e whole combination was
then coarsely filtered using a piece of clean, white cotton
material, followed by filter paper. *e extract was concentrated
first in a rotary evaporator at low pressure and then in the open
air. It was discovered that the yield was 5.5 percent w/w. In all
the studies, freshly produced extracts were utilized.

2.2. Phytochemical Screening. Using conventional chemical
assays, several phytochemical groups such as alkaloids,
glycosides, flavonoids, tannins, gums, saponins, and steroids
have been recognized by distinctive color change. *e
presence of carbohydrates was determined using the Mulish
and Fehling tests [16, 17]. Proteins were detected using the
Biuret test. *e presence of phytochemical analysis in plant
extracts and ethanolic aqueous solutions was determined
using the following conventional procedures [18–21].

2.2.1. Test for Tannins. *e 0.5 g extract was mixed with
10ml of bromine water. *e presence of tannins was shown
by the decolorization of bromine water.

2.2.2. Test for Saponins. In a test tube, 5.0mL of distilled
water was combined with an aqueous crude plant extract and
aggressively stirred. *e foam was combined with a few
drops of olive oil and violently agitated, revealing the
presence of saponins in the foam.

2.2.3. Tests for Flavonoids

(1) Shinoda Test. Magnesium ribbons and concentrated HCl
were combined with aqueous crude plant extract, and the
pink hue indicated flavonoid content.

(2) Alkaline Reagent Test. We combined 2ml of 2.0 percent
NaOH with aqueous plant crude extract and obtained an intense
yellow tint, which became colorless when we added 2 drops of
diluted acid to themixture. Flavonoids were found in this sample.

2.2.4. Tests for Glycosides

(1) Liebermann’s Test. Wemixed aqueous plant crude extract
with 2.0mL of acetic acid and 2mL of chloroform. After
cooling the liquid, we added concentrated H2SO4. *e entity
of an aglycone, the steroidal portion of glycosides, was
shown in green.

(2) Keller–Kiliani Test. A 4.0mL solution of glacial acetic
acid was combined with 10mL of aqueous plant extract and
1mL of concentrated H2SO4 to make a Keller–Kiliani
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combination. Between the layers, a brown ring developed,
indicating the presence of cardiac steroidal glycosides.

(3) Salkowski’s Test. To the aqueous plant crude extract, we
added 2mL of concentrated H2SO4. *e presence of the
steroidal aglycone portion of the glycoside resulted in a
reddish-brown tint.

2.2.5. Test for Terpenoids. *e 5ml of aqueous plant extract
was mixed with 2.0ml of chloroform and evaporated on the
water route before being heated with 3ml of concentrated
H2SO4. *e entity of terpenoids appeared as a grayish color.

2.2.6. Test for Steroids. To the 5ml of aqueous plant crude
extract, 2ml of chloroform and concentrated H2SO4 were
added. A red hue occurred in the bottom chloroform layer,
indicating the presence of steroids.

2.3. Experimental Animals. *is study utilized Swiss albino
mice that were 4-5 weeks old and weighed 25–28 g on av-
erage. *e mice were procured from the Pharmacology Lab,
Pharmacy Department of Jahangirnagar University. *e
mice were maintained in a regular setting for 10 days and
were given a standard pellet diet and free access to water.*e
study protocol was authorized by Daffodil International
University’s Institutional Animal Ethics Committee in

Dhaka, Bangladesh (Ref. FAHSREC/DIU/2019/1005, dated
December 6, 2019).

2.4. Evaluation of Neuropharmacological Activity

2.4.1. @iopental Sodium-Induced Sleeping Time. *e test
was carried out according to the instructions [22]. Negative
control groups, positive control groups, and test groups were
used to split the mice into four groups (I and II). In four
cages, each group of six mice was maintained separately.*e
mice in the negative control group were given 10ml kg−1

body weight of 1 percent (v/v) Tween-80 orally in distilled
water. *e mice in the positive control group were given
3mg kg−1 body weight of the conventional medication di-
azepam. Mice in research groups I and II were given crude
extract at dosages of 250 and 500mg kg−1 body weight,
respectively. With the use of a needle, all dosages were given
orally. After 30 minutes, all sleep-inducing groups received
thiopental sodium (40mg kg −1) intraperitoneally. All the
animals began to sleep at the same time. *e mice were
placed in the inverted posture after being put to sleep, and
after the sedation was finished, the mice returned to normal,
and the time was recorded. *e hypnotic effect index was
calculated as the time between the loss and recovery of the
righting reflex. Latency was defined as the period between
the thiopental sodium injection and the onset of sleep. *e
following formula was used to determine the percentage of
effect:

effect(%) �
average duration of loss of righting reflex in the test group

average duration of loss of righting reflex in the control group
× 100. (1)

2.4.2. Open Field Test. In this study, 24 mice were chosen at
random and split into four groups: negative control, positive
control, and test groups (I and II). *e negative control
group received just 1% (v/v) Tween-80 at a dosage of
10ml kg−1 body weight, whereas the positive group received
the standard medication, diazepam, as an oral solution at a
dose of 3mg kg−1 body weight. *e research groups (I and
II) were given oral doses of 250mg kg−1 and 500mg kg−1

body weight of plant extract solution. Orally, both dosages
were given with the help of sterile feeding. *e animals were
placed separately in one of the corners of square grids
(100 cm× 100 cm× 40 cm) after being diagnosed. *e
number of squares traversed by the mice was tracked for 3
minutes at 0, 30, 60, 90, and 120 minutes throughout the
observation period. *e experiment was conducted in a
completely quiet setting [23].

2.4.3. Hole Board Test. *emice were split into four groups,
each with six mice weighing 25–28 g. Group I received 1
percent Tween-80, Group II received diazepam at a dosage of
3mg kg−1 body weight, and Groups III and IV received
250mg kg−1 and 500mg kg−1 body weight, respectively, of
ethyl acetate extract of Polyalthia suberosa (leaves). Mice

were placed near the screen’s edge at the start of the ex-
periment. For the whole observation period, the number of
head dips in the holes for a period of 3 minutes was tallied at
0, 30, 60, 90, and 120 minutes. *e experiment was carried
out in a sound-proofed room [24].

2.4.4. Hole Cross Test. Following their respective care of the
community, the mice were separately placed in the cage’s
darker chamber, divided by a wall with a hole in the dark and
white chambers. At 0, 30, 60, 90, and 120 minutes, the total
number of crossings from one chamber to the other by the
mice of each group was tallied. *e experiment was carried
out in a sound-proofed room [25, 26].

2.5. Evaluation of Analgesic Activity

2.5.1. Acetic Acid-Induced Writhing Test. For the analgesic
test, the mice were split into four groups. Each group
consists of six mice. *e first group is for distilled water and
is a controlled group. Group 2 was the control group, which
received diclofenac sodium BP (10mg kg−1). Alcoholic ex-
tract (250mg kg−1 and 500mg kg−1) was given to groups 3
and 4. After 45 minutes, each mouse was given a 10ml kg−1
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body weight injection of 0.7 percent acetic acid. After 15
minutes of IP administration of acetic acid, the number of
writhing responses for each animal was recorded for 3

minutes, and the mean abdominal writhes for each group
were calculated [27]. *e percentage inhibition was calcu-
lated using the following formula:

inhibition (%) �
mean number of writhes (control) − mean number of writhes (drugs)

mean number of writhes (control)
. (2)

2.6. Evaluation of Antidiarrheal Activity

2.6.1. Castor Oil-Induced Diarrheal Test. All animals were
checked for diarrhea before the experiment by giving them
0.5ml of castor oil orally, and the animals that started having
diarrhea were chosen for the test. Following the screening,
twenty-six mice were chosen and split into four groups, each
with six mice. Prior to the trial, mice were fasted for 18 hours
with free access to water. Group 1 received distilled water
(10ml kg−1 body weight) as a control, whereas Group 2
received a standard treatment (loperamide 3mg kg−1 body
weight). *e extract was administered in different dosages to
groups 3 and 4 (250mg kg−1 and 500mg kg−1, respectively).
Both mice were given 0.5mL of castor oil orally 30minutes
after the treatment to initiate diarrhea and were placed in
cages on blotting paper. *e paper may be changed at any
time. For each group of animals, the quantity of diarrheal
feces was recorded and the percentage of defecation inhi-
bition was computed throughout the 4 h observation period
[28, 29].

2.7. Data Analysis. *e results are presented as an average
SEM. One-way variance analysis (ANOVA) was used in the
statistical analysis, which was followed byDunnett’s post hoc
test, a sleep time test, and a hole board test. Two-way
ANOVA was used for the hole cross test and open field test,
followed by Bonferroni’s post hoc testing. *e statistical
analysis was carried out with the help of Microsoft Excel
2007 software.

3. Results

3.1. Phytochemical Screening. *e presence of reducing
tannin, alkaloid, glycoside, steroid, flavonoid, phenol,
carbohydrate, and terpenoid, as well as the lack of sa-
ponins, was found in the crude ethyl acetate extract of
Polyalthia suberosa (leaves) in a chemical community
(Table 1).

3.2. Evaluation of Neuropharmacological Activity

3.2.1. @iopental Sodium-Induced Sleeping Time. When we
gave Polyalthia suberosa leaf extract at 250mg kg−1 and
500mg kg−1 dosages to thiopental sodium patients, their
sleeping duration was altered. In comparison with the
control group, the behavior of extracts shows that it lowers
latent duration and boosts or prolongs the sleeping time
(Table 2).

3.2.2. Open Field Test. Although the impact of diazepamwas
greater compared to the results of crude extracts, the crude
extracts exhibited a statistically significant decrease inmouse
movements when compared to placebo. At each measured
dosage of 250, 500, and 1000mg kg−1, decreased activity was
seen at the second observation and lasted until the fourth
observation (Table 3).

3.2.3. Hole Cross Test. Although the impact of diazepam was
strong compared to the crude extract testing, the crude
extracts demonstrated a statistically significant decrease in
locomotor activity in mice at any dosage tested (250 and
500mg kg−1). *e 2nd persistent observation to the 4th
observation revealed a decrease in locomotor operation
(Table 4 and Figure 1).

3.2.4. Hole Board Test. Although the impact of diazepam
was strong compared to the findings of the crude extracts,
the crude extracts at each dosage exhibited a significant
decrease in the frequency of head dips relative to the placebo
in the hole board check. *e effect started on the experi-
ment’s second observation and continued until the fourth
observation (Table 5 and Figure 2).

3.3. Evaluation of Analgesic Activity

3.3.1. Acetic Acid-Induced Writhing Test. At oral dosages of
250 and 500mg kg−1 body weights of mice, the crude extract
inhibited writhing by 55.02 percent and 64.33 percent, re-
spectively. *e conventional medication diclofenac sodium,
on the other hand, showed a 67.44 percent inhibition at a
dose of 10mg kg−1 body weight (Table 6).

3.4. Evaluation of Antidiarrheal Activity

3.4.1. Castor Oil-Induced Test. *e extract had a significant
antidiarrheal effect in mice in a castor oil-induced diar-
rhea test. When compared to the untreated control group,
the extract significantly reduced the incidence of defe-
cation (p 0.001) and dose lowered the total quantity of
diarrheal feces. At 250 and 500mg kg−1 dosages of the
extract, the percentage inhibition of diarrhea was 50.07
percent and 70.06 percent, respectively. *e percentage
suppression of diarrhea by loperamide HCl (3mg kg−1)
was 85.01 percent (p< 0.001, vs control) (Table 7 and
Figure 3).
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Table 2: Effect of Polyalthia suberosa on thiopental sodium-induced sleeping time in mice (mean± SEM, n� 6).

Group Dose Latent period Sleeping time % effect
Control (1% v/v Tween-80: water) 10ml kg−1 87.33± 1.45 136.67± 9.53 0.0
Standard (diazepam) 3 mg kg−1 2.6± 0.88 337.8± 14.19∗∗∗ 96.94
PS-250 250mg kg−1 40± 7.21∗∗∗ 251.67± 6.57∗∗∗ 51.53
PS-500 500mg kg−1 50.66± 3.84∗∗∗ 273± 8.76∗∗∗ 41.01
∗indicates p< 0.05, ∗∗indicates p< 0.01, and ∗∗∗indicates p< 0.001 when compared with control.

Table 3: Effect of Polyalthia suberosa on the open field test in mice (mean± SEM, n� 6).

Group Dose
Number of movements (% of movement inhibition)

0min 30 min 60 min 90 min 120 min
Control 10ml kg−1 26.5± 0.64 27.75± 0.47 28.0± 0.63 27.5± 0.65 27.5± 0.64
Standard 3 mg kg−1 20.5± 0.28∗∗∗ 13.0± 0.41∗∗∗ 10.5± 0.65∗∗∗ 9.25± 0.48∗∗∗ 8.25± 0.48∗∗∗
PS-250 250mg kg−1 24.0± 0.40∗∗ 18.25± 0.47∗∗∗ 16.5± 0.64∗∗∗ 15.55± 0.64∗∗∗ 15.73± 0.85∗∗∗
PS-500 500mg kg−1 23.25± 0.48∗∗ 16.0± 0.41∗∗∗ 13.5± 0.65∗∗∗ 13.25± 0.48∗∗∗ 13.5± 0.64∗∗∗
∗indicates p< 0.05, ∗∗indicates p< 0.01, and ∗∗∗indicates p< 0.001 when compared with control.

Table 4: Effect of Polyalthia suberosa on the hole cross test in mice (mean± SEM, n� 6).

Group Dose
Number of head dips

0min 30min 60min 90min 120min
Control 10ml kg−1 5± 0.70 6.2± 0.37 6.2± 0.48 6.6± 0.40 8.6± 0.24
Standard 3 mg kg−1 1.6± 0.51 1.2± 0.37∗ 1.6± 0.40∗∗ 1.2± 0.58∗∗ 0.2± 0.20∗∗
PS-250 250mg kg−1 0.0± 0.0 3.25± 1.65 3.75± 1.44∗ 2.5± 1.32 2.0± 1.23∗∗
PS-500 500mg kg−1 0.0± 0.0 0.25± 0.25∗ 0.75± 0.48∗∗ 2.25± 1.31 2.25± 1.31∗∗
∗indicates p< 0.05, ∗∗ indicates p< 0.01, and ∗∗∗ indicates p< 0.001 when compared with control.
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Figure 1: Polyalthia suberosa on the hole cross test in mice.

Table 1: Phytochemical test results of extract of Pterocarpus indicus.

Tested groups Ethyl acetate extract of P. suberosa (leaves)
Tannins +
Alkaloids +
Glycosides +
Saponins −

Steroids +
Flavonoids +
Phenol +
Carbohydrate +
Terpenoid +
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4. Discussion

Phytochemical analysis revealed the presence of alkaloids,
tannins, terpenoids, flavonoids, phenols, and steroids in
Polyalthia suberosa extracts in the current study. *e exis-
tence of these phytochemical substances has been linked to
Polyalthia suberosa’s biological activity. *e effects of sec-
ondary bioactive metabolites of Polyalthia suberosa on
neuropharmacology, analgesia, and antidiarrhea were in-
vestigated in this study. Vivo hypnosis, open field, hole

board, and hole cross methods all provide neuropharma-
cological impact. Beyond basic movement, the open field test
assesses a variety of aspects of behavior [30, 31].

*e open board test (HBT) is a scientific research
method for measuring anxiety, tension, and emotion in
animals [32]. It is possible to measure a wide range of
processes because of its measurement capabilities. It is a
common test in pharmacology, but the results are not always
obvious. External symptoms were estimated through hole
cross checks to complete the approval of anxiousness. Some
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Figure 2: Polyalthia suberosa on the hole board test in mice.

Table 6: Analgesic activity of Polyalthia suberosa on acetic acid-induced writhing in mice (mean± SEM, n� 6).

Treatment Dose Number of writhing (mean± SEM) % inhibition
Control (distilled water) 10ml kg−1 21.50± 2.92 00
Standard (diclofenac sodium) 10mg kg−1 7.0± 0.52∗∗∗ 67.44%
PS-250 250mg kg−1 9.67± 1.38∗∗∗ 55.02%
PS-500 500mg kg−1 7.67± 0.72∗∗∗ 64.33%
∗indicates p< 0.05, ∗∗indicates p< 0.01, and ∗∗∗indicates p< 0.001 when compared with control.

Table 5: Effect of Polyalthia suberosa on the hole board test in mice (mean± SEM, n� 6).

Group Dose
Number of movements (% of movement inhibition)

0min 30min 60min 90min 120min
Control 10ml kg−1 22.75± 0.95 24.5± 0.65 25.75± 0.85 27.25± 0.85 30.25± 0.85
Standard 3 mg kg−1 15.25± 0.95∗∗∗ 7.25± 0.63∗∗∗ 6.25± 0.62∗∗∗ 6± 0.82∗∗∗ 5.75± 0.48∗∗∗
PS-250 250mg kg−1 22.25± 0.48 16.25± 0.95∗∗∗ 13.75± 1.03∗∗∗ 10.75± 0.75∗∗∗ 11.25± 0.75∗∗∗
PS-500 500mg kg−1 21.5± 0.65 14.5± 1.05∗∗∗ 11.5± 1.04∗∗∗ 8.25± 0.63∗∗∗ 8.25± 0.48∗∗∗
∗indicates p< 0.05, ∗∗indicates p< 0.01, and ∗∗∗indicates p< 0.001 when compared with control.

Table 7: Effect of Polyalthia suberosa in the castor oil-induced diarrheal test.

Group Dose Total number of feces
(mean± SEM)

% inhibition of
defecation

Total number of
diarrhoeal

feces (mean± SEM)
% inhibition of diarrhea

Control 10ml kg−1 9.67± 0.88 00 6.67± 0.67 00
Standard
(loperamide) 3 mg kg−1 2.33± 0.33 76 1± 0.0∗∗∗ 85.01

PS-250mg 250mg kg−1 5.33± 0.88 44.89 3.33± 0.89∗∗∗ 50.07
PS-500mg 500mg kg−1 4± 0.58 58.64 2± 0.58∗∗∗ 70.06
∗indicates p< 0.05, ∗∗indicates p< 0.01, and ∗∗∗indicates p< 0.001 when compared with control.
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studies have found that plant extracts rich in alkaloids,
glycosides, and flavonoids have sedative, anxiolytic, and
antiepileptic properties that interfere with their properties at
the benzodiazepine site of the GABAergic complex structure
or are immediate or aberrant modulators that are respon-
sible for increases in GABA activity in the brain that cause
drowsiness and facies [33, 34]. It seems that the phyto-
chemicals included in the extract of Polyalthia suberosa
leaves contribute to the relaxing and sleep-inducing actions
on the CNS, at least to a limited degree. We started our
investigation to see how the effect of Polyalthia suberosa’s
CNS wretchedness differs from the uncontrolled locomotory
behavior of mice in hole cross and open field experiments.
*e oral organization of the test removal at dosages of 250
and 500mg kg−1 resulted in a substantial decrease in the
number of holes traversed and sleepiness to a new condition,
which was reversed when the CNS stimulating agent was
used. Each of the parts that were tested got a motion critique.
Another big impact was created, and this one was much
worse than the hole board test. By examining the exploratory
behaviors of rats, this test is established as a method of
evaluating the potential anxiolytic and narcotic effects of any
operator. *e behavior of animals plummeting their heads is
definitely linked to their mental tension [35]. According to
this view, the declaration of anxiolytic condition in animals
may be represented by an increase in head-plunging be-
havior [36], while a decrease in head-plunging was regarded
as related to the depressive effect [37, 38].

*e acetic acid-induced writhing procedure was used to
evaluate the extract’s analgesic effectiveness. Acetic acid
raised the levels of local endogenous chemicals such as
PGE2, PGF2, lipoxygenase products, acetylcholine, and
histamine, which are responsible for pain sensation in the
peritoneal fluids [39–41]. As the concentration of the extract
was raised, the inhibition of writhing in mice grew, and the
former acquired a remarkable inhibition of writhing similar

to normal diclofenac sodium (Table 6). Analgesic action is
known to be mediated by a variety of flavonoids, alkaloids,
and steroids [42]. *e phytochemical community of leaf
extract research has revealed several important phyto-
chemicals, such as alkaloids, tannins, and flavonoids. *ese
polyphenolic chemicals are thought to be responsible for the
leaf extract’s analgesic action.

Diarrhea is described as irregular defecation with a poor
consistency of feces, which may be caused by a disturbance
in water and electrolyte transport in the intestines.*e active
metabolite of castor oil, ricinoleic acid, stimulates the release
of endogenous prostaglandins and peristaltic activity in the
small intestine, resulting in alterations in the intestinal
mucosa’s electrolyte permeability [43, 44]. *e crude ethyl
acetate extract of Polyalthia suberosa (leaves) showed a
statistically significant decrease in the incidence and fre-
quency of diarrhea in experimental animals, according to
our findings. In the castor oil-induced diarrhea research in
mice, the Polyalthia suberosa extract exhibited a significant
antidiarrheal effect at both dosages.

5. Conclusion

*e results of this research show that Polyalthia suberosa leaf
extract possesses outstanding antidepressant, analgesic, and
antidiarrheal properties. In mice, the extract depresses the
CNS and possesses numerous sedative and anticonvulsant
properties. Finally, the results of this study provide evidence
for the plant’s potential application in ethnomedicine while
also providing early data on the plant’s core behavior.
Consequently, these findings offer fresh information on plant
development, which may lead to the identification of medi-
cines derived from natural sources. To isolate the bioactive
chemicals and explain the precise processes responsible for
the pharmacological actions found in this plant, further
chemical and pharmacological research is needed.
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Figure 3: Neuropharmacological, analgesic, and antidiarrheal activity of Polyalthia suberosa leaf extract in Swiss albino mice.
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potentially toxic. Conclusion. It was learned that irrational use of toxic plants and unknown compositions of recipes are
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1. Introduction

Traditional medicine is very ancient, and it is the sum of all
knowledge, skills, and practices based on the theories,
beliefs, and experiences specific to various cultures,
whether explicable or not, and for which is used in the
preservation of health, as well as in the prevention, diag-
nosis, improvement, or treatment of physical and mental
illnesses [1]. *e therapeutic effects of medicinal plants and
their uses in several medicines encourage people to use
herbal medicine to cure physical and mental illnesses.
Morocco, by its geographical position and climate condi-
tions, has a rich and varied flora, made up of more than
4,200 species, including 500 to 600 species that are used in
traditional medicine [2, 3].

Medicinal plants are widely used by the Moroccan
population to cure diseases [4–6]. Illiteracy, the limited
income of the Moroccan population, and sociocultural
factors, in general, have resulted in a relatively large demand
for treatment using plants. *is frequent use is due to the
belief of people that plants are natural products and have no
adverse or toxic effects [7, 8]. Products used are often a
“variegation” of plants; the knowledge and requirements of
preparation and consumption are generally not mastered
[9]. Previous studies conducted by the Anti-Poison and
Pharmacovigilance Center in Morocco (CAPM) have shown
that plants are involved in 3 to 5% of all poisoning across the
country [9, 10]. *ere is no official, traditional, and well-
coded pharmacopeia for Morocco. Due to the absence of
legislation and control, limitations such as little regulation of
collection, sale, or use of plants exist. *e lack of any formal
studies of the medicinal plants used in Morocco has also
limited the valuation of these species and development of
their use by modern medicine [9]. *ere was no systematic
listing of plants used in medicine in Morocco, and much of
the information available was or an oral nature with little
committed to writing. For the above reasons, it was deemed
necessary to conduct an ethnobotanical survey among
herbalists of the Fez-Boulemane region of Morocco in order
to collect as much information as possible concerning the
therapeutic uses of medicinal plants used by the indigenous
population of the Fez-Boulemane-Morocco region.

2. Materials and Methods

2.1. StudyArea. *e region of Fez-Boulemane is a part of the
Middle Atlas, Morocco (Figure 1), which is located in the
center-north of the Kingdom. It is considered as a crossroad
between the east and northeast of the Kingdom. *e Fez-
Boulemane region is subject to three climates: a continental
climate in the north, a cold and humid climate in moun-
tainous areas, and a semiarid climate in the high hills of
Boulemane. *e region also includes one of the largest
forests in Morocco and extends over most of the northern
slope of the elevated and mountainous plateau, extending
from Imilchil to Midelt, known as the Eastern High Atlas.
*us, due to its geographical position and its climatic
conditions, this region has a rich and varied flora that in-
cludes several species used in traditional medicine.

2.2. Data Collection. Between April and September 2016, an
ethnobotanical survey was conducted for four provinces in
the Fez-Boulemane region, including Moulay Yacoub, Fez,
Sefrou, and Boulemane. *e questionnaire was divided into
two parts; the first concerned sociodemographic and pro-
fessional parameters of herbalists, including age, sex, lo-
cality, level of education, years of experience, and source of
acquisition of knowledge; the second part was reserved for
ethnobotanical indices, including plants used, methods of
preparation, and pathologies treated.

2.3. Identification of Plants. Identification of botanical
names has been verified following the “Flore Practique du
Maroc” (Practical Flora of Morocco). Each plant has been
registered under a specific number and deposited at the
Herbarium of Biomedical and Translational Research Lab-
oratory (BTRL), Sidi Mohammed Ben Abdellah University,
Fez, Morocco.

2.4. Statistical Analyses. *e sociodemographic data were
analyzed by a simple descriptive statistical analysis using
percentages and frequencies. Ethnobotanical data were
analyzed using percentages and relative frequency of cita-
tion. Data entry and statistical analysis were performed by
SPSS v.21 software.

3. Results

3.1. Sociodemographic and Professional Parameters

3.1.1. Sociodemographic Data. Among the thirty herbalists
interviewed, the age varied between 20 years and 70 years,
with an average age of 52.13± 13.17 years. Eighty-seven
percent of herbalists questioned were in urban areas, with
the other 13% in rural areas. Forty percent of herbalists were
illiterate, and 20% had a primary school and 10% had a
secondary school education (Table 1).

3.2. Professional Data. Fifteen herbalists (50%) had pro-
fessional experience between 13 and 20 years, and 7 of them
had been practicing this profession for more than 20 years.
Twenty-eight of the herbalists had received no training in
herbal medicine. Concerning the source of information, 73%
of herbalists refer to the experiences of their parents to use
medicinal plants as remedies for specific diseases, 18% use
radio broadcasts, and 7% use books. *is study showed that
23 of the herbalists (77%) are not members of any associ-
ation of herbalists, while 7 (23%) are registered in associ-
ations (National Authority of Herbalists in Morocco)
(Table 2).

3.3. Ethnobotanical Data

3.3.1. Collection and Conservation of Plants. Twenty-six of
the herbalists (87%) bought plants from distributors, and
13% of them reported that they picked some plants from
forests according to a calendar open all year. Most herbalists
(22%) kept plants in a dry place, 19% in glass bottles, 13% in
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cloth bags, and 5% in plastic bags, and only 8% is kept away
from light. Concerning the duration of the conservation of
plants, it never exceeds 1 year.

3.3.2. Mode of Utilization of Medicinal Plants. Method of
preparation, parts used, and route of administration: in total,
nine parts of plants are used in traditional medicine in-
cluding the seed, roots, whole plant, leaves, flower, aerial
part, gum, and fruit. *e percentage of use of these different
parts showed that the leaves and the aerial part are the most
cited with 20% and 27%, respectively. *e whole plant, fruit,
and root take the second place with a respective percentage
of 12% and 11% (Figure 2). Decoction and infusion are the
two most used preparation methods with 42% and 24%,
respectively (Figure 3). *e oral route was the most used
(60%), followed by the cutaneous route (31%). Most cus-
tomers (67%) request prepared mixtures, and 33% prefer the
use of separate medicinal plants.

Among the most demanded plants by customers, we
note Lawsonia inermis L. (13%) and Rosmarinus officinalis
L. (12%), followed by Carum carvi L. and Lavandula coro-
nopifolia L. (11%) (Table 3).

Pathologies treated with plants: most people use medicinal
plants for the treatment of digestive disorders (25%), osteo-
articular diseases (24%), and urogenital diseases (12%) (Ta-
ble 4). Several groups of medicinal plants are used in the
treatment of diseases in the region of Fez-Boulemane (Table 5).

3.3.3. Toxic Plants andMixtures. Toxic plants recommended
by herbalists: some plants used by the local population for
treatments can cause toxic effects. *ese included Atractylis
gummifera L. (15%) followed by Peganum harmala L. (14%)
and Papaver somniferum L. (12%) (Table 6).

Mixtures proposed by herbalists: it was difficult to
obtain information on the mixtures because the herbalists’
answers remained vague and evasive; herbalists prefer to
sell ground and prepared mixtures. For fairly well-known
mixtures, herbalists sell recipes without description, and
the components are always sold in a powder format
(Table 7).

4. Discussion

According to floristic and ethnobotanical studies of the
medicinal flora of the Eastern High Atlas conducted between
2012 and 2013, only 20% of the population preferredmodern
medicine [11]. In southeastern Morocco, 70.7% of indi-
viduals practice phytotherapy [12]. *e results of the two
studies confirm ours since 75.1% of the population studied
use phytotherapy. A total of 108 species belonging to 51
families, of which Lamiaceae, Apiaceae, and Asteraceae are
the most represented medicinal plants used by the pop-
ulation of the region. *ese results were consistent with
those of a survey conducted in eastern Morocco [13], which
showed that the most represented botanical families in
eastern Morocco are 53 species of Asteraceae, 34 species of
Lamiaceae, 29 species of Fabaceae, 28 species of Apiaceae, 17
species of Liliaceae, and 17 species of Poaceae. Among the
108 species used in phytotherapy, the most often identified
are the same species used by the population of the Rabat
region of Morocco [14].

While various parts of plants are used, aerial parts were
the most used part, with 27.5%, followed by the leaves with
20.0%. According to several floristic and ethnobotanical
studies of medicinal plants, aerial parts are the parts most
used in phytotherapy [11, 15]. *e use of aerial parts, in-
cluding stems and leaves or leaves only, can be explained by
ease of harvesting and also availability of these parts
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Figure 1: Map of the study area, prepared by QGIS software.
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throughout the year. Another reason is that the aerial part is
the seat of photosynthesis [16–18].

Various therapeutic practices are used by local pop-
ulations, namely, decoction, infusion, powdered prepa-
ration, fumigation, poultice, maceration, raw, and
cooking. Most plants are involved in the treatment of
digestive disorders (18.3%), pathologies linked to meta-
bolism and secretion (14.7%), pathologies of the respi-
ratory system (11.4%), and also bone and joint diseases
(10%). Our results are in agreement with the works of
Tahri et al. [15]. *e methods for preparation mostly are
decoction, infusion, and powder, with a rate of 39.93%,
26.46%, and 16.63%, respectively. It has been reported
that preparations of plants are administered internally,
via oral ingestion or rectally by enemas, in 65.71% of
cases, or externally, by local application, in 31.42% [19].
*is agrees with our study where the oral route remains
the main mode of use of plants (66.4%) of the time. More
than 50% of the Moroccan population uses combinations
of two or more plants, which are, in most cases, sold by
herbalists.

Medicinal plants are complex mixtures of various
molecules. *eir composition is often unknown and made

up of molecules with known biological activity, including
heterosides, alkaloids, anthocyanins, tannins, and ste-
roids. *ese constituents can, at sufficient concentrations,
cause toxicity via multiple mechanisms of action [20].
Combining plants can be used as a mechanism for
masking the toxicity of herbal preparations in several
African countries [21]. Contents of these constituents can
“naturally” vary from one preparation to another; among
the plants used, 14.8% are toxic. *e study was conducted
on uses of medicinal plants in the circle of Mechra Bel
Ksiri region of western Morocco, which showed that only
27% of the population, especially the oldest subjects,
understand that plants can be toxic [13]. Alternatively, in
the study presented here, 96.7% of people using medicinal

Table 1: Distribution of herbalists according to sociodemographic
characteristics.

Variables Number of respondents
Proportion (%)

Sex
Male 28 93
Female 2 7
Locality
City 26 87
Village 4 13
Age (years)
<25 1 3
25–45 5 17
>45 24 80
Mean age 52.13
Level of education
Illiterate 12 40
Primary level 15 50
Secondary level 3 10
University 0 0

Table 2: Distribution of herbalists according to professional
characteristics.

Variables Number of respondents
Proportion (%)

Years of experience
<6 years 2 6
7–12 years 6 20
13–20 years 15 50
>20 years 7 23
Source of acquisition of knowledge
Ancestral experience 22 73
Radio 5 17
Books 2 7
TV 1 3

7%
11%

20%

1%
11%10%

12%

28%

Leaves
Fruits
Flowers

Bulb

Root
Seed
Whole plant
Aerial part

Figure 2: Parts of plants used by herbalists inFez-Boulemane
region, Morocco.
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Figure 3: Methods of preparation cited by herbalists in the region
of Fez-Boulemane.
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Table 3: Species of plants most requested by customers in the Fez-Boulemane region of Morocco.

Plant number Botanical name Families Common name Moroccan vernacular
name

Frequency of
citation

BTRL16E1 Ammodaucus leucotrichus Coss. and
Dur. Apiaceae Ammodaucus Kemmoun souffi 12

BTRL16E2 Carum carvi L. Apiaceae Caraway Kerouiya 23
BTRL16E3 Euphorbia resinifera L. Euphorbiaceae Euphorbia Daghmouss 9

BTRL16E4 Herniaria fontanesii L. Caryophyllaceae Smooth
rupturewort Herrast lehjar 20

BTRL16E5 Lavandula coronopifolia L. Lamiaceae Lavandula Lekhzama 22
BTRL16E6 Lawsonia inermis L. Lythraceae Henna L-henna 28
BTRL16E7 Matricaria chamomilla L. Asteraceae Camomile Babounj 8
BTRL16E8 Nigella sativa L. Ranunculaceae Nigella H’bat lbaraka, sanouj 16
BTRL16E9 Origanum compactum Benth L. Lamiaceae Oregano Zaâtar, zoukni 21
BTRL16E10 Pennisetum typhoides L. Poaceae Pearl millet Illan 13
BTRL16E11 Rosmarinus officinalis L. Lamiaceae Rosemary Azel 26
BTRL16E12 Ziziphus lotus L. Rhamnaceae Ziziphus lotus Sedra 10

Table 4: Distribution of pathologies treated with phytotherapy in Fez-Boulemane region, Morocco.

Pathology Frequency of citation
Proportion (%)

Digestive disorders 42 25
Osteoarticular diseases 39 24
Urogenital diseases 21 12
Metabolic disorders 16 10
Skin disorders 10 6
Cardiovascular diseases 10 6
Parasitic diseases 8 5
Respiratory diseases 7 4
Food poisoning 6 4
Carcinogenic diseases 5 3
Liver disease 2 1

Table 5: Distribution of pathologies treated with phytotherapy in the Fez-Boulemane region of Morocco.

Ailment Plants

Pathologies of digestive
disorders

Pennisetum typhoides L., Artemisia absinthium L., Ceratonia siliqua L.,
Cinnamomum zeylanicum L., Citrullus colocynthis L., Citrus limonia L.,

Coriandrum, Sativum L., Crocus sativus L., Fragaria vesca L., Mentha piperita L.,
Myristica fragrans Houtt., Nigella sativa L., Ocimum basilicum L., Ormenis mixta L.,

Papaver somniferum L., Peganum harmala L., Phoenix dactylifera L.,
Pimpinella anisum L., Prunus amygdalus L., Punica granatum L.,

Raphanus sativus L., Rosa centifolia L., Rosmarinus officinalis L., Ruta graveolens L, Salvadora persica L.,
Sesamum indicum L., Dymus vulgaris L.,

Trigonella foenum-graecum L., Vitis vinifera L., Zea mays L., Zingiber officinale L.

Metabolic disorders

Artemisia absinthium L., Euphorbia resinifera L., Nerium oleander L., Artemisia
herba-alba Asso, Brassica rapa L., Trigonella foenum-graecum,

Glycyrrhiza glabra L., Armoracia rusticana L., Origanum majorana L.,
Aristolochia baetica L., Salvia officinalis L., Cinnamomum verum L., Trigonella foenum-graecum, Linum

usitatissimum L., Punica granatum L., Ficus carica L.,
Eugenia caryophyllata *unb., Olea europaea L., Nigella sativa L.,

Rhamnus alaternus L., Prunus dulcis L., Ruta montana L., Zingiber officinale L.

Respiratory diseases

Atropa belladonna L., Brassica rapa L., Rosmarinus officinalis L., Viola odorata L.,
Cinnamomum zeylanicum L., Eugenia caryophyllata *unb., Mentha piperita L.,

Marrubium vulgare L., Myristica fragrans Houtt., Ocimum basilicum L., Ormenis mixta L., Papaver rhoeas
L., Papaver somniferum L., Petroselinum sativum Hoffm.,

Phoenix dactylifera L., Pimpinella anisum L., Prunus amygdalus L.,Dymus vulgaris L., Zingiber officinale L.
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Table 5: Continued.

Ailment Plants

Urogenital diseases

Citrullus colocynthis L., Ocimum basilicum L., Ormenis mixta L., Papaver somniferum L., Peganum harmala
L., Petroselinum sativum Hoffm., Pimpinella anisum L., Rosa centifolia L., Ruta graveolens L., Zingiber
officinale L., Myristica fragrans Houtt., Atropa belladonna L., Olea europaea L., Petroselinum sativum
Hoffm., Punica granatum L., Raphanus sativus L., Herniaria hirsuta L., Lavandula vera L., Peganum

harmala L.

Skin diseases

Argania spinosa L., Citrus limonia L., Corylus avellana L., Lawsonia inermis L.,
Peganum harmala L., Prunus amygdalus Mill., Raphanus sativus L., Rosa centifolia L., Ruta graveolens L.,
Sesamum indicum L., Atractylis gummifera L., Peganum harmala L., Lavandula vera L., Delphinium

staphisagria L., Ziziphus lotus L., Dymelaea microphylla L.

Cardiovascular diseases

Allium sativum L., Argania spinosa L., Atropa belladonna L., Brassica rapa L.,
Cinnamomum zeylanicum L., Corylus avellana L., Nigella sativa L., Olea europaea L.,

Papaver rhoeas L., Punica granatum L., Rosmarinus officinalis L.,
Sesamum indicum L., Dymus vulgaris L., Trigonella foenum-graecum L.,

Viola odorata L., Vitis vinifera L., Prunus amygdalus L.

Osteoarticular diseases

Cinnamomum camphora L., Citrus limonia L., Myristica fragrans Houtt.,
Papaver somniferum L., Rosmarinus officinalis L., Ruta graveolens L.,

Dymus vulgaris L., Vitis vinifera L., Zea mays L., Zingiber officinale L.,
Pennisetum typhoides L., Citrullus colocynthis L., Alpinia officinarum Hance.

Table 6: Distribution of recommended toxic plants by herbalists in the region of Fez-Boulemane, Morocco.

Botanical name Common name Moroccan vernacular name Frequency of citation Proportion (%)
Aristolochia longa L. Long aristolochi Bereztem 14 11
Atractylis gummifera L. Distaff thistle Daad, chouk el aalk 20 15
Atropa belladonna L. Belladonna Belaydour 13 10
Citrullus colocynthis L. Bitter apple Hadja, taflzazte 11 8
Delphinium staphisagria L. Stavesacre Habat ras 9 7
Myristica fragrans Houtt. Nutmeg L’goza 4 3
Nerium oleander L. Nerium Deffla, Alili 15 11
Nigella sativa L. Nigella h’bat lbaraka, sanouj 7 5
Papaver somniferum L. Opium poppy Kharchakha 16 12
Peganum harmala L. Wild rue L’harmal 18 14
Urginea maritima L. Squill Âanssla 6 4

Table 7: Mixtures offered by herbalists in the region of Fez-Boulemane, Morocco.

Mixture Common name Botanical name Mode of use

Mixture against cancer

Aristolochia
baetica Aristolochia baetica L.

All mixed with pure honey; it is advisable to take a small scoop
every morning until healing

Fenugreek Trigonella foenum-graecum
L.

Euphorbia Euphorbia resinifera L.
White

wormwood Artemisia herba-alba L.

Ajuga iva Ajuga iva L.
White

horehound Marrubium vulgare L.

Mixture against
digestive disorders

Black caraway Nigella sativa L. *e plants are powdered and mixed with honey, a teaspoon on
an empty stomachAnise Pimpinella anisum L.

Fennel Foeniculum vulgare L.

Mixture against
rheumatism

Nutmeg Myristica fragrans Houtt.

All mixed with honey; it is advisable to take a spoonful of coffee 3
times a day before meals

Ammodaucus Ammodaucus leucotrichus
Coss. and Dur.

Ginger Zingiber officinale L.
Alpinia Alpinia officinarum.L
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plants in the Fez-Boulemane region, Morocco, under-
stood the concept of toxicity and that some plants could be
toxic. *e best-known toxic plant is thistle, which is no
longer used for therapeutic purposes. *ree hundred and
twenty-eight or 54.6% of users of medicinal plants have
observed undesirable effects, including toxicity or ag-
gravation of the disease. *is can be explained by the lack
of awareness among tutors about risks of toxic effects
associated with the use of plants or by uninformed use of
plants, without respecting the dose, the parts used, nor the
method of preparation. Toxicities of several plants used by
the population of the region of Fez-Boulemane of Mo-
rocco including Atractylis gummifera L. have been
demonstrated in controlled clinical studies. Toxicity of
this plant is due to two diterpene glucosides, atractyloside
and carboxyatractyloside, which inhibit mitochondrial
oxidative phosphorylation [22]. Herniaria hirsuta is an-
other nephrotoxic plant that is the cause of several cases of
renal lithiasis received by the Hassan II hospital center in
Fez (CHU Fez) [23]. Use of Aristolochia longa L. as an
anticancer plant in Morocco can, due to aristolochic acid,
cause interstitial nephritis and DNA adducts to the kidney
[23]. Interstitial nephritis is also referred to as tubu-
lointerstitial nephritis and is inflammation of the area of
the kidney known as the renal interstitium, which consists
of a collection of cells, extracellular matrix, and fluid
surrounding the renal tubules. Most of the harmful effects
of medicinal plants are not due to inherent toxicities of
medicinal plants, but rather are due to errors in identi-
fication, involuntary contamination, and noncompliance
with the adequate dose or interactions with drugs [19]. In
this survey, 61.7% of the population uses plants in
combination with synthetic pharmaceuticals, which can
increase risks of side effects and can result in frank
toxicities. Pharmacokinetic interactions of herbal

products can affect absorption, distribution, and elimi-
nation of certain prescribed drugs. In other cases, in-
teractions can promote increases in concentrations and
cause undesirable side effects.

5. Conclusions

Morocco has a rich and variable flora, which, in part, ex-
plains the frequent use of plants for therapeutic, cosmetic,
and gastronomic purposes. However, the irrational, anar-
chic, and uncontrolled consumption of plants can be re-
sponsible for poisoning, which can be life-threatening.*us,
our study allowed us to describe the relative importance
given to the use of phytotherapy by the population of the
region of Fez-Boulemane and to confirm the persistent use
of plants for therapeutic purposes, despite the revolution of
medical technology and availabilities of modern synthetic
pharmaceuticals. It was learned that toxic plants and un-
known compositions of recipes are also sold to consumers.
Hence, the interest in raising awareness among population
about the dangers is associated with the use of non-
scientifically validated plants for treatment.
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Lepidagathis hyalina Nees is an ethnomedicinally potential Asian herb, locally used to treat cardiovascular diseases and coughs.
/e study was intended to evaluate qualitative and quantitative investigation to ensure numerous pharmacological properties of
methanol extracts of L. hyalinaNess root (MELHR). MELHRmanifested strong radical scavenging activity in the reducing power
and DPPH (1, 1-diphenyl-2-picrylhydrazyl) assays, and phenol and flavonoid in the quantitative assays. In the study of the
thrombolytic assay, MELHR showedmoderate explicit percentage of clot lysis (29.39± 1.40%) withmoderate (135.35 µg/mL) toxic
properties. /e in vitro anti-inflammatory activity was evaluated by the inhibition of hypotonicity-induced RBC hemolysis,
whereas the plant extract exhibited a significant (pp ˂ 0.005) dose-dependent inhibition and the highest inhibition was found
55.01± 3.22% at 1000 µg/mL concentration. Moreover, the MELHR also showed significant (p< 0.005) dose-dependent po-
tentiality on protein denaturation which is considered as antiarthritic activity, and the peak inhibition was found significant
(71.97± 2.71%) at 1000 µg/mL concentration. MELHR also exhibited the dose-dependent and statistically significant anthelmintic
potential on aquariumworm (Tubifex tubifex). So, the present investigation suggests that L. hyalina could be the best choice for the
management of cardiovascular, inflammation, arthritis, and anthelmintic diseases. Further investigation should be necessary to
determine behind the mechanism of bioactivity and therapeutic potential of this plant.

1. Introduction

Free radicals are major concern for biological evolution and
also have certain beneficial effects on some species [1]. An
imbalance between the accumulation and production of ROS
in tissues causes oxidative stress [2, 3]. Oxidative stress
triggers inflammation, which in chronic conditions results in
atherosclerosis formation, thrombosis, plaque rupture,
myocardial injury, and failure like serious cardiac diseases
[4, 5]. Different epidemiological studies express that some
inflammatory mediators not only facilitate the proliferation of

malignant cells in the microenvironment of the tumor, but
also induce metastasis and angiogenesis and redefine the
responses of hormones, chemotherapeutic agents, and overall
adaptive immunity [6]. Some bioactive compounds such as
capsaicin, catechins, lycopenes, cucurbitacin B, isoflavones,
phenethyl isothiocyanate, benzyl isothiocyanate, and piper-
longumine have been proved to exert effective pharmaco-
logical activities to treat cancer [7]. Certain phytochemicals
like thymol, berberine, curcumin, lycopene, epigallocatechin,
resveratrol, vanillin, and sulforaphane may also reduce the
possibility of the onset of several types of cancer [8–11].
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Arthritis becomes a common cause of disability in
developed countries nowadays, which is attributed to pain,
restricted joint movement, and synovial membrane in-
flammation [12, 13]. Fibroblast-like synoviocytes (FLSs)
facilitate both the propagation of joint damage and in-
flammation by producing proinflammatory mediators like
matrix metalloproteins (MMPs), interleukins (IL6, IL8),
and prostaglandins (PGE2) [14]. For this reason, anti-in-
flammatory agents can also be used as a long-term treat-
ment of rheumatoid arthritis [15]. /rombolytic agents
activate plasminogen to plasmin, which clears the fibrin
mesh. As a result, the clot becomes soluble and blood flow
gets normalized [16]. As the consequences of inflammation
spread over a wide range of actions like asthma and ath-
erosclerosis, multitargeted therapeutic approaches can be
appeared prevailing over combination therapy or just
single-target drugs [17, 18]. Besides, the antioxidant
properties containing agents may prevent inflammation
and thrombotic as well as help to prevent cardiovascular
diseases [19].

Helminthiasis (worm infestation) is a macroparasitic
ailment in which parasitic worms such as nematodes,
trematodes, cestodes, and other parasitic worms infest the
human and animal body and cause a variety of disorders
like pneumonia, malnutrition, eosinophilia, anemia, etc. It
exacerbates global economic and social difficulties, par-
ticularly in tropical areas [20]. According to the World
Health Organization, helminthiasis affects 1.5 billion
people or 24% of the world’s population [21]. However, in
developing countries, it has become a major public health
issue owing to anthelmintic misuse, which has resulted in
the development of anthelmintic resistance in parasitic
worms [22].

However, antioxidants (e.g., arginine, glutathione, tau-
rine, selenium, tea polyphenols, superoxide dismutase, and
vitamin C, E, and A) overcome the oxidative stress by
scavenging free radicals [2,3]. Unfortunately, plenty of
synthetic agents used for the treatment of these diseases have
potential side effects and also cannot afford adequate
therapeutic significance [23, 24]. /erefore, the drugs, which
can generate effect against parasitic worms, scavenge RONS,
inhibit inflammation, exhibit thrombolytic activities, and
give minimal side effect, would be a jackpot in the drug
development process [25]. Plants have diversified phyto-
chemicals obtained from secondary metabolism [26] that
give diversified biological activities including some good
pharmacological actions [27]. For instance, lichens, Allium
sativum (garlic), and Hydrastis canadensis are good options
of antimicrobial activities with lesser side effects than their
synthetic counterparts like streptomycin and Aureomycin
[28]. So, the popularity of traditional medicine is increasing
in both developed and developing countries for its low cost
and less side effects [29]. Additionally, incorporating plant-
derived bioactive compounds in the conventional system is
also increasing day by day.

Lepidagathis hyalina, also known as Curved Lep-
idagathis, is a wild herb from the Acanthaceae family that
has various therapeutic potentials including antimicrobial
and antidiabetic activities [30, 31]. /is plant has been

reported in various subtropical locations across the world,
particularly in the Indian subcontinent. In Bangladesh, it is
mostly found in hill tract regions which have a long history
of use in the treatment of coughs and cardiovascular
disorders [30, 32]. According to a prior study, a biological
substance called triterpenoid saponin ((3-β-O-[α-L-
rhamnopyranosyl (1⟶4)O-β-D-glucopyranosyl] 16-
α-hydroxy-olean-12-en (13)-28-oic acid)) identified in the
leaves of this plant has antibacterial and antifungal
properties, and also the stem part of this plant manifested
several pharmacological properties which are reported as
antioxidant, thrombolytic, antidepressant, and anxiolytic
activity [30, 32]. To verify its ethnomedicinal uses, we aim
to investigate several in vitro tests on Lepidagathis hyalina
Ness.

2. Methods and Materials

2.1. Chemicals. Sodium carbonate, ferric chloride, folin-
ciocalteu reagent (FCR), trichloroacetic acid, methanol,
potassium ferrocyanide, potassium acetate, aluminum
chloride, hydrochloric acid, and sulfuric acid were pur-
chased from Merck (Darmstadt, Germany). Diclofenac
sodium and levamisole were brought from ACME Labo-
ratories Ltd. (Dhaka, Bangladesh). Sodium acetate, quer-
cetin, and 1, 1-diphenyl-2-picrylhydrazyl (DPPH) were
collected from Sigma Chemical Co. (St. Louis, USA). Ly-
ophilized streptokinase vial (1500000 IU) and vincristine
sulfate (1mg/vial) were gained from Beacon Pharmaceutical
Ltd. (Dhaka, Bangladesh). Ultraviolet-Vis spectrophotom-
eter (Shimadzu, Japan) was applied to take absorbance for
this experiment. Specified reference-tagged chemicals were
used in this research project which was an analytical grade
reagent.

2.2. Collection. /e roots of Lepidagathis hyalina Ness were
collected as fresh condition from the Golden Temple Hill
area, Bandarban, Chittagong, Bangladesh. After collection,
the plant taxonomy was authenticated by Prof. Dr. Sheikh
Bokhtear Uddin (Department of Botany, University Chit-
tagong, Chittagong–4331, Bangladesh), and also identified
and confirmed by Prof. Dr. Abu Sayeed (Department of
Pharmacy, International Islamic University Chittagong,
Chittagong-4318, Bangladesh).

/e roots of L. hyalina were washed and stored in
shade at low temperature for two weeks and after that
ground into coarse powder through a blender machine.
/e blended powder of root was put in an impermeable
container with a sufficient volume of methanol at room
temperature for 10–14 days, and the mixed solution shook
vigorously. A rotary evaporator was applied to filter the
mixed solution at 40–50°C. By this process, a deep green
sticky semisolid was formed and kept in a refrigerator
until further study. All of the research design and pro-
tocols have been approved and authenticated by the P&D
committee (Pharm-P&D17/08′’-19), Department of
Pharmacy, International Islamic University Chittagong,
Chittagong, Bangladesh.
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2.3. Phytochemical Screening. MELHS was experimented for
preliminary qualitative phytochemical analysis through the
standard determination method of phytochemicals (e.g.,
quinones, carbohydrates, alkaloids, reducing sugar, poly-
phenols, phenols, flavonoids, resins, glycoside, phloba-
tannins, xanthoproteins, triterpenoids, coumarins, cardial
glycoside, cholesterols, etc.) [33].

2.4. Antioxidant Activity Test

2.4.1. DPPH Radical Scavenging Assay. Free radical scav-
enging assay of methanol extract of L. hyalina Ness roots
(MELHR) was examined through the method described by
Tayab et al. [34]. /e DPPH reagent used all concentrations
of MELHR and kept 30 mins in the darkened room. After
incubation, the absorbance was recorded at 517 nm using a
UV spectrophotometer against a blank solution. Ascorbic
acid was subjected as a reference standard. /e free radical
scavenging assay was calculated by the equation as follows:

% scavenging activity �
Ac − As

Ac
× 100. (1)

Here, Ac � absorbance of the control and As
� absorbance of the sample.

2.4.2. Reducing Power Assay. /emethod of Sarkar et al. was
conducted to evaluate the reducing power assay of MELHR
[35]. 1 milliliter of several serial diluted concentrations (62.5
to 1000 µg/mL) was made and then mixed with 2.5ml of
0.2M phosphate buffer (pH 6.6) and 1% potassium ferri-
cyanide. At 50°C temperature, the mixed solution was in-
cubated for reaction completion. About 2.5ml of 10%
trichloroacetic acid was added and centrifuged the mixer for
10 mins at 3000 rpm. /e formed supernatant solution was
dispelled after centrifuging period. /en, a half milliliter of
0.1% ferric chloride and 2.5 milliliter distilled water were
summed up and then investigated the absorbance at 700 nm
on a UV spectrophotometer. /e blank and reference
standard that applied in this experiment was phosphate
buffer and ascorbic acid, respectively.

2.4.3. Total Phenolic Content Test. /e total phenolic con-
tent of MELHR was measured by the following method,
where gallic acid is used as standard [36]. 1ml of extract
solution and 1ml of the standard solution containing dif-
ferent concentrations were taken to the different test tubes.
5ml diluted FCR and 5ml solution containing different
concentrations of 7.5% sodium carbonate were added to
each test tube one after another. /e test tubes were incu-
bated at 25°C for 20 minutes to facilitate the reaction. /e
test tubes and a blank sample were placed in the UV ma-
chine, and absorbance was taken to 760 nm. A standard
curve was generated based on the gallic acid, and total
phenolic content (TPC) was calculated.

2.4.4. Total Flavonoid Content Test. /e content of total
flavonoid content of MELHR was measured by aluminum
chloride colorimetric method using quercetin as standard

[32]. 1mL of extract solution and 1ml of standard solution
containing different concentrations were taken to the dif-
ferent test tubes. 3ml methanol, 200 μl aluminum chloride
(10%), 200 μl of 1M potassium acetate, and 5.6 milliliters of
distilled water were added to each test tube one after another.
/e final mixture was placed in incubation for 30 minutes to
facilitate the reaction. /en, the sample, standard, and a
blank were placed into UV machine, and absorbance was
measured at 420 nm. Total flavonoid content was shown
as mg of quercetin equivalent/gm of dried extract.

2.5. Brine Shrimp Lethality Bioassay. /e cytotoxic prop-
erties of MELHR were investigated by the method of Alam
et al. with slight modification [37]. Artemia salina leaches
(brine shrimp eggs) were subjected as test organisms to
evaluate the toxic potential. To develop artificial seawater,
the seawater (38 g/L) and 1N NaOH were mixed well and
adjust the pH 8.5. After that, shrimp eggs were hatched in
this mixer and placed at room temperature under a constant
oxygen supply. Around 2 days were allowed for maturing the
shrimp eggs into larvae which were named nauplii. /e
crude extract was dissolved in DMSO (5mg/mL) with ar-
tificial seawater and considered as a test sample which was
led to serial dilution and obtained several concentrations
(31.25 to 1000 µ/mL). Vincristine sulfate was used in this
experiment as a positive control as the preceding method in
serial concentrations between 0.125 µg/mL to 10 µg/mL. In
each experimental vial, ten alive nauplii were added and
incubated at room temperature under the light. After in-
cubation, an amplifying glass was applied to calculate the
living nauplii in each vial and record the number. /e
mortality percentage of nauplii was figured out according to
the equation:

percentage (%) of mortality �
N0 − N1

N0
× 100, (2)

where N0 � number of nauplii taken and N1 � number of
nauplii alive.

2.6. Anti-Inflammatory Assessment

2.6.1. Erythrocyte Suspension Preparation. Alsever solution
(0.5% citric acid, 0.8% sodium citrate, 2% dextrose, and
0.42% sodium chloride) was taken and equally mixed with
fresh whole blood that was taken from some healthy vol-
unteers. /en, the blood solution was centrifuged at 3000 g
for 10 mins. After that, isosaline was subjected to wash the
packed cells, then made 10% v/v solution, and kept at 4°C
before use in this experiment.

2.6.2. Hypotonic-Induced Human Red Blood Cell Hemolysis.
/e anti-inflammatory effects of MELHR were inspected on
hemolysis of human red blood cells (HRBCs) induced by a
hypotonic solution and were evaluated using the described
method with slight modification [18]. Different concentra-
tions (31.25 to 1000 µg/mL) of crude extract and diclofenac
sodium were taken, and then, add 0.5mL of stock
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erythrocyte (RBC) suspension, 1mL of 10mM sodium
phosphate buffer (pH 7.4), and 2mL of hypotonic solution
(50mM sodium chloride), respectively. 0.5mL of stock
erythrocyte (RBC) suspension and the hypotonic-buffered
solution were mixed and considered as a control sample
solution. /e different mixer that was made in this exper-
iment was incubated for half an hour at 37°C temperature
and then centrifuged for 20 mins at 3000 g. After centri-
fugation, the supernatant solution was subjected to calculate
the absorbance at 560 nm on a UV spectrophotometer. /e
percentage of inhibition was counted through the equation
as follows:

percentage (%) of inhibition �
OD1 − OD2

OD1
× 100, (3)

where OD1 � optical density of the hypotonic-buffered saline
solution and OD2 � optical density of test sample in a hy-
potonic solution.

2.7. AntiarthriticAssay. /e antiarthritic activity of MELHR
was investigated by the method of the protein denaturation
technique [18]. /e reaction mixture of test solution
(0.5mL) consisted of 5% w/v aqueous solution of bovine
albumin (0.45mL) and test sample (0.05mL), and the
control solution (0.5mL) comprised a mixture of 0.45mL
bovine serum albumin (5% of w/v aqueous solution) and
0.05mL of distilled water. Different concentrations (31.25 to
1000 µg/mL) of MELHR and diclofenac sodium were taken.
1N HCl was applied to adjust the pH 6.3 of the solutions and
then incubated first for 20mins at 37°C temperature. After
that, all solutions were kept in an incubator for half an hour
again at 57°C. After the incubation process, all the solutions
were cooled, and then add 2.5milliliters of phosphate buffer.
/eUV-visible spectrophotometer was subjected to measure
the absorbance of the solutions at 416 nm. /e control
manifests 100% protein denaturation. /e following equa-
tion was used to measure the percentage inhibition of
protein denaturation:

percentage (%) of inhibition �
AC − AS

AC

× 100, (4)

where AC � absorbance of the control and AS � absorbance
of the sample.

2.8. :rombolytic Activity. /e in vitro thrombolytic assay
was performed using streptokinase vial in the same method
described by Hasnat et al. [38]. 0.5ml of venous blood
withdrawn from healthy volunteers was placed in ten sterile
microcentrifuge tubes which were previously weighed. Each
tube was placed in incubation for 45min at 37°C or clot
formation. When the clot formation is completed, serum
was gently removed from each test tube without disrupting
the clot. 100 µl of (10mg/ml) methanol extract was added to
the preweighed clot. 100 µl streptokinase was added to the
positive control group and 100 µl of distilled water in the
negative control group. All the tubes were further incubated
for 90min at 37°C for clot lysis. After removing the fluid, the

weight of the clot was further measured and the difference in
weight was calculated. /e percentage clot lysis was com-
puted using the formula:

% clot lysis �
weight of clot after removing the fluid

weight of clot
  × 100.

(5)

2.9. Anthelmintic Activity. /e anthelmintic activity of crude
extracts was measured by the method described by Ajaiyeoba
et al. with some minor modifications [39]. In this experiment,
the aquarium worm Tubifex tubifex was subjected to find out
anthelmintic potential because it has anatomical similarity
and belongs to the same group of intestinal worms./e sludge
worm used in this experiment was collected from the
aquarium shop of Chittagong. /e experiment was divided
into several groups; whereas the negative control group
consists of only distilled water, the positive control group
consisted of the standard drug levamisole (1mg/mL), and the
test group consisted of different concentrations (5, 8 and
10mg/mL) of crude extracts, respectively. In this investiga-
tion, 10 to 12 worms were placed in each Petri dish in five
different groups./en, 3mL of the different concentrations of
all groups was added to the Petri dish. /e initial time, pa-
ralysis time, and the death time of the worms were observed
and recorded carefully, in which paralysis time and death time
of worms were considered as the evaluation of the anthel-
mintic activity of this experiment. When the worm’s
movement could not be observed after shaking vigorously, the
paralysis time and the death time considered by the confir-
mation of worm’s movement could not be observed either
after shaking or when dipped in slightly warm water.

2.10. Statistical Analysis. GraphPad Prism version 7.00
(GraphPad Software Inc., San Diego, CA) was used to an-
alyze the experimental results. /e data were presented as
mean± SEM (standard error mean), in which ∗p< 0.05,
∗∗p< 0.01, and ∗∗∗p< 0.001 were considered as statistically
significant. /e one-way ANOVA was measured by fol-
lowing Dunnett’s test compared to the negative control. All
the assays were conducted as triplicate and repeated three
times each for the consistency of the result and statistical
function.

3. Results

3.1. Phytochemical Screening. /e qualitative phytochemical
experiment of methanolic extracts of L. hyalina Nees root
(MELHR) manifested the presence of carbohydrates, qui-
nones, alkaloids, reducing sugar, phenols, polyphenols,
flavonoids, triterpenoids, coumarins, and cardial glycosides.
/e yield of this experiment is summarized in Table 1.

3.2. Antioxidant Effect

3.2.1. DPPH Radical Scavenging Assay. /e antioxidant
activity of MELHR was investigated by DPPH free radical
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scavenging. /e crude extract manifests potential antioxidant
properties which were presented in Figure 1. /e maximum
antioxidant potency (76.18%) of MELHR has shown at 500µg/
ml concentration, while standard ascorbic acid demonstrates a
97.49% effect at the same concentration. Here, the potentiality
of scavenging properties was increased compared with the
increased concentration. /e IC50 values of MELHR and
ascorbic acid were 189.01% and 20.59%, respectively, which
was estimated via linear regression formula.

3.2.2. Reducing Power Activity. Reducing power is related to
antioxidant properties in which the components containing
reducing power can decrease the oxidized intermediated
lipid peroxidation process./e reducing power properties of
MELHR and ascorbic acid are summarized in Figure 2. We
can see that both extract and standard displayed increased
absorbance with the increased concentrations. /e peak
absorbance of MELHR was found 0.451 at 1000 µg/ml
concentration, whereas the standard has shown 1.88 ab-
sorbance at the same concentrations.

3.2.3. Total Flavonoid and Phenol Contents. /e total fla-
vonoid and phenol content of the crude extract was esti-
mated quantitatively. /e result is displayed in Table 2. /e
flavonoid and phenolic potentials of MELHR were found at
41.40± 0.204mg QE/gm and 98.61± 0.064mg GAE/gm,
respectively. Here, MELHR was carried out through linear
regression equation (for flavonoid activity, equation stands
as y� 0.0102x− 0.0637; for phenol assay, it was
y� 0.0039x+ 0.033).

3.3. Cytotoxic Activity. /e potential of cytotoxicity of crude
extract was evaluated via brine shrimp cytotoxic assay. /e
fatality result of plant extract was assessed in Figure 3. Here,
the LC50 value of MELHR was 135.35 µg/mL which was
demonstrated via linear regression equation

(y� 0.0691x+ 40.647) and the average percentage of mor-
tality was 63.33%.

3.4. Anti-Inflammatory Effect. /e in vitro anti-inflamma-
tory potential of MELHR is assessed in Figure 4, in which
crude extracts manifest dose-dependently and significantly
(p ˂ 0.05) increased the anti-inflammatory properties. /e
peak percentage of inhibition of hemolysis by hypotonic
solution and heat-induced hemolysis of crude extract was
found 55.01± 3.22 at 1000 µg/mL concentration, whereas
diclofenac Na manifested 82.46± 1.92 at the same
concentration.

3.5. Antiarthritic Effect. /e antiarthritic activity of MELHR
on protein denaturation is presented in Figure 5. /e plant
extract showed dose-dependent inhibitory potency when

Table 1: Result of phytochemical screening of methanolic extract of L. hyalina Nees roots (MELHR).

Phytochemicals Test types Appearance Results
Carbohydrates Molisch’s test Reddish color ring form ++
Quinones HCl test Yellow color present +

Alkaloids Wagner test
Mayer’s test

A reddish-brown color
Yellow color

++
+

Reducing sugar Benedict’s test
Fehling’s test:

Reddish color precipitate form
Red precipitate form

++
++

Phenols FeCl3 test Violet color form ++
Polyphenols Ferric cyanide test Blue-green color form +
Flavonoids Lead acetate test Fluorescence yellow color form ++
Resins FeCl3 test No precipitation −

Glycosides Shinoda test No deep red color −

Phlobatannins HCl test No reddish precipitate form −

Xanthoproteins Xanthoprotein test No reddish-brown precipitate form −

Triterpenoids Salkowski’s test Reddish-brown color form +
Coumarins Ammonia test Green color form ++
Cardial glycosides Legal test Brown color +
Cholesterols General test No red rose color −

++: Highly present; +: moderately present; −: absent.
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Figure 1: Percentage of radical scavenging activity by the DPPH (1,
1-diphenyl-2-picrylhydrazyl) assay of the MELHR (methanolic
extract of L. hyalina Ness root) and standard drug ascorbic acid
(AA) at differ concentrations.
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compared to diclofenac sodium. /e percentage of inhibi-
tion was 21.71± 3.53, 28.15± 1.88, 44.58± 2.03, 55.41± 3.25,
60.64± 1.22, and 71.97± 2.71 for MELHR; and 65.3± 1.09,
74.87± 0.89, 79.73± 0.82, 82.59± 1.4, 86.44± 0.73, and
93.59± 0.22 for diclofenac sodium at the concentration of
31.25, 62.5, 125, 250, 500, and 1000 µg/mL, respectively.

3.6. :rombolytic Effect. /e thrombolytic property of
MELHR is shown in Figure 6. /e experimental record
uncovers that MELHR has significantly (p ˂ 0.005) moderate
(29.39± 1.40%) clot lysis properties compared with both
positive and negative controls.

3.7. Anthelmintic Effect. /e anthelmintic activity of
MELHR was investigated on Tubifex tubifex worms which
finding summarized in Table 3. In this investigation, at the 5,
8, 10 µg/mL concentrations the extract manifested signifi-
cant paralysis time 13.2± 0.842, 7.37± 0.684, and

4.5± 065min; and death time 36.16± 3.096, 27.3± 2.197, and
15.53± 1.88min, respectively, whereas the standard drug
levamisole showed paralysis and death time 3.17± 0.189 and
6.5± 0.384min, respectively, at 1 µg/mL./e result indicated
that the effect of anthelmintic was directly proportional to
the concentrations of crude extract.

4. Discussion

Despite the availability of modern medicines, medicinal
plants in developing countries are becoming increasingly
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Figure 2: Reducing power of MELHR and standard drug ascorbic acid (AA) at different concentrations.

Table 2: Total phenol and flavonoid contents of methanol extract of Lepidagathis hyalina Ness root (MELHR).

Tested extract Total phenol content (mg GAE/g dried extract) Total flavonoid content (mg QE/g dried extract)
MELHR 98.61± 0.064 41.40± 0.204
MELHR: methanolic extract of L. hyalina Ness root.
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Figure 3: Percentage of mortality of brine shrimp at different
concentrations of methanolic extract of L. hyalina Nees (MELHR).
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Figure 4: In vitro anti-inflammatory activity (membrane stabi-
lizing assay) of methanolic extract of L. hyalina Ness root
(MELHR). Values are expressed as mean± SEM (n� 3); ∗p< 0.05 is
statistically significant comparison with diclofenac Na followed by
Dunnett’s test.
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popular as primary healthcare products because of their low
cost and low side effects and toxicity [40, 41]. In this study,
we conducted various tests to assess different health benefits
like antioxidant, anti-inflammatory, antiarthritic, throm-
bolytic, cytotoxic, and antianthelmintic of the methanolic
extract of Lepidagathis hyalina roots. Phytochemical
screening of the methanolic extract of L. hyalina roots
confirmed the presence of a wide range of chemical entities
such as carbohydrates, quinones, alkaloids, reducing sugar,
phenols, polyphenols, flavonoids, triterpenoids, coumarins,
and cardial glycoside that can be associated with several
pharmacological activities given by the plant extract.

/e numerous artificial antioxidants have been replaced
with plant-based polyphenols and flavonoids in recent years.
Nature source antioxidants are obviously safer to consume
than artificial antioxidants, which are suspected of harmful
effects on health [8, 42]. /e extracts of the plant were
compared with conventional antioxidant ascorbic acid,
which exhibited a dose-dependent antioxidant activity in
DPPH testing. /e IC50 values of crude extract were found
189.01%, which by comparison with ascorbic acid stand as
20.59%. /en, the connection of methanol extracts between
TPC, TFC, reducing power, and DPPH was analyzed, in-
dicating that MELHR has strong antioxidant potentiality

**
***

**
** **

*

100

80

60

40

20

0
%

 o
f i

nh
ib

iti
on

32 63 125 250 500 1000
Concentration (µg/mL)

% of inhibition of MELHR
% of inhibition of diclofenac Na

Figure 5: In vitro antiarthritic activity (inhibition of protein denaturation assay) of methanolic extract of L. hyalina Ness root (MELHR).
Values are presented as mean± SEM; one-way analysis of variance (ANOVA) followed by Dunnett’s test. ∗∗p< 0.01 and ∗∗∗p< 0.001 are
considered as significant compared with the diclofenac Na.
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Figure 6: In vitro thrombolytic activity of MELHR. Values are presented as mean± SEM; one-way analysis of variance (ANOVA) followed
by Dunnett’s test. ∗p< 0.05, ∗∗p< 0.01, and ∗∗∗p< 0.001 are considered as significant compared with control.

Table 3: Anthelmintic activity of methanolic extract of Lepidagathis hyalina Ness root (MELHR).

Treatment and concentration Time taken for paralysis in min Time taken for death in min
Levamisole (1 µg/mL)) 3.17± 0.189 6.5± 0.384
MELHR (5 µg/mL) 13.2± 0.842∗∗∗ 36.16± 3.096∗∗∗
MELHR (8 µg/mL) 7.37± 0.684∗∗ 27.3± 2.197∗∗∗
MELHR (10 µg/mL) 4.5± 0.65 15.53± 1.88∗

MELHR: methanolic extract of L. hyalina Ness root.
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[19]. However, the brine shrimp lethality test is a common
technique to test cytotoxic action along with ion channel
interference, enzyme inhibition, and antibacterial activity
[43]. LC50 at low concentration with a quick response in-
dicates that the plant extract is quite potent to give cytotoxic
activity [16].

Since the membrane of erythrocytes is regarded to be
analogous to the lysosomal membrane, the erythrocyte
membrane stabilization test is considered to be an efficient
tool for the anti-inflammatory drug screening process. /e
extracellular release of lysosomal contents by activated
neutrophils is an important phenomenon in the patho-
physiology of inflammation that is why membrane stabili-
zation tests play a crucial role to assess inflammation
[44, 45]. Both MELHR and diclofenac Na treatment groups
significantly increased the percentage of hemolysis in a dose-
dependent manner./us, the plant extract exhibited an anti-
inflammatory effect in medium to high doses. One of the
most well-known origins of arthritic diseases is the dena-
turation of tissue proteins. Denaturation of proteins can
result in the production of autoantigens in some arthritic
disorders [46, 47]. It might be caused by changes in elec-
trostatic, hydrophobic, disulphide, and hydrogen bonds in
proteins [47]. Here, the in vitro antiarthritic activity of
MELHR was summarized in terms of inhibition of the
protein denaturation method. /e study demonstrated that
both the standard drug and the plant extract increase in-
hibition level gradually with the increase in doses, but
diclofenac Na was observed to give better results than plant
extract indicating a better antiarthritic effect.

/rombosis occurs as a result of hypercoagulation of the
blood, damage to blood vessels, and blockage of blood flow
within blood vessels. It is a life-threatening vascular com-
plication of arthritis, myocardial infarction, pulmonary
embolism, cerebrovascular ischemia, stroke, and venous
embolism. Furthermore, venous thrombosis has been
identified as the second greatest cause of cancer-related
mortality [48]. /e plant extract significantly (p< 0.05)
reduced the percentage of clot lysis (29.35%) as moderate
scale compared with standard. A significant difference be-
tween the percentage values of clot lysis of positive and
treatment groups indicates the efficiency of plant extract to
exert effective thrombolytic activity. In a previous study,
carbon tetrachloride extract and dichloromethane soluble
extract have shown an almost similar level of activity
(24.89± 0.23 and 23.59± 1.29%, respectively) against
streptokinase standard [49].

As part of a study to assess anthelmintic action, it was
discovered that the crude extract causes dose-dependent
paralysis, ranging from loss of mobility to death. /e plant
extract’s paralysis and death time were compared to that of
the standard medication levamisole. /e anthelmintic ac-
tivity of the test extract steadily increased, although at a
higher concentration than levamisole. /e fact that the plant
extract includes a combination of components, but leva-
misole is a single component utilized as a medicine, might be
the explanation. It was obtained from the previous studies
that alkaloid, phenol, tannin, and terpenoids play an im-
portant role to give anthelmintic activity [50–52].

5. Conclusions

/e complied pharmacological results indicated that this
plant has a strong potentiality for the treatment of several
diseases like arthritis, inflammation, cancer, etc. In our
investigation, MELHR has been proved to have promising
radical scavenging properties. Additionally, MELHR pos-
sesses significant arthritis, anti-inflammatory, thrombolytic,
and anthelmintic activity with moderate toxic effects. /is
potentiality of MELHR could be due to the several bioactive
compounds that are found in phytochemical analysis.
Overall, L. hyalina Nees could be considered as a potential
source for discovering the secondary metabolites which
could be used for numerous pharmacological applications,
and further studies are required to reveal the mechanism
behind its potentiality.
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Background. Shen-Shuai-Ling Formulation (SSLF) has apparent effects on improving renal function, delaying the progression of
chronic kidney disease (CKD).Methods. Fifty male SD rats were randomly divided into 5 groups: Sham group, Model group, SSLF
group, CPN group, and C+ S group. 0e morphological changes and the collagen fibers of the rat kidneys were observed by HE
staining. 0e expression of α-SMA, Col I, SHH, Gli1, and snail1 was detected by Western blot and qPCR. 0en, the cells were
divided into the control group, SHH group, and SHH+SSLF serum group. Results. Compared with the Model group, the fibrosis
in SSLF, CPN, and C+ S groups was significantly alleviated. And, compared with those in the Model group, the expression of
α-SMA, Col I, SHH, Gli1, Snail in SSLF, CPN, and C+ S groups decreased remarkably. Conclusions. SSLF remarkably improves
renal function and alleviates renal interstitial fibrosis in UUO rats.

1. Introduction

CKD has become a prominent public health issue in the
world.0e global prevalence of CKD in 2017 was 9.1% (697.5
million cases). Nearly one-third of CKD cases occurred in
China (132.3 million) or India (115.11 million), with more
than 10 million cases in 10 countries and more than 1
million cases in 79 countries. In 2017, CKD caused 1.2
million deaths and was the 12th leading cause of death in the
world [1, 2]. 0e prevention and treatment of CKD and its
related diseases pose an immense challenge to the global
health system. 0e main pathological changes of renal in-
terstitial fibrosis (RIF) include myofibroblasts activation,
abnormal deposition of the extracellular matrix, and pro-
gressive increase of fibrous scars [3, 4]. RIF is a common
route and pathological feature in the development of all
kinds of CKD leading to end-stage kidney disease. It has
been confirmed that the severity of RIF is closely linked to
the degree of renal function declination. It is an effective

indicator of the disease prognosis. 0erefore, it is of great
significance to study the mechanism of RIF in order to delay
the pathological process of CKD and preserve renal function.

In recent years, a large number of studies have proved that
SHH (Sonic hedgehog) signaling pathway is involved in the
progress of liver, lung, and bile duct fibrosis [5–8]. 0us, the
SHH signaling pathway has become a focus in tissue fibrosis
research. Studies have shown that SHH is highly expressed in
damaged renal tubular epithelial cells and mainly functions
on proliferation and activation of interstitial fibroblasts
[9–12]. Many domestic and international experiments have
confirmed that the inhibition of the SHH signaling pathway
could significantly reduce renal fibrosis and protect renal
function [13]. Inhibition of Gli1, a marker protein in the
SHH-Gli1 signaling pathway, is the emphasis of research.0e
expression of Gli1 is a reliable indicator of the activation of
the SHH signaling pathway. Scholars abroad have also found
that activation of SHH can be precisely controlled by regu-
lating the expression of Snail. 0erefore, it is particularly
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important to seek a treatment scheme to block the activation
of the SHH signaling pathway.

SSLF is a prescription developed by Xin Zheng, a master
of Traditional Chinese Medicine with more than 60 years of
clinical experience [14]. SSLF contains rhubarb, keel, oyster,
Dangshen, astragalus, fungus Ganoderma lucidum, Epi-
medium, safflower, angelica, salvia miltiorrhiza, and dan-
delion [15]. SSLF has apparent effects on improving renal
function, delaying the progression of CKD, and can sig-
nificantly relieve clinical symptoms such as constipation and
abdominal distension. To study SSLF’s functional mecha-
nism and understand its potential inhibitory role in renal
fibrosis, this study utilizes the UUO model to mimic renal
interstitial fibrosis in rats and administers SSLF and/or other
medication to them. 0e pathological changes and cell
proliferation in renal fibrosis and the effects of SSLF on the
expression of SHH, Gli1, and snail1 protein have been
analyzed. 0e relationship between SSLF and the SHH
signaling pathway and the underlying mechanism of SSLF’s
inhibitory function against RIF is discussed in our study.

2. Materials and Methods

2.1. Animals and Cells. Fifty clean-grade male SD rats (7
weeks old, (200± 20)g) were purchased from the Laboratory
Animal Center of Chongqing Institute of Traditional Chinese
Medicine (Animal license No. SCXK:20120001). Normal rat
kidney interstitial fibroblasts (NRK-49F) were purchased
from the American Type Culture Collection (ATCC, Man-
assas, VA). 0e animal study was performed according to the
National Standards for Laboratory Animals. 0e animal
experiment was approved by the Animal Ethics Committee of
Chongqing Hospital of Traditional Chinese Medicine.

2.2. Experimental Herbal Formulation. SSLF is composed of
rhubarb, Codonopsis pilosula, Astragalusmembranaceus, Os
Draconis, Ostreagigastnunb, Carthamus tinctorius, Gano-
derma lucidum, Angelica sinensis, Salvia miltiorrhiza, Epi-
medium brevicornuMaxim, and dandelion, etc. SSLF used in
our research was processed by the Chongqing Institute of
Traditional Chinese Medicine.

2.3. Reagents and Instruments. Antibodies used in our ex-
periments included anti-SHH, anti-Gli1, anti-snail1, and
anti-GAPDH antibodies (Affinity Biosciences, China).
PVDF membrane, BCA Protein Assay Kit, and BeyoECL
Moon kit were acquired from Beyotime Biotechnology,
China. Cyclopamine was purchased from Selleck Chemicals,
USA. Experimental instruments included AU400 automatic
biochemical analyzer (OLYMPUS, Japan), BX51T-PHD-J11
microscope (OLYMPUS Company, Japan), image acquisi-
tion system CMOS (OLYMPUS Company, Japan), and
Image-Pro Plus (Media Cybernetics Company, USA), etc.

2.4. Animal Model and Experimental Design

2.4.1. Experimental Animals. 0e animal experiment was
approved by the Animal Ethics Committee of Chongqing

Hospital of Traditional Chinese Medicine. Fifty clean-grade
male SD rats were randomly divided into five groups with 10
rats in each group: Sham operation (Sham) group, Model
group, SSLF group, CPN group, and S +C group. 0e Sham
group were first sedated with 5% sodium pentobarbital.
0en, their abdominal cavities were cut open to expose left
ureters. Blunt dissection was performed on the left ureters
before the closure of abdominal cavities by stratified suture.
Besides the Sham group, all the other groups underwent the
same surgical procedures to establish UUO model rats: after
anesthesia with 5% sodium pentobarbital, the rats’ left
ureters were exposed and bluntly dissected. Double ligature
with 4–0 surgical suture on the upper 1/3 of the ureters was
applied to cut off the ureters before closing abdominal
cavities. 0e SSLF group were given 20mg/kg SSLF intra-
gastrically for 14 days. 0e dosage was calculated according
to Experimental Pharmacology [9]. 0e rats in the Sham
group andModel group were intragastrically given 20mg/kg
of distilled water for 14 days. 0e CPN group were con-
tinuously injected with 10mg/kg/d of Cyclopamine for 14
days. 0e S+C group were intragastrically injected with
20mg/kg/d of SSLF and intraperitoneally injected with
10mg/kg/d of Cyclopamine for 14 days. After 14 days,
tissues and blood were harvested from the rats fasted for 12
hours. SSLF has no obvious side effects [16].

2.4.2. Detection of Blood Biochemical Indexes. 0e blood
samples of rats were taken through the tail vein.0e samples
were settled at room temperature for one hour and
centrifuged at 3500 rpm for 5 minutes.0e clear supernatant
was used for serum SCr and BUN analysis by an automatic
biochemical analyzer.

2.4.3. Histopathological Analysis of the Renal Tissue. 0e
rats’ renal tissue was fixed in 4% paraformaldehyde for 24
hours, embedded in paraffin, and sectioned. 0e 3 μm thick
sections were dewaxed, treated with gradient ethanol,
stained with Hematoxylin and Eosin (HE), and sealed with
neutral resin.0e renal tissue was observed by a microscope.
0e nuclei appeared to be pink or red under the microscope.

2.4.4. Analysis of Renal Tissue Fibrosis. 0e renal tissue was
collected and immersed in a 4% paraformaldehyde tissue
fixative. After dehydration, permeation, waxing, and em-
bedding, 2 μm tissue sections were produced with a path-
ological slicer. PAS (Periodic Acid-Schiff) and Masson
staining were performed on the sections. Pathological
semiquantitative analysis of glomeruli and tubules was
performed using a light microscope. 0e degree of glo-
merular sclerosis was determined by selecting 50 glomeruli
under 400 times magnification from each slide, and the
sclerotic index of the glomeruli was calculated according to
the average points.

0e severity of sclerotic disease was scored from 1 to 4
points.0emesangial sclerotic area less than 25%was scored
as 1 point; the sclerotic area between 25% and 50% was
scored as 2 points; the sclerotic area between 50% and 75%
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was scored as 3 points; the sclerotic area larger than 75% was
scored as 4 points. 0e interstitial score of the renal tubules
was analyzed under 200 times magnification; 10 tubules per
visual field were observed. According to the range of renal
tubular atrophy, tubular type, stromal cell infiltration, and
fibrosis, scores of 0 to 3 were assigned: 0 for none, 1 for less
than 25%, 2 for 25%–50%, and 3 for 50–75%.

2.4.5.  e Expression of Fibrosis-Related Proteins Detected by
Western Blot. Renal tissue protein was extracted, quantified,
and visualized by Western blot after electrophoresis,
membrane transfer, and antibody incubation. Primary an-
tibodies (1∶1000 dilution) for α-SMA, Collagen I, SHH, Gli1,
and Snail were added for overnight incubation at 4°C on a
shaking bed, respectively.0en, the secondary antibody at 1 :
2000 dilution was added, and the membranes were incu-
bated at 37°C for 120min. After applying ECL color reagent
and dark chamber exposure imaging, the gray value of the
images was analyzed by Quantity One software. 0e ratio of
the target protein to the GAPDH band absorbance value was
calculated to reflect the expression level of the target
proteins.

2.5. In Vitro Experiments

2.5.1. NRK-49F Cells Stimulated by SHH. NRK-49F cells
purchased from ATCC (Manassas, VA) were utilized in the
in vitro experiments. 0e cells were treated with 10% fetal
bovine serum, 100000 units/L penicillin, and 100mg/L
streptomycin in the DMEM medium. 0e activation of
NRK-49F cells was induced for 24-, 48-, or 72-hour by
100 ng/L human SHH protein (StemRD Inc., Burlingame,
CA).0e expression of snail1 and Gli1 in vitro was evaluated
by Western blot analysis.

2.5.2. Preparation of SSLF-Containing Serum. Fifty clean-
grade male SD rats were given 20mg/kg of SSLF per day
intragastrically. After 7 days, blood was harvested from the
rats fasted for 12 hours. 0e blood samples of rats were
settled at room temperature for one hour and centrifuged at
3500 rpm for 5 minutes to obtain SSLF serum stock.

2.5.3. Administration of SSLF In Vitro. A humidified in-
cubator with 5% CO2 at 37°C was used to culture the NRK-
49F cells. 0e cells were divided into the following groups:
the untreated control group (control); SHH group (SHH) in
which cells were induced for 48 hours by 100 ng/L human
SHH protein; and SHH+SSLF group (SHH+SSLF) in
which cells were treated with 10% SSLF serum, 100000units/
L penicillin, and 100mg/L streptomycin in the DMEM
medium and induced for 48 hours by 100 ng/L human SHH
protein. An equal amount of nuclear and cytoplasmic ex-
tracts was tested for the expression of Gli1, snail1, Collagen I,
α-SMA, and PCNA by Western blot.

2.5.4. Network Pharmacology. 0e main targets of the
Shenhueling formula were predicted by network

pharmacology. 0e effective active ingredients of SSLF and
related targets were searched in TCMSP. Rheumatoid ar-
thritis-related genes were selected according to the Gene-
Cards disease database, and the PPI protein interaction
network was constructed to carry out GO enrichment
analysis and KEGG pathway enrichment analysis of key
targets.

2.6. Statistical Analysis. Data analysis was carried out using
SPSS 17.0 software. 0e quantitative data were expressed as
mean± SEM (x± s). Independent-samples t-test or ANOVA
was applied for the statistical analysis. Pairwise comparisons
were performed using t-tests. p value less than 0.05 was
considered statistically significant.

3. Results

3.1. Network Pharmacological Analysis. We used TCMSP to
find 10 major components of SSLF and Swiss TargetPre-
diction to predict 774 drug target genes. 0e intersection of
drug target genes and 414 targets of renal interstitial fibrosis
resulted in a total of 86 targets, which were involved in
biological processes and functions such as acute inflam-
matory response, protein binding, and growth factor re-
ceptor binding. 0e compounds targeting SHH were
identified as quercetin, CLR, and epoxyganoderiol A, re-
spectively, which were regarded as the major bioactive
compounds (Figure 1).

3.2. Animal Experiments

3.2.1. SCr and BUN Levels in Each Group. Compared with
the Sham group, the SCr and BUN levels in all the other
groups were significantly higher (p< 0.05). In comparison
with the Model group, SCr and BUN levels in SSLF, CPN,
and S +C groups were significantly lower (p< 0.05). In
comparison with the S +C group, SCr and BUN in SSLF and
CPN groups were significantly higher (p< 0.05). 0ere was
no significant difference between the SSLF and CPN groups
(Figure 2).

3.2.2. Observation of Kidney Samples in Each Group. 0e
kidneys from the Sham group were of normal size, dark red
color, and soft to the touch. In the Model group, the left
kidneys were obviously swollen and had a dark brown color.
0e renal capsules were tense; turbid fluid could be seen in
the incision. 0e calyxes of the renal pelvis were dilated and
deformed, and the renal cortex appeared to be significantly
thinner compared with that of the Sham group. 0e kidneys
in SSLF, CPN, and S +C groups were found to be swollen
and dark brown; however, their renal cortex appeared to be
slightly thicker than that of the Model group.

3.2.3. Histopathological Changes in Renal Tissues. 0e HE
staining of the Sham group showed normal renal tissue
structure. 0e tubules in renal tissues were arranged neatly,
and the basement membrane was continuous. No
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inflammatory infiltration in the stroma area was found.
Compared with the Sham group, the renal tubules in the
Model group were obviously dilated and atrophied. Fibrous
tissue proliferated in the cortical medulla. 0e renal inter-
stitial area expanded, and the infiltration of inflammatory
cells was apparent. Compared with the Model group, there
was less infiltration of renal interstitial inflammatory cells in
the SSLF, CPN, and S +C groups.0e dilatation and atrophy
of renal tubules and fiber proliferation were also alleviated.
No significant histopathological differences were seen in the
SSLF, CPN, and S +C groups. However, the S +C group
appeared to have less pathological changes (Figure 3).

3.2.4. Effects of SSLF on Collagen Fiber Deposition Rate.
According to the method described in paragraph 1.4.4, the
kidney samples from each group were counted and scored.
0ere were no obvious changes in the glomerulus and renal

tubule in the Sham group. In the Model group, there were
marked changes in the glomerulus, the renal tubule, and the
interstitial tissue. 0e mesangial matrix had increased with
hyperplastic mesangial cells, and the wall of the glomerulus
was thickened. 0e capillary was expanded or occluded, and
some of the pellets had segmental or spherical sclerosis. 0e
renal tubule was atrophic and exhibited an expanded small
tube. A large amount of the protein tube appears, accom-
panied by widened renal interstitial and infiltration of in-
flammatory cells. Renal stroma also showed microvascular
lesions, with focal distribution, disordered structure, de-
formation, and reduction of the capillary cavity. 0e mor-
phological changes in the C+ S and CPN groups were
slightly improved; the injury scores of glomeruli and tubules
were significantly reduced. PAS staining showed that
compared with the Model group, the glomerular score in the
SSLF group had decreased by 10% (p< 0.05), the CPN group
had decreased by 12% (p< 0.05), and the C+ S group had
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Figure 1: SSLF on renal interstitial fibrosis by network pharmacology analysis. (a) Venn diagrams of intersections of drug and disease
targets. (b) String analysis protein interaction network diagram. (c) Drug-active ingredient-target network diagram. (d) Bubble map was
analyzed by GO of intersection gene.
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decreased by 26% (p< 0.05). 0ere were no significant
differences between the SSLF and CPN groups. 0e renal
tubule stroma scores revealed by Masson staining showed
that, in comparison with that in the Model group, the score
of the SSLF group had decreased by 9% (p< 0.05), and that
of the C + S group had decreased by 14% (p< 0.05). And the
glomerular score of C + S group had decreased by nearly 21%
(p< 0.05). (Figures 4 and 5).

3.2.5. Western Blot and qPCR Analysis. 0e results of
Western blot and qPCR showed the protein expression of
α-SMA, Collagen I, SHH, Gli1, and snail1 in the renal tissue
of the Model group were significantly higher than those of
the Sham group (p< 0.05). And the protein expressions of
α-SMA, Collagen I, SHH, Gli1, and snail1 in the renal tissue
of SSLF, CPN, and C+ S groups were significantly lower
than those of the Model group (p< 0.05). 0ere was no
significant difference in the expression of fibrotic protein
markers between CPN and S +C groups (p> 0.05).
(Figure 6).

3.3. In Vitro Experimental Results

3.3.1. NRK-49F Cells Stimulated by SHH. In comparison
with the untreated control, the expressions of snail1 and Gli1
in NRK-49F cells stimulated by SHH (100 ng/ml) were
significantly increased. Western blot and qPCR showed that
the expression of snail1 and Gli1 in NRK-49F cells had
increased in a time-dependent manner upon SHH stimu-
lation.0e expression of snail1 and Gli1 peaked at 48 h; thus,
we set 48 h as the time point for follow-up experiments
(Figure 7).

3.3.2. Effects of SSLF In Vitro. 0e expressions of Gli1,
snail1, Collagen I, α-SMA, and PCNA in control and SHH
and SHH+SSLF groups were detected by Western blot and
qPCR at 48h. 0e expressions of Gli1, snail1, Collagen I,
α-SMA, and PCNA in the SHH+SSLF group were signif-
icantly lower than those in the SHH group (p< 0.05). 0e
SHH and SHH+SSLF groups had higher levels of Gli1,
snail1, Collagen I, α-SMA, and PCNA expression, compared
with control (p< 0.05). (Figure 8).

4. Discussion

Shen-Shuai-Ling Formulation (SSLF) is a prescription from
Traditional Chinese Medicine master Zheng Xin who has
more than 60 years of experience. Master Zheng is proficient
in the four classics of Traditional Chinese Medicine. Inte-
grating classical and modern knowledge, he specializes in
using Chinese herbal medicine to treat renal diseases. SSLF
protects renal function by purging turbid toxin, tonifying
healthy Qi, improving self-immunity, improving renal blood
homeostasis, etc. It reflects the Traditional ChineseMedicine
theory of strengthening body resistance and eliminating
pathogens.
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Figure 2: Levels of SCr and BUN in renal tissues in each group. (a) Levels of SCr in renal tissues in each group. (b) Levels of SCr in renal
tissues in each group.∗p< 0.05 compared with the Sham group; #p< 0.05 compared with the Model group; △p＜ 0.05 compared with the
S +C group; ▲p＞ 0.05 compared with the CPN group.

Figure 3: Histopathological changes in each group. 1: Sham group;
2: Model group; 3: SSLF group; 4: CPN group; 5: C + S group (HE
staining, ×200).
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To study the molecular mechanism of SSLF in the
treatment of renal interstitial fibrosis, we screened out major
bioactive compounds from SSLF and offered a new under-
standing of the protection mechanism of SSLF against renal
interstitial fibrosis by network pharmacology method. We
found that SHH is a common target of SSLF and renal in-
terstitial fibrosis and the SHH signaling pathway has become
a focus in tissue fibrosis research, so we chose SHH as the
target gene and its downstream signaling pathway to study.

In the clinical study, the serum levels of SCr and BUN of
the patients treated with SSLF for one course of treatment
have significantly decreased. 0e results of the present study
show that serum levels of SCr and BUN in the UUO rat
model are significantly higher than those in the Sham group,
suggesting that the UUO model has been successfully
established. 0e serum levels of SCr and BUN in the SSLF
treated group are significantly reduced, suggesting that SSLF
has protective effects on the renal function of the UUO
model rats. 0ere is no significant difference in renal
function between the CPN and SSLF groups. And the serum
levels of SCr and BUN in the S +C group are the lowest,
suggesting that SSLF and CPN have a synergistic effect.

Clinically, the cortex of renal tissue is thinned by a Color
Doppler ultrasound of chronic kidney disease. In the Model
group, the left kidneys look swollen and dark brown.
Manifestations such as tight capsule, turbid effusion, dila-
tation and deformation of renal pelvis and calyces, and the
thinner-than-normal renal cortex indicate the success of
UUO model establishment. In the SSLF group, the kidneys
are also swollen and dark brown. But the renal cortex is
slightly thicker than that in the Model group, suggesting that
SSLF has alleviated renal tissue damage and slowed down the
progression of renal disease. HE staining reveals that the
renal tubules in the Model group are obviously dilated,
atrophic, and fibroblastic, accompanied by an increased area
of renal interstitium and infiltration of inflammatory cells.
According to PAS and Masson staining, the Model group
have obvious collagen fiber deposition in renal interstitium,
their renal tubules are atrophic or dilated, and there are
apparent pathological changes such as glomerular sclerosis
and microvascular disease. However, these indicators have
been significantly alleviated in SSLF, CPN, and C+ S groups
according to the scoring system. Col I protein in the ECM
can be produced in large quantities after myofibroblast

(a)

0
Sham Model SSLF CPN S+C

1

2

3
#

#

G
lo

m
er

ul
os

cle
ro

sis
 in

de

4

#

(b)

Figure 4: PAS staining to observe renal tissue fibrosis in each group. (a) 1: Sham group. 2: Model group. 3: SSLF group. 4: CPN group. 5:
C + S group (PAS staining, ×400). (b)0e scores of glomerulosclerosis index in PAS staining.#p< 0.01 versus Model group, ☆p< 0.05 versus
S +C group, ▲p＞ 0.05 versus CPN group.
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Figure 5: Masson staining to observe renal tissue fibrosis in each group. (a) 1: Sham group; 2: Model group; 3: SSLF group; 4: CPN group; 5:
C + S group (Masson staining, ×200). (b) 0e scores of tubular injury index in Masson staining.#p< 0.01 compared with the Model group,
☆p< 0.05 compared with the S +C group, and ★p> 0.05 compared with the CPN group.
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activation. Normally, Col I plays a role in repairing damaged
tissues, but the persistent inflammatory reaction can cause
myofibroblasts to continuously secrete extracellular matrix
protein. 0e expression of α -SMA, a marker of myofi-
broblast activation, increases as the organ fibrosis exacer-
bates. Excessive extracellular matrix protein deposition
eventually evolves into renal fibrosis. In the Model group,
the expressions of α-SMA and Col I have significantly in-
creased, indicating severe renal inflammation. Upon SSLF
and/or CPN intervention, the expression of α-SMA and Col
I decreases significantly in myofibroblasts, indicating that
SSLF and/or CPN can inhibit the excessive secretion of
α-SMA and Col I. 0us, SSLF and CPN are able to suppress
renal pathological changes and tissue fibrosis alone or
synergistically.

Renal interstitial fibrosis (RIF) is a common pathway and
pathological feature in various chronic kidney diseases

leading to end-stage renal disease. In this process, effective
nephrons are gradually lost and renal function declines
progressively. 0e study has confirmed that the severity of
RIF is closely related to the degree of renal function dec-
lination, and it is a reliable index to determine the prognosis.
It has been found that the expression of SHH in renal tubular
epithelial cells is significantly upregulated in patients with
chronic kidney disease (CKD) with different causes. And
other studies have confirmed it in various rat renal fibrosis
models as well, suggesting that SHH signaling pathway
activation is a common pathological outcome in many
kidney diseases [17]. In classical activation of the SHH
signaling pathway, SHH binds to the membrane receptor
transmembrane protein patched (PTCH) after automatic
catalytic cleavage, which relieves the inhibition of smoothed
(SMO). SMO activates Gli1 phosphorylation, and then Gli1
enters the nucleus in full-length to initiate the transcription

Collagen I

α-SMA

SHH

Gli1

Snail

GAPDH

Sham Model SSLF CPN C+S

(a)

0

1 *
*

*

*

*
*#

2

3

Ra
tio

 (p
ro

te
in

/β
-a

ct
in

)

4

α-SMA

Sham Model SSLF CPN S+C

col I
Shh

GIL1
Snail1

*#*#
*#

*# *#
*#*#

*#

*#

*#
*#

*#
*#

*#
*#

(b)

*#
*#

*# *# *# *# *#

*
*

*

*

*
*# *#

*# *#
*# *#

*#
*#

α-SMA colI SHH Gli1 Snai1
0.0

0.5

1.0

1.5

Re
la

tiv
e g

en
e E

xp
re

ss
io

n
(n

or
m

al
lze

d 
to

 β
-a

ct
in

)

2.5

2.0

Sham
Model
SSLF

CPN
S+C

(c)

Figure 6: Levels of α-SMA, Col I SHH, Gli1, and snail1 in renal tissues in each group. (a) Levels of α-SMA, Col I SHH, Gli1, and snail1 were
measured by Western blot. (b) Quantitative analysis. (c) Levels of α-SMA, Col I SHH, Gli1, and snail1 were measured by qPCR. Data were
expressed as mean± SEM. ∗p< 0.05 compared with the Sham group, #p< 0.05 compared with the Model group, △p< 0.05 compared with
the CPN group,☆p< 0.05 compared with the S+C group, ▲p> 0.05 compared with the CPN group, and ★p> 0.05 compared with the C+ S
group.
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of the target gene [18, 19]. Gli1 is an important multi-
functional transcription factor in the SHH signaling path-
way, and its activation is a reliable indicator of SHH signaling

activity. 0e SHH-Gli1 pathway is involved in the devel-
opment of RIF by promoting cell proliferation [20, 21].
0rough the study of Gli1-lacZ knockout rats, it has been
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Figure 7: Levels of snail1 and Gli1 in renal tissues in each group. (a, b) Levels of snail1 were measured byWestern blot. (c, d) Levels of snail1
were measured by Western blot. (e) Levels of snail1 and Gli1 in renal tissues were measured by qPCR. Data were expressed as mean± SEM.
∗p< 0.05 compared with the Control group; #p< 0.05 compared with the SHH 48 h group.
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revealed that the SHH-Gli1 pathway is essential in renal fi-
brosis [22]. A recent study has found that the SHH-Gli1
pathway can induce the expression of transcription factor
snail1 [23]. Further study has found that activation of SHH-
Gli1 can sophistically upregulate the expression of α-SMA and
Collagen III via snail1 in RIF [24,25]. 0erefore, it is suggested
that the SHH-Gli1-snail1 signaling pathway plays an important
role in RIF. In the present study, SSLF and/or CPN inhibit the
elevated expression of SHH, Gli1, and snail1 in UUO model
rats. We can preliminarily speculate that SSLF and CPN
downregulate the SHH-Gli1-snail1 signaling pathway.

Based on the results of in vivo experiments, NRK-49F
cells are stimulated with SHH (100 ng/ml). 0e Gli1 and
snail1 expressions in the cells have increased and peaked at
48h, indicating the activation of the SHH-Gli1-snail1 sig-
naling pathway upon SHH stimulation. When SSLF is ap-
plied to the cells, the expressions of Gli1 and snail1 are
significantly inhibited at 48h. Moreover, the expressions of

α-SMA, Col I, and PCNA exhibit apparent reduction. 0us,
SSLF can significantly inhibit the expression of fibrotic
proteins. 0ese results suggest that SSLF inhibits the acti-
vation of the SHH-Gli1-snail1 signaling pathway and the
proliferation of fibrotic cells, which may be the mechanism
of its protective effect against renal fibrosis.

5. Conclusion

SSLF can remarkably improve renal function and alleviate
renal interstitial fibrosis both in vivo and in vitro. And the
underlying mechanism may be related to the inhibition of
the SHH-Gli1-Snail signaling pathway.

Data Availability

0e data used to support the findings of this study are
available from the corresponding author upon request.
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Figure 8: Levels of Snail1 and Gli1 in renal tissues in each group. (a) Levels of collagen, α-SMA, PCNA, Gli1, and snail1 were measured by
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Diarrhea, occurring due to intestinal flora disturbance, is potentially lethal, and its current treatments have adverse effects such as
constipation and vomiting. Camelina sativa oil (CSO) is a cooking ingredient and natural remedy used in several countries;
however, its pharmacological effects on intestinal health remain unknown. Here, we explored the CSO treatment effects on
intestinal flora in male ICR mice with castor oil-induced diarrhea. +e rate and degree of loose stools, the diarrhea index, serum
inflammatory indices, fecal short-chain fatty acids (SCFAs), and the diversity and abundance of intestinal flora were measured.
Castor oil-administered mice experienced diarrhea, reduced intestinal flora diversity and fecal SCFAs concentrations, altered
intestinal flora composition, and increased serum proinflammatory indices. In contrast, CSO treatment relieved diarrhea,
improved intestinal flora composition, and increased the relative abundance of Lactobacillus and Lachnospiraceae. Additionally,
CSO significantly increased the concentrations of fecal propionic acid, valeric acid, isovaleric acid, and serum sIgA, while it
reduced those of serum interleukin-17. +ese findings suggest that CSO could be a promising preventive agent against diarrhea.

1. Introduction

Diarrhea results from altered electrolyte absorption/secre-
tion or nonabsorbable/osmotically active substances inges-
ted from foods that accumulate in the intestinal lumen. It is a
potentially lethal disease worldwide, particularly in infants,
young children, and immune-compromised patients [1, 2],
causing more than 0.5 million deaths of children annually
[3, 4]. Long-term diarrhea in children can lead to malnu-
trition, growth retardation, and affect the immune system
[5, 6]. In addition, diarrhea is also a common problem that
affects up to 5% of adults [7]; this may lead to dehydration
and have negative effects on the quality of life and work
productivity [8].

A few clinical options to treat diarrhea include oral
rehydration, antisecretory agents, probiotics, intestinal ad-
sorbents, antibacterial and antiviral drugs, and the opioid
receptor agonist loperamide [9]. Vomiting and constipation
are the common adverse events of racecadotril and

loperamide during the treatment of diarrhea; these cannot
be effectively alleviated [10]. Antibiotics and antiviral
treatments are intended to target specific pathogenic mi-
croorganisms; however, they pose considerable health
challenges, which are extensive and unpredictable [11].
+erefore, to date, diarrhea treatment remains challenging,
and there has been a continuous effort to identify avenues to
stop diarrhea in a safe, simple, and inexpensive manner.

+e intestinal flora is the “second genome” of the human
body; it plays a vital role in the development of immune
organs, human health, aging, and the occurrence of diseases.
It ferments food to produce large quantities of short-chain
fatty acids (SCFAs) that are pivotal signaling factors between
the intestinal flora and the host [12–14]. Disturbances in the
intestinal flora can lead to metabolic disorders, intestinal
inflammatory diseases, metabolic syndrome, immune dys-
function, and other diseases [15, 16]. Intestinal flora and
diarrhea-related diseases are closely related, including in-
flammatory bowel disease, malnourishment, and irritable
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bowel syndrome [17–19]. ω-3 polyunsaturated fatty acids
(ω-3 PUFAs), such as eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), are essential nutrients for
human beings. +ese are synthesized only minimally in
mammals; therefore, they must be obtained through dietary
sources. ω-3 PUFAs exert potent anti-inflammatory effects
via modulating membrane structure, attenuation of nuclear
factor-kappa B (NF-κB) activation, and stimulation of
peroxisome proliferator-activated receptors, resulting in the
reduced production of inflammation-related factors [20].
ω-3 PUFAs could modulate the diversity and composition of
the intestinal flora. A clinical study on ω-3 PUFAs dis-
covered that the abundance of Lactobacillus in intestinal
flora increases at least two-fold following intervention with
4000mg of EPA and DHA daily for 8 weeks; however, these
large doses cause considerable treatment-emergent adverse
events, including heartburn and acid regurgitation, and
particularly in relation to dyspeptic symptoms [21]. Notably,
several clinical studies have attempted to treat diarrhea-
related diseases using fish oil, which is rich in EPA andDHA;
however, the findings are discrepant, and the efficacy of the
treatment remains to be fully elucidated [22].

Camelina sativa is an oilseed plant common in Europe
and Asia and belongs to the Cruciferae family. C. sativa oil
(CSO) contains >35% of α-linolenic acid (ALA), a dietary
precursor of EPA and DHA. C. sativa has good agronomic
properties and is suitable for growth in cold and arid areas,
making CSO economical and a readily available replacement
for fish oil. Additionally, CSO is a novel cooking ingredient
in the United States, Canada, and many other countries [23].
Moreover, concerns regarding the nutraceutical effects of
CSO are few and only focused on its hyperlipidemic effect
[24]; however, the effect of CSO on intestinal health remains
obscure.

Castor oil is often used in experiments to induce diarrhea
because of its reproducibility and stability [25, 26]. Castor oil
stimulates intestinal mucosal cells and reduces the active
absorption of Na+ and K+, thereby inducing intestinal in-
flammation and diarrhea [27, 28]. +e present study was
designed to investigate the effect of preventive CSO admin-
istration on the intestinal flora of mice with castor oil-induced
diarrhea. Our findings may facilitate the development of CSO
administration as an alternative measure to treat and prevent
diarrhea.

2. Materials and Methods

2.1. Animals. Adult male (6-week-old) ICR mice (18–22 g)
were purchased from Hunan Slake Jingda Experimental
Animal Co., Ltd. (Changsha, China) and acclimatized to
laboratory conditions for at least 1 week prior to the be-
ginning of the experiments. Mice were kept in a room with a
controlled temperature of 22–24°C, a stable humidity of
45–55%, and a 12-h light-dark cycle throughout the trial,
and were allowed free access to water and food (standard
mouse-breeding feed consisting of corn, soybean protein,
flour, fish powder, brewer’s yeast powder, vegetable oil,
amino acids, calcium hydrogen phosphate, stone powder,
salt, and compound vitamins; Beijing Huanyu Zhongke

Biotechnology Co., Ltd., Beijing, China). +e animal ex-
periments were performed in accordance with the Regula-
tions on the Administration of Experimental Animals issued
by the Ministry of Science and Technology of China and
approved by the animal welfare and ethic committee of
Henan Napu Biotechnology Co., Ltd. (experiment approval
number: HNP. No20210325002). An overview of the ex-
perimental procedures is shown in Figure 1.

2.2. Preventive Administration of CSO. CSO, which mainly
contained 37.2% ALA, 16.6% linoleic acid, 15.8% eicosenoic
acid, and 10.9% oleic acid, was produced in our laboratory
from cold-pressed Camelina seed harvested in Henan
province, China (CSO yield: 28.0%). Fifty mice (10 mice/
group) were fed separately and randomly assigned to five
groups: the control (Ctrl) and model (Md) groups were
treated with 10mL/kg body weight (BW) of normal saline;
the CSO low-dose (Md_CSOL) and high-dose (Md_CSOH)
groups were treated with 1.0mL/kg BW and 2.0mL/kg BW
of CSO (equivalent to the recommended daily intake
amounts for humans generally regarded as safe), respec-
tively; and the positive control group (Md_MP) was treated
with 3.0 g/kg BW of montmorillonite power (0.3 g/mL). All
test substances were administered intragastrically at 9 : 00
am once daily for ten consecutive days.

2.3. Castor Oil-Mediated Induction of Diarrhea. Castor oil
was administered to mice from day 7 of the experiment at
20mL/kg BW for four consecutive days intragastrically at 2 :
00 pm to induce diarrhea. Normal saline, instead of castor
oil, was administered to the Ctrl group. On day 10, after
castor oil or normal saline treatment, the bedding in the cage
was removed and replaced with filter paper of an appropriate
size to observe feces, and the diarrhea status of mice was
recorded for 5 h. +e numbers of fecal and loose stool
evacuations, as well as the rate of loose stool, degree of loose
stool, and diarrhea index, were calculated according to a
previously described method [29].+e rate of loose stool was
defined as the percentage of the number of loose stools
among the total fecal evacuations. +e degree of loose stool
indicated the level of loose stools and was graded according
to the diameter of the stain formed by the loose stools on the
filter paper.+e degree of loose stool was rated as follows: (1)
diameter of the stain <1 cm; (2) diameter of the stain ≥1 cm
and <1.9 cm; (3) diameter of the stain ≥2 cm and ≤3 cm; and
(4) diameter of the stain >3 cm. +e longest and shortest
diameters were measured for stains with irregular shapes,
and the average was calculated. +e diarrhea index was
calculated as follows: the rate of loose stool× degree of loose
stool.

2.4. Sample Collection and Processing. Fresh fecal samples
were collected in sterile centrifuge tubes on day 10 and
immediately stored at −80°C until further determination.
Plasma was collected from the eyeball, separated from whole
blood by centrifugation (1,200× g) at 4°C for 10min, and
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immediately stored at −80°C until subsequent
determination.

2.5. High-0roughput Sequencing of Microbial 16S rDNA.
Total microbial genomic DNA was extracted from the fecal
samples (5 mice/Md_MP group and 6 mice/other groups)
using the E. Z. N. ATM Mag-Bind soil DNA kit (Omega,
Norcross, GA, USA). DNA quantity and concentration were
measured using gel electrophoresis. +e bacterial 16S rDNA
V3–V4 variable region was amplified using forward primer
341F (5′-CCTACGGGNGGCWGCAG-3′) and reverse
primer 805R (5′-GACTACHVGGGTATCTAATCC-3′).
+e DNA library was quantified using 2% agarose gel
electrophoresis and a Qubit 3.0 fluorimeter (+ermo Fisher
Scientific, Waltham, MA, USA) and sequenced on the
Illumina MiSeqTM platform (Illumina, San Diego, CA,
USA). +e original data were filtered by removing primer
connector sequences and low-quality bases; the effective data
for each sample were obtained and used for further oper-
ational taxonomic unit (OTU) analysis.

2.6. SCFAs Analysis. Concentrations of five SCFAs (acetic,
propionic, butyric, isobutyric, valeric, and isovaleric acids)
in the feces were measured using gas chromatography. Fecal
samples were accurately weighed and placed in 2-mL cen-
trifuge tubes; methanol was added at a ratio of 1 : 5 (mg: μL)
and stirred with a homogenizer (IKA, Staufen im Breisgau,
Germany) for 30 s until uniformly dispersed. Concentrated
sulfuric acid was added to adjust the pH of the suspension to
2.0 to 3.0. After vortexing the mixture for 30 s and incu-
bating for 10min at ambient temperature, the samples were
centrifuged (4,800× g) at 4°C for 10min. +e supernatants
were collected and injected into a gas chromatograph (aGC-
2010 Plus; CD-WAX 30m× 0.32mm× 0.25 μm; Shimadzu,
Tokyo, Japan) with a flame ionization detector temperature.
+e oven temperature was set to 100°C, held for 2min, and
then raised to 200°C at 15°C/min (held for 10min). +e
detector temperature was controlled at 260°C. +e flow rates
of make-up gas (N2), H2, and air were 3.0, 40, and 400mL/
min, respectively. A sample volume of 1.0 μL was injected at
260°C using a split ratio of ∼5 :1. +e runtime for each
sample was 15min.

2.7. Inflammatory Index Determination. Proinflammatory
indices, including those of interleukin (IL)-6, IL-1β, IL-17,
interferon (IFN)-c, and tumor necrosis factor-alpha (TNF-
α), and the anti-inflammatory index of secretory immu-
noglobulin A (sIgA) were measured using commercial
ELISA kits (Elabscience, Wuhan, China).

2.8. Correlation Analysis among Indices. We explored the
relationships among indices, including SCFAs/inflamma-
tory index, SCFAs/genus-level intestinal flora, SCFAs/
SCFAs, and inflammatory index/inflammatory index, to
investigate their respective interactions.

2.9. Statistical Analysis. Statistical analysis and result visu-
alization were performed using SPSS (v.25.0) and R software
(v3.6.0). Descriptive statistics were used for single-group
data, and an independent sample t-test was used for two-
group comparisons. Data were analyzed using either one-
way analysis of variance and a post hoc LSD test for three-
group comparisons when the data conformed to a normal
distribution and the variance was homogeneous or Tam-
hane’s T2 test when the data were nonnormally distributed.
Differences were considered significant at p< 0.05. Spear-
man’s correlation coefficients with 95% confidence intervals
were performed to analyze the relationship between the
parameters.

3. Results

3.1. Effects of CSO Treatment on Body Weights in Mice with
Castor Oil-Induced Diarrhea. We observed significant
changes in mouse defecation, specifically loose stool, after
treatment with castor oil, indicating the successful estab-
lishment of a murine diarrhea model. +e feces excreted by
mice in the Ctrl group were dry, granular, and soft
throughout the experimental period. Mice in the Md group
excreted soft, loose, or watery stool after the administration
of castor oil for four days. Additionally, they showed gloomy
spirits, with loose hair and little movement. +e body
weights of mice in the Md group on day 10 were slightly
lower, and the rate of loose stool (0.23 vs. 0.00, p< 0.01),
degree of loose stool (1.68 vs. 0.00, p< 0.01), and diarrhea
index (0.38 vs. 0.00, p< 0.01) of mice in the Md group were

Ctrl →→ normal saline (1)

Md →→ normal saline (1)

Md_MP →→ montmorillonite power (2)

Md_CSOL →→ CSO (3)

Md_CSOH →→ CSO (3)

day1—day 6 day7—day 10

sample collection

→→ (1) + (1)

→→ (1) + castor oil

→→ (2) + castor oil

→→ (3) + castor oil

→→ (3) + castor oil

Figure 1: Experimental procedures.
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markedly higher in comparison with those in the Ctrl group.
+e state of mood inmice from theMd_MP,Md_CSOL, and
Md_CSOH groups improved, and the body weights of mice
in these groups were slightly higher; the rate of loose stool
(0.05 vs. 0.23, p< 0.01; 0.07 vs. 0.23, p< 0.01), degree of
loose stool (0.62 vs. 1.68, p< 0.05; 0.62 vs. 1.68 p< 0.01), and
diarrhea index (0.07 vs. 0.38, p< 0.01; 0.09 vs. 0.38, p< 0.01)
of mice in the Md_MP and Md_CSOH groups were sig-
nificantly lower than those in the Md group, indicating that
CSO and MP treatments could effectively inhibit castor oil-
induced diarrhea (Figures 2(a) and 2(b)).

3.2. Effects of CSO Treatment on Intestinal Flora Disturbance
InducedbyCastorOil. +eVenn diagram shows the number
of common and unique OTUs and displays the diversity and
overlap of OTU numbers in samples. +ere were 712 OTUs
detected in samples, and OTU numbers in the Ctrl, Md,
Md_MP, Md_CSOL, and Md_CSOH groups were 655, 619,
630, 622, and 625, respectively (Figure 3). +ere were 578
common OTUs in the Ctrl and Md groups, accounting for
88.24% of OTUs in the Ctrl group, implying that the ad-
ministration of castor oil induced intestinal flora distur-
bance. +ere were 597, 583, and 584 common OTUs in the
Ctrl and Md_MP, Md_CSOL, and Md_CSOH groups, ac-
counting for 91.14%, 89.01%, and 89.16% of OTUs in the Ctrl
group, respectively. +is indicated that the preventive ad-
ministration of MP and CSO alleviates the intestinal flora
disorder induced by castor oil.

α-Diversity is a critical parameter for investigating the
diversity of intestinal flora, along with OTUs, Shannon,
Chao, and Ace indices, the values of which are positively
correlated with the diversity of intestinal flora in samples.
+e coverage index refers to the coverage of each sample
library. +e test result is approaching the actual sample if
the coverage index is closer to 1. +e average coverage
index of each group was 1.0, indicating that the probability
of undetected sequences in samples was low and that
results were reliable (Figure 4(a)). +e values of OTUs
(395.33 vs. 476.67, p< 0.01), Shannon (3.18 vs. 3.88,
p< 0.01), Chao (508.90 vs. 584.20, p< 0.01), and Ace
(511.78 vs. 571.28, p< 0.01) indices in the Md group were
significantly lower in comparison with those in the Ctrl
group (Figures 4(b)–4(e)). +is implied that castor oil
administration markedly reduced the diversity of intes-
tinal flora. +e abovementioned indices were slightly
higher with the preventive administration of CSO and MP,
relative to those in the MP group; however, there was no
significant difference.

3.3. Effects of CSO Treatment on the Phylum-Level Compo-
sition of Intestinal Flora. Noticeable changes in the phylum-
level composition of intestinal flora were observed after
castor oil treatment (Figure 5).+eMd groupmice displayed
a decreased relative abundance of the phylum Firmicutes
(8.84% vs. 33.45%, p< 0.05) and Firmicutes: Bacteroidetes
(F/B) ratio (0.13 vs. 0.61) and an increased relative abun-
dance of the phylum Proteobacteria (8.19% vs. 2.76%) and
Verrucomicrobia (13.51% vs. 0.48%) in comparison with

those in the Ctrl group. Conversely, the relative abundance
of Firmicutes and the F/B ratio in the Md_MP (16.11% vs.
8.84% and 0.29 vs. 0.13, respectively), Md_CSOL (9.91% vs.
8.84% and 0.14 vs. 0.13, respectively), and Md_CSOH
(15.19% vs. 8.84% and 0.25 vs. 0.13, respectively) groups were
slightly higher in comparison with those in the Md group; in
contrast, the relative abundance of Proteobacteria was lower
(6.25% vs. 8.19%, 4.18% vs. 8.19%, and 7.41 vs. 8.19%,
respectively).

3.4. Effects of CSOTreatment on the Genus-Level Composition
of Intestinal Flora. +e dominant genera in the intestinal
flora were Porphyromonadaceae, Lactobacillus, Bacteroides,
Lachnospiraceae, Alistipes, Prevotella, Barnesiella, and
Clostridiales (Clostridium_XVIII, Clostridium_XlVa, and
Clostridiales) in the Ctrl group, whereas those in the Md
group included Porphyromonadaceae, Bacteroides, Akker-
mansia, Prevotella, Lactobacillus, and Enterobacteriaceae,
accounting for >87% of the total genera (Figure 6). +e
relative abundance of Lactobacillus (4.21% vs. 24.01%,
p< 0.01), Lachnospiraceae (2.00% vs. 7.44%, p< 0.01), and
Clostridiales (0.78% vs. 2.13%, p< 0.01) was significantly
decreased, and that of Akkermansia (13.45% vs. 0.47%) was
increased in the Md group in comparison with those in the
Ctrl group. +e relative abundance of Lactobacillus and
Lachnospiraceae in Md_MP (7.85% vs. 4.21% and 3.99% vs.
2.00%, respectively), Md_CSOL (5.21% vs. 4.21% and 2.95%
vs. 2.00%, respectively), and Md_CSOH (7.38% vs. 4.21%
and 4.48% vs. 2.00%, respectively) groups increased slightly
but with no statistical difference in comparison with those in
the Md group. Notably, Alistipes, Ruminococcaceae, Oscil-
libacter, and Odoribacter were detected in the Ctrl group but
not in the Md group, whereas Escherichia, Shigella and
Erysipelotrichaceae were detected only in the Md group.

3.5.EffectsofCSOTreatmentonSCFAConcentrations inFeces.
Acetic acid was the most abundant SCFA in feces, followed by
propionic, isobutyric, valeric, isovaleric, and butyric acids.
+e concentrations of acetic acid (1217.86 vs. 4105.70mg/g,
p< 0.01), propionic acid (278.84 vs. 547.86mg/g, p< 0.01),
and isobutyric acid (140.29 vs. 401.82mg/g, p< 0.01) were
significantly decreased in the fecal samples from castor oil-
treated mice in the Md group in comparison with those in the
Ctrl group (Figures 7(a), 7(b), and 7(d)). +e concentrations
of propionic acid (454.13 vs. 278.84mg/g, p< 0.01), valeric
acid (208.84 vs. 103.19mg/g, p< 0.01), and isovaleric acid
(124.08 vs. 92.68mg/g, p< 0.05) were significantly increased
(Figures 7(b), 7(e), and 7(f)), whereas those of other SCFAs,
including acetic acid, butyric acid, and isobutyric acid, were
slightly increased in the fecal samples of the Md_CSOL group
in comparison with those in theMd group.+e concentration
of isovaleric acid (150.99 vs. 92.68mg/g, p< 0.01) in fecal
samples of Md_CSOHmice was markedly higher than that in
the Md group (Figure 7(f)), indicating that CSO regulates the
concentrations of intestinal SCFAs. Interestingly, MP treat-
ment had no positive effect on SCFA concentrations; the
amounts of acetic acid (446.96 vs. 1217.86mg/g, p< 0.01),
propionic acid (25.75 vs. 278.84mg/g, p< 0.01), butyric acid
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(11.95 vs. 68.58mg/g, p< 0.01), and isobutyric acid (35.27 vs.
140.29mg/g, p< 0.01) were markedly lower than those in the
Md group (Figures 7(a)–7(d)).

3.6. Effects of CSO Treatment on the Inflammatory Index.
Compared with those in the Ctrl group, IL-1β (41.21 vs.
23.09 pg/mL, p< 0.01), IL-6 (168.90 vs. 121.44 pg/mL,

p< 0.05), and IL-17 concentrations (468.56 vs. 354.70 pg/
mL, p< 0.01) in the sera from mice in the Md group were
markedly elevated (Figures 8(a)–8(c)), whereas IFN-c,
TNF-α, and sIgA levels were not affected by the ad-
ministration of castor oil (Figures 8(d)–8(f )). IL-17 levels
in the sera of mice in the Md_CSOL (380.79 vs.
468.56 pg/mL, p< 0.01) and Md_CSOH groups (322.08
vs. 468.56 pg/mL, p< 0.01) were significantly decreased
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Figure 4: α-Diversity of mouse intestinal microbiota in different treatment groups. (a) Coverage; (b) OTU numbers; (c) Shannon; (d) Chao;
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Figure 7: Continued.
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(Figure 8(c)), whereas sIgA levels were markedly in-
creased in the Md_CSOL (4.44 vs. 2.56 pg/mL, p< 0.01)
and Md_CSOH (4.10 vs. 2.56 pg/mL, p< 0.01) groups
(Figure 8(e)), compared with those in the Md group. IL-6
(72.04 vs. 168.90 pg/mL, p< 0.01) and IL-17 (273.93 vs.
468.56 pg/mL, p< 0.01) levels in sera from mice in the
Md_MP group decreased significantly, compared
with those from mice in the Md group (Figures 8(b) and
8(c)).

3.7. Correlation Analysis. Heatmap visualization illustrated
the correlation coefficients among SCFAs, relative abun-
dance of genus-level intestinal flora, and inflammation in-
dices (Figure 9). +ere were negative correlations
between Parabacteroides (p< 0.05), Bacteroides (p< 0.05),
Helicobacter (p< 0.01), Akkermansia (p< 0.05), and serum
IL-1β (p< 0.01) and intestinal acetic acid levels. Addition-
ally, we observed negative correlations between Para-
bacteroides (p< 0.01), Helicobacter (p< 0.01), Akkermansia
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Figure 7: Fecal short-chain fatty acids (SCFAs) concentrations in different treatment groups. (a) Acetic acid; (b) propionic acid; (c) butyric
acid; (d) isobutyric acid; (e) valeric acid; (f ) isovaleric acid (vs model (Md) group, ∗p< 0.05, ∗∗p< 0.01; vs control (Ctrl) group, #p< 0.05,
##p< 0.01).
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Figure 8: Inflammatory index in sera of mice in different treatment groups. (a) Interleukin 1β (IL-1β); (b) interleukin 6(IL-6); (c) in-
terleukin 17 (IL-17); (d) interferon c (IFN-c); (e) secretory immunoglobulin A (sIgA); (f ) tumor necrosis factor alpha (TNF-α) (vs model
(Md) group, ∗p< 0.05, ∗∗p< 0.01; vs control (Ctrl) group, #p< 0.05, ##p< 0.01).
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(p< 0.05), Prevotella (p< 0.05), and serum IL-1β (p< 0.01)
and intestinal propionic acid levels. Moreover, intestinal
butyric acid levels were negatively correlated with Lachno-
spiraceae (p< 0.05); intestinal isobutyric acid levels were
negatively correlated with the abundance of Parabacteroides
(p< 0.01), Bacteroides (p< 0.01), Helicobacter (p< 0.01),
Prevotella (p< 0.05), and serum IL-1β levels (p< 0.01), re-
spectively. Porphyromonadaceae was significantly positively
correlated with acetic acid (p< 0.05), propionic acid
(p< 0.05), and isobutyric acid levels (p< 0.05). Further-
more, butyric acid and valeric acid were positively correlated
with IL-6 (p< 0.01 and p< 0.05, respectively) and sIgA
(p< 0.05 and p< 0.05, respectively). Notably, we observed a
statistically significant correlation among SCFAs.

4. Discussion

In this study, we discussed the feasibility of the economic
and convenient use of CSO to prevent diarrhea. We dem-
onstrated that preventive CSO treatment markedly ame-
liorated castor oil-induced diarrhea in mice. +e findings
regarding CSO-specific mechanisms included the following:
(i) improvement of the overall intestinal flora diversity; (ii)
modulation of intestinal flora composition, especially ele-
vating the relative abundance of Lactobacillus and Lach-
nospiraceae; (iii) enhancement of intestinal SCFA
concentrations, including propionic acid and isovaleric acid;
and (iv) decreased expression of proinflammatory factors
along with increased sIgA expression.

+e majority of previous ω-3 PUFA studies focused on
their contributions to human health, including decreasing
the risk of cardiovascular disease, breast and colorectal
cancers, and promoting joint health. +e tested substances
were primarily seafood, especially fatty fish. +e main
components of them are EPA and DHA, which are often

used as dietary supplements and ingredients of pharma-
ceutical preparations [30, 31]. Few studies have attempted to
characterize ALA, a fat found in plant food, and its effect on
intestinal diseases; small amounts of ALA can be metabo-
lized to EPA and DHA after absorption. +e main users and
providers of ω-3 PUFAs are fatty fish; however, they are a
finite and limited resource. +erefore, it is important to
alleviate the global shortfall in these key nutrients through
the agriculture industry [32]. Reviews on ω-3 PUFAs for the
self-regulation of the inflammatory response and cardio-
vascular disease suggest that ALA differs from EPA and
DHA in terms of the expression and activation of cyclo-
oxygenase-2 and the outcomes of clinical studies [33, 34].
+e fatty acid composition in plant oil is complex and in-
cludes ω-3 and ω-6 PUFAs, such as arachidonic acid, which
is associated with promoting inflammation. Intake of ω-3
PUFAs through plant oil can lead to an increase in the
amount of ω-6 PUFAs. +erefore, it is reasonable to spec-
ulate that investigating the impact of CSO on diarrhea not
only expands the understanding of ALA and CSO but also
promotes human health.

Our findings indicated that castor oil significantly de-
creased the diversity and composition of intestinal flora by
decreasing the relative abundance of the phylum Firmicutes
and increasing the relative abundance of Proteobacteria and
Verrucomicrobia without affecting that of Bacteroidetes.
Firmicutes and Bacteroidetes are the main intestinal phyla
that regulate host inflammation and adaptive immunity.+e
F/B ratio is considered an indicator of health status, espe-
cially in the intestine [35]. An elevated F/B ratio indicates
that the body is in a state of inflammation and immuno-
logical imbalance. Excessive growth of Firmicutes can
produce metabolic endotoxins, such as lipopolysaccharides,
that trigger systemic inflammation [25, 36]. However, in this
study, we obtained a contradictory result; the F/B ratio
decreased with diarrhea and intestinal inflammation. +is
was consistent with the results reported by Jacobs et al. [37].
+e intestinal flora in both Crohn’s disease and ulcerative
colitis exhibits a general decrease in taxonomic diversity
relative to that in the healthy intestinal flora. In addition,
there is a phylum-level decrease in Firmicutes and an in-
crease in Proteobacteria. +e difference could be due to the
different environmental influences, such as diets, and dis-
tinct species, including humans and mice. Firmicutes
comprise several genera of outstanding relevance in
healthcare, such as Staphylococcus and Listeria, which are
pathogenic, and lactic acid bacteria, which are used as
probiotics and in the preparation of food products [38].
Members of the genus Lactobacillus are associated with good
intestinal health. Lactobacillus can inhibit pathogen colo-
nization via the production of several acidic metabolites,
mainly acetic acid and lactic acid [39]. +e relative abun-
dances of the dominant genera Lactobacillus and Lachno-
spiraceae were significantly decreased after the castor oil
treatment, leading to a lower F/B ratio with diarrhea.

Furthermore, we found that the relative abundances of
Akkermansia, Bacteroides, Parabacteroides, andHelicobacter
were negatively correlated with SCFAs and positively cor-
related with proinflammation indicators. +e abundance of
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Akkermansia and Bacteroides positively correlates with
proinflammation pathways, including the IFN signaling
pathway and Tcell and monocyte expression of NF-κB [40],
which was consistent with the results in this study. SCFAs
participate in host immune regulation and enhance the
intestinal barrier [41]. We observed positive correlations
between SCFAs and sIgA, which represents the first line of
mucosal immunity and is essential for the intestinal barrier.
sIgA coating and steric hindrance can prevent microbial
adhesins from contacting and interacting with the epithe-
lium. sIgA can also specifically inhibit pathogens by directly
recognizing receptor-binding domains, such as that of
reovirus type 1 [42].

+e connections between ALA and intestinal flora are not
fully elucidated. Dietary ω-3 PUFAs (DHA and EPA) can
improve the health of patients with inflammatory bowel
disease. +is is achieved by reverting the disordered intestinal
flora to a healthy state by decreasing the F/B ratio, inhibiting
the production of proinflammatory factors, such as TNF-α
and IL-17, promoting the production of anti-inflammatory
factors, such as IL-10, and increasing the content of SCFAs
[43–46]. In this study, the preventive administration of CSO
decreased the levels of the proinflammatory factor IL-17 and
increased the levels of the anti-inflammatory factors, sIgA,
and SCFAs. +e discrepancy in the F/B ratio trend can be
attributed to the different effects of ALA and DHA/EPA and
the presence of several fatty acids (not only ALA) in CSO.
Noriega et al. reported that supplementation with ω-3 PUFAs
at a daily dose of 600mg through a fish protein diet for 2
weeks leads to an increase in Firmicutes and a decrease in
those of Bacteroidetes and Actinobacteria; this is consistent
with the findings of this study [47].

5. Conclusions

CSO treatment could regulate intestinal flora and the ex-
pression of inflammatory factors. In addition, it improved
the levels of SCFAs in the feces of mice, preventing or al-
leviating diarrhea. +erefore, CSO administration can be a
promising strategy for preventing diarrhea. However, this
study has several limitations. +is study evaluated the CSO
pretreatment of mice by treating them with CSO and then
inducing diarrhea; therefore, the result is focused on the
preventive effect of CSO. +e efficacy of CSO for treating
diarrhea remains uncertain. SCFAs exert anti-inflammatory
effects, and the intestinal flora directly influences the
availability of ALA; therefore, further studies are needed to
determine whether the interaction between ALA and in-
testinal flora can enhance the anti-inflammatory effect of
CSO.
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(e methanolic extract of Argyreia capitiformis stem was examined for anti-inflammatory activities following network phar-
macology analysis and molecular docking study. Based on gas chromatography-mass spectrometry (GC-MS) analysis, 49
compounds were identified from the methanolic extract of A. capitiformis stem. A network pharmacology analysis was conducted
against the identified compounds, and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis and Gene Ontology
analysis of biological processes andmolecular functions were performed. Six proteins (IL1R1, IRAK4,MYD88, TIRAP, TLR4, and
TRAF6) were identified from the KEGG pathway analysis and subjected to molecular docking study. Additionally, six best ligand
efficiency compounds and positive control (aspirin) from each protein were evaluated for their stability using the molecular
dynamics simulation study. Our study suggested that IL1R1, IRAK4,MYD88, TIRAP, TLR4, and TRAF6 proteins may be targeted
by compounds in the methanolic extract of A. capitiformis stem to provide anti-inflammatory effects.

1. Introduction

Inflammation describes a biological process that occurs in
tissues to protect the host against harmful stimuli, such as
microorganisms and abnormal or damaged cells. Inflam-
mation stimulates the immune system and regulates pro-
tective responses via immune cells, blood vessels, and
molecular biological agents [1, 2]. Many chronic diseases,
including cardiovascular and gastrointestinal illnesses,

diabetes, rheumatism, and cancer, are associated with
upregulated inflammation [3]. Chronic diseases represent a
major human health concern according to theWorld Health
Organization (WHO). (e incidence of chronic inflam-
mation-related disorders is expected to steadily increase in
the United States (US) over the next 30 years. Approximately
125 million people in the US were diagnosed with chronic
diseases in 2000, with 61 million (21%) having multiple
conditions [4–6]. Typically, cellular and molecular
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mechanisms and interactions among various factors can
efficiently limit the potential damage and prevent further
infection during an acute inflammatory response, resulting
in the eventual repair of cellular homeostasis following the
resolution of acute inflammation. However, uncontrolled
acute inflammation can develop into chronic inflammation,
causing a range of chronic inflammatory diseases [7]. (ree
out of five people worldwide die from chronic inflammatory
conditions, such as stroke, respiratory infections, cardio-
vascular diseases, cancers, diabetes, and obesity [4–6]. A
growing interest in the use of medicinal plants has developed
for the treatment and management of diseases in an effort to
identify safer and more efficient anti-inflammatory agents
for the prevention of inflammatory conditions rather than
using synthetic anti-inflammatory drugs [8].

Argyreia capitiformis (Poir.) Ooststr. is a member of the
Convolvulaceae family of the Argyreia genus, which is not
toxic and has medicinal and ornamental uses [9, 10].
Traditionally, a paste made from the leaves of
A. capitiformis has been used as an effective treatment of
bruising on the legs. A. capitiformis has also been used in
traditional medicine as a purgative and to treat sexual
debility and ear pain [10–12]. Several studies have been
reported for the Argyreia species, including antioxidant,
anti-inflammatory, immunomodulatory, and CNS activi-
ties with several bioactive compounds [13–15]. However,
no such study has been evaluated for A. capitiformis except
the recent study on the methanolic extract of
A. capitiformis leaves that suppressed the nuclear factor-
kappa B (NF-κB) pathway and inhibited the lipopolysac-
charide-induced production of nitric oxide and inducible
nitric oxide synthase in RAW 264.7 cells, demonstrating
anti-inflammatory activities [9]. However, the chemical
compounds found in A. capitiformis that are responsible
for these anti-inflammatory effects and the underlying
mechanisms remain unknown. Further research is neces-
sary to identify the potential lead compounds responsible
for these biological anti-inflammatory outcomes.

Network pharmacology has become a widely accessible
analysis method following the increased availability of
biomedical data sets during the postgenomic period, sup-
porting the growth of the fields of systems biology and
polypharmacology [16]. Complex compound-gene and
compound-protein interactions can be evaluated system-
atically to develop a prototype for efficient therapy. New
therapeutic mechanisms may be discovered by network
pharmacology analysis, which is oriented toward a “multi-
goals, multi-disease” paradigm rather than “one target, one
drug” [17–19]. Network pharmacology represents an ef-
fective method for selecting and elucidating the synergistic
effects among bioactive chemicals through the mechanistic
exploration of effects on multiple disease pathways [19, 20].
Additionally, spectrometric and chromatographic technol-
ogies used in the initial evaluation of medicinal plants
provide valuable information on bioactive activities that aid
in the selection of biologically active species. Alkaloids,
phenolic compounds, organic acids, esters, and amino acids
are among the chemicals that GC-MS can detect quickly and
accurately. (us, in this investigation, GC-MS was used to

detect and identify phytochemical constituents in
A. capitiformis [21–24].

(e network pharmacology approach connects targeted
genes with the effects of bioactive compounds; thus, the
present study was designed to elucidate the anti-inflam-
matory effects of the methanolic extract of A. capitiformis
stem using a network pharmacology approach. Bioactive
compounds in the methanolic extract of A. capitiformis stem
were identified for this study using gas chromatography-
mass spectrometry (GC-MS) analysis, followed by a mo-
lecular docking assay to investigate potential ligand-receptor
interactions, including the assessment of binding affinity and
stability.

2. Materials and Methods

2.1. Plant Extraction. (e stems of A. capitiformis were
collected from the Sitakunda Eco-park, Chittagong, Ban-
gladesh, in March 2020 and later identified by a taxonomist.
(e stems were subjected to air-drying and ground to a
coarse powder. (e powder (200 g) was soaked in methanol
(1 L) for 7 days [25, 26]. Subsequently, the extract was filtered
throughWhatman filter paper and evaporated at 45°C. After
the evaporation, 2.67 g of the black methanol extract yield
(1.34%) was collected in an amber glass vial and refrigerated
at 4°C until further use.

2.2. GC-MS Analysis. An Agilent GC 7890A (Agilent
Technologies Inc., Wilmington, DE, USA), combined with a
triple-axis detector 5975 C single-quadrupole mass spec-
trometer, was used for GC-MS analysis. (e chromato-
graphic column was an Agilent HP 5MS column
(30m× 0.25mm× 0.25 µm film thickness), using high-pu-
rity helium as the gas carrier at a flow rate of 1mL per min.
(e injector temperature was 230°C, and the sample was
injected using a splitless injector at 20 :1. (e temperature
was set primarily to 40°C (held for 1min), raised to 150°C at
a rate of 5°C per min (held for 2min), before being increased
to 300°C at a rate of 5°C per min (held for 10min). (e
temperature of the MS ion source was set to 150°C, and the
temperature of the inlet line was set to 280°C.(e scan range
was set between 50 and 550 mass, with 70 eV electron energy
and a 4-min solvent delay. Finally, by comparing the spectra
against the NIST 2008 database (National Institute of
Standard and Technology library), tentative compounds
were identified. (e total analysis time required for the
sample was 65min [27].

2.3. Network Pharmacology. (e network pharmacology
analysis was performed using the STITCH platform (http://
stitch.embl.de/) to identify putative associations between the
identified compounds and target genes. Multiple compound
targets were identified using the Homo sapiens genome
[27–29]. Multiple functional nodes and edges were identified
in the network. Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis was performed on the components iden-
tified in the network to obtain a biological interpretation of

2 Evidence-Based Complementary and Alternative Medicine

http://stitch.embl.de/
http://stitch.embl.de/


the vast list of potential targets and to identify potential anti-
inflammatory pathways that are targeted.

(e STRING (search tool for retrieval of interacting
genes) database (https://string-db.org), which includes
predicted protein-protein interactions (PPIs), was used to
predict functional protein interactions [30].

2.4. Molecular Docking Study

2.4.1. Protein Selection and Preparation. Six targeted proteins
were selected from the KEGG analysis: interleukin 1 (IL-1)
receptor type 1 (IL1R1; PDB: 1ITB) [31], IL-1 receptor-
associated kinase 4 (IRAK4; PDB: 6EGA) [32], myeloid
differentiation factor 88 (MYD88; PDB: 4EO7) [33], TIR
domain-containing adaptor protein (TIRAP; PDB: 4FZ5)
[34], Toll-like receptor 4 (TLR4; PDB: 3FXI) [35], and tumor
necrosis factor (TNF) receptor-associated factor 6 (TRAF6;
PDB: 3HCT) [36]. Protein structures were retrieved in .pdb
format from the Protein Data Bank (http://www.rcsb.org/
pdb). (e proteins were prepared using Schrödinger
(Maestro v11.1), utilizing the force field OPLS3 [27].

2.4.2. Ligand Preparation. We selected 47 compounds
identified from A. capitiformis, according to the qualitative
GC-MS analysis, which we submitted to the molecular
docking study. (e selected compounds were retrieved in
.sdf format from the PubChem database. In addition, aspirin
(CID: 2244) was utilized in this study as a positive anti-
inflammatory control. (e three-dimensional (3D) struc-
tures of the selected compounds were constructed in
Schrödinger using LigPrep (Maestro v11.1), utilizing the
force field OPLS3.

2.4.3. Grid Generation and Molecular Docking. To create
receptor grids and execute a molecular docking analysis,
Glide (Schrödinger, Maestro v11.1) was used. (e grids were
generated in Glide with the default settings and the OPLS3
force field. A cubic box with a boundary box
(14 Å×14 Å×14 Å) was specified for the receptors. All
docking studies were conducted using Glide’s standard
precision (SP) and flexible docking modes, and the lowest
docking score for each ligand was recorded.

2.4.4. MM-GBSA and Ligand Efficiency Analysis. (e free
energies of binding (ΔG; kcal/mol) for each ligand and the
target receptors were calculated using the Schrödinger
software package Prime/MM-GBSA module (OPLS3)
[37, 38]. (e ligand efficiency (LE) was assessed for each
ligand by obtaining the ratio of ΔG to the number of heavy
atoms (NHA): LE� −(ΔG)/NHA [39].

2.5. Molecular Dynamics Simulation. (e molecular dy-
namics simulation study was conducted in YASARA dy-
namics by the aid of AMBER14 force field [40, 41]. (e
docked complexes were optimized and cleaned, and hy-
drogen bond network system was oriented. (e cubic
simulation cell was created where the TIP3P solvationmodel

was used with periodic boundary conditions [42]. (e
simulation system was neutralized at 310K temperature, pH
7.4, and 0.9% NaCl. (e initial energy minimization was
conducted by steepest grained algorithms by simulating
annealing methods.(e long-range electrostatic interactions
were calculated by the particle mesh Ewald (PME) methods
with a cutoff radius of 8.0 Å [43, 44]. (e simulation time
step was set as 2.0 fs. (e simulation trajectories were saved
after 100 ps and finally run for 20 ns by following the
constant pressure and Berendsen thermostat [45]. (e
simulation trajectories were used to calculate the root-mean-
square deviation, solvent accessible surface area, radius of
gyration, and hydrogen bond [46–54].

3. Results

3.1. GC-MS Analysis. In this work, methanol was utilized as
the solvent for extraction, resulting in a 1.34% yield.(eGC-
MS analysis of the A. capitiformis stem methanolic extract
revealed 49 compounds with different retention times and
peak areas (Table 1 and Figure S1). (e methanolic extract
contained the following identified compounds: stigmast-4-
en-3-one (20.78%, RT: 58.161); hexadeca-2,6,10,14-tetraen-
1-ol, 3,7,11,16-tetramethyl-, (E,E,E)- (18.36%, RT: 51.477);
ursa-9(11),12-dien-3-one (10.35%, RT: 58.55); ursa-
9(11),12-dien-3-ol (6.89%, RT: 55.077); 2-(2-hydroxy-2-
phenylethyl)-3,5,6-trimethylpyrazine (5.21%, RT: 22.438);
longipinane, (E)- (3.86%, RT: 61.245); urs-12-ene (2.95%,
RT: 57.274); 2-hydrazino-8-hydroxy-4-phenylquinoline
(2.29%, RT: 50.688); and friedelin (2.01%, RT: 59.511).

3.2. Network Construction and Biological Process Analysis.
A KEGG pathway analysis of potential target genes (IL1R1,
IRAK4, MYD88, TIRAP, TLR4, and TRAF6) revealed sig-
naling pathways related with anti-inflammatory effects (see
Table 2). Figure S2 shows the PPI network with 12 proteins
(IL1R1, IRAK2, MYD88, IRAK4, IRAK2, MYD88, TIRAP,
TRAF6, TLR3, TLR4, TLR5, and TLR6), all of which have
anti-inflammatory effects. Tables S1 and S2 represent the
biological processes and molecular functions of the genes
interacting with the compounds, respectively. Protein-
protein interaction (PPI) status of 10 proteins with coex-
pression is demonstrated in Table S3.

3.3. Molecular Docking and Simulation. A total of 47
compounds docking results are presented in Tables 3–8,
which show the findings. Aspirin has been used as a positive
control for this study. (is study’s findings reveal that
binding energies of most of the ligands to receptors are
negative, as later validated by MM-GBSA analysis. (e
proteins and ligands’ molecular interaction is presented in
Supplementary Materials (Tables S4–S9). To better under-
stand the docking score, we have studied the ligand effi-
ciency, which demonstrated excellent support for molecular
docking scores. (e molecular dynamics simulation of the
targeted receptors (IL1R1, IRAK4, MYD88, TIRAP, TLR4,
and TRAF6) against the best stable compounds is presented
in Figures 1–6.
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Table 1: GC-MS analysis of the methanolic extract of Argyreia capitiformis stem.

Sl.
no. RT (min) Area PA (%) Compounds MW

(amu)
1 7.081 579298 0.105693 Methylcyclohexane 98.11
2 9.965 3399237 0.620188 Phenol 94.042
3 10.079 1001603 0.182742 Sulcatone 126.104
4 10.148 780660 0.142431 Butanoic acid, 2,3-dimethyl-, ethyl ester 144.115
5 10.348 865180 0.157852 1,2-Cyclohexanedione 112.052
6 11.601 1689097 0.308175 4-Methyl-1,5-heptadiene 110.11
7 16.104 925883 0.168927 Catechol 110.037
8 16.373 5726885 1.044866 Coumaran 120.058
9 18.359 4206254 0.767428 Hydroquinone 110.037
10 18.879 2153554 0.392914 p-Vinylguaiacol 150.068
11 19.412 630941 0.115115 Gamma-pyronene 136.125
12 20.916 2138840 0.39023 4-Ethylresorcinol 138.068
13 22.438 28577337 5.213916 2-(2-Hydroxy-2-phenylethyl)-3,5,6-trimethylpyrazine 242.142
14 25.225 2487140 0.453777 Ethanone, 1-(3,4-dimethoxyphenyl)- 180.079
15 25.563 4005631 0.730825 Spathulenol 220.183
16 25.694 2465579 0.449843 Caryophyllene oxide 220.183
17 26.295 639699 0.116713 Cyclopentanecarboxaldehyde, 2-methyl-3-methylene- 124.089
18 27.314 1610820 0.293893 Epiglobulol 222.198
19 27.668 1426632 0.260288 4(1H)-Pyrimidinone, 6-hydroxy- 112.027
20 28.126 1109370 0.202404 Cyclododecanone, 2-methylene- 194.167
21 28.481 1911669 0.348783 2,3-Dehydro-4-oxo-7,8-dihydro-beta-ionone 206.131
22 28.767 1292504 0.235816 Diepicedrene-1-oxide 220.183
23 29.213 10432471 1.903397 Coniferol 180.079
24 33.848 7982629 1.456425 n-Hexadecanoic acid 256.24
25 36.206 6006919 1.095958 Methyl 6,9,12-hexadecatrienoate 264.209
26 36.44 14533536 2.651634 Phytol 296.308

27 45.59 1109241 0.20238 1,3,6,10-Cyclotetradecatetraene, 3,7,11-trimethyl-14-(1-methylethyl)-, [S-
(E,Z,E,E)]- 272.25

28 46.574 5222376 0.952819 (Z,E)-Farnesol 222.198
29 47.054 5942094 1.084131 Geranyl acetate 332.272
30 47.215 4894168 0.892938 Farnesol acetate 264.209
31 47.426 5740162 1.047289 3-Furaldehyde 96.021
32 47.781 1179960 0.215283 trans-13-Docosenamide 337.334
33 48.542 6365219 1.16133 Squalene 410.391

34 48.782 5112411 0.932756 2′H-Androsta-2,4,6-trieno [3,2-c]pyrazol-17.beta.-ol, 17-methyl-, acetate
(ester) 366.231

35 49.686 6003161 1.095273
Spiro[2H-indole-2,8′(7′H)-[3, 7]methano[2H]furo[4,3,2-hi]indolizine]-
2′a(3′H)-carboxylic acid, 4′-ethylidene-1,3,4′,5′,8′,8′b-hexahydro-3-oxo-

, methyl ester
366.158

36 49.83 2892843 0.527797 Chola-5,22-dien-3-ol, (3.beta.,22Z)- 342.292

37 50.236 and
52.536

2523311 and
4290679

0.460376 and
0.782831 Curan-17-oic acid, 2,16-didehydro-20-hydroxy-19-oxo-, methyl ester 354.158

38 50.47 7587558 1.384345 Geranylgeraniol 290.261
39 50.688 12575157 2.294329 2-Hydrazino-8-hydroxy-4-phenylquinoline 251.106
40 51.477 100609821 18.35619 Hexadeca-2,6,10,14-tetraen-1-ol, 3,7,11,16-tetramethyl-, (E,E,E)- 290.261
41 52.811 4449457 0.8118 Cycloartenol 426.386
42 55.077 37780051 6.892945 Ursa-9(11),12-dien-3-ol 424.371
43 57.274 16193192 2.954437 Urs-12-ene 410.391
44 58.161 113880865 20.77749 Stigmast-4-en-3-one 412.371
45 58.55 56736847 10.3516 Ursa-9(11),12-dien-3-one 422.355
46 58.962 3509209 0.640253 C(14a)-homo-27-nor-14-beta-gammaceran-3-alpha-ol 428.402
47 59.511 11017163 2.010074 Friedelin 426.386
48 60.575 21170007 3.862453 Longipinane, (E)- 206.203
49 61.245 2733077 0.498648 Lanosterol 426.386
Note. MW: molecular weight; RT: retention time.
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4. Discussion

Plants have been used throughout the history of traditional
medicine to induce a variety of biological effects, and ex-
tensive pharmaceutical resources have recently been devoted
to the identification and investigation of new remedies,
including those derived from plants. A critical issue en-
countered by researchers who perform phytoscience is that a
single plant can harbor a wide range of bioactive chemicals
[55, 56]. (e pharmaceutical industry relies on phyto-
chemicals to develop new drugs and therapeutic agents.
Finding natural bioactive components is the first step in
developing novel drugs. Screening plant extracts for ther-
apeutically active chemicals is a novel strategy. It is im-
portant to know that plants have a lot of different types of
phytochemicals, which have a lot of different biological
properties. (ese include antioxidant, anti-inflammatory,

antidiarrhea, antiulcer, and anticancer activities [57–59].
Determining which compounds are responsible for the bi-
ological activities associated with plant materials can help
understand toxicities, determine suitable doses, and identify
ideal methods for compound extraction. (e successful
acquisition of components from plant materials depends
primarily on the solvent used during the extraction process
[60, 61]. (e stem methanolic extract was analyzed by GC-
MS analysis, and the results indicated 49 different chemicals
with varying retention times and peak areas.

(e network pharmacology analysis was performed to
evaluate potential interactions between the identified
chemical compounds and proteins, followed by multiple
comparisons to determine the number of genes responsible
for the anti-inflammatory effects, which was represented by
the STITCH platform (Figure 7). Table 2 shows the results of
KEGG pathway analysis performed on potential target

Table 2: KEGG analysis of the genes targeted by compounds.

Pathway
ID Pathway description Observed gene

count
False

discovery rate Matching proteins in network (labels)

05204 Chemical carcinogenesis 12 3.6E− 15
SULT1A1, SULT1A2, SULT1A3, UGT1A1, UGT1A10,
UGT1A3, UGT1A4, UGT1A6, UGT1A7, UGT1A8,

UGT1A9, UGT2B15

00053 Ascorbate and aldarate metabolism 9 1.21E− 14 UGT1A1, UGT1A10, UGT1A3, UGT1A4, UGT1A6,
UGT1A7, UGT1A8, UGT1A9, UGT2B15

00040 Pentose and glucuronate
interconversions 9 1.49E− 13 UGT1A1, UGT1A10, UGT1A3, UGT1A4, UGT1A6,

UGT1A7, UGT1A8, UGT1A9, UGT2B15

00860 Porphyrin and chlorophyll
metabolism 9 9.94E− 13 UGT1A1, UGT1A10, UGT1A3, UGT1A4, UGT1A6,

UGT1A7, UGT1A8, UGT1A9, UGT2B15

00983 Drug metabolism—other enzymes 9 1.27E− 12 UGT1A1, UGT1A10, UGT1A3, UGT1A4, UGT1A6,
UGT1A7, UGT1A8, UGT1A9, UGT2B15

00500 Starch and sucrose metabolism 9 4.62E− 12 UGT1A1, UGT1A10, UGT1A3, UGT1A4, UGT1A6,
UGT1A7, UGT1A8, UGT1A9, UGT2B15

00140 Steroid hormone biosynthesis 9 6.95E− 12 UGT1A1, UGT1A10, UGT1A3, UGT1A4, UGT1A6,
UGT1A7, UGT1A8, UGT1A9, UGT2B15

00830 Retinol metabolism 9 1.44E− 11 UGT1A1, UGT1A10, UGT1A3, UGT1A4, UGT1A6,
UGT1A7, UGT1A8, UGT1A9, UGT2B15

00982 Drug metabolism—cytochrome
P450 9 2.81E− 11 UGT1A1, UGT1A10, UGT1A3, UGT1A4, UGT1A6,

UGT1A7, UGT1A8, UGT1A9, UGT2B15

00980 Metabolism of xenobiotics by
cytochrome P450 9 4.52E− 11 UGT1A1, UGT1A10, UGT1A3, UGT1A4, UGT1A6,

UGT1A7, UGT1A8, UGT1A9, UGT2B15

04620 Toll-like receptor signaling
pathway 9 1.83E− 09 CD289, IRAK4, MYD88, TIRAP, TLR3, TLR4, TLR5,

TLR6, TRAF6

05152 Tuberculosis 8 3.14E− 06 CD289, IRAK2, IRAK4, MYD88, TIRAP, TLR4, TLR6,
TRAF6

04064 NF-kappa B signaling pathway 6 1.35E− 05 IL1R1, IRAK4, MYD88, TIRAP, TLR4, TRAF6

05142 Chagas disease (American
trypanosomiasis) 6 2.09E− 05 CD289, IRAK4, MYD88, TLR4, TLR6, TRAF6

05133 Pertussis 5 7.9E− 05 IRAK4, MYD88, TIRAP, TLR4, TRAF6
05162 Measles 5 0.00154 CD289, IRAK4, MYD88, TLR4, TRAF6
05140 Leishmaniasis 4 0.00164 IRAK4, MYD88, TLR4, TRAF6
04210 Apoptosis 4 0.00332 IL1R1, IRAK2, IRAK4, MYD88
05144 Malaria 3 0.00825 CD289, MYD88, TLR4
05145 Toxoplasmosis 4 0.00895 IRAK4, MYD88, TLR4, TRAF6
05134 Legionellosis 3 0.0113 MYD88, TLR4, TLR5
05161 Hepatitis B 4 0.0182 MYD88, TIRAP, TLR3, TLR4
05164 Influenza A 4 0.0332 IRAK4, MYD88, TLR3, TLR4
05132 Salmonella infection 3 0.0337 MYD88, TLR4, TLR5
05168 Herpes simplex infection 4 0.0362 CD289, MYD88, TLR3, TRAF6
Bold indicates the main pathway and proteins responsible for this study.
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genes, which identified signaling pathways associated with
anti-inflammatory actions. Analyses of biological processes
and molecular functions, which identified proteins and
pathways with significant values, were also performed
(Table S1). A comparison of the compound-gene inter-
action network and the protein-protein interaction net-
work was performed to reveal biological and molecular
functions (Table S2). From a molecular and functional
perspective, these findings can assist in understanding the
computational rules of compounds that have the potential

to treat diseases. For example, protein kinase C (PKC)
binding is known to treat inflammatory diseases [62], and
the present results showed that binding with TIRAP,
UGT1A10, and UGT1A7 was significant (p � 0.0447) and
similar to that for PKC. Also, retinoic acid binding has a
great impact on the immune system and the inflammatory
response. Our findings identified the genes UGT1A1,
UGT1A3, UGT1A7, UGT1A8, and UGT1A9 as being the
most significant interactions for the compounds in our
extract (p � 2.69E − 06).

Table 3: Docking scores and ligand efficiencies of compounds from the methanolic extract of Argyreia capitiformis stems binding with
IL1R1 (PDB: 1ITB).

Compounds
IL1R1 (1ITB)

DS∗ MM-GBSA∗ NHA LE∗

Methylcyclohexane −3.416 −8.53477 7 1.22
Phenol −4.567 −20.6083 7 2.94
Sulcatone −3.319 −22.5701 9 2.51
Butanoic acid, 2,3-dimethyl-, ethyl ester −3.695 −22.6538 10 2.27
1,2-Cyclohexanedione −3.772 −15.6443 8 1.96
4-Methyl-1,5-heptadiene −0.264 −15.0204 8 1.88
Catechol −4.755 −24.1451 8 3.02
Coumaran −4.368 −18.8456 9 2.09
Hydroquinone −4.703 −21.6152 8 2.70
p-Vinylguaiacol −3.965 −17.0656 11 1.55
Gamma-pyronene — — — —
4-Ethylresorcinol −4.791 −19.4157 10 1.94
2-(2-Hydroxy-2-phenylethyl)-3,5,6-trimethylpyrazine −3.768 −18.6465 18 1.04
Ethanone, 1-(3,4-dimethoxyphenyl)- −5.147 −24.0973 13 1.85
Spathulenol — — — —
Caryophyllene oxide — — — —
Cyclopentanecarboxaldehyde, 2-methyl-3-methylene- −3.819 −14.8427 9 1.65
Epiglobulol — — — —
4(1H)-Pyrimidinone, 6-hydroxy- −5.289 −22.2826 8 2.79
Cyclododecanone, 2-methylene- −3.031 −15.4537 14 1.10
2,3-Dehydro-4-oxo-7,8-dihydro-beta-ionone — — — —
Diepicedrene-1-oxide −3.253 −20.532 16 1.28
Coniferol −4.551 −25.8365 13 1.99
Methyl 6,9,12-hexadecatrienoate −0.024 −27.9609 19 1.47
Phytol −0.765 −31.806 21 1.51
1,3,6,10-Cyclotetradecatetraene, 3,7,11-trimethyl-14-(1-methylethyl)-, [S-(E,Z,E,E)]- — — — —
(Z,E)-Farnesol −1.134 −28.241 16 1.77
Geranyl acetate −3.607 −33.7371 24 1.41
Farnesol, acetate −1.636 −37.7206 24 1.57
3-Furaldehyde −4.663 −17.5816 7 2.51
trans-13-Docosenamide −3.73 −41.2676 24 1.72
Squalene −3.241 −26.5894 30 0.89
Chola-5,22-dien-3-ol, (3.beta.,22Z)- −3.62 −23.7437 25 0.95
Curan-17-oic acid, 2,16-didehydro-20-hydroxy-19-oxo-, methyl ester — — — —
Geranylgeraniol −1.699 −26.6476 21 1.27
2-Hydrazino-8-hydroxy-4-phenylquinoline −5.348 −26.1207 19 1.37
Cycloartenol −2.877 −17.9477 31 0.58
Ursa-9(11),12-dien-3-ol — — — —
Urs-12-ene −2.712 −25.2104 30 0.84
Stigmast-4-en-3-one −2.78 −23.2611 30 0.78
Ursa-9(11),12-dien-3-one — — — —
C(14a)-Homo-27-nor-14-beta-gammaceran-3-alpha-ol — — — —
Friedelin — — — —
Longipinane, (E)- — — — —
Lanosterol −3.249 −26.5783 31 0.86
Aspirin −4.26 −21.1433 13 1.63
Note. DS: docking score; NHA: number of heavy atoms; LE: ligand efficiency. ∗Results presented in kcal/mol.
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As shown in Table 2, KEGG pathway analysis for in-
flammatory responses identified IL1R1, IRAK4, MYD88,
TIRAP, TLR4, and TRAF6 in the NF-κB signaling pathway,
which has a p-value of 1.35E− 05. Similar results were
demonstrated for the inflammatory response in the bio-
logical process analysis, which identified the MYD88-de-
pendent TLR signaling pathway (p � 2.19E− 07; IRAK2,
IRAK4, MYD88, TIRAP, TLR4, TLR5, TLR6, and TRAF6),
the TLR4 signaling pathway (p � 9.14E− 07; IRAK2, IRAK4,
MYD88, TIRAP, TLR3, TLR4, TLR6, and TRAF6), the TLR1:

TLR2 signaling pathway (p � 2.31E− 06; IRAK2, IRAK4,
MYD88, TIRAP, TLR4, TLR6, and TRAF6), the TLR 2
pathway (p � 2.54E− 06; IRAK2, IRAK4, MYD88, TIRAP,
TLR4, TLR6, and TRAF6), the TLR signaling pathway
(p � 3.15E− 06; IRAK2, IRAK4, MYD88, TIRAP, TLR3,
TLR4, TLR5, and TRAF6), positive regulation of interleukin-
6 production (p � 2.06E− 05; MYD88, TIRAP, TLR3, TLR4,
TLR6, and TRAF6), NF-κB signaling (p � 0.000393; IRAK2,
TIRAP, TLR3, TLR4, and TRAF6), NF-κB signaling
(p � 0.000601; IRAK4, MYD88, TIRAP, TLR3, TLR4, TLR6,

Table 4: Docking scores and ligand efficiencies of compounds from the methanolic extract of Argyreia capitiformis stems binding with
IRAK4 (PDB: 6EGA).

Compounds
IRAK4 (6EGA)

DS∗ MM-GBSA∗ NHA LE∗

Methylcyclohexane −5.343 −28.5422 7 4.08
Phenol −6.799 −30.4637 7 4.35
Sulcatone −4.611 −34.0534 9 3.78
Butanoic acid, 2,3-dimethyl-, ethyl ester −5.338 −27.5643 10 2.76
1,2-Cyclohexanedione −5.827 −26.2939 8 3.29
4-Methyl-1,5-heptadiene −2.392 −31.5398 8 3.94
Catechol −6.363 −35.5712 8 4.45
Coumaran −7.179 −34.9848 9 3.89
Hydroquinone −6.568 −30.1474 8 3.77
p-Vinylguaiacol −6.906 −45.639 11 4.15
Gamma-pyronene −5.242 −25.8647 10 2.59
4-Ethylresorcinol −6.961 −33.0487 10 3.30
2-(2-Hydroxy-2-phenylethyl)-3,5,6-trimethylpyrazine −7.589 −47.6142 18 2.65
Ethanone, 1-(3,4-dimethoxyphenyl)- −7.704 −38.3452 13 2.95
Spathulenol — — — —
Caryophyllene oxide — — — —
Cyclopentanecarboxaldehyde, 2-methyl-3-methylene- −6.889 −34.1045 9 3.79
Epiglobulol — — — —
4(1H)-Pyrimidinone, 6-hydroxy- −6.247 −19.6834 8 2.46
Cyclododecanone, 2-methylene- — — — —
2,3-Dehydro-4-oxo-7,8-dihydro-beta-ionone −6.224 −26.8822 15 1.79
Diepicedrene-1-oxide — — — —
Coniferol −7.225 −49.0664 13 3.77
Methyl 6,9,12-hexadecatrienoate −3.841 −51.8616 19 2.73
Phytol −4.092 −37.6416 21 1.79
1,3,6,10-Cyclotetradecatetraene, 3,7,11-trimethyl-14-(1-methylethyl)-, [S-(E,Z,E,E)]- — — — —
(Z,E)-Farnesol −4.144 −53.635 16 3.35
Geranyl acetate −7.613 −46.7163 24 1.95
Farnesol acetate −4.638 −48.5373 24 2.02
3-Furaldehyde −6.301 −28.4227 7 4.06
trans-13-Docosenamide −6.62 −55.939 24 2.33
Squalene −7.603 −73.1988 30 2.44
Chola-5,22-dien-3-ol, (3.beta.,22Z)- −7.25 −36.8492 25 1.47
Curan-17-oic acid, 2,16-didehydro-20-hydroxy-19-oxo-, methyl ester — — — —
Geranylgeraniol −4.383 −54.1471 21 2.58
2-Hydrazino-8-hydroxy-4-phenylquinoline −6.639 −35.0611 19 1.85
Cycloartenol −3.914 −28.0451 31 0.90
Ursa-9(11),12-dien-3-ol — — — —
Urs-12-ene −5.048 −24.8357 30 0.83
Stigmast-4-en-3-one −7.199 −25.6365 30 0.85
Ursa-9(11),12-dien-3-one — — — —
C(14a)-homo-27-nor-14-beta-gammaceran-3-alpha-ol — — — —
Friedelin — — — —
Longipinane, (E)- — — — —
Lanosterol −6.524 −29.9751 31 0.97
Aspirin −6.798 −31.0373 13 2.39
Note. DS: docking score; NHA: number of heavy atoms; LE: ligand efficiency. ∗Results presented in kcal/mol.
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and TRAF6), TLR5 signaling pathway (p � 0.000712; IRAK2,
IRAK4, MYD88, TLR5, and TRAF6), and TLR10 signaling
pathway (p � 0.000712; IRAK2, IRAK4, MYD88, TLR5,
TRAF6). Six genes were identified as being associated with
the NF-κB signaling pathway, suggesting anti-inflammatory
effects, in support of a previous study that identified the
inhibition of NF-κB functional pathways in RAW 264.7 cells
following treatment with a methanolic extract of
A. capitiformis leaves [9].

Although a remarkable amount of functional and
structural data has been compiled for each identified protein,
our knowledge regarding protein-protein relationships re-
main scattered. (e purpose of the STRING database is the
collection, scoring, integration, and complementation with
computational predictions for all public sources of PPIs
[63–66]. In the present study, 10 proteins (IL1R1, IRAK4,
IRAK2, MYD88, TIRAP, TRAF6, TLR3, TLR4, TLR5, and
TLR6) were used to analyze a PPI network (Figure S2), which

Table 5: Docking scores and ligand efficiencies of compounds from the methanolic extract of Argyreia capitiformis stems binding with
MYD88 (PDB: 4EO7).

Compounds
MYD88 (4EO7)

DS∗ MM-GBSA∗ NHA LE∗

Methylcyclohexane −2.691 −2.45925 7 0.35
Phenol −3.654 −5.09725 7 0.73
Sulcatone −1.726 −8.41174 9 0.93
Butanoic acid, 2,3-dimethyl-, ethyl ester −1.597 −2.95307 10 0.29
1,2-Cyclohexanedione −3.341 −6.76768 8 0.85
4-Methyl-1,5-heptadiene 0.155 −14.7508 8 1.84
Catechol −3.771 −8.25542 8 1.03
Coumaran — — — —
Hydroquinone −3.855 −12.4109 8 1.55
p-Vinylguaiacol −3.207 −14.8801 11 1.35
Gamma-pyronene — — — —
4-Ethylresorcinol −4.822 −13.2875 10 1.33
2-(2-Hydroxy-2-phenylethyl)-3,5,6-trimethylpyrazine −3.247 −32.6507 18 1.81
Ethanone, 1-(3,4-dimethoxyphenyl)- −3.317 −10.222 13 0.79
Spathulenol — — — —
Caryophyllene oxide −2.647 −17.446 16 1.09
Cyclopentanecarboxaldehyde, 2-methyl-3-methylene- — — — —
Epiglobulol — — — —
4(1H)-pyrimidinone, 6-hydroxy- −4.189 −6.98163 8 0.87
Cyclododecanone, 2-methylene- — — — —
2,3-Dehydro-4-oxo-7,8-dihydro-beta-ionone — — — —
Diepicedrene-1-oxide — — — —
Coniferol −3.03 −22.5252 13 1.73
Methyl 6,9,12-hexadecatrienoate — — — —
Phytol 0.454 −26.4647 21 1.26
1,3,6,10-Cyclotetradecatetraene, 3,7,11-trimethyl-14-(1-methylethyl)-, [S-(E,Z,E,E)]- — — — —
(Z,E)-Farnesol 0.368 −26.3771 16 1.65
Geranyl acetate −2.457 −29.1004 24 1.21
Farnesol, acetate 0.023 −20.0217 24 0.83
3-Furaldehyde — — — —
trans-13-Docosenamide −2.916 −42.0383 24 1.75
Squalene −2.59 −40.4505 30 1.35
Chola-5,22-dien-3-ol, (3.beta.,22Z)- −2.236 −7.69418 25 0.31
Curan-17-oic acid, 2,16-didehydro-20-hydroxy-19-oxo-, methyl ester — — — —
Geranylgeraniol 0.094 −25.417 21 1.21
2-Hydrazino-8-hydroxy-4-phenylquinoline −3.068 −7.45669 19 0.39
Cycloartenol −1.726 −21.1763 31 0.68
Ursa-9(11),12-dien-3-ol — — — —
Urs-12-ene −1.704 −11.5462 30 0.38
Stigmast-4-en-3-one −1.772 −19.7209 30 0.66
Ursa-9(11),12-dien-3-one — — — —
C(14a)-homo-27-nor-14-beta-gammaceran-3-alpha-ol — — — —
Friedelin — — — —
Longipinane, (E)- −2.592 −11.7102 15 0.78
Lanosterol −1.84 −21.6645 31 0.69
Aspirin −1.659 −5.81427 13 0.45
Note. DS: docking score; NHA: number of heavy atoms; LE: ligand efficiency. ∗Results presented in (kcal/mol).
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were all significantly (p< 1.0e− 16) related to anti-inflam-
matory functions. Signals from the various TLRs are diverse,
but all TLRs are activated by the binding of TIR-containing
adaptor proteins (e.g., TIRAP activates MYD88, and TRAM
activates TRIF). IRAK4, IRAK1, IRAK2, and TRAF6 are all
activated by MYD88. MYD88 binding results in the phos-
phorylation and release of IRAK1 from the cell membrane
into the cytoplasm, where it interacts with and activates the
transforming growth factor-β-activated kinase 1 (TAK1)

downstream. TAK1 activates the IKKβ-to-IκB-α-to-NF-κB
pathway, inducing the transcription of proinflammatory
genes. TAK1 also influences gene expression by activating
mitogen-activated protein kinase (MAPK) cascades. TRAF6,
βRIP1, and TAK1 are activated by the binding of TLR with
TRIF, resulting in the activation of MAPK, interferon
regulatory factor 3 (IRF3), NF-κB, and interferon- tran-
scription activation. (e TRIF pathway also promotes the
release of proinflammatory cytokines, although to a lesser

Table 6: Docking scores and ligand efficiencies of compounds from the methanolic extract of Argyreia capitiformis stems binding with
TIRAP (PDB: 4FZ5).

Compounds
TIRAP (4FZ5)

DS∗ MM-GBSA∗ NHA LE∗

Methylcyclohexane −3.814 −19.0091 7 2.72
Phenol −4.448 −21.4312 7 3.06
Sulcatone −2.879 −15.5041 9 1.72
Butanoic acid, 2,3-dimethyl-, ethyl ester −3.225 −19.8212 10 1.98
1,2-Cyclohexanedione −4.658 −18.7199 8 2.34
4-Methyl-1,5-heptadiene −0.875 −18.4864 8 2.31
Catechol −4.501 −22.731 8 2.84
Coumaran −4.133 −19.5103 9 2.17
Hydroquinone −5.072 −21.6796 8 2.71
p-Vinylguaiacol −3.458 −17.6974 11 1.61
Gamma-pyronene −3.944 −18.1058 10 1.81
4-Ethylresorcinol −5.971 −29.5938 10 2.96
2-(2-Hydroxy-2-phenylethyl)-3,5,6-trimethylpyrazine −4.304 −25.9223 18 1.44
Ethanone, 1-(3,4-dimethoxyphenyl)- −5.243 −24.616 13 1.89
Spathulenol — — — —
Caryophyllene oxide — — — —
Cyclopentanecarboxaldehyde, 2-methyl-3-methylene- −4.868 −20.8151 9 2.31
Epiglobulol — — — —
4(1H)-pyrimidinone, 6-hydroxy- −4.845 −15.1979 8 1.89
Cyclododecanone, 2-methylene- −2.974 −20.1319 14 1.44
2,3-Dehydro-4-oxo-7,8-dihydro-beta-ionone −4.032 −21.7031 15 1.45
Diepicedrene-1-oxide — — — —
Coniferol −4.855 −32.2717 13 2.48
Methyl 6,9,12-hexadecatrienoate 0.105 −31.8802 19 1.68
Phytol 0.856 −29.859 21 1.42
1,3,6,10-Cyclotetradecatetraene, 3,7,11-trimethyl-14-(1-methylethyl)-, [S-(E,Z,E,E)]- — — — —
(Z,E)-Farnesol 0.289 −15.1735 16 0.95
Geranyl acetate −1.574 −25.783 24 1.07
Farnesol, acetate 0.333 −14.545 24 0.61
3-Furaldehyde −4.332 −17.5272 7 2.50
trans-13-Docosenamide −1.763 −31.4792 24 1.31
Squalene −1.678 −23.5817 30 0.79
Chola-5,22-dien-3-ol, (3.beta.,22Z)- −2.807 −23.4983 25 0.94
Curan-17-oic acid, 2,16-didehydro-20-hydroxy-19-oxo-, methyl ester — — — —
Geranylgeraniol 0.085 −9.16848 21 0.44
2-Hydrazino-8-hydroxy-4-phenylquinoline −4.084 −24.5226 19 1.29
Cycloartenol −1.963 −29.9984 31 0.97
Ursa-9(11),12-dien-3-ol — — — —
Urs-12-ene −2.561 −20.6408 30 0.69
Stigmast-4-en-3-one — — — —
Ursa-9(11),12-dien-3-one −3.348 −39.9359 31 1.29
C(14a)-homo-27-nor-14-beta-gammaceran-3-alpha-ol — — — —
Friedelin — — — —
Longipinane, (E)- — — — —
Lanosterol −1.716 −27.5587 31 0.89
Aspirin −4.343 −23.6086 13 1.82
Note. DS: docking score; NHA: number of heavy atoms; LE: ligand efficiency. ∗Results presented in kcal/mol.
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degree than the MYD88 pathway. TLRs are a class of specific
receptors that are key players in mounting an effective innate
immune response to infection [67–69].

Subsequently, gene co-occurrence can be used to identify
gene families whose patterns exhibit similarity across ge-
nomes. (ree types of analyses have been used to examine
genomes (neighborhood, fusion, gene co-occurrence) based
on the systemic comparison of all-against-all genomes to
evaluate the impacts of historical genome restructurings,

genetic gains and losses, and gene fusion [70, 71]. In the
present study, 100% sequence conservation was observed for
the ten proteins (IL1R1, IRAK4, IRAK2, MYD88, TIRAP,
TRAF6, TLR3, TLR4, TLR5, and TLR6) selected for the PPI
network analysis, as shown in Figure S3. Additionally, gene
coexpression was also studied in the present study, as
summarized in Table S3 and Figure S4. (e coexpression
pathway is predicated by performing gene-by-gene corre-
lation testing across many gene expression databases.

Table 7: Docking scores and ligand efficiencies of compounds from themethanolic extract ofArgyreia capitiformis stems binding with TLR4
(PDB: 3FXI).

Compounds
TLR4 (3FXI)

DS∗ MM-GBSA∗ NHA LE∗

Methylcyclohexane −5.225 −25.2088 7 3.60
Phenol −6.387 −32.1845 7 4.59
Sulcatone −5.227 −37.5653 9 4.17
Butanoic acid, 2,3-dimethyl-, ethyl ester −4.588 −32.241 10 3.22
1,2-Cyclohexanedione −6.231 −26.8612 8 3.36
4-Methyl-1,5-heptadiene −2.573 −35.6785 8 4.45
Catechol −6.224 −35.1395 8 4.39
Coumaran −6.217 −31.1228 9 3.46
Hydroquinone −5.879 −32.0765 8 4.01
p-Vinylguaiacol −6.497 −41.7567 11 3.79
Gamma-pyronene −5.859 −28.5764 10 2.86
4-Ethylresorcinol −7.636 −30.7191 10 3.07
2-(2-Hydroxy-2-phenylethyl)-3,5,6-trimethylpyrazine −7.775 −47.2615 18 2.63
Ethanone, 1-(3,4-dimethoxyphenyl)- −7.127 −35.528 13 2.73
Spathulenol — — — —
Caryophyllene oxide — — — —
Cyclopentanecarboxaldehyde, 2-methyl-3-methylene- −6.018 −29.885 9 3.32
Epiglobulol — — — —
4(1H)-pyrimidinone, 6-hydroxy- −5.805 −25.5615 8 3.19
Cyclododecanone, 2-methylene- — — — —
2,3-Dehydro-4-oxo-7,8-dihydro-.beta.-ionone −6.232 −10.5536 15 0.70
Diepicedrene-1-oxide — — — —
Coniferol −7.058 −52.0494 13 4.003
Methyl 6,9,12-hexadecatrienoate −2.949 −48.4222 19 2.55
Phytol −3.527 −48.9579 21 2.33
1,3,6,10-Cyclotetradecatetraene, 3,7,11-trimethyl-14-(1-methylethyl)-, [S-(E,Z,E,E)]- — — — —
(Z,E)-Farnesol −3.612 −49.9903 16 3.12
Geranyl acetate −6.867 −47.3758 24 1.97
Farnesol, acetate −4.062 −56.2792 24 2.34
3-Furaldehyde −5.191 −27.4652 7 3.92
trans-13-Docosenamide −5.443 −52.2716 24 2.18
Squalene −6.729 −40.8575 30 1.36
Chola-5,22-dien-3-ol, (3.beta.,22Z)- — — — —
Curan-17-oic acid, 2,16-didehydro-20-hydroxy-19-oxo-, methyl ester — — — —
Geranylgeraniol −3.692 −42.9074 21 2.04
2-Hydrazino-8-hydroxy-4-phenylquinoline −5.647 0.186151 19 −0.009
Cycloartenol — — — —
Ursa-9(11),12-dien-3-ol — — — —
Urs-12-ene — — — —
Stigmast-4-en-3-one — — — —
Ursa-9(11),12-dien-3-one — — — —
C(14a)-homo-27-nor-14-beta-gammaceran-3-alpha-ol — — — —
Friedelin — — — —
Longipinane, (E)- — — — —
Lanosterol — — — —
Aspirin −6.329 −35.694 13 2.75
Note. DS: docking score; NHA: number of heavy atoms; LE: ligand efficiency. ∗Results presented in kcal/mol.
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STRING reconstructs and maps this enormous series of
experiments, which is stored on the NCBI database along
with transcript data [63, 72]. (e present findings suggested
co-expression among the ten selected proteins (IL1R1,
IRAK4, IRAK2, MYD88, TIRAP, TRAF6, TLR3, TLR4,
TLR5, and TLR6) in Homo sapiens. In addition, coex-
pression (transferred) of three more genes was observed in
Gallus gallus, Mus musculus, and Rattus norvegicus.

Structure-based drug discovery is gradually becoming a
key technique for facilitating the rapid and cost-effective

discovery and optimization of lead compounds. (e use of a
rational, structure-based drug design strategy is more effi-
cient than conventional drug development techniques be-
cause this approach seeks to understand the molecular basis
of diseases and incorporates information regarding the bi-
ological target’s 3D structure during the drug design process
[37]. A molecular docking study was incorporated into the
present study to predict the complex structure formed by
ligand-protein binding and analyze the ligand’s conforma-
tional space within the protein-binding site. A score function

Table 8: Docking scores and ligand efficiencies of compounds from the methanolic extract of Argyreia capitiformis stems binding with
TRAF6 (PDB: 3HCT).

Compounds
TRAF6 (3HCT)

DS∗ MM-GBSA∗ NHA LE∗

Methylcyclohexane −4.23 −15.5462 7 2.22
Phenol −4.75 −17.0982 7 2.44
Sulcatone −3.224 −22.1931 9 2.47
Butanoic acid, 2,3-dimethyl-, ethyl ester −3.328 −17.6969 10 1.77
1,2-Cyclohexanedione −5.406 −17.7531 8 2.22
4-Methyl-1,5-heptadiene −1.225 −18.4899 8 2.31
Catechol −4.53 −18.205 8 2.28
Coumaran −3.768 −20.8505 9 2.32
Hydroquinone −4.795 −18.3408 8 2.29
p-Vinylguaiacol −4.303 −17.778 11 1.62
Gamma-pyronene −4.133 −21.4044 10 2.14
4-Ethylresorcinol −5.48 −19.6712 10 1.97
2-(2-Hydroxy-2-phenylethyl)-3,5,6-trimethylpyrazine −5.119 −41.8887 18 2.33
Ethanone, 1-(3,4-dimethoxyphenyl)- −5.708 −29.3694 13 2.26
Spathulenol — — — —
Caryophyllene oxide — — — —
Cyclopentanecarboxaldehyde, 2-methyl-3-methylene- −5.198 −20.7855 9 2.31
Epiglobulol — — — —
4(1H)-pyrimidinone, 6-hydroxy- −5.483 −15.5853 8 1.95
Cyclododecanone, 2-methylene- −4.619 −3.58279 14 0.26
2,3-Dehydro-4-oxo-7,8-dihydro-beta-ionone −4.327 −25.9777 15 1.73
Diepicedrene-1-oxide — — — —
Coniferol −3.698 −31.781 13 2.44
Methyl 6,9,12-hexadecatrienoate 0.144 −27.9098 19 1.47
Phytol 1.098 −20.446 21 0.97
1,3,6,10-Cyclotetradecatetraene, 3,7,11-trimethyl-14-(1-methylethyl)-, [S-(E,Z,E,E)]- — — — —
(Z,E)-Farnesol −0.033 −18.0454 16 1.13
Geranyl acetate −2.742 −22.1469 24 0.92
Farnesol, acetate −0.582 −27.6353 24 1.15
3-Furaldehyde −4.911 −16.8696 7 2.41
trans-13-Docosenamide −2.779 −43.4455 24 1.81
Squalene −2.1 −40.8237 30 1.36
Chola-5,22-dien-3-ol, (3.beta.,22Z)- −2.904 −21.7666 25 0.87
Curan-17-oic acid, 2,16-didehydro-20-hydroxy-19-oxo-, methyl ester — — — —
Geranylgeraniol −0.313 −26.3103 21 1.253
2-Hydrazino-8-hydroxy-4-phenylquinoline −4.282 −21.7512 19 1.14
Cycloartenol −2.32 −17.571 31 0.57
Ursa-9(11),12-dien-3-ol — — — —
Urs-12-ene −2.153 −13.0659 30 0.44
Stigmast-4-en-3-one −2.229 −18.7231 30 0.62
Ursa-9(11),12-dien-3-one — — — —
C(14a)-homo-27-nor-14-beta-gammaceran-3.alpha.-ol — — — —
Friedelin — — — —
Longipinane, (E)- — — — —
Lanosterol −2.204 −16.5677 31 0.53
Aspirin −4.81 −26.889 13 2.07
Note. DS: docking score; NHA: number of heavy atoms; LE: ligand efficiency. ∗Results presented in kcal/mol.
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is then used for each docking analysis to assess the free
energy of the interaction between the protein and ligand
[37, 73, 74]. Additionally, the LE is calculated, which can
enrich docking functions and allow for the coordination
between docking outcomes and experimental results. Crit-
ical information regarding a molecule’s properties, such as
the NHA, can then be combined into a single table [39].

IL-1 controls a range of innate immune pathways,
making it a key regulator of inflammation [75]. Two IL-1 cell
surface receptors and a decoy receptor have been identified,
including IL1R1 and IL1R2. First, IL-1 binds with IL1R1,
inducing the formation of a heterodimer between IL1R1 and
either IL-1RAcP or IL1R3, followed by IL-1 receptor-as-
sociated kinase (IRAK) and MyD88. (e inflammatory
response induced by IL1R1 occurs when IL1R1 binds with
either the IL-1α or IL-1β ligands, whereas the T-lympho-
cytes, fibroblastic cells, epithelial cells, and endothelial cells
have been indicated [76–78]. In the present study, selected
six target proteins based on the network pharmacology
analysis for the molecular docking study: IL1R1 (PDB:

1ITB), IRAK4 (PDB: 6EGA), and MYD88 (PDB: 4EO7) was
used for the docking study. For IL1R1 (PDB: 1ITB), the
majority of the 47 tested compounds demonstrated good
docking scores, except for 12 compounds (Table 3). Among
the 33 compounds with good docking scores, catechol (3.02),
phenol (2.94), 4(1H)-pyrimidinone, 6-hydroxy- (2.79), hy-
droquinone (2.70), 3-furaldehyde (2.51), and sulcatone
(2.51) showed the best ligand efficiencies, compared with the
LE value of 1.63 for the positive control aspirin (Table S4 and
Figure S5). (e compounds with the best ligand efficiencies
were found to interact with LYS-93 by H-bond (distances
>4 Å), and catechol interacted via two H-bonds. Similar
findings were also observed for the positive control aspirin.
According to an earlier study, the noncontiguous binding
epitope containing LYS-93 was identified for IL-1β [79].

IRAK4 (PDB: 6EGA) also exhibited similar findings in
the docking experiment, with only 12 compounds that did
not display any interactions. Catechol (4.45), phenol (4.35),
p-vinylguaiacol (4.15), methylcyclohexane (4.08), 3-fur-
aldehyde (4.06), and 4-methyl-1,5-heptadiene (3.94) showed
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Figure 1: Molecular dynamics simulation of the best ligand efficiencies for compounds against IL1R1 (PDB: 1ITB). (a) Root-mean-square
deviation of the complexes (RMSD). (b) Solvent accessible surface area (SASA). (c) Radius of gyration (Rg). (d) Hydrogen bond analysis
from the simulation system.
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the best LE values, as shown in Table 4.(e LE value of aspirin
was 2.39. (e molecular interactions between the compounds
with the best LE values and IRAK4 (PDB: 6EGA) are pre-
sented in Table S5 and Figure S6. ASP-329 formed H-bonds
with catechol (4.02, 3.48 Å), p-vinylguaiacol (4.05, 4.06 Å),
phenol (3.49 Å), and aspirin (4.24 Å), whereas no H-bond
interactions were observed for 4-methyl-1,5-heptadiene or
methylcyclohexane. Additionally, 3-furaldehyde interacted
with MET-265 (4.0 Å) via one H-bond. Remarkably, ASP-
329, MET-265, and LYS-213 were all reported to interact with
IRAK4 in a previous study [32].

Additionally, MYD88 (PDB: 4EO7) was also studied as a
potential target of the anti-inflammatory effects of the
methanolic extract ofA. capitiformis stems. In themolecular
docking experiment, 29 compounds were found to interact
with MYD88 (Table 5). (e best LE values for MYD88
(PDB: 4EO7) were identified for 4-methyl-1,5-heptadiene
(1.84), 2-(2-hydroxy-2-phenylethyl)-3,5,6-trimethylpyr-
azine (1.81), trans-13-docosenamide (1.75), coniferol (1.73),
(Z, E)-farnesol (1.65), and hydroquinone (1.55). (e

positive control aspirin had an LE value of 0.45, which was
lower than the LE values for 24 of the identified compounds.
(e molecular interactions between the compounds with
the best LE values and MYD88 (PDB: 4EO7) are presented
in Table S6 and Figure S7. ASP-156 was reported to form
H-bonds with coniferol, 2-(2-hydroxy-2-phenylethyl)-
3,5,6-trimethylpyrazine, and (Z,E)-farnesol, whereas hy-
droquinone interacted with ASP-156 through the formation
of hydrophobic bonds (3.51 Å). No H-bond interactions
were reported for 4-methyl-1,5-heptadiene. (e other
compound, trans-13-docosenamide, interacted with ARG-
160 (5.21 Å) and GLU-159 (4.36 Å) via H-bonds.

TIRAP, also known as MYD88 adapter-like (Mal), is an
important link between MYD88 and the receptor complex
formed by TLR2 and TLR4 activation following bacterial
infection [32]. MYD88 activates IRAK1 and IRAK4 and
eventually activates TRAF6, causing the prototypic inflam-
matory transcription factor NF-κB to translocate to the nu-
cleus [80, 81]. TIRAP is the second adaptor that has been
identified to mediate NF-κB activation through the activation
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Figure 2: Two-dimensional representations of the best ligand efficiencies for compounds against IRAK4 (PDB: 6EGA). (a) Root-mean-
square deviation of the complexes (RMSD). (b) Solvent accessible surface area (SASA). (c) Radius of gyration (Rg). (d) Hydrogen bond
analysis from the simulation system.
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of TLR4 and TLR2 signaling pathways [82–85].(emolecular
docking of TIRAP (PDB: 4FZ5) was examined against the 45
compounds identified in the methanolic extract of
A. capitiformis stems, of which 35 demonstrated interactions
and 10 did not (Table 6). (e best interacting compounds
were phenol (3.06), 4-ethylresorcinol (2.96), catechol (2.84),
methylcyclohexane (2.72), hydroquinone (2.71), and 3-fur-
aldehyde (2.50), compared with the positive control aspirin,
which exhibited an LE of 1.82 (Figure S8). (e molecular
interactions between the compounds with the best LE values
and TIRAP (PDB : 4FZ5) are presented in Table S7. LEU-107
formed H-bond with 3-furaldehyde, catechol, phenol, and
aspirin, and a hydrophobic interaction was also observed for
catechol, methylcyclohexane, and phenol. Another protein
residue, LYS-210, interacted with 3-furaldehyde, 4-ethyl-
resorcinol, hydroquinone, and phenol via hydrophobic in-
teractions. In a previous study, LYS-210 was reported to form
a hydrophobic interaction with NF-κB [86].

In addition, TLR4 (PDB: 3FXI) was compared against
45 compounds found in the methanolic extract of
A. capitiformis stems, although 17 compounds did not

interact with TLR4 (Table 7). Phenol (4.59), 4-methyl-1,5-
heptadiene (4.45), catechol (4.39), sulcatone (4.17), hy-
droquinone (4.01), and coniferol (4.003) displayed the
highest LE values, whereas aspirin showed an LE value of
2.75. (e molecular interactions between the compounds
with the best LE values and TLR4 (PDB: 3FXI) are pre-
sented in Table S8 and Figure S9. SER-441 was found to
form H-bond interactions with phenol and sulcatone,
whereas hydrophobic interactions were exhibited for
phenol, hydroquinone, catechol, and coniferol. VAL-82
interacted via hydrophobic interactions with coniferol, 4-
methyl-1,5-heptadiene, catechol, phenol, and hydroqui-
none. In a previous study, SER-441 was reported to interact
strongly with apigenin-7-O-glucoside [87]. Similar inter-
actions were also observed for ILE-80 and VAL-82 [88].

Finally, TRAF6 (PDB: 3HCT) was assessed against the 45
chemicals found in the methanolic extract of A. capitiformis
stems, of which 34 were identified as interacting (Table 8).
Sulcatone (2.47), phenol (2.44), coniferol (2.44), 3-fur-
aldehyde (2.41), 2-(2-hydroxy-2-phenylethyl)-3,5,6-trime-
thylpyrazine (2.33), and coumaran (2.32) displayed the
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Figure 3: Two-dimensional representations of the best ligand efficiencies for compounds against MYD88 (4EO7). (a) Root-mean-square
deviation of the complexes (RMSD). (b) Solvent accessible surface area (SASA). (c) Radius of gyration (Rg). (d) Hydrogen bond analysis
from the simulation system.
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highest LE values compared with aspirin (2.07). (e mo-
lecular interactions between the compounds with the best
LE values and TRAF6 (PDB: 3HCT) are presented in
Table S9 and Figure S10. ARG-6 formed H-bond inter-
actions with coniferol, 2-(2-hydroxy-2-phenylethyl)-3,5,6-
trimethylpyrazine, and aspirin, whereas hydrophobic in-
teractions were identified for 2-(2-hydroxy-2-phenylethyl)-
3,5,6-trimethylpyrazine and sulcatone. GLN-54 also
formed H-bond interactions with multiple compounds,
including 2-(2-hydroxy-2-phenylethyl)-3,5,6-trime-
thylpyrazine and 3-furaldehyde.

(e root-mean-square deviations from the C-alpha
atoms from the docked complexes IL1R1 (PDB: 1ITB)
proteins are illustrated in Figure 1. (e complexes’ RMSD
values were calculated to find out the deviations among the
simulation complexes and structural stability. Figure 1(a)
demonstrates that the complexes had similar RMSD profiles
and did not fluctuate much in the simulation trajectories.
(e RMSD profile of the complexes reached the steady state
after 5 ns and maintained the structural stability till the last

periods of the simulations, which defines the stability of the
complexes. (e SASA of the complexes was analyzed to find
out the change in the surface area. (e higher SASA rep-
resents the expansion of the surface area of the protein,
whereas the lower SASA indicates the truncated nature of
the complexes. Figure 1(b) shows that the complexes were in
a stable state in SASA. (e radius of gyration defines the
labiality and mobility of the complexes, where Figure 1(c)
indicates the lower deviations. (e hydrogen bond pat-
terning follows a similar stable profile (Figure 1(d)).

(e molecular dynamics simulation of IRAK4 (PDB:
6EGA) is presented in Figure 2. (e RMSD of the complexes
had a stable trend in the RMSD profile for all the complexes
except catechol. (e higher RMSD of these complexes de-
fines the higher flexibility of these compounds in the sim-
ulating environments (Figure 2(a)). (e SASA profile of the
complexes was stable, did not fluctuate much, and had a
steady trend in SASA (Figure 2(b)). (is SASA profile
correlates with the stable and rigid profile of the complexes
(Figure 2(c)). (e radius of gyration and hydrogen bond
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Figure 4: Two-dimensional representations of the best ligand efficiencies for compounds against TIRAP (PDB: 4FZ5). (a) Root-mean-
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pattern systems were similar and did not change toomuch in
the simulations (Figure 2(d)).

(e RMSD of the MYD88 (4EO7) protein complexes
had a lower level of fluctuations, and lower deviations
were observed across the compounds. All compounds
had a lower RMSD than 2.5 Å in whole simulation pe-
riods (Figure 3(a)). (e SASA of the MYD88 (4EO7)
complexes were stable, but the complex of trans-13-
docosenamide had a lower SASA than the other com-
plexes. (is SASA profile of trans-13-docosenamide
defines the MYD88 (4EO7) experienced the condensed
conformation upon binding with the corresponding li-
gands (Figure 3(b)). (e 2-(2-Hydroxy-2-phenylethyl)-
3,5,6-trimethylpyrazine complexes had a higher Rg than
other complexes, which defines the complexes’ flexible
nature than other complexes (Figure 3(c)). (ese com-
plexes also had a higher SASA in Figure 3(b), which
depicts the changes in the confirmations than other
complexes in simulated environments. (e hydrogen-
bonding pattern of the complexes for MYD88 (4EO7)
protein was found stable and did not change too much in
simulations (Figure 3(d)).

(e RMSD profile of TIRAP (PDB: 4FZ5) complexes is
illustrated in Figure 4. All complexes from TIRAP (PDB:
4FZ5) protein had an initial rise of RMSD due to a higher
degree of flexibility but stabilized subsequently after 5 ns
times. (e complex 4-ethylresorcinol had a higher RMSD
than the other complexes, which might be responsible for
the more remarkable conformational changes and the
flexibility of the compounds (Figure 4(a)). (e SASA of the
complexes had a stable and similar trend for all the com-
pounds. But the complex phenol had a lower SASA profile at
the last phase of SASA, which defines the complexes’
truncated nature in simulations (Figure 4(b)). (e radius of
gyration profile of the complexes had a lower trend, which
correlates with the less flexibility of the complexes
(Figure 4(c)). (e hydrogen bond patterning of the com-
plexes had a stable profile in Figure 4(d).

(e molecular dynamics simulation study of the TLR4
(PDB: 3FXI) and complexes was done to analyze the
structural deviation in the docked structure. (e root-mean-
square deviations of all complexes are illustrated in
Figure 5(a). (e RMSD value of the complexes initially
followed the upper trend from the beginning. (is might be
happening due to the higher flexibility level. But all the
complexes from TLR4 (PDB: 3FXI) had a stable profile after
10 ns times and followed a similar trend until the last pe-
riods, demonstrating structural stability. (e SASA of the
TLR4 (PDB: 3FXI) complexes had lowered the degree of the
deviations from the beginning and followed lower fluctua-
tions, which define no changes in the surface area of the
complexes (Figure 5(b)). (e Rg and hydrogen bond pat-
terns of the simulation systems were stable and did not
change too much, which correlates with the structural
stability (Figures 5(c) and 5(d)).

(e docked complexes from the TRAF6 (PDB: 3HCT)
protein and their simulation descriptors are illustrated in
Figure 6. (e RMSD profile of the TRAF6 (PDB: 3HCT)
complexes defines that the phenol and aspirin had a higher
level of RMSD than other complexes, which correlates with
the comparative higher degree of the deviations of the
complexes. All complexes had reached a stable state after
5 ns of the simulation times. Moreover, the complexes
exhibit RMSD lower than 2.5 Å, which defines the com-
plexes with a higher rigidity degree (Figure 6(a)). (e SASA
profile of the complexes had a lower deviation, as illustrated
in Figure 6(b). (e phenol had a lower SASA value than all
the compounds, indicating the truncated nature of the
protein complexes compared with the others. Moreover,
the radius of gyration from Figure 6(c) demonstrates that
the complexes had a lower degree of deviations, and no
significant higher fluctuations were observed. (is Rg
profile indicates the complexes had lower mobility and
flexibility during the simulation times. (e hydrogen bond
pattern of the complexes was stable during the simulations
(Figure 6(d)).

24
Ra

di
us

 o
f G

yr
at

io
n

23.5

23

22.5

22

21.5
0 5 10

Time (ns)
15 20

(c)

560

460

480

500

520

H
yd

ro
ge

n 
Bo

nd

540

0 5 10
Time (ns)

15 20

(d)

Figure 6: Two-dimensional representations of the best ligand efficiencies for compounds against TRAF6 (PDB: 3HCT). (a) Root-mean-
square deviation of the complexes (RMSD). (b) Solvent accessible surface area (SASA). (c) Radius of gyration (Rg). (d) Hydrogen bond
analysis from the simulation system.

Evidence-Based Complementary and Alternative Medicine 17



5. Conclusions

(e network pharmacology analysis revealed key pathways
involved in the anti-inflammatory activities induced by the
chemical compounds found in the methanolic extract of
A. capitiformis stem. Six inflammation pathways were ob-
tained from the KEGG pathway analysis (IL1R1, IRAK4,
MYD88, TIRAP, TLR4, and TRAF6), and molecular docking
studies of these pathways revealed that the identified chemical
compounds had strong binding affinities with these pathway
components. (e current study discovered that 3-fur-
aldehyde, phenol, catechol, and hydroquinone were effective
anti-inflammatory compounds found within the methanolic
extract of A. capitiformis and played an important part in the
inflammation pathway by targeting these six proteins. Ad-
ditional in vitro and in vivo experiments will be helpful to
validate and optimize the findings of this study.
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Natural products and their derivatives as an inexpensive, accessible, and useful alternative medicine are broadly applied for the
treatment of a wide range of diseases and infectious ones.+e present study was designed to evaluate the insecticidal, antimalarial,
antileishmanial, and cytotoxic effects of royal jelly and its three main fatty acids (trans-10-hydroxy-2-decenoic acid (10-H2DA),
10-hydroxydecanoic acid (10-HDAA), sebacic acid (1,10-decanedioic acid)). Insecticidal activity of RJ and 10-H2DA, 10-HDAA,
and sebacic acid was performed against healthy 4th instar larvae at 25± 2°C. Antiplasmodial and antileishmanial effects of RJ and
10-H2DA, 10-HDAA, and sebacic acid were also performed against chloroquine-resistant Plasmodium falciparum K1-strain and
Leishmania major amastigotes according to the Malstat method and macrophage model, respectively. In addition, the level of
nitric oxide (NO) production in J774-A1 macrophages cells, plasma membrane permeability, and caspase-3-like activity and
cytotoxicity effects of RJ and 10-H2DA, 10-HDAA, and sebacic acid against human embryonic kidney 293 (HEK239Tcells) were
evaluated. Considering the insecticidal activity, the results showed that the lethal concentration 50% value for RJ, 10-H2DA, 10-
HDAA, and sebacic acid was 24.6, 31.4, 37.8, and 44.7 μg/mL μg/mL, respectively. RJ, 10-H2DA, 10-HDAA, and sebacic acid
showed potent (P< 0.0001) antileishmanial effects with IC50 values ranging from 2.4 to 8.4 μg/mL. Various concentrations of RJ,
10-H2DA, 10-HDAA, and sebacic acid significantly (P< 0.05) increased the production of NO, plasma membrane permeability,
and caspase-3-like activity level as a dose-dependent response. Considering the cytotoxicity, SIs> 10 of these compounds
exhibited their specificity to parasites and safety against human HEK239T normal cells. +e results of the present investigation
revealed the promising insecticidal, antimalarial, and antileishmanial effects of RJ and its three main fatty acids (10-H2DA, 10-
HDAA, and sebacic acid). However, more studies are required to confirm the mechanisms of action mode of these compounds as
well as their efficacy in animal models and clinical settings.

1. Introduction

According to the World Health Organization (WHO)
reports, vector-borne diseases account for nearly 17% of
all infectious diseases, with a mortality rate of 700,000
deaths each year [1]. Aedes aegypti is considered as the
principal vector recognized to transmit a number of
important vector-borne infections such as malaria, den-
gue, chikungunya, and Zika [2, 3]. Today, one of the most
important approaches for controlling insects is the use of

insecticides (e.g., diflubenzuron, alpha-cypermethrin,
malathion, and deltamethrin) [4, 5]. +e current studies
demonstrated that the too much and persistent use of
chemical and synthetic insecticides has reduced their
efficacy and raised various ecological concerns such as
emerging of drug resistance to insecticides, ecological
imbalance, and outcomes to animals [6, 7]. Accordingly,
these problems and limitations have led researchers to pay
more attention to finding novel insecticides with high
efficacy and eco-friendly properties around the world.
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Malaria is a serious vector-borne infection, which causes
about 430,000 deaths yearly, generally in African children
[8]. Among the Plasmodium species in human, Plasmodium
vivax and P. falciparum are well known as the most common
and deadly Plasmodium species, respectively [9, 10]. In
recent decades, there have been numerous reports on side
effects as well as drug resistance of Plasmodium spp. (mainly
P. falciparummalaria) to current antimalarial drugs [11]. So
finding and introducing a new antimalarial drug especially
from natural resources with the lower toxicity and the
highest performance is necessary for malaria treatment.

Leishmaniasis as a neglected tropical infection is caused
by the parasitic species Leishmania, which infects about 12
million people each year in 98 countries worldwide [12]. +e
disease is observed in humans in different forms, including
cutaneous leishmaniasis, cutaneous-mucosal leishmaniasis,
and visceral leishmaniasis [13]. In chemotherapy as the most
important method of treating leishmaniasis, various drugs
such as meglumine antimoniate and Pentostam are used;
however, the previous studies have reported that the ma-
jority of the synthetic antileishmanial drugs have been as-
sociated with some disadvantages and limitations such as
emerging drug resistance and adverse side effects [14, 15].

From a long time ago, natural products have been well
known as a valuable and effective resource for treating a
broad spectrum of diseases, including cardiovascular, can-
cers, and neurological [16]. Among the natural products,
beehive derivatives and products including royal jelly,
honey, and propolis are considered as one of the best health-
promoting products [17]. Royal jelly (RJ) is a gelatinous
material secreted from the apical glands of young nurse
honey bees with various pharmacological and biological
benefits such as anticancer, antioxidant, anti-inflammatory,
and antimicrobial [18–20]. Considering the compounds in
RJ, previous studies have demonstrated that the main
composition of RJ is water (50–60%), proteins (18%), car-
bohydrates (7–18%), and lipids (3–8%), respectively [21].
+e lipid composition of RJ consists of 80–85% fatty acids,
composed of proteins that are attributed to its biological
properties [22]. Reviews showed that the major fatty acids
present in RJ are (i) trans-10-hydroxy-2-decenoic acid (10-
H2DA), an unsaturated hydroxyl fatty acid which consists of
>50% of the free FAs; (ii) 10-hydroxydecanoic acid (10-
HDAA), as a saturated hydroxyl fatty acid, 10-HDAA; (iii)
sebacic acid (SEA, 1,10-decanedioic acid), a dicarboxylic
fatty acid, comprising 3.3% of the total acids in RJ [23, 24].

Based on what has been said about the biological and
pharmacological activities of RJ and also the limitations,
problems, and side effects of the current insecticidal, anti-
leishmanial, and antimalarial agents, in this study, we de-
cided to assess the insecticidal, antiplasmodial,
antileishmanial, and cytotoxic effects of RJ and its three main
fatty acids (10-H2DA, 10-HDAA, and sebacic acid).

2. Materials and Methods

2.1. Royal Jelly. Royal jelly materials were obtained from
Langstroth hives containing colonies of the A. mellifera
grown in Tabuk, Saudi Arabia, from June 2021. Samples were

dissolved with normal saline and filtered under a vacuum by
means of filter paper (Whatman membrane, England).
Samples (50mg) were diluted in distilled water and then
ultrasonicated for 1 h. In the next step, the sample solution
was centrifuged at 6000 rpm for 10 minutes, whereas the
upper phase was applied as the sample solution and was
stored at −20°C until testing.

2.2. Secondary Metabolites Contents

2.2.1. Total Phenol Content. +e total phenol content in the
RJ sample was assessed based on the technique explained by
Singleton et al. [25]. To do this, 50 μL of RJ solution (50mg/
mL) was added to 250 μL of Folin–Ciocalteu’s reagent
(0.2N) for 6min, and then 0.2mL of sodium carbonate
(7.5%) was put into the tested tubes. After 120min incu-
bation at room temperature, the absorbance of suspension
was determined at 760 nm. Distilled water was used as the
blank solution. Total phenol content was reported as mg
gallic acid equivalents (GAE)/g.

2.2.2. Total Flavonoid Content. +e determination of fla-
vonoid content was performed according to the method
explained by El-Guendouz et al. In this way, 200 μL of RJ
solution was poured into the tubes with 200 μL aluminum
chloride (20%). +e tubes were then incubated at room
temperature for 60min, and their absorbance was deter-
mined at 420 nm [26]. +e total flavonoid content was re-
ported as milligram of quercetin equivalents per gram of RJ
(mg QE/g RJ).

2.2.3. Total Protein Content. Bradford technique was used to
determine the protein content. Briefly, the RJ sample (200mg)
was added to a tube containing 10mLmethanol/water (50/50;
v/v); the suspension was sonicated for 1 h. In the next step, the
pH of the suspension was adjusted to 2.5 with phosphoric acid
and was then diluted 10 times. Next, 5mL of Bio-Rad reagent
was mixed with 250 μL of RJ solutions, and the absorbance of
the mixture was determined at 595 nm. +e total protein
content was reported as a percentage by means of the bovine
serum albumin standard curve [27].

2.3. Chemicals. trans-10-hydroxy-2-decenoic acid, 10-
hydroxydecanoic acid, sebacic acid (1,10-decanedioic acid),
and MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide) powder in high purity were purchased
from Sigma-Aldrich (Germany).

2.4. Insecticidal Activity. Ae. aegypti eggs were provided from
the Department of Biology, Faculty of Science, University of
Tabuk, Saudi Arabia. +e insecticidal effects of RJ, 10-H2DA,
10-HDAA, and sebacic acid were carried out based on the
method described by Huong et al. [28]. To do this, various
concentrations of RJ, 10-H2DA, 10-HDAA, and sebacic acid
(12.5, 25, 50, and 100μg/mL) were put in a 500 mL beaker, and
150mL water was added with 20 healthy 4th instar larvae at
25± 2°C. Larva mortality was determined after 24h of
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incubation; lethal concentration 50% (LC50) was calculated via
the Probit test in SPSS software for RJ, 10-H2DA, 10-HDAA,
and sebacic acid. All tests were carried out in triplicate, and
during experiments, no nutritional complement was added,
whereas DMSO was considered as the control group.

2.5. Antiplasmodial Activity. +e Malstat method was used
to determine the antiplasmodial effects of different con-
centrations of RJ, 10-H2DA, 10-HDAA, and sebacic acid
(12.5, 25, 50, and 100 μg/mL) against P. falciparum K1-strain
[29]. Parasites were firstly incubated with the human
erythrocytes (red blood cells, RBC) in RPMI-1640 medium
improved with 10% human serum at 37°C with low oxygen
atmosphere (3% O2, 4% CO2, and 93% N2). +e infected
human RBC (0.2mL, 1% parasitaemia, and 2% hematocrit)
were treated with various concentrations of RJ, 10-H2DA,
10-HDAA, and sebacic acid in each well and were incubated
for 3 days. +en, tested plates were frozen at −20°C. In the
next step, in a new plate, 0.1mL of Malstat reagent was
mixed with 0.02mL of suspension of hemolysed parasite and
incubated for 15min at 21°C. After this time, 0.02mL of
NBT/PES solution was added to the plates and was incu-
bated again for 120min in the dark. Finally, the absorbance
of each well was recorded at 655 nm with the ELISA reader.
+e 50% inhibitory concentrations (IC50) were also calcu-
lated via the Probit test in SPSS software.

2.6. Antileishmanial Effects. L. major promastigotes
(MRHO/IR/75/ER) and murine macrophage cells (J774-
A1) were cultured at RPMI 1640 complemented with 15%
heat-inactivated fetal calf serum (FCS), streptomycin
(100 μg/mL), and penicillin (200 IU/mL) and at Dulbec-
co’s modified eagle’s medium (DMEM) improved with
10% FCS at 37°C in 5% CO2. Firstly, J774-A1 cells (5 ×105

cells/mL) were transferred in sterile 6-cell plates (with 1
cm2 coverslip implanted on their floor) and incubator at
37°C for 24 hours with 5% CO2 to adhere to macrophages.
After 24 hours, the plates were removed from the incu-
bator and washed with sterile warm saline phosphate
buffer. +en, 1mL of L. major promastigotes (5 ×106) in
the stationary phase was added to plates and kept warm at
37°C for 4 hours; then, the wells were washed with
RPMI1640 medium to remove free promastigotes. In the
next step, 1 mL of RPMI1640 medium containing different
concentrations of RJ, 10-H2DA, 10-HDAA, and sebacic
acid (1, 2, 4, and 8 μg/mL) and MA was added to the wells
and was incubated for 48 hours. +e slides were then fixed
with methanol and stained with Gamisa dye diluted with
water in a ratio of 1 : 10. +e results were estimated by
calculating the mean number of amastigotes inside 100
macrophages. +e IC50 values were also calculated via the
Probit test in SPSS software. Examinations were carried
out in triplicate [30].

2.7. PlasmaMembrane Permeability. In order to determine
the plasma membrane permeability, L. major (1 × 106
cells/mL) were incubated with different concentrations of

RJ, 10-H2DA, 10-HDAA, and sebacic acid (12.5, 25, 50,
and 100 μg/mL) and then Sytox Green stain was applied
based on the kit instructions. Nontreated parasites and
those treated with 2.5% of Triton X-100 (Sigma-Aldrich)
were determined as the negative and positive control,
respectively. +e plasma membrane permeability was
calculated by means of a microplate reader (BMG Lab-
tech, Germany) for 4 h [30].

2.8. Effect on Nitric Oxide (NO) Production. +e effect of RJ,
10-H2DA, 10-HDAA, and sebacic acid on the NO release of
macrophage cells was performed via Griess reaction for
nitrites. In summary, macrophage cells (1× 106 cells/mL)
were exposed with various concentrations of RJ, 10-H2DA,
10-HDAA, and sebacic acid (1, 2, and 4 μg/mL) for 72 h.
+en, 0.1mL of collected supernatants was transferred into a
96-well microplate, and 60 μL of Griess reagents A and B was
put within each well. Lastly, the production of NO was
determined by reading the plates at 540 nm in an ELISA
reader (BioTek-ELX800) [30].

2.9. Evaluating the Caspase-3-Like Activity of Extract-Treated
Promastigotes. Caspase-3-like activity of L. major pro-
mastigotes treated with RJ, 10-H2DA, 10-HDAA, and
sebacic acid was assessed through the colorimetric pro-
tease (Sigma, Germany) technique according to the
manufacturer guidelines. In this way, the caspase-3-like
activity level was measured based on the rate of color
spectrophotometric produced through the release of a
molecule (pNA attached to the substrate) under the
enzyme caspase-3 activity. Briefly, the promastigotes
(106) were incubated with RJ, 10-H2DA, 10-HDAA, and
sebacic acid for 48 h and were centrifuged at 700 rpm for 5
minutes at 4°C. In the next step, the cell residue was lysed,
and the cell lysate was centrifuged again at 20,000 rpm for
10 minutes. Lastly, supernatant of reaction (5 μL) was
added to the 85 μL of buffer, and 10 μL of caspase 3 (pNA-
DEVD-Ac) solution and the mixture was incubated for
120 min at 37°C. +e caspase-3-like activity was deter-
mined through the light absorption at 405 nm with the
ELISA reader [29].

2.10. Cytotoxicity Effects. +e cytotoxic effect of RJ, 10-H2DA,
10-HDAA, and sebacic acid against human embryonic kidney
293 (HEK239Tcells) was evaluated using the colorimetric MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide) assay according to the method described elsewhere [30].
HEK239T cells were cultured in DMEM, supplemented with
10% fetal bovine serum and streptomycin (100μg/mL) and
penicillin (200 IU/mL). Next, HEK239Tcells (5×104/mL) were
treated with RJ, 10-H2DA, 10-HDAA, and sebacic acid (12.5,
25, 50, 100, and 200μg/mL) for 48h inmicroplates at 37°C with
5% CO2. +e 50% cytotoxic concentrations (CC50 values) were
calculated by means of the Probit test in SPSS software. Se-
lectivity indices (CC50/IC50) were also recorded for each tested
drug [27].
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2.11. Statistical Analysis. +e statistical analysis was per-
formed by the SPSS statistical package, version 22.0 (SPSS,
Inc.). To compare the results among tested groups, we
applied the unpaired samples t-test, one-way analysis of
variance (ANOVA), and Dunnett’s test. P< 0.05 was mea-
sured statistically significant.

3. Results

3.1. SecondaryMetabolitesContents ofRJ. +e findings of the
secondary metabolites analysis of RJ displayed that total
phenolic and flavonoid content were 83.6± 0.31(mg GEA/g
DW) and 1.78± 0.023 (mg QE/g DW), respectively; the
results also showed that the total protein content of the RJ
sample was 11.3% (Table 1).

3.2. Insecticidal Effects. Table 2 revealed that the larvicidal
effects of RJ, 10-H2DA, 10-HDAA, and sebacic acid were
remarkable (P< 0.001) against Ae. aegypti larva. +e results
showed that among the tested compounds sebacic acid and RJ
displayed the lowest and highest larvicidal effects against Ae.
aegypti larva with the LC50 of 44.7 and 24.6μg/mL, respectively.

3.3. Antimalarial Activity. +e obtained findings demon-
strated that RJ, 10-H2DA, 10-HDAA, and sebacic acid had
considerable (P< 0.001) antiplasmodial effects against
P. falciparum. +e IC50 value for RJ was 7.62 μg/mL, while
the IC50 value for 10-H2DA, 10-HDAA, and sebacic acid was
2.41, 2.65, and 3.1 μg/mL, respectively (Table 3), indicating
that the lowest and highest antimalarial activities were
observed in RJ and 10-H2DA, respectively.

3.4. Antileishmanial Effects. Our findings also exhibited that
RJ, 10-H2DA, 10-HDAA, and sebacic acid had considerable
(P< 0.001) antileishmanial effects against intracellular amas-
tigotes of L. major. +e IC50 value for RJ was 8.14μg/mL, while
the IC50 value for 10-H2DA, 10-HDAA, and sebacic acid was
3.8, 3.77, and 4.13μg/mL, respectively (Table 4). +ese findings
indicated that although all tested compounds showed higher
antileishmanial effects against intracellular amastigotes of
L. major, the lowest and highest antileishmanial activities were
observed in RJ and 10-H2DA, respectively.

3.5. Cytotoxicity Effects. Considering the cytotoxicity effects
of RJ, 10-H2DA, 10-HDAA, and sebacic acid, the obtained
results of the MTT assay demonstrated that CC50 value for
RJ, 10-H2DA, 10-HDAA, and sebacic acid was 117.3, 74.4,
81.3, and 92.6 μg/mL; subsequently, their SI> 10 of these
compound exhibited their specificity to parasites and safety
against human HEK239T normal cells (Table 5), indicating
that among the tested compounds the lowest and highest
cytotoxic effects were observed in RJ and sebacic acid, with
the SI value of 13.9 and 22.4, respectively.

3.6. =e Effect on the Plasma Membrane Permeability.
Here, we evaluated the plasma membrane permeability of
the L. major promastigotes treated with RJ, 10-H2DA, 10-

HDAA, and sebacic acid. +e results of relative fluorescence
units revealed that the promastigotes treated with RJ, 10-
H2DA, 10-HDAA, and sebacic acid as a dose-dependent
response changed the permeability of plasma membrane by
Sytox Green (Figure 1).

3.7. Evaluating NO Production. As shown in Figure 2,
various concentrations of RJ, 10-H2DA, 10-HDAA, and
sebacic acid (1, 2, and 4 μg/mL) significantly (P< 0.05) in-
creased the production of NO as a dose-dependent pattern
in comparison to the nontreated macrophage cells as a dose-
dependent response.+e results also showed that, among the
tested compounds, RJ and 10-H2DA displayed the highest
stimulation of NO production.

3.8. Effect on the Caspase-3-Like Activity. +e caspase-3-like
activity of parasites treated with RJ, 10-H2DA, 10-HDAA,
and sebacic acid was assessed through the colorimetric
protease. +e results exhibited that RJ, 10-H2DA, 10-
HDAA, and sebacic acid significantly induced caspase-3
activation as a dose-dependent response ranging from 9.4 to
27.2% in comparison with the control (Figure 3). Based on
the obtained results, among the tested compounds, 10-
H2DA and 10-HDAA displayed the maximum induction of
caspase-3 activity.

4. Discussion

From the last centuries, natural products have been well
known as valuable resources of bioactive and useful in-
gredients for medical, industrial, and agricultural purposes
[31]. In recent years, natural products have been evaluated
for several procedures in the pest control insecticidal, ovi-
cidal, and evaluation as a repellent [32–34]. +e present
study aimed to assess the insecticidal, antiplasmodial,
antileishmanial, and cytotoxic effects of RJ and its three fatty
acids (10-H2DA, 10-HDAA, and sebacic acid). We found
that sebacic acid and RJ displayed the lowest and highest
larvicidal effects against Ae. aegypti larva, respectively. At
present, there is no specific criterion in the recommenda-
tions of the WHO for estimating the larvicidal activity of
natural products, but several studies have reported some
criteria to demonstrate the efficacy of insecticides derived
from natural products [35, 36]. For example, Komalamisra
et al. [37] have revealed that natural products with the LC50
value of less than 50mg/L are promising and active, while
the products with the LC50 values between 50 to 100mg/L
were moderately active. In addition, natural products with
the LC50 value between 100 and 750mg/L and >750mg/L
were effective and inactive, respectively. Another investi-
gation conducted by Kiran et al. [38] reported that natural
products with the LC50 less than 100mg/L are considered as
a potent larvicidal effect. However, these criteria are
depended on some factors such as exposure time and the
source of larvae, which can affect the LC50 values of tested
natural products [39]. Hence, our results exhibited the
relevant and promising insecticidal effects of RJ, 10-H2DA,
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10-HDAA, and sebacic acid, according to the criterion re-
ported by Komalamisra et al. [37] and Kiran et al. [38].

Our findings demonstrated that RJ, 10-H2DA, 10-
HDAA, and sebacic acid had considerable (P< 0.001)
antiplasmodial effects against P. falciparum with the IC50
values 7.62, 2.41, 2.65, and 3.1 μg/mL, respectively. In ad-
dition, we found that RJ, 10-H2DA, 10-HDAA, and sebacic
acid had considerable (P< 0.001) antileishmanial effects
against the intracellular amastigotes of L. majorwith the IC50
value 8.14, 3.8, 3.77, and 4.13 μg/mL, respectively. Today,
there has been rising attention in evaluating the pharma-
cological and chemical properties of bee-related products as

a substitute antiparasitic treatment [40]. Previously, it has
been proven that bee-related products such as honey,
propolis, bee pollen, and bee venom are widely used as
herbal therapies for treating various infectious diseases in
various parts of the world [41]. Several investigations have
shown the promising in vitro and/or in vivo antiparasitic
effects of bee-related products against a wide range of
protozoa and helminths such as Schistosoma spp., Trypa-
nosoma spp., Leishmania spp., and Plasmodium spp. [42].
Considering the antimicrobial mechanisms of bee products,
previous studies displayed that these compounds have
several antimicrobial mechanisms such as (i) disruption of

Table 1: +e results of measurement of the secondary metabolites contents of royal jelly.

Total content Test Amount
Phenolic Folin–Ciocalteu’s reagent colorimetric 83.6± 0.31mg GEA/g DW
Flavonoids Aluminum chloride (AlCl3 2%) colorimetric 1.78± 0.023mg QE/g DW
Protein Bradford method 11.3%

Table 2: Larvicidal activity of royal jelly and its three main fatty acids (trans-10-hydroxy-2-decenoic acid (10-H2DA), 10-hydroxydecanoic
acid (10-HDAA), and sebacic acid (1,10-decanedioic acid)) against Ae. aegypti larva.

Drug Insecticidal activity LC50 (μg/mL)
Royal jelly 24.6
10-H2DA 31.4
10-HDAA 37.8
Sebacic acid 44.7

Table 3: Antimalarial activity of royal jelly and its three main fatty acids (trans-10-hydroxy-2-decenoic acid (10-H2DA), 10-hydrox-
ydecanoic acid (10-HDAA),and sebacic acid (1,10-decanedioic acid)) against P. falciparum K1-strain.

Drug Antimalarial activity IC50 (μg/mL)
Royal jelly 7.62± 0.65
10-H2DA 2.41± 0.155
10-HDAA 2.65± 0.182
Sebacic acid 3.1± 0.213
Chloroquine sulphate 0.53± 0.213
Data are presented as the mean± SD.

Table 4: Antileishmanial activity of royal jelly and its three main fatty acids (trans-10-hydroxy-2-decenoic acid (10-H2DA),
10-hydroxydecanoic acid (10-HDAA), and sebacic acid (1,10-decanedioic acid)) against intracellular amastigotes of Leishmania major.

Drug Antileishmanial effect IC50 (μg/mL)
Royal jelly 8.4± 0.74
10-H2DA 3.8± 0.22
10-HDAA 3.77± 0.46
Sebacic acid 4.13± 0.51
Meglumine antimoniate 13.6± 1.15
Data are presented as the mean± SD.

Table 5: Cytotoxic effects of royal jelly and its three main fatty acids (trans-10-hydroxy-2-decenoic acid (10-H2DA), 10-hydroxydecanoic
acid (10-HDAA), and sebacic acid (1,10-decanedioic acid)) and their selectivity index (SI) against human HEK239T normal cells.

Drug Cytotoxicity effect CC50 (μg/mL) SI
Royal jelly 117.3 13.9
10-H2DA 74.4 19.5
10-HDAA 81.3 21.5
Sebacic acid 92.6 22.4
Data are presented as the mean± SD.
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Figure 1: +e plasma membrane permeability of the Leishmania major promastigotes treated with RJ (a), 10-H2DA (b), 10-HDAA (c), and
sebacic acid (d). +e results exhibited of relative fluorescence units revealed that the promastigotes treated with RJ, 10-H2DA, 10-HDAA,
and sebacic acid as a dose-dependent response changed the permeability of plasma membrane by Sytox Green. Data are presented as the
mean± SD (n� 3).
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Figure 2: Comparison of NO production in J774-A1macrophage cells after treatment with various concentrations of royal jelly and its three
main fatty acids (trans-10-hydroxy-2-decenoic acid (10-H2DA), 10-hydroxydecanoic acid (10-HDAA), and sebacic acid). Data are pre-
sented as the mean± SD (n� 3). ∗P< 0.05 shows that the difference was statistically significant in comparison with control.
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cell wall, (ii) stimulation of macrophages via the production
of reactive oxygen species (ROS) and nitrogen metabolites,
(iii) promoting the activation of host immune responses by
stimulating the production of some cytokines, and (iv) the
induction of apoptosis-like mechanisms [43–50].

We found that the10-H2DA, 10-HDAA, and sebacic
acid as the major fatty acids present in RJ had potent in-
secticidal, antileishmanial, and antiplasmodial effects. Re-
views have previously demonstrated that fatty acids
demonstrated their antimicrobial mechanisms through
suppressing the cellular energy production, inhibition of the
DNA/RNA replication, inhibition of enzyme activity, nu-
trient uptake disorders, generation of peroxidation, and
autooxidation degradation products, as well as cytoplasmic
membrane disruption [51, 52].+erefore, it can be suggested
that the insecticidal, antiplasmodial, and antileishmanial
effects of RJ are due to the existence of these constituents in
RJ.

Nowadays, it has been demonstrated that NO, which is
produced by a number of immune cells, plays a critical role
in the immune-mediated response for eliminating intra-
cellular pathogens [53]. We reported that RJ, 10-H2DA, 10-
HDAA, and sebacic acid (1, 2, and 4 μg/mL) significantly
(P< 0.05) increased the production of NO as a dose-de-
pendent pattern in comparison to the nontreated macro-
phage cells. +ese results suggest that although RJ, 10-
H2DA, 10-HDAA, and sebacic acid triggered the NO
production as an important intracellular antimicrobial
mechanism, supplementary surveys and analyses are re-
quired to evaluate the importance of NO and eliminate other
factors.

Previous studies have exhibited that the rupture plasma
membrane is one of the key action modes to inhibit the
growth of intracellular pathogens [31, 40]. We found that the
promastigotes treated with RJ, 10-H2DA, 10-HDAA, and

sebacic acid changed the permeability of the plasma
membrane by Sytox Green as a dose-dependent response.

Apoptosis is one of the important processes that basically
links pathogen survival to its ability to induce controlled
death [43]. Among the caspases, as the main mediators of
apoptosis, caspase-3 is considered one of the key caspases
that predominantly triggered death protease and succes-
sively prompt cell death [45]. Here, we found that RJ, 10-
H2DA, 10-HDAA, and sebacic acid significantly induced
caspase-3 activation as a dose-dependent response ranging
from 9.4 to 27.2% in comparison with the control. Con-
sidering the cytotoxicity effects of RJ, 10-H2DA, 10-HDAA,
and sebacic acid, the obtained results of the MTT assay
demonstrated that the CC50 value for RJ, 10-H2DA, 10-
HDAA, and sebacic acid was 117.3, 74.4, 81.3, and 92.6,
respectively; subsequently, their SI> 10 of these compound
exhibited their specificity to parasites and safety against
human HEK239T normal cells.

5. Conclusion

+e results of the present investigation revealed the
promising insecticidal, antiplasmodial, and antileishmanial
effects of RJ and its three main fatty acids (10-H2DA, 10-
HDAA, and sebacic acid) against healthy 4th instar larvae of
Ae. aegypti, chloroquine-resistant P. falciparum K1-strain,
and L. major amastigotes, respectively. Although the main
mechanisms of action in these natural products are clearly
understood, our study revealed that RJ, 10-H2DA, 10-
HDAA, and sebacic acid displayed their antimicrobial
mechanism through the plasma membrane permeability,
triggering the NO production, and the induction of apo-
ptosis. More studies are required to confirm the efficacy of
these compounds, especially in animal models and clinical
settings.
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Figure 3: +e caspase-3-like activity of promastigotes treated with RJ, 10-H2DA, 10-HDAA, and sebacic acid using the colorimetric
protease methods. +e results exhibited that RJ, 10-H2DA, 10-HDAA, and sebacic acid significantly induced caspase-3 activation as a dose-
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Objective. Medicinal plants and essentials oils are well known for diverse biological activities including antidiabetic potential. (is
study was designed to isolate essential oils from the leaves of Persicaria hydropiper L. (P. hydropiper), perform its phytochemical
analysis, and explore its in vitro antidiabetic effects. Materials and Methods. P. hydropiper leaves essential oils (Ph.Los) were
extracted using a hydrodistillation apparatus and were subjected to phytochemical analysis using the gas chromatography mass
spectrometry (GC-MS) technique. Ph.Lo was tested against two vital enzymes including α-glucosidase and α-amylase which are
important targets in type-2 diabetes. (e identified compounds were tested using in silico approaches for their binding affinities
against the enzyme targets using MOE-Dock software. Results. GC-MS analysis revealed the presence of 141 compounds among
which dihydro-alpha-ionone, cis-geranylacetone, α-bulnesene, nerolidol, β-caryophyllene epoxide, and decahydronaphthalene
were the most abundant compounds. Ph.Lo exhibited considerable inhibitory potential against α-glucosidase enzyme with 70%
inhibition at 1000 μgmL−1 which was the highest tested concentration. (e inhibitory activity of positive control acarbose was
77.30± 0.61% at the same tested concentration. Ph.Lo and acarbose exhibited IC50 of 170 and 18 µgmL−1 correspondingly.
Furthermore, dose-dependent inhibitions were observed for Ph.Lo against α-amylase enzyme with an IC50 of 890 μgmL−1. (e
top-ranked docking conformation was observed for β-caryophyllene epoxide with a docking score of -8.3182 against
α-glucosidase, and it has established seven hydrogen bonds and one H-pi interaction at the active site residues (Phe 177, Glu 276,
Arg 312, Asp 349, Gln 350, Asp 408, and Arg 439). Majority of the identified compounds fit well in the binding pocket of Tyr 62,
Asp 197, Glu 233, Asp 300, His 305, and Ala 307 active residues of α-amylase. β-Caryophyllene epoxide was found to be the most
active inhibitor with a docking score of -8.3050 and formed five hydrogen bonds at the active site residues of α-amylase. Asp 197,
Glu 233, and Asp 300 active residues were observed to be making polar interactions with the ligand. Conclusions. (e current
study revealed that Ph.Lo is rich in bioactive metabolites which might contribute to its enzyme inhibitory potential. Inhibition of
these enzymes is the key target in reducing postprandial hyperglycemia. However, further detailed in vivo studies are required for
their biological and therapeutic activities.
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1. Introduction

Diabetes mellitus (DM) is a metabolic syndrome associated
with hyperglycemia due to the body’s inability to produce
sufficient amount of insulin or abnormalities in its secretion
or tissue resistance to its action [1, 2]. Hyperglycemia in DM
may also occur due to defects in the metabolic processes
involved in processing carbohydrates, proteins, and fats
[3, 4]. (is results in development of some classical
symptoms including polyuria, polydipsia, and polyphagia
[5]. (ese metabolic abnormalities are due to low insulin
level or resistance of target tissues (adipose tissue, skeletal
muscles, and liver) to insulin at the level of signal trans-
duction, insulin receptors, genes, or effecter enzymes [6]. In
DM, elevated level of blood glucose for a long time is as-
sociated with a number of acute or chronic complications
[7]. Globally, it has been estimated that the occurrence of
diabetes has increased from 4% in 1995 to 5.4% by the year
2025 [8]. (e overall prevalence as reported by the Inter-
national Diabetes Federation (IDF) in 2011 was increased to
366 million people and is supposed to increase up to 552
million people by the year 2030 [9]. Furthermore, it has also
been reported that 450 million people have been suffering
from DM globally and the prevalence is expected to rise to
690 million by the year 2044 [10].

Regarding type-2 diabetes, targeting enzymes involved
in processing dietary carbohydrates in the intestinal tract is
among the vital targets. Among these, α-amylase and
α-glucosidase enzymes are of high pharmacological interest
and are used to control elevated glucose level in T2DM.
(ese enzymes cause metabolic breakdown of complex
dietary carbohydrates to simple sugars which are subse-
quently absorbed [11]. Long-chain carbohydrates are broken
down into glucose by alpha-amylase enzyme, whereas
α-glucosidase is responsible for the breakdown of disac-
charides and starch into simpler monosaccharide glucose,
resulting in hyperglycemia [12].

(e use of medicinal plants and natural products is still a
major source of therapy in the developing countries [13–15].
(e discovery of modern analytical techniques has further
eased the process of ethnomedicinal drug discovery to
identify, isolate, and characterize target molecules [16–18].
Approximately more than four hundred plants are identified
having antidiabetic potential, but only few of these plants
have received medical and scientific evaluation [19]. A large
number of α-amylase and α-glucosidase inhibitors are
produced by different microorganisms and plants to regulate
the activities of these enzymes [20]. (e natural α-gluco-
sidase inhibitors from plant sources, whose α-glucosidase
inhibitory activities have been reported previously, include
alkaloids, flavonoids, anthocyanins, terpenoids, curcumi-
noids, and phenolic compounds [21]. Miglitol, voglibose,
and acarbose are the only three α-glucosidase inhibitors
which are in clinical practice presently for the treatment of
patients with T2DM [22].

Persicaria hydropiper L. belongs to the family Polyg-
onaceae (smartweed family) which consists of about fifty

genera and twelve hundred species. It is ethno-
pharmacologically famous for its use as a diuretic, anti-
inflammatory agent, stomachic, central nervous system
(CNS) stimulant, and natural remedy in other gastroin-
testinal disorders [23]. P. hydropiper contains flavonoids,
chalcone derivatives, phenylpropanoid derivatives, phe-
nolic compounds, anthraquinone, isocoumarin, terpe-
noids, and steroids [24]. Previously, crude extracts and
isolated compounds were reported for neuroprotective
[25, 26], cytotoxic [27, 28], antimicrobial [29], gastro-
protective [30], and toxicological potential [23, 31]. (e
current study aimed to isolate essential oils from the
leaves of P. hydropiper and evaluate its detailed compo-
sition via gas chromatography mass spectrometry (GC-
MS). Also, the study analyses the essential oils against two
important targets of the type-2 diabetes, α-glucosidase
and α-amylase and dock the identified compounds against
these enzymes.

2. Materials and Methods

2.1. Plant Collection and Extraction of Essential Oils from
Leaves. Fresh leaves from the plant were collected in 2014
from the village of Talash (Dir), KP Pakistan, and au-
thenticated via a botanical taxonomist and curator at the
botanical garden in the University of Malakand. For
preservation, dried compressed leaves were submitted to
the herbarium with reference no H.UOM.BG.107. Fresh
leaves were then carefully rinsed using distilled water and
were processed via a Clevenger apparatus to isolate es-
sential oils [32]. In brief, leaves were macerated followed by
hydrodistillation in a Clevenger apparatus coupled with a
condenser. Hydrodistillation was continued for three days
at 100°C until a sufficient amount of essential oil was
collected. Yellowish oil was collected in air-tight glass
bottles and was refrigerated before being used for analysis
and other assays.

2.2. GC-MS Analysis. GC-MS analysis of essential oils was
performed via an Agilent USB-393752 gas chromatograph
(Agilent Technologies, Palo Alto, CA, USA) having a HHP-
5MS 5% phenylmethylsiloxane capillary column (Restek,
Bellefonte, PA) with 30m× 0.25mm× 0.25 μm film thick-
ness and coupled with a mass spectrometer. Initially, oven
temperature was sustained at 70°C for one minute, gradually
increased to 180°C (at 6°C/min increase), and finally
maintained at 280°C for twenty minutes. Temperatures of
both the injector and detector were set at 220°C and 290°C,
respectively. Helium was used as the carrier gas with a flow
rate of 1ml/min, and diluted Ph.Lo samples (1/1000 in n-
pentane, v/v) were injected in the split-less mode. Com-
ponents of the Ph.Lo were identified via comparison of their
retention time (RT) with already reported spectral data in
NIST, NIH, and Wiley libraries [33]. Moreover, comparison
of the fragmentation pattern of mass spectra was done with
the published literature [34].
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2.3. α-Glucosidase Inhibitory Studies. Enzyme inhibitory
potential of Ph.Lo was obtained according to the previously
reported standard protocol [35]. Baker’s yeast alpha-glu-
cosidase, substrate (P-nitrophenyl-α-D-glucopyranoside),
and control (acarbose) were acquired from authentic sources
of Sigma Aldrich (USA). Enzyme solution (100mM) was
prepared using phosphate buffer of pH 6.8. Ph.Lo solutions
were prepared using a small amount of surfactants

(31.25–1000 μgmL−1) in 320 μl of 100mM phosphate buffer
and were kept for five minutes at 30°C. Subsequently, 3ml
(50mM) of NaOH solution was mixed with it, and using a
spectrophotometer, absorbency rates were recorded at
410 nm. Control solution consisted of all ingredients except
the inhibitor (sample). Positive control was acarbose. Per-
cent enzyme inhibitions were derived from the data using
the given formula.

“% Inhibition” �
Absorbance of Control − Absorbance of Sample

Absorbance of control
  × 100. (1)

2.4. α-Amylase Inhibitory Studies. Likewise, α-amylase in-
hibitory studies were performed following the already
established procedure [12]. In brief, 20 μl enzyme was mixed
in 200 μl of 0.02M sodium phosphate buffer mixed with the
plant extracts (test compounds) of varying concentration
ranges of 31.25–1000 μgmL−1. (e assay mixtures were then
maintained at 25± 3°C for about ten minutes, and 200 μl of
starch was added to it. To terminate the reaction, 400 μl of
DNS reagent (dinitrosalicylic acid) was transferred to the
mixture. (e resultant solution was kept in a boiling water
bath for five minutes and cooled. After cooling, 15ml of
distilled water was added to dilute the mixture and the ab-
sorbance was noted at 540 nm. Standard drug was acarbose,
and enzyme inhibition was determined via the formula.

2.5. Molecular Docking Studies. (e identified compounds
were docked for their binding capacity in the enzymes protein
pocket via MOE-Dock tool in molecular operating envi-
ronment (MOE) (http://www.chemcomp.com) [36, 37]. Due
to unavailability of α-glucosidase crystal structure, a previ-
ously reported homology model was used [38], whereas the
α-amylase (4W93) 3D crystal structure was obtained from the
Protein Databank (PDB). Before starting the docking process,
the water molecules and ions present in crystal structures
were removed via MOE. (ereafter, protein structures were
added to hydrogen atoms via 3D protonation with subsequent
minimization of energy via MOE default parameters in-
cluding the gradient of 0.05 and Force Field Amber99.

Target compound structures were generated in MOE, and
using the software default parameters, the energy was mini-
mized. (e selected enzymes including α-glucosidase and
α-amylase subjected to docking with the identified compounds
via the MOE parameters including Placement: Triangle
Matcher, Rescoring: London dG. At least 10 confirmations
were generated for every ligand. Subsequently, for each
compound, top-ranked confirmations were developed and
were subjected to further analysis. Finally, those docking re-
sults having comparatively good poses with polar, arene-arene,
H-pi, and pi-H interactions were analyzed via Pymol software.

2.6. Statistical Analysis. Statistical analyses were performed
using one-way analysis of variance (ANOVA) followed by
Dunnett’s test. (e results are presented as the means± SEM

of triplicate observations. P values< 0.05 were considered as
statistically significant. GraphPad Prism software (version 5)
(USA) was used for the data analysis and figure creation.

3. Results and Discussion

3.1. GC-MS Analysis. In the GC-MS study, 141 compounds
were recognized (Table S1), among which the most abun-
dant compounds (File S1) were β-elemene (RT: 14.359,
height%: 39.24, area%: 17.79, m/z: 81.1), dihydro-alpha-
ionone (RT: 14.822, height%: 8.68, area%: 3.52, m/z: 43.1),
cis-geranylacetone (RT: 15.505, height%: 21.89, area%: 9.7,
m/z: 43.1), alpha-bulnesene (RT: 16.382, height%: 14.39, area
%: 6.67, m/z: 93.1), bicyclo[4.1.0]heptane,-3-cyclopropyl,-7-
hydroxymethyl, trans (RT: 17.722, height%: 12.08, area%:
7.4, m/z: 79.1), nerolidol (RT: 17.838, height%: 13.14, area%:
5.17, m/z: 69.1), bicyclo[2.2.2]oct-2-ene, 1,2,3,6-tetramethyl
(RT: 18.449, height%: 94.65, area%: 94.88, m/z: 79.1),
(1R,5S,8R,9 R)-4,4,8-trimethyltricyclo [6.3.1.0(1,5)] dodeca-
2-en-9-ol (RT: 18.482, height%:17.96, area%: 2.3,m/z: 161.1),
β-caryophyllene epoxide (RT: 18.663, height%: 16.02, area%:
7.02, m/z: 83), and decahydronaphthalene (RT: 18.951,
height%: 100, area%: 100, m/z:109.1) (Figure 1).

3.2. Enzyme Inhibition Studies

3.2.1. Ph.Lo Exhibited Concentration-Dependent α-Glucosidase
Inhibition. In the present study, Ph.Lo was found to be highly
active against α-glucosidase enzyme as shown in Figure 2.
Ph.Lo showed inhibition rates of 70.00± 0.00, 63.66± 1.20,
59.16± 0.60, 53.00± 1.15, 47.37± 0.65, and 41.33± 1.30% at
selected doses of 1000, 500, 250, 125, 62.50, and 31.25 μgmL−1

correspondingly. (e standard drug acarbose inhibitory ac-
tivity showed 77.30± 0.61, 73.00± 0.00, 69.00± 0.00,
55.50± 1.04, 49.83± 0.44, and 41.00± 0.00% using the
abovementioned doses, respectively. For test (Ph.Lo) and
control (acarbose), IC50 of 170 and 18 μgmL−1 was calculated.

3.2.2. Ph.Lo Exhibits Concentration-Dependent Inhibition
against α-Amylase Enzyme. Results of alpha-amylase in-
hibitory potential of Ph.Lo are summarized in Figure 3.
Enzyme inhibitory activity of the Ph.Lo was 70.36% at
1000 µgmL−1, 51.91% at 500 μgmL−1, 42.66% at 250 μgmL−1,
32.00% at 125 μgmL−1, 24.00% at 62.50 μgmL−1, and 14.50%
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at 31.25 μgmL−1. Positive control showed inhibition rates of
77.3% at 1000μgmL−1, 73.00% at 500 μgmL−1, 69.00% at
250 μgmL−1, 55.50% at 125 μgmL−1, 49.83% at
62.50 μgmL−1, and 41.00% at 31.25 μgmL−1. Overall, con-
centration-dependent amylase inhibitory activities were ob-
served for Ph.Lo as shown in Figure 3 at an IC50 of
890 μgmL−1.

In GC-MS characterization, 141 phytochemicals were
identified, among which dihydro-alpha-ionone, cis-ger-
anylacetone, alpha-bulnesene, nerolidol, β-caryophyllene
epoxide, and decahydronaphthalene were the most abun-
dant compounds. It has been suggested by Jabeen et al. that,
in a molecule, the presence of lipophilic side chain is re-
sponsible for the inhibition of alpha-glucosidase enzymes
[39]. Inhibitory potential of both glucosidase and amylase
enzymes has been reported previously for various volatile
oils including Eruca vesicaria subsp. longirostris. Here,
erucin was suggested to inhibit alpha-glucosidase. Apart
from erucin, it was also reported that β-elemene may inhibit
alpha-glucosidase activity [40]. In essential oils, the presence
of monoterpenes and sesquiterpenes may contribute to
inhibition of both selected enzymes [41]. Alpha-pinene,
germacrene D, drimenin, and drimane-type sesquiterpene
lactone are the compounds in Hertia cheirifolia essential oils
obtained from its leaves and flowers and were suggested to
contribute α-amylase inhibitory activity [42]. Recently, it has
also been reported byMajouli et al. thatH. cheirifolia volatile

oils possess inhibitory potential against α-glucosidase en-
zyme [43]. Apart from this, inhibitory activities against both
selected enzymes were reported forNepeta curviflora volatile
oils [44]. In these essential oils, the major phytochemical
constituents include caryophyllene oxide, 1,6-dimethyl
spiro-decane, and β-caryophyllene which are suggested for
their antiamylase and antiglucosidase activities. (ese
compounds in addition to other bioactive metabolites were
identified in Ph.Lo analysis and might contribute to the
overall enzyme inhibitory potential.

3.2.3. Molecular Docking Studies against α-Amylase Enzyme.
Binding of the selected compounds in the binding pocket was
observed (Tyr 62, Asp 197, Glu 233, Asp 300, His 305, and Ala
307 active residues) for the α-amylase enzyme. Docking
studies revealed that the β-caryophyllene epoxide is the most
active inhibitor with a docking score of -8.3050 and formed
five hydrogen bonds with the active site residues of α-amylase.
Asp 197, Glu 233, and Asp 300 active residues were observed
to be making polar interactions with the ligand (Figure 4).

Enzyme inhibition properties of the phytochemicals
might be attributed to electron-donating group (-CH3) on
the identified compound. (e oxygen atom of the ligand
might be implicated in the considerable in silico perfor-
mance of the compound. Interaction reports of the
remaining inhibitors are given in Table 1.
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Figure 1: Representative image for the most abundant identified compounds.
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Ph.Lo IC50 against alpha glucosidase (170 μg/mL)
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Figure 2: Results of α-glucosidase inhibition study. Data bars represent results from three independent experimental observations. Data are
presented as means± SEM. Values are significantly different (∗p< 0.05, ∗∗p< 0.01) when compared with positive control at the same tested
concentrations. ns represents data groups not significantly different when compared with positive control.

Ph.Lo IC50 = 890 μg/ml
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Figure 3: Results of α-amylase inhibition study. Data bars represent results from three independent experimental observations. Data are
presented as means± SEM. Values are significantly different (∗∗∗p< 0.001) when compared with positive control at the same tested
concentrations. ns represents data groups not significantly different when compared with positive control.
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Table-1: Results of the docking studies against α-amylase.

Compounds Ligand Receptor Interaction Distance E (kcal/mol) Docking scores

4-(ujanol O 28 O TYR 62 (A) Hydrogen-donor 2.98 −1.3
−7.1947O 28 NE2 HIS 101 (A) Hydrogen-acceptor 3.01 −1.5

Alpha-bulnesene
C 3 OD1 ASP 197 (A) Hydrogen-donor 3.93 −0.1

−7.3019C 14 OE1 GLU 233 (A) Hydrogen-donor 3.63 −0.1
C 33 OD1 ASP 300 (A) Hydrogen-donor 3.79 −0.1

Alpha-muurolene C 32 5-ring HIS 101 (A) Hydrogen-pi 4.77 −0.4
−6.7334C 36 5-ring HIS 299 (A) Hydrogen-pi 4.59 −0.3

Beta-elemene C 24 OD2 ASP 300 (A) Hydrogen-donor 3.91 −0.1
−6.0798C 24 5-ring HIS 305 (A) Hydrogen-pi 4.74 −0.1

Beta-ocimene
C 11 O TYR 62 (A) Hydrogen-donor 3.75 −0.1

−6.5892C 11 5-ring HIS 101 (A) Hydrogen-pi 4.03 −0.1
C 19 5-ring TRP 59 (A) Hydrogen-pi 4.66 −0.3

Bornyl acetate

C 6 O TYR 62 (A) Hydrogen-donor 3.61 −0.1

−8.0205

C 6 OD2 ASP 197 (A) Hydrogen-donor 3.3 −0.1
C 25 OD1 ASP 300 (A) Hydrogen-donor 3.75 −0.1
C 25 OD2 ASP 300 (A) Hydrogen-donor 4.12 −0.1
O 35 NE2 HIS 299 (A) Hydrogen-acceptor 2.96 −1.1
C 1 5-ring HIS 101 (A) Hydrogen-pi 4.52 −0.2
C 16 6-ring TYR 62 (A) Hydrogen-pi 4.75 −0.1

Campherenone

C 1 OD1 ASP 197 (A) Hydrogen-donor 3.86 −0.1

−5.9272O 23 CZ3 TRP 58 (A) Hydrogen-acceptor 3.69 −0.1
O 23 NE2 HIS 299 (A) Hydrogen-acceptor 3.3 −1.9
C 16 6-ring TRP 58 (A) Hydrogen-pi 4.87 −0.2

Caprylic acid

O 1 OD1 ASP 197 (A) Hydrogen-donor 3.04 −4.5

−7.5270O 1 OD2 ASP 197 (A) Hydrogen-donor 2.95 −1.1
C 16 OD2 ASP 300 (A) Hydrogen-donor 3.51 −0.1
C 19 OD1 ASP 300 (A) Hydrogen-donor 3.85 −0.1

Fenchol
C 21 OD1 ASP 197 (A) Hydrogen-donor 3.71 −0.1

−6.4744C 25 OD2 ASP 300 (A) Hydrogen-donor 3.7 −0.1
O 29 CZ3 TRP 58 (A) Hydrogen-acceptor 3.42 −0.1

Fixol
C 23 OD1 ASP 197 (A) Hydrogen-donor 3.66 −0.1

−6.3792O 1 NE2 GLN 63 (A) Hydrogen-acceptor 3.08 −0.4
O 1 5-ring TRP 59 (A) Hydrogen-pi 3.62 −0.1

Isocaryophyllene

C 13 OD1 ASP 300 (A) Hydrogen-donor 3.74 −0.1

−7.2755C 13 OD2 ASP 300 (A) Hydrogen-donor 3.48 −0.1
C 18 OD2 ASP 300 (A) Hydrogen-donor 3.5 −0.1
C 29 OE1 GLU 233 (A) Hydrogen-donor 3.34 −0.1

Limonene C 5 6-ring TYR 62 (A) Hydrogen-pi 4.63 −0.4
−6.7494C 15 5-ring HIS 299 (A) Hydrogen-pi 4.56 −0.3

Myrcene C 1 OE1 GLU 233 (A) Hydrogen-donor 3.46 −0.1
−6.1922C 1 OD2 ASP 300 (A) Hydrogen-donor 3.85 −0.1

Figure 4: Docking conformation of β-caryophyllene epoxide with α-amylase.
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Table 2: Results of the docking study against α-glucosidase.

Compounds Ligand Receptor Interaction Distance E (kcal/mol) Docking scores

4-(ujanol

C 1 OD2 ASP 68 Hydrogen-donor 3.26 −0.1

−8.0694
C 1 OD2 ASP 349 Hydrogen-donor 3.76 −0.2
C 18 OD1 ASP 214 Hydrogen-donor 3.48 −0.1
O 28 OD2 ASP 68 Hydrogen-donor 2.91 −1.8
O 28 NH1 ARG 439 Hydrogen-acceptor 3.06 −3.4

Alpha-bulnesene

C 1 O ASP 349 Hydrogen-donor 3.67 −0.1

−7.6718

C 17 O ASP 349 Hydrogen-donor 3.57 −0.1
C 21 OE1 GLU 276 Hydrogen-donor 3.84 −0.1
C 21 OE2 GLU 276 Hydrogen-donor 3.5 −0.1
C 25 OD2 ASP 408 Hydrogen-donor 3.76 −0.1
C 3 6-ring PHE 300 Hydrogen-pi 4.61 −0.1
C 30 6-ring PHE 177 Hydrogen-pi 4.23 −0.1

Alpha-muurolene

C 22 OD2 ASP 349 Hydrogen-donor 4.14 −0.1

−7.5763

C 28 OE1 GLU 276 Hydrogen-donor 3.56 −0.1
C 28 OE2 GLU 276 Hydrogen-donor 3.62 −0.1
C 32 OD1 ASN 347 Hydrogen-donor 3.79 −0.1
C 14 6-ring PHE 300 Hydrogen-pi 4.55 −0.1
C 32 6-ring PHE 300 Hydrogen-pi 4.04 −0.3

Table : Continued.

Compounds Ligand Receptor Interaction Distance E (kcal/mol) Docking scores

Nerolidol

C 17 OD2 ASP 300 (A) Hydrogen-donor 3.68 −0.1

−7.0590C 20 OD2 ASP 300 (A) Hydrogen-donor 3.82 −0.1
C 27 OD1 ASP 197 (A) Hydrogen-donor 3.47 −0.1
C 20 5-ring HIS 299 (A) Hydrogen-pi 4.64 −0.2

Octylcyclopropane C 15 OD2 ASP 197 (A) Hydrogen-donor 4.11 −0.1
−6.9528C 24 OE1 GLU 233 (A) Hydrogen-donor 3.93 −0.1

Sativene C 3 O TYR 62 (A) Hydrogen-donor 3.57 −0.1
−6.9528C 6 O TYR 62 (A) Hydrogen-donor 3.45 −0.1

β-Caryophyllene epoxide

C 9 OD2 ASP 300 (A) Hydrogen-donor 3.65 −0.1

−8.3050
C 12 OD1 ASP 197 (A) Hydrogen-donor 3.57 −0.1
C 21 OD1 ASP 197 (A) Hydrogen-donor 3.67 −0.1
C 21 OE1 GLU 233 (A) Hydrogen-donor 3.61 −0.1
C 38 OD1 ASP 300 (A) Hydrogen-donor 3.88 −0.1

Terpineol

C 9 OD1 ASP 197 (A) Hydrogen-donor 3.76 −0.1

−7.4857

C 12 O TYR 62 (A) Hydrogen-donor 3.6 −0.1
C 20 OE1 GLU 233 (A) Hydrogen-donor 4.15 −0.1
C 24 OD1 ASP 197 (A) Hydrogen-donor 3.58 −0.1
O 28 NH2 ARG 195 (A) Hydrogen-acceptor 3 −0.4
O 28 NE2 HIS 299 (A) Hydrogen-acceptor 3.17 −1.9
O 28 6-ring TYR 62 (A) Hydrogen-pi 3.87 −0.1

Figure 5: Docking conformation of β-caryophyllene epoxide in the active site of α-glucosidase.
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Table 2: Continued.

Compounds Ligand Receptor Interaction Distance E (kcal/mol) Docking scores

Beta-elemene

C 21 OE1 GLN 350 Hydrogen-donor 3.57 −0.1

−7.7074C 33 OE2 GLU 276 Hydrogen-donor 3.38 −0.1
C 36 OD2 ASP 349 Hydrogen-donor 3.81 −0.1
C 33 5-ring HIS 348 Hydrogen-pi 4.26 −0.1

Beta-ocimene

C 7 OD2 ASP 408 Hydrogen-donor 3.76 −0.1

−7.1334

C 13 O ASP 349 Hydrogen-donor 3.94 −0.1
C 19 OE1 GLN 350 Hydrogen-donor 3.86 −0.1
C 23 OD1 ASN 347 Hydrogen-donor 3.55 −0.1
C 23 O ASP 349 Hydrogen-donor 3.41 −0.1
C 19 6-ring PHE 300 Hydrogen-pi 3.53 −0.3
C 23 6-ring PHE 300 Hydrogen-pi 4.55 −0.1

Bornyl acetate C 1 6-ring PHE 177 Hydrogen-pi 4.06 −0.7 −7.2826
Campherenone O 23 NH1 ARG 439 Hydrogen-acceptor 2.95 −1 −6.5621

Caprylic acid

O 1 O ASP 349 Hydrogen-donor 2.97 −1.8

−8.0814C 19 OD2 ASP 349 Hydrogen-donor 3.48 −0.1
O 26 NE ARG 312 Hydrogen-acceptor 3.02 −0.2
O 26 CE1 TYR 313 Hydrogen-acceptor 3.37 −0.1

Fenchol

C 6 OD2 ASP 408 Hydrogen-donor 3.67 −0.1

−7.3643O 29 O ASP 349 Hydrogen-donor 2.99 −1.3
C 21 6-ring PHE 300 Hydrogen-pi 4.5 −0.1
C 25 6-ring PHE 300 Hydrogen-pi 4.31 −0.4

Fixol

O 1 OD2 ASP 68 Hydrogen-donor 2.94 −2.3

−7.6468

C 4 OD1 ASP 214 Hydrogen-donor 3.87 −0.1
C 8 OD2 ASP 349 Hydrogen-donor 3.58 −0.1
C 21 OD2 ASP 408 Hydrogen-donor 3.98 −0.1
O 1 NH1 ARG 439 Hydrogen-acceptor 3.11 −3.2
C 12 6-ring PHE 177 Hydrogen-pi 3.98 −0.2

Isocaryophyllene

C 1 OD2 ASP 349 Hydrogen-donor 3.75 −0.1

−7.0742

C 4 O ASP 349 Hydrogen-donor 3.41 −0.1
C 25 OD2 ASP 349 Hydrogen-donor 3.83 −0.1
C 33 OD1 ASP 214 Hydrogen-donor 4.11 −0.1
C 33 OE1 GLU 276 Hydrogen-donor 3.3 −0.1
C 25 5-ring HIS 348 Hydrogen-pi 4.65 −0.1

Limonene

C 2 OE1 GLN 350 Hydrogen-donor 3.96 −0.1

−7.1971
C 5 O ASP 349 Hydrogen-donor 3.51 −0.1
C 15 O VAL 303 Hydrogen-donor 3.82 −0.1
C 15 OE1 GLN 350 Hydrogen-donor 3.77 −0.1
C 24 OD2 ASP 408 Hydrogen-donor 3.75 −0.1

Myrcene C 23 O VAL 303 Hydrogen-donor 3.35 −0.1
−7.8979C 23 OE1 GLN 350 Hydrogen-donor 3.4 −0.1

Nerolidol

C 2 OE1 GLN 350 Hydrogen-donor 3.7 −0.1

−8.2988

C 6 O ASP 349 Hydrogen-donor 3.53 −0.1
C 33 OD2 ASP 68 Hydrogen-donor 3.31 −0.1
C 37 OD2 ASP 68 Hydrogen-donor 3.8 −0.1
C 37 OD2 ASP 349 Hydrogen-donor 3.59 −0.1
C 24 6-ring PHE 177 Hydrogen-pi 4.78 −0.2
C 30 6-ring PHE 177 Hydrogen-pi 4 −0.8
C 33 6-ring PHE 177 Hydrogen-pi 4.57 −0.3
O 41 6-ring PHE 300 Hydrogen-pi 3.96 −0.1

Octylcyclopropane

C 9 OD1 ASP 214 Hydrogen-donor 3.69 −0.1

−7.5104

C 12 OE2 GLU 276 Hydrogen-donor 4.17 −0.1
C 15 OD2 ASP 349 Hydrogen-donor 3.51 −0.1
C 21 O ASP 349 Hydrogen-donor 3.96 −0.1
C 27 O ASP 349 Hydrogen-donor 4.04 −0.1
C 30 OE1 GLN 350 Hydrogen-donor 3.72 −0.1
C 27 6-ring PHE 300 Hydrogen-pi 3.88 −0.1

Sativene C 3 OE1 GLN 350 Hydrogen-donor 3.81 −0.1
−7.6121C 35 OD1 ASP 214 Hydrogen-donor 3.78 −0.1
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3.2.4. Docking with α-Glucosidase Enzyme. Our simulation
studies revealed that the selected phytochemicals prefer-
entially bind with the α-glucosidase receptor active sites.
Considerable docking conformations were observed for
ß-caryophyllene epoxide with a docking score of −8.3182
which indicates that the compound established seven hy-
drogen bonds and one H-pi interaction with the residues of
active sites (Glu 276, Phe 177, Arg 312, Asp349, Arg 439, Gln
350, and Asp 408) (Figure 5).

A considerably high inhibitory potential of the identified
metabolite might be attributed to the existence of the two
methyl moieties and oxygen atom attached to the
(S)-2-methyloxirane moiety of the ligand (Table 2).

4. Conclusions

In summary, findings of this study showed that Ph.Lo is rich
in bioactive phytochemicals which might contribute to the
antidiabetic and health-promoting potentials of the oils. (e
test samples exhibited concentration-dependent inhibition
of the vital enzymes implicated in the gastrointestinal ab-
sorption of postprandial glucose and thus might help in
reducing the hyperglycemia in type-2 diabetes. (e binding
mode and energies of the identified phytochemicals against
the target enzymes using the molecular docking approach
further supported our claim regarding the antidiabetic
potential of our test samples. Nevertheless, we suggest that,
in future, in vivo studies be performed for the therapeutic
and beneficial effects of these compounds in metabolism-
associated disorders.
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As Allium cepa is one of the most important condiment plants grown and consumed all over the world, various therapeutic and
pharmacological effects of A. cepa were reviewed. Onion (Allium cepa) is a high dietary fiber-rich perennial herb that is placed
under the family Amaryllidaceae. It contains high concentration of folic acid, vitamin B6, magnesium, calcium, potassium, and
phosphorus as well as vitamins and minerals. It is widely used as an antimicrobial agent, but it showed anticancer, antidiabetic,
antioxidant, antiplatelet, antihypertensive, and antidepressant effects and neuroprotective, anti-inflammatory, and antiparasitic
effects and so on. It is said to have beneficial effects on the digestive, circulatory, and respiratory systems, as well as on the immune
system. *is review article was devoted to discussing many health benefits and traditional uses of onions in pharmacological
perspectives, as well as the safety/toxicological profile. If more detailed research on this perennial herb is conducted, it will open
the door to an infinite number of possibilities.

1. Introduction

Allium cepa (also known as onion) is a perennial herb with
the stem in the underground bulb. Onions belong to the
Liliaceae family, while some authors mention them as
Alliaceae. Common onion has one or two leafless flower
stalks reaching 75–180 cm (2.5–6 feet) in height. Most
commercially cultivated onions are cultivated from the thin,
dark seeds of the plant. Onion is highly regarded and stored
as pickles for its flavor and nutritious values. Onions are
thought to have originated in Afghanistan/Iran/USSR and
are now produced in more than 175 countries [1]. Onion has
a high dietary fiber and sugar content of about 90 percent

water. Onion has a high dietary fiber and sugar content of
about 90 percent water. A diet rich in vegetables has been
identified as providing a number of health benefits to
preventing two of the more prevalent and relevant diseases
nowadays [2]. Onions contain a number of vitamins (B2, C,
and B1), selenium, and potassium. *ey can cure diabetes
mellitus, CVDs, and stomach cancer. Onion peel reveals
biological effective hypertrophic scar and keloid prevention.
Studies demonstrate that onion extract is capable of re-
moving hypertrophic wounds too [3]. Regular intake of
onions lowers the risk of colorectal, lung, liver, brain,
stomach, ovarian, prostate, and breast cancer [4]. *e
function of antiplatelets is significantly influenced by
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genotype, climate, and vegetable storage period. A. cepa
(onions) have antioxidant potential due to the presence of
high amounts of organosulfur compounds, polyphenols, and
flavonoids which are natural antioxidants. Garlic and onion
extract effectively destroys all parasites and suppresses the
irreversible reductase Trypanosoma brucei trypanothione.
Studies demonstrated that onion shows an antidepressant
effect too. A. cepa and its constituents, especially quercetin,
are possible immunomodulatory therapeutic candidates for
the treatment of immune dysregulation disorders. *e anti-
inflammatory and protective impact of A. cepa on tracheal
tolerance and lung inflammation in asthmatic animals
means that it may be used to treat airway disorders like
asthma [5–9]. In the presence of liver-damaging or liver-
harmful ethanol, A. cepa extracts were found to have hep-
atoprotective effects. Aqueous extract of A. cepa bulb has
essential antioxidant and hepatoprotective function against
ethanol-induced hepatotoxicity [10]. However, researchers
found some toxicity reports on onion too. Researches show
that OE has an antioxidant potential that protects it from
oxidative harm. Onion toxicity induces hemolytic anemia in
puppies, according to the researchers [11]. As a result, the
goal of this study is to conduct a thorough analysis of the
existing literature on A. cepa’s chemical and morphological
features, pharmacological properties, and therapeutic ac-
tions, as well as clinical and preclinical research.

2. MorphologicalCharacteristics ofAlliumcepa

A. cepa is placed under the family Amaryllidaceae. It is
perennial herb with a stem in underground bulb. *e root
system is fibrous adventitious. *e underground bulb, cy-
lindrical and flesh, with sheathy leaf foundation with a
parallel venation appears from a cluster of progressive leaves.
Pedicels are of the same length, derived from the peduncle
apex that equals all flowers. Flowers are ebracteolate,
bracteate, and hypogynous, tiny, complete, blonde, trim-
erous, actinomorphic, and protandrous. *ere are 6 tepals,
arranged, white in two whorls of three each, syntepalous
showing aestivation of valvate.*ere are 6 stamens, arranged
in two whorls of three each, apostamenous, epitepalous, and
opposite to tepals. Introse, basifixed, anthers dithecous, and
dehiscing longitudinally. *e gynoecium is syncarpous and
tricarpellary. Ovary trilocular, superior with two ovules in
each locule on axile placentation. *e style of gynoecium is
simple with slender stigma. Fruit is loculicidal capsule. Its
seed is endospermous. In Asia, about 660 allium species are
found. But in Central America, Africa, and South America,
some species are found. Onions are thought to have orig-
inated in Afghanistan/Iran/USSR and are now produced in
more than 175 countries around the world. Onions belong to
the Liliaceae family, while some authors mention them as
Alliaceae. Onions are a perennial crop that can be red, white,
or yellow and eaten raw, mature, pickled, or powder in its
tender condition. *e plants are normally white or purple
with tiny flowers. Onion is highly regarded and stored as
pickles for its flavor and nutritious values. Its leaves are also
used in soups and salads [1]. *e common onion has one or
two leafless flower stalks reaching 75–180 cm (2.5–6 feet) in

height and ending in a sphere of flat, greenish, white flowers.
*e concentric leaf bases of the plant grow swell to form a
food bulb in the underground. Most commercially cultivated
onions are cultivated from the thin, dark seeds of the plant
which are planted directly in the ground, but often from
small bulbs or transplants. *e onions can thrive under a
variety of growing conditions and are very hardy. *e bulbs
differ in size, form, color, and pungency, while warmer
temperatures are usually more mild and sweeter than other
climates [12].

2.1. Specific Classification of Allium cepa [13]

(1) Kingdom: Plantae
(2) Division: Magnoliophyta
(3) Class: Liliopsida
(4) Order: Asparagales
(5) Family: Alliaceae
(6) Genus: Allium
(7) Species: A. cepa
(8) Edible parts: leaves, flowers, seed, root.

3. Chemical Characteristics of Allium cepa

Onion has a high dietary fiber and sugar content of about 90
percent water. *e onion is low in sodium and has a high
concentration of folic acid, vitamin B6, magnesium, calcium,
potassium, and phosphorus as far as vitamins and minerals
are concerned. Onion has a low lipid level, and only glutamic
acid and arginine are exceptional in the amino acid content
[1].*ere have beenmany phytochemical analysis ofA. cepa,
and several compounds that are responsible for its unique
aroma and medicinal properties have been discovered.
Phenolic compounds have gained considerable interest from
the various groups of phytochemicals as they are contrib-
uting to medicinal plants’ biological properties. A research
on four A. cepa variants (violet, red, green, and white) for
their compliance with the high-performance liquid chro-
matography (HPLC) was performed [14]. Kaempferol,
ferulic acid, quercetin, gallic acid, and protocatechuic acid
were also identified. *e number of phenolic compounds
found in each variety varied significantly, e.g., gallic acid
(9.3–354 lg/g), ferulic acid (13.5–116 lg/g), quercetin
(14.5–5110 lg/g), protocatechuic acid (3.1–138 lg/g), and
kaempferol (3.2–481 lg/g). In addition, a variety of flavo-
noids were discovered in various onion varieties: quercetin-
40-monoglucoside [15], isorhamnetin 3,40-diglucoside,
quercetin-3,40-diglucoside, quercetin aglycon, quercetin-3-
monoglucoside, delphinidin 3,5-diglycosides, quercetin 3-
glycosides [16], quercetin 7,40-diglucoside, quercetin 3,7,40-
triglucoside, quercetin 3,40-diglucoside [17], and many
others. When compared to apples (50mg/kg), broccoli
(100mg/kg), and blueberries (40mg/kg), A. cepa has 5 to 10
times higher quercetin content (300mg/kg) [18]. Moreover,
various experiments have found various onion anthocya-
nins: cyanidin 7-O-(300-O-β-glucopyranosyl-600-O-
malonyl-β-glucopyranoside)-40-O-β-glucopyranoside,
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cyanidin 3-O-(300-O-β-glucopyranosyl-600-O-malonyl-
β-glucopyranoside)-40-O-β-glucopyranoside, cyanidin 40-
O-β-glucoside, cyanidin 3,40-di-O-β-glucopyranoside,
peonidin 3-O-(600-O-malonyl-β-glucopyranoside), and
peonidin 3-O-(600-O-malonyl-β-glucopyranoside)-5-O-
β-glucopyranoside were present in minute amounts from
parts which are pigmented of red onion [17]. In addition,
methanolic extracts of red onion yielded four anthocyanins
with the same novel 4-substituted aglycone, carboxypyr-
anocyanidin, 5-carboxypyranocyanidin 3-O-β-glucopyr-
anoside, and 5-carboxypyranocyanidin 3-O-(6″-O-malonyl-
β-glucopyranoside) were known as two of their structures
[19]. Furthermore, Fredotovic et al. successfully established
malvidin 3′-glucoside and peonidin 3′-glucoside petunidin
3′-glucoside acetate [20]. A study conducted by Vazquez-
Armenta et al. demonstrated dipropyl trisulfide and dipropyl
disulfide as onion oil main constituents [21]. S-alk(en)yl-L-
cysteine sulfoxides (such as c-glutamylcysteine and alliin) is
a class of biologically active organo-sulfuric compounds. As
the plant materials are crushed, the aroma and the taste of
fresh onions is caused by releases of méthiine, allicin, iso-
alliin, propin, and lipid-soluble sulfur compounds (for ex-
ample, diallyl-disulfide and diallyl sulfide). It has been
assumed that the annoying lachrymatic factor released from
cut onion is created spontaneously following the effect of
alliinase enzyme [22]. Another compound of thiopropal
S-oxide, the sulfide volatile, is a lachrymal element present
exclusively in onions, which ultimately transforms it into
methylpentanols [23]. In the red onion varieties, a thin-layer
chromatography with dichloromethane extraction was also
observed to have many disulfide radicals (methyl, allyl, and
propyl) [24]. Quantitative analyzes have shown tri- and
disulfides, for example, trans- and cis-methyl-1propenyl
disulfides, dipropyl disulfides, methyl-2-propenyl disulfides,
trans- and cis-propenyl propyl disulfides, dipropyl trisul-
fides, and methyl propyl trisulfides, are approximately 60%
sulfur compound in abundance. Additionally, Dhumal et al.
detected some organic acids in the bulb extracts. *ey were
citric, tartaric malic, oxalic, ascorbic, and succinic acids.
Moreover, in the onion land races of Bianca di Pompei cv.,
grown in the area Campania, Liguori et al. have found
several aldehydes and ketones (Italy) [25]. Of all tests,
furfuraldehyde was the most frequent and strongest in
Aprilatica. Different in landraces were samples of 2-methyl-
2-pentenal material and propionaldehyde. *e 1,2-cyclo
concentration of pentanedione was greater than that yielded
in winter during the spared months of Maggiaiola, Apri-
latica, and Giugnese onions (Marzatica and Febbrare). Only
onions harvested in spring (Maggiaiola, Aprilatica, and
Giugnese) were included in the butyrolactone formula.
Allicepin, an antifungal peptide, was isolated by ion ex-
change chromatography, aqueous extraction on DEAE-
cellulose affinity chromatography on FPLC-gel filtration and
Affi-gel blue gel on Superdex 75 [26]. Zwiebelane A (cis-2, 3-
dimethyl-5, 6-dithiabicyclohexane 5-oxide), another com-
pound isolated from bulbs, was found to improve the
possible fungicidal efficacy of the traditional bactericidal
antibiotic polymyxin B [27]. Zwiebelane A is the taste
compound that is produced during frying. Tverskoy et al.

isolated two additional phytoalexins from the bulbs.*ey are
5-octyl-cyclopenta-1,3-dione and 5-hexyl-cyclopenta-1,3-
dione [2].

4. Bioactive Compounds

*e pungence of onion is caused by the large number of
sulfur compounds that make the back of mouth and throat
feel burning. Analysis of pyruvic acid, produced in stoi-
chiometric amounts by thiosulfins, is a handy tool for
measuring onion pungency. *e correlations of pyruvic acid
with flavor perception have been observed. *e balance of
sweetness in an onion is determined by the pungency and
sugar levels. Strong pungentness will disguise a high sugar
level to avoid the onion being considered sweet. Low-
pungent and low-sugar onions may also be considered as
bland. Ideally, high sugars and low pungence will be a sweet
onion [28]. *iosulfinates, particularly in heat, are unstable
and divided into a complex combination of compounds that
dominate mono-, di-, tri- and tetrasulfides [29,30].*emain
constituents of onion volatiles are dipropyl trisulfide,
dipropyl disulfide, and propenyl disulfides, while several
other compounds including dipropenyl sulfide and dipropyl
sulfide have been known among them [31]. Recently
Yamazaki et al. determined 11 sulfur-containing flavor
precursors in onion including methiin, S-alk(en)yl-L-cys-
teine derivatives, isoalliin, alliin, deoxyalliin, cycloalliin,
N-(gamma-glutamyl)-S-(2-propenyl)-L-cysteine,
N-(gamma-glutamyl)-S-methyl-L-cysteine, N-(gamma-glu-
tamyl)-S-(2-propenyl)-L-cysteine sulfoxide, N-(gamma-
glatamyl)-S-(E-1-propenyl)-L-cysteine(Glu-PEC), S-(2-car-
boxypropyl) glutathione, and N-(gamma-glutamyl)-S-(E-1-
propenyl)-L-cysteine sulfoxide (Glu-PECSO) [32]. Recent
literature reports on the isolation of many interesting novel
compounds from onion. Saponin and peptides, with their
theoretically beneficial health insights, have been isolated
and researched. Several distinct saponins in Allium species
have been found, and processing has caused various sapo-
nins again [33,34]. 5-Hydroxy-3-methyl-4-propylsulfanyl-
5H-furan-2-one and four other compounds were isolated
and reported as in vitro inducers of quinone reductase and
glutathione S-transferase [35]. Several research reported
antitumor, antifungal, blood coagulability, cytotoxicity,
cholesterol-lowering, and antispasmodic effects of saponins
isolated from onion and garlic [33].*e seeds ofA. cepawere
isolated from four furostanol saponins, two of which were
novel compounds, called ceposide A and ceposide B [36].
Corea et al. have also discovered new saponins that have
indicated antispasmodic action in the isolated ileum of the
guinea pig, an effect that may further justify the traditional
use of ointment in the treatment of gastrointestinal disorder
[34]. Gamma-glutamyl onion peptide has also been reported
to inhibit the growth and function of in vitro osteoclasts
[37,38]. *e contents of dry matter bulbs represent an es-
sential quality parameter of onion as they contribute directly
to the energy required for drying, which is also important in
an onion dehydration industry [39,40]. About 65 to 80% of
the dry bulb is made of nonstructural carbohydrates. *e
main nonstructural carbohydrates in onions are glucose,
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fructose, and sucrose, although low molecular fructans are
absent. FOS are polyfructoses of different molecular sizes
which form a major carbohydrogen reserve of onions.
Fructans are called fructooligosaccharides (FOS). Fructans
accumulate during bulbing and catabolism when the bulbs
are growing and sprouting [39]. FOS is commonly used only
as a name for fructose oligomers that are primarily made of
nystose (GF3), ketose (GF2), and fructofuranosylnystose
(GF4) and in which fructosyl units (F) are connected by ß-
linkage to sucrose position (GF+ fructose). Ketoses (GF2)
are clearly prevalent in every onion tissue and strongly
polymerized fructans are not present. *e most fruitful
tissues are fleshy layers, such that the external two fleshy
layers are the greatest byproduct of onion, a potential source
of fructan [41,42]. *e fructan degree of polymerization
(DP) level in onion is mostly in between 3 and 15. Short
chain fructans are theoretically used as natural sweeteners
with less than 5 polymerization rates. Onion bulbs with
strong DP fructans may be used for lipid substitution with
consequential health benefits [40]. Onion shows a higher
soluble/insoluble nutritional fiber ratio (SDF : IDF) than
other vegetables linked to various physiologic and metabolic
effects. SDF increases stomach viscosity causing nutrients to
be reduced and absorbed, while IDF decreases intestinal
transit and increases food mass for the majority of people
[43]. Numerous in vitro, in vivo, and ex vivo trials confirmed
the health properties of allium vegetables. In particular, the
onions with anticarcinogenic, antioxidant, hypoglycemic,
hypolipidemic, and antiaggregatory effects have been
identified. From a dietary and medical point of view, it can
be observed that the onions used in many dishes as a
vegetable or a food ingredient is often very useful in their
medicines. A diet rich in vegetables, including onion, has
been identified as providing a number of health benefits to
preventing two of the more prevalent and relevant diseases
nowadays such as cancer insurgences and CVD [1]. *e
major bioactive compounds from A. cepa are shown in
Figures 1(a) and 1(b).

5. Therapeutic Potential of Allium cepa

5.1. Antimicrobial Effect. A. cepa has been identified in the
treatment of infectious diseases as an effective antimicrobial
agent. Many fungi, bacteria, and viruses have been found
vulnerable to various A. cepa solvent extracts [2]. *e effect
of compound organosulfur on growth of microorganisms
has been reconsidered by a study by Liguori et al. [25]. *e
effectiveness of quercetin in inhibiting the growth of
L. monocytogenes, B. cereus, and P. aeruginosa was not as
high as that of kaempferol, but it was as successful as
quercetin in inhibiting the growth ofM. luteus and S. aureus
[44]. Another study observed that essential oil of three types
of onion (red, green, and yellow) displayed marked anti-
microbial efficacy against specific pathogens, including
Salmonella enteritidis, Fusarium oxysporum, Penicillium
cyclopium, Staphylococcus aureus, andAspergillus Niger [39].
*e red A. cepa extract has been shown to possess more
antibacterial properties relative to the yellow and white
varieties [45]. Another study showed that A. cepa was

successful against P. aeruginosa extracted from patients with
urinary tract infections, suggesting that it may be useful in
the treatment of those infections [46]. A study by has shown
how onion synthesized nanoparticles have a beneficial effect
on Klebsiella spp. inhibition [47]. Saxena et al. published
synthesis of silver nanoparticles by onion extract and
showed the full antibacterial action against E. coli and
Salmonella typhimurium at 50 µg/mL concentration [48]. In
addition, onion extracts are powerful against fungal species,
and their essential oils inhibit dermatophyte fungal products
[49]. Fusarium oxysporum and Aspergillus Niger (MFC/
minimum fungicidal concentration� 75 and 100mg/mL)
were strongly inhibited by dehydrated onion ethyl alcohol
extract [50, 51]. *e growth of airborne pathogens
(B. cenerea, A. alternata, Phomopsis spp, and Mucor spp),
soilborne pathogens (R. solani), and antagonistic fungi
(T. harzianum and T. atroviride) were inhibited by anti-
fungal saponins (ceposide C and A) [52]. High inhibitory
effect against C. albicans (minimum inhibitory concentra-
tion, MIC� 4.522mg/mL) and M. furfur (MIC)� 8.062mg/
mL) were reported [53]. Researches have shown that A. cepa
essential oil has a total inhibition of 2 yeast development at a
concentration of 7% (S. cerevisiae and C. tropicalis) [54,55].
*e growth of molds (P. griseofulvum and A. tamarii) was
also affected by high concentrations of the essential oil, and
full inhibition for E. astelodami was observed [2]. In vivo
study of Ur Rahman et al. observed onion powder effect on
the intestinal histomorphology and selected gut microflora
in 320 days old broiler and a decrease in E. coli population
and a substantial rise in Lactobacillus spp. were found who
were fed onions at a rate of 2.5 g/kg of food [56]. *e results
of that study were similar to that of Goodarzi et al., whereby
10–30 g onion/kg was given to broilers with diets [57]. An
in vitro study by Golestani et al. investigated the effect of
A. cepa essential oil extract against Escherichia coli bacterial
strains. *e strain studied had a minimum inhibitory
concentration (MIC) of 93.8± 44.2 g/mL and a minimum
bacterial concentration (MBC) of 312.5± 265 g/mL, indi-
cating that A. cepa had certain antibacterial activity. Bag and
Chattopadhyay discovered related findings in which both
bacteria predicted an inhibition region, but S. aureus had a
larger inhibitory impact (IZD� 6.90± 1.26) [58]. Also,
methanolic extract of onion inhibit E. coli and S. aureus. *e
highest inhibition zone for S. aureus was observed to be
13.5± 0.9mm for the extract of red onion, whereas for the
extract of yellow onion was 11.3± 0.7mm [45]. *e etha-
nolic, aqueous, petroleum ether, and chloroform extracts of
bulb of fresh onion against some fungi by disc diffusion
method was investigated by Singh et al. In its aqueous and
ethanol production, the onion has shown substantial fungal
growth inhibition. Onion is the most efficient chloroform
extract, whereas petroleum ether extract is the least effective.
*e chloroform extract of onion showed highest zone of
inhibition with A. fumigatus (IZD� 31± 1.3mm), A. niger
(IZD� 28± 1.4mm), and C. albicans (IZD� 32± 1.5mm)
but less in case of A. flavus (IZD� 24± 1.1) [59]. In another
study, maximum bacterial kill was displayed by 100%
aqueous extracts of green onion bulbs, and positive control
for E. aerogenes was slightly lower than its kill rate [60].
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Figure 1: Continued.
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Figure 1: (a, b) Bioactive compounds of Allium cepa.
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Shakurfow et al. carried out another trial with the effec-
tiveness of white onion bulb extracts on Listeria mono-
cytogenes with respect to boiling water and herbal solvents
(mixture of cyclohexane, chloroform, and methanol). He
observed the organic solvents were well suited to boiling or
cold water extracts [61].

5.2. Cardiovascular Diseases. CVD involves hypertension,
peripheral artery disease, cerebral disease, pulmonary in-
flammation, rheumatic heart disease, congenital cardio-
vascular disease, and heart insufficiency [1]. According to
World Health Organization (WHO), by 2030, almost 23.6
million people, primarily cardiac disease and stroke, will die
from CVDs.*ese are projected to remain the single leading
causes of death. *erefore, dietary changes and new de-
velopments in prevention and treatment of CVD in previous
decades have had significant impacts on the death and
quality of the lives of humans world-wide [62]. CVD risk
factors are mainly determined by lifestyle-related causes
(physical inactivity, smoking, unhealthy diet, and stress) and
uncontrollable causes (gender, heredity, and age), which can
be modified [1]. In coronary disease prevention, bioactive
compounds of onions play a significant role. Onions contain
flavonoids which are used for treatment and prevention of
heartburn [63] and cardiovascular diseases [64]. Quercetin
reduces blood pressure in hypertensive subjects, activates
platelets, and shows cardiovascular benefits. Onion includes
several compounds of sulfur including thiosulphine, thio-
sulfone, S-oxide, cepain, and S-dioxide as well as mono-, di-,
and trisulfide. Onions contain a number of vitamins (B2, C,
and B1), selenium, and potassium. Onions can cure diabetes
mellitus, CVDs, and stomach cancer. Atherosclerosis or
inflammation of the vascular system, leading to coronary
heart disease, hypertension, and stroke is commonly asso-
ciated with elevated cholesterol level. *e start of oxidized
LDL-C superoxide formation induces endothelial dysfunc-
tion. Excessive synthesis of reactive oxygen species often
results in oxidative stress (ROS) and formation of reactive
LDL-C. Lots of studies have shown that dietary flavonoids
such as quercetin can minimize oxidative stress by mopping
free radicals and thereby reduce the risk of heart disease and
stroke. *erefore, some scientists focused on lipid reduction
in plant nutraceuticals that can be safe to minimize the risk
of metabolic syndrome and CVD. Synthetic lipid lowering
drugs may have an adverse effect [65]. In doxorubicin-in-
duced cardiotoxicity, onion (A. cepa) leaves showed anti-
oxidant and cardioprotective activity in rats [66,67]. In
another pilot study, 24 healthy people, 35–55 years of age,
were identified and divided into two groups of 12, each
having 5 males and 7 females, with moderate hypercho-
lesterolemia (>200mg/dL). For 8weeks, a participant re-
ceived 100mL of onion or placebo every day.*e onion juice
contained 52 grams of onion extract double the prescribed
dosage of nutraceuticals. *is analysis of 11 weeks has been
split into three phases. Phase I of one week was called the
adaptation stage, followed by phase II of the trial period of
eight weeks, and then phase III of the follow-up period, of
two weeks. After 8 weeks of care, waist circumference, total

cholesterol, and LDL-C reduced substantially (p< 0.05). In
addition, onion juice improved overall ability to antioxidant
and extended LDL oxidation lag time. *e high antioxidant
potential was found to be useful in the fight against CVD
[68].

5.3. Wound Healing. Prostaglandins, β-sitosterol, kaemp-
ferol, myritical acid, and ferulic acid are contained in the
A. cepa bulb. Bulb extract in rats has an ecobolistic influence.
*e bulb extract of A. cepa has traditionally been used as an
abortifacient herb containing these constituents and has
shown an ecobolic effect in rats and mice. *e group treated
with A. cepa showed extensive granulation growth begun on
its surface. *e treated unit of wound displayed complete
healing of wounds with almost normal architecture of the
reticulin and collagen. *e increasing tensile strength of the
treated community wound may be attributed to the rise in
collagen levels, and the increase in collagen synthesis is
performed by the alcoholic extract of A. cepa [69]. A few
drops of onion juice can potentially be extremely useful for
people who have acute earaches. *e tone of the ringing in
the ear may be cured by using cotton wool onion juice [13].
Onion is commonly used to make Ayurvedic wound curing
formulations. It also demonstrates biological effectiveness in
pediatric patients in prevention of median sternotomy
wound [70,71]. *e extract of the fibroblast cell line showed
the therapeutic impact on human skin and is used in keloid
therapy [72]. Extract onion peel reveals biological effective
hypertrophic scar and keloid prevention [73]. In addition,
ointment extract gel reveals hypertrophic presternal scar
defense [74]. It is often used in topical methods for care and
mitigation of postoperative hypertrophic scars [3,4] and
keloid surgery [75]. A. cepa-allantoinpentaglycan gel also
cures hypertrophic skin skins [76] and enhances the aes-
thetic appearance of postoperative scars [77] and burning
cells [78]. Tattoos are removed with onion extract, heparin,
and allantoin spray. Prevention of postsurgical scars is a
topical use of onion extract [79]. Scars and keloids during
burning can also be removed by using onion extracts [80].
*e elasticity of postburning scares is increased by ointment
[78]. Cepan cream is used in burn wounds care [78] and in
rabbit ears hypertrophic burns [81]. An in vivo study
demonstrates that onion extract is capable of removing
hypertrophic scars and keloids at 10% concentration. *e
research was performed on 7 patients with keloids (five
males, two females; mean age 37± 11.5 years) and 39
Caucasians with single or multiple HTS (19 females and 20
males; mean age 36± 12.5 years) [82].

5.4. Antiplatelet Activity. *e effect of quercetin extracted
from onion peel extract, through upregulation of cAMP
levels and the reduction of TXA2, Ca2+, cyclooxygenase-1
(COX-1), as well as synthase activities of TXA2, may be
attributed to the antiplatelet effect. It has also been shown
that AA release diminution; synthase-blocking TXA2; and
receptor blockage TXA2/PGH2 may be associated with the
antiplatelet system of the onion extract. *e antiplatelet
activities of onion, namely, allicin, adenosine, and paraffinic
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polysulphides, are also due to the components that are
sulfur-based [83]. Platelet aggregation reduction has a
protective impact on some cardiac diseases, for instance
atherosclerosis. Furthermore, the effect of onion extracts is
lipid-reducing. Bordia et al. first assessed their antith-
rombotic ability for water extracts from onion and garlic
[84]. Orally and intraperitoneally extracts were administered
to rats. A comparatively low dosage (50mg/kg body weight)
of aqueous garlic extract has greatly reduced thromboxane
B2, independent of how the extract is administered. Onion
extracts at higher concentrations were successful (500mg/kg
body weight). Until operation, the boiling of extracts
resulted in almost total operation failure. *e cooking of
powerful antithrombotic components in alliums can then
induce decomposition. Allicin and adenosine, each of which
appears more often in garlic without influencing cyclo-
oxygenase and lipoxygenase inhibitors of arachidonic acid,
have both blocked platelet addition. *e trisulphides in-
vestigated inhibited platelet aggregation, as well as throm-
boxane synthesis, along with the induction of lipoxygenase
metabolites. *e in vivo antiplatelet results found seem to
have been more adenosine due than onion polysulphides of
allicin and alk(en)yl. Several experiments have shown that
onion antiplatelet behavior is considered a feature of
organosulphur compounds. Antithrombotic activity has
been shown in particular by a sulphinyldisulphide class
(cepaene) present in onion extracts [85]. Some nonsulfur
substances including β-chlorogenine and quercetin have
also been shown to suppress the aggregation of platelets [86].
*e function of antiplatelet is significantly influenced by
genotype, climate, and vegetable storage period [1]. Ko et al.
carried out an experiment regarding the efficacy of A. cepa in
inhibiting platelet aggregation. Sprague Dawley rats were
given A. cepa extracts at different dosages (0.5, 2, 5, and 6 µg/
mL). At 6 µg/mL dose, it showed maximum inhibition of
platelets aggregation. From the findings, the activity of
quercetin was found to be considerably greater than that of
its glucosides. *e antiaggregation process of flavonoids was
examined in vitro, revealing that flavonoid aglycones gen-
erally, and the examined flavonoid derivatives did not affect
the role of the platelet. In addition, the aggregation of platelet
was blocked by flavones such as apigenin, chrysene, and
phloretin. Quercetin and myricetin have had strong anti-
aggregating efficacy against amino acids, but the aggregation
systems caused by collagen have considered these com-
pounds nearly inactive [87]. *e results of onion peel extract
(OPE) in the collagen aggregation of washed rat platelet
stimulated (5 μg/mL) were examined by Ro et al. By blocking
dose-depending TXA2 synthase (TXAS) and cyclo-
oxygenase-1 (COX-1), OPE prevented platelet aggregation
by inhibiting the stimulating enzymes, intracellular Ca2+,
and thromboxane A2 (TXA2). OPE also raised the forma-
tion, but not cyclic guanosine monophosphate, of cyclic
adenosine monophosphate (cAMP), the aggregation in-
hibitory molecule (cGMP). OPE study of the high-level fluid
chromatography (HPLC) showed that OPE is composed of
quercetin, one of the key antiplatelet flavonoids. *e data
show that OPES is an important inhibitor of the in vitro
aggregation of collagen-stimulated platelet. *is may

therefore be a promising and effective anticardiovascular
approach.

5.5. Anticancer Effects. Cancer can be described as the
uncontrolled proliferation of abnormal cells in almost every
organ or tissue of the body [88]. According to WHO, cancer
was the second leading cause of death in 2018, and globally
around 10 million people died from cancer in 202056. *e
present anticancer drugs have low pharmaceutical indexes
which means that, at higher doses, they can cause adverse
side effects such as cardiopathy, neuropathy, bone marrow
depression, kidney damage, liver damage, and anemia [89].
Again, resistance to anticancer medications has often been a
challenge in the modern therapeutic period [90], which is
why several studies have been performed in recent years to
promote the use of natural products such as herbs and plants
as cancer therapy substitutes, as well as their use as dietary
supplements to minimize the progression of cancer [91].
Studies suggest that A. cepa (onions) have anticancer and
similar biological properties, which are thought to be at-
tributed to the presence of different organosulfur derivatives,
flavonoids, polyphenols, quercetin, and its glycosides [92].
Many cellular experiments and in vivo studies showed that
the organosulfur compounds present in onions are powerful
anticarcinogens which are due to their function in the ac-
tivation of detoxifying enzymes that significantly eliminate
cancer-causing substances [1]. AnMTTassay was performed
by Zamri and his colleagues to analyze the antiproliferative
effect of various concentrations (10, 50, and 100 μg/mL) of
crude extracts (ethanol, methanol, and water extracts) of
onion on cultured MCF-7 human breast cancer cell for 1, 2,
and 3 days of incubation, the results showed that the
methanol extract of onion with concentration of 50 μg/mL
generated the lowest percentage of cell viability after three
days of incubation. It was reported that the methanol extract
of onion contained various organosulfur compounds, and
these compounds decrease cancer cell viability in a dose- and
time-dependent fashion [91]. Similarly, Pan et al. conducted
another MTTassay look at the effects of methanol extracts of
onions on cancer cell lines HepG2, HT 29, and PC 3. *e
results showed that quercetin glucosides present in onion
extract inhibited the growth of cancer cell lines, and the
report also suggested that quercetin glucosides have anti-
oxidant and antiproliferative activities against the cancer cell
line [93]. A group of researchers showed that polyphenols
isolated from lyophilized A. cepa inhibit the development of
human AGS cells (a human gastric adenocarcinoma cell-
line) by inhibiting the PI3K/Akt signaling cascade, which
leads to apoptosis [94]. Furthermore, a study was performed
by Nohara et al. to evaluate the anticancer properties of
Allium sulfides on rat models, and the findings revealed that
onion in A1, a thiolane-type sulfide extracted from onions,
blocks the activation of M2 macrophages, thus restricting
tumor cell growth in both mouse osteosarcoma (LM-8)
bearing mice model and mouse ovarian cancer (iMOC)
bearing mouse model [95]. In addition, Allium vegetables
such as onion and garlic contain diallyl trisulfide (DATS)
which has anticancer properties [9,14], and studies showed
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that DATS triggers cancer cell cycle arrest at the G2/M phase
by increasing the release of reactive oxygen species, which
induces apoptosis and restricts tumor cell formation [96]. In
recent years, many researches have been done to determine
the cancer-preventive properties of A. cepa, and the out-
comes have indicated that regular intake of onions lowers
the risk of colorectal, lung, liver, brain, stomach, ovarian,
prostate, and breast cancer [1,92]. *e notable therapeutic
effects of A. cepa are shown in Figure 2.

5.6. Antidiabetic Effects. Diabetes is a progressive metabolic
disorder that affects the heart, blood vessels, skin, kidneys,
and nerves and may lead to serious medical conditions such
as heart attack, kidney failure, blindness, and stroke [97].
According to WHO datasheet, globally around 422 million
people are diagnosed with diabetes, and it is solely re-
sponsible for 1.6 million deaths per year. Although the
current conventional antidiabetic medicines are able to
mitigate diabetes symptoms, they may also show some se-
rious side effects such as hypoglycemia, edema, heart and
liver abnormalities, and gastric and respiratory problems
[98]. For this reason, scientists are looking at natural re-
sources such as medicinal plants as alternative therapeutic
agents against diabetes, as they are less harmful and have a
lot of pharmacological value [98,99]. At present, many
studies [97,98,100] are being performed on A. cepa to in-
vestigate its antidiabetic activities, and one of the experi-
ments which was tested on diabetic rats showed that the
aqueous extract of onions reduced blood glucose level in the
same manner as that of glibenclamide, a conventional an-
tidiabetic drug. *e results also reported that the onion
extracts contained kaempferol-3-O-β-D-6 (P-coumaroyl)
glucopyranoside which is responsible for the antidiabetic
effect by promoting glucose uptake in rat soleus muscle
[101]. Likewise, Gautam et al. conducted a research on STZ-
induced diabetic rats found that ethanol extracts of A. cepa
reduced blood glucose levels significantly after 24 hours of
oral administration, and the explanation for this effect was
proposed to be that the onion extract stimulated pancreatic
β-cell regeneration, which induced the synthesis and se-
cretion of insulin, subsequently regulating blood glucose
level [102]. In addition, another experiment which was also
conducted by Airaodion et al. using the ethanol extract of
onions found that the extract contained quercetin and rutin
which stimulated glucose uptake in rat skeletal L6 myotubes
by increasing GLUT-4 protein synthesis and its mobilization
from the cytoplasm to the plasma membrane, as well as
triggering the PI-3-K/Akt signaling pathway to regulate
glucose transport [103]. Furthermore, in a study of six
groups of alloxan-induced diabetic rats, three groups were
treated with varying doses of A. cepa juice for 14 days, and
the results found that the rats treated with onion juice had a
markedly decreased blood glucose level than the rats who
were not [100]. Jini and his group synthesized silver
nanoparticles from A. cepa and an in vitro study was
designed to evaluate those silver nanoparticles activity
against diabetes. *e study report revealed that those silver
nanoparticles were inhibitors of carbohydrate-hydrolyzing

enzymes such as α-amylase and α-glucosidase, and inhibi-
tion of these enzymes decreases carbohydrate absorption by
the body which consequently leads to the reduction of blood
glucose level [104]. Further many studies were conducted on
A. cepa, and the findings suggested that the antidiabetic
properties of onion are attributed to the presence of bio-
active compounds such as quercetin, s-methylcysteine
sulfoxide, allyl propyl disulfide, and polyphenols which
promote glucose uptake in peripheral tissues increasing
NADP+ andNADPH behavior and increasing the sensitivity
and secretion for insulin [99].

5.7. Antihypercholesterolemic Effects.
Hypercholesterolemia can be characterized as the presence
of excess levels of cholesterol in the blood than normal, and
this elevated level of cholesterol can lead to atherosclerosis,
which is the forming of fatty plaques in the arteries’ walls
[105]. *ese plaques causes narrowing and/or blocking of
the blood vessels which disrupts blood flow in vital organs of
the body such as heart and brain and thereby raising the risk
of heart attack and stroke. A study performed by Wenyi Li
et al. to assess the antihypercholesterolemic activities of
A. cepa on six groups of hyperlipidemic rats showed that
there was a substantial decrease in total cholesterol (TC),
triglyceride (TG), low density lipoprotein cholesterol (LDL-
c) levels, and a raise in high density lipoprotein cholesterol
(HDL-c) levels in both plasma and liver following 4 weeks of
oral administration of A. cepa extract at different concen-
tration for each group of rats [106]. Ming and his group of
researchers performed a clinical trial on twenty-four mildly
hypercholesterolemic adults to determine the effectiveness
of onion juice against this condition, and the results showed
that, after eight weeks of daily administration, the blood
plasma TC, LDL-c, and LDL-c/HDL-c ratio levels were
significantly lowered in onion juice treated subjects.
According to the report, quercetin increased LDL receptor
mRNA expression, which resulted in a decrease in serum
LDL-c levels, and flavonoids (quercetin and rutin) increased
fecal cholesterol excretion, which led to a reduction of serum
TC levels [68]. Further studies have revealed thatA. cepa due
to its hypocholesterolemic activity, it is effective against
cholesterol gallstone (CGS), i.e., it can reduce the risk of CGS
development as well as diminish the preexisting CGS.
According to a study evaluating the anticholelithogenic
potential of A.cepa on mice with lithogenic high cholesterol
diet after 10weeks of daily ingestion of raw or heat processed
onions, the likelihood of CGS development was decreased by
15–40%. *e reports suggested that onions reduced cho-
lesterol secretion in the bile and enhanced bile acid excre-
tion, which reduced the production of lithogenic bile acids
and, as a result, inhibited CGS development [107].

5.8. Antioxidant Effects. Our body uses oxygen for meta-
bolism, and this process generates reactive oxygen species
(ROS) or free radicals as a byproduct [108]. Free radicals are
also produced in our body from alcohol consumption,
smoking cigarettes, and long time exposure to sunlight, as
products of inflammatory reactions in our body [109].
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*ough free radicals are essential for our bodies’ signaling
mechanisms [110], but excessive development of these ox-
idative free radicals can cause oxidative stress; a situation in
which the balance of oxidants and antioxidants in our body
is disrupted [111]. Long-term oxidative stress causes damage
to body cells, nucleic acids, proteins, and lipids, resulting in
severe diseases such as cancer, diabetes mellitus, Alzheimer’s
disease, and cardiac and liver diseases. Antioxidants, also
known as free radical scavengers [112], neutralize free
radicals, preventing or reducing cell damage, DNA muta-
tions [112,113], and subsequently lowering the risks of se-
vere diseases like cancer [114]. Studies [108,115,116] have
indicated that A. cepa have antioxidant potential due to
presence to high amounts of organosulfur compounds,
polyphenols, and flavonoids which are natural antioxidants
[117,118]. An in vitro study was conducted by Antonella
Lisanti and her colleagues on three cultivars (Dorata di
Parma, Rossa di Toscana, and Borettana di Rovato) ofA. cepa

to identify their total phenolic content using Folin–Ciocalteu
method and total antioxidant activity using the FRAP (ferric
reducing antioxidant power), TEAC (trolox equivalent an-
tioxidant capacity), and DPPH (1,1-diphenyl-2-picrylhy-
drazyl) spectrophotometric methods, with FRAP method
based on electron transfer mechanisms and the other two
based on radical neutralization mechanisms. According to
the findings, all three onion cultivars have antioxidant
potential, with Rossa di Toscana having the highest anti-
oxidant activity in all three methods [115]. Again, another
group of researchers performed an experiment to evaluate
the antioxidant potential of onion peel extracts (hot water,
ethanol, and subcritical water extracts) using DPPH, lipid
peroxidation inhibition method, and ferric thiocyanate
(FTC) method with the DPPH method showing the highest
antioxidant activity even much higher than BHTat 0.02mg/
mL concentrations. *e FTC method showed minimal
antioxidant potential, while the inhibition of lipid peroxide
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method revealed no antioxidant effect of the extracts, im-
plying that onion peel extracts neutralize radicals by do-
nating hydrogens or electrons instead of inhibiting lipid
peroxidation [119]. Additionally, Sunyoung Kim and his
colleagues conducted an analysis to define a relationship
between the organosulfur compounds and their antioxidant
potential using ORAC (oxygen radical absorbance capacity),
DPPH, and ABTS (2,2′-azino-bis-3-ethylbenzthiazoline-6-
sulphonic acid) testing methods on three separate Allium
plants (Allium Sativum L., Allium ampeloprasum L., and
Allium cepa L.).*e study reports revealed that organosulfur
compounds were positively associated with antioxidant
activities, and Allium sativum L. showed higher antioxidant
potential that the other two plants as it contains higher
amount of organosulfur compounds, while A. cepa showed
substantial antioxidant activity despite having the lowest
organosulfur content [120]. A study was performed by Yi-
Long Ma and his colleagues on the cell wall polysaccharides
of A. cepa to investigate their antioxidant activity; the
polysaccharides were named for their extraction methods
such as hot buffer soluble solids (HBSS), chelating age
soluble solids (CHSS), dilute alkaline soluble solids (DASS),
concentrate alkaline soluble solids (CASS), and their anti-
oxidant activities were measured using DPPH, ABTS, iron
chelation, superoxide anion radical scavenging, hydroxyl
radical scavenging, and lipid peroxidation inhibition
method. According to the findings, CHSS exhibited the
highest antioxidant potential on ABTS (97.52%), iron
chelation (98.24%), and superoxide anion scavenging
(76.97%), while HBSS had the highest antioxidant potential
using the DPPH system (93.68%) and CASS had the best
results using the lipid peroxidation inhibition method
(86.43%) [121]. Furthermore, an in vivo study was con-
ducted on 400 broiler chickens to assess the effects of
phenol-rich A. cepa on their development, digestion, anti-
oxidant activity, and immune response. *e phenol-rich
onion extracts (PROE) were administered at different
concentrations to each group (100/group) of subjects for
35 days, and the results revealed that PROE increased an-
tioxidant enzyme activities (catalase, superoxide dismutase,
and glutathione peroxidase) which was expected to be due to
the presence of high amount of phenol and flavonoids in the
onion extract [122].

5.9. Antiobesity Effects. Obesity is a metabolic disorder
characterized by the buildup of excess fat in the body which
occurs as a result of an energy intake and expenditure
imbalance [123]. Obesity increases the risk of multiple
diseases such as cardiovascular disease, liver disease, stroke,
diabetes, cancer, hypertension, polycystic ovarian syndrome,
osteoarthritis, and sleep apnea [123,124], and a recent study
states that obesity also raises the risk of serious COVID-19
complications in infected patients [125]. According toWHO
database, globally more than 650 million adults were found
obese (BMI >30 kg/m2) in 2016, and over 4 million people
died due to the obesity related diseases in 2017 [126]. An
in vivo experiment was performed by Ji-Sook Lee and his
colleagues on 72 overweight and obese people to assess the

antiobesity effects of onion peel extracts (OPE) rich in
quercetin, and the results showed that, after 12 weeks of
regular administration of 100mg of OPE capsules, there was
a significant reduction in the body weight (from 70.0± 11.4
to 69.2± 11.4 kg), BMI (from 26.6± 3.3 to 26.3± 3.2 kg/m2),
and waist circumference (from 91.9± 7.6 to 89.9± 7.7 cm).
According to the report, the antioxidant effects of quercetin
are responsible for these suppressive effects [127]. Oxidative
stress inhibits the cellular respiration process which reduces
the energy expenditure in adipocytes ultimately increasing
fat accumulation in the adipose tissue. Quercetin as an
antioxidant neutralizes free radicals, decreases oxidative
damage, and recovers cellular functions. In human adipo-
cytes, quercetin can substantially reduce the levels of adi-
pokines including, adipsin, ANGPTL4, and PAI-1 and also
glycolysis-related enzymes ENO2, PFKP, and PFKFB4, all
linked with obesity [128]. Likewise, another in vivo study on
high fat induced rats found that, after eight weeks of regular
consumption of quercetin rich supplements, there was a
significant decrease in body weight (from 490± 11 to
441± 11 g), total body fat levels (from 112.9± 4.5 to
86.6± 5.7 g), and TG levels (from 102.5± 7.3 to
90.7± 6.5mg/dL), and it was suggested that quercetin de-
creases the expression of SREBP-1c. And, PPAR-c genes in
the adipocytes which subsequently attenuates lipogenesis
and promotes lipolysis [129]. In addition, Chao Yang and his
colleagues performed research on high fat diet induced rats
(HFD) to test the antiobesity effects of onion oil, and the
study found that, after 60 days of daily administration of
onion oil (92.6mg/kg bw/d), the weight gain in the onion oil
administered HFD rats (6.7± 0.3 g/d) was lower than the
weight gain in the rats who were only fed a high fat diet
(8.2± 0.8 g/d) suggesting that onion oil has antiobesity
properties [130]. An ATP-based assay was performed by
D. Torres-Villarreal and his colleagues to assess the anti-
obesity effects of kaempferol, a bioactive compound that can
be isolated from A. cepa [101], on cultured 3T3-L1cells
(adipocytes), and the reports suggested that kaempferol
shows antiobesity properties by inhibiting adipogenesis by
downregulating the expression of Cebpa mRNA which is
positively related with adipocyte differentiation and also by
promoting lipolysis by raising the expression of lipolysis
Pnpla2 and Lipe genes which are linked with lipolysis [131].
Furthermore, studies showed that S-propyl-L-cysteine
sulfoxide, cycloalliin, S-methyl-L-cysteine, and dimethyl
trisulfide present in onion extracts may prevent the for-
mation of oil drop in cells, implying that these compounds
may be involved in obesity suppression [132].

5.10. Antihypertensive Effects. Researchers found antihy-
pertensive effects of A. cepa. Brul et al. described polyphenol
quercetin is the cause of its antihypertensive and vaso-
relaxant properties to prevent cardiovascular disease (CVD).
*is research examined the efficacy of quercetin in patients
with overweight to obese prehypertension and stage I hy-
pertension after daily intake on blood pressure (BP). Fur-
thermore, the possible pathways for the proposed impact of
quercetin on BP have been discussed. Subjects (n� 70) were
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randomized in a two-blinded, placebo-controlled combi-
nation experiment with 6-week duration of therapy split by a
6 week washout period to obtain 162mg/d quercetin from
the ointment extract powder or placebo. Ambulatory blood
pressure (ABP) and workplace BP are measured before and
during the intervention; urine and blood tests were collected;
and EndoPAT technology assessed the endothelial activity.
Quercetin did not influence 24-hour ABP parameters and
BP office substantially in the whole population. In the hy-
pertensive section, quercetin reduced systolic BP by 24 hours
by −3.6mmHg compared with placebo (mean
gap, −3.9mmHg; p � 0.049). As compared to the placebo,
quercetin decreased. In addition, quercetin greatly reduced
systolic BP in hypertensive agents during day and night but
without any major intergroup influence. Vasoactive bio-
markers including soluble endothelial-originated adherence
molecules, endothelin-1, enzyme activity of angiotensin
converting, asymmetric dimethylarginine, oxidation pa-
rameters, endothelial structure, lipid, inflammation, and
glucose metabolism were not impaired by the quercetin in
the whole population and not in the hypertensive subgroup.
*e results show that the 162mg/d quercetin supplemen-
tation from the onion skin extract reduces ABP in hyper-
tensive patients, indicating a cardioprotective function of
quercetin. *e BP-reducing pathways are still unclarified
[133].

5.11. Gallstones Treatment. *e function of dietary intakes
in the nonalcoholic steatohepatitis (NASH)/nonalco-
holic fatty liver (NAFLD) pathogenesis was stated by
Emamat et al. (2018), but the role of every dietary
constituent was not yet clear. *e goal was to assess the
impact of onion intake on NAFLD/NASH avoidance.
Sprague Dawley rats have either been fed high weight,
dietary high sugar (model group) or fat, dietary heavy
sugar plus onion powder at 7 percent (model + onion), or
chow diet ad libitum for 7 weeks. Serum concentrations
were determined for fasting glucose, triglyceride, liver
enzymes, cholesterol, insulin, and gene expression of
hepatic tumor factor-alpha necrosis (TNF-α). H&E stain
has been tested for hepatic histology. *e data showed
that NAFLD may prevent onion consumption even with
other factors of risk, such as obesity, high-energy hy-
percholesterolemia, fat, and sugar intakes [134]. Enamat
et al. have also assessed the impact of onion powder use
on NAFLD care in an experimental disease model.
Sprague Dawley rats had been fed high fat (HF) diets to
cause NAFLD for seven weeks. *e rats were then fed
either a high-food diet plus 7% onion powder
(HF + onion) or, the same diet (HF), or the chow diet
(control), or onion powder plus 7% onion powder
(control + onion) ad libitum for 4 weeks. Fasting tri-
glyceride, leptin, liver enzymes, cholesterol, insulin, and
hepatic tumor necrosis factor-alpha (TNF-α) concen-
trations were measured throughout the blood. Eosin and
hematoxylin stain have been studied for hepatic histol-
ogy [135]. Dietary intakes and weight gain in animals
feeding control + onion diet were substantially greater in

comparison with other categories. In terms of the plasma
levels of lipid profiles, liver enzymes, hepatic TNF-α gene
expression, and glycemic indicators, fed control or
control diet + onion diet was slightly lower relative to the
HF diet groups fed; nevertheless, there was no substantial
variation in NAFLD histopathology across groups. *e
findings show that onion intake may be beneficial when
paired with a balanced diet in NAFLD management
[136].

5.12. Antiparasitic Effects. Krstin et al. reported that since
ancient time, garlic and onions have been used to cure
parasite and microbial diseases. In several areas of the world,
particularly in poor countries, trypanosomiasis and leish-
maniasis are a problem. *e antiparasite effects of A. cepa
(onion) and A. sativum (garlic) bulbs dichloromethane
extracts were investigated with Trypanosoma brucei and
Leishmania tarentolae. A number of G-positive bacteria,
G-negative bacteria, and two fungi were tested to validate the
documented antimicrobial activity. Ionizing spectrometry
(LC-ESI-MS/MS) and high-performance liquid chromato-
gram (HPLC) were carried out for chemical analysis.
Chemical analyzes were conducted. *e concentration of a
number of secondary sulfur metabolites in the garlic and one
(zwiebelanes) in the onion extract was supported by
chemical tests. *e two extracts effectively destroy all par-
asites and suppress the irreversible reductase Trypanosoma
brucei trypanothione. In addition, the mitochondrial
membrane potential in trypanosomes was reduced with
garlic extract. In 50% of the cases, a synergistic or additive
effect was obtained with combination of garlic and onion
with the popular trypanocidal and leishmanicidal medicines.
*e biological activity function of garlic and onion seems to
be linked to the amounts and profiles of the compounds that
produce sulfur. *e most frequent disulfide production of
important recycled cell substances, such as trypanothione
reductase between SH groups and sulfur-containing sec-
ondary metabolites, is that essential substances in the par-
asite cell are blocked [137].

5.13. Bone Disorder Treatment. A. cepa is used to increase
bone resorption activity (osteopenia) [138] and bone density
[139] and cure osteoclastogenesis [140]. A recent research
investigated the efficacy of A. cepa in treating osteoporosis.
Law et al. studied the persistent inflammatory disease os-
teoporosis characterized by bone mineral density loss
(BMD).*e thesis was carried out to determine the influence
from the ingestion of onion juice on the BMD and bone
degradation in human (in vivo) corroboration and inhibi-
tory effects of osteoclastic differentiation of the cell line (in
vitro). *e antiosteoclastogenic impact of onion is investi-
gated using RAW 264.7 (osteoclasts progenitor) cells in
in vitro experiments. For in vivo trials, 24 participants were
split into two categories, and 100mL of the onion juice or
placebo was recommended to be taken over eight weeks. At
an original, 2(nd), 6(th), 8(th) and 10(th) week, anthropo-
metric measurements and blood samples were taken. In vitro
experiments show that osteoclastogenesis and its separation
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are effectively inhibited by onion extract. In the onion-ad-
ministered subjects, significant differences were observed in
concentrations of alkaline phosphatase (ALP), free radicals,
overall antioxidant potential (TEAC), and a variety of an-
tioxidants. *ree postmenopausal women have increased
their BMD size somewhat in onion juice supplementation.
*e bone loss and BMD have been shown to be beneficially
modulated by improving the antioxidant activity and thus
can be advised in the management of multiple osteoporosis-
based disorders [141].

5.14. Antidepressant Effects. Studies demonstrated that on-
ion shows antidepressant effect too [142]. Samad et al.
pointed out that different studies assessed the useful impact
on the single immobilization of biochemical and behavioral
stress-induced improvements, given the anxiolytic, antide-
pressant, and memory of the enhancement of the properties
of A. cepa (AC; onion) bulbs. AC powder (200mg/kg/day)
was given to mice in the research group, dissolved in water
when 14 days of drinking water were obtained in the control
group. After 14 days of checking, AC-treated mice were split
into stressed classes again. Two hours of immobilization
tension was imposed on animals in the stressed community.
Behavioral events were tracked 24 hours after immobiliza-
tion tension. In the mouse subject to elevated plus maze test
(EPM) and light dark movement test, real-time tension
caused anxiety behavior stress (LDA). Two hours of stress-
induced immobilization of depressed animal behavior,
measuring forced swim (FST). *e administration of AC
reduced clinical deficits due to immobilization discomfort.
In anxious mice pretreated with AC in the Morris labyrinth,
highest recollection output was observed (MWM). Esti-
mated processes include brain butchery, antioxidant en-
zymes (SOD, CAT, and GPx) and acetylcholinesterase
(AChE) [143]. *is research indicates the importance of
antioxidant enzymes in alleviating anxiety and depression
caused by stress for 2 hours, as well as enhancing the
cognitive function of AC. *erefore, the results show that
additional AC could be useful for the treatment of anxiety,
depression and memory control [144].

5.15. Anti-Inflammatory Effect. Inflammation is considered
a dynamic biological process, controlled mostly by tissue
homeostasis disruption [145]. It is an intricate biological
reaction mechanism [146]. Factors including pathogenic
bacteria, environmental irritation, and cell and tissue
damage usually lead to it. Many models in animals have
been tested to evaluate the effect of flavonoids against
inflammation, and quercetin and kaempferol have been
confirmed to play an important role in preventing in-
flammation [147]. Quercetin was found to play a role in
inhibiting various immunoglobulin isotypes including
IgM, IgG, and IgA; all are activated by mitogenes [148].
Quercetin reduces inflammation and allergy [149], while
alfrutamide and typheramide found in Allium species affect
lipoxygenases and COXs activity [146,150]. *e freeze-
dried onion sprouts steam distillate demonstrates anti-
inflammatory and antioxidant properties (A. cepa) [151].

Cepaenes and thiosulfinates in onions suppress the che-
motaxis of human polymorphonuclear leukocytes [152].
Anti-inflammatory effects have been discovered in Ajoene,
a natural component isolated from Allium [153]. An
aqueous extract of the red onion bulb (EAC: 150 and
300mg/kg) decreased lymphocyte and eosinophil counts in
the blood and bronchoalveolar lavage fluid (BALF) in a rat
model of asthma [154]. Another study found that A. cepa
methanol extract (50, 250, and 500mg/mL) decreased
proinflammatory cytokines IL-1-β, TNF-a, and IL-6 in
lipopolysaccharide (LPS) treated BV-2 microglial cells,
guarding against neuroinflammation [155]. *e bulb ex-
tract from A. cepa (35, 70, and 140mg/kg/day, 21 days)
greatly decreased the overall WBC and pulmonary in-
flammatory cells, such as eosinophil, neutrophil, and
monocyte numbers, however contributed to substantial
increases in the number and the extract in the asthmatic
Wistar rats [156]. A. cepa contains a number of flavonoids
that may aid in the treatment of oxidative stress-related
disorders, asthma, and mechanical and thermal hyper-
algesia [157]. *e overview of in vivo and in vitro studies of
A. cepa based on its therapeutic efficacy is shown in Table 1.

5.16. Neuroprotective Effects. *e nervous system, its cells,
composition, and work can be salvaged, recovered, or
regenerated as a consequence of neuroprotection. Many
neurochemical modulators of nervous system harm are
believed to exist [170]. A. cepa is considered to exhibit
neuroprotective effects. An in vivo study conducted by Singh
et al. demonstrates that A. cepa shows neuroprotective
potential in aluminium chloride-induced neurotoxicity.
Swiss albino male mice were administered 50–200mg/kg/
day of onion and 50mg/kg/day of aluminium chloride, thus
reducing lipid peroxidation and nitrate/nitrite ratios, as well
as increasing GSH and catalase activities. *e amount of
AChE in the body was also decreased. Quercetin, kaemp-
ferol, cycloartenol, and phytosterols such as lophenol, 24-
ethyl cycloartenol, and 24-methyl lophenol have been found
to inhibit transcription of genes like FAS, S14, transferrin,
and apolipoprotein CIII which in turn exhibits neuro-
protective effect [161]. Another study indicated that
changing the expression of neurotrophic factor protects
mice from neuronal harm in I/R-induced retinal injury
[162].

5.17. Insecticidal Effects. *e Lycoriella ingenua and Japa-
nese termite (Reticulitermes speratus Kolbe) have been
shown to be immune to the essential oils and components
of onion and garlic plants [171,172]. *ese essential oils
contain significant sulfur compounds such as diallyl
disulfide, DATS, diallyl sulfide, eugenol, and β-car-
yophyllene, of which DATS are found to be the most
harmful. Nevertheless, certain substances used in essential
oils were found to have fumigant efficacy and had a 100%
mortality rate against termites after just two days of
treatment reference [171]. Crushed wild onion leaves repel
Diaphorina citri adults due to the presence of sulfur vol-
atiles from Allium spp. *ese factors also influence the
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Table 1: An overview of recent in vivo and in vitro studies of Allium cepa based on its therapeutic efficacy.

Field of Study Subject Dosage Outcome Mechanism of Action References

Antimicrobial effect (in
vivo) Broiler chicks 1.5–2.5 g

Population of E. coli in ileum
was decreased at a rate of
2.5 g/kg feed, while the

amount of Lactobacillus was
increased

Onion may alter a
microflora intestinal,

which improves
digestion and absorption

of nutrients in the
intestines

[56]

Antimicrobial effect (in
vitro)

Escherichia coli
bacterial strains

Powdered bulb
onion

*e strain tested had
MIC� 93.8± 44.2 µg/mL and
MBC� 312.5± 265 µg/mL
showing that A. cepa had
antibacterial effect to a

certain extent

Destroys bacteria by
using their most active

extract forms, or
combining them to

achieve latent synergistic
effects

[158]

Food-borne
bacterial strains 15.6–1000 μg/mL

All bacteria projected
inhibition zone, but a greater

inhibitory effect was
observed for S. aureus
(IZD� 6.90± 1.26)

n.m. [58]

Gram-positive and
Gram-negative

bacteria
n.m. Methanolic extract of onion

inhibits E. coli and S. aureus.

Flavonoids, phenolic
compounds, quercetin
inhibited the growth of
Gram positive and

Gram-negative bacteria

[45]

Gastrointestinal
tract pathogens n.m.

100% aqueous extracts of
green onion bulbs displayed
maximum bacterial kill, and
its kill rate is slightly higher
than the kill rate by positive
control for E. aerogenes

Flavonoids and phenolic
compounds of green
onion bulb destroy

bacterial membrane and
shows antibacterial

activity

[60]

Antiplatelet activity (in
vivo)

Sprague Dawley
rats 6 µg/mL Significant inhibition of

aggregation of platelets

Flavones such as
apigenin, chrysin, and
phloretin inhibited

aggregation of platelets

[87]

Rats 5 μg/mL Platelet aggregation was
inhibited

Inhibition of
aggregation-inducing

molecules, thromboxane
A2 (TXA2), and

intracellular Ca2+ by
blocking TXA2 synthase

(TXAS) and
cyclooxygenase-1 (COX-

1) activities

[159]

Antiplatelet activity (in
vitro)

Two healthy
nonsmoker donors n.m.

*e dose-response curves
developed using different

dosages of allium juice vs. the
percentage of inhibition of
aggregation are calculated
for juice levels needed to
reduce platelet aggregation

by 50% (IC50)

Aglycone part did not
take part in inhibiting
platelet aggregation. *e

flavone part of
flavonoids of A. cepa
played the major role

[160]

Gallstone treatment (in
vivo)

Sprague Dawley
rats

7% (w/w) onion
powder

Lowered ballooning, hepatic
steatosis, and lobular

inflammation

Quercetin decreases the
levels of hepatic

enzymes, serum lipids,
steatosis, and

inflammation through
regulating the

expressions of NF-kB,
p65, Sirt1, and iNOS

[134]
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Table 1: Continued.

Field of Study Subject Dosage Outcome Mechanism of Action References

Antiparasitic activity (in
vitro)

Leishmania
tarentolae and
Trypanosoma
brucei brucei

3–5 µg/mL
Zwiebelane in the onion
extract killed both types of

parasites efficiently

*e forming of disulfide
bonds between SH

classes of essential redox
compounds and

secondary metabolites
containing sulfur are

inhibiting trypanothion
reductases

[137]

Antidepressant activity (in
vivo)

Albino Wistar
mice 200mg/kg/day Immobilization stress

substantially reduced

Reduce stress by its
potential antioxidant

mechanism
[144]

Anti-inflammatory (in
vivo)

Wistar rats 35–140mg/kg/
day

Reduced the pulmonary
inflammatory cells, such as
eosinophil, neutrophil, and
monocyte and overall WBC

Inhibited NF-κB cells
which induce
inflammation

[156]

BV-2 microglial
cells 50–500mg/mL Attenuated

neuroinflammation

Onion increases iNOS
expression at the protein
levels and mRNA in
LPS-stimulated BV-2
microglial cells, thus

reducing
proinflammatory

cytokines IL-1-b, TNF-a,
and IL-6

[155]

Wistar rats 150 and 300mg/
kg

Reduced lymphocyte and
eosinophil count in the

blood and bronchoalveolar
lavage fluid (BALF)

n.m. [154]

Inflammatory responses (in
vitro) RAW 264.7 cells 100mg/mL LPS-induced inflammation

Dose-dependent
reduction in IL-6, TNF-
a, and IL-1-b secretion,
as well as NO production

[4]

Neuroprotective activity (In
vivo)

Swiss albino male
mice 200mg/kg/day

Reduced lipid peroxidation
and nitrate/nitrite ratios, as
well as increased GSH and
catalase activities. *e

amount of AChE in the body
was also decreased.

Quercetin, kaempferol,
cycloartenol,

phytosterols like
lophenol, 24-ethyl

cycloartenol, and 24-
methyl lophenol have
been found to inhibit
transcription of genes

like FAS, S14,
transferrin,

apolipoprotein CIII

[161]

Mice 300mg/kg
Protects mice from neuronal
harm in I/R induced retinal

injury.

Changes the expression
of neurotrophic factor [162]

Ashthma (in vivo) Blomia tropicalis
(a type of mite) 100–1000mg/kg Induced asthma Reduced IL-4, IL-5, IL-

13, and IgE levels [163]

Inhibitory and stimulatory
activity (in vivo) Mice 10–200 g

Inhibitory effect on *2
activity and stimulatory

effect on *1

*2 cytokines, IL-4, IL-
5, and IL-13, as well as
IgE, were inhibited at

1000 µg/mL

[164]

Osteoclastogenesis (in
vitro) RAW264.7 cells 100–1000 μg/mL Induced inflammatory

conditions

Cepa inhibited the
development of IL-6 and
IL-1a while increasing
the production of IL-3
and IL-4 and inhibiting
the NF- κB pathway

[165]
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Table 1: Continued.

Field of Study Subject Dosage Outcome Mechanism of Action References

In breast cancer (in vivo) Female BALB/c
mice 0.1mL/100 g bw

Stimulatory effects on *1
but inhibitory effects on *2

activity

Induced decreases in IL-
4 and rises in IFN-c
levels and IFN-c/IL4

ratio (*1/*2 balance)

[166]

Allergic rhinitis (In vivo) BALB/c mice 20–40mL

Decreased allergic
symptoms, Reduced

eosinophil penetration of
nasal turbinate mucosa, and
OVA-specific IgE levels

Levels of IL-4, IL-5, IL-
10, IL-13, and IFN-c
decreased in groups
treated with onion

extract

[167]

Immunomodulatory
property (in vitro) BALB/c mice 3.5–15 μg/mL Showed immunomodulatory

properties

Inhibited the
development of *2

cytokines such as IL-4,
IL-5, IL-13, and IgE

[164]

Immunoprotective effects
(in vivo) Wistar rats 1–100

intraperitoneal

Natural and
cyclophosphamide-induced

immunosuppression

TNF-a, IL-10, COX-2,
IgG and IgA levels in

serum were increased by
and immune parameters
such as myeloid cells
(RBC, WBC, and hb),
body weight, splenic

index, and thymic index
in the spleen and thymus

were enhanced

[168]

Lung disorder (in vivo) Wistar rats 0.175–0.7mg/mL

WBC count were improved,
but their lymphocytes were

reduced (p< 0.05 to
p< 0.001).

A significant decrease in
tracheal tolerance,
neutrophil and

eosinophil counts, but a
significant increase in
lymphocyte count

(p< 0.05 to p< 0.001)

[169]

Hepatoprotective (in vivo) Adult male albino
rats 200–450mg/kg

Decreased alanine
aminotransferase and overall
serum bilirubin levels in a

dose-dependent way

Decrease in alanine
levels. Paracetamol
hepatotoxic rats’

aminotransferase (ALT),
aspartate

aminotransferase (AST),
alkaline phosphatase

(ALP), lactate
dehydrogenase (LDH),
and complete serum
bilirubin (TSB).

[23]

Anti-cancer effect (in vitro) Murine ovarian
cancer model 20mg/kg Blocks tumor cell growth Blocks the activation of

M2 macrophages [95]

Antidiabetic effect (in vivo)

Diabetic rats
Aqueous extract
of onions (25mg/
kg) for 21 days

Reduced blood glucose level Increased glucose uptake
into soleus muscle [101]

Rats 200mg/kg Decrease in blood glucose
level

Stimulate the formation
of pancreatic β cells [102]

Rats 3mL/100 g Decrease in blood glucose
level n.m. [100]

Antihypercholesterolemic
effect (in vivo)

Sprague Dawley
rats

4.5 g/kg body
weight

Inhibited the formation of
atherosclerosis n.m. [106]

Mice

2% raw or heat
processed onions

with high
cholesterol diet

Reduced the risk of CGS

Decrease cholesterol
secretion in bile and
increase bile acid

excretion

[107]

Antioxidant effects (in vivo) Broiler chicken 3 g/kg diet Increased antioxidant
enzyme activities n.m. [122]
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reaction of the Asian citrus psyllid, D. citri Kuwayama
(Hemiptera: Psyllidae), to citrus volatiles. *e use of a 1 : 1
mixture of dimethyl disulfide and dimethyl trisulfide to
suppressD. citri’s reaction to citrus volatiles has an additive
impact [173]. Similarly, A. cepa dry powder played an
important role in minimizing egg deposition. Phthorimaea
operculella is repelled by it as an ovipositor [174]. Allium
porrum (L.) produces alk(en)yl-cysteine sulfoxides, which
are precursors to reactive thiosulfinates and disulfides,
which are nonprotein sulfur amino acids extracted from
cysteine. *ese protect a wide range of insects, including
the leek moth Acrolepiopsisassectella. *e release of sulfur
volatiles increases as the sulfur precursor propyl-cysteine
sulfoxide sulfur compounds rise, providing an important
buffer against the plant’s greatest natural enemy. Evapo-
rating solvents from a volatile microemulsion from oil-in-
water may produce essential olive oil nanostructures.
Domestic, agriculture, and medicinal pests may all be used
to measure the effectiveness of the nanoformulations.
Nontarget organism toxicity should be assessed on the
formulated nanoformulations [175].

5.18. Immunomodulatory Effects. *e immune system is a
complex defense mechanism that protects vertebrates from
foreign invaders. *e immune system produces a large
number of cells and molecules that detect foreign and un-
wanted agents and destroy them. Any alteration in the
immune response, including expression, activation, sup-
pression, or enhancement of any part or stage of the immune
response, is referred to as immune system modulation.
Immunomodulators, as a result, are molecules that influence
the immune system. Immunomodulators are known as ei-
ther immunostimulators or immunosuppressors, depending
on their impact [9]. *ese immunomodulators either acti-
vate or protect the immune system from viruses or tumors.
Immunomodulators are chemicals that alter the immune
system’s response to an infection. Immunomodulators
prepare the immune system for any attack by potentiating
and modulating it [176]. *e immunomodulatory effects of
A. cepa and its constituents have been studied in a number of
studies. BALB/c pokeweed has been sensitized to Blomia
tropicalis (PWM). A.cepa has been shown to be selective in
mice, with methanol extracts of A. cepa (10, 200, and 100 g)
inhibiting IL-4, IL-13, and IL-5, as well as IgE, at 1000 µg/mL
and*2 cytokines, Oral administration of A. cepamethanol
extract was also tried by a group of scientists (100 and
1000mg/kg) reduced IL-4, IgE, IL-5, and IL-13 levels in a
murine model of Blomia tropicalis-induced asthma [163].

Zinc oxide nanoparticles (ZnO-NPs) extracted from extract
of A. cepa have been discovered in another study. A.cepa
(15mg/mL) decreased the levels of IL-10, IL-6, and TNF-α in
human UVB-induced inflammation in epidermal kerati-
nocytes (HaCaTcells) [177]. An ethanol extract of A. cepa (1,
0.1, 50, 10, and 100 lg/mL) inhibited the secretion of IL-1b,
TNF-α, and IL-6, as well as the formation of iNOS, COX-2,
MAPKs, and NF-jB in RAW264.7 cells, in a dose-dependent
manner [178]. *e effects of A. cepa (500, 100, and 1000 lg/
mL) on osteoclastogenesis in RAW264.7 cells under LPS-
induced inflammatory conditions were investigated using
the results of A. cepa ethanol extract. A. cepa also inhibited
the synthesis of IL-1a and IL-6, while increasing IL-4 and IL-
3 production and inhibiting the NF-kB pathway. In addition,
the researchers also found that the topical application of two
outer shells (A 20 and 40mL), 5 days a week, from day 21 to
41 with BALB/c mice with allergic rhinitis, reduces the al-
lergic effects, eosinophil penetration of nasal turbinine
mucosa and OVA-specific IgE volumes, five days a week,
from day 21 to day 41. Furthermore, amounts in groups
treated with onion extract IL-5, IL-4, IL-13, IL-10, and IFN-c
were lower [167]. Scientists showed the effects of an ethanol
extract of A. cepa (100mg/mL) on LPS-induced inflam-
mation. Inflammatory responses were studied in RAW 264.7
cells, and the findings revealed a dose-dependent reduction
in IL-6, TNF-α, and IL-1-β secretion, as well as NO pro-
duction [178]. In LPS-induced BV2 microglial cells (N27A
cells), A. cepa methanol extract (50, 250, and 500mg/mL)
reduced proinflammatory cytokines TNF-α, IL-6, and IL-1-β
[155]. In LPS-induced BV-2 microglial cells (N27-A cells),
A.cepa methanol extract (50, 250, and 500mg/mL) reduced
proinflammatory cytokines IL-6, TNF-α, and IL-1-β [163].
Scientists showed the effects of A. cepa constituents in a
variety of studies. Quercetin (7.5, 3.5, and 15 µg/mL)
inhibited the synthesis of *2 cytokines such as IL-5, IL-4,
IgE, and IL-13 in cultured spleen cells stimulated with PWM
from Blomia tropical-is-sensitized BALB/c mice [163]. In
both normal and cyclophosphamide-induced immunosup-
pression, A. cepa agglutinin (Romneycare) has immuno-
protective properties. ACA (1, 10, and 100 µg,
intraperitoneal) increased serum levels of IL-10, TNF-α,
COX-2, IgA, and IgG as well as immune parameters such as
myeloid cells (RBC, WBC, and Hb), body weight, splenic
index, and thymic index in the spleen and thymus [179].*e
immunomodulatory activity of ACA (0.1, 0.01, 10, and 1 lg/
well) was tested in RAW264.7 cells and rat peritoneal
macrophages. ACA increased the proliferation of murine
thymocytes and the expression of IFN-c and IL-2, as well as
mediated proinflammatory cytokines including TNF-α and

Table 1: Continued.

Field of Study Subject Dosage Outcome Mechanism of Action References

Antiobesity effects (in vivo) Rats 92.6mg/kg bw/
days

Weight gain reduced
significantly compared to the
rats who were only fed high

fat diet

n.m. [130]

MIC�minimum inhibitory concentration, MBC�minimum bactericidal concentration, IZD� inhibition zone diameter, n.m.�not mentioned, HDL� high
density lipoprotein, LDL� low density lipoprotein, ACA�Allium cepa agglutinin, PROE� phenol-rich onion extract, CGS� cholesterol gallstone.
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IL-12 [168]. Additionally, ACA had little effect on the
proliferation of B-cell enriched rat splenocytes. Fructooli-
gosaccharides (FOS; 0.5, 5, 50, and 250mg/mL) from onions
increased phagocytic activity in Wistar rats and cell pro-
liferation or mitogenicity in BALB/c mouse’s splenocytes
and thymocytes. Lectin, a key component of A. cepa, has
been shown to increase proinflammatory COX-2 and nitric
oxide levels, as well as the expression of immunoregulatory
cytokines TNF-α, IL-12, IL-2, and IFN-c [179,180]. Immune
cells such as cytotoxic T lymphocytes (CD8 cells), T-helper
cells (CD4 cells), natural killer cells/monocytes, and T-
regulatory cells (CD25high CD4 cells) were tested using TLC
of Toscana (red onion) bulb extract (CD16 cells). TLC in-
creased the frequency of antitumor/anti-infection NK CD16
immune cells. A. cepa and its constituents have immuno-
modulatory effects in a number of immune dysregulatory
disorders, according to the checked in vitro and in vivo
studies. *e plant and its components, especially quercetin,
reduced *2 cytokines such as IL-5, IL-4, and IL-13, as well
as IL-8, IL-6, IL-1β, IL-10, TNF-α, and IgE levels, while
increasing IFN-c levels, CD4 cells, and the IFN-c/IL4 ratio
(*1/*2 balance), implying a stimulatory effect on *1 but
an inhibitory effect on *2. A. cepa and quercetin, on the
other hand, decreased IL-6 and IL-1α synthesis while in-
creasing IL-3 and IL-4 levels in inflammatory conditions
including LPS-induced osteoclastogenesis in RAW264.7
cells. In animal models of allergic rhinitis, the plant reduced
allergic symptoms, eosinophil penetration of nasal turbi-
nates mucosa, and OVA-specific IgE levels, as well as IL-5,
IL-4, IL-13, IL-10, and IFN-c levels. As a consequence,
multiple immune dysregulation disorders have been linked
to different types of immunomodulatory effects of A. cepa
and its constituents. A. cepa and its constituents, especially
quercetin, have previously been shown to be potential im-
munomodulatory therapeutic candidates for the treatment
of immune dysregulation disorders [4,181].

5.19. Effects in Lung Disorder. Lung disease encompasses a
wide range of conditions involving the lungs, including
influenza, tuberculosis, COPD, viruses such as influenza,
and measles, lung cancer, and a variety of other respiratory
issues. Respiratory failure may occur as a result of certain
lung diseases. A. cepa plays a great role in reducing different
types of lung disorders [182]. Several experiments have been
done by researchers showing the effects of A. cepa regarding
this subject. *e researchers randomly assigned Wistar rats
to one of three groups: control (C), asthmatic (A), and
asthmatic (A), and the asthmatic (A) treated them with
dexamethasone (D, 1.25 g/mL) andA. cepa extract (AC, 0.35,
0.7, and 0.175mg/mL). During the sensitization process
[183], the scientists applied dexamethasone and A. cepa
extract to the animals’ drinking water. *e group of re-
searchers measured the resistance of the trachea to meth-
acholine and ovalbumin, inflammatory cells’ numbers in the
lung, and the amount of PLA2 in the BALF. When the
scientists compared the asthmatic animals to group C,
though their tracheal susceptibility to ovalbumin and
methacholine, PLA2 standard, overall and most differential

WBC count were improved, but their lymphocytes were
reduced (p< 0.05 to p). *e researchers treated the sensi-
tized rats with dexamethasone and both doses of A. cepa,
which resulted in a substantial reduction in overallWBC and
PLA2 levels when opposed to the asthmatic population
(p< 0.001) [184]. In comparison to the asthmatic pop-
ulation, the two higher amounts of A. cepa resulted in a
significant decrease in tracheal tolerance, eosinophil and
neutrophil counts [163,184], but significant lymphocyte
count raise (p< 0.05 to p< 0.001). In comparison with the
asthmatic community, treatment with the maximum A. cepa
concentration substantially decreased the count of mono-
cytes (p< 0.001). *e protective and anti-inflammatory
impact of A. cepa on tracheal tolerance and inflammation of
lung in asthmatic animals means that it may be used to treat
airway disorders like asthma [169]. In sensitized rats, the
scientists observed that A. cepa extract substantially de-
creased the levels of IgE, IL-4 and oxidant markers while
increasing the levels of IFN-c, the IFN- c/IL-4 ratio, and
antioxidant markers. As a result, the plant extract may have
therapeutic value by immunomodulatory and antioxidant
therapy in the treatment of asthma [169].

5.20. Hepatoprotective Effects. Liver harm caused by para-
cetamol hepatotoxicity is a significant public health concern
around the globe [21]. *e researchers used methanolic
extracts of A. cepa to treat paracetamol-induced hepato-
toxicity in rats. *is study used 54 adult male albino rats,
nine of which were mild and 45 were paracetamol hepa-
totoxic. In this research, the three-by-three Latin square
pattern was used as the experimental design. On the first day,
the scientists administered 750mg/kg IP of paracetamol,
which resulted in the induction of paracetamol hepato-
toxicity. *e researchers measured various biochemical
parameters before beginning the study and then annually for
the remainder of the analysis [22]. Furthermore, they also
took monthly blood samples from the rat’s eye for exami-
nation and obtained the serum by centrifugation (5000 rpm
for 10 minutes) and processed at −20 °C prior to processing.
Time effects and increased dosages of A. cepa methanol
extract (200, 300, and 450mg/kg) [23] resulted in a duration-
based major decrease in alanine levels. Paracetamol hepa-
totoxic rats’ aspartate aminotransferase (AST), amino-
transferase (ALT), lactate dehydrogenase (LDH), alkaline
phosphatase (ALP), and complete serum bilirubin (TSB)
after the period when the researchers compared to those of
paracetamol, regular, and silymarin control rats A. cepa
decreased alanine aminotransferase and overall serum bil-
irubin levels in a dose-dependent way, but not aspartate
aminotransferase, alkaline phosphatase, or lactate dehy-
drogenase levels. A.cepa extracts tested positive for hep-
atoprotective properties [23]. Some researchers wanted to
test the antioxidant properties of the onions they took two
forms of onions so in both forms of onion samples, the
largest concentration of antioxidant compounds was found
in the outermost layers of the bulb, with a clear decreasing
tendency towards the innermost layers [185]. *e scientists
analyzed the carbohydrate content of the onion samples
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varied (glucose, fructose, and sucrose) [186], which may
have a significant impact on the taste (sweetness and
pungency) and processing suitability of these onions. *e
distribution of antioxidant compounds in the onions’ outer
layers is higher than in their middle and inner layers, which
is a significant finding. Unfortunately, customers often
remove the exterior layers, depriving them of an essential
health-promoting phytochemical [186]. *e researchers
tested the (in vivo) hepatoprotective effects and the (in vitro)
antioxidant activity in male rats [187]. *ey measured the
antioxidant function of A. cepa and contrasted it to that of a
standard antioxidant, ascorbic acid. It was a 25 day oral
administration of 40% ethanol (3.76 g/kg BW) which caused
liver damage. *e researchers administered A. cepa extracts
(100, 300, and 600mg/kg BW) and silymarin (100mg/kg
BW) orally in preventive and therapeutic models in two
separate sets of studies. Moreover, they elevated alanine
aminotransferase (ALT), serum aspartate aminotransferase
(AST), total bilirubin levels, and alkaline phosphatase (ALP),
after ethanol administration, indicating significant hepatic
harm. *e toxic effects of ethanol on the serum parameters
above is blocked in preventative and curative models both
through the use of silymarin and A. cepa. *e study results
show the important hepatoprotective and antioxidant role of
an aqueous extract of A. cepa bulb against hepatotoxicity due
to ethanol [188].

6. Commercial Uses

For its remedial characteristics, A. cepa has traditionally
been used to treat different conditions. In ancient Greece,
A. cepa’s nature has increased to purifying blood for
athletes. Gladiators rubbed the onion juice to strengthen
the muscles after the conquest of Rome. To avoid scurvy,
the Greek and Phoenicians sailors ate it. Hippocrates, a
Greek physician, also prescribed onion as a wound reliever,
diuretic fighter, and pneumonia fighter. *e onion was
mentioned as one of the essential plants or spices or
medicine of India in the 6th century [189]. In the present
day, researchers found that Asian nations, namely, India
and Pakistan, were among the most widely used in treating
diverse ailments with onion. Overall, A. cepa has been
found to be used in low-developed countries more often.
*e shortage of medical services and the convenient
availability of alternative medicines, including onions, may
have contributed to this. A. cepa is also taken raw or de-
coctions to cure infectious diseases. It is also used in a wide
range of indoor and outdoor treatments to alleviate various
illnesses, including skin conditions, stomach disorders,
insect dents, metabolic diseases, and others.

References [45, 190–194], A. cepa is intended for use in
all food-producing animals. *e use incorporates the con-
cepts of homeopathic treatment, in which animals have their
diagnostic pattern.*emaximum dosage of 10mL/animal is
prescribed. Treatment may be replicated, but homeopathy
does not usually have a set dosage schedule. A. cepa is also
used as a mother tincture in human homeopathy, lower
levels, and human phytotherapy. It is used in gastrointes-
tinal, asthma, and bronchitis therapy. *e average oral

dosage prescribed per day is 50 g or 20 g of dried onion. In
addition, fresh bulbs or extracts are used to cure insect stings
and warts. A. cepa is a natural human dietary component.
*ere are no literature reviews on human or animal in-
toxications [189].

7. Side Effects and Toxicity

*e cytotoxicity of fractioned extract (ethyl acetate,
methanolic, and aqueous), extract of blunt onion (OE), and
other onion compounds was studied in the Lucena MDR
human erythroleukemic cell line and its parental cell line,
K562 (quercetin and propyl disulfide) [193]. *e re-
searchers investigated OE’s ability to trigger apoptosis and/
or necrosis in these cells [194] as well as the potential
involvement of oxidative stress [10] and DNA injury [10].
Furthermore, the researchers discovered that both tumoral
cells have identical sensitivities, but only OE had a no-
ticeable impact on the cells. In the other side, researchers
discovered that K562 cells had an increase in apoptosis,
whereas Lucena cells had an increase in necrosis. Re-
searchers discovered that OE has an antioxidant potential
that protects it from oxidative harm. OE, on the other hand,
caused major DNA harm on both cell lines. As a result,
OE’s ability to defeat the MDR phenotype means that it has
anti-MDR properties [10]. In another research, the re-
searchers investigated the cause of onion poisoning-in-
duced hemolysis in dogs. *e researchers fed cooked
onions to six clinically normal and adult dogs at a pace of
30 grams per kilogram of body weight a day for two days.
*ey took blood tests on days one, three, five, eight, twelve,
eighteen, and twenty-four after onion administration, as
well as urine the day after bleeding. In comparison to white
blood cell counts, red blood cell volumes, hemoglobin, and
hematocrit both decreased from day 1 to day 5, with a
significant drop on day 5 (P � 0.01). On days 3 (P � 0.01)

and 4, plasma bilirubin and urobilinogen levels both in-
creased (P � 0.01). From day one (P � 0.01) to day three
(P � 0.01), the Heinz body counts rose marginally
(P � 0.01). *e number of reticulocytes in the blood in-
creased from day 1 to day 8, with the highest value (P 0.01)
on day 8. In addition to anemia, the following erythrocyte
parameters are altered: reduced nicotinamide adenine di-
nucleotide phosphate was reduced on day 1 (P � 0.01);
glutathione was reduced (P � 0.01), with the lowest value
on day 3 (P 0.01); glutathione peroxidase was raised on day
1, but slightly decreased on day 5 (P � 0.01); erythrocyte
membrane deformity decreased on days 1–12, while
fluorescence polarization (P � 0.01). MDA and g and q had
significant correlations, with correlation coefficients of
0.922 and 0.908, respectively (P � 0.01), but MDA and
deformity index had a poor correlation, with a correlation
coefficient of 0.887 (P � 0.01). According to the experts,
onion toxicity causes hemolytic anemia in puppies [11].

8. Clinical Studies

Several tests on human were also conducted to understand
the pharmacological effect of A. cepa (Table 2).
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9. Conclusion and Future Perspectives

Inflammation, cancer, diabetes, extreme wounds, gall-
stones, neurological disorders, and various microor-
ganisms all respond well to onion, making it a high-value
food in the therapeutics sector. Onion can be used as a
natural and nontoxic substitute for a variety of nutra-
ceutical ingredients. It owns high-food values, i.e., cal-
cium, moisture, phosphorus, protein, iron, fat, vitamin C,
minerals, carbohydrates, and fiber. Mass awareness
should be created about the importance of this potential
food as it has a low toxicity and only moderate side ef-
fects. In the field of pharmacology, A. cepa has multi-
action capabilities, and researchers can continue to
investigate its mode of action so that health practitioners
can learn from it. Several potential prospects are there in
onion research for various areas such as the creation of

resistance types and hybrids to biotic and abiotic factors,
higher quality standards, and antidotes for various
ailments.
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Table 2: Clinical studies of Allium cepa based on its pharmacological effects.

Field of Study Subject Dosage Outcome Mechanism of Action References

Cardioprotective effect 24 healthy pilot 100mL onion
juice/day

Total cholesterol,
waist

circumference, and
LDL-C reduced
substantially

Onion juice contains
quercetin which markedly
attenuated LDL-c, serum

total cholesterol, and HDL-c
levels in healthy mild
hypercholesterolemic

subjects

[68]

Wound healing 39 patients Onion extract
(Allium cepa) 10%

Hypertrophic scars
and keloids were

attenuated
properly

Onion extracts inhibit
vascular endothelial growth
factor (VEGF) production
which is the prime cause of

HTS and keloids

[82]

Antihypertensive effects 70 people 162mg/day
Systolic BP was
reduced by
−3.6mmHg

Mechanisms remain unclear [133]

Anti-inflammatory effects In human epidermal
keratinocytes 15mg/mL extract

Stimulatory effect
on *1 and

inhibitory effect on
*2 activity

Reduced amounts of IL-6,
IL-10, and TNF-α [4]

Anticancer effects

Human 10 g/day Reduced risk of
prostate cancer

Activation of detoxifying
enzymes by organosulfur

compounds
[1]

Human

Taking a
combination of
200mg synthetic
DATS and 100 μg
selenium per

month/year for 3
years

Gastric cancer risk
is reduced

DATS triggers cancer cell
cycle arrest at the G2/M

phase
[96]

Antihypercholesterolemic
effect

24
hypercholesterolemic

patients

100mL onion juice
for 8 weeks

Reduction in
serum TC, LDL-c,
LDL-c/HDL-c

levels

Increase LDL receptor
mRNA expression and

increase bile acid synthesis
[68]

Antiobesity effects 72 overweight and
obese humans 50mg

Reduction in body
weight, BMI, waist
circumference

As an anti-oxidant, quercetin
scavenges free radicals and
restores the respiration
process in the adipocytes

[127,128]

BW� body weight; n.m.�not mentioned; DATS� diallyl trisulfide; TC� total cholesterol; LDL-c� low density lipoprotein cholesterol; HDL-c� high density
lipoprotein cholesterol; HTS� hypertrophic scars; BP� blood pressure; OPE� onion peel extract; ZnO-NPs� zinc oxide nanoparticles.
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[40] R. Kahane, E. Vialle-Guérin, I. Boukema et al., “Changes in
non-structural carbohydrate composition during bulbing in
sweet and high-solid onions in field experiments,” Environ-
mental and Experimental Botany, vol. 45, no. 1, pp. 73–83, 2001.

[41] L. Jaime, F. Martinez, M. A. Martin-Cabrejas et al., “Study of
total fructan and fructooligosaccharide content in different
onion tissues,” Journal of the Science of Food and Agriculture,
vol. 81, no. 2, pp. 177–182, 2001.

[42] L. Jaime, M. A. Mart́ın-Cabrejas, E. Mollá, F. J. López-Andréu,
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[43] L. Jaime, E. Mollá, A. Fernández, M. A. Mart́ın-Cabrejas,
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Diet and lifestyle play a crucial role in the progress of some cardiovascular disorders (CVDs). Rising interest in natural products
and their pharmacological investigations witnessed therapeutic potential against CVDs. Caffeic acid (CA) is an organic composite
hydroxycinnamic acid derivative classified among phenolics. It is a secondary metabolite biosynthesized in all plant species in the
form of ester conjugates. /e reported pharmacological activities of CA are neuroprotective, cardioprotective, hypoglycemic,
antioxidant, and immunomodulatory properties. /is work is aimed to examine the outcome of CA in atherogenic diet- (Ath-)
induced rat model on lipid profile changes and endothelium function. /e method involves a study duration of 35 days utilizing
(n� 6) maleWistar rats (180–200 g) that were fed either normal chow or Ath. Study groups are given (i) normal chow diet, (ii) Ath,
(iii) Ath +CA (25 or 50mg/kg, p.o.), (iv) normal chow diet +CA (50mg/kg, p.o.), and (v) Ath +Atorvastatin (ATORVA) (5mg/
kg, p.o.). Blood samples were collected at the end of the study to measure serum lipid profile, alanine aminotransferase, aspartate
aminotransferase, lactate dehydrogenase, and tissue oxidative stress level. Hemodynamic parameters and aorta staining were
performed. CA treatment ameliorated lipid profile and significantly reduced the oxidative stress level. Aorta staining examination
revealed a marked reduction of the atherosclerotic lesions./ese findings suggested that CA is an effective treatment approach for
preventing atherosclerotic lesion progression attributed to protection against oxidative stress and various enzymatic activities in
the Ath model.

1. Introduction

At present, cardiovascular origin disorders such as ath-
erosclerotic cardiovascular disease (ASCVD) are the chief
reason of illness and death across the globe [1]. In addition to
well-established risk factors (e.g., hypertension, dyslipide-
mia, and smoking), some other factors such as choice of
lifestyle, food habits, occupation, and physical inactivity
complicate body homeostasis that greatly enhances the risk
of ASCVD and other cardiometabolic disorders that may

lead to life-threatening situations [2]. Obesity itself jeop-
ardizes health with diminished quality of life [3]. According
to an estimate by the WHO (World Health Organization),
India spent $200–250 billion on healthcare (particularly
CVDs) over a period of 10 years. Several reasons attributed
for the higher affliction rate of CVD, fatal outcomes, and
mortality are inherent pathobiological mechanisms, social
factors, lifestyle, alcohol abuse (smoking), and their inter-
actions [4]. Amongst various factors, hypercholesterolemia
is directly linked with obesity and is the primary trigger of
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underlying inflammation, insulin resistance, and oxidative
stress [5]. Higher total cholesterol (TC) levels and low-
density lipoprotein cholesterol (LDL-C) help immensely
foster an atherosclerotic plaque in the coronary artery. In-
take of diets with high content of cholesterol and saturated
fats (i.e., Western-type diets) for chronic periods are asso-
ciated with the amplification of risk of CVDs. One of the
most common causes of CVDs is hypercholesterolemia, and
an increase in serum LDL-C and TC are the most important
risk factors for the development of inflammatory insult,
damage to the vessel wall, platelet activation, and subsequent
progression of atherosclerosis [6]. Gathering of lipids within
arterial walls is the hallmark feature in atherosclerosis that
leads to fatty streak and formation of lipid-foam cells in the
intima of an artery, which ultimately gets hardened and
forms plaque, thereby causing artery constriction and
hardening resulting in full blockage in later stages [7]. Plaque
buildup in the blood vessels of the heart is responsible for the
coronary artery disease, which further leads to a heart attack.
Similarly, blockage in brain vessels can lead to ischemic
stroke that has widespread implications associated with the
death of the patient [8].

Atherosclerosis can be healed by altering lifestyle and
eating habits. /e treatment of atherosclerosis is centered on
either lowering cholesterol synthesis or lowering the syn-
thesis of low-density lipoproteins. At present, statins and
peroxisome proliferator-activated receptor (PPAR) agonists
are the most widely used medications to combat hyperlip-
idemia and associated cardiovascular ailments [9]. /e main
mode of action of statins is in the hepatic cells, where they
hinder the 3-hydroxy-3-methyl-glutaryl-coenzyme A re-
ductase (HMG-CoA reductase) enzyme, which catalyzes the
rate-limiting stage in the metabolic pathway that gives rise to
cholesterol and isoprenoids [10, 11]. A few other drugs such
as niacin and fibrates are also used across the globe in
hypercholesterolemia conditions that target the reduction of
LDL-C formation [12]. However, long-term use of statins
(e.g., simvastatin and rosuvastatin) has been associated with
adverse effects such as dizziness, gastrointestinal compli-
cations, muscle pain, sleep problems, decrease in platelet
count, hair loss, hepatitis, pancreatitis, and loss of libido
(erectile dysfunction) [13]. /ese adverse effects along with
low patient compliance to the existing hypocholesterolemia
drugs propelled seeking alternative treatment approaches,
which can not only ameliorate the cholesterol profile but also
reduce the risk of developing cardiovascular disorders.

Recently, rejuvenated inquisitiveness in medicinal herbs
and biological active dietary products have convinced pre-
ventive approaches in the therapeutics of CVDs. Consid-
erable attention on plant phenolic compounds suggested
potential evidence against many disorders such as cancer,
neurodegenerative disorders, and heart diseases. Antioxi-
dant potency and ubiquitous presence in nature render these
phenolic compounds easily available, devoid of major ad-
verse effects when consumed in the long term that enhance
patient compliance many-fold [14]. Hydroxycinnamic acids
are phenolic compounds withmany biological effects such as
anti-inflammatory [15], antiviral, antibacterial, anti-
atherogenic [16], and anticarcinogenic [17]. Although

several derivatives of hydroxycinnamic acid are found in
many plants, however, pharmacologically the most essential
and common prototype of hydroxycinnamic acids is caffeic
acid (CA) (3, 4-dihydroxycinnamic acid). CA occurs in
fruits, olives, coffee beans, grains, propolis, andmany dietary
supplements [18]. Furthermore, CA has free-radical-scav-
enging and metal ion-chelating properties and can also
fortify endogenous antioxidants that form the basis of de-
toxifying mechanisms in the body [19]. CA targets several
signaling pathways (e.g., p38 MAPK, transcription factor
and signal translation 3, metallopeptidase, nuclear factor
kappa B, and adhesion molecules) and molecular mecha-
nisms (e.g., nitric oxide, 5-lipoxygenase, calcium, potassium
channels, and adrenergic receptors) associated with oxida-
tive stress, inflammation, and immunomodulation that may
modify the pathogenesis of hypercholesterolemia and CVDs
[17, 20]. As CA is an antioxidant, it may shield cell com-
ponents against oxidative mutilation and consequently
impede the peril of numerous degenerative ailments linked
with pro-oxidative sequences [21].

2. Methods and Materials

2.1. Experimental Animal and Study Protocol. Albino Wistar
rats of either sex (6–8 weeks old having 180± 20 g body
weight) were arbitrarily selected from the departmental
animal facility. Standard size polypropylene cages with husk
as bedding were used to house the animals under regulated
temperature (23± 2°C), humidity (40± 10%), and a 12 :12 h
dark/light cycle environment using artificial lights. As per
CPCSEA guiding principles, typical diet and reverse osmosis
purified water was offered to the rats ad libitum./e research
protocol had been permitted by the Institutional Animal
Ethics Committee (IAEC) of Amar Shaheed Baba Ajit Singh
Jujhar Singh Memorial College of Pharmacy, Bela, Ropar,
Punjab (Approval no. ASCB/IAEC/08/15/101). Five rats per
cage were allowed to acclimatize for one week before the
experiments. Figure 1 illustrates a schematic demonstration
of the experimental design and treatment timeline. /e
atherosclerogenic diet (Ath) model was used to induce
atherosclerosis in rats. /e composition of the diet (for 1 kg)
was as follows: normal chow diet (945 g), cholesterol (10 g),
pig lard (25 g), multivitamins (10 g), andminerals (10 g) [22].
/irty animals were randomly divided into six groups (n� 6
in each group) in a single-blind pattern: (i) control group,
(ii) Ath control (atherogenic diet), (iii) Ath +CA (25mg/kg),
(iv) Ath +CA (50mg/kg), (v) control +CA (50mg/kg), and
(vi) Ath +Atorvastatin (ATORVA) (5mg/kg). Both test
drugs, CA (25 and 50mg/kg) [23–25], and standard drugs,
Atorvastatin (5mg/kg) [26], were administered once a day
daily for 30 days via the intraperitoneal (i.p.) route. In
previous studies, no major adverse effects of CA were re-
ported at dose range (5–200mg/kg) in rats; however, some
minor side effects were apparent in pregnant female mice
[27, 28]. Control and Ath control groups received an
equivalent volume of drug vehicle (normal saline with dose-
volume 5ml/kg) alone for 30 consecutive days. Control and
control +CA (50mg/kg) groups were given a normal chow
diet. /e mean body weight of rats was analyzed on the first
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day and subsequently weekly monitored. Blood samples
were taken on day 30, and the cervical dislocation technique
under anesthesia (sodium pentobarbitone, 150mg/kg, i.p.)
was used to euthanize all the animals.

2.2. Estimation of Hemodynamic Functions. Rats were sub-
jected to anesthesia using 25% urethane (1.5 g/kg, i.p.).
During whole investigational procedures, body temperature
of the animals was sustained at 37± 0.5°C using a heating
pad. To perform a tracheotomy, the neck region was cut
open with a ventral midline incision. /e left carotid artery
was cannulated using a polyethylene tube (external diameter
0.40mm; internal diameter 0.30mm) fastened to a 3-way
cannula. /e cannula was heparinized (heparin 300 IU/ml),
and for the measurement of heart rate (HR), systolic (SAP),
diastolic (DAP), and mean arterial pressures (MAPs), it was
attached to POWER LAB 4/30 (AD Instruments, NSW,
Australia) arrangement using a pressure transducer.

2.3. Assessment of Biomarkers in Blood Samples. After the
completion of drug treatment duration, the blood samples
(1.5–2ml) were taken by piercing retro-orbital plexus of rats.
Serum was isolated from blood by centrifuging (REMI,
Mumbai) the samples for 10min at room temperature with
1000 ×g force to execute biochemical tests. Separated serum
diverse enzyme markers such as alanine aminotransferase
(ALT/SGPT) (IU/L), aspartate aminotransferase (AST/
SGOT) (IU/L), and lactate dehydrogenase (LDH) (IU/L)
were quantified. Lipid profile was evaluated by quantifying
total cholesterol (TC; mg/dL), HDL (high-density lipopro-
tein; mg/dL), LDL (low-density lipoprotein; mg/dL), VLDL
(very-low-density lipoprotein; mg/dL), and triglycerides
(mg/dL) levels in the blood samples [29]. Atherogenic index

in plasma (AIP) was quantified using the formula
AIP� (TC−HDL)/HDL. Standard techniques were
followed for quantification of the enzyme activities and lipid
profile as per the instructions booklet given in the kits
procured fromArkray Healthcare Pvt., Ltd., Mumbai (India)
(AutoSpan®) and Reckon Diagnostics P. Ltd., Vadodara
(India).

2.4. Evaluation of Oxidative Stress Biomarkers.
Immediately after blood sample collection, the rats were
humanely euthanized using a cervical dislocation technique
under anesthesia. /e entire heart was surgically removed,
pulverized to minor parts (1 cm3), and prepared for the
preparation of 10% w/v homogenate. Subsequently, the
heart sections were homogenized (REMI, Mumbai) in ice-
cold phosphate-buffered saline (0.05M PBS) and centri-
fuged (3000 ×g, 10min, 4°C) to obtain the supernatant that
was skimmed off for assessment of biomarkers of oxidative
stress [29]. /iobarbituric acid reactive substances (TBARS)
were estimated to determine malondialdehyde levels (μmol/
ml), which is a key lipid peroxidation product [30]. Reduced
glutathione (GSH) (nmol/ml) level was estimated to assess
endogenous antioxidant levels [31]. Standard protocols were
followed for estimating the biomarkers of oxidative stress.

2.5. Aorta Staining Method. /e external wall of the aorta
was organized for amputation of perivascular fat, and the
aorta was stained using dye Oil Red O (ORO) as defined in
previous reports [32]. After euthanasia of all the animals, the
aorta was harvested and rinsed swiftly in cold water to get rid
of surplus blood and tissues. /e aortic section was posi-
tioned in 10% formalin solution for 10min duration. Af-
terward, it was rinsed using phosphate buffer solution (pH

1 week 2 week 3 week 4 week

Atherogenic
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Atorvastatin
5 mg/kg

Total cholesterol Aorta staining

Haematological
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VLDL
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(iii)
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Mean Arterial
Pressure

Figure 1: Experimental design.
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7.4 PBS) two or three times as required. Each section was
dipped in the ORO solution for 15min duration at room
temperature. Oil Red O-stained regions were quantified
using the Image Pro Plus image analysis system.

2.6. Statistical Analysis. Data were gathered and subse-
quently analyzed by an experienced researcher using a one-
way ANOVA followed by Tukey’s multiple comparison tests.
Data were stated as mean± standard error of the mean
(S.E.M.) in this study. A value of p< 0.05 was deemed to be
significant.

3. Results

3.1.CAPreventsBodyWeightGain inRatsMaintainedonAth.
/e Ath control group exhibited a significant (p< 0.001)
increase in mean body weight (g) when juxtaposed to the
saline control group. Ath +CA 25mg/kg rats showed a
significant decline in the mean body weight (p< 0.001)
relative to the Ath control group. /e higher dose of CA
(50mg/kg) and standard drug (ATORVA 5mg/kg) showed a
significant (p< 0.001) reduction in the mean body weight of
rats that were given Ath diet in comparison to rats in the Ath
control group (Figure 2).

3.2. CA Prevents Ath-Triggered Derangement of Serum
Biomarkers. Ath substantially (p< 0.001) augmented the
serum levels of ALT, AST, VLDL, LDL, TC triglycerides,
LDH activity, and AIP (atherogenic index in plasma) and
lowered HDL level when juxtaposed to control treatment.
Intraperitoneal injections (for 30 days daily) of CA 25mg/kg
exhibited marked decline in the plasma ALT (p< 0.001),
AST (p< 0.01), VLDL (p< 0.001), LDL (p< 0.001), TC
(p< 0.001), triglycerides (p< 0.001), LDH (p< 0.001) ac-
tivity, AIP (p< 0.001), and enhancement in HDL (p< 0.001)
relative to Ath control. Ath +CA 50mg/kg and
Ath +ATORVA (5mg/kg) groups displayed a decrease in
the serum ALT (p< 0.001), AST (p< 0.001), VLDL
(p< 0.001), LDL (p< 0.001), TC (p< 0.001), triglycerides
(p< 0.001), LDH (p< 0.01), and AIP (p< 0.001) and an
increase in HDL (p< 0.001) content in relation with Ath
control group (Table 1).

3.3. CA Improves Hemodynamic Parameters in Rats against
Ath. Ath administration substantially (p< 0.001) amplified
the SAP (systolic arterial pressure), HR (heart rate), DAP
(diastolic arterial pressure), and decreased AP (arterial
pressure) and MAP (mean arterial pressure) levels when
juxtaposed to control treatment. Daily CA (25mg/kg)
treatments for 30 days significantly attenuated Ath caused
upsurge in SAP (p< 0.05), HR (p< 0.001), DAP (p< 0.05)
and also averted the reduction in AP (p< 0.05) and MAP
(p< 0.05) in comparison with Ath control. /e Ath +CA
50mg/kg group exhibited a significant diminution in the
levels of SAP (p< 0.001), HR (p< 0.001), and DAP
(p< 0.01) and also displayed a significant upsurge in AP
(p< 0.01) and MAP (p< 0.01) relative to the Ath control

group. /e standard group Ath +ATORVA (5mg/kg)
exhibited a significant diminution in the levels of SAP
(p< 0.001), HR (p< 0.001), and DAP (p< 0.001) and also a
significant growth in AP (p< 0.001) and MAP (p< 0.001) as
compared to the Ath control group (Table 2).

3.4. CA Prevents Ath-Induced Increase in Oxidative Stress.
Atherogenic diet instigated a significant (p< 0.001) inten-
sification in the levels of thiobarbituric acid reactive sub-
stances (TBARS) and diminution (p< 0.001) in the levels of
GSH in the whole heart when juxtaposed to vehicle treat-
ment. CA (25mg/kg, 50mg/kg) or ATORVA (5mg/kg)
long-term treatment in Wistar rats significantly (p< 0.001)
diminished the cardiac TBARS level against Ath in relation
with rats that were given Ath and vehicle only. /e Ath-
induced decline in GSH levels was conspicuously averted by
CA i.p. injections (25mg/kg, p< 0.01; 5mg/kg, p< 0.001)
relative to rats treated with Ath and vehicle (Table 3).
ATORVA (5mg/kg)-treated rats also showed substantially
(p< 0.001) enhanced GSH content relative to vehicle-treated
Ath control rats. CA 50mg/kg produced an antioxidative
effect at par with the standard drug ATORVA against Ath
diet in this study.

3.5. Effects of CA on the Staining of the Aorta. /e aortic
lesion percentage was found high in the Ath control group
relative to normal chow diet groups (Figure 3). /e aortic
lesion percentage was decreased by atorvastatin (5mg/kg)
and moderately decreased by caffeic acid (25 and 50mg/kg,
i.p.) treatments relative to the Ath control group (Table 4).

4. Discussion

Approximately a century has witnessed considerable re-
search and efforts in the field of cardiovascular disorders,
particularly coronary heart disease biology and
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pathogenesis. Evidence substantiates the intricate involve-
ment of dietary habits, tobacco, alcohol abuse, and physical
inactivity in the initiation of coronary heart diseases [33].
Right from the initial stages, it is well recognized that higher
consumption of dietary fats is an important inducer of
coronary heart disease. Complex interactions between diet,
lifestyle, and lipoprotein metabolism govern the progress of
atherosclerosis and its associated complications. Various
high-fat diet-induced experimental atherosclerosis animal
models are available to assess the pathogenesis of athero-
sclerosis. A rise in body mass/weight and aggregation of fat is

the leading pointers for the steady advancement of obesity
[34]. Hyperlipidemia is the foremost hazard aspect for ath-
erosclerosis that triggers inflammation and activates platelets
and angiotensin-II leading to vascular smooth muscle pro-
liferation and plaque formation. Epidemiological examina-
tion exposed a positive relationship between the degree of
severity of atherosclerosis and the concentrations of blood
cholesterol including LDL [35]. Ath augments lipid levels in
the body and predisposes towards atherosclerosis [36].

In this study, supplementation of Ath resulted in a rise in
the content of diverse lipids, namely, TC, LDL, VLDL, and
triglycerides, in the bloodstream and a decline in HDL levels.
Ath might damage endothelial cell function and integrity by
augmenting free radicals and peroxidation of lipids, pro-
teins, and genetic material. Estimation of biomarkers of
oxidative insult disclosed that Ath supplementation caused
an increase in MDA and a decrease in GSH in the heart
homogenates. Atherosclerosis is a result of oxidative damage
of the endothelial (or intimal) lining of vessels due to free
radicals or lipid-free radical interaction toxins such as
malondialdehyde or 4-hydroxy 2-nonenal [5]. An en-
hancement in the concentration of serum cholesterol and
triglycerides of atherosclerosis rats may be a result of lipid
peroxidation evoked by a high-fat diet [6]. GSH protects

Table 2: Effects of caffeic acid (CA) against atherogenic diet- (Ath-) induced alteration(s) in hemodynamic parameters.

Group AP (mmHg) HR (BPM) MAP (mmHg) SAP (mmHg) DAP (mmHg)
Control 120.1± 2.913 374.2± 8.171 120.06± 3.28 121.13± 4.248 85.5± 2.32
Ath control 96.33± 2.883a 449.2± 7.977a 93.36± 4.222a 144.15± 4.19a 99.83± 2.822a
Ath +CA (25mg/kg) 104.8± 2.315x 403.8± 4.512z 110± 3.235x 134.3± 4.006x 97.5± 3.334x
Ath +CA (50mg/kg) 112.8± 2.496y 386.7± 6.168z 114.7± 3.63y 129.5± 2.754z 95.17± 3.229y
Control +CA (50mg/kg) 118.2± 5.029 372± 3.715 108.2± 4.672 121.3± 3.989 81.67± 1.054z
Ath +ATORVA (5) 114.67± 4.167z 380.2± 4.665z 119.2± 3.26z 125.3± 2.499z 83.17± 1.797z

Values are expressed as mean± S.E.M. ap< 0.001 vs. the control group, xp< 0.05, yp< 0.01, and zp< 0.001 vs. the Ath control group. Data are analyzed using
one-way ANOVA followed by Tukey’s HSD post hoc test. AP : arterial pressure, BPM : beats per minute, HR : heart rate, MAP :mean arterial pressure, SAP :
systolic arterial pressure, DAP : diastolic arterial pressure.

Table 3: Effects of caffeic acid against atherogenic diet- (Ath-) induced alteration(s) in oxidative stress markers.

Group MDA (μmol/ml) GSH (nmol/ml)
Control 0.499± 0.003 0.468± 0.024
Ath control 0.859± 0.004a 0.133± 0.017a
Ath +CA (25mg/kg) 0.738± 0.012z 0.229± 0.013y
Ath +CA (50mg/kg) 0.62± 0.006z 0.387± 0.042z
Control +CA (50mg/kg) 0.503± 0.0004 0.438± 0.02
Ath +ATORVA (5) 0.515± 0.002z 0.433± 0.004z

Values are expressed as mean± S.E.M. ap< 0.001 vs. the control group, yp< 0.01, zp< 0.001 vs. the Ath control group. Data are analyzed using one-way
ANOVA followed by Tukey’s HSD post hoc test. MDA :malondialdehyde, GSH : glutathione.

Control

Ath Control

Ath + CA 25 mg/kg

Ath + CA 50 mg/kg

Control + CA 50 mg/kg

Ath + ATORVA (5)

Figure 3: Caffeic acid (CA, 25 and 50mg/kg) prevents aortic le-
sions in rats exposed to atherosclerogenic diet (Ath).

Table 4: Effect of caffeic acid on aortic lesions (%).

Group Aortic lesion (%)
Control 1.34
Ath control 11.8
Ath +CA (25mg/kg) 10.07
Ath +CA (50mg/kg) 8.4
Control +CA (50mg/kg) 1.3
Ath +ATORVA (5) 7.5
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against oxidative damage by the removal of surplus free
radicals and associated toxic adducts. GSH is an important
tripeptide that acts as a major source of –SH (thiol) anti-
oxidant [37]. Lipid peroxidation with pathogenic protein
and DNA modifications helps immensely in the progression
of atherosclerosis [21]. Experimental evidence substantiates
that endothelial injury amplifies reactive oxygen species that
trigger the peroxidation of cellular PUFAs (polyunsaturated
fatty acids) that corroborates both functional losses of the
myocardium and structural injury [8]. However, Ath-in-
duced increase in TC, LDL, VLDL, and triglycerides in the
bloodstream and a decline in HDL levels were attenuated by
CA and the standard drug (ATORVA) in the existing study.
Furthermore, AIP was decreased by CA and AORVA against
Ath in rats. Data from previous studies also indicated that
antioxidants impart reduction in atherosclerogenic factors
[38]. In preclinical and clinical studies, data suggested that
hypocholesterolemia agents can reduce clinical complica-
tions of atherosclerosis and prolong the life of a person by
lowering the cardiovascular risk.

As a result of endothelial and intimal damage, cytosolic
enzymes such as ALT and AST are released into the
bloodstream with an increase in LDH activity and assist as
the diagnostic indicators of myocardial tissue mutilation
[39]. Ath is a well-known causative factor in myocardial
tissue necrosis and heart dysfunctions marked by amplified
end-diastolic volume, end-diastolic pressure, and left ven-
tricular wall thickness. Long-term treatment with CA
averted the escalation of ALT, AST, and LDH activities in the
blood of animals that were given Ath for 30 days daily.

Triglycerides and lipids can be stained by Oil Red O that
is a lysochrome (fat-soluble) diazo dye. /is dye selectively
stains fatty aggregates on the tissue surface [32]. Current
experimental data suggest an 88.6% upsurge in aortic lesions
in the Ath control group that was reduced to 36% in
ATORVA (5mg/kg)- and 15.3% and 27.2% in CA (25,
50mg/kg)-treated groups, respectively. /ese findings in-
dicate that CA has the potential to restrict the aortic lesions
against Ath and this reduction in the aortic lesion is at par
relative to ATORVA (standard drug).

5. Conclusions

/e findings of the existing study indicate that caffeic acid
(CA) might be used as an antiatherosclerogenic drug that
lowers oxidative stress, ameliorate lipid levels, and reduce
aortic injury. However, a deep insight is required to explore
its exact antiatherosclerogenic mechanism by using different
agonists and antagonists and molecular techniques to assess
the role of signaling pathways. Furthermore, derivatives of
CA can also enhance the bioavailability and efficacy against
atherosclerosis. Further clinical investigations are required
to substantiate the therapeutic use of CA in cardiovascular
disorders such as atherosclerosis.
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.e medicinal properties of plants can be evolutionarily predicted by phylogeny-based methods, which, however, have not been
used to explore the regularity of therapeutic effects of Chinese plants utilized by ethnic minorities..is study aims at exploring the
distribution law of therapeutic efficacy of Ranunculales plants on the phylogenetic tree of Chinese species. We collected
therapeutic efficacy data of 551 ethnomedicinal species belonging to five species-rich families of Ranunculales; these therapeutic
data were divided into 15 categories according to the impacted tissues and organs. .e phylogenetic tree of angiosperm species
was used to analyze the phylogenetic signals of ethnomedicinal plants by calculating the net relatedness index (NRI) and nearest
taxon index (NTI) in R language. .e NRI results revealed a clustered structure for eight medicinal categories (poisoning/
intoxication, circulatory, gastrointestinal, eyesight, oral, pediatric, skin, and urinary disorders) and overdispersion for the
remaining seven (neurological, general, hepatobiliary, musculoskeletal, otolaryngologic, reproductive, and respiratory disorders),
while the NTI metric identified the clustered structure for all. Statistically, NRI and NTI values were significant in 5 and 11
categories, respectively. It was found that Mahonia eurybracteata has therapeutic effects on all categories. iTOL was used to
visualize the distribution of treatment efficacy on species phylogenetic trees. By figuring out the distribution of therapeutic effects
of Ranunculales medicinal plants, the importance of phylogenetic methods in finding potential medicinal resources is highlighted;
NRI, NTI, and similar indices can be calculated to help find taxonomic groups with medicinal efficacy based on the phylogenetic
tree of flora in different geographic regions.

1. Introduction

.e vascular plants, thriving in diverse environments, in-
clude mosses, liverworts, ferns, gymnosperms (conifers),
and angiosperms (flowering plants) [1]. Among these tax-
onomic groups, angiosperms are the latest in evolution, but
have the most species; in accordance with their strong en-
vironmental adaptability, a majority of phytometabolites
with known/potential services to humankind is from an-
giosperms [2]..ere are more than 10,000 extant genera and
more than 200,000 species of angiosperms in our planet,
accounting for more than half of all plant species. .ere are
more than 2,700 genera andmore than 30,000 known species

of angiosperms in China, which represents one of the most
species-rich areas of the world. .e survival and health of
human beings are closely related to angiosperms; more than
50 ethnic minorities in China have accumulated rich ex-
periences in collecting and applying botanical drugs [3],
especially those from angiosperms. In China, there are
10,027 kinds of medicinal angiosperms (including the infra-
species taxonomic units) [4], accounting for 90% of Chinese
medicinal species. Most of the traditional Chinese medicine
(TCM) and ethnomedicine/folk medicine are from angio-
sperms, but the quantitative study exploring the association
between Chinese angiosperm phylogeny and various ther-
apeutic effects of phytomedicine is rare [5, 6], and the
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traditional medicinal knowledge of China ethnic minorities
has not been elaborated within the context of plant phy-
logeny. .e continued globalization of herbal medicine,
badly controlled exploitative practices, and inadequate
conservation efforts are pushing many precious medicinal
plants to the edge of extinction. Meanwhile, traditional
therapeutic knowledge is being eroded due to changing
lifestyles, awareness, social transformations, and accultur-
ation [7]. Phylogenetic methods constantly reveal the pre-
dictive ability of traditional medical knowledge in
bioprospecting and pharmaceutical resource discovery
[8–11], which, however, has not been systematically utilized
in scrutinizing and expanding Chinese ethnomedicinal re-
sources. We hypothesize that the traditionally used ethno-
medicinal plants in China can be quantitatively and
phylogenetically explored, which afford generally applicable
clues for bio-screening medicinal flora and discovering al-
ternative/complementary medicine.

.e medicinal value of plants is an essential part of
ecosystem services. .e botanical chemo diversity, based on
plant biodiversity [6], is the cornerstone of pharmacother-
apy diversity of plants and plant-based products. In many
areas, medicinal herbs were the main approaches of tradi-
tional therapies, which were considered the main lifeline and
recurrently were the first and/or only choice [7]. About 80%
of plant species used globally as drug sources have an
ethnomedical use identical or related to the current use of
active elements of the plant [12]. .erefore, ecosystem
services are closely related to human well-being. .e rapid
growth of population and public health crisis faced by many
regions, especially in developing countries, make it imper-
ative to find alternative and complementary phytomedicine
resources [13]. Due to the lack of awareness of environ-
mental protection, human activities have caused severe
damage to the ecological environment, in which numerous
factors play an important role in the formation and accu-
mulation of effective components of medicinal plants [14].
In view of the importance of ethnomedicinal plants in
combating diseases and improving primary healthcare, it is a
must to strengthen the protection of medicinal plant re-
sources, and the most fundamental is to protect the eco-
logical environment.

Phylogenetic approaches may help in finding resources
for natural and eco-friendly therapy [15]. China is an ideal
country to analyze the phylogenetic model of medicinal
plants, because of the diversity and good regional phy-
logeny of Chinese traditional medicinal plants [16–18].
Many secondary metabolites of ethnomedicinal plants of
Ranunculales, for example, alkaloids, terpenoids, and fla-
vonoids, have unique functions and biological activities,
providing a probability premise for appropriately targeting
the dysfunctional organs of the human body [19, 20]. For
example, berberine extracted from Coptis of Ranunculaceae
had a synergistic anticancer effect by inducing apoptosis
and inhibiting cell proliferation of esophageal cancer cells
[21]. Five benzylisoquinoline alkaloids (columbamine,
palmatine, dauricine, jatrorrhizine, and berberine; BIAs)
from Dichocarpum of Ranunculaceae had the in vitro in-
hibitory activity against acetylcholinesterase [22, 23].

.erefore, taking the order Ranunculales as a represen-
tative, we aim at studying the distribution pattern of
Chinese ethnomedicinal plants on the phylogenetic tree by
combining the species phylogenetic tree of Chinese an-
giosperms and therapeutic data of ethnomedicinal plants at
the species level.

2. Materials and Methods

2.1. Efficacy Arrangement of Ethnomedicinal Plants. In the
Chinese Dictionary of Ethnic Medicine [3], 180 ethno-
medicine books and 1,118 journal papers published by
various ethnic groups in the past 40 years were cited. It is
confirmed that there are 7,736 kinds of drugs used by 53
ethnic minorities in China, including 7,022 phytomedicines,
551 animal drugs, and 163 mineral drugs, among which 656
are also recorded in Chinese Pharmacopoeia. .e data of
skin efficacy were also searched in NCBI PubMed and China
National Knowledge Infrastructure (https://cnki.net/). .e
therapeutic effects of 551 medicinal species, including 104
varieties, in five species-rich families were collected and
summarized (Table S1), which involve 300 Ranunculaceae
species (54.4% of all species), 69 Berberidaceae species
(12.5%), 42 Menispermaceae species (7.6%), 14 Lardizaba-
laceae species (2.5%), and 126 Papaveraceae species (22.9%).
All curative effects were divided into 15 categories: poi-
soning/intoxication, circulatory diseases, gastrointestinal
diseases, nervous system diseases, eye diseases, other/general
diseases, hepatobiliary diseases, musculoskeletal diseases,
oral diseases, ear/nose/throat diseases, pediatric diseases,
reproductive system diseases, respiratory diseases, skin
diseases, and urinary diseases. .e therapeutic efficacy of
ethnomedicinal plants was coded with binary characters:
when a species has the efficacy of treating specific diseases, it
is 1; otherwise, it is 0.

2.2. Phylogenetic Tree of Ranunculales. .e phylogenetic tree
used in this study is full_tree_461.tre (http://www.darwintree.
cn/resource/Nature2018/), which is the overall phylogenetic
diversity model of China angiosperms constructed by Lu et al.
[17] at the species level. .e phylogenetic data of 92% an-
giosperms in Chinese flora are utilized in this large tree, which
is a nearly complete species-level phylogenetic tree including
26,978 species. .e Ranunculales subtree was extracted from
the above large tree, including Ranunculaceae, Berberidaceae,
Menispermaceae, Lardizabalaceae, Circaeasteraceae, Papaver-
aceae, and Eupteleaceae; the scientific names of species are
mainly based on the Flora of China (http://www.iplant.cn/
frps). .e R packages Picante [24] and Ape (https://cran.r-
project.org/web/packages/ape/) were used to generate the
subtree with the following commands: sample <- read.-
csv(“species.csv,” header�T), tree <- read.-
tree(“full_tree_461.tre”), tip.all <-tree$tip.label, tip.not<- tip.all
[!tip.all%in%(sample[,1])], length(tip.not), tr.new <- drop.-
tip(tree,tip.not), write. tree (tr.new, “phylo_zhang_MGM.-
tree”), read.tree(“phylo_zhang_MGM.tree”). iTOL v6 (https://
itol.embl.de/) was used to draw and visualize the phylogenetic
tree of Ranunculales.
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2.3. Statistics and Calculation of Phylogenetic Distribution.
.e NRI (net relatedness index) was used to quantify the
mean pairwise phylogenetic distance (MPD) of ethno-
medicinal plants [10], which designates the dispersion of
medicinal uses toward the root of phylogeny. .e NTI
(nearest taxon index) is a standardized index to measure the
average phylogenetic distance between each sample and its
nearest taxon, which can be used to calculate the mean
nearest taxon distance (MNTD); NTI describes the dis-
persion of medicinal uses toward the tips of phylogeny [9].
.e positive values of these two indicators suggest the
phylogenetic aggregation of medicinal species, whereas
negative values indicate that species with the same thera-
peutic use are dispersed in the phylogenetic tree [9]. .e
observed patterns of species distribution were compared
with the expected patterns to quantitatively assess whether
the values of NRI and NTI were statistically significant
(p< 0.05). .e calculation formula is as follows:

NRI � −1 ×
MPDobs − MPDnull

sd MPDnull( 
, (1)

whereMPDobs is the observedMPD,MPDnull is the expected
MPD of the randomized group, and sd(MPDnull) is the
standard deviation of MPDnull. .e NTI is given as

NTI � −1 ×
MNTDobs − MNTDnull

sd MNTDnull( 
, (2)

where MNTDobs denotes the observed MNTD, whereas
MNTDnull denotes the expected MNTD of the randomized
group, and sd(MNTDnull) denotes the standard deviation of
MNTDnull [25].

.e functions ses. mpd and ses. mntd of Picante package
[24] were used to calculate the NRI and NTI, respectively.
.e “taxa. labels” was used as the null model, which shuffles
the distance matrix labels across all taxa included in the
distance matrix with 999 runs; “mpd.obs.p” is the p value of
observed MPD vs. null communities (� mpd.obs.rank/
(runs + 1)). R language codes for the construction of tree as
well as calculation of the NRI and NTI are shown in the
Supplementary text and are available from the authors upon
request.

3. Results

3.1. Distribution of 0erapeutic Efficacy in the Order
Ranunculales. In Chinese ethnomedicinal plants of
Ranunculales (Figure 1), the highest number of species (435,
78.9% of all medicinal species) is used for the treatment of
general/other diseases, followed by musculoskeletal disease
(389), skin disease (348), and gastrointestinal disease (343).
.e least species are used to treat pediatric diseases (73,
13.2% of species). .e NRI designates the dispersion of
medicinal uses toward the root of phylogeny [9]. A clustered
structure was suggested by NRI values (>0) for eight cate-
gories, that is, poisoning/intoxication (e.g., Anemone,
Ranunculaceae; Tables S1 and S2), circulatory disease (Co-
rydalis, Papaveraceae), gastrointestinal disease (Aconitum,
Ranunculaceae), eye disease (0alictrum, Ranunculaceae),

oral disease (Aconitum), pediatric disease (0alictrum), skin
disease (Aconitum), and urinary disease (Clematis, Ranun-
culaceae). .e other seven categories were of overdispersion
(NRI< 0), although it still can be seen that there are more
therapeutic species against nervous system diseases, other/
general diseases, hepatobiliary diseases, musculoskeletal
diseases, and respiratory diseases in Corydalis (Table S1),
and species against ear/nose/throat diseases and reproduc-
tive system diseases are concentrated in Berberis (Berber-
idaceae) and Clematis, respectively. .e NTI describes the
dispersion of medicinal uses toward the tips of phylogeny
[9], and the clustered structure was suggested for all 15
categories (NTI> 0). In a statistical test, the NRI suggested
that five categories, that is, eye diseases, oral diseases, ear/
nose/throat diseases, skin diseases, and urinary diseases, are
of cluster with statistical significance (p< 0.05; Table 1),
whereas the NTI suggested 11 categories with statistically
significant cluster (p< 0.05). Both the NRI and the NTI
suggest eye diseases, oral diseases, skin diseases, and urinary
diseases as statistically significant clustered.

It is found that 66 Ranunculales species, accounting for
12% of species, have therapeutic effects on no less than ten
categories of diseases (Table 2). For example, Mahonia
eurybracteata of Berberidaceae showed medicinal utilities
against all 15 categories. In Dong medicine, the whole plant
is used against rheumatic pain, bruise and swelling pain,
stomach cold pain, snake/centipede bite, and the like [3]; in
Tu Jia medicine, its efficacy is the same as that of M. bealei.
.ree multipurpose species covering 14 therapeutic cate-
gories are M. bealei, M. fortunei, and M. gracilipes; no
wonder the Chinese name of the genus Mahonia literally
means “the top ten credits.” .ree Tinospora species, two
Berberis species, and two Aconitum species have 13 thera-
peutic categories(Table 2).

3.2.Distributionof0erapeutic Efficacy inFiveMajorFamilies
of Ranunculales. Among Chinese ethnomedicinal plants of
Ranunculaceae (buttercup family), the highest number of
species (233, 77.7% of species; Table S2) is used for the
treatment of general/other diseases, followed by musculo-
skeletal diseases (199), skin diseases (199), and gastroin-
testinal diseases (188). .e least species are used to treat
circulatory diseases (27, 9% of species). A clustered structure
was suggested by NRI values (>0) for 10 categories, whereas
the other five categories were of overdispersion (NRI< 0).
.e clustered structure was suggested by NTI> 0 for 13
categories. In the statistical test, the NRI suggested that six
categories, that is, circulatory disease, nervous system dis-
eases, eye diseases, pediatric diseases, reproductive system
diseases, and urinary diseases, are of cluster with statistical
significance (p< 0.05; Table S2), whereas the NTI suggested
six categories with statistically significant cluster (p< 0.05).
Both the NRI and the NTI suggest eye diseases, reproductive
system diseases, and urinary diseases as significantly
clustered.

In Chinese ethnomedicinal plants of Berberidaceae
(barberry family), the highest number of species (56, 81.1%
of species; Table S2) is used for the treatment of general/
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Table 1: Phylogenetic clustering of Chinese ethnomedicinal plants of Ranunculales used for 15 diseases.

Disease category NRI p value NTI p value No. of species
Poisoning/intoxication 0.2827673 0.382 2.5808124 0.001∗ 105
Circulatory disease 0.3276161 0.357 0.9576053 0.176 80
Gastrointestinal disease 0.8993280 0.178 2.3439243 0.012∗ 343
Nervous system disease −1.2169750 0.900 1.6407281 0.046∗ 78
Eye disease 5.3230108 0.001∗ 3.1022603 0.001∗ 110
Other/general disease −0.4234927 0.644 2.9096083 0.005∗ 435
Hepatobiliary disease −2.0673037 0.987 1.1511975 0.134 183
Musculoskeletal disease −1.8124459 0.978 2.0655373 0.024∗ 389
Oral disease 2.9318791 0.006∗ 2.3750417 0.009∗ 132
Ear/nose/throat disease −1.3491137 0.922 2.5423622 0.007∗ 181
Pediatric disease 3.0196803 0.006∗ 1.2504461 0.108 73
Reproductive system disease −1.9141517 0.985 2.3016542 0.011∗ 144
Respiratory disease −3.7510929 1.000 0.4516397 0.340 239
Skin disease 2.0247475 0.025∗ 2.1795913 0.023∗ 348
Urinary disease 1.8995941 0.048∗ 2.3121644 0.012∗ 124
Note: NRI, net relatedness index; NTI, nearest taxon index; ∗p< 0.05, statistically significant; four categories with the largest number of species are shown in
bold.

Tree scale: 100

Urinary disorders

Skin disorders

Respiratory disorders

Reproductive disorders

Pediatrics disorders

Otorhinolaryngology disorders

Oral disorders

Musculoskeletal disorders
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General
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Figure 1: Distribution of 15 therapeutic efficacies of Chinese ethnomedicinal species on the phylogenetic tree of Chinese angiosperms.
.ere are 1,519 Chinese Ranunculales species in this large tree, including 725 Ranunculaceae species (yellow in the inner circle), 306
Berberidaceae species (green), 78 Menispermaceae species (blue), 44 Lardizabalaceae species (red), 364 Papaveraceae species (purple), one
Eupteleaceae species, and one Circaeasteraceae species. From the inside to the outside of the outer circle are poisoning, circulatory diseases,
gastrointestinal diseases, nervous system diseases, eye diseases, other/general diseases, hepatobiliary diseases, musculoskeletal diseases, oral
diseases, ear/nose/throat diseases, pediatric diseases, reproductive system diseases, respiratory diseases, skin diseases, and urinary diseases.
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other diseases, followed by gastrointestinal diseases (55),
musculoskeletal diseases (51), and skin diseases (48). .e
least species are used to treat nervous system diseases (9,
13.0% of species). A clustered structure was suggested by
NRI values (>0) for seven categories, while the other eight
categories were of overdispersion (NRI< 0). .e clustered
structure was suggested by NTI > 0 for 12 categories. In the
statistical test, the NRI suggested that four categories, that
is,, gastrointestinal diseases, eye disease, hepatobiliary
diseases, and ear/nose/throat diseases, are of cluster with
statistical significance (p< 0.05; Table S2), whereas the NTI
suggested no category with statistically significant cluster
(p> 0.05).

Among Chinese ethnomedicinal plants of Menis-
permaceae, the highest number of species (34, 80.9% of
species; Table S2) is used for the treatment of gastrointes-
tinal/musculoskeletal diseases, followed by general/other
diseases (33) and skin diseases (27). Only two species are
used to treat pediatric diseases. A clustered structure was
suggested by NRI values (>0) for 13 categories, whereas the
other two categories were of overdispersion (NRI< 0). .e
clustered structure was suggested by NTI> 0 for 13 cate-
gories. In the statistical test, the NRI suggested that two
categories, that is,, other/general diseases and pediatric
diseases, are of cluster with statistical significance (p< 0.05;
Table S2), whereas the NTI suggested seven categories with
statistically significant cluster (p< 0.05). Both the NRI and
the NTI suggest other/general diseases and pediatric diseases
as significantly clustered.

In Chinese ethnomedicinal plants of Lardizabalaceae, the
highest number of species (14, 100% species; Table S2) is
used for the treatment of musculoskeletal diseases, followed
by other/general diseases (12) and skin/respiratory/urinary
diseases (10 of each). No species is used to treat eye/oral
diseases. A clustered structure was suggested by NRI values
(>0) for four categories, that is, poisoning/intoxication,
nervous system disease, ear/nose/throat disease, and urinary
disease, whereas the other seven categories were of over-
dispersion (NRI< 0). .e clustered structure was suggested
by NTI> 0 for four categories. In the statistical test, the NRI
suggested that nervous system disease is of cluster with
statistical significance (p< 0.05), whereas the NTI suggested
no statistically significant category.

Table 2: Chinese ethnomedicinal species with no less than 10
categories of therapeutic efficacy.

Species No. of therapeutic
categories

Ranunculaceae: Aconitum carmichaelili 13
Aconitum flavum 10
Aconitum kusnezoffii 10
Aconitum naviculare 11
Aconitum scaposum 13
Anemone hupehensis 10
Anemone rivularis 12
Anemone rivularis var. flore-minore 10
Anemone vitifolia 11
Clematis armandii 12
Clematis chinensis 12
Clematis hexapetala 12
Clematis manshurica 12
Coptis chinensis 12
Coptis chinensis var. brevisepala 12
Coptis deltoidea 12
Coptis omeiensis 12
Coptis quinquesecta 12
Coptis teeta 12
Nigella glandulifera 10
Nigella glandulifera 10
Ranunculus japonicus 10
Semiaquilegia adoxoides 12
0alictrum acutifolium 10
0alictrum alpinum var. elatum 12
0alictrum cultratum 11
0alictrum delavayi 11
0alictrum foliolosum 11
0alictrum ramosum 11
0alictrum reticulatum 11
0alictrum trichopus 11
Berberidaceae: Berberis amurensis 12
Berberis dasystachya 10
Berberis diaphana 12
Berberis heteropoda 10
Berberis jamesiana 10
Berberis julianae 11
Berberis poiretii 13
Berberis pruinose 10
Berberis vernae 13
Berberis vulgaris 11
Berberis wilsoniae 12
Epimedium acuminatum 10
Epimedium sagittatum 10
Mahonia bealei 14
Mahonia eurybracteata 15
Mahonia fortune 14
Mahonia gracilipes 14
Menispermaceae: Arcangelisia gusanlung 11
Cyclea hypoglauca 10
Stephania cepharantha 11
Stephania hernandiifolia 10
Stephania kuinanensis 10
Stephania kwangsiensis 11
Stephania kwangsiensis 11
Stephania micrantha 10
Stephania tetrandra 10
Tinospora capillipes 13

Table 2: Continued.

Species No. of therapeutic
categories

Tinospora crispa 10
Tinospora sagittate 13
Tinospora sinensis 13
Lardizabalaceae: Akebia trifoliata 10
Akebia trifoliata var. australis 11
Sargentodoxa cuneata 10
Papaveraceae: Corydalis edulis 10
Eomecon chionantha 10
Macleaya cordata 10
Macleaya microcarpa 10
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Among Chinese ethnomedicinal plants of Papaveraceae
(poppy family), the highest number of species (101, 80.1% of
species) is used for the treatment of general/other diseases,
followed by musculoskeletal diseases (91), respiratory dis-
eases (83), and skin diseases (64). .e least species are used
to treat eye/pediatric diseases (eight of each). A clustered
structure was suggested by NRI values (>0) for two cate-
gories, that is, circulatory and nervous system diseases,
whereas the other 13 categories were of overdispersion
(NRI< 0; Table S2)..e clustered structure was suggested by
NTI> 0 for 14 categories. In the statistical test, the NRI
suggested that circulatory and nervous system diseases are of
cluster with statistical significance (p< 0.05), whereas the
NTI suggested circulatory and hepatobiliary diseases with
statistically significant cluster (p< 0.05). Both the NRI and
the NTI suggest circulatory disease as significantly clustered.

4. Discussion

By utilizing NRI and NTI in R language, this study presents
the first quantitative evidence of the association between
angiosperm phylogeny and therapeutic efficacy of Chinese
ethnomedicinal species. .ese indices were calculated for 14
categories of diseases to examine the phylogenetic clustering
of TCM plants in China [5]. However, this study focused on
legal medicinal plants of China, and it is unknown how
many medicinal plants used by ethnic minorities were in-
cluded. China is a multi-ethnic country, in which the Han
population is the largest, accounting for about 92% of the
total population. .e total population of the other 55 ethnic
groups is ∼115,145,902, accounting for about 8% of the total
population, so they are called ethnic minorities. At least
7,022 botanical species are used medicinally by China ethnic
minorities [3], representing an enormous space for bio-
prospecting and drug development. Here, the order
Ranunculales is chosen for the case study of traditional
medicinal knowledge of China ethnic minorities, which
belongs to the basal eudicots and is evolutionarily older than
other eudicots [26, 27]. Basal eudicots radiate for maximum
disorders [5]; accordingly, various Ranunculales species
have been employed in TCM, traditional oriental medicine,
and Western folk medicine for diverse ailments [19, 28].
Widely known Ranunculales members, for example, blue
cohosh, black seed, poppies, barberries, and buttercups, are
being studied for their pharmacological activities via inte-
grative omics techniques and from the systems perspective.
Ranunculales contributes plenty of botanical extracts with
therapeutic efficacy and/or health-promoting effects. As
there are more than 4,000 andmore than 1,500 Ranunculales
species in the world and China, respectively, and novel
Ranunculales taxa, that is, Dichocarpum lobatipetalum and
D. malipoense [29], are being discovered, there are still vast
biological and chemical space to be prospected in this well-
known medicinal order.

4.1. Ranunculaceae. At the order level, the NRI and NTI
revealed eight and 15 therapeutic categories with clustered
structure, respectively, but scrutinizing each family could

help gain deeper understanding of the therapeutic values of
genera/species and narrow down bio-screening. Ranuncu-
laceae could be the most important medicinal family in
Ranunculales and even in basal eudicots; in TCM, up to 63%
of Ranunculaceae medicinal species have utilities in mus-
culoskeletal disorders [5], followed by hepatic disorders
(56%) and circulatory disorders (42.2%). In the present
study, 199 out of 300 Ranunculaceae medicinal species are
used by China ethnic minorities against musculoskeletal
diseases and skin diseases (Table S2), followed by 188 for
gastrointestinal disease and 84 for hepatobiliary disease.
Berberidaceae is the second important medicinal family in
Ranunculales. In TCM, 81.5% of Berberidaceae medicinal
species are used against eyesight disorders [5], followed by
hepatic disorders (80.8%) and digestive disorders (78.6%). In
contrast, 55 and 51 out of 69 Berberidaceae medicinal species
are used by China ethnic minorities against gastrointestinal
and musculoskeletal diseases, respectively (Table S2), fol-
lowed by 48 for skin disease and 42 for eye disease. .ese
results illustrate the significant difference of disease spec-
trum and medication experience between TCM and tradi-
tional medicine of ethnic minorities; the latter is a precious
intangible cultural heritage. In order to avoid rapid loss, its
protection, sorting, and inheritance should be vigorously
strengthened.

Ranunculaceae, mostly herbs and some of which are
small shrubs or woody vines, includes about 60 genera and
2,200 species [30]. Plants of this family are distributed
worldwide, mainly in the temperate region of the northern
hemisphere. Forty-two genera and around 720 species are
distributed throughout China, most of which are in the
southwest mountainous region. In this study, up to nine
therapeutic categories showed a clustered structure in
Ranunculaceae (Tables S1 and S2, Figure 1). Some species of
genera Clematis,Coptis, and Ranunculus are commonly used
by some ethnic minority groups in China to combat against
ocular inflammation, infection, keratopathy, and cataract,
among others [3]. Cimicifuga, Clematis, and Coptis are often
used to treat reproductive system diseases, especially gy-
necological and obstetric ones. Clematis, Nigella, and 0a-
lictrum are salient in the treatment of urinary inflammation,
infection, and calculi. .e therapeutic species against skin/
gastrointestinal diseases are relatively concentrated in
Aconitum, Clematis, andDelphinium; the circulatory disease
targeting species are concentrated in Aconitum and Cle-
matis. .irty-four Ranunculaceae species are used ethno-
medicinally against nervous system disease (Tables S1 and
S2). We also noted the folk medicine use of Dichocarpum
auriculatum (Ranunculaceae) in Sichuan Province against
sow mania (epilepsy of sow) [23], which is not recorded in
the Dictionary of Chinese Ethnic Medicine [3], as this book
mainly reflects the traditional medicine knowledge of
Chinese ethnic minorities. Accordingly, five BIAs of
D. auriculatum had the in vitro inhibitory activity against
acetylcholinesterase [22].

Chemical components of Ranunculaceae include several
representative groups: BIA, ranunculin, triterpenoid sapo-
nin, and diterpene alkaloid,. [30]. Ranunculin and mag-
noflorine coexist in some genera. Our early
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ethnopharmacological investigation showed that the most
frequent ethnopharmacological uses, mainly in Han Na-
tionality, are heat-clearing and detoxification, ulcer disease
and sore, anti-microbe, and anti-inflammation [31]; the
most studied bioactivities are anticancer/cytotoxic, antimi-
crobial, and anti-inflammatory activities..ese results cross-
validate the utility of traditional medicinal knowledge in
bioprospecting and contemporary phytotherapy research.

4.2. Berberidaceae. In other four species-rich families of
Ranunculales, hot nodes/clades for drug discovery and
development are also identified by NRI/NTI (Tables S1 and
S2, Figure 1). In Berberidaceae (17 genera, 650 species), four
therapeutic categories showed a clustered structure
(Tables S1 and S2, Figure 1). Some species of genera Berberis,
Dysosma, andMahonia are especially useful in the treatment
of gastrointestinal, eye, and ear/nose/throat diseases [3]. .e
therapeutic species against eye and hepatobiliary diseases are
relatively concentrated in Berberis and Mahonia, which are
close to each other phylogenetically. Twenty-six Berberis
species and 11 Mahonia species are used by China ethnic
minorities against various eye diseases. For example, in
Mongolian medicine, B. amurensis and B. vernae are used
for sore red swollen eyes, acute conjunctivitis, and ocular
leukoplakia; in Tibetan medicine, the flower juice of
B. vernae is used to drop eyes to treat eye diseases.Mahonia
bealei is used by Bu Yi, Mao Nan, Miao, Mu Lao, and Yi
Nationality against acute conjunctivitis. In Ge Lao medicine,
the water decoction ofM. bealei root is used to wash eyes for
treating ocular itching and lacrimation. It happens that
Berberis is similarly used in other traditional medicine
systems. For example, in far-west Nepal, B. asiatica is fre-
quently used for eye problems [32]; in Islamic traditional
medicine, different parts of B. vulgaris and B. integrrima are
prescribed for skin, liver, stomach, kidney, and eye problems
[33]. In the Indian and European systems of traditional
medicine, Berberis is used for curing eye disease, fever,
jaundice, rheumatism, vomiting during pregnancy, kidney
and gall balder stone, and such like [34]. Interestingly, the
utility of Mahonia in eye disease is not salient in these
traditional medicine systems except in TCM and traditional
medicine of China ethnic minorities. .ere are about 100
species in the genus Mahonia, which are distributed in
Central/North America and Asia. .e unique ethno-
pharmacological uses in China ethnic minorities might
contribute much in the search for new sources of
pharmaceuticals.

Berberis andMahonia contain mainly BIAs, for example,
berberine, palmatine, jatrorrhizine, columbamine (Proto-
berberine type), magnoflorine (aporphine type), particularly
a higher content of bisbenzylisoquinoline (BBI) alkaloids
berbamine [35], isotetrandrine, and oxyacanthine. Pheno-
lics, flavonoids, and tannins are abundant in Berberis [36].
.ese compounds constitute the material basis of tradi-
tional/modern therapeutic efficacy. Berberine is the prin-
cipal component of many medicinal plants, for example,
Coptis chinensis, Hydrastis canadensis [37], Berberis vulgaris
[38], B. aristate [39], and Mahonia bealei, which could

partially explain the shared therapeutic efficacy between
Ranunculaceae and Berberidaceae. It should be noted that
although the genus Epimedium was not suggested by the
NRI andNTI, eight Epimedium species are ethnomedicinally
used for various diseases [3], especially reproductive dis-
orders, musculoskeletal disorders, and pediatrics disorders.
.is illustrates the complementarity, rather than substitut-
ability, of the phylogenetic approach in bioprospecting.

4.3. Menispermaceae, Lardizabalaceae, and Papaveraceae.
In Menispermaceae (65 genera, >350 species), seven cate-
gories showed a clustered structure. Two Tinospora species
are ethnomedicinally used for pediatric diseases, whereas
Cocculus, Cyclea, and Stephania species are traditionally
used for various general/difficult-to-classify diseases. BBI
alkaloids are abundant in Berberidaceae and Menisperma-
ceae [28]. BBI alkaloids, morphine alkaloids, aporphine
alkaloids, syringaresinol, and aristolochic acid _ could be
marker compounds of Menispermaceae and could be re-
sponsible for the efficacy of Stephania and Tinospora against
poisoning, ear/nose/throat diseases, and skin diseases,
among others (Tables S1 and S2). In TCM, the root of
Stephania tetrandra is used to treat arthralgia caused by
rheumatism, wet beriberi, dysuria, eczema, and inflamed
sores [40], which is similar to the usage of ethnic minorities.
In Southeast Asia, the stems, leaves, and tubers of Stephania
rotunda are used in the Cambodian, Lao, Indian, and
Vietnamese folk medicine systems for years to treat a wide
range of ailments [41], including asthma, headache, fever,
and diarrhea. Tinospora cordifolia is used in folk and
Ayurvedic medicines throughout India [42]. .is plant
contains many pharmaceutical compounds such as alka-
loids, diterpenoid lactones, glycosides, steroids, sesqui-
terpenoid, and phenolics, which make it antidiabetic,
antipyretic, anti-inflammatory, antioxidant, hep-
atoprotective, and immuno-modulatory. .e phytochem-
istry and pharmacology of T. cordifolia are analogous to that
of Tinospora species used by China ethnic minorities [3].

.e small family Lardizabalaceae has nine genera and 50
species; only species against nervous system disease showed
a cluster, that is, the genus Stauntonia [3], Stauntonia
brachyanthera, S. chinensis, S. obovatifoliola, and
S. yaoshanensis are ethnomedicinally used to alleviate tri-
geminal neuralgia. Recent pharmacological investigations
revealed the anti-inflammatory activity of S. hexaphylla [43]
and S. brachyanthera [44], but not nervous system effects;
thus, our results could be valuable for future research di-
rection. Ten out of 14 Lardizabalaceae species are used by
China ethnic minorities against urinary diseases (Table S2).
For example, in Dong medicine, the rattan stems of Akebia
quinata are used against edema, adverse urination, blen-
norrhagia, and urinary stone [3]; in Mongolian medicine
andMiaomedicine, the fruit ofA. quinata is used for adverse
urination; in Tu Jia medicine, the fruit of A. quinata is used
for rough voidings of reddish urine, and its pericarp and
seeds benefit the kidney and reduce swelling. A. trifoliata
and A. trifoliata var. australis are similarly used by ethnic
minorities. It is found that akebia saponin D ameliorated
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kidney injury and exerted anti-inflammatory and anti-ap-
optotic effects in diabetic nephropathy by activating NRF2/
HO-1 and inhibiting NF-κB pathway [45]. More pharma-
cological explorations of Lardizabalaceae components are
warranted, so as to validate the ethnopharmacological uses
and expand new application space.

.e BIA biosynthetic pathway underwent the parallel
evolution between two basal eudicot orders Ranunculales
and Proteales [46], which diverged 122 million years ago
(MYA). Berberine, belonging to the protoberberine class
of BIAs, is present in species of each Ranunculales family,
while the benzophenanthridine class, including the an-
timicrobial sanguinarine, is specific to the Papaveraceae
family, and biosynthetic genes emerged after the split with
the Ranunculaceae family 110 MYA but before the split of
Papaveraceae species at 77 MYA. .e phthalideisoqui-
noline noscapine and morphinan class of BIAs are ex-
clusive to the opium poppy lineage. .e morphine
biosynthesis evolved more recently than 18 MYA in the
genus Papaver. .e major differences of medicinal BIAs
between Papaveraceae and related families partially ex-
plain the uniqueness of its ethnomedicinal uses, and the
material basis of therapeutic efficacies of different Papa-
veraceae genera also varies greatly [28]. In Papaveraceae
(38 genera, >700 species), three categories showed a
clustered structure. .irty-two and seventeen Corydalis
ethnomedicinal species are used for circulatory and
nervous system diseases, respectively [3]. Accordingly,
Corydalis components showed vascular relaxation effect
[47] and neuroprotective effect [48] in vitro and/or ex
vivo. Analgesia is one of the most important effects of
Corydalis components, which are relatively nonaddictive
and of low tolerance as compared to other analgesics [49].
Fifty-three out of 126 Papaveraceae species are used by
China ethnic minorities against hepatobiliary diseases
(Table S2), and Corydalis and Meconopsis species are
salient in this treatment [20]. For instance, in Tibetan
medicine, the whole plant of Corydalis adunca is used
against liver-gallbladder sthenic heat [3], the root tuber is
used against cholelithiasis, and the aboveground part is
effective against biliary anorexia. In Tibetan medicine, the
whole plant and flower of Meconopsis quintuplinervia are
used against hepatitis, liver heat, and cholecystitis; in
Qiang medicine, its whole plant and flower are used
against jaundice. It should be pointed out that the
overdispersion therapeutic categories are not trivial, as
they may show a clustered structure at the subfamily,
tribe, and/or genus level, or possibly because the relevant
therapeutic compounds are ubiquitous throughout the
whole family.

5. Conclusion

In conclusion, we compiled traditional ethnomedicinal uses
of 551 Chinese species belonging to five families of
Ranunculales from the Dictionary of Chinese Ethnic
Medicine and recent literature, and the species-level phy-
logeny of angiosperms was used to analyze the phylogenetic
signals of ethnomedicinal plants by calculating NRI and

NTI. At the order level, the NRI results disclosed a clustered
structure for eight therapeutic categories, that is, poisoning/
intoxication, circulatory, gastrointestinal, eyesight, oral,
pediatric, skin and urinary disorders, and the overdispersion
for other seven categories; the NTI metric identified the
clustered structure for all 15 categories. .e NRI and NTI
values were statistically significant in five and 11 categories,
respectively. Mahonia eurybracteata of Berberidaceae has
therapeutic effects on all categories. .e most studied
phytometabolites of Ranunculales include BIA, flavonoid,
terpenoid, saponin, and lignan. [28]. .e compound basis
corresponding to the traditional efficacy is the focus of future
exploration. By figuring out the phylogenetic distribution of
therapeutic effects of Ranunculales ethnomedicinal plants,
we illustrate the importance of quantitative phylogenetic
methods in mining potential phytomedicine. .e traditional
medicinal knowledge could/should be scrutinized within the
phylogenetic framework, making them not only important
to local health and livelihoods, but also beneficial to the
global health and sustainability. .e protection of medicinal
plant resources must be strengthened for better ecosystem
service; protecting ecological environment is a basic na-
tional/global policy and is indispensable for human survival
and welfare. To discover lead compounds with versatile
bioactivities, in the near future, the ethnobotanical resources
can be evaluated expansively by correlating large-scale
phylogeny, spatial/geographic data, phytochemistry, and
ethnopharmacology cues.
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Chronic obstructive pulmonary disease (COPD) is a common chronic pulmonary disease with multiple etiologies and path-
ological changes. PYK2 expression is significantly increased in lipopolysaccharide-induced lung injury, but it mediates chronic
lung inflammation. ,e mechanism of its occurrence remains unclear. Quanzhenyiqitang is often used in clinical treatment of
COPD, so this study explored the mechanism of its treatment of lipopolysaccharide-induced lung injury. In this study,
transfection, flow cytometry, QRT-PCR, and Western blotting methods were used to study the mechanism of Quanzhenyiqitang
lipopolysaccharide-induced lung injury. ,e results showed that the mechanism of occurrence remains unclear. Our novel
observations imply that the PYK2/p38MAPK/HDAC2/CK2 pathway is one of the fundamental underlying mechanisms that
mediate the pathogenic progression of COPD, and Quanzhenyiqitang may be the therapeutic drug to prevent chronic in-
flammation and delay the progression of COPD by inhibiting PYK2 signaling pathways.

1. Introduction

Macrophages are an important component of the human
body’s innate immunity. It was originated in the yolk sac and
liver precursor cells during embryonic development and
then entered into the lungs and settled to form alveolar
macrophages [1]. Alveolar macrophages are mostly dis-
tributed in the alveolar cavity, accounting for 80% of the
alveolar resident cells. It is the only inner cell group that
contacts with air in the human body in the first line of
defense against pollutants and pathogenic bacteria [2]. It can
secrete more than one hundred types of inflammatory
mediators. ,ese substances further trigger an innate im-
mune response in the normal lung tissues. According to the
activation pathway, alveolar macrophages have two phe-
notypes: classic activated macrophages (M1 macrophages)
activated classically and alternately activated macrophages

(M2 macrophages) activated in a selective pathway [3].
During the inflammatory response, M1 andM2 are involved
in mediating the innate immune response and various in-
flammatory responses. M1 macrophages respond to mi-
crobial factors and ,1 proinflammatory cytokines, exhibit
glycolysis, and are associated with the release of inflam-
matory cytokine, enhancing bacterial killing, and recruit-
ment of immune cell into the lung parenchyma and alveoli
[4]. In contrast, M2 macrophages exposed to ,2 cytokines
induce the oxidative metabolism, which is related to the
release of anti-inflammatory cytokines, phagocytosis (apo-
ptosis) of apoptotic cells, and collagen deposition, thus
contributing to the resolution and damage of inflammation
[5]. Being highly plastic and highly responsive to environ-
mental signals, alveolar macrophages can rapidly mediate
inflammatory phenotypes, and the changes of alveolar
macrophages are reversible. In the process of lung
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inflammation, macrophages continue to interact with epi-
thelial cells, microvascular endothelial cells,
neutrophils, lymphocytes, fibroblasts, and stem cells or
tissue progenitor cells to regulate the stability of the lung
environment and the pathogens [5]. ,e polarized states of
alveolar macrophages are not mutually exclusive, and cells
can simultaneously display two subtypes of M1 and M2
macrophages according to environmental signals.

,ere have been a series of published articles, reviews,
and research reports that emphasize the role of alveolar
macrophages in lung inflammation. Feller et al. found that
continuous smoking activated the atypical Wnt5a-PPARc

signaling, leading to macrophage polarization from M2 to
M1, lung inflammation, and eventually chronic obstructive
pulmonary disease [6]. In rats exposed to endotoxin, alveolar
macrophages, and interleukin-6, toll-like receptor 4 was
significantly upregulated in vivo. Lee et al. discovered that
alveolar macrophages interact with lung epithelial cells via
extracellular vesicles and intracellular vesicles [7]. ,rough
extracellular vesicle-mediated signal transduction, the bi-
directional paracrine interaction between macrophages and
epithelial cells may trigger an inflammatory cascade in the
lung. In a mouse model of bleomycin-induced pulmonary
fibrosis, Elewa et al. reported an increase in the CD80+ M1
macrophage subpopulations, and the number of macro-
phage infiltration in the lung and mediastinal fat-related
lymphoid clusters was significantly positively correlated [8].
,is study suggests that macrophage infiltration of the lung
and mediastinal fat-associated lymphoid clusters may be
profoundly involved in the progression of pulmonary in-
flammatory diseases.

As a nonreceptor protein tyrosine kinase, proline-rich
tyrosine kinase-2 (PYK2) can sense a variety of extracellular
signaling molecules and participate in intracellular signaling
pathway transmission. ,e activation of its downstream
pathway plays an important role in the pathogenesis of
airway stenosis and fibrosis, lung parenchyma destruction,
and mucus hypersecretion in chronic lung inflammation [9].
PYK2 and its downstream pathways play a crucial role in the
pathogenesis of airway stenosis and fibrosis, lung paren-
chyma destruction, and mucus hypersecretion in chronic
lung inflammation. At present, there are few studies con-
cerning the downstream mechanism of PYK2. It has not
been shown how the PYK2 signal transduction pathway
could be involved in the pulmonary inflammatory response
associated with alveolar macrophages. We speculate that the
PYK2/p38MAPK/HDAC2/CK2 pathway might be one of
the fundamental mechanisms of LPS-induced lung injury
and is the key to the development of new strategies for the
prevention and treatment of chronic lung inflammatory
diseases.

To scrutinize the role of the PYK2-mediated p38MAPK/
HDAC2/CK2 signaling pathway in LPS-induced inflam-
mation of alveolar macrophages, we directly investigated the
expression levels of PYK2 and downstream signaling
pathways in alveolar macrophages stimulated by LPS. In rat
alveolar macrophages stimulated by LPS, PYK2 was phos-
phorylated, resulting in changes in the downstream
p38MAPK/HDAC2/CK2 signaling pathway, which

ultimately affects the function and inflammation of alveolar
macrophages. Quanzhenyiqitang is widely used in the
treatment of various senile diseases with deficiency, such as
chronic heart failure, chronic obstructive pulmonary dis-
ease, and lung cancer [10]. Targeting PYK2 by lentiviral
transfection technology or Quanzhenyiqitang-treated se-
rum, we found that the PYK2/p38MAPK/HDAC2/CK2
signaling pathway significantly contributed to the inflam-
matory response of alveolar macrophages induced by LPS
stimulation. In conclusion, our results indicate that PYK2
mediates the p38MAPK/HDAC2/CK2 signaling pathway in
LPS-induced alveolar macrophage inflammation and
Quanzhenyiqitang may be the potential drug that could
reverse this immune response.

2. Materials and Methods

2.1. Cell Culture. Rat alveolar macrophages NR8383 were
obtained from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China) and contained 10% fetal bovine
serum, 100 U/mL penicillin, and 100mg/L streptomyces in a
humidified incubator at 37°C and 5% CO2 DMEM medium.

2.2. Acquisition of Quanzhenyiqitang-Treated Serum
Acquisition. Sixty SPF male SD rats were 4–6 weeks old and
weighed 180–220 g, drink and eat freely for 7 days to ac-
climate to the environment. 15 g ginseng, 15 g red peony,
15 g Rehmannia glutinosa, 6 g aconite, 6 g Atractylodes, 15 g
Achyranthes, and 6 g Schisandra had been decocted for 20
minutes. Each rat was given by gavage twice a day, 5ml each
time with Quanzhenyiqitang, for 7 days. On day 7, after 12
hours of fasting, the rats were gavaged twice with a complete
daily dose [10]. For Quanzhenyiqitang-untreated group,
each rat was lavaged with 5ml saline solution at the same
time. One hour after the administration, the rats were
anesthetized by intraperitoneal injection of pentobarbital
sodium (0.2ml/100 g). After routine sterilization, we collect
abdominal aortic blood (approximately 6ml) and transfer it
into a negative pressure container using a puncture needle
under sterile conditions. ,e blood sample was then placed
in a 37°C waterbath for 15 minutes and centrifuged at 400x g
for 15 minutes. ,e serum was filtered through a 0.22 μm
filter and transferred into new Eppendorf tubes and stored at
−20°C.

2.3. Design and Transfection of Pyk2 siRNAs. siRNAs were
obtained from RiboBio and transfected according to the
manufactures’ instructions. To put it simply, siRNA was
diluted with 200 µL Opti-MEM. After gently inverting and
mixing the transfection reagents, 4 µL LipofectamineTM

2000 was also diluted with 200 µL Opti-MEM. Transfection
reagent and siRNA diluent were then mixed and placed in a
6-well cell plate. siRNA sequences are given in Table 1.

2.4. Apoptosis Assay. After performing corresponding
stimulation, cells were centrifuged at 1000 g for 5 minutes.
,e supernatant was discarded, and the cells were then
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resuspended gently with PBS and counted. After adding
Annexin V-FITC binding solution and propidium iodide
staining solution, the cells were incubated at room tem-
perature (20–25°C) in the dark for 10–20 minutes and then
transferred onto the board for testing.

2.5. ELISA Detection. After cell supernatants were centri-
fuged and collected, a series of performances including
antigen coating, primary antibody reaction, secondary an-
tibody binding, substrate preparation, and microplate reader
were completed according to the manufacturer’s instruc-
tions. ,e process was repeated three times for all samples.

2.6. Real-Time Quantitative PCR. RNA samples were
extracted with quality tests meeting the onboard standards.
,e extended reverse transcription products were amplified
and quantified by the SYBR Green master mixes detection
kit. Primer sequences are given in Table 2.

2.7. Western Blotting. Cell samples were washed twice with
PBS, lysed with lysis buffer for 10–15min, and then soni-
cated in 200W for 4 times, 5 sec each time, at 2 s intervals.
Being centrifuged in 12000x g for 15min, the protein con-
centrations of each sample were determined by the BCA
method. Following sample loading, transferring, milk
blocking, primary antibody incubation, and secondary an-
tibody incubation, the exposed band showed the expression
of the protein of interest. ,e detailed information of an-
tibodies is given in Table 3.

2.8. Statistical Analysis. Statistical analysis was performed
using SPSS17.0. Student’s t-test was employed to compare
the result between two groups, and one-way ANOVA was
used to assess the difference among more than two groups.
,e data are presented in the form of mean± SEM. P value
<0.05 was considered significant.

3. Results

3.1. Quanzhenyiqitang-Treated Serum Inhibits LPS-Stimu-
lated PYK2 Signaling Pathways in Rat NR8383 Cell.
Western blotting and qRT-PCR were performed to scruti-
nize the effect of Quanzhenyiqitang-treated serum on the

LPS-stimulated Pyk2/p38MAPK/HDAC2/CK2 signaling
pathway in rat alveolar macrophage. ,e results showed that
the expression of p-Pyk2, p-p38MAPK, and CK2 was ac-
tivated, while HDAC2 was downregulated after LPS stim-
ulation of rat alveolar macrophages, and Quanzhenyiqitang-
treated serum significantly inhibited this progression
(Figure 1(a)). ,e same result was also obtained in the
expression levels of HDAC2 and CK2 mRNA (Figure 1(b)).

3.2. Verification of Pyk2 siRNA Interference Efficiency. To
verify the potential role of Pyk2 in macrophage, we designed
six Pyk2 siRNA fragments, and by the method of qRT-PCR,
found that siRNA-5 and siRNA-6 had a better effect than
others, but the efficiency was still not satisfactory
(Figure 2(a)). So, we chose a combination of siRNA-5 and
siRNA-6 to treat rat alveolar macrophage. ,e qRT-PCR
result showed that the inhibitory rate was up to 80%.
Western blot also showed that the expression levels of Pyk2
and p-Pyk2 were both significantly decreased (Figure 2(b)).

3.3. Pyk2 siRNA Silencing or Quanzhenyiqitang-Treated Se-
rum Enhancing the Function of Rat Alveolar Macrophage.
After LPS stimulation, the apoptosis rate of rat alveolar
macrophage NR8383 cell was significantly increased, com-
pared with the LPS Ctrl group (Figure 3(a)). While,
cotransfection of rat alveolar macrophages with Pyk2 siRNA-
5 and Pyk2 siRNA-6 or Quanzhenyiqitang-treated serum
alleviates the apoptosis effect significantly (Figure 3(b)).
ELISA results showed that after LPS stimulation, the secretion
of inflammatory mediator IL-8 in rat alveolar macrophage
was significantly increased. However, after Pyk2 siRNA
transfection or Quanzhenyiqitang-treated serum stimulation,
IL-8 secretion in rat alveolar macrophage was inhibited to a
certain extent. ,e results indicate that targeting Pyk2 ex-
pression could inhibit alveolar macrophages from producing
inflammatory mediator IL-8 (Figure 3(c)). After LPS stim-
ulated rat alveolar macrophages, the expression of p-Pyk2,
p-p38MAPK, and CK2 upregulated, while HDAC expression
was downregulated significantly, and the expression trends of
HDAC2 and CK2 mRNA levels were also similar to the
previous result. Nevertheless, after Pyk2 siRNA transfection
or Quanzhenyiqitang-treated serum stimulation, this process
was blocked (Figure 3(d)).

3.4. Quanzhenyiqitang-Treated Serum Alleviates the Side
Effect of Pyk2 OE on Rat Alveolar Macrophage. After
cotransfection of rat alveolar macrophages with Pyk2 OE,

Table 1: siRNA sequences for rPtk2b-siRNA.
rPtk2b-siRNA-1 sense GCUAUUUGCCAGAAGACUUTT
rPtk2b-siRNA-1 antisense AAGUCUUCUGGCAAAUAGCGG
rPtk2b-siRNA-2 sense GCAUAGAGUCAGACAUCUATT
rPtk2b-siRNA-2 antisense UAGAUGUCUGACUCUAUGCTA
rPtk2b-siRNA-3 sense CCGUGAAGAUGUAGUUCUUTT
rPtk2b-siRNA-3 antisense AAGAACUACAUCUUCACGGGC
rPtk2b-siRNA-4 sense GCAGCCUUUCUUCUGGCUUTT
rPtk2b-siRNA-4 antisense AAGCCAGAAGAAAGGCUGCTT
rPtk2b-siRNA-5 sense GCAGUCUCAGUGACAUUUATT
rPtk2b-siRNA-5 antisense UAAAUGUCACUGAGACUGCAC
rPtk2b-siRNA-6 sense GCUUGGACCCGAUGGUUUATT
rPtk2b-siRNA-6 antisense UAAACCAUCGGGUCCAAGCAT

Table 2: Primer sequences.

Name Sequence (5’-3’)
rPtk2b-qF CTGGAGAGCATCAACTGTGTGC
rPtk2b-qR GATGGGTAGACGTGTCACAGAG
rHDAC-qF CAACCTAACTGTCAAAGGTCACGC
rHDAC-qR TGAAGTCTGGTCCAAAATACTCGA
rGAPDH-qF TGATTCTACCCACGGCAAGTT
rGAPDH-qR TGATGGGTTTCCCATTGATGA
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the apoptosis process was exacerbated significantly
(Figure 4(a)). However, after Quanzhenyiqitang-treated
serum stimulation, the apoptosis rate was decreased sig-
nificantly compared with the Pyk2 OE group (Figure 4(b));
ELISA results also showed that after Quanzhenyiqitang-
treated serum stimulation, the secretion level of inflam-
matory mediator IL-8 in rat alveolar macrophage was
downregulated significantly compared with the Pyk2 OE
group. Meanwhile, after Pyk2 siRNA transfection or
Quanzhenyiqitang-treated serum stimulation, IL-8 secretion
in rat alveolar macrophage was inhibited to a certain extent.
,is indicates that targeting Pyk2 expression could inhibit
alveolar macrophages from producing inflammatory me-
diator IL-8 (Figure 4(c)). Western blot results also showed
that after Pyk2 OE transfection, the expression of p-Pyk2,

p-p38MAPK, and CK2 upregulated while HDAC2 was
downregulated, as well as the expression levels of HDAC2
and CK2 mRNA levels and Quanzhenyiqitang-treated se-
rum stimulation inhibited this signaling pathway cascade
(Figure 4(d)).

4. Discussion

In this study, we investigated the role of the Pyk2-mediated
p38MAPK/HDAC2/CK2 signaling pathway in LPS-induced
inflammation of rat alveolar macrophages and focused on
the effect of potential therapeutic drug Quanzhenyiqitang on
this signaling pathway. ,e results showed that LPS could
induce apoptosis of alveolar macrophages. In addition, LPS
stimulated the phosphorylation of Pyk2 in rat alveolar

Table 3: ,e detailed information of antibodies.
Actin PYK2 p-PYK2 P38 p-P38 CK2 HDAC2
Abcam Abcam Abcam Abcam Abcam R&D Abcam
ab179467 ab32571 ab4800 ab170099 ab4822 MAB7957 ab32117
1 : 3000 1 : 2000 1 :1000 1 : 3000 1 :1000 1 : 2000 1 : 2000
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Figure 1: Expression of p-Pyk2, p-p38MAPK, HDAC2, and CK2 after LPS induction. (a) ,e gel figure of p-Pyk2, p-p38MAPK, HDAC2,
and CK2 after LPS induction. (b) ,e expression of p-Pyk2, p-p38MAPK, HDAC2, and CK2 after LPS induction.
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Figure 2: Verification of Pyk2 siRNA interference efficiency by qRT-PCR and Western blotting. (a) ,e verification of Pyk2 siRNA
interference efficiency by qRT-PCR. (b) ,e verification of Pyk2 siRNA interference efficiency by Western blotting.
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Figure 3: Continued.
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Figure 3: Continued.
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Figure 3: ,e function of the rat alveolar macrophage and signaling pathway after Pyk2 siRNA silencing or Quanzhenyiqitang-treated
serum stimulation. (a) Cell apoptosis detected by flow cytometry after Pyk2 siRNA silencing or Quanzhenyiqitang-treated serum
stimulation. (b) Apoptosis rate after Pyk2 siRNA silencing or Quanzhenyiqitang-treated serum stimulation. (c) IL-8 level after Pyk2
siRNA silencing or Quanzhenyiqitang-treated serum stimulation. (d) ,e gel figure of proteins after Pyk2 siRNA silencing or
Quanzhenyiqitang-treated serum stimulation.
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macrophages through LPS, thus activating downstream
factors p38MAPK, HDAC2, and CK2, which in return in-
duced the secretion of the inflammatory mediator IL-8. We
also found that transfection of alveolar macrophages with
Pyk2 siRNA-5/-6 or Quanzhenyiqitang-treated serum
stimulation could effectively inhibit the LPS-induced apo-
ptosis process of rat alveolar macrophages and decrease the
secretion of the inflammatory mediator IL-8.

Alveolar macrophages are known as the first line of
defense for the lungs against pathogenic microorganisms
and lung damage. ,ey are the dominant inflammatory cells
in the lungs and can be directly activated by tobacco extracts
to release inflammatory regulators [10]. ,e number of
alveolar macrophages is increased in chronic inflammation
environments such as COPD airway, lung, and bron-
choalveolar lavage fluid, and sputum of patients with sexual
lung disease increased. Previous studies have shown that LPS
pretreatment can accelerate the inflammatory response and
mimic the pathological process of COPD [11]. It is a
prevalent method to create a COPD-like mouse model
within a short exposure period and expose mice to CS and
LPS for 3 consecutive months [12]. ,erefore, this study
used LPS to induce an inflammatory response in rat alveolar
macrophages and to explore the effects and potential
mechanisms of Pyk2 in LPS-stimulated inflammatory re-
sponse. We know that IL-8 was synthesized and secreted by
monocytes, macrophages, endothelial cells, fibroblasts, and

epidermal cells under the activation of stimulating factors
[13]. As far as known, IL-8 was the strongest neutrophil-
activating factor and chemokine, which can effectively dilate
blood vessels and promote the proliferation of blood vessels.
Neutrophils are the target cells for the activation of IL-8 [14].
IL-8 can specifically chemoattract neutrophils into inflam-
matory tissues, promoting their degranulation and pro-
ducing superoxide anions, finally causing respiratory
outbreaks, and activating inflammatory cells. Aband AR
et al. found in vitro experiments that inhibiting the activity
of Pyk2 by transfection in endothelial cells can prevent the
process of LPS-induced IL-8 production [15]. Our results
indicated that LPS could cause apoptosis of rat alveolar
macrophages and stimulated cells to secrete IL-8 inflam-
matory mediators. ,ese results demonstrated that LPS
indeed induced cellular inflammation. Interestingly, we
observed that after LPS-induced alveolar macrophages,
apoptosis and IL-8 secretion levels were significantly re-
duced after Pyk2 siRNA-5 and Pyk2 siRNA-6 transfection or
Quanzhenyiqitang-treated serum stimulation. ,erefore,
our study novelly confirmed that this inhibition of Pyk2
phosphorylation alleviated the apoptosis of alveolar mac-
rophages and the release of inflammatory mediator IL-8.

Proline-rich tyrosine kinase (proline-rich tyrosine ki-
nase-2, Pyk2) participates in intracellular signaling path-
ways, regulates cell movement, regulates cell proliferation
and migration, apoptosis, and other processes. Previous
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Figure 4: Quanzhenyiqitang-treated serum alleviates the side effect of Pyk2 OE on rat alveolar macrophage (a) Cell apoptosis detected by
flow cytometry after Quanzhenyiqitang-treated serum alleviates the side effect of Pyk2 OE on rat alveolar macrophage. (b) Apoptosis rate
after Quanzhenyiqitang-treated serum alleviates the side effect of Pyk2 OE on rat alveolar macrophage. (c) IL-8 level after Quanzhe-
nyiqitang-treated serum alleviates the side effect of Pyk2 OE on rat alveolar macrophage. (d) ,e gel figure of proteins after Quanzhe-
nyiqitang-treated serum alleviates the side effect of Pyk2 OE on rat alveolar macrophage.
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studies have shown that Pyk2 regulated the chemotaxis of
macrophages [16]. In Pyk2-knockout mice, the capability of
stimulating factors to promote macrophage infiltration into
tissues was significantly reduced [17]. ,e latest research
showed that Pyk2 played an important role in acute lung
injury. Duan Y et al. confirmed that inhibition of Pyk2
protein in serious LPS-induced acute lung injury mice was
the key to inhibiting acute lung inflammation and edema
formation [18]. In macrophages chemoattracted by LPS,
Pyk2 is also closely associated with the secretion of cyto-
kines. Under the condition that a chemical inducer was
added to the lung tissue, as long as the activity of Pyk2 was
inhibited, the process of LPS-induced neutrophil exudation
could also be blocked. ,e results of our study showed that
LPS induced a high expression of Pyk2 and p-Pyk2 in rat
alveolar macrophages. At the same time, we determined the
impact of LPS on p38 MAPK and CK2 in alveolar macro-
phages. Pyk2-mediated p38MAPK/HDAC2/CK2 was the
key to LPS-induced inflammation of alveolar macrophages.
We conducted Pyk2 functional experiments using Pyk2
siRNA transfection and Quanzhenyiqitang-treated serum
stimulation.

Protein kinase CK2, also known as casein kinase-2
(casein kinase II), is a highly conserved second messenger-
independent protein kinase that plays a crucial role in cell
growth, proliferation, and apoptosis. ,erefore, CK2 has
become a promising therapeutic target. CK2a expression
and activity levels increase in many inflammatory pathol-
ogies [19]. Many proteins involved in inflammatory sig-
naling pathways can interact with CK2a, such as NF-κB,
CREB, CREM, c-Jun, c-Fos, c-Myc, andMax.,e p38MAPK
inhibition by applying the p38MAPK inhibitor SB203580
also inhibited the activation of CK2a [20], which implied
that CK2a was downstream of the p38MAPK pathway. Our
results showed that CK2 was highly expressed in LPS-
stimulated rat alveolar macrophages, and its trend was
consistent with Pyk2. Inhibiting Pyk2 expression by Pyk2
siRNA transfection and Quanzhenyiqitang-treated serum
stimulation inhibited Pyk2 expression; the phosphorylation
level of p38MAPK was also consistent with Pyk2 which
verified that CK2 was the downstream factor of Pyk2 and
p38MAPK.

Histone deacetylase (HDAC) is the key component in
the modification of chromosome structure and the regula-
tion of gene expression. In the nucleus, the process of
histone acetylation and histone deacetylation is in a dynamic
balance and is jointly regulated by HDAC [21]. ,e function
of HDAC is to transfer the acetyl group on the lysine residue
of the chromosomal core histone, resulting in the con-
densation of DNA, and reducing the binding of transcrip-
tion factors to their binding sites, thereby inhibiting the
transcription of genes. HDAC2 is the major histone
deacetylase subtype involved in the pathogenesis of COPD.
,e phosphorylation level of HDAC2 depends on the level of
CK2a protein kinase. During the phosphorylation of
HDAC2, it is mainly regulated by CK2a. Being knocked out
of the CK2a gene can effectively reduce the phosphorylation
of HDAC2 [22]. CK2a can promote the phosphorylation of
HDAC2, thereby losing the ability to acetylate. ,e activity

and expression of HDAC2 in the alveolar cells, airways, and
lung parenchyma of COPD patients and normal smokers are
reduced, thereby activating the expression of IL-8 and other
inflammatory factors. Studies have shown that in patients
with COPD, with the increase of the inflammation indi-
cators, C-reactive protein (CRP) and procalcitonin (PCT)
increase, and HDAC2 levels gradually decrease. In COPD
patients treated with hormones, the expression of HDAC2
was upregulated, and NF-κB inhibited, leading to inhibition
of the expression of IL-8 and other inflammatory factors,
and finally, the patient’s airway inflammation was alleviated.
Our research showed that HDAC2 was highly expressed in
LPS-stimulated rat alveolar macrophages, and Pyk2 siRNA
transfection and Quanzhenyiqitang-treated serum stimu-
lation inhibited Pyk2 expression and downregulated the
expression of HDAC2 which indicated that HDAC2 is
profoundly involved and played an important role in the
inflammatory response mediated by Pyk2 in alveolar
macrophages.

5. Conclusion

In summary, we have demonstrated that LPS induced the
apoptosis process of rat alveolar macrophages and secrete
the inflammatory mediator IL-8 by upregulating the levels of
Pyk2 and downstream factors p38MAPK, HDAC2, and
CK2. Pyk2 siRNA transfection and Quanzhenyiqitang-
treated serum stimulation could reverse these trends, which
may provide a new strategy for the treatment of COPD
patients.
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Cancer is recognized as one of the main causes of mortality worldwide by the World Health Organization. 'e high cost of
currently available cancer therapy and certain limitations of current treatment make it necessary to search for novel, cost-effective,
and efficient methods of cancer treatment. 'erefore, in the current investigation, sixty-two compounds from five medicinal
plants (Tinospora cordifolia, Ocimum tenuiflorum, Podophyllum hexandrum, Andrographis paniculata, and Beta vulgaris) and two
proteins that are associated with breast cancer, i.e., HER4/ErbB4 kinase and ERαwere selected. Selected compounds were screened
using Lipinski’s rule, which resulted in eighteen molecules being ruled out. 'e remaining forty-four compounds were then taken
forward for docking studies followed by molecular dynamics studies of the best screened complexes. Results showed that
isocolumbin, isopropylideneandrographolide, and 14-acetylandrographolide were potential lead compounds against the selected
breast cancer receptors. Furthermore, in vitro studies are required to confirm the efficacy of the lead compounds.

1. Introduction

Breast cancer is a heterogeneous group of diseases that orig-
inate in the breast tissue and result in the formation of a lump
or amass in the breast. Breast cancermostly originates from the
epithelial cells lining the milk duct [1, 2]. When the tumor is
small and easily treatable, no concrete symptoms are observed,
therefore making early screening important. However, a major
symptom is the presence of a painless lump/mass in the breast.
In some cases, cancer spreads to the lymph nodes present in the
underarms and can cause swelling or lumps, even though the
tumor itself is not large enough to be felt by the patient. Pain in
the breast, a feeling of heaviness, swelling, or redness of the
skin, and spontaneous discharge from the nipples are some of
the rare symptoms experienced by some patients [3]. It is the
most frequent cause of cancer and cancer-related death among

women worldwide. It impacts more than 2.1 million women
each year. According to the World Health Organization, in
2018, more than 620 thousand women died from breast cancer
worldwide. 'is constitutes about 15% of all cancer-related
deaths among women [4]. A total of 6.9% of cancer deaths are
attributed to breast cancer with 684,996 deaths in 2020.

Estrogen receptor (ER) α, an ER subtype, plays a major
role in the physiological development of the body [5]. 'e
reproductive, central nervous system, skeletal, and cardio-
vascular systems are some of the organ systems where ERα
plays an important role in the development and functioning
[5]. As shown in [5–7], ERα is widely expressed throughout
the body such as in the uterus, mammary glands, male
reproductive system, ovaries, spleen, kidney, and lungs
among other organs. ERα is responsible for human breast
cancer progression [6, 8]. Approximately 75% of breast
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tumors have ERα at the time of diagnosis (ER-positive breast
cancer). 'erefore, it has been selected as a marker for
prognosis during the course of therapy that a patient re-
ceives. ER-positive markers have been found to have a better
prognosis than ER-negative tumors. Tamoxifen is the most
widely used drug for treating cases of ER-positive breast
cancer when the patient requires endocrine therapy [9].
Other selective ER modulatory drugs are toremifene and
raloxifene. Aminoglutethimide and exemestane are potent
aromatase inhibitors for ER [10].

HER4/ErbB4 is a member protein of the epidermal
growth factor receptor (EGFR) family. Each member of the
EGFR family is essential for normal development [11] in
animals and humans. 'ey are necessary for the healthy
development of the heart, nervous system, and mammary
gland [11]. HER4 is known for its crucial role in carcino-
genesis [12]. However, unlike other members of EGFR,
HER4 signaling is less understood. It is known to play a
positive role in cancer progression, especially breast cancer
in humans [13, 14]. As reported by Zhu et al. [15], HER4,
alone, could moderate the estrogen-induced growth of
breast cancer cells. And, as observed in vitro, overexpression
of HER4 influences cell cycle arrest and apoptosis signifi-
cantly in breast cancer [15, 16]. Canertinib, developed by
Pfizer, inhibits HER2 and HER4, but due to its limited effect,
as shown in phases I and II, this drug was discontinued [17].
Afatinib, an irreversible tyrosine kinase inhibitor, simulta-
neously targets HER2 and HER4 [18]. It also suppresses
HER3-mediated signaling [19].

Natural compounds are one of the potential sources of
bioactive compounds [20]. Plant-derived compounds pos-
sess a wide range of therapeutic actions, which include
anticancer, antidiabetic, antibacterial, and antifungal ac-
tivities [21–23]. 'e anticancer activity of various plant-
derived compounds has been reported in various studies
[24–28]. 'is study elucidates the molecular docking and
dynamic results between biochemical compounds taken
from five different plants, namely, Tinospora cordifolia,
Ocimum tenuiflorum, Podophyllum hexandrum, Androgra-
phis paniculata, and Beta vulgaris, and two proteins, namely,
human ERα (PDP Id: 2IOG) and HER4/ErbB4 (PDP Id:
3BBT), to propose a natural phytochemical compound
which could potentially treat breast cancer.

2. Materials and Methods

2.1. Protein and Ligand. 'e 3D crystal structures of the
proteins considered in this study were imported from the
Protein Data Bank (RCSB PDB) Web server [28]. For the
following study, two proteins were taken for the search of
their antagonists, HER4/ErbB4 kinase (PDB ID: 3BBT) and
human estrogen receptor ɑ (PBD ID: 2IOG).

2.2. Ligands. For the analysis and prediction of the potential
ligand, a data set of 62 phytocompounds from Tinospora
cordifolia, Podophyllum hexandrum, Andrographis pan-
iculata, Beet vulgaris, and Ocimum sanctum was selected
(Table 1). 'e structures obtained from the PubChem

database [27, 29] of all compounds were converted from .sdf
format to .pdb format using the Discovery Studio Visualizer
by BIOVIA.

2.3. ADME Testing. 'e SwissADME tool [30] by ExPASy
tools was used to determine the values of parameters pro-
posed in the Lipinski Rule of Five [31]. In addition to lip-
ophilicity, the number of hydrogen bond donors and
accepters, and molecular weight, one parameter, molar re-
fractivity (Ghose rule), was also taken into account to test the
drug-likeliness of all the 62 compounds [32].

2.4. Molecular Docking. Interaction studies of receptor
structure with selected ligands were performed using the
AutoDock v4.2.6 interface. 'e protocol started with the
preparation of a receptor/protein in which surrounding
water was removed from the vicinity of the protein, Kollman
charges were added, and polar hydrogens were added,
merging nonpolar at the same time. All the rotatable bonds
of the ligand were allowed to rotate, and the Gasteiger
charges were computed. Grid coordinates were selected
using the existing inhibitor in the receptor after which the
bound inhibitor was also removed to vacate the active site.
'e Lamarckian GA output was used to obtain the docking
results using a genetic algorithm. Of the 10 conformations
obtained, the one with the least binding energy was selected,
and 2D binding interactions between active site residues and
the ligand were generated using the BIOVIA Discovery
Studio Visualizer v19.1.0.18287.

2.5. Molecular Dynamics. 100 ns simulations of the docked
receptor-ligand complex were carried out. Molecular sim-
ulations were carried out on the Desmond–Maestro module
2020. All the parameters and algorithms were kept as default.
Desmond by itself uses the most efficient algorithms for
generating precise output data. 'e TIP3P model system of
water was provided to the docked complex to provide a
medium. 0.15MNa+ ions were added to neutralize the whole
system with OPLS-AA 2005 as the assigned force field. 'e
SHAKE/RATTLE algorithm restricted the covalent bond
movement. NVT ensemble with 300K as temperature and
1 bar as pressure, and all inputs were combined using the
RESPA integrator. 100 ns simulations were allowed to be
subdivided into 1000 frames for dynamic analysis of protein-
ligand interaction [33, 34].

2.6. PASS Webserver. Based on the structures using multi-
level neighbors of atoms description, the PASS webserver
can be used to predict the biological activity of the com-
pound.'e SMILES of the compound are taken as the input,
and the probability of a biological activity can be obtained as
the output.

3. Result and Discussion

3.1. ADME Testing. A preliminary structure-based analysis
was conducted on the selected 62 phytocompounds which
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were reported in our earlier study [35]. Compounds were
subjected to a total of 5 parameters: logP/lipophilicity (<5),
molar refractivity (40–130), molecular weight (<500Da),
hydrogen bond acceptor (<10), and hydrogen bond donors
(<5) [36, 37]. 18 small molecules showed two or more vi-
olations of parameters which resulted in their omission from
further analysis.

3.2. Molecular Docking. 'e minimum binding energy
among all 3BBT-isopropylideneandrographolide complexes
was −9.41 kcal/mol. A total of 16 residues interacted with the

ligand molecule. THR835 and PHE837 formed strong hy-
drogen bonds. Another type of interaction was alkyl and van
der Waals. CYS778, LEU825, ALA724, VAL707, LEU769,
and LYS726 formed an alkyl bond with iso-
propylideneandrographolide (Figure 1) (Table 2).

Out of the 10 conformations obtained for the 3BBT-
isocolumbin complex, −9.06 kcal/mol was the best binding
energy. Four different types of bond formation took place.
THR835 and LEU 825 interacted with the five membered
ring with pi-sigma interaction. ASP836 formed a conven-
tional carbon-hydrogen bond. LYS726, VAL756, LEU758,
LEU769, LEU839, and MET747 interacted by forming alkyl

Table 1: Molecular docking analysis with 2IOG.

Compounds Binding
energy

Ligand
efficiency

Inhibition
constant
(μM)

Intermolecular
energy

Vdw H bond desolvation
energy

Isopropylideneandrographolide −10.3 −0.37 0.02811 −11.2 −11.05
14-Acetylandrographolide −9.26 −0.33 0.16439 −11.34 −11.37
(8S,12 R)-Isoandrographolide −9.2 −0.37 0.18169 −10.39 −10.07
Dehydroandrographolide −9.07 −0.38 0.22425 −10.56 −10.15
Isocolumbin −9.05 −0.35 0.23209 −9.65 −9.58
Andrographolide −8.87 −0.35 0.31251 −10.66 −10.38
Palmarin −8.79 −0.33 0.36334 −9.38 −9.45
19-O-Acetyl-14-deoxy-11,12-
didehydroandrographolide −8.72 −0.32 0.40811 −10.51 −10.46

14-Deoxy-11,12-didehydroandrographolide −8.48 −0.35 0.60911 −9.97 −9.87
Azatoxin −8.41 −0.3 0.68172 −9.61 −9.61
Podophyllotoxin −8.38 −0.28 0.72584 −9.87 −9.77
4-Demethylpodophyllotoxin −8.35 −0.29 0.76082 −9.84 −9.86
Tinosporin −8.28 −0.29 0.85158 −9.77 −9.79
Palmatine −8.26 −0.32 0.88102 −9.45 −9.44
Tetrahydropalmatine −8.26 −0.32 0.87684 −9.46 −9.25
Luteolin −8.1 −0.39 1.16 −9.59 −9.04
Tembetarine −8.05 −0.32 1.26 −9.84 −9.61
Cirsilineol −7.89 −0.32 1.42 −9.77 −9.71
Cirsimaritin −7.81 −0.34 1.9 −9.3 −9.04
Apigenin −7.76 −0.39 2.06 −8.95 −8.57
Jatrorrhizine −7.75 −0.31 2.08 −8.95 −9
Rhamnetin −7.64 −0.33 2.5 −9.43 −8.93
Magnoflorine −7.62 −0.3 2.59 −8.81 −8.43
Aporphine −7.61 −0.42 2.63 −7.61 −7.25
Quercetin −7.61 −0.35 2.65 −9.4 −8.87
Isothymusin −7.41 −0.31 3.67 −9.2 −8.95
Kaempferol −7.39 −0.35 3.85 −8.88 −8.53
Moslosooflavone −7.17 −0.33 5.57 −8.36 −8.3
Rosmarinic acid −7.16 −0.28 5.63 −10.74 −10.42
Rhamnocitrin −7.12 −0.32 6.06 −8.61 −8.34
alpha-Elemene −6.89 −0.46 8.9 −7.49 −7.49
Betaxanthin −6.88 −0.26 9.06 −9.27 −9.61
Myrtenal −6.44 −0.59 19.15 −6.73 −6.46
Bornyl acetate −6.25 −0.45 26.32 −6.84 −6.82
Eugenol −5.49 −0.46 94.23 −6.69 −6.61
Methyl eugenol −5.26 −0.4 138.4 −6.46 −6.27
Berberin −5.25 −0.21 141.76 −5.85 −5.83
Ferulic acid −5.24 −0.37 144.6 −6.73 −5.47
Neral −5.19 −0.47 157.53 −6.38 −6.24
p-Coumaric acid −5.09 −0.42 186.95 −6.28 −4.94
Caffeic acid −5.08 −0.39 190.47 −6.57 −6.19
Syringic acid −4.86 −0.35 274.22 −6.35 −5.78
Betaine −3.6 −0.45 2310 −4.19 −2.83
Choline −3.16 −0.45 4810 −4.06 −3.63
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Figure 1: 3BBT residues interacting with isopropylideneandrographolide.

Table 2: Molecular docking analysis with 3BBT.

Compounds Binding
energy

Ligand
efficiency

Inhibition
constant
(μM)

Intermolecular
energy

Vdw H bond desolvation
energy

Isopropylideneandrographolide −9.41 −0.34 0.12718 −10.3 −10.2
Isocolumbin −9.06 −0.35 0.22848 −9.66 −9.46
Azatoxin −8.9 −0.32 0.30049 −10.09 −9.87
19-O-Acetyl-14-deoxy-11,12-
didehydroandrographolide −8.84 −0.33 0.329 −10.63 −10.48

Kaempferol −8.18 −0.39 1 −9.68 −9.41
(8S,12 R)-Isoandrographolide −8.11 −0.32 1.13 −9.31 −9.27
14-Acetylandrographolide −8.1 −0.29 1.16 −10.19 −10.04
14-Deoxy-11,12-didehydroandrographolide −7.97 −0.33 1.43 −9.46 −9.31
Cirsilineol −7.95 −0.32 1.49 −9.74 −9.38
Apigenin −7.95 −0.4 1.49 −9.14 −9.06
Betaxanthin −7.93 −0.31 1.53 −10.32 −8.98
Rhamnetin −7.88 −0.34 1.68 −9.67 −9.57
Andrographolide −7.87 −0.31 1.69 −9.66 −9.39
4-Demethylpodophyllotoxin −7.76 −0.27 2.06 −9.25 −8.96
Luteolin −7.68 −0.37 2.35 −9.17 −8.82
Berberin −7.6 −0.3 2.69 −8.2 −8.13
Palmatine −7.6 −0.29 2.67 −8.8 −8.7
alpha-Elemene −7.57 −0.5 2.82 −8.17 −8.18
Dehydroandrographolide −7.56 −0.32 2.86 −9.06 −8.7
Rhamnocitrin −7.54 −0.34 2.95 −9.04 −8.99
Palmarin −7.5 −0.28 3.19 −8.09 −8
Quercetin −7.48 −0.34 3.3 −9.27 −9.18
Moslosooflavone −7.47 −0.34 3.33 −8.67 −8.93
Cirsimaritin −7.33 −0.32 4.21 −8.83 −8.53
Podophyllotoxin −7.32 −0.24 4.31 −8.81 −8.83
Rosmarinic acid −7.2 −0.28 5.26 −10.78 −10.09
Magnoflorine −7.09 −0.28 6.4 −8.28 −8.32
Tetrahydropalmatine −6.99 −0.27 7.47 −8.19 −8.48
Jatrorrhizine −6.96 −0.28 7.86 −8.16 −8.2
Isothymusin −6.91 −0.29 8.64 −8.7 −8.42
Bornyl acetate −6.88 −0.49 9.09 −7.47 −7.36
Myrtenal −6.52 −0.59 16.71 −6.82 −6.84
Tembetarine −6.48 −0.26 17.84 −8.27 −8.35
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bonds with the ligand. 'e other six residues complemented
these interactions with van der Waal forces (Figure 2).

Figure 3 represents the best docked conformation of the
2IOG-isopropylideneandrographolide complex having a
binding energy of −10.3 kcal/mol. 18 residues in total
interacted with the present ligand. CYS530 and THR347
formed conventional hydrogen bonds. ASP351 was the only
residue forming a carbon-hydrogen bond. 4 residues
interacted with weak van der Waals forces. All the other
residues either interacted with either the alkyl or pi-alkyl
bond formation.

'e best complex with 14-actetylandrographolide
showed a binding energy of −9.26 kcal/mol; cumulatively, 21
residues around the ligand interacted with it. CYS530 and
MET343 acted as anchors forming strong conventional
hydrogen bonds. MET421, LEU384, MET388, LEU387,
PHE404, LEU525, and LEY346 formed either alkyl or pi-
alkyl bonds. 11 residues showed weak van der Waals in-
teractions. THR347 formed an unfavorable donor-donor
bond (Figure 4) (Table 1).

3.3. Molecular Dynamics. Simulation studies were carried
out on the two best docked complexes for each receptor
taken into account. Each dock was allowed to simulate in the
dynamic environment for 100 ns seconds to yield the po-
tential energy and total energy (Table 3).

3.4. Structural Deviation and Compactness. Using four pa-
rameters, the conformational stability of the protein and
ligand can be analyzed. 'e root mean square deviation
(RMSD), root mean square fluctuations (RMSF), radius of
gyration (rGyr), and solvent accessible surface area (SASA)
plots can be insightful for defining the compactness of
protein and ligand complexes.

3.4.1. HER4/ErbB4 Kinase (3BBT). A stabilized RMSD plot
can be observed with isocolumbin as the ligand molecule.
'e graph can be observed to fluctuate a little but around a
fixed average value only, i.e., 2.5 Å. Although during
20–40 ns a few small peaks are visible of magnitude 1 Å for
backbone atoms and Cɑ atoms, this sudden peak can be

regarded to the internal vibrations of the atoms. After 40 ns,
a stable plateau is attained, lasting throughout the simula-
tion. With isopropylideneandrographolide as a ligand
molecule, a significant deviation (>3) can be seen (>3 Å)
suggesting large conformational changes in the protein,
which is not preferable. After 40 ns the graph stabilizes to the
end around a value of 5 which is still higher compared to the
RMSD of the 3BBT-isocolumbin complex (Figure 5(a)).

RMSF graphs for both the ligand complexes can be
observed as they should be. Secondary structures like the
alpha-helix and beta-sheets are more rigid portions of the
protein and therefore should fluctuate less, which is exactly
what the RMSF plot showed. 'e unstructured part, in-
cluding loops and straight chains of amino acids, fluctuated
relatively more (Figure 5(b)).

'e rGyr plot for the isolcolumbin complex yielded a value
of 3.66± 0.12 Å. 'e probability distribution graph revealed

Table 2: Continued.

Compounds Binding
energy

Ligand
efficiency

Inhibition
constant
(μM)

Intermolecular
energy

Vdw H bond desolvation
energy

Tinosporin −6.19 −0.21 28.94 −7.68 −7.65
Caffeic acid −6.11 −0.47 33.16 −7.6 −6.32
Ferulic acid −5.85 −0.42 51.48 −7.34 −6.23
Neral −5.8 −0.53 56.3 −6.99 −6.88
p-Coumaric acid −5.79 −0.48 57.24 −6.98 −5.72
Methyl eugenol −5.73 −0.44 63.14 −6.92 −6.79
Syringic acid −5.41 −0.39 107.55 −6.91 −6.22
Eugenol −5.28 −0.44 134.03 −6.48 −6.46
Aporphine −5 −0.28 216.99 −5 −5.44
Betaine −3.69 −0.46 1980 −4.28 −2.67
Choline −2.91 −0.42 7360 −3.81 −3.93

Interactions
van der Waals Pi-Sigma
Carbon Hydrogen
Bond

Alkyl

Figure 2: 3BBT residues interacting with isocolumbin.

Evidence-Based Complementary and Alternative Medicine 5



that in most frames, the 3.66 Å was achieved with little or no
fluctuation overall. 'e isopropylideneandrographolide com-
plex showed a higher rGyr value of 4.40 Å with a very nominal
crest and troughs. Both the graphs suggest the compactness of
the complex; however, the lower value of isocolumbin gives it
an edge suggesting a more compact structure during the
simulation course (Figure 5(c)).

Isocolumbin again provides a lower SASA value than the
isopropylideneandrographolide; an average of 30 Å SASA is
observed with the isocolumbin ligand, whereas this number

goes up to 100 Å with the other ligand, with more variations
in the overall graph. 'e binding of isolcolumbin with the
protein is fairly more stable and the core residues are not
exposed to the surrounding water, suggesting a good binding
of the ligand with the 3BBT receptor (Figure 5(d)).

3.4.2. Human Estrogen Receptor ɑ (2IOG). Toward the later
stages of the dynamics, the RMSD plot with 14-acetylan-
drographolide stabilized almost at 3.2 without any

Interactions
van der Waals
Conventional Hydrogen
Bond

Pi-Alkyl
Alkyl

Carbon Hydrogen Bond

Figure 3: 2IOG residues interacting with isopropylideneandrographolide.

Interactions
van der Waals
Conventional Hydrogen
Bond

Pi-Alkyl
Alkyl

Unfavorable Donor-Donor

Figure 4: 2IOG residues interacting with 14-acetylandrographolide.

Table 3: Potential and total energies (kcal/mol) of systems obtained after 100 ns simulation.

S. no. Complex Potential energy (kcal/mol) Total energy (kcal/mol)
1. 3BBT-Isopropylideneandrographolide −166930.943 −205596.718
2. 3BBT-Isocolumbin −166941.883 −205610.056
3. 2IOG-Isopropylideneandrographolide −85478.448 −105151.438
4. 2IOG-14-Acetylandrographolide −85481.496 −105151.587
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considerable fluctuations. With the second ligand mole-
cule, i.e., isopropylideneandrographolide, the graph can be
observed averaging at about 3.5 Å. At the beginning, from
10 to 20 ns, a relatively higher peak can be observed, but
after 20 ns, the plateau is attained. Toward the end, there
was a dip in the graph as well. 'e observations are sug-
gestive of protein stability with both the ligand molecules
(Figure 6(a)).

Fluctuations considering residues as the basic entity were
measured using the RMSF plot. 'e general convention of
amino acids forming secondary structures deviating less as
compared to free amino acids such as loops and straight
chains was quite visibly followed by both ligand complexes.
'e binding pocket can be said to lie somewhere in the

middle of being flexible and rigid as residues of both natures
interacted with the ligand (Figure 6(b)).

'e rGyr plot is suggestive of the compactness of the
protein structure. At 100 ns, a value of 3.8 Å was obtained
with the protein-14-acetylandrographolide complex, while
with isopropylideneandrographolide a value of 4.2 Å was
obtained. 'e smaller value of 2IOG-14-acetylan-
drographolide suggests a more compact protein
(Figure 6(c)).

Both the complexes averaged 10 Å2 in the SASA plot
which is also confirmed by the probability distribution plot.
'e exposure of core residues to the surrounding solvent is
minimal which is an additive property to protein stability.
'e formation of a hydrophobic pocket around both
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Figure 5: Structural and compactness analysis. (a) Root mean square deviation (RMSD) plot. (b) Root mean square fluctuation (RMSF) plot.
(c) Radius of gyration (rGyr) plot. (d) Solvent accessible surface area (SASA) plot of isopropylideneandrographolide (blue) and isocolumbin
(orange) with 3BBT.
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residues also provides confirmation for the lower SASA
value (Figure 6(d)).

3.5. Secondary Structure Count and Interaction Dynamics.
44.39% of amino acids of 3BBTwhen bound to isocolumbin
took part in secondary structure formation, while with
isopropylideneandrographolide the percentage reduced to
41.03% which can be targeted toward the increased SASA
value.

A difference of 1% can be observed in the 2IOG protein
with two different ligands. With 14-acetylandrographolide, a
total of 58.08% of residues formed secondary structures,
while the number decreased to 57.07% with iso-
propylideneandrographolide (Table 4).

To assess the binding of protein-ligand complexes,
protein-ligand contact estimation and analysis become
crucial.

Considering the 3BBT-isocolumbin complex (Figure 7(b) ),
ASP836 and GLY838 anchored the ligand molecules with
multiple contacts, and both formed significant string hydrogen
bonds. 'ey are assisted by the VAL756 residue, which forms
the major water bridges. A total of 25 residues interacted with
the ligand at different instances. LYS726, PHE837, LEU758,
and VAL756 formed multiple types of bonds. 'e timeline
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Figure 6: Structural and compactness analysis. (a) Root mean square deviation (RMSD) plot. (b) Root mean square fluctuation (RMSF) plot.
(c) Radius of gyration (rGyr) plot. (d) Solvent accessible surface area (SASA) plot of isopropylideneandrographolide (blue) and 14-
acetylandrographolide (orange) with 2IOG.

Table 4: Protein secondary structure estimation.

Complex Helix
(%)

Strand
(%)

Total
(%)

3BBT-
Isopropylideneandrographolide 27.54 13.49 41.03

3BBT-Isolcolumbin 31.00 13.39 44.39
2IOG-14-Acetylandrographolide 55.23 2.86 58.08
2IOG-
Isopropylideneandrographolide 54.08 2.99 57.07

8 Evidence-Based Complementary and Alternative Medicine



graph showed a well-complemented scattered binding with
only 1 instant of no binding. 'e other complex with iso-
propylideneandrographolide (Figure 7(a)) interacts with 27
amino acids, but only only MET774 acts as the anchor to the
ligand.'e remaining amino acids interacted with the ligand in
a scattered and faded manner with a lot more instances of zero
contact with the ligand.

Two 2IOG complexes showed quite significant inter-
actions in their own sense. 'e complex with 14-acetylan-
drographolide had 31 total residues that interacted with it.
GLU419 forms a strong hydrogen bond along with HIS524
and a few more residues. ALA350, TRP383, LEU387,
MET388, LEU391, PHE404, VAL418, and LEU525
(Figure 7(c)) stabilized the protein-ligand complex using

hydrophobic interactions and contributed to the retention of
the ligand in the binding pocket. On the other hand, with
isopropylideneandrographolide, LEU346 formed major in-
teractions by showing 3 types of binding, i.e., hydrogen
bonds, hydrophobic bonds, and water bridges. 'e LEU346
interaction is briefly assisted by various residues such as
ALA350, LEU383, LEU391, LEU 428, MET525, MET421,
PHE404, and MET388 (Figure 7(d)). In the beginning, a lot
of instances can be observed having no contact with the
ligand which may explain the higher RMSD in the
beginning.

In the last decade or so, virtual screening of ligand li-
braries has proven to be a quite effective methodology for
aiding research in the therapy of various ailments. Breast
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Figure 7: Interaction analysis of (a) 3BBT- isopropylideneandrographolide, (b) 3BBT-isocolumbin, (c) 2IOG-isopropylideneandrographolide,
and (d) 2IOG-14-acetylandrographolide.
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cancer is one such ailment which predominantly affects
women. Developing a lead molecule for breast cancer is
important and also interesting, considering the complex
molecular nature. In this investigation, the computational-
based screening defines the initial steps toward the devel-
opment of a lead compound. Numerous other studies have
shown the essentiality of the protein molecules taken in this
study, i.e., the estrogen receptor and HER4 protein. Re-
cently, phytochemicals have been an area of interest for all
drug formulation experts, and a similar interest drove us to
explore the compounds known from five plants which are
under investigation for their anticancer effects. Beet vulgaris
has been of interest to many researchers, and they have
successfully shown its cytotoxic activities [38] against var-
ious tumors such as liver, skin, and lung tumors [38–41].
Similar activity is shown byOcimum sanctum extract against
leukemic cell lines [42], while Tinospora cordifolia is being
extensively studied. It modulatedmultiple pathways in colon
cancer to prevent its proliferation and growth [43]. Some
investigations regard Andrographis paniculata as a miracle
folk plant for treating cancer. Studies have concluded its
extract puts a stopper to cell growth and reduces the
chromosomal aberrations [44]. In certain cell lines, the
extract also influenced the inflammatory pathways by
inactivating NF-kB pathways [45]. Our study, coinciden-
tally, concluded to find two potential compounds extracted
from Andrographis paniculata alone and the other from
Tinospora cordifolia. Our study highlights the particular
compounds present in the extracts which can specifically
target the breast cancer proteins. 'e results are even sug-
gestive of a multitarget drug molecule, i.e.,
isopropylideneandrographolide.

4. PASS Webserver Prediction

'e webserver can be used to predict the biological activity
based on the ligand’s structure. 'e three shortlisted
compounds in the study were subjected to the prediction. All
of the compounds led to the same biological activity. 'e
probability of the ligands acting as antineoplastics, i.e., drugs
having tumor restrictive property, ranged between 0.882 and
0.959 when Pa>Pi (Table 5).

5. Conclusion

'e aim of this study was to identify natural compounds that
can prove effective against different proteins associated with
breast cancer with few or no side effects. Sixty-two com-
pounds from five selected plants were shortlisted for this
study, out of which eighteen compounds were ruled out in
violation with Lipinski’s rule of five. 'e least binding

affinities and corresponding binding poses for the remaining
forty-four compounds were determined. 'ereafter, MD
simulation studies were carried out on the two best docked
complexes for each receptor taken into account, followed by
prediction of biological activity of the lead compounds. 'e
results revealed that isocolumbin, iso-
propylideneandrographolide, and 14-acetylandrographolide
are lead compounds against selected breast cancer proteins.
All these compounds have antineoplastic effects. Further
research should be encouraged to determine the in vitro
efficacy of the lead compounds and their exact mechanism of
action.
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Objective. (−) Epicatechin (EP) is a naturally occurring antioxidant flavonoid found in some green plants. -e current study was
designed to evaluate the potential role of antioxidant mechanisms in the hepatoprotective properties of EP using the carbon
tetrachloride (CCl4)-induced acute liver injury model.Materials andMethods. Rats (n� 7 per group) were divided into five groups
including control group, (−) epicatechin group (20mg·kg−1 body weight), CCl4 group (1mL−1 body weight), CCl4-EP treatment
group, and CCl4-silymarin (SILY) group. -e levels of enzymes including hepatic malondialdehyde (MDA), glutathione (GSH),
catalase (CAT), glutathione S-transferase (GST), nitric oxide synthase (NOS), glutathione peroxidase (GPx), and cytochrome
P450 (CYP450) were analyzed via enzyme-linked immunosorbent assay (ELISA). Histological studies were performed on all
groups to assess the regenerative effects of test sample and compare it with the control group. Results. Test compound EP and
standard drug silymarin (SILY) considerably reduced liver function enzyme levels in the blood, which were raised by CCl4
administration, and increased serum albumin and total protein (TP) concentrations. -e hepatic malondialdehyde (MDA) level
was considerably declined, whereas glutathione (GSH), catalase (CAT), glutathione S-transferase (GST), nitric oxide synthase
(NOS), glutathione peroxidase (GPx), and cytochrome P450 (CYP450) levels were upregulated in the EC-treated groups. -e
hepatoprotective results of the study were further confirmed via the histological assessments, which indicated a regeneration of the
damaged hepatic tissue in treated rats. Conclusions. -e results of this study revealed a significant protective efficacy of EP against
CCl4-induced liver injury, which was potentially mediated via upregulation of antioxidant enzymes and direct scavenging effects
of the compound against free radicals.

1. Introduction

-e liver plays a key role in metabolism, storage, and se-
cretion and in the detoxification of harmful chemicals [1].

Carbohydrates, proteins, and fats are mainly metabolized in
the liver [2]. -e liver function can be negatively affected by
oxidative stress resulting from exposure to various xeno-
biotics (naturally occurring harmful compounds such as free
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radicals and hydroperoxides) [3, 4]. -e liver can also be
damaged by certain chemicals including paracetamol, CCl4,
and polycyclic aromatic hydrocarbons. Hepatic injury
caused by chronic exposure to these chemicals and via in-
fectious agents may lead to progressive liver fibrosis with
ultimate cirrhosis and liver failure [3]. Hepatic diseases
represent the fifth most prevalent cause of death according
to a statistical study done in the United Kingdom [5, 6]. In
2010, the “New Global Burden of Disease” estimated more
than one million deaths due to liver cirrhosis [7]. Although
liver issues can be life-threatening and are known to have a
high mortality rate, there is no complete treatment or
prevention. Alternatively, herbal products and pure com-
pounds are under consideration for the preventive and
therapeutic outcomes in liver diseases [8].

(−) Epicatechin (EP), an antioxidant flavonoid, belongs
to the catechin group and has numerous health benefits [9].
It is found in fruits, vegetables, and beverages. It can also be
obtained from green tea, tannins, grape seeds, and straw-
berries in very high amounts [10]. -e previous studies
revealed that the protective effects of EP are mediated
through oxidizing and reducing glutathione, protecting
tissues from any oxidative stress [11]. -e studies have also
shown that flavonoid-rich diets can reduce the risk of ox-
idative stress caused by excessive free radicals [3, 9]. -e
effect of prostacyclin (also known as prostaglandin I2 or
PGI2) in relation to CCl4-induced liver injury was previously
reported [8] and found that after in vitro poisoning with
CCl4, amino acid incorporation could be partially restored
by PGI2. PGI2 can reduce accumulated triglyceride and
serum glutamic oxaloacetic transaminase also known as
SGOT in the liver. Importantly, it can also increase liver
glycogen content 24 hours after CCl4-induced injury [12]. In
2002, a study demonstrated the efficacy of EP in rat liver
epithelial cells. It was noted at the end of the study that the
transport of connexin 43 between cellular compartments
was affected by tetradecanoylphorbol acetate (TPA), and it
was also noted that this effect could be neutralized by EP or
genistein [13]. Cui and his colleagues in 2014 conducted a
study on liver protection with an extract rich in polyphenols
(HMTP) against carbon tetrachloride-induced liver injury in
mice. -e protection of HMTP (extracted from Huangshan
Maofeng) against changes in the liver caused by CCl4 was
confirmed after a pathological study. As a result, it has been
suggested that hepatoprotection can be achieved from ex-
tracts containing polyphenols [14]. In 2019, a study proved
that hepatic veno-occlusive disease (VOD) can be reduced
by EP by stopping hepatic oxidation through nuclear factor
erythroid 2-related factor 2 (Nrf2). EP may prevent hepatitis
by terminating the signaling pathway nuclear factor-kappa B
(NF-κB) activated by protein 60 [15]. Another study de-
termined the efficacy of EP protection in rats concerning the
alteration of oxidative stress factors and inflammation fol-
lowing the treatment with cypermethrin (CYP). Further-
more, the levels of pro-inflammatory cytokines, nucleic acid
marker, interleukin 6 (IL-6), nitroguanidine, and tumor
necrosis factor-alpha (TNF-α) were increased due to CYP.
EP administration reduced the pro-inflammatory and
antioxidative effects in rats exposed to CYP [16].

Based on the protective potentials of EP, this study was
designed to evaluate its hepatoprotective potentials in CCl4-
induced toxicity models. -e effect of EC on liver enzymes,
MDA level, reduced glutathione (GSH), glutathione per-
oxidase activity (GPx), catalase activity (CAT), nitric oxide
synthase (NOS), glutathione S-transferase (GST), and cy-
tochrome P450 was evaluated. Further, the histological and
histopathological examinations were performed for various
treated groups to validate the protective and regenerative
effects of EC.

2. Materials and Methods

2.1.Animals. Adult male Wistar rats weighing 238.5± 38.5 g
were used in this study. -e animals were purchased from
the Central Animal House, King Fahd Medical Research
Center at KAU, Jeddah, KSA. -e rats were fed standard rat
pellets and water ad libitum. -e protocol for animal care
and handling used in this study was approved by the Animal
Care and Use Committee, KAU, with Reference No: 520-18.

2.2. Chemicals and Drugs. Silymarin (SILY) and EP were
purchased from Sigma-Aldrich (St. Louis, Missouri, USA;
MDL numbers MFCD00075648 and MFCD01776359), re-
spectively. Carbon tetrachloride (CCl4) was purchased from
the Laboratory of Faculty of Sciences, KAU. Dimethyl
sulfoxide (DMSO) and other consumables were purchased
from authentic distributors. (−) Epicatechin was dispersed in
DMSO and distilled water, whereas silymarin solutions were
prepared in distilled water.

2.3. Experimental Design. -e rats were randomly divided
into five groups with each group containing seven animals
(n� 7) as follows. -e following groups were devised for the
study:

Group I (control/placebo group): the animals of this
group were maintained on normal diet and were used
as the placebo control group.
Group II (EC group): the animals received (−) epi-
catechin orally (20mg·kg−1 body weight for 3 weeks)
[11].
Group III (CCl4 group): this is the disease control
group. -e animals of this group received CCl4 (mixed
with olive oil 50%) [17] intraperitoneally (1ml·kg−1

body weight two times/week continued for 3 weeks).
Group IV (CCl4 and EP group): the animals of this
group received CCl4 intraperitoneally (1ml·kg−1 body
weight twice/week continued for 3 weeks) and (−)
epicatechin orally (20mg·kg−1 body weight for 3
weeks).
Group V (CCl4 and SILY group): the animals of this
group received CCl4 intraperitoneally (1ml·kg−1 body
weight twice/week for 3 weeks) and standard hep-
atoprotective drug silymarin orally (50mg·kg−1 body
weight of for 21 days) [18].
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-e rats were fasted for 12 hours, euthanized, and blood
samples were collected. Blood was set for coagulation at the
room temperature. After that, centrifugation was done at
2500 rpm for 15 minutes to separate the serum. For the
biochemical assessment of liver function, the serumwas kept
at −20°C. -e animals’ livers were dissected and cut into
small pieces; some pieces were immediately frozen under
−80°C for ELISA examination and antioxidant enzyme
detection, and other pieces were fixed in 10% neutral
buffered formalin for histopathological studies.

2.4. Liver FunctionAssessment. Alanine amino transaminase
(ALT), aspartate amino transaminase (AST), and alkaline
phosphatase (ALP) [19] were measured by an automated
analyzer (FLEXOR EL200, France), and several different
liver markers were measured, including total protein (TP)
and albumin following previously reported standard pro-
cedures [20].

2.5. Biochemical Analysis of Antioxidant Enzymes. -e liver
sections were homogenized in 50mM K3PO4 at pH of 7.5
and 1mM EDTA for the measurements of CAT, NO, GPx,
and GSH. Sonication was performed twice on homogenized
tissues with interval of 30 s at 4°C. After that, centrifugation
was applied for 10 minutes at 4000 rpm·min−1. -e con-
centrations of the enzymes were estimated following pre-
viously reported protocols [20–22].

2.6. Measurement of Malondialdehyde (MDA) Level. -e
determination of MDA level in the hepatic homogenates was
performed using kits from Biodiagnostic, Egypt.-e adducts
were produced when thiobarbituric acid reacted with ho-
mogenate in a water bath and were separated by n-butanol.
Malondialdehyde was calculated by the difference in optical
densities (ODs), which were produced at different wave-
lengths of 535 nm and 525 nm.-e results were expressed as
nmol·g−1 tissue [23].

2.7. Reduced Glutathione (GSH) Analysis. GSH is the most
important antioxidant synthesized in cells. It is a re-
ducing molecule, which can react with oxygen species by
neutralizing the unpaired electrons that make them
highly reactive and dangerous. GSH level in liver cell
homogenate was determined following previously re-
ported standard protocol [24] using biodiagnostic assay
kits. Briefly, glutathione was added into GSH monoclonal
precoated wells and then incubated. Biotin-labeled anti-
GSH antibodies were added to combine with HRP-
conjugated streptavidin, which forms an antigen-anti-
body complex. After incubation, the enzymes that
remained unbound were washed and removed. Substrates
A and B were added to the solution, and the change in
color was observed. -ere is a positive correlation be-
tween the concentration of rat GSH and the shades of the
solution. -e concentration of GSH was expressed as
mmol g−1 tissue.

2.8. Estimation of Glutathione Peroxidase Activity (GPx).
Kits provided by Biodiagnostic, Egypt, were used to de-
termine the GPx of the liver homogenates. -is was cal-
culated in a coupled enzyme assay with glutathione
reductase by calculating the oxidation of nicotinamide ad-
enine dinucleotide phosphate keeping hydrogen peroxide
(H2O2) as the substrate at 340 nm [25]. It was demonstrated
in nmol/min/mg protein.

2.9. Estimation of Tissue Catalase Activity (CAT). -e de-
termination of CAT in the hepatic homogenates was per-
formed using kits from Biodiagnostic, Egypt, and was
calculated according to Aebi [26]. Hydrogen peroxide reacts
with CAT enzyme of known amount. -e reaction was
stopped after the addition of catalase inhibitor after exactly
one minute. -e rest of the hydrogen peroxide forms a
chromophore by reacting with DHBS and AAP. -is
chromophore has a color intensity inversely related to the
quantity of CAT present in the original sample. -e ab-
sorbance of samples was observed at 510 nm. It was dem-
onstrated in µmol/min/mg [23].

2.10. Analysis of Nitric Oxide Synthase (NOS). -e level of
NOS in homogenized hepatic tissues was measured using
specific enzyme-linked immunosorbent assay (ELISA) kits,
provided by Bioassay Technology. Nitric oxide synthase in
liver cell lysates was calculated by the procedure reported
previously [24]. NOS was added to the precoated NOS
monoclonal antibody wells and then incubated. Anti-NOS
biotin-labeled antibodies combined with streptavidin-HRP
were added, forming an immune complex. -e enzymes
remained unbound after the incubation was removed and
washed. Two substrates A and B were added, which turned
the color of the solution into blue, which then changed into
yellow due to the acid. -ere is a positive correlation be-
tween the solution shades and the concentration of NOS
[27]. -e concentration of NO was expressed as pg·mg−1

protein.

2.11. Determination of Glutathione S-Transferases (GST).
-e level of GST in homogenized liver tissues was measured
using ELISA kits. Kits were provided by Biodiagnostic,
Egypt, and GST was calculated via previously reported
procedure [28]. -e procedure relied upon the conjugation
of GSH with CDNB. -is occurs when GST forms adduct of
2,4-dinitrophenyl-S-glutathione. -is adduct was calculated
via a beam spectrophotometer at 340 nm.

2.12. Assessments of Cytochrome P450. Cytochrome P450 in
hepatic homogenates was determined utilizing kits given by
Bioassay Technology. For the analysis of the cytochrome
P450 1A2 (CYP1A2), these kits use biotin double-antibody
sandwich technology-based ELISA. CYP1A2 in cell lysates
was calculated by the procedure given by [24]. CYP1A2 was
added to the CYP1A2 precoated monoclonal antibody wells,
which were later set for incubation. After the incubation of
these cells, the immune complex was formed by the addition
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of anti-CYP1A2 biotin-labeled antibodies and was com-
bined with streptavidin-HRP. -ose enzymes that were not
bound were removed and washed. -en, we added two
substrates A and B. As a result, the color of the solution
changed to blue, which then changed to yellow. -ere is a
positive correlation between the concentration of (CYP1A2)
and the shades of the solution.

2.13. Histological and Histopathological Studies. -e rats
were dissected via an abdominal incision after anestheti-
zation. -e livers of the rats were extracted for microscopic
histopathological examinations. -e liver was cut into slices,
fixed in 10% formalin, washed, dehydrated in the ascending
graded series of alcohol cleared in xylene, and embedded in
paraffin. -e sections of 5 μm thickness were stained with
hematoxylin and eosin (H&E), and other sections were
stained with Masson’s trichrome. -ese sections were ex-
amined under the light microscope (Olympus BX61, USA)
with a digital camera (Olympus DP72, USA). -e photo-
graphs with different magnifications were then screened to
study the liver injury and the protection efficiency.

2.14. Statistical Study. All results were expressed as
mean± SD. -e data were analyzed utilizing GraphPad
Prism 3.0 Software. -e differences among the experimental
groups were detected by t-test. -e values of p≤ 0.05 were
considered statistically significant.

3. Results

3.1. (−) Epicatechin Positively Modulates Liver Function
Parameters. -e concentrations of ALT, AST, ALP, TP, and
albumin were measured in samples to assess liver function. It
was observed that the activity of ALT, AST, and ALP was
significantly increased (p< 0.001), while TP and serum
albumin levels were noticeably decreased (p< 0.001) in
CCl4-injected rats compared with the control group. -ere
was a decrease in AST, ALP, and ALT levels in group IV
(CCl4 and EP) and group V (CCl4 and SILY), whereas TP
and albumin levels were increased when compared with
group III (CCl4) (p< 0.001). Furthermore, the level of AST,
ALP, and ALT was decreased in the SILY and CCl4 groups
compared with group I (p< 0.01, 0.01, and 0.05). -e de-
ficiency was improved by EP treatment (p< 0.001) and SILY
treatment (p< 0.01) (Table 1).

3.2. (−) Epicatechin Modulates MDA and GSH in the CCl4
Toxicity Model. -e results of the oxidative stress changes
are summarized in Figure 1. An increase in the level of MDA
was observed after CCl4 administration compared with the
control group (p< 0.001).-e animals in group V (CCl4 and
SILY) also showed an increase in MDA in comparison with
the control group (p< 0.01) (Figure 1). -e rats with CCl4-
induced hepatic injury and treated with EP showed a de-
crease in MDA level compared with group III (CCl4)
(p< 0.001). Similar results were observed in group V when
compared with group III (p< 0.01). -e injection of CCl4

decreased the liver GSH level in group III compared with the
control group (p< 0.001). -e treatment with EP and SILY
in groups IV and V increased the level of GSH compared
with that in group III (Figure 1).

3.3. Effect of (−) Epicatechin on Liver GPx and CATCaused by
CCl4. -e activities of GPx and CATdecreased in group III
(CCl4) compared with the control group (p< 0.001). -e
decrease in CAT level was also noted in group V (CCl4 and
SILY) compared with the control group (p< 0.01). -e rats
in groups IV and V showed an increased level of GPx
(p< 0.001) and (p< 0.001), respectively, compared with the
CCl4 group (Figure 2). -e treatment of CCl4-injected rats
with either EP or SILY increased CAT activity in the liver
(p< 0.001 and p< 0.001, respectively) compared with the
CCl4 group (Figure 2).

3.4. (−) Epicatechin and Silymarin’s Effects on Liver NOS
Activities. In the NOS study, it was found that the NOS level
in group III (34.8± 10.37) was significantly reduced when
compared to the control group (72.77± 14.88) (p< 0.001).
-e treatment of CCl4-injected rats with either EP or SILY
increased NOS activity at p< 0.001 (Figure 3).

3.5. Effect of (−) Epicatechin on Liver GST and CYP450.
As shown in Figures 4 and 5, GST and CYP450 activities
were decreased (p< 0.001) in group III (CCl4) compared
with the control group. SILY treatment resulted in a sig-
nificant increase (p< 0.001) in GST activity compared with
the control group. -e decline in GST and CYP450 levels
after CCl3 treatment was significantly (p< 0.001) reversed
by EP treatment. Similar results were observed in the SILY-
treated groups, whereby GSTand CYP450 were significantly
improved (p< 0.001 and p< 0.001, respectively) when
compared with group III (CCl4). Moreover, the increase in
the GST activity of EP-treated group (group IV) was very
comparable with the SILY-treated group (group V). -e
MDA level was significantly reduced, whereas proteins were
increased as shown in Figures 6 and 7.

3.6. Effect of EP and SILY Treatment on Histopathological
Changes in theLiver InducedbyCCl4. To evaluate the effect of
EP or SILY in the liver of CCl4-injected rats, we performed
hematoxylin and eosin (H&E) and Masson’s trichrome
staining.

3.6.1. Hematoxylin and Eosin (H&E) Stain. -e sections
from groups I and II showed a normal histological structure
of hepatic tissue (Figure 8), while liver sections from the
CCl4-treated group showed narrowing of the sinusoidal
lumen and irregularity in the liver parenchyma. A large
number of inflammatory cells surrounded the central vein
(CV), which replaced the degenerated necrotic cells. In-
flammatory cells were also present in the portal area (PA),
which showed thickening of blood vessel walls. After
treatment with either EP or SILY, the hepatic tissue retained
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its normal architecture. -e severity of hepatic fibrosis
decreased except for some hepatocytes that showed necrosis
around the CV. -ese results demonstrated that EP and
SILY have a vital role in improving liver fibrosis.

3.6.2. Masson’s Trichrome. Collagen deposition and hepatic
fibrosis were detected by Masson’s trichrome stain. Collagen
appeared distributed in few amounts around the central vein
and portal area in the control and EP groups (Figure 9). -e
deposition of blue collagen and red fibers increased in the
CCl4-treated group in CV and PA by a somewhat greater
amount. After treatment with EP and SILY, the amount of
collagen decreased compared with group III.

4. Discussion

Hepatic injury may lead to inflammation, fibrosis, and
necrosis causing liver failure [29]. Phytochemicals from
several plants have been used for medicinal purposes in

many regions of the world [30–33]. Silymarin, a highly
potent phytochemical, is used against hepatic diseases [34].
Since EP belongs to polyphenols, which are potent anti-
oxidants against ROS-induced oxidative stress, it is used to
control liver diseases [35]. CCl4 is commonly used in
hepatotoxicity studies using experimental animal models
because it causes lipid peroxidation due to the production of
free radicals [36]. CCl4 is the best animal model charac-
terized by free radical-induced hepatotoxicity by xenobiotics
[37]. In this analysis, CCl4 caused significant hepatic damage
and oxidative stress in animals as evidenced by altered liver
function tests and antioxidant enzymes [36, 38].

-is study revealed the attenuating effects of EP and
SILY against CCl4-induced liver injury in rats. As indicated
by our findings, EP administration significantly improved
liver functions by decreasing blood ALT, AST, and ALP
levels and increasing the levels of TP and serum albumin. EP
treatment, especially in combination with SILY, declined
MDA levels and ROS production, whereas NOS and CYP450

Table 1: Effect of (−) epicatechin on ALT, AST, ALP, total protein, and albumin concentrations.

Samples Control EP CCl4 CCl4-EP CCl4-SILY Samples Control EP CCl4 CCl4-EP CCl4-SILY
Serum ALT activity (U·L−1) Serum AST activity (U·L−1)

1 15.23 9.84 80.15 19.2 13.33 1 36.31 24.12 118.09 25.07 35.54
2 11.42 11.11 41.74 10.79 18.57 2 30.28 30.45 129.83 35.87 55.22
3 14.6 10.15 37.45 12.06 13.33 3 25.07 21.9 124.12 30.15 28.24
4 13.33 14.6 26.66 18.25 19.84 4 24.75 22.85 143.16 29.83 48.72
5 12.69 8.89 55.23 17.93 21.74 5 25.07 19.67 125.39 26.34 53.17
6 10.15 8.57 66.32 12.06 25.98 6 28.24 26.34 95.07 26.97 30.46
7 11.74 13.33 72.38 18.25 30.74 7 18.72 26.97 121.9 39.67 27.29
8 9.2 9.84 82.38 22.45 35.40 8 23.17 19.67 84.12 35.8 52.99
9 10.79 12.06 27.5 18.22 19.00 9 25.07 15.87 130.15 26.7 22.21
10 7.93 8.25 73.65 17.00 25.00 10 36.87 30.15 93.17 36.2 50.34
Mean 11.70 10.66 56.34∗∗∗ 16.62### 22.29∗### Mean 27.35 23.79 116.5∗∗∗ 31.26### 40.418###,∗∗

∗p vs. control 0.82 4.04 0.22 0.027
∗p vs.
control 0.14 8.03 0.53 0.011

#p vs. CCl4
group 5.50 3.30 #p vs. CCl4 3.14 6.68
#p vs. SILY
group 0.078 #p vs. SILY 0.07

Serum ALP activity (U·L−1) Serum albumin level (g %)
1 58.81 49.62 165.46 64.11 111.19 1 3.064 2.74 2.78 3.12 2.59
2 102.92 49.62 168 79.95 128.76 2 3.206 3.46 2.50 2.77 2.55
3 101.01 68.92 162.66 45.03 73.52 3 3.149 3.70 2.86 2.76 3.03
4 85.46 85.46 110.54 36.76 67.08 4 2.809 3.50 2.67 3.59 3.18
5 102.44 94.65 107.52 48.70 55.95 5 3.20 3.01 2.22 3.12 3.18
6 44.70 45.03 175.35 61.57 110.28 6 3.45 3.26 2.11 3.03 3.39
7 38.57 36.76 91.46 38.59 116.71 7 3.21 3.64 2.10 3.26 3.39
8 38.59 88.46 151.46 97.23 67.30 8 3.45 2.95 2.81 3.21 3.18
9 40.11 98.00 162.49 100.3 143.47 9 3.33 3.54 2.25 3.4 3.43
10 52.95 51.46 172.60 103.2 55.35 10 2.95 3.21 2.56 3.56 2.11
Mean 66.56 66.80 146.75∗∗∗ 67.54### 92.96###,∗∗ Mean 3.18 3.30 2.49∗∗∗ 3.18### 3.00###

∗p vs. control 0.983 1.03 0.93 0.01
∗p vs.
control 0.327 9.90 0.97 0.27

#p vs. CCl4
group 7.83 1.10 #p vs. CCl4 4.62 0.00075
#p vs. SILY
group 0.06 #p vs. SILY 0.30

-e data are presented as the mean± SD (n� 7). p∗ ≤ 0.05 vs. control group and p# ≤ 0.05 vs. CCl4 group. Control: placebo group; EP: (−) epicatechin group;
CCl4-EP: CCl4 and (−) epicatechin group; SILY: silymarin group.
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levels were upregulated. Moreover, EP and SILY have im-
proved the hepatic histopathological changes caused by CCl4
administration.

-is study showed that EP and SILY can protect against
CCl4-induced liver injury. -ese results were in accordance
with previously reported studies [39, 40], where the findings
suggested that EP or SILY could be important potential
protective supplements against liver injury induced by CCl4

in rats. It should be noted that the most common marker
enzymes in the liver are AST, ALT, and ALP, whereas MDA,
GSH, GPx, and CAT are vital oxidants and antioxidant
balance biomarkers [41]. -e toxic effects of CCl4 are me-
diated via free radicals leading to an increase in lipid per-
oxide, which is a major cause of CCl4-induced hepatic injury
[42]. An increase in serum MDA was observed in this study,
while the CCl4-treated group, in comparison with the first
group, showed a significant decrease in hepatic GSH, GPx,
and CAT activities. -e level of MDA in the liver has been
used to assess the extent of liver damage [30].

During (−) epicatechin and silymarin treatments, the
level of enzymatic antioxidants showed a significant

Effect of various treatments on MDA and GSH levels
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Figure 1: (−) Epicatechin and silymarin’s effect on liver MDA and
GSH activities caused by carbon tetrachloride. -e data are pre-
sented as the mean± SD (n� 7). ns: values not significantly dif-
ferent when compared with the CCl4-treated group. ∗∗p< 0.01 and
∗∗∗p< 0.001 vs. CCl4 group (GSH group); ##p< 0.01 and
###p< 0.001 values vs. CCl4 group (MDA group).
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Figure 2: (−) Epicatechin and silymarin’s effect on liver GPx and
CAT activities caused by carbon tetrachloride. -e data are pre-
sented as the mean± SD (n� 7). ns: values not significantly dif-
ferent when compared with the CCl4-treated group. ∗∗p< 0.01 and
∗∗∗p< 0.001 vs. CCl4 group (GPx group); ###p< 0.001 values vs.
CCl4 group (CAT group) and ‡p< 0.05 vs. SILY group.

Efect of various treatments on liver NOS levels
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Figure 3: (−) Epicatechin and silymarin’s effect on liver NOS
activities caused by carbon tetrachloride. -e data are presented as
the mean± SD (n� 7). ∗∗∗p< 0.001 vs. control group and
###p< 0.001 values vs. CCl4 group.

Efect of various treatments on liver GST levels
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Figure 4: (−) Epicatechin and silymarin’s effect on liver GST
activity caused. -e data are presented as the mean± SD (n� 7).
∗∗∗p< 0.001 vs. control group; ###p< 0.001 values vs. CCl4 group;
‡p< 0.05 vs. SILY group.
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increase. -is demonstrated that hepatic antioxidant activity
could be maintained and restored using these compounds.
-us, oxidative damage of the liver could be treated by
neutralizing it with antioxidants [43], increasing the activity
of the antioxidant enzymes and inhibiting the production of
MDA and lipid peroxidation [39].

GSH has an anti-hepatotoxic effect against oxidative
stress [44]. H2O2 is degraded into water and oxygen by CAT,
which protects hepatocytes from oxidative damage caused
by H2O2 [45]. A wide range of xenobiotics and carcinogens
are metabolized by the GST [46]. It has been proven from
many studies that carbon tetrachloride alters GST activities
[36, 47]. It was observed in this study that the level of GST

was decreased in the liver of rats with CCl4-induced injury
compared with the control group, which indicated that GST
in the liver could cause tumorigenesis during chronic liver
damage [38]. GSTcan be restored in the liver through the use
of EP and SILY as they detoxify CCl4 and protect the liver
from damage.

Oxidation of foreign chemicals occurs via cytochrome
P450 enzyme [39, 48]. It also metabolizes CCl4 to tri-
chloromethyl radicals leading to some harmful effects when
they interact with proteins and lipids [49]. A decrease in
hepatic CYP450 was also observed in this study on rats with
CCl4-induced injury when compared to the control group.
However, an increase in CYP450 activity was observed in the
EP- and SILY-treated groups when compared to the CCl4
group. Other studies have also shown that liver cytochrome
is affected by it [50].-is study showed that EP and SILY can
be used to protect the liver as they have antioxidant
properties. Nitric oxide synthase can also be considered as an
anti-inflammatory agent [27]. NOSmay play a critical role in
the prevention of hepatic injury and fibrosis [51]. In the
results of this work, it was observed that NOS level in the
CCl4 group was decreased compared with the control group.
Hepatic injury can be mitigated by the production of nitric
oxide [17]. -e treatment with EP and SILY restored the
level of NOS, and reference [52] found that (−) epicatechin
prevents oxidative stress and regulates nitric oxide bio-
availability. Reference [53] also reported that HIF-1α ex-
pression was reduced with silymarin and with iNOS.

-e histological study was applied to confirm the bio-
chemical findings. Microscopic observation showed that the
EP and SILY groups showed the best histopathological re-
sults compared with the CCl4 group. -ey may reduce liver
fibrosis and infiltration of inflammatory cells. -ese pro-
tective effects against several toxins have been reported in
the literature; Wang et al. demonstrated the protective ac-
tivity of catechin derivative epigallocatechin gallate (EGCG)
on hepatic injury caused by paracetamol. -eir research
showed that EGCG can reduce the occurrence of necrosis
around the CV in the liver [54]. A different study indicated
that catechin derivative EGCG (a beneficial plant compound
called polyphenol) can improve edema, steatosis, and de-
generation of the hepatocytes [55]. Cao et al. showed that
green tea protects liver tissue from alcohol-induced injury by
reducing lipid accumulation and preventing tissue damage
due to the presence of polyphenols and their antioxidant
effects [48].

It was confirmed by this study that carbon tetrachloride
changes the biochemical functions of the liver through
histological alteration. Necrosis of hepatocytes and their
replacement with other inflammatory cells in the third group
injected with carbon tetrachloride explained the fluctuation
of the enzymes of the liver and other sera possibly due to the
production of free radicals. -e same findings were also
discussed by [56] who reported that injuries caused by CCl4
in the liver caused inflammatory cell infiltration, fibrous
bridge formation, and perivenular cell necrosis. CCl4 depicts
its hepatotoxic effects through several pathways: dilation and
congestion of blood vessels, abnormal mitosis, hemosiderin
deposition, bile duct proliferation, and hepatocyte necrosis
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Figure 5: (−) Epicatechin and silymarin’s effect on liver CYP450.
-e data are presented as the mean± SD (n� 7). ∗∗∗p< 0.001 vs.
control group; ###p< 0.001 values vs. CCl4 group.

Effect of various treatments on Serum MDA level nmol/ml
***

Control-Serum MDA
EP-Serum MDA
CCl4-Serum MDA

CCl4/EP-Serum MDA
CCl4/SILY-Serum MDA

Treatment Groups

Co
nc

en
tr

at
in

s (
nm

ol
/m

l)

0

2

4

6

8

10

*
*

###

**
##

Figure 6: (−) Epicatechin and silymarin’s effect on serum MDA.
-e data are presented as the mean± SD (n� 7). ∗∗∗p< 0.001 vs.
control group; ###p< 0.001 values vs. CCl4 group.
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Efect of various treatments on proteins level
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Figure 7: (−) Epicatechin and silymarin’s effect on proteins. -e data are presented as the mean± SD (n� 7). ∗∗∗p< 0.001 vs. control group;
###p< 0.001 values vs. CCl4 group.
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Figure 8: (−) Epicatechin and silymarin’s effect on the liver’s histopathological changes in both central vein (CV) and portal area (PA)
regions caused by carbon tetrachloride. GI: control normal hepatocytes (H) in both central vein (CV) and portal area (PA) with few
connective tissue cells (asterisk). BD: bile duct. GII: EP showing the normal cytoarchitecture of the lobule.-e central vein is surrounded by
hepatic cells separated by blood sinusoids. GIII: CCl4 showing cell necrosis around CV with inflammatory cells and fibroblasts (black
asterisks), vascular wall (HA) thickening (white arrow) with inflammatory cells (black asterisks), and degenerating hepatocytes (black
arrow) in the portal area. GIV: CCl4 and EP showing only a few fibrotic and inflammatory cells (black asterisks) around CV and thickening
of artery (HA). Absence of fibrotic and inflammatory cells in PA (asterisks). GV: CCl4 and SILY. Absence of fibrotic and inflammatory cells
except for a small area (asterisks) around CV and PA.
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[57]. EP coupled with SILY exhibited considerable hep-
atoprotective effects in the liver of rats treated by CCl4.
Among these two, EP proved to be more effective [58]. As
discussed, EP is a very strong antioxidant [35] and it can be
used to protect the liver from many toxins.

5. Conclusion

-e findings of this study revealed that EP ameliorates
CCl4-induced hepatotoxicity and oxidative stress in rats.
-e intraperitoneal injection of CCl4 increases the ac-
tivity of ALT, AST, and ALP, decreases the levels of TP
and serum albumin, increases the level of MDA and ROS
production, and decreases the level of NOS and CYP450.
Oral administration of EP and SILY mitigates all of these
harmful effects in the livers of rats. -ey reduce oxidative
stress, suppress inflammatory cell infiltration, increase
the regenerative capacity of damaged tissues, and reduce
liver apoptosis. -us, we believe that the use of natural
products such as EP and SILY can aid in reducing the
toxic effects resulting from exposure to xenobiotics such
as CCl4 and other various toxic substances.
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Among all malignant tumors in the whole universe, the incidence and mortality of lung cancer disease rank first. Especially in the past
few years, the occurrence of lung cancer in the urban population has continued to increase, which seriously threatens the lives and health
of people. Among the many treatments for lung cancer, chemotherapy is the best one, but traditional chemotherapy has low specificity
and drug resistance. To address the above issue, this study reviews the five biological pathways that common terpenoid compounds in
medicinal plants interfere with the occurrence and development of lung cancer: cell proliferation, cell apoptosis, cell autophagy, cell
invasion, metastasis, and immune mechanism regulation. In addition, the mechanism of the terpenoid natural traditional Chinese
medicine monomer compound combined with Western medicine in the multipathway antilung cancer is summarized.

1. Introduction

*e latest research has shown that lung cancer is the most
common form of the malignant tumor whose morbidity and
mortality have increased year by year in recent years. It has
become the major cause of death due to cancer around the
globe [1, 2]. According to the latest report, in 2018, ap-
proximately 18.1 million people worldwide were affected by
different types of cancer. Among them, the number of deaths
caused by lung cancer is about 2.1 million [3].*ere has been
advanced technology operated to treat lung cancer named as
targeted therapy. *e earliest targeted drugs used in clinics
are mainly targeted at the epidermal growth factor and its
receptor (EGF-EGFR) pathway, tyrosine kinase inhibitor,
anti-VEGF monoclonal antibody, and VEGFR tyrosine ki-
nase inhibitor (VEGFR-TKI) [4]. Since the beginning of
2000, multitarget drugs have rapidly developed [5].

Crizotinib is an ALK inhibitor, but it also targets LTK,
CHEK2, FLT3, PHKG2, and RET. Nintedanib and sorafenib
are multiple tyrosine kinase inhibitors targeting FGFR,
PDGFR, and VEGFR [6]. Among them, gefitinib (Iressa) and
erlotinib (trocet) are the most commonly used inhibitors.
*ey are epidermal growth factor receptor inhibitors. Still,
because of their selectivity for patients with gene mutations
and the ease of medication, the occurrence of drug resistance
has become the bottleneck of its widespread application
[7, 8]. In the year 2020, there are a total of 89 small molecule
targeted antitumor drugs that were approved by the
American FDA and China’s NMPA. *ese small molecule
targeted at anticancer drugs are still at the challenging phase
where they face drug resistance and low response rates [9].

Many active ingredients derived from herbal medicines
of China have anticancer properties that include anti-
proliferative, proapoptotic, antimetastatic, and
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antiangiogenic effects [10]. *ese active ingredients can
target the gene targets of the malignant proliferation of
tumor cells, selectively induce tumor cell apoptosis without
affecting normal cells, provide new research strategies for
tumor treatment, and improve the treatment results of
patients with NSCLC. New research emerges, including
terpenoids, flavonoids, polyphenols, polysaccharides, and
alkaloids. [11]. Among them, terpenoids are natural prod-
ucts derived from mevalonic acid (mevalonic acid, MVA).
Terpenoids are composed of multiple isoprene (isoprene,
C5) structural units, and the general formula is (C5H8) n,
which is also the most common compound among natural
products. It is present in a large quantity in the plant
kingdom and has a large variety of styles. It has the potential
to be a lead compound to develop efficient and new and safe
antitumor drugs. At present, terpenoids with antitumor
activity are classified into monoterpenes, sesquiterpenes,
diterpenes, and triterpenes (Table 1).

In recent years, people have gradually realized that there
are major effects of natural products on NSCLC, especially
when it comes to improving anticancer activity and drug
sensitivity. On the basis of this fact, the anticancer mech-
anism of natural small molecule compounds of terpenoid
Chinese medicine on lung cancer has been summarized.

2. Cell Cycle Regulation and Inhibition of
Tumor Cell Proliferation

An important feature of tumor cells is uncontrolled growth.
*e occurrence of tumors stems from changes in genetic
material DNA (or genes), and this change is a multistep
cellular process of multiple genetic changes. As mentioned
above, cell cycle regulation is a delicate balance process, and
any defects in this process may lead to changes in genetic
information. *e different phases of the cell cycle are highly
accurately coordinated to ensure strict timing. For example,
cyclins, CDK inhibitors, and other regulatory molecules
need to be activated or degraded in time to ensure the
regular operation of the cell cycle [12, 13]. In the course of
normal cells into tumor cells, there may be cell cycle dis-
orders, tumor cell invasion and metastasis, and drug in-
sensitivity phenomenon [14]. Almost all tumors destroy the
cell cycle regulation mechanism, leading to the character-
istics of uncontrolled cell growth, blocked differentiation,
and abnormal apoptosis [15]. In short, the destruction of the
molecular regulation mechanism of the cell cycle, or the
disorder of its upstream agent, will lead to an abnormal cell
cycle. *e following content is introduced, that is, the
molecular mechanism of terpenoid natural TCM small
molecules in treating lung cancer by inhibiting cell prolif-
eration (Table 2).

Andrographolide (Andro) is the main active compound
that is wholly spread in Andrographis paniculata, a kind of
herb that is used as a natural remedy for various diseases
[23, 24]. Studies have shown that Andro treatment can
increase DNA fragmentation and reduce Na + -K+ -ATPase
activity, indicating α-subunit dysfunction and/or mito-
chondrial membrane damage, and also indicating mito-
chondrial dysfunction caused by AD, and reducing TGF-β1

and VEGF expression levels inhibits tumor cell proliferation
and downregulates PCK to promote lung cancer cell apo-
ptosis [16, 17].

*e small molecule active substance of licorice is mainly
glycyrrhizic acid with different chemical structure. Among
them, there are many related types of research on glycyr-
rhizinic acid [25, 26]. Glycyrrhizic acid has various me-
dicinal activities just like retinoic acid and steroids. Relevant
studies have shown that 18β-GA can inhibit cell prolifera-
tion and induce NSCLC cell apoptosis at least in part
[18, 19].

Glycyrrhetinic acid (GA) can inhibit cell lines of humans
(A549 and NCI-H460), of which A549 is more sensitive than
NCI-H460. Glycyrrhetinic acid activates p18/p16 to inac-
tivate the CDK4/6-cyclin-D1/D3 complex. Glycyrrhetinic
acid can activate p27/p21 to inactivate the CDK2-cyclin-E2
complex, thereby causing cell arrest in the G1 period. *is
condition can lead to the dephosphorylation of pRb in both
cell types to regulate cell cycle progression and the inacti-
vation of transcription factor 1 (E2F-1), a critical apoptotic
transcription factor. GA is upregulated, and it has the ability
to inhibit the proliferation of NSCLC cells via the emergency
pathway of the endoplasmic reticulum. GA induces chap-
erones of ER, which reduces the synthesis of proteins [27].

Carnosic acid has various biological functions, which
majorly include antibacterial, antioxidant, and anti-
proliferative activities [20]. Different treatment concentra-
tions of CA can inhibit the proliferation/G one and G 2/M
phases of IMR-90 and NCI-H460 cells [28].

*ere are two subclasses of ginsenosides, namely, pro-
topanaxadiol (PPD) and protopanaxatriol (PPT) [21]. Re-
lated research has synthesized 13 kinds of ginseng diol
derivatives through amino acids. Compared with PD, gin-
seng diol derivatives 3, 12, and 13 have a significant effect of
inhibition on the cell proliferation of cancer cells. Among
them, ginseng diol has the IC 50 value for A549 (IC
50�18.91± 1.03 microns) [19].

Astragaloside is the main active component of Astra-
galus, which is composed of many triterpene saponins,
including astragaloside I-IV [29]. *e study found that
astragaloside IV if given in high dose can inhibit the growth
of NSCLC cells (A549, HCC827, and NCI-H1299); while if it
is present in low concentration, there will be no apparent
cytotoxicity to the viability of the cell. In addition, astra-
galoside IV combined with medication majorly enhances the
chemosensitivity of NSCLC cells [22].

3. Mechanisms of Inducing Apoptosis of Lung
Cancer Cells

*e process of apoptosis is a highly conservative suicide
program of the cell. *e body clears excess cells and dan-
gerous cells through apoptosis to maintain homeostasis [30].
Inactivation of the apoptosis program can lead to the oc-
currence of autoimmune diseases and tumors. In cell cycle-
monitoring point function inactivation, the obstruction of
cell apoptosis can cause DNA damage to be carried into
daughter cells, thereby increasing genome instability and
causing cell malignancy [31]. Tumor cells can usually resist
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apoptosis [32]. At present, the primary strategies for targeted
tumor therapy include the following: (1) the expression of
the proapoptotic gene p53 is restored [33]; (2) the anti-
apoptotic gene Bcl-2 is inactivated [34]; (3) the sensitivity of
tumor cell apoptosis is increased by regulating metabolism
(Bax and Bak) [35]; and (4) biological therapy is related
(antibody-directed therapy, immunotherapy, virus-based
introduction of apoptosis-inducing factor p53, and

proapoptotic miRNA) [36–38]. *e following is introduced,
that is, the molecular mechanism of terpenoid natural
Chinese medicine small molecules to promote apoptosis of
cancerous cells in the treatment of lung cancer (Table 3).

Atractylodes macrocephala I and III (ATL-I, III) are
sesquiterpenoids derived from Atractylodes macrocephala. In
in vitro studies, Bcl-2 and Bcl-XL in the expression of A549
cells treated with ATL-I decreased. In vivo studies have shown

Table 1: Part of terpenoids and category of traditional Chinese medicine (TCM) for lung cancer treatment.

Category For example
Terpenoid natural TCM molecular
compound Monoterpene, sesquiterpene, diterpene, and triterpene

A single TCM Andrographis, licorice, carnosic, ginseng, astragalus, atractylodes, aucklandia, pachymic, rhizoma
bolbostemmae, curcumol, tripterygium wilfordii, and bupleurum

TCM monomer
Andro, glycyrrhizic acid, glycyrrhetinic acid, carnosic acid, ginsenosides, astragaloside, atractylodes
macrocephala, costunolide, pachymic acid, polyporenic acid, tubeimoside, ivy saponins, curcumol,

oridonin, triptolide, lupeol, betulinic acid, saikosaponin, and cucurbitacin

Table 2: Molecular mechanism of terpenoid natural TCM small molecules in treating lung cancer by inhibiting cell proliferation.

Terpenoid natural
TCM small molecules Experimental model Dose/concentration Mechanism of action Ref.

Andrographolide
(AD) H3255 NSCLC cells AD (1.0, 2.5, or 5.0 μM) for 24 h

Decreased in the na (+)-k
(+)-ATPase activities;

decreased VEGF and TGF-β1
level;

[16]inhibited protein kinase C
activities in H3255 cells.

Released lactate
dehydrogenase.

Increased DNA fragmentation
level.

Andrographolide
(AD) H3255 NSCLC cells AD (1, 5, or 10 μM) for 24, 48, or

72 h

Inhibited proliferation of
H3255 cell; decrease in MMP-9

expression and activity.
[17]

18β-glycyrrhetinic
acid (18β-GA)

A549, NCI-H460, and NCI-H23
NSCLC cells

18β-GA (80, 160, or 320 μM) for
24 h

Decrease in cell proliferation
induced by transfection with
TxAS small-interfering RNA

(siRNA); [18]

Inhibited TxAS and its initiated
ERK/CREB signaling.

Glycyrrhetinic acid
(GA) A549 and NCI-H460 NSCLC cells GA (50, 25, 12.5, 6.25 or3.125 μmol/

l) 24, 48, or 72 h

Arrested cell cycle in G0/G1.;

[19]

Inhibited (CKIs) (p18, p16,
p27, and p21);

Inhibited cyclins (cyclin-D1,
cyclin-D3, and cyclin-E);
Inhibited cyclin-dependent

kinases (CDKs) (CDK4, CDK6,
and CDK2).

Carnosic acid (CA)
IMR-90 (human fetal lung
fibroblasts) and NCI-H460 NSCLC
cells

CA (40, 80, 160, 240, or 320 μM)
24 h

Arrest at G0/G1 and G2/M
phases. [20]

13 panaxadiol (PD)

HepG-2 (human hepatoma cells),
A549 NSCLC cells, MCF-7 (human
breast cancer cells), or HCT-116

(human colon cancer cells)

PD (IC50 � 8.62± 0.23 μM) Inhibited cellular proliferation. [21]

Astragaloside IV A549, HCC827, NCI-H1299 NSCLC
cells

Astragaloside IV high doses (10, 20,
and 40 ng/ml) and low doses (1, 2.5,

and 5 ng/ml)

Inhibited the mRNA and
protein levels of B7-H3. [22]
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that ATL-I can effectively inhibit tumor growth in xenograft
of mice by upregulating caspase-3 and caspase-9 [40].

Costunolide is known to be present in the germacra-
nolide series. It was first extracted from the roots of Saus-
surea lappa Clarke [47]. Costus lactone is mediated by stress,
and exposure activates the (UPR) signaling pathway. In
addition, costus lactone induces ROS production, while the
antioxidant N-acetylcysteine (NAC) is effective. It blocked
ER stress and apoptosis activation, induced A549 cell ap-
optosis, and showed antitumor activity [41]. Costus lactone
involves in the activation of caspase-3 and induces SK-MES-
1 cell apoptosis [42].

Pachydermic acid (PA) can simultaneously induce ap-
optosis of NCI-H23 and NCI-H460 lung cancer. In addition,
PA inhibits the NCI-H23 growth and xenograft cancers with
an inability to cause toxicity in the host cell, inhibits pro-
liferation of cells in tumor xenograft tissues, induces tumor

cell apoptosis, and can also induce A549 cell apoptosis and
destroy mitochondrial membrane potential [43, 44].

Polyphonic acid C (PPAC) is a triterpene compound
derived from Poria cocos. PPAC induces cell apoptosis via
the death receptor. In addition, the inhibition of the PI3-
kinase/Akt signaling pathway and the enhancement of p53
activation indicate that this is an extra process to induce
apoptosis [45].

Tubeimoside I (TBMS1), also known as tubeimoside A,
is a triterpenoid isolated from the Bolbostemma pan-
iculatum plant [48]. Tubeimoside I also has the ability to
initiate apoptosis of lung cancer cells and destruct lysosome
and mitochondrial pathways. One of its mechanisms is to
induce DRP1-mediated mitochondrial breakage. It also
disrupts lysosomal acidification by inhibiting V-ATPase,
thereby blocking late-stage autophagic flux; this leads to the
accumulation of reactive oxygen species (ROS). Cathepsin B

Table 3:*emolecularmechanism of terpenoid natural Chinese medicine small molecules to promote tumor cell apoptosis in the treatment
of lung cancer.

Terpenoid natural TCM small
molecules Experimental model Dose/concentration Mechanism of action Ref.

Atractylodes
macrocephala I (ATL-I)

A549 and HCC827
NSCLC cells

ATL-I (10, 20, and 40 μM)
for 48 h

Upregulation of caspase-3, caspase-9, and
Bax; [39]

Downregulation of Bcl-2 and Bcl-XL

Atractylodes macrocephala
III (ATL-III) A549 NSCLC cells ATL-II I (1–100 μM) for

24 h

Increased lactate dehydrogenase release;

[40]Modulated cell cycle on A549 cells;
Induced the release of cytochrome c;

Upregulation of Bax expression

Costunolide A549 NSCLC cells Costunolide (0, 5, 10, 15,
25, or 30 μM) for 24 h

Upregulation of GRP78 and IRE1α and the
activation of ASK1 and JNK; [41]Induced ROS generation;

Changed the antiapoptotic function of Bcl-2;

Costunolide
SK-MES-1 human lung
squamous carcinoma

cells

Costunolide (40 and
80 µM) for 24 h

Induced cell cycle arrest at G1/S phase;

[42]
Upregulation in the expression of p53 and

Bax;
Downregulation in the expression of Bcl-2

and activation of caspase-3;

Pachymic acid (PA) NCI-H23 and NCI-H460
lung cancer cells

PA (20, 40, or 80 µM) for
24 h

Induced cell cycle arrest at G2/M phase;

[43]
Induced ROS generation;

Activation of both c-Jun N-terminal kinase
(JNK) and endoplasmic reticulum (ER) stress

apoptotic pathways.

Pachymic acid (PA) A549 NSCLC cells
PA (0, 3, 10, 30, 60, 100,
and 200 µM) for 24 or

48 h

Inhibited anchorage-dependent and
anchorage-independent A549 growth;

[44]

Induced apoptosis of A549 cells;
Decreased IL-1 beta-induced activation of

cPLA (2) and COX-2;
Suppressed IL-1 beta-induced activation of

MAPKs;
Inhibited IL-1 beta-stimulated nuclear factor

kappa B of NF-kB;

Polyporenic acid C (PPAC) A549 NSCLC cells PPAC (0, 2, 6, 20, 60, or
200 µM) for 24, 48, or 72 h

Suppressed PI3-kinase/Akt signal pathway; [45]Enhanced p53 activation.

Tubeimoside I (TBMS1) NCI-H1299 and NCI-
H1975 lung cancer cells

TBMS1 (0, 10, 20, and
30 µM) for 24 h

Induction of DRP1-mediated mitochondrial
fragmentation;

[46]
Inhibited V-ATPase and blocked late-stage

autophagic flux via;
Blocked the removal of dysfunctional

mitochondria;
Induced ROS generation.
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upregulates Bax-mediated mitochondrial outer membrane
permeability [46].

4. Autophagy and theTreatment of LungCancer

Cisplatin is an alkylating agent that has been approved for
the treatment of ovarian, bladder, and lung cancers.
However, accumulated evidence reveals the resistance to
this platinum-containing drug, especially in lung cancer.
*e modulation of apoptosis-regulating proteins is wildly
accepted as a major molecular mechanism associated
with chemoresistance. Cisplatin-induced DNA damage
generally results in the activation of p53 and, depending
on the extent of damage and induces a variety of cellular
responses including autophagy, apoptosis, and senes-
cence. In this study, cisplatin induced autophagy to
similar extents in H460 cells where p53 activity had been
nullified by CRISPR/Cas9 (H460 crp53) as in the parental
p53 wt H460 (H460wt) NSCLC cells and confirmed that
cisplatin induced two different functional forms of
autophagy, protective autophagy in the H460crp53 cells,
and nonprotective autophagy in the H460wt cells. *is
autophagic switch was associated with greater sensitivity
to cisplatin in the p53 wt cells. Of particular relevance,
with pharmacologic or genetic inhibition of the cyto-
protective autophagy in the p53 crp cells, the temporal
decline in cell viability in response to cisplatin became
virtually identical to that in the p53 wt cells through
increased susceptibility to the promotion of apoptosis.

Andrographolide (Andro) is an active compound dis-
persed in Andrographis paniculata. Andrographis pan-
iculata is a kind of herbal medicinal drug being utilized in
Asia as a traditional medicine to treat many diseases [23, 24].
At present, cisplatin is used as first-line treatments for lung
cancer. But, the effectiveness of this chemotherapy has the
limitation that it is drug resistant. At the same time, the
Andrographolide drug can inhibit cisplatin-induced auto-
phagy and enhance cisplatin-mediated apoptosis [49]. In
addition, Andro promotes the activation of Akt/mTOR
signal by downregulating PTEN and inhibiting autophagy,
resensitizing drug-resistant cells. Combination therapy with
cisplatin and andrographolide can significantly prevent the
growth of drug-resistant cells [50]. *erefore, Andro pro-
vides an ideal autophagy inhibitor candidate for clinical
applications.

*e inhibition of autophagy was found to improve the
chemotherapy and its efficacy [51] GA-induced inhibition
of cell proliferation and apoptosis are enhanced by
inhibiting autophagy of the JNK pathway [52]. Ivy sa-
ponins are triterpenoids, and the inducible accumulation
of ROS enhances cisplatin cytotoxicity by blocking
autophagic flux. *e proliferation of ROS promotes the
proapoptotic effects of cisplatin and paclitaxel, and the
ROS scavenger can eliminate the synergistic impact of
N-acetyl-L-cysteine [53]. *e above contents are de-
scribed, that is, the molecular mechanism of terpenoid
natural Chinese medicine small molecules to intervene in
tumor cell autophagy in the treatment of lung cancer
(Table 4).

5. Metastasis and Inhibition of Tumor Invasion

Metastasis linked with tumor invasion is a very complex
phenomenon; multiple molecules affect tumor invasion-
metastasis behavior from different aspects. Cell adhesion
molecules are the key molecules to maintain the tissue
structure, and they are also the main molecules that affect
cell adhesion and motility [54]. *e extracellular matrix is
the tissue barrier for cancer cell invasion and metastasis. *e
enzymes responsible for degrading the extracellular matrix
and their inhibitors are closely related to tumor metastasis
[55]. Hepatocyte growth factor (HGF) and chemotactic
factors are critical driving forces for tumor cell movement
[56]. Promoting and inhibiting the balance between VEGF,
PDGF, and TGF-β also directly affect the blood supply of
tumors, which further affect metastasis [57–59]. An in-depth
analysis of these various factors will help us more deeply
understand the mechanism of tumor metastasis.

Curcumin is a kind of sesquiterpenoids with pharma-
cological activity, and it is an essential bioactive component
mainly from plants of the genus Curcuma [60, 61]. Studies
have been conducted to extract zedoary turmeric essential oil
(EO-CZ) by steam distillation and to test the growth of
cancerous metastasis in mice. *e experimental results show
that EO-CZ has effects of antiproliferation on B16BL6 and
SMMC-7721 cells. MMP-7 is the smallest member of the
matrix metalloproteinase. Extracellular matrix and substrate
together constitute the first barrier in tumor metastasis, and
its degradation is tumor invasion, and it is the critical link of
transfer [62].

Tumor cells can induce tumor lymphatic endothelial cell
(LEC) proliferation and lymphangiogenesis by expressing
VEGF-C and VEGF-D to increase the number of lymphatic
vessels and promote tumors. Lymphatic metastasis of cells
can also increase the permeability of lymphatic vessels and
the pressure of tumor interstitium, which facilitates the entry
of tumor cells into blood vessels [63, 64]. At the same time,
LEC can express chemokines and interact with surrounding
microenvironmental mediators [65]. It can attract tumor
cells expressing the corresponding receptor and promote
tumor lymph node metastasis [66]. Some studies have
extracted ten compounds, including costanolactone, by
chromatography using bioassay-guided fractionation
methods, which can inhibit TR-LE cells [67].

Oridonin is a natural compound that derives from ent-
karate tetracyclic diterpene. It is first extracted from Isodon
as a species [68]. It has the ability to inhibit the proliferation
of H1688 cells and induce their apoptosis under high-dose
treatment (20 μmol/L). At the same time, oridonin (5 and
10 μmol/L) inhibits the FAK-ERK1/2 signaling pathway
without affecting cell proliferation and apoptosis [69].

Triptolide (TP) is a natural compound that has been
isolated from the root of TP. Triptolide can change the
expression of microRNA being utilized in cell movement
and reduce the invasion of lung cancer cells. Triptolide
reduces the expression of cell adhesion molecules, which
leads to impaired downstream signal transduction and in-
hibits the formation of metastatic tumors in lung cancer
mice injected with H358 cells [70]. In addition, TP combined
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with gefitinib can increase E-cadherin levels and inhibit cell
proliferation. *erefore, a synergistic effect is produced to
increase the resistance of A549 lung cancer cells to gefitinib
and reverse the epithelial-mesenchymal transition (EMT)
[71].

Astragaloside IV is the compound that has been
extracted from Astragalus membranaceus [72]. AS-IV can
inhibit the migration and invasion of A549, MMP-2, MMP-
9, and integrin β1 and significantly reduce the level of
E-cadherin. In addition, AS-IV can also considerably de-
crease the TGF-β1, TNF-α, and IL-6 levels [73] (Table 5).

6. Tumor-Immune Mechanism
and Immunotherapy

*e immune system is directly connected with the occur-
rence and formation of tumors in the body. *e cancer
antigens abnormally expressed by cells in the process of
carcinogenesis are the core of tumor immunodiagnosis, and
the body’s various antitumor immune mechanisms are the
theoretical basis for tumor immunotherapy. *e body’s
antitumor mechanism is mainly based on cellular immune
mechanisms. Different immune cells play an essential role in
antitumor immunity. Antibodies’ complements and cyto-
kines are also effective molecules of tumor immunity [74].
Although the body has an antitumor immune mechanism,
tumor cells can also evade immune attack through various
mechanisms, eventually causing tumors to occur and de-
velop in the body and even inhibit the body’s immune
function. Researchers, through the in-depth understanding
of the body’s antitumor immune mechanism, immune in-
tervention on tumor patients, used various methods to re-
verse the body’s immune status and activate the body’s
antitumor immune effect to achieve the purpose of treating
tumors and prolonging survival [75].

Atractylenolide III (ATL-III) has been shown to inhibit
the Jak3/Stat3 pathway-dependent IDO activation triggered
by IFN-c, and it is achieved by direct binding to the Jak3
protein [76]. IDO is also known to act as a checkpoint
molecule that combines with cytotoxic T-lymphocyte an-
tigen-4 and programmed cell death-1 to cause T-cell

suppression after tumor transformation, in order to be
prevented by the immune system from initiating the attack
on cancer [77]. Experiments prove that Astragaloside IV
(AS-IV) inhibits tumor growth in vivo experiments [78].
Studies have found that lupeol inhibits the growth of THP-1
by inhibiting the production of plasminogen activator in-
hibitor-1 (PAI-1) in H1299 cells. In addition, lupeol can
inhibit the polarization of M2 macrophages and lead to the
reduction in Lewis lung carcinoma (LLC) cell migration [79]
(Figure 1).

7. Combination Medication and
MultiChannel antitumor

*e use of multiple combinations as combined drugs to
selectively target cancer cells has brought hope to a new
generation of therapies (Figure 2).

7.1. Betulinic Acid. Betulinic acid (BA) can be considered
ideal in treating lung cancer, and it provides a new treatment
strategy for combination therapy. Studies have shown that
the combination of 3 drugs (BA, ERKi, and HCQ) has a
better therapeutic effect than a single treatment or therapy in
xenotransplantation mouse models. Among them, betulinic
acid, a natural compound, can inhibit cell proliferation and
induce NSCLC cell apoptosis [80–84]. At the same time, the
autophagy inhibition of hydroxychloroquine (HCQ) in-
creased the response of lung cancer cells to the combination
of BA and ERKi [80]. In addition, studies have proposed that
betulinic acid (BA) and dichloroacetic acid (DCA) are
chemically modified to synthesize a new combination drug
Bet-CA, and its in vitro studies revealed that Bet-CA has
apparent synergistic cytotoxicity to a broad spectrum of
cancer cells, increased the production of reactive oxygen
species (ROS), and promoted cells to undergo mitochon-
drial-mediated apoptosis; in vivo studies of Bet-CA showed
tumor inhibition potential, and the clinically achievable dose
will not produce any apparent toxicity [85].

Studies have suggested that BA treatment can induce
apoptosis of paclitaxel-resistant human lung cancer H460
cells. In addition, BA can downregulate the expression of

Table 4: *e molecular mechanism of terpenoid natural Chinese medicine small molecules to intervene in tumor cell autophagy in the
treatment of lung cancer.

Terpenoid natural TCM
small molecules Experimental model Dose/concentration Mechanism of action Ref.

Andrographolide
(Andro)

A549 and Lewis lung
cancer (LLC) cells

Andro (0, 7.5, 15, or μM) for
0, 6, 12, or 24 h

Suppressed autophagy; [49]Enhanced cisplatin-mediated apoptosis;

Andrographolide
(Andro) A549 NSCLC cells Andro (0, 7.5, 15, or μM) for

0, 6, 12, or 24 h

Promoted the activation of the Akt/mTOR
signaling by downregulating PTEN and

suppressed autophagy; [50]
Resensitized the resistant cells to cisplatin-

mediated apoptosis;

Glycyrrhetinic acid (GA) A549 and NCI-H1299
cells

GA (0, 40, and 60 µM) for
24 h

Induced cytoprotective autophagy; [52]Activated the IRE1α-JNK/c-Jun pathway;

Hederagenin NCI-H1299 and NCI-
H1975 cells

Hederagenin (0, 25, 50, and
75 µM) for 0, 2, 6, 12, or 24 h

Induced the increased autophagosomes;
[53]Upregulation of LC3-II and p62;

Indicated the impairment of autophagic flux

6 Evidence-Based Complementary and Alternative Medicine



Bcl-2 and upregulate the expression of Bcl-2-related X (Bax)
[86]. Studies have also suggested that sorafenib combined
with betulinic acid strongly induces apoptosis of different
NSCLC cells. In addition, this combination is not toxic to
human peripheral blood lymphocytes. Compared with using

two compounds alone, sorafenib combined with betulinic
acid can induce apoptosis on different NSCLC cells (A549,
H358, and A427) and eliminate the clonogenic activity
[87, 88]. In vitro studies have shown that if, honokiol,
ginsenoside Rh2, and betulinic acid are present in

Lupeol

IFN-γ

ATL-III IDO

M2 Marcrophages

CTL, Cytotoxic T Lymphocyte
Lung cancer cells

Treg, Regulatery T cell

As-IV

Figure 1: *e influence of ATL-III, AS-IV, and lupeol on the immune mechanism of lung cancer.

Table 5: *e molecular mechanism of terpenoid natural Chinese medicine small molecules to inhibit invasion and metastasis in the
treatment of lung cancer.

Terpenoid natural TCM
small molecules Experimental model Dose/concentration Mechanism of action Ref.

Essential oil of curcuma
zedoaria (EO-CZ)

B16BL6 and SMMC-7721 cells;

EO-CZ (0, 5, 10, 20, 40, 80,
and 120 μM/ml) for 48 h

Inhibit B16BL6 and SMMC-7721 cell
proliferation;

[62]HUVEC (human umbilical
vein endothelial cells); Inhibited CD34, MMP-2, and MMP-9;Sprout vessels of Sprague-

Dawley male rat aortic ring;

Andrographis (Andro) A549 NSCLC cells; Andro (0, 1.0, 2.5, and 5.0
µM) for 24 h

Inhibited the migration and invasion of
A549 cells;

[63]Inhibited MMP-7 but not MMP-2 or
MMP-9;

Suppressed on PI3K/Akt/AP-1 signaling
pathway;

Dehydrocostus lactone
(DL)

Temperature-sensitive rat
lymphatic endothelial (TR-LE)

cells;

DL (0.01, 0.1, and 0.5 µM)
for 0, 6, 12, 24, or 48 h

Inhibition of the proliferation of TR-LE
cells; [67]

Oridonin
H1688 SCLC cells; Oridonin (0, 2.5, 5, 10, 20,

and 40 µM) for 24 or 48 h

Inhibited cell migration;
[69]BEAS-2B and HBE cells; Not-affected cell proliferation and

apoptosis;

Triptolide (TP) A549 NSCLC cells; TP 10 nM for 48 h Decreased migration and invasion of lung
cancer cells; [70]H460 and H358 cells;

Triptolide (TP) A549 NSCLC cells; TP (1, 2, 4, 8, 16, and 32 ng/
ml) f or 24, 36, or 48 h

Inhibited the migration and invasion of
A549;

[71]Upregulated E-cadherin protein
expression;

Downregulated the MMP9, Snail, and
vimentin expression levels;

Astagaloside IV (AS-IV) A549 NSCLC cells. AS-IV (0, 5, 10, and 20 μM)
for 24 h

Inhibited the migration and invasion of
A549;

[73]
Decreased the levels of MMP-2, MMP-9,
integrin β1, TGF-β1, TNF-α, and IL-6

levels;
Related to the PKC-α-ERK1/2-NF-κB

pathway.
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combination, they exhibit synergistic effects. Compared with
the combination therapy group, the cisplatin group has
obvious renal damage, and the combination therapy and the
combination drug liposome therapy are safer [89].

7.2. Saikosaponin D. Saikosaponin D is a saponin extract
extracted from Bupleurum (Umbelliferae), which can induce
apoptosis to inhibit the proliferation of A549 [90]. Studies
suggest that saikosaponinD inhibits the proliferation of lung
cancer cells A549 (IC 50, 3.57 µM) and H1299 (IC 50,
8.46 µM) [91].

Saikosaponin A and saikosaponin D are two natural
compounds derived from Bupleurum. At present, the
combined application of natural small molecule compounds
and chemotherapeutic drugs has become a research hotspot.
Relevant studies have explored whether saikosaponins can
sensitize the cytotoxicity of tumor cells induced by cisplatin.
*e results show that saikosaponin can make tumor cells
[92].

In addition, studies have shown that saikosaponin D
(SSD) and (EGFR-TKIs) gefitinib have an enhanced anti-
tumor effect on NSCLC cells. It is related to the inhibition of
the STAT3/Bcl-2 signaling pathway [93].

7.3. Cucurbitacin B. Cucurbitacin is a natural plant tri-
terpenoid that belongs to the Cucurbitaceae. Cucurbitacin B
(CuB) has antimetastatic, antiangiogenic, and antitumor
immunity potential for NSCLC in vitro and in vivo [94, 95].
*e expression of TPG and TSG can inhibit cell proliferation
and induce apoptosis in NSCLC [96]. CUCs lead to the
induction of programmed cell death, the inhibition of cell

migration, and cell invasion. It can also regulate the ex-
pression of cyclin B1 to induce apoptosis and G2/M cell cycle
arrest, thereby interfering with lung cancer metastasis
[97, 98].

In the combined application of CuB and chemothera-
peutics, the new semisynthetic derivatives of CuB (DACE) and
three chemotherapeutic drugs, namely, cisplatin (CIS), iri-
notecan (IRI), and paclitaxel (PAC), can induce apoptosis in
A549 cells. It regulates the cell cycle, has a synergistic anti-
proliferative effect, and does not reduce the proliferation of
nontumor lung cells (MRC-5) [99]. In addition, the semi-
synthetic derivative of CuB, DACE (2-deoxy-2-amine-
cucurbitacin E), and paclitaxel (PTX) showed potential in vitro
synergistic antiproliferative effects in A549 cells [99]. In ad-
dition, CuB can reduce the proliferation of gefitinib-resistant
(GR) PC9 cell lines by regulating the miR-17-5p/STAT3 axis
[100].

7.4. Ginsenoside. Ginsenosides are one of the main com-
ponents of ginseng and belong to typical terpenoids.
Ginsenoside Rg3 reduces vascular endothelial growth
factor expression and increases the ratio of CD4/CD8
T cells [101, 102]. We found that ginsenoside metabolite K
(CK) can significantly enhance the expression and activity
of p53 in the two lung cancer cell lines H460 and A549
induced by cisplatin and cooperate with cisplatin to inhibit
tumor cell proliferation and induce apoptosis [103]. It
decreased the antiapoptotic protein Bcl-2, which signifi-
cantly increased the cells of NSCLC cell lines. Apoptosis
substantially reduces the migration of NSCLC cells [104].
*e combination therapy of ginsenoside Rg3 and gemci-
tabine can dramatically reduce the expression of VEGF and
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Figure 2: Herbal sources of terpenoid herbal compounds.
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MVD, blood flow, and PSV signals in tumors, inhibit tumor
growth, and prolong survival [105]. In addition, ginseno-
side Rg18 can inhibit tumor cell proliferation by mediating
G 1 phase block and intracellular ROS production in A549
human NSCLC cells, and p38, JNK, and NF-κB/p65
[106, 107].

8. Discussion

In recent years, the application of small molecular com-
pounds of natural Chinese medicine in antitumor research
has gradually become a new focus of international cancer
research. With the continuous in-depth analysis of the
anticancer activity of natural Chinese medicines, many bi-
ologically active compounds derived from traditional Chi-
nese medicines can be used to treat NSCLC. *e role is
gradually recognized. At present, plant-derived anticancer
drugs account for about 32% of the total anticancer drugs, of
which terpenoids account for a large proportion. Re-
searchers use small molecular compounds of traditional
Chinese medicine to influence the cell cycle, induce cell
apoptosis, promote autophagy, inhibit tumor cell invasion
and metastasis, improve tumor-immune microenviron-
ment, and other ways to achieve tumor treatment and
prolong patient survival. Even the combination of natural
products and traditional drugs shows more vigorous anti-
cancer activity and lower toxic and side effects than single
chemotherapeutic drugs and targeted drug treatments. *e
application of Chinese herbal medicine with permanent
history and economic benefits to cancer treatment, including
lung cancer, may also bring new opportunities and chal-
lenges to cancer treatment. If traditional Chinese medicine
can effectively reduce the cost of cancer treatment, improve
the effect of cancer treatment, and apply it to the clinic, the
cancer cure rate in China and even the world may be ef-
fectively controlled.

*e multicomponent, multitarget, and multipathway
characteristics of the active ingredients of traditional Chi-
nese medicine also cast a veil of mystery on the study of the
biological activity of conventional Chinese medicine
monomers. In the future, we need to separate and extract
effective small molecule compounds from traditional Chi-
nese medicine by different scientific means so as to apply
them to the treatment of tumors. *ere are still many
challenges to overcome in clinical treatment. However, it is
undeniable that in exploring new anticancer drugs, the
combination of natural anticancer active ingredients of
traditional Chinese medicine combined with chemotherapy
and targeted therapy may become a unique choice for the
treatment of patients with NSCLC.
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bamate derivatives of betulinic acid and betulin with selective
cytotoxic activity,” Bioorganic & Medicinal Chemistry Let-
ters, vol. 20, no. 11, pp. 3409–3412, 2010.

[82] W. Rzeski, A. Stepulak, M. Szymański et al., “Betulinic acid
decreases expression of bcl-2 and cyclin D1, inhibits pro-
liferation, migration and induces apoptosis in cancer cells,”
Naunyn-Schmiedeberg’s Archives of Pharmacology, vol. 374,
no. 1, pp. 11–20, 2006.

[83] T.-I. Hsu, M.-C. Wang, S.-Y. Chen et al., “Betulinic acid
decreases specificity protein 1 (Sp1) level via increasing the
sumoylation of sp1 to inhibit lung cancer growth,”Molecular
Pharmacology, vol. 82, no. 6, pp. 1115–1128, 2012.

[84] J. H. Kessler, F. B. Mullauer, G. M. de Roo, and J. P. Medema,
“Broad in vitro efficacy of plant-derived betulinic acid
against cell lines derived from the most prevalent human
cancer types,” Cancer Letters, vol. 251, no. 1, pp. 132–145,
2007.

[85] S. Saha, M. Ghosh, and S. K. Dutta, “A potent tumoricidal co-
drug “Bet-CA”-an ester derivative of betulinic acid and
dichloroacetate selectively and synergistically kills cancer
cells,” Scientific Reports, vol. 5, no. 1, p. 7762, 2015.

[86] X. K. Zhan, J. L. Li, S. Zhang, P. Y. Xing, and M. F. Xia,
“Betulinic acid exerts potent antitumor effects on paclitax-
el‑resistant human lung carcinoma cells (H460) via G2/M
phase cell cycle arrest and induction of mitochondrial ap-
optosis,” Oncology letters, vol. 16, no. 3, pp. 3628–3634, 2018.

[87] Q. Li, Y. Li, X. Wang et al., “Co-treatment with ginsenoside
Rh2 and betulinic acid synergistically induces apoptosis in
human cancer cells in association with enhanced capsase-8
activation, bax translocation, and cytochrome c release,”
Molecular Carcinogenesis, vol. 50, no. 10, pp. 760–769, 2011.

[88] X. Jin, Q. Yang, N. Cai, and Z. Zhang, “A cocktail of betulinic
acid, parthenolide, honokiol and ginsenoside Rh2 in lipo-
some systems for lung cancer treatment,” Nanomedicine,
vol. 15, no. 1, pp. 41–54, 2020.

[89] Y.-L. Hsu, P.-L. Kuo, and C.-C. Lin, “*e proliferative in-
hibition and apoptotic mechanism of Saikosaponin D in
human non-small cell lung cancer A549 cells,” Life Sciences,
vol. 75, no. 10, pp. 1231–1242, 2004.

[90] S. Wu, W. Chen, K. Liu et al., “Saikosaponin D inhibits
proliferation and induces apoptosis of non-small cell lung
cancer cells by inhibiting the STAT3 pathway,” Journal of
International Medical Research, vol. 48, no. 9,
p. 030006052093716, 2020.

[91] X. Chen, C. Liu, R. Zhao et al., “Synergetic and antagonistic
molecular effects mediated by the feedback loop of p53 and
JNK between saikosaponin D and SP600125 on lung cancer
A549 cells,” Molecular Pharmaceutics, vol. 15, no. 11,
pp. 4974–4984, 2018.

[92] Q. Wang, X.-l. Zheng, L. Yang et al., “Reactive oxygen
species-mediated apoptosis contributes to chemo-
sensitization effect of saikosaponins on cisplatin-induced
cytotoxicity in cancer cells,” Journal of Experimental &
Clinical Cancer Research, vol. 29, no. 1, p. 159, 2010.

[93] J.-c. Tang, F. Long, J. Zhao et al., “*e effects and mecha-
nisms by which saikosaponin-D enhances the sensitivity of
human non-small cell lung cancer cells to gefitinib,” Journal
of Cancer, vol. 10, no. 26, pp. 6666–6672, 2019.

[94] S. Shukla, S. Sinha, S. Khan et al., “Cucurbitacin B inhibits the
stemness and metastatic abilities of NSCLC via down-
regulation of canonical Wnt/β-catenin signaling axis,” Sci-
entific Reports, vol. 6, no. 1, p. 21860, 2016.

[95] P. Lu, B. Yu, and J. Xu, “Cucurbitacin B regulates immature
myeloid cell differentiation and enhances antitumor im-
munity in patients with lung cancer,” Cancer Biotherapy and
Radiopharmaceuticals, vol. 27, no. 8, pp. 495–503, 2012.

[96] S. Shukla, S. Khan, S. Kumar et al., “Cucurbitacin B alters the
expression of tumor-related genes by epigenetic modifica-
tions in NSCLC and inhibits NNK-induced lung tumori-
genesis,” Cancer Prevention Research, vol. 8, no. 6,
pp. 552–562, 2015.

[97] I. T. Silva, F. C. Geller, L. Persich et al., “Cytotoxic effects of
natural and semisynthetic cucurbitacins on lung cancer cell
line A549,” Investigational New Drugs, vol. 34, no. 2,
pp. 139–148, 2016.

[98] J. Guo, G. Wu, J. Bao, W. Hao, J. Lu, and X. Chen,
“Cucurbitacin B induced ATM-mediated DNA damage
causes G2/M cell cycle arrest in a ROS-dependent manner,”
PLoS One, vol. 9, no. 2, p. e88140, 2014.

[99] L. L. Marostica, I. T. Silva, J. M. Kratz et al., “Synergistic
antiproliferative effects of a new cucurbitacin B derivative

12 Evidence-Based Complementary and Alternative Medicine



and chemotherapy drugs on lung cancer cell line A549,”
Chemical Research in Toxicology, vol. 28, no. 10,
pp. 1949–1960, 2015.

[100] B. Yu, L. Zheng, H. Tang, W. Wang, and Y. Lin, “Cucur-
bitacin B enhances apoptosis in gefitinib resistant non‑small
cell lung cancer by modulating the miR‑17‑5p/STAT3 axis,”
Molecular Medicine Reports, vol. 24, no. 4, p. 710, 2021.

[101] T. Xu, Z. Jin, Y. Yuan et al., “Ginsenoside Rg3 serves as an
adjuvant chemotherapeutic agent and VEGF inhibitor in the
treatment of non-small cell lung cancer: a meta-analysis and
systematic review,” Evidence-based Complementary and
Alternative Medicine, vol. 2016, Article ID 7826753, 14 pages,
2016.

[102] Z. Peng, W. W. Wu, and P. Yi, “*e efficacy of ginsenoside
Rg3 combined with first-line chemotherapy in the treatment
of advanced non-small cell lung cancer in China: a systematic
review and meta-analysis of randomized clinical trials,”
Frontiers in Pharmacology, vol. 11, p. 630825, 2021.

[103] Y. Li, T. Zhou, C. Ma, W. Song, J. Zhang, and Z. Yu,
“Ginsenoside metabolite compound K enhances the efficacy
of cisplatin in lung cancer cells,” Journal of �oracic Disease,
vol. 7, no. 3, pp. 400–406, 2015.

[104] Y. Dai, W. Wang, Q. Sun, and J. Tuohayi, “Ginsenoside Rg3
promotes the antitumor activity of gefitinib in lung cancer
cell lines,” Experimental and �erapeutic Medicine, vol. 17,
no. 1, pp. 953–959, 2019.

[105] T.-G. Liu, Y. Huang, D.-D. Cui et al., “Inhibitory effect of
ginsenoside Rg3 combined with gemcitabine on angiogen-
esis and growth of lung cancer in mice,” BMC Cancer, vol. 9,
no. 1, p. 250, 2009.

[106] D. G. Leem, J. S. Shin, K. T. Kim, S. Choi, M. H. Lee, and
K. T. Lee, “Dammarane-type triterpene ginsenoside-Rg18
inhibits human non-small cell lung cancer A549 cell pro-
liferation via G1 phase arrest,”Oncology Letters, vol. 15, no. 4,
pp. 6043–6049, 2018.

[107] H. Li, N. Huang, W. Zhu et al., “Modulation the crosstalk
between tumor-associated macrophages and non-small cell
lung cancer to inhibit tumor migration and invasion by
ginsenoside Rh2,” BMC Cancer, vol. 18, no. 1, p. 579, 2018.

Evidence-Based Complementary and Alternative Medicine 13


