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To evaluate the potential antimicrobial activity, Aloe vera and Opuntia ficus-indica plants were collected from the Jeddah, Al Baha,
and Taif areas of the Kingdom of Saudi Arabia (SA), and their ethanolic extracts were screened by gas chromatography mass
spectrometry (GC-MS/MS). The di(2-propylpentyl) ester and hexadecenoic acid ethyl ester of phthalic acid were the most
abundant compounds in the A. vera extract, and 1-(benzyloxy)-3,5-dinitrobenzene and phenol, 5-ethenyl-2-methoxy were the
most abundant compounds in the O. ficus-indica extract. The antimicrobial activity of aqueous and ethanolic extracts of these
plants against seven fungi and five pathogenic bacteria was also tested. Among all the tested fungi, A. chevalieri showed the largest
inhibition zone when treated with the A. vera gel ethanolic extract, followed by P. funiculosum and P. minioluteum, which were
more sensitive to and showed larger inhibition zones upon treatment with aqueous extract. For the O. ficus-indica ethanolic
extract, T. funiculosus showed the largest inhibition zone. The aqueous extract of the O. ficus-indica showed low antimicrobial
activity against all tested fungi. By contrast, both the A. vera and O. ficus-indica extracts showed antibacterial activity against
S. aureus, Shigella sp., E. coli, and MRSA except S. typhimurium, which was the most resistant bacterium to both the aqueous and

ethanol extracts of A. vera and O. ficus-indica.

1. Introduction

Cacti and cacti-like plants are important food sources for
wild animals besides their use in medicine, chemical,
spinning, and cosmetic industry. These plants are a low-cost
source of readily available raw materials [1, 2] for various
uses. As medicinal plants, they are rich sources of novel
antimicrobial agents [3]. Throughout human history, vari-
ous infectious diseases have been treated with traditional
herbal medicines. A wide range of medicinal plant parts are
extracted as raw drugs that possess various medicinal
properties [3]. The antimicrobial agents of A. vera gel ef-
fectively kill or greatly reduce the growth of a wide range of
pathogens [4-7]. Both Opuntia and Aloe species have wide
applications, as bactericidal, antibiotic, fungicidal, and anti-
inflammatory agents; in tissues as moisturizing creams; and

as pain relievers for joint and muscle pain [6, 8-11]. Several
studies have reported that A. vera gel is effective against both
Gram-positive and -negative bacteria [12]. Irshad and Butt
[13] found that A. vera gel has a good antibacterial effect
toward some bacteria, such as Escherichia coli, Salmonilla
typhimurium, Bacillus subtilis, Staphylococcus epidermidis,
and Pseudomonas. Jain et al. [12] reported that bioactive
components in A. vera crude extracts have powerful anti-
bacterial activity. Hence, higher concentrations of A. vera
extracts can be utilized as secondary antibacterial agents for
the treatment of some diseases. Another study reported the
antibacterial properties of A. vera gel ethanolic extracts
towards selected pathogens [6]. Arbab et al. [14] stated that
A. vera is effective against infections caused by Staphylo-
coccus aureus, Staphylococcus epidermidis, Pseudomonas
aeruginosa, and Streptococcus pyogenes.
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Pourmajed et al. [15] showed that the ethanolic extracts
of the O. ficus-indica possess antimicrobial activity against
E. coli isolated from patients with urinary tract infection
(UTI). The ethyl acetate extract of the cactus showed an-
tibacterial activity against five food-borne bacteria, namely,
B. subtilis, Staphylococcus aureus subsp. aureus, E. coli,
S. typhimurium, and Pseudomonas fluorescens. No study
exists exploring the chemical composition and antimicrobial
activities of O. ficus-indica and A. vera plants. Hence, current
study was designed to evaluate these parameters of both
plants collected from Jeddah, Taif, and Al Baha, in SA, by
screening their ethanolic extracts using GC-MS/MS.

2. Materials and Methods

2.1. Collection of Plant Samples. The fresh naturally grown
stems, leaves, and roots of A. vera and O. ficus-indica were
harvested from the Jeddah, Taif, and Al Baha areas, in SA, in
September 2019 and January 2020. The selected plants are
listed in Table 1.

2.2. Preparation of Plant Extracts

2.2.1. Aqueous Extract. The Opuntia ficus-indica (leaves and
stems) were soaked in a solution of sodium hypochlorite
(0.1%; w/v) for disinfection and removal of any adherent soil
material [16]. The samples were washed with distilled water
to remove the sodium hypochlorite. The leaves and stems
samples were taken by cutting 1/2 inch from the plant base to
remove the yellow sap material and 1/2 inch from the apex.
These were then cut into two or more parts for easy han-
dling. The spiny leaf margins were removed using a clean
knife. The inner gel was carefully scraped out using a clean
spoon to avoid the green areas. The gel was mixed using
a grinder to obtain a juice gel. The juice gel was heated in
a hot water bath at 70°C for 20 min. The juice was then
filtrate to obtain a clear juice gel.

2.2.2. Ethanol Extract. The fresh stems of cacti and fresh
leaves of cacti-like plants were rinsed several times with both
tap water and distilled water [17]. 95 g of the samples were
then grounded in an electrical blender to obtain a fine paste
by adding a few drops of 99% ethanol. The gel was equally
distributed in conical flasks, after which 150 mL of 99%
alcohol was added to all conical flasks. Subsequently, the
flasks were kept in a rotary shaker for 3 days. The gel was
filtered using Whatman filter paper no.1 (Filter Papers Grade
1, Turkey), evaporated in a heating mantle yielding 14.8 g
powder, which was stored in a screw cap test tube at 4°C.
10 mg/ml of the powder, and was used later on in the an-
timicrobial activity testing.

2.3. Pathogenic Microorganisms. Seven pathogenic fungi
(Aspergillus chevalieri (MT487830.1), Aspergillus terreus
(MT558939.1), Penicillium  funiculosum  (JX500735.1),
Talaromyces funiculosus (KX262973.1), Penicillium mini-
oluteumn (JN620402.1), Aspergillus niger (MT628904.1),
Curvularia khuzestanica (MH688044.1)), and five human
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pathogenic bacteria (Escherichia coli (11775), Staphylococcus
aureus (12600), Shigella sp., methicillin-resistant Staphylo-
coccus aureus (33591), and Salmonella typhimurium (14028))
were obtained from the King Fahad Researcher Centre in
Jeddah and used during the experiment.

2.3.1. Determination of Antimicrobial Activity. PDA me-
dium was used for subcultivation of the fungal and bacterial
strains. Fach microbe was evenly inoculated on the PDA
media in plates using the streak method. Filter papers (5 mm
diameter) were completely immersed in the aqueous and
ethanol extracts of A. vera and O. ficus-indica extract and
then placed on the agar surface. The plates were incubated
for 2-5days at 37°C and 28°C for fungal and bacterial
growth, respectively. All experiments were performed thrice
[18]. The antimicrobial activity was determined by observing
the inhibition zone.

2.3.2. Antimicrobial Sensitivity Test on Microbes (Positive
Control). For the positive control samples for microbe in-
hibition, the antibiotic itraconazole was used for fungi and
ciprofloxacin for bacteria.

2.3.3. Antimicrobial Effect of Solvents (Negative Control).
Ethanol and distilled water were used as negative control.

2.4. Gas Chromatography-Mass Spectrometry Conditions.
About 500 yL ethanol and 500 yL samples were added. The
mixture was vortexed for 30 seconds and then injected for
GC-MS analysis.

24.1. Gas Chromatography-Mass Spectrometry (GC-MS/
MS) for Aloe vera. The A. vera extracts were analyzed by gas
chromatography (Agilent 7890A GC System). A Hp-5ms
fused silica capillary column was used (5% phenyl/95%
dimethylsiloxane 30 M x 0.25 mm film thickness 0.32 Lm).
The oven temperature was 110°C (isothermal for 2 minutes),
with an increase to 200°C (10°C/min) and then 280°C (5°C/
min), with final temperature (isothermal for 9 minutes).

The carrier gas used was helium (flow rate of 1 mL/min).
GC-MS analyses were performed using an Agilent Tech-
nologies 7000 GC/MS Triple Quad coupled to an Agilent
Technologies 7693 Autosampler. The capillary column and
GC conditions were calculated as described above. MS
spectra were recorded at 70 eV, and the scanning rate was 1
scan/s with a run time of 90 minutes [19].

2.4.2. Gas Chromatography--Mass Spectrometry (GC-MS/
MS) for Opuntia ficus-Indica. Gas chromatographic analysis
was performed using an Agilent Technologies 7890A GC
System. The separation was achieved using an HP-5 ms fused
silica capillary column (30 m x 0.25mm i.d., 0.25mm film
thickness). The GC oven temperature was programmed for
an increase from 40°C (5 min) to 250°C @ 2°C/min, held for
15 minutes and eventually increased to 270°C@ 10°C/min.
Helium was used as a carrier gas, with a 1.0 mL/min flow
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TaBLE 1: List of Cacti and cacti-like plants utilized in this study.

No Scientific name Family Common name Part of Collection site
plant used

1 Aloe vera Asphodalaceae Aloe vera Roots and leaves Jeddah

2 Opuntia ficus-indica Cactaceae Opuntia Teen Shouki Barshoumi Roots and stems Albaha and Taif

rate, and injector and detector temperature of 250°C, and
280°C, respectively. A fused silica HP-Innowax polyethylene
glycol capillary column (50 m x 0.20 mm i.d., 0.20 mm film
thickness) was used. A mixture of aliphatic hydrocarbons
(C8-C30) in hexane was directly injected into the GC in-
jector under the abovementioned temperature program to
calculate the retention index (as the Kovats index) of each
compound. GC-MS analysis was performed on an Agilent
Technologies 7000 GC/MS Triple Quad coupled to an
Agilent Technologies7693 Autosampler. The separation was
performed using a fused silica HP-5 capillary column
(30 m x 0.25 mm i.d., 0.33 mm film thickness). The GC oven
temperature was programmed similarly to in the gas
chromatographic analyses. The MS scan conditions were
source temperature, 25°C; interface temperature, 290°C;
electron energy, 70eV; and mass scan range, 40-450
AMU [20].

2.5. Statistical Analysis. Using the Windows Microsoft Excel
2013 software, version 15.0, analyzing the results was carried
out using a one-way analysis of variance (ANOVA) test to
determine any significant differences between the antimi-
crobial effect in both cacti and cacti-like plants. All columns
versus control and the P value <0.05 are considered as
significant.

3. Results

3.1. Determination of Antimicrobial Activity of Aloe vera
Extract. 'The antimicrobial activity of A. vera extracted using
two solvents, aqueous and ethanol, showed different response
against the selected fungi and bacteria. Among all tested fungi,
the largest inhibition zone for ethanol extracts was observed
with A. chevalieri (1.00 + 0.50 mm), while P. funiculosum and
P. minioluteum were the most sensitive for aqueous extracts,
with inhibition zones of 0.57 +0.40 and 0.43 +0.23 mm), re-
spectively. A. terreus and A. niger were the most resistant fungi,
with no activity revealed for both the aqueous and ethanol
extracts. The aqueous extract of A. vera showed antibacterial
activity against S. aureus, Shigella sp., and E. coli, with in-
hibition zones of 1.10+0.10, 0.47 +0.25, and 0.40 + 0.10 mm,
respectively. MRSA showed the largest inhibition zone with
ethanol extract (0.70 + 0.26 mm). S. typhimurium was the most
resistant bacteria, with no activity being shown for either the
aqueous or ethanol extracts of A. vera (Tables 2 and 3).

ANOVA showed that the A. vera aqueous extract has the
highest antibacterial activity with an average value of 0.4592
while the ethanolic extract has the highest antifungal activity
with an average value of 0.2331. There is a statistically
significant difference between aqueous and ethanolic ex-
tracts (P <0.05) (Table 4).

3.2. Determination of Antimicrobial Activity of Opuntia ficus-
Indica Extract. The antimicrobial activity of O. ficus-indica
aqueous and ethanolic extracts, showed different response
against the selected pathogens. Among tested fungi,
T. funiculosus showed the largest inhibition zone against
ethanolic extract (0.40+0.10 mm), while P. funiculosum
showed a smaller zone of inhibition against ethanolic extract
(0.07 £ 0.06 mm). The aqueous extract showed low antimi-
crobial activity with all tested fungi, ranging from 0.13 to
0.17. The O. ficus-indica aqueous extract showed significant
antibacterial activity against MRSA, Shigella sp., and
S. aureus. MRSA showed the largest inhibition zone of
1.43 + 0.40 mm, followed by Shigella sp. and S. aureus, with
inhibition zones of 0.73+0.06 and 0.66+0.20 mm, re-
spectively, against aqueous extracts. S. typhimurium was the
most resistant bacteria, with no activity for either the
aqueous or ethanolic extracts (0.00) (Tables 5 and 6).

The ANOVA showed that the Opuntia ficus-indica
aqueous and ethanolic extracts have the highest antibacte-
rial activity with an average of (0.59, 0.198), respectively.
There is a statistically significant difference between aqueous
and ethanolic extracts (p <0.05) (Table 7).

3.3. GC-MS Analysis of Aloe vera Ethanolic Extract. The
GC-MS/MS analysis for A. vera was performed for 18 identified
compounds. The well-known phthalic acid, di(2-propylpentyl)
ester (92.4%) was identified as the major compound, followed
by hexadecenoic acid, ethyl ester (91.8%), lidocaine (89%), trib
utyl acetyl citrate (88.1%), ethyl oleate (86.0%), 1,4-benzenedi
carboxylic acid, bis(2-ethylhexyl)ester (80.8%), pyrolo[3,2-d]py
rimidin-2,4(1H,3H)-dione (77.3%), phenol,4-[(5,6,7,8-tetrahy
dro-1,3-dioxolo[4,5-g]isoquinolin-5yl)methyl],(R)- (76.4%), 3-
methyl-1,2,3,4 tetrahydro-gamma-carboline (73.4%), 2,2 dim
ethyl-5-phenyl-3(2H)furanone (71.7%), 1,2 benzenedi-carbox
ylic acid,bis(2-methylpropyl)ester (71.2%), 2-fluoro-6-trifluoro
methylbenzoic acid, 4-nitrophenyl ester (71.2%), 4-(benzyl-eth
yl-amino)-butyric acid, methyl ester (70.7%), (2-aziridinyl
ethyl)amine (69.8%), 3-methyl-4-nitrophenyl pentafluoro
benzyl ether (67.7%), methane, difluoroiodo- (66.5%), pyrro
le,2-methyl-5-phenyl- (66.0%), and benzamide,2-methoxy-N-b
enzyl-N-phenethyl- (65.6%) (Figures 1 and 2).

3.4 GC-MS of O. ficus-Indica Ethanolic Extracts. The
GC-MS analysis of O. ficus-indica led to 34 compounds,
namely, 1-(benzyloxy)-3,5-dinitrobenzene (81.5%), phenol, 5-
ethenyl-2-methoxy- (80.7%), hexadecanoic acid, ethyl ester
(80.6%), 1,3-pentadiyne,1,5,5,5-nitropyrimidine (77.0%), ben-
zene,1fluoro-4-methyl(75.6%), trifluoromethylthiocyanate
(74.4%),1-(benzyloxy)-3,5dinitro-benzene  (74.2%), furan,2-
methoxy-(74.1%), phthalic acid, di(oct-3-yl)ester (72.1%), acetic
acid,(4-chloro-2-methylphenoxy)-heptadecyl ~ ester  (71.6%),
pyridine,3-propyl-(71.1%), benzphetamine (71.0%), l-alanine,
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TaBLE 2: Antifungal activities of aqueous and ethanolic extract of A. vera.
Inhibition zone (mm)
No Fungi A. vera aqueous A.vera ethanolic Itra.conazole Distilled yvater
extract extract (positive control) (negative
(30 p/disc) (30 p/disc) (30 p/disc) control) (30 u/disc)

1 A. chevalieri 0.33+0.12 1.00 +0.50 0.27+0.12 0.00

2 T. funiculosus 0.27 £0.06 0.13+0.12 0.13+0.06 0.00

3 A. terreus 0.00 0.00 1.7+ 0.06 0.00

4 P. funiculosum 0.57+0.40 0.20+0.10 0.23+0.15 0.00

5 P.minioluteum 0.43+0.23 0.23+0.23 1.33+0.47 0.00

6 A. niger 0.00 0.00 1.20+0.36 0.00

7 C. khuzestanica 0.07 £0.06 0.07 £0.06 0.20+0.10 0.00

All values are expressed as mean + SD.

TaBLE 3: Antibacterial activities of aqueous and ethanolic extract of A. vera.

Inhibition zone (mm)

No Bacteria A. vera aqueous A. vera ethanolic Civp.rofoxacin Distilled water
extract extract (positive control) (negative
(30 p/disc) (30 u/disc) (30 p/disc) control) (30 u/disc)
1 Staph. aureus 1.10+£0.10 0.00 2.00 +0.00 0.00
2 Shigella sp. 0.47 +0.25 0.17 £0.06 0.23+0.06 0.00
3 S.thypimurium 0.00 0.00 1.33+£0.3 0.00
4 MRSA 0.33+0.06 0.70+0.26 1.83+0.3 0.00
5 E.coli 0.40+0.10 0.07 +0.06 1.97 £0.06 0.00

All values are expressed as mean + SD.

TaBLE 4: One-way ANOVA for antifungal and antibacterial activity of A.vera extracts.

Inhibition zone (mm)

No Bacteria A. vera aqueous A. vera ethanolic Ci.p.rofoxacin Distilled yvater
extract extract (positive control) (negative
(30 u/disc) (30 u/disc) (30 u/disc) control) (30 u/disc)
1 Staph. aureus 1.10+£0.10 0.00 2.00+0.00 0.00
2 Shigella sp. 0.47 +£0.25 0.17+£0.06 0.23 +£0.06 0.00
3 S.thypimurium 0.00 0.00 1.33+0.3 0.00
4 MRSA 0.33+0.06 0.70+0.26 1.83+0.3 0.00
5 E.coli 0.40+0.10 0.07 £0.06 1.97 £ 0.06 0.00
TaBLE 5: Antifungal activities of aqueous and ethanolic extract of O. ficus-indica.
Inhibition zone (mm)
No Fungi O. ficus-indica O. ficus-indica ethanol extract Antibiotic 1'Fr?conazole Distilled water
aqueous extract (30 /disc) (positive (negative
(30 p/disc) H control) (30 y/disc) control) (30 y/disc)
1 A. chevalieri 0.10+£0.10 0.13+0.06 0.27+0.12 0.00
2 T. funiculosus 0.10+£0.10 0.40+0.10 0.13+0.06 0.00
3 A. terreus 0.00 0.20+0.10 1.66 £ 0.06 0.00
4 P. funiculosum 0.07 £ 0.06 0.07 £ 0.06 0.23+0.15 0.00
5 P. minioluteum 0.00 0.13+0.06 1.33+£047 0.00
6 A. niger 0.17£0.06 0.13+0.06 1.20+0.36 0.00
7 C. khuzestanica 0.13+0.06 0.17£0.57 0.20+0.10 0.00

All values are expressed as mean + SD.

n-propargyloxycarbonyl-, ethyl ester (70.4%), 2-aminohydra
tropic acid (69.8%), thiophene,3-methyl- (69.6%), cyanogen-
chloride (69.2%), alanine, N-methyl-n-propoxycarbonyl-, nonyl
ester (69.1%), 3-amino24dimethylpentane (68.1%), 2,2'-
bioxirane (68.2%), hydrazine-carbo-thioamide, N-methyl-
(67.7%), 4-methyl-2,4-bis(p-hydroxy-phenyl)pent-1-ene,2TM

Sderivative (67.6%), phthalic acid,bis(2-pentyl) ester (67.5%),
phthalic acid, butyl hexyl ester (67.4%), 2-butynedinitrile
(67.2%), bis(2-ethylhexyl)phthalate (67.1%), silane, dime-
thyl(4methoxyphenoxy)heptadecyloxy- (67.0%), 4-hexen-2-
one(66.4%), furfural (66.4%), 1l-penten-3-one (65.7%) and
2propanol,1,3-dibromo (65.1%) (Figures 3 and 4).
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TaBLE 6: Antibacterial activities of aqueous and ethanolic extract of O. ficus-indica.
Inhibition zone (mm)
No Bacteria O. ficus-indica O. ficus-indica ethanolic Cip_rofoxacin Distilled water
aqueous extract extract (positive control) (negative
(30 u/disc) (30 p/disc) (30 u/disc) control) (30 u/disc)
1 Staph .aureus 0.66 +£0.20 0.00 2.00+0.00 0.00
2 Shigella sp. 0.73+0.06 0.10£0.10 0.23+0.06 0.00
3 S. thypimurium 0.00 0.00 1.33+£0.28 0.00
4 MRSA 1.43+0.40 0.76 £ 0.25 1.83+0.28 0.00
5 E.coli 0.13£0.06 0.13£0.06 1.97 £0.06 0.00
All values are expressed as mean + SD.
TaBLE 7: One-way ANOVA for antifungal and antibacterial activity of O. ficus-indica extracts.
Average Variance P value
Antifungal activity of O. ficus-indica aqueous extract 0.0814 0.0040 0.0019
Antifungal activity of O. ficus-indica ethanolic extract 0.1757 0.0113 )
Antibacterial activity of O. ficus-indica aqueous extract 0.59 0.3224 0.0011
Antibacterial activity of O. ficus-indica ethanolic extract 0.198 0.1021 )
Coppounds in Aloe vera
Classes of Bioactive MW Molecular
compounds Compounds
long-chain fatty Phthalic acid, di C H O
acid ethyl ester (2-propylpentyl) ester 4023 e
lor%g-chain fatty Hexadecanoic 284.4 C18H3602
acid ethyl ester acid, ethyl ester
Monocarboxylic
acid ami()l(z Lidocaine 234.34 C, H,N,0
plasticizers Tribu'tyl 402.5 C20H3408
acetylcitrate
Pyrolo[3,2-d]
polyphenols pyrimidin-2,4 151.12 CHN.O,
(1H,3H)-dione
2-Fluoro-6-
Ester trifluoromethylbenzoic 329.2 C HFNO,
acid, 4-nitrophenyl ester
L. 1,2-Benzenedicarboxylic
> C H, O
plasticizers acid, bis (2-methylpropyl) ester 278.3 e
Pyrrole, 2-methyl-5- C HN
Pyrroles phenyl- 157.21 aHy
Benzamide,
polyphenols 2-methoxy-N-benzyl- 257.29 CH.NO,
N-phenethyl

FIGURE 1: The various compounds found in A. vera.
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FIGURE 2: Active metabolites of Aloe vera ethanolic extract using GC-MS/MS. Base peak chromatogram of Aloe vera ethanolic extract (A)
and identified secondary metabolites. A: The chromatogram obtained from the GCMS of O. ficus-indica ethanolic extract.

3.5. The Biological Activities of A. vera and O. ficus-Indica
Compounds. GC-MS was conducted using the National
Institute Standard and Technology (NIST) database. In total,
18 and 34 compounds were studied from A. vera and
O. ficus-indica, respectively. Hexadecenoic acid, ethyl ester,
found in extracts of both plants, has antioxidant, nematicide,
hypocholesterolemic, pesticide, lubricant, antiandrogenic,
flavor, and hemolytic activity [21-23]. Javahershenas and
Khalafy [24] showed that pyrolo[3,2-d] pyrimidin-
2,4(1H,3H)-dione has antimicrobial, antibacterial, antifun-
gal, anti-inflammatory, antitumor, antioxidant, antiviral,
anti-HIV, anti-asthmatic, and anticoagulant activity. Ben-
zamide,2-methoxy-N-benzyl-N-phenethyl has antibacterial
and antifungal activity [25, 26]. Phthalic acid, di(2-pro-
pylpentyl) ester, tributyl acetyl citrate, phthalic acid, di(oct-
3-yl)ester, 1,2-benzenedicarboxylic acid, bis(2-methyl-
propyl)ester, and pyrrole,2-methyl-5-phenyl-, all have an-
timicrobial activity [27-31]. However, 2-fluoro-6-
trifluoromethylbenzoic acid, 4-nitrophenyl ester is an
acidifier and an arachidonic acid inhibitor, which increases
aromatic amino acid decarboxylase activity, according to
[32] (Tables 8 and 9).

4. Discussion

The present study aimed to evaluate the potential antimi-
crobial activity of O. ficus-indica and Aloe vera plants col-
lected from Saudi Arabia. To our best knowledge, this is the
first report of being tested on the selected microbial species
from Saudi Arabia.

The results showed that A. vera extract has higher anti-
fungal activity than the O. ficus-indica extract, as evidenced by
the larger inhibition zone. The ethanolic extract of both plants

had a significant effect on the microbes. The best results in
terms of inhibition were observed against A. chevalieri and
P. funiculosum were with A. vera ethanolic and aqueous
extract, respectively. For S. aureus and Shigella sp., the best
inhibition was observed with the aqueous extract, and for
MRSA, this was with the ethanolic extract of A. vera.

The O. ficus-indica extract showed the best inhibition
result with T. funiculosus using the ethanolic extract, while
the aqueous extract showed insignificant effects against all
fungi. The best inhibitory activity with both aqueous and
ethanolic extract was observed for MRSA, followed by
Shigella sp., and then S. aureus but only with the aqueous
extract. O. ficus-indica has a stronger effect on bacteria than
fungi, while A. vera has good effects on both fungi and
bacteria. Both S. aureus and B. subtilis are significantly
inhibited by A. vera gel extract [33]. Previous studies showed
that the A. vera has a significant effect on S. aureus and
B. subtilis and an insignificant effect on A. ficuum [34].
Ethanolic extract of A. vera had a greater inhibition zone
than methanolic extract with S. aureus, B. subtilis, E. coli, and
S. typhimurium. A. vera and O. ficus-indica ethanolic ex-
tracts had inhibitory effects on E. coli, S. aureus, Acineto-
bacter, and S. epidermidis with different concentrations [6].
Both plant extracts had a significant impact on the afore-
mentioned bacteria [35]. Antimicrobial activity of the
O. ficus-indica seeds oil against C. albicans, E. coli, S. aureus,
L. monocytogenes, P. aeruginosa, S. cerevisiae, and
S. typhimurium [36] showed that the oil extracts have high
antimicrobial activity against Gram-positive and -negative
bacteria.

The discovery of novel antimicrobial metabolites from
medicinal plants such as A. vera and O. ficus-indica is an
important alternative to overcome the increasing drug
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Coppounds in O. ficus-indica

Bioactive

Classes of compounds MW Molecular
Compounds
Ketones 4-Hexen-2-one 98.14 CH, 0
Organosulfur Thi;i?;;lle_’ 3 98.16 CH,C,H,S
long-chain fatty acid Phthalic acid, di (oct-
418. C, H. O
ethyl ester 3-yl) ester 86 o
4-Methyl-2,4-bis (p-
Polyphenols hydroxyphenyl)pent-1-ene, 268.3 CsH,0,
2TMS derivative
long-chain fatty acid Phthalic acid, bis (2- 306.4 C,H,0,
ethyl ester pentyl) ester
long-chain fatty acid Hexadecanoic acid, CHO
ethyl ester ethyl ester 2844 e
Anorectic Benzphetamine 239.3 C H,N
. Bis (2-ethylhexyl
Plasticizers 15 (phet ha}Iat:XY ) 390.5 G, H,0,
Fatty acid 2-Aminoh¥dratropic 165.19 C,H, NO,
7 acid
Local anaesthetic Tolycaine 278.35 CH,N,0,
1,3-Pentadiyne, CF
Hydrocarbons 1.5.5,5-tetrafluoro- 136.05 SF,
Amino acids 1-Alanine, n- CH NO
derivative propargyloxycarbonyl-, ethylester 199.20 ]
long-chain fatty acid Phthalic acid, butyl 306.3 C,H,0,
ethyl ester hexyl ester
1- (Benzyloxy)-3,5- C H NO
polyhenols dinitrobenzene 274.2 e
Hydrocarbons 2-Butynedinitrile 76 CN,
Aldehyde 2P $£j2$;1’3' 217.89 C,HBr,0
. . . 3-Amino-2,4-
8 CH, N
Aliphatic amine dimethylpentane 115.22 SH,
Polyphenols Phenc:ﬁi;;t}l:;nyl—} 150.17 CH, O,
Ketone 1-Penten-3-one 84 CHO
Silane, dimethyl (4- .
Terpenes methoxyphenoxy)heptadecyloxy- 436.7 L, O St
Pyrimidines 5-Pyrimidinol, 2- 94 CHN,
methyl-
Amir.lo af:ids Alanine, N-methyl-n- 259,34 CBHZSNOA
derivative propoxycarbonyl-, nonyl ester
Acetic acid, (4-chloro-2-
polyphenols methylphenoxy)-, heptadecylester 439 C,H,,Cl0,
Pyridines Pyridine, 3-propyl- 121 CH, N
polyphenols Phenol, 5-ethenyl-2- 150 CH,0,

methoxy-

FIGURE 3: The various compounds found in O. ficus-indica.
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FIGURE 4: Active metabolites in O. ficus-indica extract identified by GC-MS. Base peak chromatogram of O. ficus-indica methanolic extract
(A) and identified secondary metabolites. A: The GCMS chromatogram of the A. vera ethanolic extract.

TaBLE 8: Biological activities of A. vera compounds.

Match . . .
No RT Compound factor Biological activity
1 18.6693 Phthalic acid, di(2-propylpentyl) ester 924 Antimicrobial [30]
2 11.9689 Hexadecanoic acid, ethyl ester 918 Ant10x1.dant, nenllat1c1de, h.ypocholesterolemllc, pesticide,
luubricant, antiandrogenic, flavor, hemolytic [22, 23]
. . Anaesthetic, antiarrhythmic (DrugBank accession number
3 11.4707 Lidocaine 89.4 DB00281)
4 15.3492 Tributyl acetylcitrate 88.1 Anticancer, antimicrobial activity [28]
Antimicrobial, antibacterial, antifungal,
5 9.6893 Pyrolo[3,2-d]pyrimidin-2,4(1H,3H)-dione 77.3 anti-inflammatory, antitumor, antioxidant, antiviral,
anti-HIV agents, antiasthmatic, anticoagulant. [24]
2-Fluoro-6-trifluoromethylbenzoic acid, Acidifier, arachidonic acid inhibitor, increase aromatic
6 30.6763 . 71.2 . . ..
4-nitrophenyl ester amino acid decarboxylase activity [32]
1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) Antimicrobial, a-Glucosidase inhibition, and the in vivo
7 11.1200 71.2 .
ester hypoglycemic effect. [29]
9  8.8667 Pyrrole, 2-methyl-5-phenyl- 66.0 Antimicrobial, inti-inflammatory, antitumor [27]
10 24.9162 Benzamide, 2-methoxy-N-benzyl-N-phenethyl 65.6 Antifungal and antibacterial. [26]
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TaBLE 9: Biological activities of O. ficus-indica compounds.

No RT Compound Match factor Biological activity

1 714267  Hexadecanoic acid, ethyl ester 30.6 Antioxidant, pematicidg, hypocholesterolemc,.pesticide, lubricant,
antiandrogenic, flavor, and hemolytic [22, 23]

2 68.1514 Tolycaine 78.8 Reduce the pain of injection, use in dental injection. (DrugBank)

3 93.1548  Phthalic acid, di(oct-3-yl) ester 72.1 Antimicrobial and antifouling. [31]

4 93.1547 Bis(2-ethylhexyl) phthalate 67.1 Antibacterial and antifungal agent. [25, 28]

resistance in humans. The plant extracts with known anti-
microbial properties can be of great importance for thera-
peutic treatments. O. ficus-indica has been used traditionally
for controlling many different pathogenic bacterial
infections [37].

Endophytic fungi isolated from A. vera (Penicillium
sp., Aspergillus sp., and F. oxysporum) showed a moderate
inhibition zone when treated with methanol extract [38].
The A. vera extracts showed antibacterial activity against
both Gram-positive and -negative isolates, while the leaf
extracts did not show any such activity [4]. Ethanolic
extract of A. vera inhibited the growth of E. coli, S. aureus,
and C. albicans with zones of inhibition of 6, 5, and 4 mm,
respectively, while aqueous extract had zones of in-
hibition of 6, 4, and 3 mm, respectively [7]. The meth-
anolic extract of A. vera inhibited the growth of E. coli
(3mm) only.

A. vera extracts showed greater antibacterial activity
against Gram-positive bacteria as compared to Gram-
negative bacteria [6]. With respect to individual patho-
gens, the ethanolic extract showed greater inhibition than
the methanolic extract, while significantly lower inhibition
was observed with acetone extract. A. vera distilled extract
was effective against P. aeruginosa [5]. A. vera sterol extract
had great antifungal activity against A. niger, A. terreus, and
Penicillium sp. and antibacterial activity against S. aureus,
E. coli, and S. typhimurium [39]. A. vera extract has anti-
microbial activity against S. aureus, E. coli, and Shigella [40].
Both A. barbadensis juice and gel inhibited the growth of
C. albicans, E. coli and P. fluorescens better than that of
A. arborescens [41].

A. vera extracts showed low antifungal activity against
the Aspergillus and Penicillium strains and strong activity
against the Alternaria spp2 strain [42]. The cactus pear fruit
(O. ficus-indica) extracts clearly showed positive action
against the bacterial and fungal species [43]. However, the
extract did not show any activity against A. niger for more
than 2days, unlike C. albicans, which can resist the in-
hibitory activity of the extract for periods longer than 2 days.
Good antibacterial activity of the O. ficus-indica skin fruit
extracts has been revealed against both Gram-positive and
Gram-negative bacterial isolates [44]. However, the ex-
traction of A. vera showed low antifungal activity on the
Aspergillus strains and Penicillium strains and strong activity
against the Alternaria spp2 strain [42]. A. niger showed
a large inhibition zone with the alcohol and aqueous extracts
of A. vera, and no zone was observed with C. albicans [45].

GC-MS was conducted using the National Institute
Standard and Technology (NIST) database. The spectrum of
the unknown components was compared with the spectrum

of the known components stored in the NIST library. The
essential oil composition of the skin, pulp, and seeds from
the O. ficus-indica fruits was analyzed by hydrodistillation
(HD) followed by gas chromatography-mass spectrometry
(GC-MYS) to investigate the compounds in processed fruit
[20]. Prickly pear has a high bioactive potential, being an
important source of bioactive compounds and an excellent
source of dietary antioxidants [46]. The antioxidant and
antimicrobial compounds highlight the importance of
O. ficus-indica as a crop [20]. Twelve compounds were
identified from A. vera, including hexadecenoic acid,
octadecanoic acid, tricosane, 1l-octadecanol, and trace
amounts of sterols [39]. The ethanolic and aqueous extracts
of the bagasse (byproducts of A. vera processing leaves) have
shown antioxidant and antifungal activity [47].

The antioxidant properties of A. vera flowers could have
an important application in the food industry, providing an
income for farmers if the flowers are considered as
a byproduct rather than a residue. Natural products with
antioxidant properties have been extensively utilized as
health-promoting products and natural additives in the food
industry [48]. A. vera compounds have anticancer and
antimicrobial activity [19].

We investigated the activity of 18 and 34 compounds
from A. vera and O. ficus-indica, respectively. The studied
compounds showed biological activity similar to the results
reported earlier, with similar antioxidant, antifungal, anti-
bacterial, antiviral, and anti-inflammatory properties. These
plants may offer a new source of antibacterial and antifungal
agents with significant activity against infective microor-
ganisms [3]. However, our results should be verified through
further investigations on the antimicrobial activity of these
cacti-like plants and other aspects. Based on the results
obtained in this research, those types of polyphenols
compounds obtained in A. vera and O. ficus-indica may be
a potential target in the future to explore antifungal and
microbial benefits for humanity.

5. Conclusions

Extracts from cacti and cacti-like plants possess antifungal
and antibacterial activity against various pathogens. These
extracts can be used as natural alternatives to synthetic an-
tifungal treatments in fungi management. GC-MS clearly
shows more polyphenols in A. vera extract as phthalic acid
di(2-propylpentyl) ester and hexadecenoic acid ethyl ester,
and 1-(benzyloxy)-3,5-dinitrobenzene and phenol, 5-ethenyl-
2-methoxy in the O. ficus-indica extract. These compounds
have a biological activity such as antimicrobial and antioxi-
dant, which means that these plant extracts can be used in
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medical and cosmetic products against fungi and bacteria. In
the future study, we would like to use the HPLC for both plant
extracts and study the phenol, flavonoids, and alkaloids

compounds.
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Information

CFE: Colonization frequency

NIST: National Institute Standard and Technology

HD: Hydro distillation.
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Ethyl acetate fraction column chromatographic analysis was used to isolate eleven compounds (numerically tagged 1-10) from
Cassia occidentalis L. in this study. Two unique metabolites, including a neolignan compound designated as occidentalignan I (9)
and a flavonoidal glycoside, chrysin-7-O-a-L-rhamnopyranosyl (10), were identified, while silybin A (8) was the first fla-
vonolignan to be isolated from the Fabaceae family. Four compounds, including B-sitosterol-3-O-B-D-glucopyranoside (1),
stigmasterol-3-O-f3-D-glucopyranoside (2), betulinic acid (3), and vanillic acid (4) were isolated from C. occidentalis for the first
time. In addition, four known compounds, cinnamic acid (5), p-hydroxybenzoic acid (6), 8- resorcylic acid (7), and citric acid (11),
were also detected. The in-vitro cytotoxicity assessment of the methanolic extract of C. occidentalis on seven cancer cell lines,
including A-549, Colo-205, Huh-7, HCT-116, PANC-1, SKOV-3, and BNL, demonstrated its selective potent cytotoxicity on lung
cancer cells without affecting normal BNL cells. In contrast, the methanolic extract showed moderate activity on Colo-205 and
Huh-7 and nearly no activity on HCT-116, PANC-1, and SKOV-3 cell lines. These results suggest that the methanolic extract of
C. occidentalis is an excellent candidate with potential antiproliferative activity against lung cancer; however, further studies are

necessary to clarify its mechanism of action.

1. Introduction

Cancer treatment remains a significant healthcare challenge
that constantly necessitates the discovery of new therapeutic
candidates. Numerous synthetic cancer medications are
currently available; however, the majority exhibit fatal
drawbacks to normal healthy cells, such as cell toxicity,
genotoxicity, carcinogenicity, and teratogenic effects [1].
Thus, despite their high efficiency in targeted cancer cell
treatments, the adverse effects of these available agents limit
their use as synthetic chemotherapeutics. Consequently,
there is an urgency to discover new sources for safe anti-
cancer agents with selective activity on cancer cells and
without harmful effects on normal cells. Nature is a rich
source of highly effective therapeutic agents with the

capacity to treat several deadly ailments at very low toxicity
margins.

C. occidentalis L. is a pharmacologically significant herb
and a candidate with crucial anticarcinogenic properties.
The herb belongs to the family Fabaceae (Leguminosae), and
its different tissues have been used in folk medicine.
C. occidentalis is native to the western hemisphere, prin-
cipally South and Central America, and was introduced to
India and China and then to African countries, such as Egypt
and Libya [2, 3]. The extract of the whole plant has been used
ethnomedicinally to cure eye inflammation, while it is ex-
tensively used in Jamaica to treat various diseases, such as
eczema, constipation, diarrhea, venereal diseases, fever,
dysentery, and cancer [4]. Infusions of C. occidentalis roots
have been used for stomach pain, whereas uses in veterinary
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medicine as antidotes for animal treatments have been re-
ported. In addition, boiled C. occidentalis roots are used to
treat constipation, whooping cough, and lactogogue [5],
while its decoction mixed with black pepper is used in the
treatment of filarial disease [6]. In Brazil, the roots are also
used as a tonic, antidiuretic, and febrifuge and in the
treatment of liver diseases, anemia, fever, and
tuberculosis [7].

C. occidentalis L. leaves have been used topically as
a paste for the treatment of wounds, cutaneous diseases,
sores, bone fractures, ringworms, fever, and throat in-
fections, while their extracts have also been shown to
pharmacologically possess antibacterial, antimalarial, anti-
mutagenic [8-10], immunosuppressive [11], anticarcino-
genic, and hepatoprotective activities [10, 12, 13]. Other
uses, such as anti-inflammatory, antidermatophyte, anti-
bacterial, antiplasmodial, antifertility, antimalarial, and
antidiabetic activities, as well as its capacity to repair,
protect, and normalize liver functions have been reported
[10, 14].

Previous studies on Cassia species reported the isolation
and identification of a wide range of secondary metabolites
with numerous biological potentials. Consequently, this
study explored C. occidentalis with an aim to elucidate its
phytochemical and biological properties and to extensively
demonstrate evidence of its usage in various pharmaceutical
products.

2. Methods and Materials

2.1. Ethical Statement. All experiments and procedures were
performed by following the relevant guidelines and regu-
lations of the Faculty of Pharmacy, Assiut University, Assiut,

Egypt.

2.2. General Experimental Procedures. Infrared (IR) spectra
were recorded on a Shimadzu Infrared-400 spectrometer
(Kyoto, Japan) and ultraviolet (UV) spectra were obtained
on a Shimadzu 1601 UV/VIS spectrophotometer. Nuclear
magnetic resonance spectroscopy (NMR) spectra were ob-
tained on a Bruker Avance IIT 400 spectrometer using
precoated silica gel 60 F,54 TLC (0.25 mm, Merck, Germany)
and RP-18 F,5, plates (0.25mm, Merck, Germany). In
electron-ionization mass spectrometry (EIMS), measure-
ments were obtained on a Bruker, Mass DIP meth-mass
spectrometer.

2.3. Plant Material. The whole aerial flowering parts of
C. occidentalis were collected between April and July 2014,
from plants cultivated at the Experimental Station, Faculty of
Pharmacy, Assiut University, Assiut, Egypt. The plant was
identified by Dr. A. A. Fayed, Prof. of Plant Taxonomy,
Faculty of Science, Assiut University, Assiut, Egypt. A
voucher sample was kept in the Herbarium of the Phar-
macognosy Department, Faculty of Pharmacy, Assiut
University, Assiut, Egypt.
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2.4. Extraction and Fractionation. The air-dried powdered
samples from whole aerial flowering parts (3kg) of
C. occidentalis L. were extracted by maceration in 70%
methanol (10L x4). The alcoholic extract was concen-
trated, and 350 g of the solvent-free residue (11.7%) was
mixed with 500 mL of distilled water and then was sub-
jected to successive solvent fractionation with n-hexane,
chloroform, ethyl acetate, and n-butanol till complete
exhaustion, followed by extract storage in a vacuum
desiccator until use. After monitoring all fractions with
TLC using different solvent systems and spraying with
different reagents, the ethyl acetate fraction was selected
for column chromatographic isolation of compounds as it
contained several different compounds of important
chemical classes with vital biological functions, such as
flavonoids and phenolics.

2.5. Phytochemical Studies

2.5.1. Column Chromatographic Separations. The ethyl ac-
etate fraction (40g) was subjected to vacuum liquid chro-
matography with chloroform-methanol gradient elution.
Five subfractions labeled as COEt-I-COEt-V.Subfraction
COEt-II (7.5g) were rechromatographed on silica gel col-
umn chromatography (280 g) and eluted with a chloroform-
methanol gradient. Fractions of 50 mL each were collected
and monitored by thin-layer chromatography (TLC). Sim-
ilar fractions were collected and grouped. Fractions eluted
with chloroform/methanol in the ratios 0f9:1,8:2,and 7:3
generated 50, 20, and 25 mg of compounds (1), (2), and (5),
respectively. Subfraction COEt-III (8.5g) was rechromato-
graphed on silica gel column chromatography (320 g) and
eluted with a chloroform/methanol gradient. Fractions of
50 mL each were collected and grouped. Fractions eluted
with chloroform/methanol in the ratios 0f9:1,8:2,and 6:4
yielded 18 g, 22 mg, and 18 mg of compounds (6), (7), and
(4), respectively. Subfraction COEt-IV (9.5g) was rechro-
matographed on silica gel column chromatography (350 g)
and then eluted with a chloroform/methanol gradient in the
ratios 0f 8:2,7:3,6:4,and 1:1 to generate compounds (3),
(9), and (8) with 15, 25, and 30 mg, respectively. Subfraction
COEt-V (9 g) was rechromatographed on silica gel column
chromatography (300g) and eluted with a chloroform/
methanol gradient in the ratios of 7:3, 6:4, and 1:1 to yield
compounds (10) and (11) with mass of 18 and 25mg,
respectively.

2.5.2. Acid Hydrolysis. A solution of the isolated glycoside
(5mg in 10mL MeOH) was treated with 1.5mL of 3%
H,SO, and heated at 100°C for 1h. The aglycone was
extracted with ethyl acetate, concentrated under reduced
pressure, and identified by co-TLC with an authentic sample
by using a suitable system. The sugars in the aqueous layer
were identified by paper chromatography with authentic
standards using system n-butanol-acetic acid-water (4:1:2
drops) v/v and sprayed with aniline hydrogen phthalate [15].
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2.6. Pharmacological Studies

2.6.1. In Vitro Assay

(1) Cell Culture. The lung cancer (A-549), colorectal cancer
(Colo-205), liver cancer (Huh-7), colon cancer (HCT-116),
pancreatic cancer (PANC-1), and ovarian cancer (SKOV-3)
cell lines, as well as normal hepatocyte cell line (BNL) were
obtained from Nawah Scientific Inc. (Mokatam, Cairo,
Egypt). Cell lines were maintained in a Roswell Park Me-
morial Institute (RPMI) medium supplemented with
100 mg/mL of streptomycin, 100 units/mL of penicillin, and
10% of heat-inactivated fetal bovine serum and then in-
cubated at 37°C in a humidified 5% (v/v) CO,
atmosphere [16].

(2) Cytotoxicity Assay. Cell viability was assessed using
a sulforhodamine B (SRB) assay. About 100L of cell sus-
pension (5 x 10 cells) was transferred to a 96-well plate and
incubated in a complete medium for 24 h. The cells were
then treated with 100 L of medium containing samples at 10
and 100 g/mL concentrations. After 72h of exposure, the
cells were fixed by replacing the medium with 150 L of 10%
trichloroacetic acid and incubating at 4°C for 1h. Sub-
sequently, the trichloroacetic acid solution was removed and
the cells were washed five times with distilled water. Ap-
proximately, 70 L of SRB solution (0.4% w/v) was added and
the mixture was incubated in the dark at an ambient
temperature for 10 min. The plates were then washed three
times with 1% acetic acid and allowed to air-dry overnight.
After drying, 150L of 10mM tris (hydroxymethyl) ami-
nomethane (TRIS) was added to dissolve the protein-bound
SRB stain, and then the absorbance was measured at 540 nm
using a BMG LABTECH-FLUOstar Omega microplate
reader (Ortenberg, Germany) [16].

2.7. Statistical Analysis. Data are expressed as mean + SD for
all parameters. Graph Pad Prism software package was used
for multiple comparisons of data, and a one-way analysis of
variance (ANOVA) test was used to infer statistical signif-
icance at P <xx.

3. Results and Discussion
3.1. Phytochemical Studies

3.1.1. Screening and Isolation of Compounds. Silica gel
column chromatographic analysis of the ethyl acetate
fraction obtained from the whole aerial flowering parts of
C. occidentalis identified eleven compounds labeled 1-11
(Figure 1). The structures of these compounds were iden-
tified and confirmed by one-dimensional (1D) and 2D NMR
analysis and mass measurements and by comparing results
with the reported data that were previously published.
Four known compounds (1-4) identified as f-sitosterol-
3-O-B-D-glucopyranoside (1),  stigmasterol-3-O-f-D-
glucopyranoside (2), betulinic acid (3), and vanillic acid (4)
were for the first time in Cassia occidentalis L, while in
addition, three known compounds, cinnamic acid (5), p-

hydroxybenzoic acid (6), and - resorcylic acid (7), were also
identified. Silybin A (8) is the first flavonolignan to be
identified in the family Fabaceae and could serve as a tax-
onomic marker of C. occidentalis. All physical and spectral
data of these compounds were consistent with those re-
ported in the previous data (8).

Compound (1) was isolated as a granular powder
(50 mg, MeOH), and electron-ionization mass spectrometry
(EI-MS), m/z (rel.int%), of 413 [M-sugar]* (10%), 394 (20%),
399 (10%), 264 (20%), 83 (60%), and 57 (100%) was detected
(Figure S1). On the basis of the EI-MS, 'H-, and *C-NMR
(Figures S2 and S3) and by comparison with the literature
[17, 18], compound (1) was identified as f-sitosterol-3-O-
B-D-glucopyranoside (1). To our knowledge, this study
represents the first report of its isolation from
C. occidentalis L.

Compound (2) was isolated as a white granular powder
(20 mg, MeOH), and electron-ionization mass spectrometry
(EI-MS), m/z (rel.int%), of 411 [M-sugar]*(5%), 394 (5%),
300 (30%), 255 (20%), 83 (30%), and 70 (100%) was observed
(Figure S4). On the basis of EI-MS, 'H-, and ">C-NMR
(Figures S5 and S6) and by comparison with the literature
[18, 19], compound (2) was identified as stigmasterol-3-O-
B-D-glucopyranoside (2). To our knowledge, this represents
its first isolation from C. occidentalis.

Compound (3) was isolated as a white needle-shaped
substance (15mg, MeOH) with a melting point (m.p) of
295-298°C. EI-MS, m/z (relint%), of 456 [M]* (60%),
411 [M-COOH]" (5%), 438 [M-H,O]" (5%), 248 (10%), 207
(22%), and 189 (20%) was detected (Figure S7). The '"H-NMR
spectrum analysis of compound (3) (Table S1 and Figure S8)
showed that it exhibited a triterpenoid skeleton that revealed
the presence of six methyl group signals, and five of them at
617 0.65,0.76,0.89, 0.91, and 0.93 parts per million (ppm) were
assigned to Me-25, Me-23, Me-24, Me-27, and Me-26, re-
spectively. In addition, a vinylic methyl at 8y 1.64 ppm
assigned to Me-30, a methine proton at g 2.97 ppm (1H, m)
attributed to H-19, and one oxymethine proton at &y
3.33 ppm (overlapped with solvent signal) assigned to H-3
were detected, which were confirmed by IR band at v
3400 cm ™' [20]. Two olefinic protons at §;; 4.56 and 4.69 ppm
were attributed to H-29a and H29b, respectively. The mass
spectrum (Figure S7) showed a molecular ion peak at m/z 456,
which corresponded to a molecular formula C3yHy303, with
characteristic mass fragments at m/z 411, 219, 248, 218, and
207, typical of betulinic acid [21]. The 13C-NMR spectrum of
compound (3) (Table S1; Figures S9 and S10) confirmed its
triterpenoid nature and revealed signals for thirty carbons.
The compound exhibited a carbonyl carboxylic acid moiety at
8¢ 177.77 ppm assigned to C-28, in addition to two olefinic
carbons at §¢ 110.11 and 150.78 ppm assigned to C-29 and C-
20, respectively, and one oxymethine at §¢ 78.70, suggesting
a lupane skeleton. Previous studies suggested that the com-
pound was betulinic acid [21]; thus, it was designated as
betulinic acid (3). To our knowledge, this represents its first
isolation from C. occidentalis.

Compound (4) was isolated as a white amorphous
powder (18 mg, MeOH). EI-MS, m/z (rel.int%), of 168 [M]*
(10%), 153 [M-CH5]" (15%), 137 [M-OCH;]" (60%), 129
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FIGURE 1: Structures of compounds isolated from the whole aerial flowering parts of C. occidentalis L.

(90%), 111 (50%), and 87 (100%) was observed (Figure S11).
Analysis of 'H- and ">C-NMR spectra data of compound (4)
(Table S2; Figures S12 and S13) showed that it exhibited three
signals in the aromatic region at 8y 7.45ppm (1H, s),
6.84ppm (1H, d, J=8.8 Hz), and 7.44 ppm (1H, d, J=8.8 Hz),
indicating the presence of a trisubstituted benzene ring. A
singlet corresponding to three protons at Jy 3.80 ppm sug-
gested the presence of a methoxy group, which was confirmed
by 8¢ 55.97 ppm and another singlet at § 9.01 ppm for the
aromatic hydroxyl group. The *C-NMR spectrum revealed
seven aromatic carbon signals, with downfield one at &¢
167.80 ppm being attributed to a carboxy carbonyl group,
while the other six signals were similar to the previously
reported compounds [22, 23]. The mass with the molecular
ion peak at m/z 168 and ">C-NMR spectral data of compound
(4) suggested a molecular formula of CgHgO,, thus the
compound was considered to be 3-methoxy, 4-hydroxy
benzoic acid (vanillic acid) (4), which to our knowledge
represents its first isolation from C. occidentalis.

Compound (5) was isolated as white crystals (25 mg,
MeOH) with an m.p of 133135°C. EI-MS, m/z (rel.int%), of
148 [M]" (77%), 147 [M-1]" (100%), 131 [M-OH]* (27%),
103 [M-45]" (69%), 91 (40%), and 77 (65%) was detected
(Figure S14). Compound (5) exhibited a "H-NMR spectrum
(Table S3 and Figure S15) for a monosubstituted phenyl ring
at 6 7.68 ppm (2H, d, ] = 8.0 Hz) corresponding to H-2 and
H-6, in addition to AB system with resonance at 8z 7.60 and
6.54ppm that had a large coupling constant, indicating
a transgeometry. The '*C- and "C-DEPT (distortionless
enhancement by polarization transfer) NMR spectra of
compound (5) (Table S3; Figures S16, and S17) displayed
seven carbon signals, with one of them being attributed to
acid carbonyl at ¢ 168.05 ppm, which predicted a cinnamic
acid structure. The mass spectrum (Figure S7) exhibited
a molecular ion peak at m/z 148 that corresponded to
CoHgO,, thus validating the predicted structure. The
resulting spectral data were consistent with that of cinnamic
acid in a previous study [24], and it was therefore isolated as
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cinnamic acid (5), which to our knowledge represents its
first isolation from the genus Cassia.

Compound (6) was isolated as a white needle-shaped
compound (18 mg, MeOH) with m.p of 215-217°C. EI-MS,
m/z (relint%), of 138 [M]" (70%), 121 [M-OH]" (100%),
93 [M-COOH]* (32%), and 65 (40%) was obtained
(Figure S18). The 'H-NMR spectrum analysis of the com-
pound (Table S4 and S19) showed that it exhibited two
doublet signals at dy 7.80ppm (2H, d, J=8.4Hz) and
6.83ppm (2H, d, J=8.4Hz), which were equivalent to
protons attributed to a paradisubstituted benzene ring, in
addition to the two downfield singlet signals at §;; 12.28 and
10.32 ppm that corresponded to carboxylic OH and 4-OH
groups. The °C- and DEPT ">C-NMR (Figures $20 and S21)
spectra revealed five signals, which could be attributed to
seven carbons including a signal at §c 167.64 ppm that
corresponded to carboxy carbonyl. The DEPT experiment
revealed three quaternary carbons, which were attributed to
C-1 and C-4 at the &¢ 121.84 and 162.06 ppm and a car-
boxylic one at §c 167.64. The mass spectrum (Figure S18)
generated a molecular ion peak at m/z 138, which predicted
a molecular formula of C;HgO;5. The obtained data were
consistent with those of p-hydroxybenzoic acid [25], thus the
compound was identified as p-hydroxybenzoic acid (6),
which to our knowledge represents its first isolation from the
genus Cassia.

Compound (7) was isolated as a white needle-shaped
compound (22 mg, MeOH) with m.p of 208-211°C. EI-MS,
m/z (relint%), of 154 [M]* (30%), 136 [M-H,O] * (100%),
108 [M-COOH]" (46%), and 80 (60%) was obtained
(Figure S22). Its '"H-NMR spectrum (Table S5 and
Figure §23) exhibited three aromatic proton signals, which
were characteristic to the trisubstituted benzene ring at §y
718ppm (1H, brs), 6.78ppm (1H, d, J=8.8Hz), and
6.96 ppm (1H, d, J = 8.8 Hz), which were assigned to H-3, H-
5, and H-6, respectively. An additional downfield singlet at
O 9.30 ppm for phenolic hydroxyl was also detected. The
I3C-NMR spectrum of compound (7) (Table S5 and
Figure S24) showed seven carbon signals and included
a signal at 8 172.14 ppm, which was assigned to the carboxy
carbonyl group. DEPT experiment (Figure S25) revealed
four quaternary carbons attributed to C-1, C-2, and C-4 at §¢
113.08, 149.83, and 154.57 ppm, respectively, in addition to
a carboxylic group at §¢ 172.14. The mass spectrum (Fig-
ure S22) revealed a molecular ion peak at m/z 154 that
predicted a molecular formula of C;HgO,. The obtained data
suggested that the compound was 2,4-dihydroxy benzoic
acid, and previous spectral data report [23] confirmed its
identity as 2,4-dihydroxy benzoic acid (f-resorcylic acid)
(7), which to our knowledge represents its first isolation
from the genus Cassia.

Compound (8) was isolated as a yellowish-white
granular powder (30 mg, MeOH). The UV spectral anal-
ysis of the compound A,,,x (MeOH) showed absorption at
217, 290, and 330 nm. The IR (KBr) spectrum showed the
following absorption bands at v cm ™' 3431 (phenolic OH),
1704 (C=0), 1552, 1440, 1250, 1237, 1080, 992, and 680
(aromatic system). EI-MS, m/z (rel.int%), of 482 [M]"
(21%), 465 [M-OH]™ (8%), 195 (3%), 109 (16%), 180 [M-

cinnamoyl]™ (30%), 153 (60%), 137 (90%), 133 (10%), and
124 (100%) (Figure S26) was obtained. The 'H-NMR
spectrum evaluation of the compound (Table S6 and
Figure S27) displayed typical features of 5,7-dihydroxy-
substituted flavonol skeleton [15] with signals at dy
5.88ppm (1H, br.s, H-6), 5.92ppm (1H, br.s, H-8),
5.08 ppm (1H, d, J=7.2 Hz), and 4.62 ppm (1H, m), which
were characteristic to the H-2 and H-3 of the dihydro-
flavonol skeleton [26]. In addition, the six protons in the
aromatic region could be attributed to the two sets of 1, 3,
and 4-trisubstituted aromatic rings, with one belonging to
the B-ring of the dihydro-flavonol group at 6y 7.09 ppm
(1H, br.s.), 6.97ppm (1H, d, J=8.0Hz), 6.99 ppm, and
(1H, d, J=8.0 Hz) for H-2', 5/, and 6’, respectively, while
the other belonging to the cinnamic alcohol groups at §y
7.01 (1H,br.s.), 6.81 (1H,d, J=8.0Hz), and 6.87 (1H.d,
J=8.0Hz) for H-2", H-5", and H-6", respectively. Four
protons at 8y 4.90 ppm (1H, d, /=8.0 Hz, H-7"), 4.17 ppm
(1H, m, H-8"), 3.55ppm (1H, m, H-9a"), and 3.40 ppm
(1H, m, H-9b") could be assigned to a propanol moiety
connected to a dioxane ring [26]. The '"H-NMR spectra
also exhibited a three-proton singlet at 8 3.78 ppm that
was assigned to the aromatic methoxy group and three
hydroxyls attached to the aromatic skeleton at dy 11.89,
10.24, and 9.15 ppm (each as one proton singlet), which
suggested the 5-OH, 7-OH, and 4”-OH groups, re-
spectively, and were confirmed by the IR absorption band
at 3431 cm™". In addition, two proton signals were at-
tributed to olefinic hydroxyls at g 5.81 ppm (1H, d,
J=6.0Hz) and 4.91 ppm (1H, d, J=7.6 Hz) for 3-OH and
9"-OH, respectively. The mass spectrum (Figure S26)
showed a molecular ion peak at m/z 482 and the ">’C-NMR
spectrum (Table S6 and Figure S28) revealed 25 carbon
signals, suggesting a molecular formula of C,sH;»,01o.
Carbon signals at §¢ 83.02 and 71.80 ppm corresponded to
C-2 and C-3, in addition to the downfield one at d¢
198.20 ppm, which was assigned to the C-4, thereby
confirming a dihydro-flavonol skeleton with hydroxylated
C-5 and C-7 [27]. The remaining '*C-NMR signals were
consistent with those previously reported for a flavonolignan
skeleton [26, 28]. The DEPT experiment (Table S6 and
Figure S29) detected 1, 1, 12, and 11 signals for methoxy, CH,,
CH, and quaternary carbons, respectively. The obtained data
suggested a dihydro-flavonol skeleton and a lignan moiety,
and their connection was verified by comparing the obtained
spectral data with those in the literature [28]. Complete as-
signment of the "H- and >C-NMR signals was achieved by
analyzing their "H'H correlation spectroscopy (COSY),
heteronuclear single quantum coherence (HSQC), and het-
eronuclear multiple bond correlation (HMBC) spectra
(Figures S30-S32). The stereochemistry of compound (8) was
based on the carbon chemical shifts, which shared a close
resemblance with those previously reported for silybin A (8)
(2R,3R)-3,5,7-trihydroxy-2-[(2S,3S)-3-(4-hydroxy-3-methox
yphenyl)-2-hydroxymethyl-2,3-dihydro-benzol [1, 4] dioxin-
6-yl]-chroman-4-one [28]. On the basis of previously re-
ported spectral data and by comparison with the available
literature [26, 28], compound (8) was verified to be silybin A
(8). To our knowledge, this represents its first isolation from
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TaBLE 1: "H-NMR, *C-NMR, DEPT, and HMBC (400 and 100 MHz, DMSO-d,) data of compound(9).
Carbon no. "H-NMR (m, in Hz) "C-NMR DEPT HMBC
1 — 131.30 C —
2 7.17 (1H, br.s) 104.40 CH 3,4,6
3 — 148.40 C —
4 — 148.20 C —
5 691 (1H, d, J=7.6 Hz) 109.0 CH 1,3, 4
6 6.98 (1H, d, J=7.6Hz) 123.0 CH 1,2, 4
7 3.52 (1H, m) 70.10 CH —
8 3.41 (1H, m) 73.20 CH -
9, 420 (1H, m)
9 o 446 (1L m) 62.50 CH, —
1 — 148.40 C —
2.6/ 6.94 (2H, d, J=8.1 Hz) 126.10 CH 1,3, 4,5
4/ — 131.30 C —
3,5/ 6.87 (2H, d, J=8.1 Hz) 138.20 CH 1, 4,7, 2,6
7' 7.21 (1H, d, J=14.8 Hz) 142.40 CH 3,59
8 6.67 (1H, d, J=14.8 Hz) 121.20 CH 3,59
9’ — 164.90 C —
9'-OH 13.13 (1H, br.s.) — — —
0-CH,-O 6.02 () 101.70 CH, 3,4
TaBLE 2: UV spectral data of compound (10) in methanol and with different ionizing and complexing reagents.
Amax (nm)
+NaOAc/
Band MeOH +NaOMe +AICl; +AICI3/HCl +NaOAc H,BO,
A A A A A
Amax Amax /lmax Amax /lmax Amax Amax Amax Amax Amax /lmax
II 283 290 +7 295 +12 293 +8 285 +3 290 +7
335 350 +15 386 +56 370 +45 345 +15 344 +9

the genus Cassia and family Fabaceae; thus, it might serve as
a taxonomic marker of C. occidentalis as flavonolignans have
not been reported in the family.

Compound 9 was obtained as a yellow granular powder
(25 mg, MeOH). EI-MS, m/z (rel.int%), of 358 [M]* (27%),
357 [M-H]" (89%), 341 [M-OH]" (2%), 327 [M-CH,OH]"
(3%), 313 [M-COOH]" (2%), 300 (36%), 287 [M-propenoic
acid]” (3%), 195 (5%), 163 (13%), and 71 [propenoic acid]
(45%) was obtained (Figure S33). The molecular formula was
established to be C,9H;30;, which implied 11 degrees of
unsaturation. The IR (KBr) spectrum showed the following
absorption bands at » cm™" 3400 (OH), 2830, 1705 (C=0),
1601, 1580, 1509, 1280, 750 (C=C aromatic ring), 1038, and
930 (methylenedioxy). The 'H-NMR spectrum (Table 1 and
Figure S34) first revealed the protons in the aromatic region
at 857 6.98-7.17 ppm that displayed seven signals, which were
attributed to two metadisubstituted and paradisubstituted
phenyl rings, then followed by two transolefinic protons at
Oy 6.67 and 7.21 (d, J=14.8Hz) [29] and one methyl-
enedioxy group at 0z 6.02 ppm [29]. In addition, four signals
at 8y 3.52-3.41 ppm could be attributed to the protons at-
tached to carbons with adjacent oxygen, leading to the as-
signment of an oxyneolignan structure with propenyl
moiety. Based on signal characteristics (HSQC, COSY, and
HMBC), protons at 6y 7.17 ppm (1H, s), 6.91 ppm (1H, d,
J=7.6Hz), and 6.98ppm (1H, d, J=7.6Hz) could be

assigned to H-2, H-5, and H-6 (ring A), while protons at 6y
6.94ppm (2H, d, J=8.1 Hz) and 6.87 ppm (2H, d, J=8.1 Hz)
were assigned to the paradisubstituted phenyl ring (ring B).
Besides, the '>’C-NMR indicated the presence of 19 carbons,
while DEPT *C-NMR data (Table 1; Figures S35 and S36),
confirmed the presence of two phenylpropanoid units [30].
The DEPT experiment revealed the presence of an alcoholic
methylene signal at §c 62.50ppm and a signal at &c¢
101.70 ppm, confirming the methylenedioxy group [29]. In
addition, six quaternary carbons at ¢ 131.30, 148.40, and
148.20 ppm were assigned to C-1, C-3, and C-4 of ring A,
while the signals at §¢ 148.40 and 131.30 ppm were assigned
to C-1" and C-4' of ring B, in addition to carboxylic carbonyl
at 8¢ 164.90 ppm, which confirmed the transsubstituted
neolignan. The NMR results and the detection of significant
mass peaks at m/z 71 and 287 confirmed the presence of
propenoic (acrylic) acid moiety [30]. Complete assignment
of the 'H- and ">C-NMR signals was confirmed from their
"H-"H COSY, HSQC, and HMBC (Figures S37-S39) spectra
analysis. The spectral data and their comparison with similar
compounds in the literature [29-31] could assign compound
9 as (E)-3-[4-(1-(benzol) [d] [1, 3] dioxol-6-yl)-1, 3-
dihydroxy propan-2) phenyl] propanoic acid, which can
loosely be called occidentalignan I (9). This represents a new
compound and the first report of its isolation from
C. occidentalis [32].
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TaBLE 3: '"H-NMR, "*C-NMR, and DEPT (400 and 100 MHz,
DMSO-dg) data of compound (10).

S(jrbon "H-NMR (m, in Hz) 3C.NMR DEPT
2 — 16492 C
3 6.93 (1H, s) 10561 CH
4 — 182.31 C
5 — 161.91 C
6 6.20 (1, d, J=1.6Hz) 9950 CH
7 — 16365 C
8 6.51 (1H, d, J=1.6 Hz) 9460 CH
9 — 15792  C
10 — 104.41 C
1 — 131.15 C
2,6 8.04 (2H, d, J=8.0 Hz) 126.84 CH
z:’ 5 7.59 (3H, dd, J=8.0, 1.8 Hz) ggf}g gﬁ
1” 4.81 (1H, s) 101.91 CH
2" 7216  CH
3" 3.08-3.63 (remaining sugar 72.85 CH
4" protons, m) 73.97 CH
5" 68.16 CH
6" 110 (3H, d, J=6.40 Hz) 1844  CH
5-OH 12.80 (1H, s) — —

Compound 10 was obtained as a yellow amorphous
powder (18 mg, MeOH). EI-MS (Figure S40) showed
a molecular ion peak at m/z 254 [M-sugar]* and a calculated
molecular formula of C;5H;40, (chrysin). The UV spectral
data in MeOH (Table 2) showed two absorption bands at
Amax 283 nm (band II) and 335 nm (band I), which were the
characteristic of the flavone skeleton [15], with 5-OH
(bathochromic replaced in band I with AICl;) and the ab-
sence of dihydroxyl substitution at C-4" or C-7 position (no
shift with NaOMe (band I) or with NaOAc (band II)). The
'H-, °C-, and DEPT "C-NMR spectra of compound 10
(Table 3; Figures S41-S43) exhibited a characteristic pattern
of flavone skeleton [15], similar to those of chrysin [33]. In
addition, it displayed anomeric sugar proton at &y 4.81 ppm
(1H, s) with a §¢ at 101.91 as well as an upfield three-proton
signal at 6y 1.10 ppm (3H, d, J=6.40 Hz) attributed to the
methyl group of rhamnose moiety, which was confirmed by
CH; signal at §¢ 18.44 ppm. The appearance of carbon signal
at 8¢ 68.16 ppm was attributed to C-5, indicating a-L-
rhamnose [27]. Glycosylation of chrysin was determined to
occur at the C-7 (no NaOAC bathochromic shift in band II),
which was confirmed by the upfield shift of C-7 by 1.33 ppm
in the ">C-NMR spectrum in comparison to chrysin. The
C-NMR data displayed 15 carbon signals of a flavone
skeleton [27] at ¢ 72.16-68.16, which could be assigned to
the sugar moiety. The DEPT experiment revealed seven
quaternary carbon and 13 CH signals. Acid hydrolysis of
compound (10) as described in the methods resulted in the
identification of a hydrolysate. The aglycone was confirmed
to be chrysin by direct comparison with an authentic sample,
and the sugar fraction was identified as L-rhamnose using

paper chromatography. From the spectral data and their
comparison with similar compounds in the literature [34],
compound (10) was identified as chrysin-7-O-a-L-
rhamnopyranosyl (10), which to our knowledge represents
a new compound and the first report of its isolation from
a plant-based natural source.

Compound (11) was isolated from ethyl acetate fraction
as a colorless needle-shaped substance (25 mg, MeOH) with
an m.p of 152-153°C. EI-MS, m/z (relint%), of 192 [M]"
(5%), 147 [M-COOH]"* (5%), 102 [M-2COOH]" (25%),
57 [M-3COOH]" (32%), and 45 (100%) was observed
(Figure S44). The 'H-NMR spectrum of compound (11)
(Table S7 and Figure S45) exhibited two sets of enantiotropic
pairs of hydrogen with an identical chemical shift at 8z 2.60
and 2.72 ppm, each for two protons with a coupling constant
of 156Hz. The "C-NMR spectrum (Table S7 and
Figure S46) displayed four carbon signals attributed to six
carbons, with two downfield signals being assigned to three
carboxylic groups at dc 175.03 and 171.77 ppm (for two
chemically equivalent groups), in addition to an oxygenated
carbon at §¢ 72.91 and two chemically equivalent ethylenic
carbons at ¢ 43.20. Mass spectrum (Figure S44) showed
a molecular ion peak at m/z 192 with a calculated molecular
formula of CsHgO- and characteristic mass peaks at m/z 147,
102, and 57 for successive loss of three carboxylic groups,
which was confirmed from the ?*C-NMR data. The obtained
spectral data were inconsistent with those previously re-
ported for citric acid [35]. Based on the comparison between
previously identified and published spectral data [35],
compound (11) was identified as citric acid (11), repre-
senting its isolation from the genus Cassia.

3.2. Pharmacological Studies

3.2.1. In Vitro Cytotoxicity assay. The total methanolic
extract of the whole aerial flowering parts of C. occidentalis
was screened for its cytotoxic activity (Table 4). As re-
ported, the cytotoxicity of C. occidentalis is due to an-
thraquinones (major active constituents in the plant) which
are found in high concentrations. Since this class of
compounds (anthraquinones) is present in higher con-
centrations in the total extract than other fractions, it was
chosen in our study to confirm the plant’s activity [36]
against seven cancer cell lines, including lung cancer (A-
549), colorectal carcinoma (Colo-205), hepatocellular
carcinoma (Huh-7), colon cancer (HCT-116), pancreatic
cancer (PANC-1), ovarian cancer (SKOV-3), and mouse
normal liver cells BNL, using SRB screening assay at sample
concentrations of 10 and 100 g/mL. The cytotoxic activity
revealed that the extract exhibited selective potent cyto-
toxicity on lung cancer cells without affecting BNL normal
cells, while the extract showed moderate activity on Colo-
205 and Huh-7 and nearly no activity on HCT-116, PANC-
1, and SKOV-3 cell lines.

The optical microscope-stained images (Figure 2)
recorded the SRB cytotoxicity assay results for the total
methanolic extract of the whole aerial flowering parts of
C. occidentalis at the two tested concentration points against
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TaBLE 4: Rapid SRB cytotoxicity screening results of total methanolic extract from the whole aerial flowering parts of C. occidentalis on

several cell lines.

Cell viability (%)

Conc. of

the tested Cancer cell lines Norrpal cell

sample (ug/mL) line
A-549 Colo-205 Huh-7 HCT-116 PANC-1 SKOV-3 BNL

10 98.5338 100.512 96.0551 98.9648 100.038 102.567 99.0442

100 65.9283 83.916 93.2841 98.6645 93.1391 100.09 96.3608

+SD (n=3).

(m) (n)

FIGURE 2: The optical microscope stained images of cytotoxicity assays of the seven cell lines: (a) A-549 (10 yg/mL), (b) A-549 (100 ug/mL),
(c) colo-205 (10 pg/mL), (d) colo-205 (100 ug/mL), (e) huh-7 (10 ug/mL), (f) huh-7 (100 ug/mL), (g) HCT-116 (10 yg/mL), (h) HCT-116
(100 yg/mL), (i) PANC-1 (10 pg/mL), (j) PANC-1 (100 yg/mL), (k) SKOV-3 (10 ug/mL), (1) SKOV-3 (100 yg/mL), (m) BNL (10 ug/mL), and

(n) BNL (100 ug/mL), magnification power: 200x.

the seven cell lines. As a result, clear significant morpho-
logical changes in lung cancer cells were detected at both
extract concentrations, while moderate changes were ob-
served at higher (100 g/mL) concentrations on Colo-205 and
Huh-7. In contrast, no changes were detected on HCT-116,
PANC-1, and SKOV-3. These results confirmed the cyto-
toxic activity of the total methanolic extract of C. occidentalis
on the A-549 cell line.

To investigate the safety of C. occidentalis methanolic
extract on normal cells and its selective cytotoxicity on
cancer cells, the cytotoxic activity was tested against mouse
normal liver cells BNL. The results showed the percentage
cell viability of 96.3608 for the methanolic extract at
a concentration of 100 yg/mL against the BNL normal cell
line. In contrast, it demonstrated a potent cytotoxic effect
with a percentage cell viability of 65.9283 on the A-549 cell
line with the same concentration, which suggested its safety
on normal cell lines and selective cytotoxicity on lung cancer
cell lines.

4. Conclusion

In summary, this study used ethyl acetate fraction column
chromatography to isolate eleven compounds of different
classes from the whole aerial flowering parts of
C. occidentalis. Two new metabolites, including a neolignan,
designated as occidentalignan I (9) and a flavonoidal gly-
coside, named chrysin-7-O-a-L-rhamnopyranosyl (10),
were identified based on spectroscopic evidence. In addition,
a flavonolignan compound, silybin A (8), was isolated for the
first time from the family Fabaceae, while four compounds,
including p-sitosterol-3-O-f-D-glucopyranoside (1), stig-
masterol-3-O-f-D-glucopyranoside (2), betulinic acid (3),
and vanillic acid (4), as well as four known compounds,
cinnamic acid (5), p-hydroxybenzoic acid (6), -resorcylic
acid (7), and citric acid (11), were isolated for the first time in
C. occidentalis L. In vitro cytotoxicity assessment of the
methanolic extract on seven different cancer cell lines,
A-549, Colo-205, Huh-7, HCT-116, PANC-1, SKOV-3, and
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BNL, showed a selective potent cytotoxicity of C. occidentalis
extract on lung cancer cells without affecting BNL normal
cells. The extract also showed moderate activity on Colo-205
and Huh-7, and nearly no activity on HCT-116, PANC-1,
and SKOV-3. These results indicate that the Cassia occi-
dentalis methanolic extract is potentially a good candidate
for the treatment of lung cancer cell lines; however, further
studies are required to clarify its underlying mechanism of
action.
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(S11): EI-MS spectrum of compound (4). Supplementary
Figure (S12): 1H-NMR spectrum of compound (4) (DMSO-
d6-400 MHz). Supplementary Figure (S13): 13C-NMR
spectrum of compound (4) (DMSO-d6-100 MHz). Supple-
mentary Figure (S14): EI-MS spectrum of compound (5).
Supplementary Figure (S15): H-NMR spectrum of com-
pound (5) (DMSO-d6-400 MHz). Supplementary Figure
(S16): 13C-NMR spectrum of compound (5) (DMSO-d6-
100 MHz). Supplementary Figure (S17): DEPT 13C-NMR
spectrum of compound (5) (DMSO-d6-100 MHz). Supple-
mentary Figure (S18): EI-MS spectrum of compound (6).
Supplementary Figure (S19): 1H-NMR spectrum of com-
pound (6) (DMSO-d6-400 MHz). Supplementary Figure
(S20): 13C-NMR spectrum of compound (6) (DMSO-d6-
100 MHz). Supplementary Figure (S21): DEPT 13C-NMR
spectrum of compound (6) (DMSO-d6- 100 MHz). Sup-
plementary Figure (S22): EI-MS spectrum of compound (7).
Supplementary Figure (523): 1H-NMR spectrum of com-
pound (7) (DMSO-d6-400 MHz). Supplementary Figure
(S24): 13C-NMR spectrum of compound (7) (DMSO-d6-
100 MHz). Supplementary Figure (S25): DEPT 13C-NMR
spectrum of compound (7) (DMSO-d6-100 MHz). Supple-
mentary Figure (526): EI-MS spectrum of compound (8).
Supplementary Figure (S27): 1IH-NMR spectrum of com-
pound (8) (DMSO-d6-400 MHz). Supplementary Figure
(528): 13C-NMR spectrum of compound (8) (DMSO-d6-
100 MHz). Supplementary Figure (S29): DEPT 13C-NMR
spectrum of compound (8) (DMSO-d6-100 MHz). Supple-
mentary Figure (§30): 1H-1H COSY spectrum of compound
(8) (DMSO-d6). Supplementary Figure (S31): HSQC spec-
trum of compound (8) (DMSO-d6). Supplementary Figure
(S32): HMBC spectrum of compound (8) (DMSO-d6).
Supplementary Figure (S33): EI-MS spectrum of compound
(9). Supplementary Figure (S34): 1H-NMR spectrum of
compound (9) (DMSO-d6-400 MHz). Supplementary Fig-
ure (S35): 13C-NMR spectrum of compound (9) (DMSO-
d6-100 MHz).  Supplementary  Figure (S36): DEPT
13C-NMR  spectrum of compound (9) (DMSO-d6-
100 MHz). Supplementary Figure (S37): 1H-1H COSY
spectrum of compound (9) (DMSO-d6). Supplementary
Figure (S38): HSQC spectrum of compound (9) (DMSO-
d6). Supplementary Figure (S39): Extended HSQC spectrum
of compound (9) (DMSO-d6). Supplementary Figure (540):
EI-MS spectrum of compound (10). Supplementary Figure
(S41): 1TH-NMR spectrum of compound (10) (DMSO-d6-
400 MHz). Supplementary Figure (S42): DEPT 13C-NMR
spectrum of compound (10) (DMSO-d6- 100 MHz). Sup-
plementary Figure (S43): DEPT 13C-NMR spectrum of
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compound (10) (DMSO-d6-100 MHz). Supplementary
Figure (S44): EI-MS spectrum of compound (11). Supple-
mentary Figure (S45): IH-NMR spectrum of compound (11)
(DMSO-d6-400 MHz).  Supplementary  Figure  (S46):
13C-NMR  spectrum of compound (11) (DMSO-d6-
100 MHz). Supplementary Table (S1): 1H-, 13C-, and
13C-NMR (400 and 100 MHz, DMSO-d6) data of com-
pound (3). Supplementary Table (S2): 1H- and 13C-NMR
(400 and 100 MHz, DMSO-d6) data of compound (4).
Supplementary Table (S3): 1H-, 13C-, and DEPT 13C-NMR
(400 and 100 MHz, DMSO-d6) data of compound (5).
Supplementary Table (S4): 1H-, 13C-, and DEPT 13C-NMR
(400 and 100 MHz, DMSO-d6) data of compound (6).
Supplementary Table (S5): 1H-, 13C-, and DEPT 13C-NMR
(400 and 100 MHz, DMSO-d6) data of compound (7).
Supplementary Table (S6): 1H-, 13C-, and DEPT 13C-NMR
(400 and 100 MHz, DMSO-d6) data of compound (8).
Supplementary Table (S§7): 1H- and 13C-NMR (400 and
100 MHz, DMSO-d6) data of compound (11). (Supple-
mentary Materials)
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Trigonella foenum-graecum and Zingiber officinale are used as traditional medicinal plants for the treatment of infectious and
inflammatory diseases. However, a comparative analysis and bioactivities of T. foenum-graecum and Z. officinale lack some
necessary information for therapeutic purposes. This study was designed to evaluate the biochemical characterizations and
biological efficacy of T. foenum-graecum and Z. officinale as antioxidant, antidiabetic, antiamnesic, and cytotoxic agents. An-
tioxidant activity was determined by DPPH free radical scavenging assay. Antidiabetic potentials were evaluated by glycation,
alpha-amylase, and acetylcholinesterase inhibition assays. We performed biochemical characterization through analyses of high-
performance liquid chromatography (HPLC) and FTIR (Fourier transform infrared spectroscopy). Results revealed that total
phenolic contents (TPCs) (g GAE/100 g) of T. foenum-graecum and Z. officinale were 5.74 + 0.81 g and 6.15 + 0.06 g, respectively,
and total flavonoid contents (TFCs) varied from 1.51 +0.58 g CE/100 g to 17.54 + 0.58. DPPH scavenging potentials of T. foenum-
graecum and Z. officinale extract were 50.27% and 88.82%, respectively. Antiglycation potentials of T. foenum-graecum and
Z. officinale showed a maximum activity at 16-29% and 96%. Alpha-amylase and alpha-glucosidase inhibition ranged from
9.43-24.95 and 10.52-27.89 and 54.97%, respectively. All the test samples of T. foenum-graecum and Z. officinale showed
acetylcholinesterase inhibition potential at 0.37-46.88%. HPLC analysis of T. foenum-graecum revealed the presence of quercetin,
gallic acid, caffeic acid, vanillic acid, syringic acid, and cumeric acid, while Z. officinale revealed the quercetin, gallic acid, vanillic
acid, benzoic acid, chlorogenic acid, p.Coumaric acid, ferulic acid, and cinnamic acid. FTIR analysis revealed the presence of
aldehydes, ketones, aromatic compounds, amines, and carbonyl groups in T. foenum-graecum, while alcohol, alkane, alkene,
ketone, amine, and ether are bioactives present in the methanolic extract of Z. officinale. It was concluded that a comparative
analysis of T. foenum-graecum and Z. officinale showed that Z. officinale showed higher therapeutic effects.

1. Introduction medicines like bioavailability, high solubility, and fewer side

effects [1]. The extensive use of plant-derived medicines and
Different synthetic drugs and chemical compounds have = medicinal plants in traditional cultures globally has en-
been used for the treatment of infectious diseases. However,  hanced the incorporation of phytochemicals into contem-
the application of phytomedicines has increased attention  porary products for disease treatment and health promotion
recently due to their therapeutic advantages over allopathic [2]. Medicinal plants contain secondary metabolites, also
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known as phytochemicals, which encompass a large variety
of natural products, including phenolics, flavonoids, alka-
loids, glycosides, saponins, steroids, and tannins [2].

T. foenum-graecum is used as a traditional medicinal
plant around the world due to its diverse nature of phy-
toconstituents, such as steroids, saponins, diosgenin, gito-
genin, glycosides, hydrocarbons, amino acids, and gingerol
[3]. Along with it, Z. officinale is also used as a phytome-
dicine for the treatment of infectious and metabolic diseases
[4]. Z. officinale is a rich source of bioactive compounds,
electrolytes, vitamins, volatile oily components, gingerols,
heptanoids, alkaloids, sulphates, steroidal derivatives, and
glycosides isolated [5]. Due to the presence of these bioactive
compounds and secondary metabolites, T. foenum-graecum
and Z. officinale are potentially employed for the treatment
of inflammatory and infectious diseases.

Ginger (Z. officinale) is well known for its potential against
several diseases like cancers, hepatocellular carcinoma [6],
diabetes mellitus [7], osteoarthritis, and myocardial infarction
[8]. Z. officinale is also used for bacterial infections, boosts
immunity, and enhances gastrointestinal functions [9]. Several
studies revealed Z. officinale exhibited high potential in re-
ducing oxidative stress and thus minimized the production of
free radical species in living tissues [10]. It also activates the
different genes responsible for suppressing tumor function,
thus exhibiting anticancerous potential [11, 12].

T. foenum-graecum is used as a medicinal plant for the
treatment of diabetes mellitus [13], rheumatic arthritis,
injuries, muscular weakness, throat infections, hypertension
[14], neurological disorders, and cardiac diseases [15].
Several studies showed the androgenic and anabolic effects
of T. foenum-graecum in human reproductive physiology.
The hydrolysates proteins obtained from the rhizome extract
T. foenum-graecum showed anticancer potential as they
minimized the levels of reactive oxygen species. Hydroly-
sates are a rich source of protein and are also used for the
treatment of colorectal cancers [16].

Keeping in view of the literature update, we hypothesized
that a comparative analysis of extracts of T. foenum-graecum
leaf and Z. officinale rhizome might add sufficient knowledge to
the scientific data. The biological potential of T. foenum-
graecum leaf and Z. officinale rhizome lack the necessary in-
formation for therapeutic applications. However, this type of
comparative study approach was not reported in the literature
before. This study aimed to evaluate in vitro antioxidant, an-
tidiabetic, and antiamnesic activities of T. foenum-graecum leaf
and Z. officinale rhizome. In addition, we performed bio-
chemical characterization through high-performance liquid
chromatography (HPLC) and FTIR (Fourier transform in-
frared spectroscopy) for the identification of bioactive com-
pounds and functional groups.

2. Materials and Methods

2.1. Plant Materials. T. foenum-graecum (fenugreek) leaves
and Z. officinale rhizome samples were bought from the
vendor market of Faisalabad and were identified by the
Department of Botany, University of Agriculture
Faisalabad [17].

Journal of Chemistry

2.2. Preparations of Extracts. Extracts of ground rhizomes
and leaves were prepared by using n-hexane, ethanol, and
methanol, along with water extract. The first extraction was
carried out by maceration method in methanol for three
consecutive days with repeated filtrations. The semisolid
final extract was dissolved in water and then fractionated
into ethanol and n-hexane solvents [18].

2.3. Total Phenolic Content (TPC). Total phenolic contents
were measured by following the Folin-Ciocalteu method
[18]. In this method, the reaction mixture was prepared by
dissolving the 1.58 mL distilled water into 20 L test samples.
Then, 3 mL Na,CO;3 (1% w/v) was mixed into the reaction
mixture, and incubation was carried out at 25°C for
10 minutes. At wavelength 750 nm, the blue color compound
was produced, which showed the highest absorption, and it
indicated the number of phenolics present in test samples.

2.4. Total Flavonoid Content (TFC). Total flavonoid contents
were measured by following the aluminium trichloride
(AICl;) colorimetric method [19]. In this method, plant
extract (50 uL) was mixed with 160 yL of NaNO,, along with
1.26 mL of distilled water, and incubation was carried out at
25°C for 10 minutes. Then, 1 mL of NaOH and 10% 300 uL of
AICl; were added to the reaction mixture. The absorbance
was measured at 510 nm, which indicated the number of
flavonoids present in test samples.

2.5. DPPH Radical Scavenging Assay. The antioxidant po-
tential of extracts was determined using the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging method.
Extracts and 5 mL DPPH were mixed together and were kept
at 25°C temperature for 30minutes. Butylated hydrox-
ytoluene was used as a standard [20]. The antioxidant ac-
tivity was calculated by using the following formula:

%DPPH inhibition = 100X [A Blank — A Sample/A Blank].
(1)

2.6. Antidiabetic Activity

2.6.1. Glycation Inhibition Assay. Test samples, D-
glucopyranose (100.0mg) and serum protein (10.0 mg),
were mixed together into a 67mM solution of sodium
phosphate and maintained at pH 7.2. The reaction mixture
was then incubated at 37°C for 48 hours. Absorbance was
measured at 540nm by using the spectrophotometer.
Samples without D-glucose and metformin were used as
controls [21]. The % inhibition was calculated as follows:

% Inhibitory Activity = 100 x[Abs c/Absex — Absc]. (2)

2.6.2. Alpha-Amylase Inhibitory Activity. Alpha-amylase
inhibition activity of extracts was measured by using the
colorimetric method. In this method, 500 uL of alpha-
amylase enzyme (porcine pancreatic) was prepared into
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0.02M buffer maintained at pH 6.9 and the test samples
(500 uL) were incubated at 25°C for 10 minutes. Then, 1 mL
of dinitrosalicylic acid (DNS) reagent was added to the
reaction mixture and heated in a boiling water bath for
30 minutes. Buffer was used as negative control, and the
acarbose drug positive was used as a positive control. Ab-
sorbance was measured at 540 nm by using the spectro-
photometer [20]. The % inhibition was calculated as follows:

% Alpha — Amylase inhibition: (Ac — As/Ac) x 100,
(3)

where Ac is absorbance of the control and As is absorbance
of test samples.

2.6.3. Acetylcholinesterase Inhibitory Activity.
Acetylcholinesterase inhibitory activity of plant extracts was
measured by mixing Ellman’s reagent, phosphate buffer, and
acetylcholinesterase. The reaction mixture was incubated at
25°C for 10 minutes. Then, a substrate (acetylcholine iodide)
was added to the reaction mixture and absorbance was
measured at 412 nm [22]. Extraction solvent was used as
a negative control, whereas physostigmine was used as
a positive control. Percentage acetylcholinesterase (AChE)
inhibition was calculated by following the formula:

Acetylcholinesterase (AChE) inhibition: Absorbance (Control - Sample)/Absorbance control] x 100. (4)

2.7. Chemical Characterization

2.7.1. HPLC Analysis. HPLC was performed for the iden-
tification of different compounds in plant extracts. HPLC
analysis was performed at Hi-Tech Laboratory, University of
Agriculture, Faisalabad, Pakistan, under chromatographic
conditions solvent A (acetic acid, water 6:94) and solvent B
(acetonitrile). Shim-pack CLC ODS (C-18) column was used
as a stationary phase with a 1 mL-min~" flow rate. Phenols
and flavonoids were identified at 280 nm on the basis of
comparison (retention times of peaks) of plant samples [23].

2.7.2. FTIR Analysis. Fourier transform infrared spectros-
copy was performed for the structural identification of
functional groups of different compounds in extracts. A thin
film was prepared by mixing the powdered samples and
potassium bromide and infrared spectrum were measured at
4 cm™' resolution and 25°C temperature. OPUS software was
used to measure the IR spectra. The results were compared
with standards for the detection of active groups [24].

2.7.3. Statistical Analysis. Data were subjected to analysis of
variance (ANOVA), and a comparison between the means of
two activities was carried out by using SPSS with the level of
p significant at <0.05. Data were finally expressed as
mean + SD or percentage.

3. Results and Discussion
3.1. Chemical Characterization

3.1.1. HPLC Analysis. Tablel and Figure 1 show the different
compounds in the extract of Z. officinale identified by the
HPLC chromatogram. The HPLC analysis revealed the
existence of phenolic acids and flavonoids, i.e., quercetin
(18.17 ppm), gallic acid (2.71 ppm), vanillic acid (5.68 ppm),
benzoic acid (15.93 ppm), chlorogenic acid (17.22 ppm), p-
coumaric acid (1.16 ppm), ferulic acid (3.13 ppm), and
cinnamic acid (0.37 ppm). Table 2 and Figure 2 show the

different compounds in the extract of T. foenum-graecum
identified by the HPLC chromatogram. Quercitin was de-
termined at the peak of 3.073, having a concentration of
4.12ppm. While gallic acid, caffeic acid, vanillic acid,
syringic acid, and M. cumeric acid were determined at peaks
4.487, 12.340, 12.973, 15.507, and 19.733, respectively,
having concentrations of 0.43 ppm, 0.57 ppm, 0.61 ppm,
0.15 ppm, and 0.14 ppm.

Our results are agreed with the previous studies. A recent
study reported that luteolin (15.80%), apigenin (14.41%), and
glycosides (12.02%) were identified in the rhizome of
Z. officinale [25]. Another study revealed that nonacylated
compounds, apigenin (8.82%) and kaempferol (9.61%) de-
rivatives and acylated apigenin (6.59%), glycosides (6.59%),
and luteolin (5.60%), were screened in Z. officinale, re-
spectively. These flavonoids were found to be the major
compounds with 87.80% of the total identified compounds.
The other compounds were present at lower relative per-
centages [26]. Another study revealed that quercetin and
kaempferol isolated T. foenum-graecum leaves with con-
centration values of 12.6mg/g and 11.2mg/g,
respectively [27].

3.1.2. FTIR Analysis. Table 1 and Figure 3 show the different
peaks of functional groups in the extract of Z. officinale
identified by FTIR analysis. The broad peak of the O-H and
N-H bond at 3276.3cm ™" indicates alcohols and secondary
amines. Peaks at 928.1cm™' as well as 991.5cm™ and
2926.0 cm ™" elucidate alkenes and alkanes, which projected
out of plane bending due to =C-H and stretching of CH,,
respectively. Table 2 and Figure 4 show the different peaks of
functional groups in the extract of T. foenum-graecum
identified by the FTIR analysis. Three functional groups
were identified at medium peak, four at strong peak and one
functional group at weak peak type in the range of
1000-3000. In medium peak type C-H, N-H, N-H, and O-H
functional groups were identified at peaks 2900, 3400, 1530,
and 1440, respectively, whereas in strong peak type func-
tional groups -CH, N-O, S=0, and C=C were determined at
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TaBLE 1: Chemical characterization of Zingiber officinale.
HPLC
Sr.no Compound name Peak area Amount (ppm)
1 Quercetin 341.037 18.17
2 Gallic acid 75.336 2.71
3 Vanillic acid 91.680 5.68
4 Benzoic acid 150.354 15.93
5 Chlorogenic acid 220.818 17.22
6 p-Coumaric acid 81.639 1.16
7 Ferulic acid 42.235 3.13
8 Cinnamic acid 28.439 0.37
FTIR
Sr.no Wave number (cm™") Functional group Type of bond
1 3276.3 Secondary amide, alcohol N-H stretching, O-H stretch
2 2926.0 Alkane -CH, stretching
. . C=C stretching, N-H bending,
3 1636.3 Alkene, primary amines, water, ketone H-O-H, C=C-C=0
4 1148.0 Amine, alcohol C-N, O-H stretching
5 1075.3 Amines, alcohol C-N stretching, C-O stretching
6 991.5 Alkene =C-H
7 928.1 Alkenes =C-H
8 861.0 Ether C-O stretching
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F1GURE 1: Representative HPLC chromatogram of Zingiber officinale.

peaks 2820, 1520, 1190, and 990, respectively. Only one peak
type was weak, identified at 1800 with functional group C-H.
This data indicated the presence of polyphenols, alcohols,
and carboxylic compounds. In a previous study, aldehyde
and ketone functional groups were identified at 1705cm™".

According to the previous studies, Z. officinale exhibited
wave numbers at 3443, 2970, 1475, 1439, 1386, and 1238
(cm™) due to C-H/O-H stretch, C=C (aromatic), C-N
(nitrile), C-O (acid and ester stretch), respectively [28]. A
recent study revealed that Z. officinale exhibited N-H stretch
of proteins, a symmetric stretch of C-O of COO groups, CH,
bending of lipids and symmetric and asymmetric stretch of
P=0O of nucleic acids at 3290, 1236, 1400, and 1236 wave

numbers (cm ™), respectively [29]. Previous studies showed
that the carbonyl group was found at 1790cm™ in
T. foenum-graecum leaves extract. Aromatic functional
groups, including C-H, O-H, and N-H were identified at
a spectral range of 3800 cm™'-2600 cm ™' [30]. A recent study
revealed that recognized peaks within similar spectral ranges
that suggested the presence of methylene, carbonyl, and
phenolic compounds similar to the current study [31].

3.1.3. Antioxidant Activity. Table 3 shows that TPC in the
extracts of Z. officinal rhizome lies in the range of
3.16 £0.77-6.15+0.06 (GAE/100g), while Table 4 shows
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TABLE 2: Structural data analysis of Trigonella foenum-graecum leaves.

HPLC
Retention time Area (mV. s) Area (%) Amount (ppm) Compound name
3.07 77.54 12.2 4.12 Quercetin
4.49 12.09 1.9 0.43 Gallic acid
12.34 3.58 0.5 0.57 Caffeic acid
12.97 9.26 1.5 0.61 Vanillic acid
15.51 5.24 1.0 0.15 Syringic acid
19.73 3.75 0.5 0.14 m.Cumeric acid
FTIR
Frequency range Wave number Peak type Functional group Type of bonding
2840-3000 2900 Medium -CH Saturated -CH
2800-3000 2820 Strong -CH Saturated -CH
3400-3300 3400 Medium N-H N-H stretching
1550-1500 1520 Strong N-O N-O stretching
1440-1395 1440 Medium O-H O-H bending
1200-1185 1190 Strong $=0 S=0 stretching
995-985 990 Strong Cc=C C=C bending
1870-1540 1800 Weak C-H C-H bending
(mV)
0| 8
0
L
g
= 5 .
B . &
) -&'%ﬁ'n T 2 0
Wi 4 %
of iz E
" ( fkﬂ“ N~
T T T = § T I
0 5 10 15 20 25 30
Time (min.)

Figure 2: HPLC chromatogram of Trigonella foenum-graecum leaves.
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TasLE 3: Different extracts and biological efficacies of Zingiber officinale rhizome.

Activities Methanol Ethanol n-hexane Aqueous Control
TFC 10.04+0.18 9.52+0.10 7.09+0.14 9.93+0.09 —
TPC 5.56 +0.82 6.15+0.06 3.75+0.92 3.16+0.77 —
DPPH (ICs) 21.11 88.82 38.14 50.23 90
Glycation 67 96 20 69 53
Alpha-amylase 28 54.97 6.01 15.27 13.58
AChE 40.8 17.3 46.88 0.37 59.51

Data expressed as mean + SD or percentage. TPC: total phenolic contents expressed as g gallic acid equivalents/100 g dry weight; TFC: total flavonoid contents
expressed as g catechin equivalents/100 g dry weight; DPPH: 2,2-diphenyl l-picrylhydrazyl. Positive controls: BHT; butylated hydroxytoluene (antioxidant
activity), metformin (antiglycation assay), glucobay (a-amylase inhibitory assay), and physostigmine (AChE inhibitory assay).

TaBLE 4: Different extracts and biological efficacies of Trigonella foenum-graecum leaf.

Sample ME EE NHE AE Control
Antioxidant contents and activity

TFC 2.38+0.26 1.88£0.31 1.51£0.58 2.93+£0.09 —
TPC 6.23+0.76 6.18£0.06 5.75+0.86 5.74+0.81 —
DPPH 32.56 45.78 38.14 50.27* 90
Antidiabetic activity—percentage inhibition

Glycation 29% 23 16 20 53
Alpha-amylase 24.95* 17.93 11.30 9.43 48.20
Antiamnesic activity

AChE inhibition 14.08 8.37 4.62 10.37 59.51

Data expressed as mean + SD or percentage of triplicate measurements. * Significant at p < 0.05. ME: methanol extract; EE: ethanol extract; NHE: n-hexane
extract; AE: aqueous extract. TPC: total phenolic contents expressed as g gallic acid equivalents/100 g dry weight; TFC: total flavonoid contents expressed as g
catechin equivalents/100 g dry weight; DPPH: 2,2-diphenyl I-picrylhydrazyl free radical scavenging potential expressed as percentage. Positive controls: BHT;
butylated hydroxytoluene (antioxidant activity), metformin (antiglycation assay), physostigmine (AChE inhibitory assay), glucobay (alpha-amylase in-
hibitory assay), and acarbose (alpha-glucosidase).

that different extract fractions of T. foenum-graecum leaves
with TPC in the range 5.74 + 0.81-6.23 + 0.76 (GAE/100 g).
Total  flavonoid  contents (TFC)  varied from
3.52+0.13-17.54 £ 0.58 (GAE/100 g) in the extract fractions
of Z. Officinale rhizome. TFC (g CE/100g) in different
extract fractions of T. foenum-graecum leaves varied from
1.51+0.58-2.93 £ 0.09 (GAE/100 g). Free radical scavenging
activity was maximally (88.82%) shown by ethanol fraction
while minimum (21.11%) by methanol fraction in
Z. officinale rhizome extracts. Regarding antioxidant activity

in the T. foenum-graecum leaf extracts, DPPH reducing
activity was observed in the case of aqueous extract (50.27%).

Oxidative stress is induced during lipid and carbohy-
drate metabolisms that lead to damage to the biological
membranes and biomolecules [32]. The presence of phy-
tochemicals such as polyphenols supports the use of me-
dicinal plants in alternative and traditional medicines and
has received continued attention since being responsible for
supporting plant, animal, and human health [2, 33]. The
phenolic compounds, including flavonoids, contribute to
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human health through antioxidant activity, free radical
scavenging, and antimicrobial properties [2].

Our findings are agreed with the previous studies. A
recent study revealed that T. foenum-graecum had
46.08 +0.15mg GAE/g phenolic compounds,
13.02 + 0.44 mg/g flavonoids content, and 45.41 +2.1% an-
tioxidant activity (DPPH) [34]. Another study reported that
methonolic extract of Z. officinale possessed 13.5+2.26¢
GAE/100g phenolic contents [35]. As reported -earlier,
Z. officinale extract possessed 2.80mg CE/g flavonoid
contents, which agreed with the current study. A recent
study showed that methanolic extract Z. officinal exhibited
15% DPPH scavenging activity [36], and the aqueous extract
showed 52.50% radical scavenging activity [37], which is in
agreement with the findings of the present study.

3.1.4. Antidiabetic Potential. Table 3 shows the results of the
antidiabetic potential of the rhizome extract of Z. officinal.
Ethanol fractions of Z. officinal showed a 96% antiglycation
effect. The ethanol fraction of Z. officinale showed maximum
(54.97%) inhibition of a-amylase. Table 4 shows the results
of the antidiabetic potential of T. foenum-graecum leaf ex-
tract, showing inhibitions of alpha-amylase are 9.43 to
24.95%.

Secondary metabolites like polyphenols are helpful for
controlling the glycemic index in diabetic patients [38]. Previous
studies reported that an aqueous fraction of Z. officinale
exhibited  a-amylase inhibition activity by  50%
(3.14+0.05mg-ml") in a dose-dependent manner and also
indicated that phytoconstituents of Z. officinale can actively
inhibit amylase enzyme and glycation processes [39]. Another
study revealed aqueous extract of Z. officinale showed a-amylase
68% inhibition which also supports our findings [40].

Another study revealed the glycation potential of
ethanolic and aqueous extracts of T. foenum-graecum. The
hindrance of alpha-amylase and alpha-glucosidase activities
reduces the production of monosaccharides and absorption
through intestinal  epithelial cells and controls
hyperglycemia [41].

3.1.5. Acetylcholinesterase Inhibitory Activity. Table 3 shows
the inhibitory effect of the extract of Z. officinale on ace-
tylcholinesterase activity. Results revealed that the extract of
Z. officinale showed a maximum of 46.88% inhibitory effect
on acetylcholinesterase activity. Table 4 shows that all the
test samples of T. foenum-graecum showed 4.62%-14.08%
acetylcholinesterase inhibitions.

Alzheimer’s disease, the most prevalent type of neuro-
logical disorder, has fewer treatment opportunities. The ac-
tivity of acetylcholinesterase is linked with Alzheimer’s
disease, which can be blocked through the action of medicinal
plants. Plant-based medications have the neuroprotective
potential for controlling neurodegenerative disorders [42].
Previous studies showed that Z. officinale extract showed
more than 80% acetylcholine esterase inhibition [43]. Simi-
larly, another study reported 2.422+0.133 mg/mL AChE
inhibition by Z. officinale extract [44]. Another study revealed
that T. foenum-graecum seed has a potential AchE inhibitory

activity and is considered a promising therapeutic option to
treat Alzheimer’s disease [45]. A recent study showed the
positive healing efficacies of T. foenum-graecum in neuro-
degenerative conditions. Several studies have reported anti-
depressant and antianxiety effects along with modulation of
cognitive behaviour by T. foenum-graecum [46].

4. Conclusion

T. foenum-graecum and Z. officinale are consumed as tra-
ditional medicinal plants worldwide and are also used as
phytomedicine for the treatment of infectious diseases and
bacterial infections, having numerous medicinal properties.
The comparative analysis of T. foenum-graecum and
Z. officinale showed that Z. officinale showed higher ther-
apeutic effects due to the presence of quercetin, gallic acid,
caffeic acid, vanillic acid, syringic acid, cumeric acid, benzoic
acid, chlorogenic acid, p.Coumaric acid, ferulic acid, and
cinnamic acid. This research laid the foundation for the
discovery of optimized, cost-effectivein vitro bioassays of
active constituents of different plants. T. foenum-graecum
and Z. officinale could be used as nutraceutical adjuncts as
they have immense prospects to be further explored in
animal and human trials. Furthermore, these medicinal
plants are potential sources of significant natural antioxidant
and marked antimicrobial agents. Furthermore, isolation,
purification, and investigations of the bioactive constituents
of these plants are required to reveal more health benefits for
the public and therapeutics uses in the medical field.
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Background. Dodonaea angustifolia is a known medicinal plant across East Arica. The flower of D. angustifolia is not well
investigated in terms of phytochemistry and biological activities. This study aims to investigate the presence of flavonoids and
phenolic acids in the flower of D. angustifolia and its antioxidant activity. Methods. Preliminary phytochemical screening was
carried out using the standard protocols. Antioxidant activity evaluation using DPPH assay and total phenol content (TPC)
and total flavonoid content (TFC) determinations in the flower extract were compared with the values of the leaf extract.
UHPLC-DAD analysis was managed to develop the profile of the flower extract. Prediction of biological activity spectra for
substances (PASS) was done using an online server for antioxidant and related activities. Results. Preliminary phytochemical
screening and TPC and TFC values confirmed the presence of flavonoids and phenolic acids. From the HPLC analysis of
flavonoids, quercetin, myricetin, rutin, and phenolic acids such as chlorogenic acid, gallic acid, and syringic acid were
detected and quantified. The biological activity spectrum was predicted for the detected and quantified polyphenols.
Conclusions. D. angustifolia flower is a rich source of flavonoids and phenolic acids, which are extractable and can be checked
for further biological activity. It was possible to identify and quantify phenolic compounds through HPLC analysis in the
methanol extract of D. angustifolia flower. The PASS biological activity prediction results showed that there were stronger
antioxidant activities for the identified flavonoids. Future work will emphasize the isolation and characterization of active
principles responsible for bioactivity.

1. Introduction

Dodonaea angustifolia Lf (syn: Dodonaea viscosa) is a species
belonging to the family Sapindaceae and known for many
therapeutic purposes [1]. Locally, in Ethiopia, it is known by
the names such as Karkare (Agew), Kitkitta (Amh, Gur),
Termien (Geez), Ettecca (Oro), Intanca (Sid), Tahses (Tre,
Tya), and Den (Som) [2, 3]. The plant is an erect bushy shrub
5-8 m high, with simple and alternate leaves, yellowish-

green small flowers stacked without petals, yellowish-
green capsule fruits, and flowering after the rainy season
from August to September [3]. It occurs in most parts of
Ethiopia and is pantropically known for fast-growing and
used for soil stabilizing and reforestation activities [1].
Ethno-medicinal reports showed that parts of this plant
are known to cure different human and cattle ailments. The
roots are used for toothache and wound healing [4], parasitic
worms [5], and tapeworms [6, 7]. Roots with leaves have
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been used for trachoma [8]. Leaf decoctions, juice, and
extracts of D. angustifolia are used for the treatment of
taeniasis [9], liver ailment [10], wound healing [8, 11, 12],
eye infection, herps and fire burn [13], malaria [12, 14],
cancer [15], and skin infection and wound [16-18]. The
leaves are also used externally for itchy skin and as a remedy
for skin rashes [19]. It is also reported that the leaf extract is
known for mild purgative and soared throat [17] and
hemorrhoid [20]. As an ointment for head swelling,
bursting, and hair fungus, dried, powdered leaves and a paste
made of oil have been employed [12].

A large group of phytochemicals have been reported
from Dodonaea species. Melaku et al. isolated pinocembrin
(flavanone), santin (flavanol), and clerodane diterpenes
using bioassay-guided extraction and chromatographic
separation [21] from D. angustifolia. Similarly, Omosa et al.
reported flavonoids (3,4',5,7-tetrahydroxy-6-ethoxyflavone,
5-hydroxy-3,4',7-trimethoxyflavone, isokaempferide,
kumatakenin, rhamnocitrin, and diterpenoids ((ent-34,8«)-
15,16-epoxy-13(16),14-labdadiene-3,8-diol, 2f3-hydrox-
yhardwickiic acid, and dodonic acid) from the leaf extract of
same species using chromatographic separation [22].
Methoxymkapwanin and Mkapwanin were also isolated
from the leaf surface exudate using serial extraction and
column chromatography fractionation [23].

From earlier investigations, both crude methanol extract
[24] and quercetin derivatives [22, 25, 26] isolated from
D. angustifolia showed antibactericidal efficacy against
gram-positive and gram-negative bacteria. The aqueous
extract demonstrated analgesic and antipyretic potential in
mice and rats [27]. Ethanol extract displayed a combination
of antioxidant and antiproliferative properties with little to
no damage to normal cells [28, 29]. Nonpolar extracts of the
leaves of D. angustifolia inhibited the viral growth at sub-
toxic concentrations [30]. Crude extract of both the leave
[31, 32] and root [33] showed the strong antiplasmodial
activity against P. berghei infected mice. This is in agreement
with its medicinal use traditionally to treat malaria [34]. The
antihelminthic property of D. angustifolia was reasoned out
for the polyphenols present, including kaempferol, quer-
cetin, and myricetin-based flavanol [35].

D. angustifolia is a medicinal plant frequently used to
treat toothache, microbial infections, and fever [36]. It
showed antifungal activities and was found to be nontoxic. It
is also used with other medicinal plants for musculoskeletal
ailments [37] and bone fracture [6] with a higher informant
agreement ratio.

The biological activity spectrum predicts many different
compounds’ biological activity types. Since it is solely de-
pendent on the compound’s structure, it is regarded as an
intrinsic property of the substance [38]. The multilevel
neighborhoods of atoms (MNA), which are original de-
scriptors, are used in PASS (prediction of activity spectra for
substances) to characterize chemical structure [39]. A MOL
or SDF (structure data file formats) with the structural
details of the molecules being studied serves as the input data
for PASS. MNA descriptors are generated automatically
using the data from the input files. Using data from MNA
descriptors for both active and inactive compounds, for each
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activity, two probabilities are computed: Pa is the probability
that a compound is active, while Pi is the probability that
a compound is inactive. Pa and Pi have values that range
from 0.000 to 1.000 since they represent probabilities (with 3
appropriate decimals determined) and Pa + Pi < 1 since these
probabilities are computed independently. Pa and Pi can be
thought of as measurements of the substance being studied
that fall within the categories of active and inactive sub-
stances, respectively [38].

The antioxidant action of flavonoids and phenolic acids
includes suppressing the formation of reactive oxygen
species by inhibiting the respective enzymes, scavenging
free radicals, and triggering antioxidant defence [40]. These
phytochemicals also protect the disintegration of the lipid
of biomembrane by preventing or hindering lipid perox-
idation [41]. Flavonoids are synthesized by plants following
a microbial infection and are known to possess antioxidant
and antibacterial activities. The mechanism and activity
level depends on the polyphenols’ specific structural variety
[41]. Flavonoids have a more significant number of
physiological activities promoting human health and
minimizing the risk of being infected by a broad spectrum
of pathogens.

Flowers of D. angustifolia are ideal for bee forage and are
considered a major agricultural value of the plant [3]. The
seasonal flower of this plant is not well investigated in terms
of phytochemistry and biological activities. Other parts
including leaves, seeds, stem bark, and roots were in-
vestigated for their phytochemical constituents [22, 23, 26]
and biological activities [21, 22, 25, 27, 31, 33, 34].

This study aimed to investigate the profile and antiox-
idant activity of the flower of D. angustifolia and compare it
to the plant’s leave. For this purpose, HPLC analysis and
PASS online prediction of biological activities were used.

2. Materials and Methods

2.1. Chemicals and Reagents. All the extraction chemicals
and reagents used for the total content of phenol and fla-
vonoid determination were of AR grade. While for HPLC
analysis and the antioxidant activity evaluation, HPLC grade
solvents and reagents were used. Water was distilled and
purified by MQ (18.2) at 21°C in a water purification system
(Purelab flex 4 Elga). Phenolic acid standards: syringic acid,
chlorogenic acid, and gallic acid; flavonoid standards:
myricetin, quercetin, rutin, and kaempferol references
purchased from Sigma (>99.9%, Sigma, China). 2, 2-
Diphenyl-1-picrylhydrazyl (DPPH) for antioxidant test and
ascorbic acid are obtained from Sigma (>99.9%, Sigma,
China).

2.2. Plant Material Collection and Pretreatment. The flower
part of D. angustifolia was collected from Addis Ababa
Science and Technology University campus. Ato Melaku
Wondafrash identified the plant and a herbarium sample
was deposited at the national herbarium (voucher number:
FB-001/11) in the College of Science, Addis Ababa Uni-
versity, Ethiopia. Following collection, the samples were
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cleaned with tap water and then distilled water to get rid of
dirt and other debris. Then, the samples were chopped into
smaller sizes and spread onto clean polyethylene plastic
sheets at room temperature (23 + 3°C). The air-dried samples
were ground using a sample grinder (stainless steel 700 g
electric grains, spices, herbs, cereals, and dry food grinding
mill, China).

2.3. Ultrasonic Assisted Extraction (UAE). The extracts of air-
dried and blended leaves and flower samples of
D. angustifolia (5g of each) were obtained from an in-
telligent ultrasonic processor (SJIA-950W, probe @ 6)
sonicator in 25 mL methanol. The method optimization of
UAE followed a method reported by Zakaria et al. [42], with
minor modifications considering the bioactive components
we are dealing with. Briefly, the settings for sonication were
temperature 35°C, time 15 min, and power rate 50%. Up on
the optimized method suggested by Zakaria et al. (2021), the
nature of the solvent (methanol) was expected to compro-
mise the polarity difference between the phenolic acid and
flavonoid with varied polarity. The temperature is also
reasonable for the extraction of bioactive components. After
2x successive sonication for each aliquot extract, the extracts
were centrifuged using proanalytical @ 600 (10x) for 20 min.
Whatman no. 1 filter paper was then used to filter the su-
pernatant, adjusted to a volume of 50 ml, and kept in an
amber vial for further analysis.

2.4. Preliminary Phytochemical Screening. Using standard
procedures [43], the presence of alkaloids, flavonoids,
phenolics, tannins, steroids, triterpenoids, saponins, glyco-
sides, carboxylic acids, anthraquinones, and essential oil was
assessed. Briefly, to check for the presence of alkaloids,
Wagner’s reagent was used. Triterpenoids were checked by
using Salkowski’s reaction. The presence of flavonoids was
confirmed by the lead acetate test showing yellow pre-
cipitate. Acetic anhydride test was carried out to check the
presence of steroids. The presence of tannins was checked by

absorbance,

adding 10% of NaOH and shaking well for an emulsion
formation. Saponins were checked by foam test, where plant
extract was mixed with water and shaken vigorously to see
persistent foam for 10 min. Glycosides were checked using
an aqueous NaOH test from the methanol extracts.
Borntrager’s test determined the presence of anthraqui-
nones. An effervescence test using a sodium bicarbonate
solution was used to check carboxylic acid’s presence. To
check for the presence of volatile oils, fluorescence tests were
conducted. Details of the screening tests are shown in Ta-
ble 1. The phytochemicals present in the methanol extracts
of the leaves and flowers of D. angustifolia were compared.

2.5. Evaluation of Antioxidant Activity. We used the DPPH
radical assay because it is easily available, has better radical
scavenging potential, and is a commonly used free radical to
evaluate the antioxidant potential of plant extracts [44, 45].
Modified protocol for the effect of free-radical scavenging on
the DPPH assay from Banothu et al. [46] was followed. More
briefly, to 0.25 mL of sample solution, 0.75 mL of DPPH was
added and the reaction was left in the dark for 30 minutes. As
a control, 0.25 mL of methanol and 0.75 mL of DPPH so-
lution were combined. The standard utilized was ascorbic
acid. In a 50 mL brown volumetric flask, 1.9716 mg of DPPH
was dissolved in methanol to prepare DPPH solution and
then adjusted to nearly 1.000 absorbance. A standard so-
lution of ascorbic acid was prepared at a 1000 ppm con-
centration by dissolving 0.10 g in 100 ml of methanol for the
calibration curve. From this stock solution, 25, 50, 100, 150,
200, 250, 300, 350, 400, 450, and 500 mg/L concentrations
were prepared. The flower sample extract (0.1 g/mL) was
diluted with methanol using 5, 10, 25, 50, 100, 150, and 200
dilution factors. The absorbance was measured using
a JASCO V-770 spectrophotometer (Jasco, USA) at 517 nm
with a 1 mm path length in a rectangular cell holder (500 yL
cuvette). The percentage of inhibition is used to measure
radical scavenging activity. The following formula was used
to determine the DPPH radical scavenging capacity:

control — @bsorbance

scavenging activity (%) :<

ICsp values were computed from the relation log
(sample) vs absorbance (normalized) using graph pad prism
8 software as suggested for better IC5, estimation [47].

2.6. Total Phenol and Total Flavonoid Content Determination.
The total phenol content (TPC) of the flower sample extract
was determined by the Folin-Ciocalteu colorimetric method
as described by McDonald et al. [48] with some modifications.
More briefly, 0.2 mL of 2% Na,CO; was added to the mixture
after 0.4mL of the extract and 0.4 mL of Folin-Ciocalteu
reagent (10x diluted) were combined. Various concentrations
of sample extracts were checked, and the one with dilution

absorbance,

sample)x 100 (1)

control

factor 5 was used for the determination as the absorbance was
between 0.1 to 1 (within Beer’s Law) following consistent
color changes. For control, a reagent without the methanol
extract was used. The V-770 UV-Vis spectrophotometer
(Jasco, USA) was used to measure the absorbance at 765 nm
in triplicate after the mixture was incubated at room tem-
perature for 35 minutes. The standard gallic acid was prepared
for calibration at 1000 ppm and was serially diluted and 6.25,
12.5, 25, 50, 100, 150, 200, 250, and 500 mg/L standard so-
lutions were prepared. Equation (2) was used to calculate TPC
as the milligrams of gallic acid equivalent (GAE) per gram of
extract (dry weight).
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CxV xDF
Concentration (mg/100 g) = ZXVXIE x 100, (2)
m

where C is the concentration obtained from the calibration
curve in mg/L, V is the final volume of the sample in L, m is
the mass of the sample powder taken for extraction, and DF
is the dilution factor.

Total flavonoid content (TFC) was determined using
Chang et al.’s aluminum chloride colorimetric method [49]
with slight modifications. More briefly, the mixture of
0.3 mL extract and 0.3 mL of 2% AICls, 0.3 mL of 1% NaNO,,
and 0.3 mL of 5% NaOH were mixed and incubated at room
temperature for a total of 30 min. Sample extracts were
prepared in a similar way as for the TPC determination
mentioned above. Methanol was used as a control. Absor-
bance was recorded in triplicate at A 314 nm using a V-770
UV-Vis spectrophotometer (Jasco, USA). A standard stock
solution of quercetin (1000 ppm) (mg/L) was prepared. The
calibration standards were also prepared similarly. TFC was
calculated as milligrams of quercetin equivalent (QE) per
gram of the flower extract (dry weight).

2.7.HPLC Analysis. Stock solutions for standards (1 mg/mL)
of both phenolic acids and flavonoids were prepared by
dissolving an appropriate amount in methanol. Calibration
standard solutions at 6 concentrations ranging from 2.5
to50 mg/mL were prepared and obtained by appropriate
dilutions from the stock solutions in the selected mobile
phase. The selected mobile phase was a binary isocratic
elution consisting of (A) methanol and (B) acidified (1%
acetic acid) ultra-pure water (60/40, v/v). The 10 uL injection
volume was used at a flow rate of 0.8 mL/min.

Ultrahigh-performance liquid chromatography coupled
with a diode array detector (Ultimate 3000 UHPLC-DAD,
Thermo Scientific Dionex, USA) was used to separate the
analytes via chromatography. The UHPLC system was
equipped with a pump (model: LPG-3400SD), autosampler
(model: WPS-3000TSL), and temperature-controlled col-
umn compartment (model: TCC-3100). Monitoring and
quantitation were performed at 254nm, 272 nm, 360 nm,
and 372 nm. Chromeleon (c) Dionex version 7.2.4.8179 was
used for instrument control and data acquisition. Chro-
matographic separation was performed on reverse phase
column (Acclaim (TM) 102 with Fortis 5um, C18 (column
dimension: 4.6 x 250 mm) Thermo Scientific Technologies,
USA) operated at 30°C. Using these conditions, flavonoids
and phenolic acid with external standards were separated
within 25 min per sample. By comparing the retention times
of the various compounds to standards, the individual
compounds were identified and quantified. The amounts of
the flavonoids and phenolic acids in the methanol extract of
D. angustifolia flower were calculated using equation
(2) [50].

2.8. PASS (Prediction of Activity Spectra for Substances) Test.
PASS prediction for the flavonoids, phenolic acids, and
reference antioxidant (ascorbic acid) was performed using
the PASS online web server (http://www.pharmaexpert.ru/

passonline). The PASS prediction uses canonical smiles to
determine the probability of being active (Pa) and proba-
bility of being inactive (Pi) values. Pa and Pi values indicate
a compound’s biological activity. The biological activities
selected were those activities related in one way or another to
antioxidant activity [51]. Interpretation of the result as
recommended by Langunin et al. [39] and Maharani et al.
[52] was as follows:

(i) If Pa> 0.7, the compound is very active and is likely
to display the aforementioned activity in trials
conducted in a wet lab.

(ii) If 0.5 <Pa<0.7 is likely to exhibit the activity and
there is a lower chance than in the first case, then the
compound will demonstrate the activity in a wet lab
experiment.

(iii) If Pa<0.5, the compound is unlikely to show the
respective activity in the wet lab.

The 2.0 version of PASS online was used to perform the
PASS test [53]. First, SMILES were retrieved for the can-
didate’s compounds from PubChem (http://pubchem.ncbi.
nlm.nih.gov), then the MOL or SDF file for the compounds
was given as input to the PASS software and activity pre-
diction was performed (get prediction). Before conducting
lab testing, it was crucial to confirm the results of the PASS
biological activity test. The probability activity score would
display the findings and indicate the likelihood of success if
lab tests were conducted.

3. Results

3.1. Phytochemical Screening. The preliminary phytochem-
ical screening revealed that the methanol extracts of the
flower and the leaves were almost comparable qualitatively
for the tested secondary metabolites. The glycoside, saponin,
triterpenoid, and anthraquinone tests indicated more con-
centration in the leaves than in the flowers. Alkaloids and
tannins were not detected in the flower extract (Table 2).

3.2. Antioxidant Activity Evaluation. The ICs, values and %
radical scavenging activity are almost identical for the leaf
and flower extracts.

3.3. Total Phenol and Total Flavonoid Determination.
Equation of calibration curve for TPC determination was
y=0.0023x—0.0693, where R*=0.9981, and for TFC de-
termination was y=0.002x + 0.0399, where R>=0.9971.

3.4. HPLC Analysis. The number of components identified
by HPLC analysis was 15 using a polar solvent system
(Figure 1). Among these 6 were determined by using an
external standard method on UHPLC-DAD (Table 3). The
concentration (mg/100g) was computed using V=0.050L
and m =5.0046 g on the equation given above in the method
section.

Among the investigated flavonoids, myricetin took the
lead with a concentration of 219.35 mg/100 g. Quercetin was
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TaBLE 2: Test result for qualitative phytochemical screening for leaves and flowers.

Methanol extract of Methanol extract of

N Phytochemical T o s
S ytochemical groups est leaves of D. angustifolia flowers of D. angustifolia
1 Alkaloids Wagner’s test + -
2 Glycosides Aqueous NaOH test ++ +
3 Flavonoids Lead acetate test ++ ++
4 Phenolic compounds Ferric chloride test ++ ++
5 Tannins 10% NaOH test + -
6 Saponins Foam test ++ +
7 Steroids Acetic anhydride test + +
8 Triterpenoids Salkowski’s test ++ +
9 Carboxylic acid Effervescence test ++ +
10 Anthraquinones Borntrager’s test ++ +
11 Volatile oils Fluorescence test + +
Result indications: ++ = present in appreciable amount; + = present in low amount; — = negative result.

|Chromatogram |
6-00 _ A MeOH+1%Aq AcOH T2 13-12-2021 #54 DAF UV_VIS_3 WVL:360 nm
500 _‘ 10 - Myricetine - 7.477
4 7 - Syrinpic Acid - 5.883
400 ~
2 ]
£ 300
3 b 115 -22.413
B 4
g 200 -
2 ]
<
1007 A1 b Bercetin - 11.747
113 -18.367
04
_100 —l T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0
Time (min)
Figure 1: UHPLC-DAD chromatogram for the methanol extract of D. angustifolia flower.
TasLE 3: HPLC data table for the identified components of D. angustifolia flower.
Compound Retention time (min) Amount (mg/L) Concentration (mg/100 g) Remark

Chlorogenic acid 4.327 24.58+1.76 24.56+1.75 Phenolic acid
Syringic acid 5.883 81.42+1.79 81.35+1.79 Phenolic acid
Myricetin 7.477 219.55+9.61 219.35+9.6 Flavonoid
Quercetin 11.747 11.7+£1.13 11.69+1.13 Flavonoid
Rutin 20.110 5.8+0.74 5.8+0.74 Flavonoid
Gallic acid 3.971 7.51+0.23 7.51+0.23 Phenolic acid
Kaempferol 12.767 No data No data Flavonoid

20x less than myricetin. The concentrations of rutin and
gallic acid were found to be less than 10mg/100g. The
concentration of syringic acid was 4x larger than chlorogenic
acid. The data for kaempferol could not appear on the
chromatogram and data table for unknown reasons after
initially being tracked in the standard mixture. This might be
due to precipitation and/or degradation of kaempferol at
high temperatures (analysis temperature at 35°C). The rutin

and gallic acid are not shown on the chromatogram due to
the smaller amounts compared to the others.

3.5. PASS Prediction of Biological Activity. Biological activ-
ities used to describe the mechanism of antioxidant activity
are considered in the PASS test. Other activities such as
antimutagenic, cardioprotection, anticarcinogenic,
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chemopreventive, proliferative disease treatment, antibac-
terial, antiprotozoal, antifungal, anti-inflammatory, and
antiviral activities were also considered. The PASS results
(Supplement 1) are summarized for the compounds con-
sidered in Table 4.

4. Discussion

From the preliminary phytochemical screening test result
(shown in Table 2), the leaves and flowers of D. angustifolia
were similar in the constituency of the major phytochemical
groups. Moreover, the results obtained for the leaf extract are
in close agreement with the literature report [51]. Generally,
the screening study indicated that flavonoids and phenolic
compounds are the major constituents of the leaf and flower
extracts of D. angustifolia [54].

The radical scavenging activity of both the leaves and
flowers of D. angustifolia was assessed using the DPPH
method. The percentage of inhibition used to measure the
DPPH radical scavenging activity using the formula is as
follows: percentage effect (E %) = (Abscontrol = AbSgample) X
100/AbSconirol- As one can see from the structures of the
flavonoids and phenolic acids, the presence of a more sig-
nificant number of hydroxyl groups can result in higher
antioxidant activity. As shown in Tables 5-7 and Figure 2,
there is no significant difference in the antioxidant activity
and TPC and TFC values between the leaves and flower parts
of D. angustifolia.

Mobile phase selection for HPLC-DAD method for both
extract samples was one of the big challenges to get better
separation as the polarity of phenolic acids and flavonoids
are closer. To come up with a solution for such problems, we
have considered the advantage of the gradient method [55]
for HPLC analysis. However, we successfully used isocratic
elution for our flower sample. As shown on the chro-
matogram (Figure 1), the peak shape and separation were
good for the selected polar solvent system. Methanol extract
of D. angustifolia leaves was not showing separate peaks for
the identified polyphenols in the case of the flower. Addi-
tional methods like hyphenation with mass spectroscopy
should be considered for further component identifications.

The flavonoids (flavanols) considered in our study are
sourced similarly following closely related biosynthesis in
most cases. They are even common in dietary sources [56].
Flavonoids occur in most plant parts, specifically photo-
synthesizing plant cells as major coloring components of
flowering plants [41]. For flowers, the matrix’s complexity
may be lower compared to the leaves where chlorophyll and
related components are more concentrated.

Investigations of phenolic acids and flavonoids among
the phytochemicals from natural products are usually
conducted using HPLC analysis with a DAD detector [57].
Such analysis has been attempted by Mizzi et al. (2020) [55].
Due to the complexity of the matrix analysis, it is not simple
to do such an investigation for medicinal plants. Alam et al.
[58] and Thomas et al. [59] mention an HPLC method using
a gradient of acetonitrile and methanol to estimate some of
these phenolics in Moringa oleifera. As the retention times of
these compounds are closer to each other, making

simultaneous measurements of both the groups was not
possible in our case. Less than 1 mg/100 g of concentration
was reported for rutin, myricetin, and gallic acid for
D. viscosa flower [60]. Tong et al. reported gallic acid and
quercetin 19.68 and 5.95mg/100g, respectively, from the
flower of the same Dodonaea species [61]. In this study,
HPLC analysis results are 5 to 220mg/100g for both fla-
vonoids and phenolic acids. Myricetin was nearly 220 mg/
100 g dry weight basis. Because of the few attempts on the
synonym Dodonaea species, it is impossible to compare the
results from this current investigation.

Biological activities predicted by PASS include main
pharmacological effects, mechanisms of action, specific
toxicities, interactions with antitargets, metabolic actions,
influence in gene expression, and action on transporters
[38, 53]. Biological activities related to antioxidant activity
were selected for discussion from the activity spectrum of
the individual flavonoids and phenolic acids under con-
sideration. The Pi values were not significant for decision-
making of inactivity for most of the compounds con-
sidered. On average, each of the considered flavonoids was
predicted to have 90 pharmacological activities with Pa
value greater than 0.700, which was doubled that of the
standard reference compound. The gallic acid and syringic
acid predicted pharmacological activities were 375 and
220, respectively. As a result, the flower of D. angustifolia
can be considered a potential pharmacological agent [62],
which is consistent with the therapeutic use of the plant’s
leaves.

The antioxidant and other related activities of the four
flavonoids, quercetin, rutin, myricetin, and kaempferol, have
been predicted. Similarly, three phenolic acids, namely,
gallic acid, syringic acid, and chlorogenic acid have been
predicted using PASS. The PASS results were compared with
ascorbic acid as a reference standard (Table 4). The Pa values
for the flavonoids and chlorogenic acid were greater than
0.700. This indicates that the antioxidant activities of these
compounds are very likely to be positive if attempted via wet
lab experiments. These results agreed with the DPPH assay
results of the extracts. The Pa value for ascorbic acid,
a standard reference for in vitro antioxidant activity, was
comparable with the flavonoids, more specifically myricetin
and rutin.

Activities such as free radical scavengers, peroxidase
inhibitors, membrane integrity agonists, dioxygenase
inhibiter, and NADPH oxidase inhibitors refer to the
mechanisms of action for the antioxidant activity by the
respective compounds [51]. The Pa values of these activities
were also greater than 0.700, indicating all to be among the
possible mechanisms of action for the antioxidant activities
of the compounds considered in this investigation. Con-
sidering the activation of internal antioxidants with Pa
values less than 0.300, the polyphenols’ role in the activation
of internal antioxidant enzymes was not expected.

The Pa values related to the antioxidant activity such as
antimutagenic, cardioprotective, anticarcinogenic, chemo-
preventive, and proliferative disease treatment were also
greater than 0.700. Except for minor inconsistencies in the
treatment of proliferative illnesses, the compounds under
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TABLE 4: Probability of activity (Pa) summary for the flavonoids and phenolic acids.
SN Activity Standard Polyphenols

AA F1 F2 F3 F4 PA1 PA2 PA3

1 Antioxidant 0.928 0.872 0.923 0.856 0.924 0.520 0.403 0.785
2 Free radical scavenger 0.564 0.811 0.988 0.771 0.832 0.570 0.619 0.856
3 Peroxidase inhibitor 0.252 0.962 0.987 0.956 0.966 0.891 0.846 0.855
4 Membrane integrity agonist 0.815 0.973 0.984 0.974 0.968 0.890 0.837 0.940
5 Membrane integrity antagonist 0.561 0.454 0.758 0.530 0.410 0.543 0.627 0.304
6 Quercetin 2,3-dioxygenase inhibitor 0.206 0.934 0.371 0.951 0.917 0.422 nd nd
7 NADPH oxidase inhibitor nd 0.928 0.850 0.889 0.939 0.509 0.520
8 Antimutagenic nd 0.940 0.503 0.948 0.963 0.597 0.821 0.409
9 Cardioprotection 0.229 0.833 0.988 0.814 0.886 0.468 0.463 nd
10 Anticarcinogenic 0.332 0.757 0.983 0.715 0.784 0.395 0.413 0.846
11 Chemopreventive 0.382 0.717 0.968 0.669 0.734 0.406 0.452 0.833
12 Proliferative disease treatment nd 0.614 0.952 0.602 0.645 0.324 0.317 0.769
13 Antibacterial 0.377 0.387 0.677 0.395 0.421 0.418 0.395 0.537
14 Antiprotozoal (Leishmania) 0.205 0.575 0.907 0.554 0.521 0.329 0.347 0.655
15 Antifungal 0.332 0.490 0.784 0.495 0.508 0.398 0.366 0.638
16 Anti-inflammatory 0.779 0.689 0.728 0.676 0.720 0.548 0.498 0.598
17 Antiviral (herps) 0.418 0.484 0.526 0.483 0.500 0.404 0.377 0.411
18 Antiviral (influenza) 0.459 0.403 0.743 0.400 0.444 0.654 0.607 0.537
19 Antiviral (hepatitis B) 0.180 0.498 0.451 0.496 0.519 nd nd 0.528

Pa, probability to be active and no data; codes for compounds: AA, ascorbic acid; F1, quercetin; F2, rutin; F3, kaempferol; F4, myricetin; PA1, gallic acid; PA2,
syringic acid; PA3, chlorogenic acid.

TaBLE 5: Result summary of ICso and R values.

Log (inhibitor) vs. normalized response: variable slope

Sample LogIC50 HillSlope ICsp R squared
DAF -0.162 + 0.003 -5.547£0.218 0.689 £ 0.005 0.997 £001
DAL —-0.156 + 0.001 —-5.121 £ 0.036 0.698 +0.002 0.995 £ 002
Ascorbic acid —0.9075 +0.01 —3.439£0.02 0.1237+0.01 0.991 +0.02

DAF: D. angustifolia flower part; DAL: D. angustifolia leaf part.

TaBLE 6: % radical scavenging activity.

Concentrations (mg/mL) % RSA of DAL % RSA of DAF

5 22.98 22.60

10 34.46 34.99

25 55.72 54.67

50 82.72 85.11

100 93.74 94.46

150 93.12 94.40

200 92.11 94.78

250 91.32 94.31
TaBLE 7: Total phenol and total flavonoid content for the flower and leaf extracts.

Sample TPC (mg/100 g) TFC (mg/100 g)

DAF 502.71+7.56 488.23 +23

DAL 765.85+16.95 700.66 + 39.14

consideration were also most likely projected to be similarly
potent. Other activities such as antibacterials, antiprotozoal,
antifungal, anti-inflammatory, and antiviral activities were
predicted to show activities less likely in the wet lab ex-
periments. Here, the probability will be less than the first
case as Pa values are between 0.500 and 0.700, with few
irregularities among the compounds and the activities. As

flavonoids display varied cellular effects, they affect the
overall process of carcinogenesis by varied mechanisms [63].

Phenolic acids: syringic acid, chlorogenic acid, gallic
acid, and flavonoids: quercetin, myricetin, rutin, and
kaempferol are common in food substances, including al-
coholic drinks and fruits [56]. Phenolic compounds are
known to impart beneficial properties such as antimicrobial,
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FIGURE 2: (a) Graph comparisons for % RSA and (b) log (conc.) vs. normalized absorbance.

preservatives, antioxidants [55], and other varied physio-
logical properties [64]. Antioxidant properties dictate so
many pharmacological activities such as cardioprotective,
anticarcinogenic, gastroprotective, anti-inflammation, and
antimicrobial effects in the human body, and hence they are
considered nutraceuticals [65]. As an example, rutin and
quercetin showed the gastroprotective effects due to their
antioxidant properties [66]. This is also shown on the bi-
ological activity spectrum for PASS online prediction. The
mechanisms of such pharmacological activities include
enzyme inhibition, disruption of cell membranes, blocking
viral attachments and cell penetration, and activating the
host cell’s self-defense mechanism [67].

5. Conclusions

D. angustifolia flower is a rich source of phytochemicals,
which are extractable and can be checked for further bi-
ological activities depending on the phytochemical screen-
ing. A preliminary phytochemical study, the DPPH radical
scavenging activity, and TPC, and TFC determinations all
confirmed that the flowers and leaves of D. angustifolia are
nearly similar in terms of phytoconstituency. From HPLC
analysis, phenolic compounds identified clearly in the
methanol extract of D. angustifolia flower include flavo-
noids: quercetin, myricetin, rutin, and phenolic acids:
chlorogenic acid, syringic acid, and gallic acid. PASS bi-
ological activity prediction results show the stronger anti-
oxidant activity of the identified flavonoids. Future work will
emphasize the isolation and characterization of active
principles responsible for bioactivity.
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Diabetes mellitus is a chronic hormonal and metabolic disorder in which our body cannot generate necessary insulin or does not
act in response to it, accordingly, ensuing in discordantly high blood sugar (glucose) levels. Diabetes mellitus can lead to systemic
dysfunction in the multiorgan system, including cardiac dysfunction, severe kidney disease, lowered quality of life, and increased
mortality risk from diabetic complications. To uncover possible therapeutic targets to treat diabetes mellitus, the in silico drug
design technique is widely used, which connects the ligand molecules with target proteins to construct a protein-ligand network.
To identify new therapeutic targets for type 2 diabetes mellitus, Azadirachta indica is subjected to phytochemical screening using
in silico molecular docking, pharmacokinetic behavior analysis, and simulation-based molecular dynamic analysis. This study has
analyzed around 63 phytochemical compounds, and the initial selection of the compounds was made by analyzing their
pharmacokinetic properties by comparing them with Lipinski’s rule of 5. The selected compounds were subjected to molecular
docking. The top four ligand compounds were reported along with the control drug nateglinide based on their highest negative
molecular binding affinity. The protein-ligand interaction of selected compounds has been analyzed to understand better how
compounds interact with the targeted protein structure. The results of the in silico analysis revealed that 7-Deacetyl-7-oxogedunin
had the highest negative docking score of —8.9 Kcal/mol and also demonstrated standard stability in a 100 ns molecular dynamic
simulation performed with insulin receptor ectodomain. It has been found that these substances may rank among the essential
supplementary antidiabetic drugs for treating type 2 diabetes mellitus. It is suggested that more in vivo and in vitro research
studies be carried out to support the conclusions drawn from this in silico research strategy.
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1. Introduction

The ability of the body to exert control over and use sugar
(glucose) as fuel is reduced in type 2 diabetes. Due to this
chronic (long-term) illness, too much sugar circulates in the
blood. The most notable metabolic dysfunctions associated
with type 2 diabetes, often known as diabetes mellitus, are
insulin resistance and cell dysfunction. Early in the condi-
tion, circulating insulin levels are higher to compensate for
insulin resistance, but insulin production eventually be-
comes insufficient, and hyperglycemia develops [1, 2]. One
of the human body’s most significant regulators of energy
balance is insulin. Insulin control issues disrupt energy
homeostasis, which leads to type 2 diabetes mellitus [3, 4].
The human insulin receptor is a tyrosine kinase that is
homodimeric and disulfide-linked («f3)2 [5, 6]. Even though
the receptor’s signaling is essential in various diseases,
thorough and atomic-level knowledge is still unclear on how
insulin builds up at the receptor and triggers signal trans-
duction. One challenge is that the isolated, soluble receptor
ectodomain (sIR), which is suitable for structural biology
studies, lacks the remarkable affinity and poor cooperativity
of insulin binding that the hormone receptor (hIR) offers.
The pancreas secretes insulin hormones [7, 8]. The ability of
a cell to absorb blood glucose as an energy source is con-
trolled by insulin through its interaction with the insulin
receptor protein found on the cell’s surface. In type 2 di-
abetes, insulin binds to the insulin receptor as it should. Still,
the signal is not carried through into cells resulting in the
cells not absorbing sufficient glucose, and the elevated blood
glucose levels that result over time harm organs [9-11].

Many modern pharmaceuticals are directly or indirectly
produced from plants, which have long been a reliable
supply of medicines. According to ethnobotanical studies,
approximately 800 plants may have antidiabetic qualities
[12, 13]. Drug development is an expensive and time-
consuming procedure that calls for numerous clinical tri-
als. High throughput virtual screening and de novo
structure-based rational drug design are two in silico
methods for drug discovery that have shown potential
[14-16]. Virtual screening is now widely used to uncover
novel compounds like drugs. In silico virtual screening has
become a valuable and time- and money-saving addition to
in vitro screening for discovering and developing novel
effective compounds [17-20]. Ligand-based virtual screen-
ing and receptor-based virtual screening are the two main
screening procedures for finding potential compounds from
a chemical database that are likely to interact favorably with
the target binding sites [21, 22].

The 3d structure of a protein and protein-ligand complex
is essential in molecular modeling for lead discovery
[23-25]. Quantitative  structure-activity relationships
(QSAR), biological tests, and pharmacophore analysis can all
be used to improve and create new leads [26-28]. Structure-
based drug design assists in creating more potent and sig-
nificant molecules during the drug development process
[29-31].
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The movement of each molecule in a molecular system is
predicted by molecular dynamics (MD) simulations, which
depend on a general physics model governing interatomic
interactions [32-34]. The general concept of MD simulation
is simple. Given the coordinates of every atom in a bio-
molecular system, it is possible to determine the force each
atom experiences from all the other atoms in the system
[35, 36] (for example, a protein encircled by a lipid bilayer
and potentially some water). Thus, it is possible to forecast
each atom’s spatial position as a function of time using
Newton’s equations of motion. One, in particular, goes
across time, estimating the forces acting on each atom and
modifying every atom’s position and speed based on all of
those forces. A three-dimensional movie that shows how the
system was configured at each point during the simulated
period can be compared to the resulting trajectory [37, 38].

Finding a ligand that delivers a specific signaling profile
and binding to the target is a common goal of drug de-
velopment. This is true, in particular for signaling receptors
[39, 40]. It is possible to use a full agonist, which vigorously
stimulates the signaling and activation of the receptor,
a partial agonist, which revitalizes signaling only slightly,
and a neutral antagonist [41, 42], which inhibits the body’s
natural agonists from binding but does not signal on its own,
or an inverse agonist, which decreases signaling below basal
levels [43, 44]. The drug must stabilize receptor confor-
mational states and, consequently, particular binding pocket
conformational states to produce a specific signaling profile.
An agonist, for instance, keeps active states above inactive
states. The binding pocket’s conformational changes have
unique signaling patterns. This information might be
available through MD simulations [37, 43].

Pharmacokinetic studies are an integral aspect of a new
medicine development program. They are used to determine
the time course of medicine and significant metabolite
concentrations in tubes and other natural fluids to learn
about immersion, distribution, metabolism, and elimina-
tion. Pharmacokinetics (PK) is commonly utilized in pre-
clinical investigations to evaluate toxicological outcomes. In
phase I cure forbearance studies, beast chronic toxicity data
can be used to influence lozenge selection and escalation
approaches. Pharmacokinetically guided cure escalation
(PGDE) methods facilitate the use of preclinical pharma-
cokinetic data for clinical cure finding in phase I research. In
clinical trials, PK is critical for cure detection and escalation
investigations [44-46].

Every stage in the discovery and development of a drug
requires consideration of chemical properties like absorp-
tion, distribution, metabolism, excretion, and toxicity
(ADMET). It is crucial to develop effective compounds with
improved ADMET characteristics [47]. The notion of drug-
likeness is a helpful guideline during the early phases of
medication development [48]. The first and most well-
knownrule-based filters were proposed by Lipinski and
colleagues in 1997. They included the molecular weight
(MW) 500, the octanol/water partition coefficient (A log P)
5, the number of hydrogen bond donors (HBDs), and the
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number of hydrogen bond acceptors (HBAs), all of which
must be greater than or equal to 5 [49-51]. Ghose and
colleagues calculated that, of the 6304 compounds in the
CMC (comprehensive medicinal chemistry) database, more
than 80% met the following requirements: —0.4 A log P 5.6,
160 MW 480, 40 MR (molar refractivity), and 20 to 70 atoms
in total [52]. 7 drug development can be sped up by using
filters that compare compounds to drugs based on their
physicochemical properties. But 14 numerous studies have
demonstrated the limitations of drug-likeness rules or filters
based on physicochemical characteristics [53, 54].

Several studies have shown the efficacy of neem in
treating diabetes meatus. However, the phytochemical
screening of ligands, specific pharmacokinetic behavior
analysis-related study, and molecular dynamics simulation
study of ligands derived from neem is still not performed.
Therefore, we aim to analyze the following parameters to
have a deep view of new oral drug candidates and potential
inhibitors against insulin receptor ectodomains derived
from the neem tree via in silico studies.

2. Materials and Methods

2.1. Preparation of Protein. The RCSB protein data bank
(PDB) (https://www.rcsb.org/) contains the 3D experi-
mental tertiary structures of the protein insulin receptor
ectodomain. Three hundred six amino acids (AA) make up
the protein sequence known as the insulin receptor ecto-
domain protein with the PDB id 1i44 [55]. The proteins’
PDB structures were assembled using the following criteria:
water, metal ions, side chains, and cofactors were excluded,
as well as crystallographic protein structure and expressed in
humans. Then, the Chimera software mixed polar hydrogen
atoms with nonpolar hydrogen atoms. Finally, the Gasteiger
charges of the system were determined.

2.2. Selection of Ligands. The large variety of chemical spaces
covered by phytochemicals derived from naturally occurring
medicinal plants can be employed in drug development and
discovery. The IMPPAT (Indian medicinal plants, phyto-
chemistry, and therapeutics) database, which contains
>1742 Indian medicinal plants and >9500 phytochemical
substances, is used to improve natural product-based
medication discovery [56, 57]. The chemicals from Aza-
dirachta indica (neem tree) have been compiled using the
IMPPAT journal after extensive literature reviews. The
compounds discovered in the database were made by ac-
curately classifying the atoms in AutoDock 4, combining
nonpolar hydrogens, finding aromatic carbons, and creating
a “torsion tree.” It has been found that most of the particles
in the compound have the same sort of atom as the
AD4 atom.

2.3. Molecular Docking. These days, molecular docking is an
integral part of structural biology and is primarily employed
for CADD. The techniques aid in predicting which small
molecule will attach to a target macromolecule (such as
a protein, enzyme, or drug) most advantageously [58, 59].

The PyRx virtual screening software integrated with the
AutoDock Vina platform was used to conduct a molecular
docking analysis to assess the molecular binding energy of
the requisite protein with the chosen phytochemicals
[60, 61].

A library of chemicals can be tested against a specific
therapeutic target using PyRx, an open-source virtual
screening program. It mostly appears in CADD techniques.
PyRx becomes a more dependable CADD tool with the
addition of AutoDock 4 and AutoDock Vina as docking
wizards and a simple user interface. The ideal protein and
ligand binding configurations were found using the mo-
lecular docking PyRx tools AutoDock Vina wizard [62].
Utilizing the default setup parameters of the PyRx virtual
screening tools, the binding energy with the highest negative
number (kcal/mol) was selected as a ‘preferred drug can-
didate for further experiments. The protein-ligands com-
plex’s binding interaction was eventually visualized using the
Ligplot + Version 2.2 tools [63].

2.4. MM-GBSA Analysis. MMGBSA is known as the mo-
lecular mechanics-generalized born surface area which can
be performed to calculate ligand binding free energies and
ligand strain energies for a set of ligands and a single re-
ceptor [64, 65]. After completing the interaction binding
affinity analysis, the MMGBSA was conducted by utilizing
the prime model of Schrédinger suite 2020-3 (maestro
application, paid version). This study analyzed the relative
binding free affinity of the ligand compounds Vilasinin
(PubChem-102090424), Nimbidinin (PubChem-
101306757), 7-Deacetyl-7-oxogedunin (PubChem-1886),
and PubChem-122801 with the 1144 protein complex.

2.5. Pharmacokinetic Property and QSAR Analysis. In
CADD, the term “PK” refers to the computer-based timing of
drug absorption, distribution, metabolism, and excretion
(ADME). The flow of drugs into and out of the body as
a function of intensity and duration is described by PK
(ADME) features as a whole [66]. In the early stages of CADD,
the integrity and effectiveness of substances are supported and
defined by their pharmacokinetic properties. The study used
the SwissADME (http://www.swissadme.ch) website to look at
the early-stage PK characteristics of the medications we chose
[67]. The SwissADME server is a free online web-based server
widely used to predict the pharmacokinetic properties and
drug-likeness characteristics of simple molecules. Thus, the
pharmacokinetic property is analyzed using the SwissADME
server. The PKCSM website is used to predict toxicity (https://
biosig.unimelb.edu.au/pkesm/) [68]. Finally, the quantitative
structure-activity relationship (QSAR) assessment for the top
ligands was carried out on the PASS server (https://www.
pharmaexpert.ru/passonline) to validate antidiabetic, anti-
cancer, and antiviral activity.

2.6. Molecular Dynamic Simulation. To determine the sta-
bility of the targeted protein, insulin receptor ectodomain’s
(PDB ID:1144) interaction with the four possible ligand
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molecules was chosen and subjected to 100 nanoseconds
MD simulations. The “Desmond v3.6 Program” from
Schrédinger (https://www.schrodinger.com/ac) was used to
model the molecular dynamics of the protein-ligand com-
plex structures [69].

To establish the desired this framework, a predetermined
TIP3P water strategy was developed to establish a specific
volume with periodic orthorhombic coordinates separated
by 10 mm. The necessary ions, for example, 0+ and 0.15M
salts, were randomly added to the solvent solution to
neutralize the framework electrically. The solvency protein
system was constructed utilizing a ligand complex, and the
system framework was reduced using the default protocol.
This was accomplished totally inside the Desmond module
by applying the force field settings OPLS3e [70]. In NPT
assemblies, which were held at 101,325 bar (1 atm) pressure
and 300 K with 50 PS capture sessions totaling 1.2 kcal/mole
energy coming before them, the Nosé-Hoover temperature
combination and the isotropic approach were used.

The screenshots of the molecular dynamic simulation
were produced using Schrodinger’s maestro application,
version 9.5. The Simulations interaction diagram derived
from the Desmond modules of the Schrodinger suite has been
used to analyze the simulation event and assess the de-
pendability of the MD simulation. The stability of the protein-
ligand complex structure was evaluated based on the tra-
jectory performance, root mean square fluctuation (RMSF),
root mean square deviation (RMSD), solvent-accessible
surface area (SASA) value, intramolecular hydrogen bonds,
the radius of gyration (Rg) value, protein-ligand contacts (P-
L), the polar surface area (PSA), and MolSA. The root means
square deviation (RMSD) in molecular dynamics simulations
is the arithmetic mean distance generated by a single atom’s
motion over the period of a certain amount of time relative to
a reference time [71, 72]. The RMSD of the structural atoms of
a protein, such as heavy particles, backbone, C, and sidechain,
were first measured before the root mean square deviation of
protein-suited ligand compounds from all timescales, which
were realigned and compared against the reference time (in
our study 100 ns). The following equation (equation (1)) can
be used to determine the RMSD of an MD simulation
concerning the period of x.

RMSD = IZII\ZIO [m; = (X, - Yi)z' (1)
M

N stands for the number of selected atoms, ' for the bit’s
position in the system x after the reference system’s point has
been superimposed, and j for the reference time. Most
commonly, local changes in the conformational shape of
proteins have been detected and tracked using the root mean
square fluctuation (RMSF) [73]. The RMSF estimation of
a molecular dynamic’s simulation of a protein with 2 resi-
dues can be obtained using the continuity equation (2).

ZY (X)) @

RMSF =
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3. Result and Findings

3.1. Molecular Docking Result Analysis. The process of drug
development has become more reliant on molecular
docking. Advances in computer hardware and a rise in the
number of and ease of access to small molecule and protein
structures, have facilitated the development of new tech-
niques, making docking more popular in both commercial
and academic contexts since its inception in the 1980s. The
methods for enhancing several drug development tasks with
docking have evolved throughout time. Docking was initially
created and utilized as a stand-alone technique, but it is now
routinely combined with other computational techniques in
integrated workflows.

The desired intermolecular framework within a drug
compound and a macromolecule can be developed through
molecular docking. A molecular docking study was first
conducted to determine the optimal intermolecular in-
teraction between the phytochemical ligand compounds
with the target protein by a group of Python tools called
PyRx. Using the AutoDock Vina wizard, we performed
molecular docking between 63 phytochemicals and the
target protein. The phytochemical compound’s molecular
docking revealed binding affinities that range from —4.5 to
—8.9 kcal/mol.

The top 6.35% of 63 phytochemicals (a total of 4) had
a better binding affinity than nateglinide and were chosen
based on binding affinity. This study utilized Nateglinide as
a control ligand because of its previously reported inhibitory
effect against the human insulin receptor ectodomain, which
binds with a docking score of —7.1 kcal/mol. The compounds
with the best docking score and binding affinity are listed in
Table 1.

3.2. MM-GBSA Result Analysis. The greater the negative free
energies of the binding value, the stronger the binding
between the ligand compound with the targeted protein
complex (Table 2). The findings showed that the Vilasinin
(PubChem CID-102090424) with 1144 protein complex
possessed strong binding free energy —53.644. In contrast,
PubChem CID-122801, Nimbidinin (Pubchem-101306757),
7-Deacetyl-7-oxogedunin  (PubChem CID-1886), and
Nateglinide (PubChem CID-5311309 (Control)) with 1144
protein complex have been shown excellent binding free
energy —48.984, -41.589, -41.461, and —40.984
consecutively.

3.3. Analysis of Protein-Ligand Interactions. The interactions
between protein and ligand molecules are necessary for most
biological processes. All biological processes depend on the
ligand-mediated signaling that occurs through molecular
complementarity. At the molecular level, biological recog-
nition is produced by this type of protein-ligand chemical
interaction. Establishing specialized sites designed to bind
small-molecule ligands having standard affinities adjusted to
the requirements of the cell is essential for the evolution of
protein function. Cooperation between ligands and the
target protein is essential for regulating biological processes
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that clash with one another. The molecular mechanisms
governing protein compatibility changes between low and
high-affinity states affect cellular function through collab-
orative protein-ligand interactions.

The creation of small-molecule drug compounds for the
treatment of disease is made possible by the atomic reso-
lution structures of protein-ligand complexes. The Lig-
plot + Version 2.2 tools were used to show how the selected
four ligands interacted with the target protein in Table 3. In
terms of the chemical CID 1886 has been formed with two
hydrogen bonds, Trp1200 (A) (3.34 A) and Asp1229 (A)
(313A),anda hydrophobic bond with Ser1204 (A), Glu1207
(A), Pro1231 (A), GIn1211 (A), Leul213 (A), Phel221 (A),
Leul228 (A), Tryl227 (A), and Tyr1210 (A).

In terms of the chemical CID 122801, it has been revealed
that when it comes into contact with the appropriate protein
PDB-1144. From the Ligplot + visualizer, it can be visualized
that the hydrogen bond has been formed with Asp1083 (A)
(291 A) and supported by 12 hydrophobic bonds (Val1010
(A), Glyl149 (A), Vall060 (A), Met1070 (A), Lys1030 (A),
Metl139 (A), Asnll37 (A), Argll36 (A), GInl004 (A),
Gly1082 (A), Glyl003 (A), and Leul002 (A)). “The insulin
Receptor Ectodomain-Vilasinin” complex was supported by
one hydrogen bond Lys1030 (A) (3.08 A) and fourteen hy-
drophobic bonds (Ala1028 (A), Met1079 (A), Leul078 (A),
Met1039 (A), Val1010 (A), Leul002 (A), Gly1082 (A), Gly1003
(A), Argl136 (A), Aspl083 (A), GIn1004 (A), Asnll137 (A),
Ser1006 (A), and Gly1005 (A)) (Figure 1), whereas Nimbidinin
interacts with insulin receptor ectodomain protease was
supported by two hydrogen bonds (Asp1232 (A) (2.82 A) and
Glu1207 (A) (3.30 A) and nine hydrophobic bonds (Pro1104
(A), Thr1203 (A), Asn1233 (A), Met1109 (A), Pro1235 (A),
Pro1103 (A), Ser1204 (A), Leul205 (A), and Prol231 (A))
(Figure 1). In addition, the control drug nateglinide possesses
the interaction with the targeted protein by one hydrogen
bond with Met1079 (A) (2.94A) and eleven hydrophobic
bonds, including Alal029 (A), Lys1030 (A), Vall060 (A),
Met1139 (A), Metl076 (A), Vallol0 (A), Leul002 (A),
Aspl083 (A), Gly1083 (A), Glyl082 (A), and Leul078 (A).

3.4. Pharmacokinetic Property and QSAR Analysis. 'The study
of a small molecule candidate’s dynamic motions inside the
body, and the ADME characteristics of a chemical that
resembles a drug, is known as pharmacokinetics. The term
“PK” refers to a class of xenobiotic regulatory procedures
that is necessary throughout the drug discovery process,
especially in preclinical studies. It employs several mathe-
matical equations to create a model and offers data on the
xenobiotics in the body over time. In addition, PK traits can
aid in understanding and predicting biological functions,
such as a compound’s harmful or beneficial effects. The
PKCSM server and SwissADME server were utilized in the
study of the necessary PK parameters of the four selected
potential phytocompounds that were chosen. The ADME
features of the selected compounds, such as lipophilicity
(dissolve in oils, fats, and nonpolar solvents), drug-likeness,
and water solubility, have been found using the server. In the
investigation, the PK characteristics of all of the identified

compounds were found to be efficacious and druggable. The
compounds studied in this paper have no violation
according to Lipinski’s rule of 5 and Ghose and colleague’s
rule. Pk properties, including several hydrogen bond donors
and acceptors, molecular weight, molar refractivity, and Log
p value, are noted in Tables 4 and 5.

Table 4 has depicted important pharmacokinetic pa-
rameters to show the credentials of the selected phyto-
compounds to be selected as a preferable alternative for
present-age diabetic medicine. The molecular weight of the
following drug compounds is within the range of 350-480
which firmly supports the ADMET rules of both Lipinski’s
Rule of 5 and Ghose and Colleagues’ rules. All the com-
pounds possess more hydrogen bond donors than the
control drug. In the case of hydrogen bonds acceptors, CID
1886 and CID 122801 don’t possess any hydrogen bond
acceptors, whereas CID 102090424 and CID 101306757
contain 3 hydrogen bond acceptors each, and the control
drug CID 5311309 got 2 hydrogen bond acceptors. The logP
values are reported as 4.1981, 4.6291, 3.6435, 2.82225, and
41981 for compound CID 1886, CID122801, CID
102090424, CID 101306757, and CID 5311309 (Control),
respectively. Other important pharmacokinetic parameters
including molar refractivity, Intestinal absorption, total
clearance, and CaCO2 permeability also have been reported
within a standard range as shown in Table 4.

In Table 5, different toxicity-related parameters for the
selected phytocompounds have been demonstrated. From
Table 5, we can see that no compounds have shown AMES
toxicity or working as hERG I or hERG II inhibitors. The
maximum tolerated dose in humans for CID 1886 is 0.48; for
CID 122801, the value is —0.658. For CID 102090424 com-
pound, the maximum tolerated dose is —0.69. For CID
101306757 compound, the maximum tolerated dose is —0.625.
And lastly, for CID 5311309 (control) compound, the maxi-
mum tolerated dose is 0.292. From the column where the rat
acute toxicity (LD50) has been depicted, we can see the LD50
values are the compounds are 2.791, 2.694, 2.716, 3.71, and
2.022 for CID 1886, CID 122801, CID 102090424, CID
101306757, and CID 5311309 (control) respectively. The oral
rat chronic toxicity (LOAEL) values of those compounds are
0.66, 0.534, 1.715, 2.28, and 1.977 followed by the CID sequence
mentioned previously. This work also evaluated the hepato-
toxicity and skin sensitiveness of the compounds. It has been
found that only CID 102090424 has hepato-toxicity, whereas
all the other compounds are reported safe from hepatotoxicity
as well as skin sensation parameters in the following in silico
study. The T. pyriformis toxicity and minnow toxicity also
showed the druggability of the selected phytocompounds.

Moreover, the quantitative structure-activity relation-
ship (QSAR) assessment showed that these ligand com-
pounds possessed potent antidiabetic, anticancer, and
antiviral activity (Table 6). Here, the compounds CID-
122801, CID-102090424, CID 101306757, and CID 5311309
(control) possessed potent antidiabetic properties, whereas
CID-122801, CID-102090424, CID 101306757, and CID
5311309 (control) have reported antiviral activity. All the
compounds also showed potential to be selected as an an-
ticancer compound according to the QSAR analysis.
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FIGURE 1: Interaction between the insulin receptor ectodomain (PDB 1144) with compound CID 1886, CID 122801, CID 102090424, and

CID 101306757.

TaBLE 4: The complete pharmacophore and pharmacokinetic profiling of the selected ligands.

Compound ID MW (g/mol) HBA HBD LogP MR IAb TCl CaP
CID-1886 438.52 6 0 4.1981 115.34 99.394 0.093 0.883
CID-122801 466.57 6 0 4.6291 124.96 100 0.33 1.154
CID-102090424 428.569 5 3 3.6435 117.11 97.403 0.36 0.702
CID-101306757 442.54 6 3 2.8225 117.31 86.847 1.21 2.094
CID 5311309 (control) 317.42 2 2 4.1981 91.75 99.405 0.108 0.878

Units of physiochemical properties: MW, molecular weight (g/mol); HBA, hydrogen bond acceptor; HBD, hydrogen bond donor; LogP, estimated octanol/
coefficient of liquid fraction; MR, molecular refractivity. Units of pharmacokinetics properties: IAb, intestinal absorption (% absorbed); TCI, total clearance

(log mL/min/kg); Caco2 permeability (log Papp in 10~° cm/s).
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TaBLE 6: QSAR-based bioactivity prediction for ligand validation.

Prediction of activity spectra for

Compounds CID substances (Pa=0.3 to 0.7)

Antidiabetic  Anticancer  Antiviral
CID-1886 x v v
CID-122801 v N v
CID-102090424 N N N
CID-101306757 v N x
CID 5311309 (control) v v v

QSAR: quantitative structure-activity relationship; Pa: prediction of activity
score as per PASS server. Pa score of 0.3 to 0.7 signifies moderate activity.
x: Pa score less than 0.3; V: Pa score in the range 0.3 to 0.7.

3.5. Analysis of MD Simulation Parameters. The confor-
mational stability and several intramolecular interaction
parameters of a protein-ligand complex are studied in real
time using MD simulation in CADD. The conformational
alteration that a complex system experiences when it is
placed in an artificial environment can also be ascertained
using this method. To comprehend the conformational
variations and rearrangements of the protein in complex,
a 100 ns MD simulation of the protein in combination with
the particular ligand was carried out in this study. Initially,
the terminal snapshots from the 100ns MDS trajectories
were used to examine intermolecular behavior.

The average change in the RMSD of the protein-ligand
interaction is quite acceptable, with a range of 1-4. If the
RMSD value is greater than 1-4, a significant conforma-
tional shift in the protein structure has occurred. To examine
the conformational change of the target protein combination
with the two ligand molecules included by the 4-ligand
molecule and control drug, a 100ns MD simulation was
performed, and the related RMSD value was determined.

The ligand complex vilasinin, which had fewer fluctu-
ations, had an average RMSD that ranged from 1.2 to 2.4.
The RMSD value of the compound, which changed within
a very small range and dropped outside the permissible
range, indicates that the protein-ligand complex structure
depicted in Figure 2 is conformationally stable.

The RMSF can facilitate in identifying and characterizing
the adjacent alterations that arise within the configuration of
the protein when a particular ligand compound attaches
with remnants. The RMSF of the compounds with the
targeted protein model was established for analyzing the
changes in protein structure resulting from the attachment
of specific ligands with a particular residual site, as illustrated
in Figure 3.

Alpha helices and beta strands, which are among the
most rigid secondary structural elements, were shown to
have a minimum observation rate between 7 and 275 amino
acid residues. Due to the existence of these domains, the C-
and N- termini of the protein exhibit the majority of the
variation. Therefore, it is discovered that there is a low
fluctuation probability for the displacement of a single atom
in the four-ligand complex and control medication under
examination in the simulation environment.

The radius of gyration (RG) of the interaction between
protein and ligand can be determined by the positioning of
an interaction system’s atoms across its axis. Since it divulges

11

alteration in complex compactness gradually, the compu-
tation of the radius of gyration is one of the most crucial
signs to look for when predicting the structural functioning
of a macromolecule.

The stability of 7-Deacetyl-7-oxogedunin, [(1S, 2R, 48S,
10R, 11R, 16R)-6-(Furan-3-yl)-1,7,11,15,15-pentamethyl-
5,14-dioxo-3 oxapenta-cyclo [8.8.0.02, 4.02, 7.011, 16]
octadec-12-en-18-yl] acetate, Vilasinin, Nimbidinin, and
Nateglinide together with the target protein was also ex-
plored in terms of the radius of gyration over a 100ns
simulation run, as depicted in Figure 4. The mean rg value
for 7-Deacetyl-7-oxogedunin is 3.75, and for CID 122801,
CID 102090424, CID 5311309, and Nateglinide (control
drug), the average rg value is 4. This result shows that the
protein’s binding site does not undergo significant structural
alterations upon binding the selected ligand compounds.

The confirmation of structural identity and the actions of
biological macromolecules are governed by SASA concen-
tration. When amino acid residues are attached to a surface
of a protein, it functions as active sites and/or get inter-
connected with other molecules and ligands, a molecule’s
solventlike behavior (hydrophilic or hydrophobic), and the
elements of protein-ligand interactions are better known.

The SASA for the selected compounds was in the range
of 50 to 40, showing standard exposure of the selected
compound with an amino acid residue in the complex
systems (Figure 5).

The MolSA is equivalent to the Van der Waals surface
area, which was discovered using a 1.4 probe radius. In our
in silico analysis, each ligand had the standard Van der
Waals surface area (Figure 6). In addition, only molecule of
nitrogen and oxygen atoms contribute to PSA. Here, the
targeted protein showed a significant PSA value for each
ligand molecule (Figure 7).

Using the simulation interactions diagram, the intricate
structure of a protein with the indicated ligands and their
intermolecular interactions have been studied during
a simulation time of 100 ns (SID).

The interactions between the chosen ligand molecules
and proteins are influenced by various factors, including the
hydrogen bond, noncovalent bond (hydrophobic bond),
ionic bond, and water bridge bond. Figure 8 evaluates and
depicts the chosen ligand compounds and the control drug.
To help build a stable binding with the intended protein, all
compounds generated many connections throughout the
course of the 100 ns simulation via hydrogen, hydrophobic,
ionic, and water bridge bonding and maintained these
contacts up until the simulation was over.

4, Discussion

A drug candidate must have good activity against the
therapeutic target to achieve the appropriate ADMET
properties at a therapeutic dose [74]. ADME, linked to
pharmacokinetic  characteristics, significantly impacts
a drug’s activity. The pharmacokinetic parameters are
obligatory to create a medication candidate that will suc-
cessfully complete the required clinical trials and must be
adjusted in time for the drug design process [75-77].
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FIGURE 2: The RMSD values for the 4 ligand molecules and the nateglinide control for the 1i44 protein model. The selected compounds with
the CIDs 1886, 122801, 101306757, 102090424, and 5311309 in relationship with the protein were represented by the hues dark blue, orange,
gray, yellow, and light blue, respectively, while the control medicine had the CIDs 5311309 in association with the protein.
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FI1GURE 3: The graph displays the RMSF values for the 1i44 protein model using 4 ligand compounds and 1 control drug that were recovered
from the C atoms of the complex system. The markers blue, orange, gray, yellow, and light blue are used to depict the selected compounds
and had the CIDs 1886, 122801, 101306757, 102090424, and 5311309, respectively.

According to Lipinski and Ghose’s drug likeliness qualities,
the compounds investigated in this investigation did not
exhibit severe toxicity or any other violations. The phar-
macokinetics and drug-likeness properties of the in-
vestigated compounds were calculated. The compound
selected after docking with the most promising result shows
no violation in both Lipinski’s rule of 5 and Ghose and
colleagues’ rule. The selected ligands followed the following
parameters: 160 < MW < 480, -0.4<WLOGP <5.6,

MLOGP <4.15, N or O<10, NH or OH<5, 40 < Molar
Refractivity < 130, and 20 < Atoms <70. No compound has
shown any adverse toxic effect during the in-silico toxicity
analysis [78-80]. Furthermore, the QSAR analysis depicted
that all the compounds possessed effective antidiabetic,
anticancer, and antiviral activity.

Analysis of biomolecular interactions and the interface
between protein architecture and activity can benefit the
development of new medications and performance data
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FIGURE 4: The radius of gyration (Rg) of the protein-ligand interaction was calculated using the 100 ns simulation. The markers blue, orange,
gray, yellow, and light blue are used to depict the selected ligand compounds that contain the CID 1886, CID 122801, CID 101306757, CID
102090424, and CID 5311309, respectively, in association with the protein.
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FIGUure 5: From the 100 ns simulated interaction diagram, the solvent accessible surface area (SASA) of the protein-ligand interaction
compounds was estimated. The markers blue, orange, gray, yellow, and light blue are used to depict the protein in association with the
chosen ligand molecules CID 1886, CID 122801, CID 101306757, CID 102090424, and CID 5311309, respectively.

from dynamic trajectory analysis, also known as the mo-
lecular dynamic simulation (MDS) [18, 81]. The Schrodinger
package software from the Desmond application was utilized
in our study to execute a 100ns MDS with the selected
physiologic and physicochemical parameters. This simula-
tion trajectory of the simulation tool has allowed accurate
analysis of the root mean square deviation (RMSD), root
mean square fluctuation (RMSF), the radius of gyration
(Rg), hydrogen bond number, and solvent accessible surface

area (SASA) [82]. The RMSD of the selected 1i44 model
protein was used to evaluate the protein structure’s de-
pendability and conformational fluctuations; a lower value
indicates the most stable molecules. RMSD values under 1.5
are typically suggestive of more consistency in docking
because RMSD values over 1.5 represent the average binding
positions. The RMSD values for the protein-ligand in-
teractions in our study were within a typical range, i.e.,
average mean values of 4 (the lowest value for the selected
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FIGURE 6: The 100 ns simulated interaction diagram was used to calculate the molecular surface area (MolSA) of the protein-ligand
interaction complexes. The markers blue, orange, gray, yellow, and light blue are used to depict the selected ligand compounds CID 1886,
CID 122801, CID 101306757, CID 102090424, and CID 5311309, respectively, in association with the protein.
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FIGURE 7: From the 100 ns simulated interaction diagram, the polar surface area (PSA) of the protein-ligand interaction compounds was
estimated. The markers blue, orange, gray, yellow, and light blue are used to depict the selected ligand compounds CID 1886, CID 122801,
CID 101306757, CID 102090424, and CID 5311309, respectively, in association with the protein.

ligand compounds is approximately 1.0, and maximum
values of 4, indicating a more advantageous docking position
and no disruption of the protein-ligand structure). In Fig-
ure 2, The average protein fluctuations can be measured
using the RMSF as a reference point. RMSF graphs dem-
onstrate how the average protein fluctuations relate to
changes at the residue level. The RMSF of the target protein
is depicted in Figure 3.

The number of intramolecular bonds found in the ligand
compound Vilasinin, which is more stable in conformation
than the other ligand compound, was higher than the total
number of intermolecular bonds created between the
macromolecule and its ligand compounds (Figure 8). For
ligand 7-Deacetyl-7-oxogedunin, the SID diagram observed
that the interaction fraction value had reached the highest
value at ASP 1229, created by hydrogen bonds and water
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FiGure 8: The interactions between proteins and ligands identified during the 100 ns simulation are shown in the stacked bar charts. In this
section, the interactions of the chosen ligand molecules are demonstrated. Figures (a)-(e) in the image above represented, respectively, the
intermolecular fractions for the compounds CID 1886, CID 122801, CID 101306757, CID 102090424, and CID 5311309.

bridges showing that specific interaction has been main-
tained over the 100 ns simulation time. The IFV for com-
pound having compound CID 122801 has shown everyday
interaction by forming hydrogen bonds, hydrophobic
bonds, and water bridges with the highest value of 0.6 with
Lys 1030. Vilasinin has formed water bridges and hydrogen
bond interactions with the highest value of 2 with ASP 1232.
The stacked chart bar for Nimbidinin showed the highest
IFV with ARG 1136 by forming hydrogen bonds and water
bridges having the highest value of 1. The SID diagram also
showed that the highest IFV value of the control drug
Nateglinide is formed by water bridges and hydrogen bonds
with ARG 1136. The Result shows that the molecular sta-
bility of the selected phytocompounds is similar to the
control drug nateglinide with the insulin receptor
ectodomain.

The protein-ligandssolvent-accessible surface area
(SASA) was also estimated using simulated trajectories to
determine the dimensional changes of the drug-like mole-
cules along the simulation trajectory [15, 83].

One of the most significant SASA values is related to the
unstable structure, which has hydrophobic amino acid residues
close to the water molecule [84, 85]. All chosen compounds
have conventional SASA values, as shown by the MDS tra-
jectory’s SASA result (Figure 5). The MolSA and PSA vali-
dation graph shows that all ligand compounds have potential
advantages over the control medication (Figures 6 and 7).

In addition, Rg measures the separation between the end
of the protein and the centre mass of the protein. As a result,
this metric provides additional information about the protein’s
folding properties while measuring how compact the protein
molecule is [86]. A significant Rg value indicates slack packing,
whereas a lower Rg value indicates compact packing [83]. The
summary of the Rg values in Figure 4 reveals that the protein-
containing compounds all displayed average compactness.

5. Conclusion

Four phytocompounds were selected from a total of 63. The
following compounds are projected to have the best drug-
like properties based on the virtual-mediated ADMET
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screening employed in this procedure. These ligand mole-
cules, which are similar to the reference medication nate-
glinide, have the highest affinities for the insulin receptor,
according to molecular docking studies. Notably, these
drug-like compounds had longer interactions with the target
protein’s active site residues. Interestingly, the highest
positive values were observed for the compounds in the
simulation study that evaluated the quality of these mole-
cules’ interactions with the target receptor. Due to their
ability to block the appropriate insulin receptor, these drugs
may delay the development of diabetes mellitus. These top
four phytocompounds could be used to treat diabetes, but
more (in vivo and in vitro) study is needed to confirm their
safety attributes.

As the next generation of pharmaceuticals develops, the
management of diabetes mellitus will advance. Even though
these are only a few examples of the variety of related de-
velopment initiatives and cutting-edge tactics being utilized
to treat type 2 diabetes, the following research has discussed
several distinct therapeutic approaches for treating DM.
Future generations of antidiabetic drugs will need to find
solutions to a variety of real-world issues, including over-
lapping safety concerns, side effects, drug-drug interactions,
dose and futility restrictions, and other issues that currently
limit their use in certain situations. Thus, all significant
problems would be solved, and the chosen phytocompounds
would function as efficient complementary treatments for
type 2 Diabetes Mellitus.
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Background. Gastric cancer (GC) is one of the most lethal cancers. Shenlian capsule (SLC) is a Chinese patent medicine made from 11
herbs containing numerous plant-derived compounds, and the clinical trials of SLCs confirmed that they had effective adjuvant therapy
for a variety of cancer such as lung cancer and gastric cancer. Moreover, the HPLC fingerprint of SLCs was established from other
research to find potential components. In this study, network pharmacology-based research was used to identify combinations with
molecules, targets, and pathways to explore their interaction mechanisms. Methods. The Traditional Chinese Medicine Systems
Pharmacology (TCMSP) database and the Traditional Chinese Medicine Integrated Database (TCMID) were widely implemented in
selecting the active chemical components of SLCs with an oral bioavailability (OB) > 30% and drug-likeness (DL) > 18%. In addition, the
TCMSP and TCMID databases obtained the targets of SLCs, and PharmMapper (PM) was used to predict targets of SLCs. Gastric
cancer-related genes were provided by the GeneCards and TTD databases. Subsequently, the drug/target/pathway network was
established and visualized using Cytoscape software. Then, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genome
(KEGG) enrichment analyses were used to predict the potential genes and pathways of gastric cancer. Molecular docking was performed
to study the interaction between ligands and targets; the interaction was visualized using Discovery Studio and PyMOL. Finally, the
potential primary mechanism used by SLCs against gastric cancer was verified by cell experiments, including MTT cell apoptosis assay,
flow cytometry cell cycle assay, and western blotting with HGC-27 cells (undifferentiated). Results. Of 213 active chemical components
from SLCs, 35 primary active chemical components were identified, and 10 potential critical targets were selected from the 185
intersections of the targets of SLCs and GC, such as RAC-alpha serine/threonine kinase 1 (AKT1), cellular tumor antigen p53 (TP53),
interleukin-6 (IL6), caspase-3 (CASP3), vascular endothelial growth factor A (VEGFA), and epidermal growth factor receptor (EGFR).
GO and KEGG enrichment analysis provided the PI3K/AKT, TNF, and p53 signaling pathways, which may be the primary signaling
pathways modulating gastric cancer. Molecular docking verified targets such as AKT1, TP53, EGFR, and CASP3, which exhibited
satisfactory binding capacity with active ingredients. Experiments with HCG-27 cells confirmed that SLCs may provide favorable
treatment for GC by promoting CASP3 and TP53 expression to induce cell apoptosis and provided the predictions for network
pharmacology and molecular docking. MTT and flow cytometry assays verified that SLCs promoted cell apoptosis and inhibited cell
proliferation by triggering GO/G1 and S cell cycle arrest. In addition, western blot analysis confirmed that SLCs promoted TP53 and
CASP3 overexpression, which led to HGC-27 gastric cell apoptosis. Conclusions. Our results confirmed that SLCs inhibit proliferation of
HGC-27 gastric cell by promoting cell apoptosis and, therefore, have potential in the treatment of advanced gastric cancer. P53 signaling
pathway was the key pathway. In addition, quercetin, matrine, and ursolic acid might be the main active ingredients.

1. Introduction for Research on Cancer (IARC) [1]. Gastric cancer is clas-
sically divided into intestinal and diffuse histologic types,
Gastric cancer (GC), a common malignant tumor, has be- and most cases of gastric cancer were induced by infection

come the fourth most lethal cancer worldwide, as reportedin  with the bacterium Helicobacter pylori [2]. Currently, pa-
the 2020 GLOBOCAN project by the International Agency  tients with advanced gastric cancer usually choose
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chemotherapy and radiotherapy as the major treatment due
to a lack of effective surgical treatments and a late diagnosis.
Despite this, the survival rate for patients with advanced
gastric cancer remains dismal [3, 4]. Doxorubicin hydro-
chloride (Dox), irinotecan (CPT-11), and esophagogas-
troduodenoscopy (EGD) are commonly used to treat gastric
cancer. However, drug resistance is frequently observed in
the treatment of GC, and therefore, it is necessary to find
new and effective drugs for treatment. Natural bioactive
compounds have potential as a cancer therapy; therefore, the
uses of natural bioactive compounds have become one of the
hottest topics worldwide.

Traditional Chinese medicine (TCM) has been widely
used in the treatment of cancer because natural bioactive
compounds have the capability of exerting synergistic effects
upon multiple targets [5-7]. To exemplify, Xiao-Ai-Ping
(XAP) injection has been effectively used to treat gastric
cancer and lung cancer [8, 9], and Weikang Keli has also
been used for gastric cancer therapy in cell experiments [10].
Thus, there is promising potential for TCM to be used to
treat advanced gastric cancer.

Shenlian capsule (SLC) is a Chinese patent medicine that
is prepared from 11 Chinese herbs: Danshen (Radix Salviae
Miltiorrhizae/Chinese salvia (Salvia miltiorrhiza Bunge)),
Kushen (Radix Sophorae Flavescentis Radix/shrubby
sophora (Sophora flavescens Aiton)), Banzhilian (Herba
Scutellariae Barbatae/barbed skullcap (Scutellaria barbata
D. Don.)), Shandougen (Radix et Rhizome Sophorae Ton-
kinensis/bushy sophora (Sophora tonkinensis Gagnep.)),
Baibiandou (Semen Lablab Album/hyacinth bean (Dolichos
lablab L.)), Sanleng (Rhizoma Sparganii/common bur-reed
(Sparganium stoloniferum Buch.-Ham.)), Ezhu (Rhizoma
Curcumae (Zedoariae)/zedoary root (Cucurma zedoaria
(Christm.) Roscoe), Fangji (Radix Stephaniae Tetrandrae/
stephania root (Stephania tetrandra S. Moore)), Wumei
(Fructus Mume/dried black plum (Prunus mume (Sieb. et
Zucc.))), Buguzhi (Fructus Psoraliae/babchi (Psoralea cor-
ylifolia L.)), and Kuxingren (Semen Armeniacae Amarum/
apricot seeds (Prunus armeniaca L.)). SLCs have already
been used for the treatment of lung cancer and gastric
cancer. The high performance liquid chromatography
(HPLC) fingerprint of Shenlian also established by Han’ s
team to find the potential ingredients of SLCs. Nine com-
ponents were identified such as oxymatrine, matrine, tet-
randrine, fangchinoline, amygdalin, oleanolic acid, ursolic
acid, psoralen, and angelicin [11-13]. Several clinical trials in
China have confirmed that adjuvant treatment with SLCs
was effective with bevacizumab injection, epirubicin hy-
drochloride injection, cisplatin injection, or fluorouracil
injection for advanced gastric cancer [14, 15]. However, the
treatment and action mechanisms of the SLC remain un-
defined. Thus, a network pharmacology-based study, which
was proposed by Hopkins and relies on network database
retrieval, system biology, and pharmacology, should be
undertaken to elucidate SLCs’ potential treatment mecha-
nism in gastric cancer [16-18]. Network pharmacology-
based studies have the ability to determine the primary
potential ingredients, targets, and pathways involved
(19, 20].
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To further identify the mechanism of action of the SLCs,
molecular docking was used to validate combination in-
gredients with targets [21]. The binding energy and bond
interacitons between ingredients and targets interpreted the
biological activity of the SLCs’ main ingredients.. By also
conducting MTT cell apoptosis assay, flow cytometry, and
western blot analysis, the specific mechanisms used by the
SLC to regulate gastric cancer cell apoptosis, cell cycle arrest,
and their signal transduction pathways were elucidated [22].
Finally, the mechanisms used by the SLC against GC were
clarified through the above research, and a schematic flow
diagram is shown in Figure 1.

2. Methods

2.1. Main Active Ingredients and Target Identification. The
main active chemical ingredients in all the herbs in the
SLC were found in the Traditional Chinese Medicine
Systems Pharmacology (TCMSP; https://tcmsp-e.com/
tcmsp.php) database and Traditional Chinese Medicine
Integrated Database (TCMID; https://www.megabionet.
org/tcmid/). These components were identified based on
oral bioavailability (OB) >30% and drug-likeness (DL) >
18%. The targets of the main components were obtained
from TCMSP and TCMID, and the predictions of the
SLC’s potential targets were obtained from the Pharm-
Mapper database (PM; https://www.lilab-ecust.cn/
pharmmapper/) based on a z score >4. The UniProt da-
tabase (https://www.uniprot.org/) and DrugBank data-
base (https://www.drugbank.ca) provided the human
genes related to these targets. GC targets were selected
from the GeneCards database (https://www.genecards.
org/) and TTD database (https://bidd.nus.edu.sg/group/
ttd/ttd.asp) by searching using the keywords “gastric
cancer,” “stomach cancer,” and “gastric carcinoma.”

2.2. Drugs/Targets/Pathways and Protein-Protein Interaction
Network Construction. The targets and potential active in-
gredients were imported into Cytoscape (v. 3.8.0) for the
construction of a drug/target/pathway network. By selecting
high-degree targets and active ingredients, key targets and main
active ingredients were mined. Protein-protein interaction (PPI)
networks were constructed using STRING tools (https://string-
db.org) and Cytoscape to find the potential leader targets.

2.3. GO and KEGG Enrichment Analysis. Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genome (KEGG)
enrichment analyses were applied from the DAVID database
(https://david.ncifcrf.gov/) based on a P value<0.05 as the
condition to visualize the results and confirm key signaling
pathways.

2.4. Molecular Docking Analyses. The 3D structures of
proteins were downloaded from the Research Collaboratory
for Structural Bioinformatics (RCSB) Protein Data Bank
database (https://www.rcsb.org/). The chosen scientific
name of the source organism was Homo sapiens, and it was
refined at resolutions of 1.0-3.0 A". Ligands were down-
loaded from TCMSP and TCMID and generated using
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F1GURE 1: Schematic flow diagram showing the steps used for determining the active ingredients, network pharmacology analysis, molecular

docking, and experimental analysis of SLCs.

ChemDraw (v. 14.0). AutoDockTools (v. 1.5.6) was used to
prepare the input files, and AutoDock Vina was used to
calculate the affinities between these proteins and ligands.
Then, the docking results, which are docking binding en-
ergies based on the threshold conditions of < —8.0 kcal/mol,
were collected and were then integrated and visualized using
PyMOL (v. 2.3.0) and Discover Studio (v. 2017).

2.5. Experimental Analysis

2.5.1. Cell Culture. HGC-27 (undifferentiated) gastric cells
were provided by Procell Life Science & Technology (Wuhan,

China). The cells were grown in Roswell Park Memorial In-
stitute (RPMI)-1640 medium with fetal bovine serum (20%,
FBS) (HyClone, China) and a mixture of 1% antibiotics
(streptomycin 100 U/mL and penicillin 100 U/mL) in an in-
cubator containing 5% CO, at 37°C. The culture medium was
replaced every 2-3 days at both the apical and basolateral ends.
After 90% confluence, the cells were subcultured on plates.

2.5.2. MTT Analysis. HGC-27 cells were digested with
trypsin to produce a single-cell suspension, followed by their
seeding in a 96-well plate at 3x10* cells/well. After in-
cubation for 24h, the cells were incubated with different



concentrations of SLC solution (0g/L, 0.25g/L, 0.5¢g/L, 1 g/
L, 2g/L, and 4g/L) in a constant temperature incubator at
37°C for 48 h. After the end of the culture, 100 uL MTT was
added to each well. After 4h, the MTT solution was re-
moved, and 150 yL DMSO was added. The plate was then
shaken for 10 min at a low speed, and the OD value was
determined at 490 nm by an enzyme labeling instrument.

2.5.3. Investigation of Apoptosis and Cell Cycle through Flow
Cytometry. The HGC-27 cells were divided into three
groups: blank, control (SLC 0g/L), and experimental (SLC
2g/L and 4g/L). Then, the HGC-27 cells were inoculated
into a 6-well plate. After 48 h of corresponding treatment in
an incubator containing 5% CO, at 37°C, cells from each
group were collected and washed using phosphate-buffered
saline (PBS), 0.5mL trypsin was added, and the cells were
then centrifuged. Flow cytometry was subsequently per-
formed to analyze the cell cycle.

2.5.4. Western Blotting. The samples were lysed on ice for
20 min and centrifuged for 20 min (12,000 rpm, 4°C), and the
supernatant was then removed. Then, the concentrations of
proteins were measured using a BCA Protein Assay Kit
(Solarbio, Beijing, China). After adjusting the protein
concentration using 5x loading buffer and PBS, the samples
were boiled at 95°C for 5min and prepared for electro-
phoresis. After electrophoresis, electroblotting was per-
formed to transfer the proteins to a polyvinylidene fluoride
(PVDF) membrane. Five percent nonfat milk was used to
block the PVDF membranes for 2h, and then western
blotting was performed with the primary antibodies against
CASP3, Akt, phosphorylated Akt, and p53 at 4°C for 12 h. All
of the primary antibodies were diluted in a ratio of 1:1000.
After that, Tris-buffered saline (TBS) containing 0.1%
Tween-20 (TBST) was used to wash the PVDF membranes 3
times, for 10 min each time. Horseradish peroxidase (HRP)-
conjugated secondary antibodies were diluted in a ratio of 1 :
1500 and incubated with the PVDF membranes for 1h at
room temperature. The PVDF membranes were then
washed with TBST 3 times and 10 min each time. The en-
hancement solution in the ECL reagent was mixed with the
stable peroxidase solution in a 1:1 ratio, and the immu-
noreactive protein bands were imaged by a fully automated
chemiluminescence image analysis system. Then, TBST was
used to wash the PVDF membranes 3 times, for 5min each
time, and the PVDF membranes were then recovered and
regenerated. The PVDF membranes were blocked again and
incubated with secondary antibodies, with the other pa-
rameters remaining unchanged. Image] software (National
Institutes of Health, Bethesda, MD, USA) was used for the
gray value analysis.

3. Results

3.1. Main Active Ingredients and Target Identification. A total
of 386 potential targets were identified from the TTD da-
tabase and GeneCards database. After comparison with the
targets of the SLC, 185 potential targets associated with GC
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and the SLC were obtained from the database screening and
prediction, as shown in Figure 2.

There were 855 active components retrieved from the
TCMSP database and the TCMID in which OB >30% and
DL > 18%. Some of the basic information about these active
components is shown in Table 1.

3.2. Drug/Target/Pathway and Protein-Protein Interaction
Network Construction. The active components and targets
were input into Cytoscape to construct the network of
“drugs/targets/pathways,” as shown in Figure 3. Thirty-five
main potential active ingredients were mined from the
network, as shown in Table 2. It has already been shown that
common ingredients such as quercetin, ursolic acid, and
kaempferol possess anticancer activity. Thus, they might be
the main potential ingredients. In addition, wogonin and
moslosooflavone may also play a very important role in the
treatment of GC.

The protein-protein interaction network diagrams were
obtained from STRING tools and Cytoscape, as shown in
Figure 4. The protein-protein interaction network diagrams
indicated that AKT1, TP53, VEGFA, and CASP3 might be
key targets.

3.3. GO and KEGG Enrichment Analysis. The main potential
genes and pathways were determined using GO and KEGG
enrichment analysis, as shown in Figures 5 and 6. The
primary signaling pathways may be those of PI3K-Akt, TNF,
FoxO, and p53. The pathways in cancer were the most
significantly enriched. The PI3K-Akt signaling pathway
regulates cell survival and cell cycle, the TNF signaling
pathway, and the FoxO signaling pathway. The p53 signaling
pathway regulates cell apoptosis. These pathways had well
correlation with AKT1, TP53, CASP3, and EGFR that were
the main potential genes of SLC because these pathways are
highly involved in cancer development. The main potential
ingredients of SLC like quercetin, matrine, ursolic acid, and
stigmasterol can exert antitumor effects by altering cell cycle
progression, inhibiting cell proliferation, promoting apo-
ptosis, inhibiting angiogenesis and metastasis progression,
and affecting autophagy found from previous studies.
Hence, the main potential ingredients of SLC could regulate
the expression of BP, CC, and MF to regulate cell apoptosis
and cell cycle. The SLC regulated well with the expression of
these pathways when administered for treatment for ad-
vanced gastric cancer.

3.4. Molecular Docking Analyses. Ten proteins and 35 in-
gredients were selected for the molecular docking analysis.
Several results of molecular docking are shown in Table 3.
The key targets such as AKT1, TP53, and CASP3 were able to
strongly bind with quercetin, wogonin, and (2R)-5,7-dihy-
droxy-2-(4-hydroxyphenyl)chroman-4-one, as shown in
Figure 7. To exemplify, the binding energy between wogonin
and TP53 was approximately —7.9kcal/mol. Vall47 and
Pro223 were involved in pi-sigma bonding, and Cys220
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FIGURE 2: Venn diagram of common targets between the SLC and GC. After searching databases, 186 common targets were found.
TaBLE 1: Potential ingredients in SLC (OB >30%, DL > 0.18).
MOLID Ingredients OB (%) DL
MOL008601 Methyl arachidonate 46.9 0.23
MOL000098 Quercetin 46.43 0.28
MOL000449 Stigmasterol 43.83 0.76
MOL000422 Kaempferol 41.88 0.24
MOLO000511 Ursolic acid 16.77 0.75
MOL000263 Oleanolic acid 29.02 0.76
MOL001484 Inermine 75.18 0.54
MOL003627 Sophocarpine 64.26 0.25
MOLO003648 Inermin 65.83 0.54
MOL003673 Wighteone 42.8 0.36
MOL003676 Sophoramine 42.16 0.25
MOL003680 Sophoridine 60.07 0.25
MOL000392 Formononetin 69.67 0.21
MOL004580 cis-Dihydroquercetin 66.44 0.27
MOL005944 Matrine 63.77 0.25
MOL006562 Leontalbinine 62.08 0.25
MOL006564 (+)-Allomatrine 58.87 0.25
MOL006566 (+)-Lehmannine 58.34 0.25
MOL006568 Isosophocarpine 61.57 0.25
MOL006571 Anagyrine 62.01 0.24
MOL006573 13,14-Dehydrosophoridine 65.34 0.25
MOL006582 5a,9a-Dihydroxymatrine 40.93 0.32
MOL006583 7,11-Dehydromatrine 44.43 0.25
MOLO006596 Glyceollin 97.27 0.76
MOL003347 Hyperforin 44.03 0.60
MOL000006 Luteolin 36.16 0.25
MOL006613 Kushenin 47.62 0.38
MOL006619 Kushenol J 51.39 0.74
MOL006620 Kushenol J_qt 50.86 0.24
MOL006622 Kushenol O 42.41 0.76
MOL006623 Kushenol T 51.28 0.64
MOL006626 Leachianone G 60.97 0.40
MOL006627 Lehmanine 62.23 0.25
MOL006628 (+)-Lupanine 52.71 0.24
MOL006630 Norartocarpetin 54.93 0.24
MOL000456 Phaseolin 78.2 0.73
MOL006649 Sophranol 55.42 0.28
MOL006650 (-)-Maackiain-3-O-glucosyl-6'-O-malonate 48.69 0.52
MOL006652 Trifolirhizin 48.5 0.74
MOL001484 Inermine 7518 0.54
MOL000354 Isorhamnetin 49.6 0.31
MOL003627 Sophocarpine 64.26 0.25
MOL003629 Daidzein-4,7-diglucoside 47.27 0.67
MOLO003633 Oxynarcotine 56.74 0.60
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TasLE 1: Continued.

MOLID Ingredients OB (%) DL

MOL003647 Sophojaponicin 41.51 0.79
MOL003656 Lupiwighteone 51.64 0.37
MOL003663 Sophoranol 67.32 0.28
MOL003675 3,4,5,6-Tetradehydrospartein-2-one 71.26 0.24
MOL003677 Sophoranol 62.77 0.28
MOL000392 Formononetin 69.67 0.21

MOL007085 Salvilenone 30.38 0.38
MOL000915 (18,108),(4S,5S)-Germacrone-1(10),4-diepoxide 30.48 0.18
MOL000173 Wogonin 30.68 0.23
MOL001297 trans-Gondoic acid 30.7 0.20
MOL005030 Gondoic acid 30.7 0.20
MOLO001735 Dinatin 30.97 0.27
MOL010922 Diisooctyl succinate 31.62 0.23
MOL007145 Salviolone 31.72 0.24
MOL006563 (+)-9-alpha-Hydroxymatrine 32.04 0.29
MOL007059 3-beta-Hydroxymethyllenetanshiquinone 32.16 0.41

MOL002331 N-Methylflindersine 32.36 0.18
MOL007143 Salvilenone I 32.43 0.23
MOL003644 Withaferine 33.14 0.73
MOL002719 6-Hydroxynaringenin 33.23 0.24
MOL002714 Baicalein 33.52 0.21

MOL007049 4-Methylenemiltirone 34.35 0.23
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F1GURE 3: Drug/target/pathway network for SLC and GC. A1-A11, B1, C1-C6, D1, and E1 were common potential active ingredients. Other
21 potential ingredients like wogonin and rhamnazin had high degrees and betweenness that exceed the average value. Thus, 35 main
potential active ingredients were mined for further research.
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TaBLE 2: Thirty-five main potential active ingredients in SLC.

Name ID Degree Betweenness
Quercetin Al0 432 0.323217
Ursolic acid C4 181 0.097642
Luteolin All 150 0.088354
Formononetin A9 95 0.020403
Kaempferol B1 74 0.038225
beta-Sitosterol D1 68 0.015347
Wighteone A6 42 0.005507
Wogonin BZL16 36 0.039156
Stigmasterol C1 33 0.012039
Matrine A8 30 0.014486
(2R)-5,7-Dihydroxy-2-(4-hydroxyphenyl)chroman-4-one Al 27 0.008905
Baicalein BZL19 23 0.017185
Isorhamnetin SDG1 22 0.011682
Tanshinone ITA DS21 22 0.028999
Inermine A2 20 0.003451
Inermin A4 20 0.003451
beta-Carotene BBD1 19 0.01471
8-Isopentenyl-kaempferol KS29 18 0.006275
Rhamnazin BZL8 18 0.0044
Moslosooflavone BZL10 17 0.004829
Salvilenone DS29 17 0.003735
Danshexinkun D DS30 17 0.008629
Licochalcone B KXR2 16 0.003991
Glabridin KXR4 16 0.004015
Phaseolin KS25 15 0.003611
5-Hydroxy-7,8-dimethoxy-2-(4-methoxyphenyl) chromone BZL2 15 0.003367
Tetrandrine FJ2 15 0.0194
Lupiwighteone SDG5 15 0.002831
Rivularin BZL15 14 0.004003
Hederagenin El 14 0.01254
Chrysin-5-methylether BZL12 13 0.002947
Cryptotanshinone DS3 13 0.008271
Tanshinone VI DS24 13 0.004279
Miltirone DS34 13 0.002486
Phaseol KXR5 13 0.003233

()

FIGURE 4: Protein-protein interaction of expression genes: (a) the combination of all types of expression genes and (b) 10 high-degree gene

combinations.
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F1Gure 5: GO enrichment analysis of putative target genes. The top eight functions for biological process, cellular component, and molecular
function. BP, CC, and MF had direct correlation between cell cycle, cell apoptosis, and the ingredients of SLC.

formed pi-sulfur interactions with the cyclic ring. Prol53
and Pro222 formed pi-alkyl interactions with the cyclic ring,
which shows the potential hydrophobic interactions. Glu221
formed amide-pi stacked interactions with the cyclic ring.
The molecular docking results indicated that there was
stronger binding activity of the SLC’s active ingredients with
the primary targets of GC, which may imply that the SLC

regulates the expression of the main pathways by combining
with key targets. Besides, the results of binging energy be-
tween main ingredients such as stigmasterol, matrine, and
main targets such as AKT1, TP53, CASP3, and EGFR also
suggested that the main ingredients can control cell apo-
ptosis and cell cycle to reduce the content of cancer cells The
molecular docking results are shown in Table 3.
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FiGure 6: KEGG pathway enrichment analysis of putative target genes. There were twelve KEGG pathways with a significant P value <0.001.
The targets of SLC had direct or indirect correlation with the KEGG pathways which correlated well with cancer. Thus, the ingredients of
SLC could regulate these pathways such as TNF signaling pathway and PI3K-Akt signaling pathway to treatment.

3.5. Experimental Analysis

3.5.1. MTT Analysis. The SLC’s antitumor effect on GC was
confirmed by MTT assay, as shown in Figure 8. The results
show that there was excellent effectiveness by the mid and
high concentrations of the SLC in killing HGC-27 un-
differentiated gastric cancer cells. The highest inhibition rate
was up to 79.57% with different concentrations of the SLC
solution (4 g/L) in a constant temperature incubator at 37°C
for 48 h. Low cell viability was aided by the variety of in-
gredients, and the problem of drug resistance was solved.

Therefore, the results of MTT analysis corroborate well with
the conclusions of molecular docking. The ingredients of
SLC such as quercetin, ursolic acid, stigmasterol, and
matrine combined with key targets to prohibit cell apoptosis.

3.5.2. Investigation of Apoptosis and Cell Cycle through Flow
Cytometry. To investigate the effect of the SLC combination
on the cell cycle distribution, flow cytometry was used, as
shown in Figure 9. The results collectively show that the SLC
exerts a mild effect on the cell cycle in HGC-27 cells. Cells
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TaBLE 3: The molecular docking results of 4 key targets with 10 potential ingredients.

Target (PDB ID) Ligand Binding energy (kcal/mol)
AKT!1 (6hhft) Quercetin -9.2
AKT!1 (6hhf) Ursolic acid -8.9
AKT1 (6hhf) Luteolin -9.6
AKT!1 (6hhft) Formononetin -9.3
AKTI (6hhf) Kaempferol -9.2
AKTI1 (6hhf) beta-Sitosterol -10.4
AKTI (6hhf) Wighteone -10.0
AKTI (6hhf) Wogonin -94
AKT1 (6hhf) Stigmasterol -10.7
AKTI1 (6hhf) Matrine -8.3
TP53 (5g60) Quercetin -7.9
TP53 (5g60) Ursolic acid -7.3
TP53 (5g60) Luteolin -8.2
TP53 (5g60) Formononetin -8.1
TP53 (5g60) Kaempferol -7.1
TP53 (5g60) beta-Sitosterol -7.0
TP53 (5g60) Wighteone -8.1
TP53 (5g60) Wogonin -7.9
TP53 (5g60) Stigmasterol -7.2
TP53 (5g60) Matrine -8.0
CASP3 (3gjr) Quercetin -6.8
CASP3 (3gjr) Ursolic acid -8.7
CASP3 (3gjr) Luteolin !
CASP3 (3gjr) Formononetin -7.3
CASP3 (3gjr) Kaempferol —-6.7
CASP3 (3gjr) beta-Sitosterol -7.8
CASP3 (3gjr) Wighteone -7.6
CASP3 (3gjr) Wogonin =72
CASP3 (3gjr) Stigmasterol -7.8
CASP3 (3gjr) Matrine -8.1
EGEFR (3lzb) Quercetin -8.0
EGEFR (3l1zb) Ursolic acid -6.7
EGEFR (31zb) Luteolin -8.0
EGFR (3lIzb) Formononetin -7.6
EGEFR (3l1zb) Kaempferol -8.1
EGFR (3lzb) beta-Sitosterol -8.0
EGEFR (31zb) Wighteone -8.4
EGFR (31zb) Wogonin -8.0
EGFR (3lzb) Stigmasterol -8.7
EGEFR (31zb) Matrine -8.5

were blocked in S phase at medium SLC concentrations and
blocked in G1 phase at high SLC concentrations. The results
of the flow cytometry assay proved that the main mechanism
of action was regulation of apoptosis instead of decreasing
cell proliferation. The results of flow cytometry evidenced
the predictions of network pharmacology and molecular
docking. SLC regulated cell cycle to promote apoptosis of
HGC-27 cells.

3.5.3. Western Blotting. To confirm the results of network
pharmacology, western blotting was used, as shown in
Figure 10. We inferred that the SLC enhances proapoptotic
gene expression, such as that of caspase-3 and TP53, to
promote apoptosis. This result confirmed the potential
targets studied from network pharmacology and molecular
docking. We also verified the results of network pharma-
cology research. However, the inhibition of Akt and

phosphorylated Akt was insufficient. We speculated that the
reason for this may be a lack of effect on the cell cycle by the
SLC. Quercetin, ursolic acid, stigmasterol, and matrine
played very important role in the treatment. The results of
western blotting justified that these main ingredients of SLC
promote cell apoptosis to treat GC.

4. Discussion

Natural bioactive compounds are widely used to treat
various diseases, especially cancers [23]. Natural products
with potential for gastric cancer treatment have received
much attention [24]. The possible mechanisms responsible
for the effect of the SLCs in the treatment of advanced gastric
cancer were proposed in this study. The main natural bio-
active compounds of SLCs were identified by HPLC, and
network pharmacology was used to identify the main po-
tential active ingredients and targets [25]. SLCs may fortify
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F1GURE 7: The molecular docking analysis of (a) AKT1 binding with quercetin, (b) TP53 binding with wogonin, and (c) CASP3 binding with
(2R)-5,7-dihydroxy-2-(4-hydroxyphenyl) chroman-4-one. Hydrogen bonds, pi-pi stacked, pi-sigma, and van der Waals forces contributed
to the interaction between the targets and the ingredients.
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FIGURE 8: MTT assay. From left to right, the SLC concentrations were 0, 0.2, 0.5, 1, 2, and 4 g/L in turn. Each group was treated with the SLC
for 48h (*P<0.1 and ***P <0.001). The cell viability of group 6 reached a plateau at ~20%.

the p53 signaling pathway and inhibit the PI3K/AKT sig-
naling pathway to promote gastric cancer cell apoptosis. The
p53 and PI3K/AKT signaling pathways play an important
role in the apoptotic signaling circuitry [25, 26]. GO and
KEGG enrichment analysis revealed that TP53, caspase-3,

and AKT1 might be the key targets [27]. Network phar-
macology study pointed out the relationship between in-
gredients of SLC such as quercetin, matrine, ursolic acid, and
stigmasterol and key targets such as AKT1, EGFR, CASP3,
and TP53, as shown in Figures 5 and 6. The main ingredients
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F1GURE 9: Flow cytometry analysis of HGC-27 cells. From left to right, the SLC concentrations were 0, 2, and 4 g/L. Each group was treated
with SLCs for 48 h. HGC-27 cells were arrested in G1/S phase because of ingredients of SLCs.

of SLC might promote cell apoptosis and regulate cell cycle
for GC therapy, and quercetin, matrine, and stigmasterol
might be the main active natural bioactive compounds. In
addition, numerous studies have already identified that these
ingredients are potential anticancer agents and natural
bioactive compounds can be expected to address clinical
drug resistance [28-30], and the accuracy of the prediction
was confirmed.

Furthermore, molecular docking revealed the results of
ingredients binding to targets. There were excellent docking
results for quercetin, beta-sitosterol, ursolic acid, matrine,
and stigmasterol. These main ingredients were docked with
main targets such as AKT1, CASP3, TP53, and EGFR. The
results of molecular docking confirmed that SLC’s in-
gredients could combine with these key targets to control
PI3K-Akt signaling pathway, p53 signaling pathway, and
TNF signaling pathway. This matched the network phar-
macology study’s interpretation and offered a cell experi-
mental basis for the use of key targets as therapeutic targets.
This adds further evidence that the natural bioactive com-
pounds in SLC have promising effect on GC.

Moreover, the results of cell experimental were in a good
agreement with the network pharmacology and molecular
docking results. The MTT assay and flow cytometry also
confirmed that SLCs can prompt the apoptosis and inhibit

proliferation of HGC-27 cells. Although the SLC exerted
a mild effect on the cell cycle in HGC-27 cells, cell viability
decreased to 11.43% after HGC-27 cells were incubated with
high concentrations of the SLC. This matches the results of
previous studies and pointed out that the ingredients of SLC
could promote cell apoptosis and control cell cycle to reduce
the viability of HGC-27 cells in vitro. Western blotting
confirmed that the SLC upregulated the protein expression
of TP53 and caspase-3 protein, which consequently pro-
moted cell apoptosis [31-34]. This confirmed that the in-
gredients of SLC regulated the expression of the TNF
signaling pathway and p53 signaling pathway and led to cell
apoptosis. The accuracy of network pharmacology and
molecular docking prediction results must be verified by
experimental assay.

Nevertheless, we systematically demonstrated the po-
tential mechanism of the SLCs and confirmed that the SLC’s
action in the treatment of advanced gastric cancer is the
regulation of the p53 signaling pathway overexpression. The
main active natural bioactive compounds might be quer-
cetin, matrine, ursolic acid, and stigmasterol. As a TCM that
is rich in plant-derived compounds, there is great potential
for the SLC to play a more significant role in the treatment of
advanced gastric cancer. Moreover, the natural bioactive
compounds such as quercetin, matrine, and ursolic acid are
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FIGURE 10: Western blot assay of phosphorylated Akt, Akt, CASP3,
and TP53. From left to right, the SLC concentrations were 0, 2, and
4 g/L. Caspase3 and TP53 of HGC-27 cells were overexpressed after
treated with SLC concentrations.

useful in the therapy of gastric cancer. Natural products are
considered a source for bioactive compounds and have
potential for developing some novel therapeutic agents.
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Lupus nephritis (LN) is one of the most common clinical manifestations of systemic lupus erythematosus (SLE), causing death and
disability. The current research study explored whether there was any improvement effect on LN after emodin administration.
Network pharmacology was used to screen the target genes of emodin for the treatment of LN. LPS and IL-4 were employed for
RAW?264.7 macrophage M1/M2 polarization induction, and 0.1% HgCl, was used for the LN rat model’s establishment. Flow
cytometry was performed to detect the effect of 20, 40, and 80 uM emodin on RAW264.7 macrophage polarization. HE and PAS
staining were subsequently conducted to detect 70 mg/kg emodin action on renal injury in LN rats. The effect of emodin on the
content of urinary proteins and dsDNA antibodies was also determined. The results indicated that peroxisome proliferators-
activated receptors gamma (PPARG) may be a target gene of emodin in LN, and emodin had no significant toxicity to mac-
rophages at different concentrations. Compared with the control, emodin significantly inhibited LPS-induced polarization in M1
macrophages and improved that of IL-4-induced M2 macrophages. Besides, emodin alleviated kidney injury and markedly
reduced the levels of urinary protein and dsDNA antibodies in rats. Moreover, after targeting interference with the PPARG
expression, the improvement effect of emodin on LN is significantly reduced, indicating that emodin may relieve the symptoms of
LN by activating the PPARG expression. Our study revealed that PPARG may be applied as a new therapy for LN.

1. Introduction

Systemic lupus erythematosus (SLE), a serious systemic au-
toimmune disease, affects most females of childbearing age,
especially pregnant women [1]. During the disease progression
of SLE patients, there are often severe inflammatory responses,
immune dysfunction, abnormal recognition of autoantibodies
and nonautoantibodies, and immune tolerance disorders
during the progression of the disease. Clinically, more than half
of SLE patients present with symptoms of kidney injury, which
eventually progress to lupus nephritis (LN) if left untreated. The
clinical symptoms of LN include hematuria, proteinuria, ele-
vated markers of renal injury, as well as serum creatinine,
antidouble-stranded DNA titers, a progressive decline in renal
function, and eventual death due to renal failure [2-4]. He-
maturia, proteinuria, renal injury, elevated markers of renal
failure, and renal failure are also present.

The pathological mechanism of LN has not been clari-
fied, but some studies have confirmed that abnormal acti-
vation and differentiation of immunocytes play key
biological roles in LN pathogenesis [5, 6]. The infiltrating
cells and macrophages in the kidney of LN patients can be
roughly polarized into two phenotypes, namely M1-type
macrophages secreting inducible nitric oxide synthase
(iNOS) and M2-type macrophages secreting arginase-1
(Arg-1). In LN, M1 macrophages exert a proinflammatory
and profibrotic role, while M2 macrophages are responsible
for antiinflammation, which promotes the reconstruction
and repair of injured body sites [7]. The most ideal goal of
the treatment of autoimmune diseases is immune re-
construction to restore the body’s immune tolerance to
autoantigens, but it has not been achieved so far. Immu-
nosuppressive therapy is still the main treatment for auto-
immune diseases in clinical practice. Most of the
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mechanisms of existing immunosuppressive agents are cy-
totoxicity, antimetabolism, and inhibition of signal trans-
duction, which often have inhibitory or even killing effects
on immune cells and cells of other systems, causing a wide
range of adverse reactions [8].

Emodin, known as 1,3,8-trihydroxy-6-methylan-
thraquinone, is a free anthraquinone derivative and a major
effective monomer of rhubarb. Emodin is one of the most
common traditional Chinese medicines and has abundant
resources and broad research prospects. The main effect of
emodin is to treat dry stools and hot knot constipation.
Emodin has recently indicated multiple pharmacological
effects, such as antiallergy, antitumor, antiviral, antibacterial,
antiosteoporosis, antidiabetes, immunity inhibition, nerve
protection, and liver protection [9-11]. Additional studies
have also demonstrated the anti-inflammation action of
emodin. Emodin can dose-dependently hinder IxB degra-
dation and NF-xB activation after LPS induction, which
reduces concentrations of inflammatory cytokines IL-6 and
IL-1f3 and the expressions of chemokines CCL2 and IL-8
[12]. Ha et al. have indicated the roles of emodin dose-
dependently in inhibiting the secretion of inflammatory
mediators IL-6, IL-8, IL-1§3, and TNF-« and downregulating
VEGF, MMP-1, MMP-13, and PGE2 levels in a rheumatoid
arthritis cell model. It is suggested that emodin inhibits the
production of inflammatory cytokines and VEGF due to its
anti-inflammation function [13]. The study by Alisi et al. has
shown that emodin restricts the increase of TNF-a induced
by hyper glucose and high-fat diets in rats, thus hiding
steatohepatitis [14]. The results of Song et al. have indicated
that emodin can enhance the left ventricular function of rats
with experimental autoimmune myocarditis by gavage,
thereby reducing the severity of myocarditis [15].

Unluckily, few scientific reports have been found in-
vestigating the ameliorative effects of emodin on LN. To the
best of our knowledge, only Liu et al. found that emodin
inhibits proliferation and promotes apoptosis in LN pa-
tients’ kidney fibroblasts, which may improve the prognosis
of LN [16]. Recently, emodin has been reported to inhibit T-
lymphocyte-like receptor 4 expression in renal tubular
epithelial cells induced by lipopolysaccharide, and down-
regulate the synthesis of IL-6 and TNF-« [17]. Meanwhile,
the number of regulatory T cells can be increased, and
dendritic cells can be mediated by emodin during the
processes of differentiation and maturation [18]. The
findings demonstrated the role of emodin in the regulation
of immune responses. Therefore, the present work
attempted to investigate whether emodin can improve LN
symptoms by affecting macrophages, and hopefully offer
a theoretical basis for the application of emodin again LN.

2. Methods

2.1. Network Pharmacology. The predicted targets of emodin
were exported using the websites PubChem (https://
pubchem.ncbi.nlm.nih.gov) and  SwissTargetPrediction
(https://www.swisstargetprediction.ch/), and the disease
targets of LN were obtained from GeneCards (https://www.
genecards.org). Overlapped targets of emodin and LN were
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uploaded to STRING and information on protein-protein
interaction (PPI) was collected for the construction of a PPI
network diagram. To illustrate the role of emodin targets in
gene function and signaling pathways, ClueGo, a plug-in of
Cytoscape 3.6.1, was employed for GO enrichment analysis
and KEGG pathway annotation to identify possible targets of
emodin in LN treatment, and the analysis results were
visualized.

2.2. Cell Culture. The macrophage RAW264.7 cell line
(SCSP-5036) was obtained from the Cell Bank of the Chinese
Academy of Sciences. DMEM containing 10% FBS (Gibco,
USA), 1% Glutamax (35050061, Invitrogen, USA), and 1%
sodium pyruvate 100 mM Solution (11360070, Invitrogen,
USA) was used for culture with 5% CO, at 37°C.

2.3. Preparation of Emodin. Emodin (HY-14393, CAS No.
518-82-1) was purchased from MedChemExpress, USA. For
introduction experiments, emodin was dissolved in dimethyl
sulfoxide at 20, 40, and 80 mM and diluted 1000 times to 20,
40, and 80 yuM when used. For in vivo experiments, emodin
was dissolved in 0.5% carboxymethylcellulose at 4 mg/mL.

2.4. MTT Assay. We employed the MTT cell proliferation
and cytotoxicity assay kit (M1020, Solarbio, Beijing, China)
to determine cell viability. Following cell collection in the
logarithmic phase, the cells were inoculated into 96-well
plates at a density of 1 x 10°/mL, or 100 L per well. Culture
at 37°C and 5% CO, for 12 hours. The 96-well plates were
removed and cultured with low, medium, and high con-
centrations (20, 40, and 80 uM) of emodin for 6 and 12h,
respectively. After the supernatant was carefully sucked
away, 90 yL DMEM and 10 4L MTT solutions were added for
culture for another 4 h. The supernatant was discarded again.
Of 110 uL formazan solution was supplied to each well and
mixed well by vibrating 10 min mildly to fully dissolve the
crystals. The absorbance of each well was detected at 490 nm
by ELISA. Cell viability was computed using the formula as
follows:

(Atest B Ablank)

(A A ) X 100%. (1)
control ~ “*blank

Cell viability =

2.5. Flow Cytometry. RAW264.7 cells at a density of
1 x 10%/mL were inoculated into 6-well plates, 2 mL for each
well, and placed in the cell incubator for further culture
overnight until they adhered to the wall. Then we discarded
the medium and washed it twice with PBS. The polarization
of RAW264.7 M1 was induced by 1 yg/mL LPS. The control
group was cultured with a complete medium. The LPS group
was cultured with a complete medium containing 1 yg/mL
LPS. Low, medium, and high dose emodin groups were
cultured with a complete medium containing 1ug/mL
LPS+20uM emodin, 1ug/mL LPS+40uM emodin, and
1 ug/mL LPS +80uM emodin, respectively. Raw264.7 M2
polarization was induced by 20 ng/mL IL-4. The grouping
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and dosage of emodin in M2 polarization detection were the
same as in M1 polarization detection. After the cells were
cultured for 48 h, the M1 marker F4/80"CD86" and the M2
marker F4/80"CD206" were detected by flow cytometry.

2.6. Lentivirus Transfection. The targeted interference of the
PPARG lentivirus vector was constructed by Chongqing
Biomedicine Biotechnology Co. Ltd. RAW264.7 cells were
inoculated onto plates, cultured for 12 h, and divided into 3
groups. The blank group had no virus infection, the vector
group was given a negative control virus, and the in-
terference group had a lentivirus containing the PPARG
interference sequence. 48 h after infection, the culture so-
lution was replaced with DMEM medium containing 4 mg/L
puromycin for 2 days to screen for resistant cells. The cells
were then used for flow cytometry detection.

2.7. Animal Modeling and Grouping. Twenty SPF SD rats
(male, weighing 180-220 g) were provided by Chongqing
Enswell Biotechnology Co., Ltd. After 7 days of adaptive
feeding in the animal room, the laboratory animals were
grouped into control, model, emodin, and PPARG lentivirus
interference groups. The experiment lasted for 14 days.
Except for the control group, which was injected with an
identical volume of pH = 3.8 water for injection (prepared
with 0.1 M hydrochloric acid), the LN model was established
by subcutaneous injection of 0.1% HgCl, (1 mg/kg) into
a foot pad, once every 2 days. The emodin treatment group
received an intraperitoneal injection of 70 mg/kg of emodin
per day. The lentivirus group was first injected in situ with
PPARG lentivirus at 5 injection sites (10 uL for each site) and
then injected with emodin at 70 mg/kg daily. Animal room
temperature was maintained at 23-25°C with 12h/12 h light
and dark alternately. Eating and drinking were provided ad
libitum.

2.8. Detection of Urinary Protein and Double-Stranded DNA
Antibodies in Rats. Following 24 h of the last administration,
urine and blood samples of rats were collected using a sterile
centrifugal tube, and urine protein and serum dsDNA an-
tibody levels of rats were detected as per the instructions of
ELISA kits. Rat urine protein detection kits (RX302447R)
and dsDNA antibody detection kits (RX302544R) were from
Quanzhou Ruixin Biotechnology Co., Ltd.

2.9. HE Staining. Twenty-four hours following the last ad-
ministration, laboratory animals were anesthetized by in-
traperitoneal injection of 2% pentobarbital sodium (0.2 mL/
100 g) and then sacrificed. Kidney tissue was collected for
24 h of fixation using 4% paraformaldehyde. The tissue was
paraffin-embedded as usual and sectioned subsequently.
Xylene was used for dewaxing twice, 5 min each. anhydrous
ethanol was used for immersion twice, 5min each. 95%,
85%, and 75% ethanol were treated for 2 min at each con-
centration. Distilled water was used for immersion for 2 min,
and then the samples were stained with hematoxylin staining
solution for 10min followed by a 10-second rinse using

running water. The differentiation solution was differenti-
ated for 5 seconds, and the water was washed for 30 seconds.
The eosin staining solution was dyed for 2min and then
washed with running water for 5 s. The samples were soaked
with ethanol at 75%, 85%, 95%, and 100% (I) for 3s and
100% ethanol (IT) for 1 min, followed by xylene transparency
twice, each time for 1 min. Finally, the section was sealed
with neutral gum and photographed under a microscope
(CX43, Olympus, Japan).

2.10. PAS Staining. Paraffin sections of kidney tissue were
taken and rinsed with running water for 2 min, then rinsed
with distilled water twice. The slices were placed and kept in
an oxidizer at room temperature for 5 min, rinsed once with
tap water, and then immersed twice in distilled water. Slices
were immersed in Schiff staining solution and dyed in dark
at room temperature for 10 min following a 10-min cycle of
rinsing with running water. The slices were kept in the
hematoxylin staining solution for 2 min. An acidic differ-
entiation solution was used for differentiation for 5s. After
rinsing with tap water for 10min, step-by-step ethanol
dehydration and transparent xylene and neutral gum sealing
were performed according to the HE staining steps.

2.11. Data Analysis. GraphPad 8.0 was employed for data
analysis, which was then expressed as mean + standard
deviation. A one-way ANOVA was used for multiple group
comparisons and P <0.05 was regarded as statistically
significant.

3. Results

3.1. PPAGR may be the Target Gene for Emodin in Treating LN.
Through network pharmacology analysis, 70 genes were
predicted to intersect with LN (Figure 1(a)), and the top five
connected nodes by degree were HSP90AA1, EGFR, ESR1,
BCL2L1, and RRARG. According to the analysis results and
literature review, PPARG played an essential role in mac-
rophage polarization, and it was speculated that it also
played an important role in the emodin improvement of LN.
GO functional enrichment analysis was also carried out to
analyze overlapped genes, and the top 10 terms were sub-
sequently visualized. As shown in Figure 1(b), among the
first 10 items, one of them belongs to molecular function,
heat shock protein binding. The other 9 are biological
processes, which are related to inflammatory response
regulation and macrophage differentiation and activation. It
is suggested that emodin may be associated with macro-
phages in alleviating LN symptoms. In KEGG enrichment
analysis results, the PI3K-Akt signaling pathway enrichment
index was the highest (Figure 1(c)), indicating that emodin
regulation of the disease may be achieved by regulating
PPARG activation of this signaling pathway.

3.2. Emodin Has No Significant Toxicity to Macrophages.
To verify whether there is any influence of emodin at dif-
ferent concentrations on RAW264.7cell viability,
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analysis.

RAW?264.7 cells were treated with low, medium, and high
concentrations (20, 40, and 80 uM) of emodin for 6h and
12 h, respectively. MTT results showed that no significant
decrease in cell viability was observed regardless of whether
emodin was used for 6 h (Figure 2(a)) or 12 h (Figure 2(b)),
indicating that emodin had no significant toxicity to cells at
20, 40, and 80 yM.

3.3. Emodin Drives Macrophage Polarization Toward Anti-
Inflammatory M2 Phenotypes. The polarization direction of
macrophages is positively associated with the inflammatory
response during persistent tissue injury, and network
pharmacological analysis suggested that macrophages play
a role in the improvement of LN. Therefore, M1-type po-
larization markers F4/807CD86" and M2-type polarization
markers F4/80"CD206" were detected by flow cytometry for
evaluating emodin’s action on cell polarization, implying
that the detection rates of F4/80"CD86" and F4/80"CD206"
were markedly higher than control after LPS and IL-4 in-
duction, respectively (Figures 3(a) and 3(b)) (P <0.01).

Compared with the LPS group, emodin at low, medium, and
high concentrations significantly reduced the macrophages
polarized towards M1 phenotypes (P < 0.01). However, only
medium- and high-concentration emodin greatly promoted
the macrophages polarized towards M2 phenotypes
(P <0.01) compared with IL-4 group.

3.4. Interference with PPARG Expression Decreases M2 Phe-
notypes Polarization. To verify if PPARG can affect the
therapeutic effect of LN, this study used lentiviral vectors to
target macrophages infected by PPARG for 2 d and induced
macrophage polarization with IL-4 and LPS, respectively.
The detection rate of M1 macrophage marker F4/80"CD86"
indicated a marked increase after lentivirus interfered with
the PPARG gene versus LPS + vector group (Figure 4(a))
(P <0.01). The detection rate of M2 macrophage marker F4/
80"CD206" was also much higher than that of the IL-
4 +vector group (Figure 4(b)) (P <0.01), suggesting that
PPARG gene exerts a decisive role in macrophage
polarization.



Journal of Chemistry 5

15 — 6h 15 12h
g 1.0 A £ 1.0
= £z
E £
> >
T 05— T 0.5
0.0 I I , 0.0 | | |
5 £ £ £ E 5 £ s
2 K 3 K £ 2 3 3
=}
Q
= s T = = T
@ (b)
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Figure 3: Emodin effects on the polarization of macrophages were detected by flow cytometry (n =3). (a) Emodin inhibits LPS-induced
polarization of M1 macrophages; (b) Emodin promotes IL-4-induced polarization of M2 macrophages. ** P < 0.01 vs. control; *P < 0.01 vs.

IL-4 or LPS.

3.5. Emodin Ameliorates Kidney Injury in LN Rats. In order
to better reveal the action of emodin, the present study
constructed the rat LN model using 0.1% mercury chloride,
collected the kidney, and observed pathological alternations
in the renal structure through HE and PAS staining. HE
staining indicated normal glomeruli in the control group in
both size and shape, with clear boundaries, no inflammatory
cell infiltration in the renal interstitium, and complete brush
border margin structure inside the renal tubules without
obvious abnormalities (Figure 5(a)). In the model group, the
glomerular cavity was shrunk, part of the cyst wall adhered
to the glomerulus, and a large number of red blood cells were
infiltrated between the glomeruli. Inflammatory cell in-
filtration and obvious bleeding were seen in the renal
interstitium. The tubule epithelial cells were swollen and
protruded into the lumen, which occluded the lumen. The
tubule epithelial cells were lytic necrotic and some cells
vacuolated. In the interference group, some renal tubules
were swollen, the epithelial cell structure was destroyed, and
cell fragments and inflammatory cells were found in the
lumen. Inflammatory cells are occasionally seen in the renal
interstitium. In the emodin group, some renal tubular ep-
ithelial cells were atrophied and decreased, the renal tubular

structure was destroyed, and intertubular space increased
but decreased inflammatory cells. PAS findings revealed that
the glomerular vascular loops in the control group were thin
and clear with normal structure (Figure 5(b)). In the model
group, glomerular pagination atrophy, a large number of
PAS-positive substances in the mesangium, and positive
deposits in the lumen of renal tubular epithelial cells were
observed. The volume of the basal glomerulus was reduced,
and PAS-positive substances were accumulated in the
mesangium in the interference group vs. the control group.
Glomerular atrophy was slight in the emodin group. These
results suggest that emodin can effectively reduce the renal
inflammatory response in LN rats, but the inflammatory
response is aggravated after interfering with PPARG.

3.6. Emodin Decreases Urinary Protein and dsDNA Antibody
Levels in LN Rats. Proteinuria is the main clinical urine
index used to detect nephritis, and the dsDNA antibody is
a serum marker of the autoimmune disease SLE. The de-
tection of these two indicators can predict kidney in-
flammation and immune tolerance. Proteinuria and dsDNA
antibody levels of experimental group rats were found
markedly higher than in the control (Figures 6(a) and 6(b))
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(P <0.01), indicating the presence of impairment in glo-
merular filtration function in experimental rats. After 14 d of
administration of 70 mg/kg emodin by intraperitoneal in-
jection, levels of urinary protein and dsDNA in rats were
greatly lower than in the model (P <0.01), indicating that
emodin had a role in alleviating the damage to glomerular
function caused by LN.

4. Discussion

In this study, 70 targets related to emodin therapy for LN
were first screened through network pharmacology, and
PPARG was predicted to play a vital role in the process.
Then, through GO analysis, most of the targets were
identified as being enriched in heat shock protein binding,
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immune response regulation, macrophage differentiation,
etc. KEGG analysis found that the most related targets
were involved in the PI3K-Akt signaling pathway.
Therefore, based on network pharmacology analysis, we
carried out subsequent related tests using cells and ani-
mals, respectively. First, the MTT assay was used to verify
that emodin at 20, 40, and 80uM had no significant
toxicity to rat macrophages. Emodin inhibited polariza-
tion of the M1 phenotype while promoting polarization of
the M2 phenotype. Then, after the targeted interference of
the PPARG gene with lentivirus, the polarization di-
rection of macrophages was significantly affected, namely,
M1-type polarization increased while M2-type polariza-
tion decreased.

Macrophages are derived from monocytes in the blood
circulation system (MO macrophages) and differentiate into
peripheral tissues, which are highly heterogeneous. Its role
includes participating in immune response, regulating
metabolism, maintaining homeostasis of the internal envi-
ronment, and participating in angiogenesis, especially
playing an important role in the inflammatory response
[18, 19]. Mononuclear macrophages can develop into dif-
ferent subpopulations according to different activation
stimuli, such as the proinflammatory macrophage pop-
ulation (M1) formed by the classical activation pathway or
the anti-inflammatory macrophage population (M2) formed
by substituted activation [20]. MO macrophages are activated
to M1 macrophages after being stimulated by lipopolysac-
charide (LPS), tumor necrosis factor, interferon p, and
granulocyte-macrophage colony-stimulating factor, which
highly express IL-12 and IL-23. Reactive oxygen species,
TNF-a, nitric oxide, inducible nitric oxide synthase,
monocyte chemoattractant protein 1 (MCP- 1), and other
proinflammatory factors, participate in the immune process
of antigen presentation and promote the inflammatory
immune response [21]. MO macrophages are activated into

M2-type macrophages after induced stimulation by IL-1, IL-
4, TGF-f, and glucocorticoid, which highly express anti-
inflammatory factors TGF-f, IL-L0O, IL-6, IL-10, and
arginase-1 to inhibit immune response and inflammatory
immune response promote angiogenesis, tissue repair, and
remodeling [22]. M1- and M2-type macrophages can un-
dergo phenotypic transformation under certain in vivo
conditions or under the action of certain endogenous
substances. For example, M1-type macrophages can trans-
form into M2-type macrophages during renal repair to
provide nutrients and promote renal tubule repair [23]. In
LN, MI-type macrophages mainly promote inflammation
and fibrosis, while M2-type macrophages mainly inhibit
inflammation but facilitate the repair and reconstruction of
injured tissues. It has been reported that the mouse model of
nephritis has been greatly improved following M1-type
macrophage depletion, recruitment inhibition, and polari-
zation interruption of inflammatory macrophages [24].
Studies have suggested that LN renal damage is associated
with M1-type macrophage infiltration and lymphocyte in-
filtration. Meanwhile, being an inflammatory factor IFN-y,
secreted by M1-type macrophages, promotes macrophage
recruitment and up-regulates inflammatory immune re-
sponse [25]. In addition, M1-type macrophages in LN have
high expression of the proinflammatory factor MCP-I.
Studies have used gene knockout mice or inhibitors to block
MCP-1 or its receptors to minimize M1-type macrophage
infiltration, thereby reducing inflammatory response
[25, 26]. There are few studies on M2-type macrophages in
LN, but it has been proven that M2 macrophages can secrete
nutritional factors to promote angiogenesis through endo-
cytosis, promote the remodeling of extracellular matrix,
mediate tissue healing, and inhibit a variety of proin-
flammatory factors for anti-inflammation [27]. Thus, po-
larization and proliferation of macrophages are of great
importance in LN pathogenesis.
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Peroxisome proliferator-activated receptors (PPARs), rec-
ognized as a class of ligand-activated transcription factors, can
realize macrophage polarization, regulate macrophage meta-
bolism, inhibit proinflammatory genes, and promote the
transformation of the M2 phenotype [27, 28]. Studies have
shown that peroxisome proliferators-activated receptor gamma
(PPARG) overbinds with other transcription factors to Argl,
Fizzl, and Yml gene promoter regions, thereby promoting
Argl and Fizzl gene expression and regulating the M2 po-
larization level of macrophages, and Argl expression is sig-
nificantly down-regulated when PPARG macrophages are
knocked out [29, 30]. PPARG can enhance LPL expression by
interacting with PPARG response elements in the LPL gene
promoter region and mediating TNF-« expression [31]. The
regulation of NF-«B, signal transducers, and transcriptional
activators inhibit the expression and secretion of cytokines and
inflammatory factors IL-6 and IL-1, thus playing an important
anti-inflammatory role [32]. This suggests that PPARG drives
macrophages into an anti-inflammatory state.

The results of cell and animal level tests showed that emodin
promoted the transformation from M1 to M2 macrophages,
and after interfering with PPARG, M2 macrophage markers
were reduced, kidney inflammation was aggravated in rats, and
urinary protein levels and serum dsDNA antibody levels were
increased. Emodin indicated a role in promoting the trans-
formation of M2 macrophages by activating PPARG, thus
improving LN. The limitation of this study is that emodin action
on improving LN was only preliminarily detected. Although it
serves as an application reference against LN, the effect of
emodin on the marker genes of both M1 and M2 macrophages
was not further proven at the molecular level. The related
pathway of PPARG (PI3K-Akt signaling pathway) has not been
studied, so the mechanism of emodin is still unclear. In the
future research plan, we will continue to improve the research at
the molecular level based on the results of this experiment so as
to more clearly explain the mechanism of emodin’s action on
LN and provide more favorable proof for the development and
utilization of emodin in LN.

5. Conclusion

In the current work, emodin was demonstrated to inhibit
polarization of the RAW 264.7 cell line towards the M1 phe-
notype and facilitate its polarization towards the M2 phenotype.
Emodin improved the inflammatory injury of the kidneys in LN
rats and reduced the levels of urinary protein and dsDNA
antibodies. The therapeutic effect of emodin on the treatment of
LN may be realized through the activation of PPARG. These
findings offer a novel drug candidate for LN management.
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Background. Ficus benjamina L. is an evergreen tree, native to Southeast Asia, and often known as a weeping fig. Its latex and fruit
extracts are used by indigenous cultures to cure skin conditions, inflammation, vomiting, leprosy, malaria, and nasal ailments. The
aqueous extract of the figs of Ficus benjamina L. has various therapeutic values, including biological activities on the central
nervous system. Materials and Methods. The extract of the dried figs of Ficus benjamina L. (FBE) was prepared by defatting with
petroleum ether for 16 h followed by soxhelation with 70% methanol (1:10 w/v) for 24 h, and standardization of the extract was
carried out using HPLC with 5-HT as a standard. Electroconvulsions were induced by the maximal electroshock model, and
chemoconvulsions were induced by picrotoxin. Results. The HPLC chromatogram of the Ficus benjamina L. extract showed an
absorption peak with a retention time of 1.797 min, similar to that observed with standard serotonin (5-HT) solution. In the
maximal electroshock model, FBE significantly reduced the duration of the tonic hind limb extensor and extensor-to-flexor ratio
(E/F ratio) in a dose-dependent manner. Moreover, in the picrotoxin-induced seizure model, FBE increased the seizure latency
and decreased the duration of tonic-clonic convulsions dose-dependently. We confirmed the anticonvulsant activity of the FBE
extract as it attenuated both maximal electroshock and picrotoxin-induced convulsions. Conclusion. The in vivo studies revealed
that the Ficus extract was found to protect the animals in electroshock-induced and picrotoxin-induced convulsions.

1. Introduction

Epilepsy is a neurological disorder, primarily caused by an
imbalance between excitatory and inhibitory neurotrans-
mission, which leads to abnormally synchronized firing of
groups of neurons [1]. Approximately 50 million individuals
worldwide suffer from epilepsy, which is a serious global
health issue. It is one of the most widespread chronic
neurological conditions in the world and, in some regions,

has detrimental physical, financial, and discriminatory ef-
fects [2]. After a stroke and Alzheimer’s disease, epilepsy is
the third most frequent neurological condition [3]. Based on
suspected underlying causes, epilepsy is divided into genetic
and acquired epilepsy. Genetic epilepsy results from a ge-
netic predisposition of the brain to produce seizures, while
acquired epilepsy is due to acute insult or a lesion that alters
the cellular, molecular, and physiological properties that give
origin to seizures [4]. It has been suggested that altered
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neuronal membrane permeability, decreased inhibitory
neuronal regulation, or neurotransmitter imbalance may be
the probable initiators of seizures, though the precise cellular
effect is not fully clear [2].

Current anticonvulsant medicines can effectively manage
epileptic seizures in approximately 50% of patients; 25% of
cases may improve, while the remaining patients do not
benefit appreciably [2]. Furthermore, unwanted side effects of
clinically used medications frequently make therapy difficult
[5, 6]. Benzodiazepines have dependence liability, along with
an increased risk of glaucoma and respiratory depressive
effects [5]. Moreover, drugs like carbamazepine cause upset
stomach, serious skin reactions, and may reduce sodium
levels. Phenobarbital and its derivative treatment can lead to
memory loss, sedation, depression, and also possess chances
of birth defects [6]. Pregabalin, a2¢ calcium channel subunit
ligand, is often associated with trouble in concentration,
sedation, weight gain, and swelling of hands and feet [7].

Medicinal plants are used for the treatment of different
infections. These plants contributed as a source of inspi-
ration for novel therapeutic compounds. The medicinal
value of plants is due to the presence of a wide variety of
secondary metabolites including alkaloids, glycosides, tan-
nins, volatile oil, and terpenoids [8, 9]. Several medicinal
plants have been explored for their anticonvulsant activity in
various animal models. These include Carum copticum [10],
Erythrina mulungu [11], Anisomeles malabarica [12], Ana-
cyclus pyrethrum [13], Zizyphus jujuba, Passiflora incarnata
[14], Acorus calamus, Crocus sativus, Emblica officinalis,
Ginkgo biloba, Hypericum perforatum, Matricaria recutita,
and Panax ginseng [15]. Ficus is a large genus with as many as
800 species [16]. The methanol extract from leaves of Ficus
hispida has been reported to inhibit chemically induced
convulsions in mice [17]. The aqueous extract of roots of
F. religiosa has been studied for its protective action in
strychnine and pentylenetetrazole-induced seizures [18].
Figs of F. religiosa have also been documented to have
anticonvulsant activity [19]. The anticonvulsant action of
most of the Ficus species has been attributed to the rich
content of serotonin (5-HT) in these plants [18, 19]. The
most common cause of mortality in people with refractory
epilepsy is sudden unexpected death. The pathophysiology
of sudden unexpected death in epilepsy patients is heavily
influenced by defects in central respiratory regulation and
serotonin (5-HT) system malfunction [20]. Furthermore, it
has been reported that the increased serotonin level is as-
sociated with a reduced incidence of seizure-related
breathing problems in epilepsy patients [21].

Literature evidence delineates that its latex and fruit
extracts are used by indigenous cultures to cure skin con-
ditions, inflammation, vomiting, leprosy, malaria, and nasal
ailments [22]. Moreover, many parts of the plant have long
been widely utilized in traditional medicine to treat skin
problems and dysentery [23]. A preliminary investigation of
the Ficus benjamina L. fig extract revealed the presence of 5-
HT. However, to date, no studies have been reported for its
anticonvulsant potential. Therefore, the present study is
designed to investigate the anticonvulsant effect of ripe figs
of Ficus benjamina L.
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2. Material and Methods

2.1. Drugs and Chemicals. Picrotoxin (Cat No. P1675) and
serotonin (Cat No. 14927) were purchased from Sigma
Aldrich, USA. All other solvents and chemicals were of
analytical grade and purchased from local suppliers.

2.2. Collection of Plant Materials and the Extraction
Procedure. Ripe figs of Ficus benjamina L. (Moraceae) were
collected from the campus of Guru Nanak Dev University,
Anmritsar, between March and April, washed with water, and
shade dried. Dried figs were then ground into a coarse
powder. The powdered material was defatted with petroleum
ether for 16 h and then extracted by soxhelation with 70%
methanol (1:10 w/v) for 24h. The hydroalcoholic extract
FBE obtained was filtered, and the solvent was evaporated
under reduced pressure using a rotary evaporator (Heidolph
Laborota 4001) to obtain a semisolid mass that was stored in
an airtight container in a refrigerator till further use. The
yield was found to be 15%, w/w. The extract was recon-
stituted by dissolving it in 10% (v/v) dimethyl sulfoxide.
Thereafter, it was suspended in 0.5% carboxymethylcellulose
(DMSO 1: CMC 9) for a treatment purpose [19].

2.3.  Preliminary Phytochemical Screening of FBE.
Preliminary phytochemical screening of FBE was carried out
to detect the presence of alkaloids, glycosides, tannins, sa-
ponins, etc.

2.4. HPLC Characterization of FBE. FBE was standardized
w.r.t. the content of 5-HT as discussed in other species of
Ficus [24]. 2mg of pure 5-HT was dissolved in 100 mL of
methanol and used as a standard; 50 mg of the F. benjamina
extract was dissolved in 50ml of methanol to prepare a
sample solution (1mg mL™'). The solution was then
centrifuged at 4500 x g for 10 min, and the supernatant was
used for further detections. The standard and sample so-
lutions were filtered through a 0.45um membrane filter
separately. The UV spectrum of pure 5-HT was determined
by using a spectrophotometer with a scanning wavelength of
200-400nm.  Separation was performed on a
250 mm x 4.6 mm (5 ym particles) Hypersil GOLD C-18 RP
column from Thermo Incorporated using 25 mM phosphate
buffer (pH 2.5) and acetonitrile at 95: 5 (v/v) at a flow rate of
1 mL min~". The injection volume was 10 4L, and the peaks
were identified by comparison with the retention times of
the standard solution.

2.5. Animals. Swiss albino mice of either sex were used in
the present study. The animals were procured from Guru
Angad Dev Veterinary and Animal Sciences University,
Ludhiana, Punjab, and housed in the central animal house of
Guru Nanak Dev University, Amritsar. Animals had free
access to food (standard laboratory chow diet) and water and
were maintained at a temperature of 24 +4°C in a 12-hour
dark-light cycle. The protocol (Approval no. 1009/BT/Dated
Aug 2011, Protocol No. 20) was approved by the institutional
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animal ethics committee and was in accordance with the
guidelines of the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA).

2.6. Assessment of Anticonvulsant Activity. 'The animals were
divided into 11 groups (n=6) for the anticonvulsant study
using maximal electroshock and picrotoxin-induced con-
vulsion models as described below. FBE, picrotoxin, diaz-
epam, and phenytoin were suspended in freshly prepared 1%
carboxymethylcellulose (CMC). All the drugs were ad-
ministered intraperitoneally. The schematic protocols are
shown in Figure 1.

2.7. Maximal Electroshock-Induced Convulsions. A total of
five groups (Figure 1) were studied according to the method
in [25]. In each group, animals received the respective
treatment for 30 min before an electric shock of 50 mA for
0.2s through corneal electrodes using an electro-
convulsiometer (INCO, Ambala, India); the duration of
tonic hind limb extension was determined followed by re-
covery or death.

2.8. Picrotoxin-Induced Convulsions. A total of five groups
(Figure 1) were included in picrotoxin-induced seizures
according to the method described by [25]. Picrotoxin
(5mg kg™') was injected 30 min after the respective treat-
ment in each group. The onset of mild jerks, tonic-clonic
convulsion, and duration of convulsions were noted in all
groups and compared with those in the vehicle-treated
control.

2.9. Statistical Analysis. All results are expressed as the
mean + standard error of the mean (SEM). Statistical
analysis was performed by the one-way analysis of variance
(ANOVA), followed by post hoc analysis and Tukey’s test
using InStat software version 3.05 (Graphpad Inc., San
Diego, USA). The Design-Expert 10.0 software (Stat-Ease,
Inc.) was used to analyze the results of the response surface
design.

3. Results

3.1. Preliminary Phytochemical Analysis of FBE. The
hydroalcoholic extract of F. benjamina was found to contain
saponins, flavonoids, tannins, alkaloids, and carbohydrates.

3.2. HPLC Standardization of FBE. The HPLC chromato-
gram of the standard 5-HT solution showed an absorption
peak with a retention time of 1.797 min (Figure 2(a)). A
similar peak was observed in the HPLC chromatogram of
FBE at the same retention time, indicating the presence of
5-HT in the extract (Figure 2(b)) (Table 1).

3.3. Effect of Various Pharmacological Interventions on
Maximal Electroshock-Induced Seizures. The treatment of
mice with an electric shock of 50 mA for 0.2 s was found to

produce the flexor and tonic hind limb extensor, followed by
stupor or death. Maximal electroshock produced a tonic
hind limb extensor of an average duration of 11.2+0.8 s in
the vehicle-treated control with a percentage mortality of
83.3%. Treatment with phenytoin was found to completely
abolish the extensor phase with no mortality. The treatment
with FBE was found to produce a decrease in the duration of
the tonic hind limb extensor and the extensor-to-flexor ratio
(E/F ratio) significantly and in a dose-dependent manner
(Figures 3(a) and 3(b)). The percentage protection with FBE
400mg kg™ treatment was found to be 92.8+11.6%
(Figure 3(c)).

Treatment of animals with picrotoxin was found to
precipitate  tonic-clonic  (T/C)  convulsions after
11.9 + 2.6 min in the vehicle-treated control group, and the
duration of T/C convulsions was found to be 16.6+1.5s.
Treatment with diazepam was found to completely abolish
picrotoxin-induced convulsions (zero convulsions). There-
fore, no latency was observed in the diazepam group,
whereas FBE was found to produce a dose-dependent in-
crease in seizure latency and a decrease in the duration of T/
C convulsions at doses of 100, 200, and 400mg kg’
(Figures 4(a) and 4(b)). The respective percentage of pro-
tection was found to be 22.8, 44.5, and 66.2% (Figure 4(c)).
The effect was statistically significant as compared to the
vehicle control.

4. Discussion

Conventional anticonvulsant therapy is marred by several
adverse drug reactions including cognitive deficits, terato-
genicity, and behavioral and cosmetic side effects [26, 27].
These problems have led to a renewed interest in plant-based
medicines due to their better tolerability and lower number
of side effects. Plants have been used as medicine to maintain
human health for ages and are also major natural sources of
medicinal compounds in current pharmacopoeias [28, 29].
The current study demonstrated the protective effect of the
hydroalcoholic fig extract of Ficus benjamina L. (FBE) on
picrotoxin and maximal electroshock-induced convulsions
in mice. FBE was found to produce a dose-dependent re-
duction in convulsions.

The HPLC investigation revealed the presence of 5-
hydroxytryptamine (5-HT) in the extract. Earlier studies
have revealed the presence of 5-HT in the figs of Ficus
religiosa [30]. Although there are conflicting reports on the
role of 5-HT in epilepsy [24], there is sufficient evidence in
the literature that supports the inhibition of 5-HT reuptake
to have beneficial effects in epilepsy. Selective serotonin
reuptake inhibitors (SSRIs) have been documented to help
treat epilepsy [31, 32]. Some agents like 5-hydroxy-
tryptophan that increases the extracellular level of 5-HT
have been found to inhibit focal and generalized seizures,
and depletion of 5-HT evokes seizures [33]. Serotonergic
neurotransmission has been documented to modulate a
variety of experimentally induced seizures and drugs that
increase the concentration of 5-HT to have an anticonvul-
sant effect [34]. It is reported that serotonergic agonists can
directly affect the firing of cerebellar neurons and can
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FiGUre 2: (a) HPLC of the 5-HT standard; (b) HPLC of the Ficus benjamina L. extract.

modulate the effect of excitatory amino acids [35]. In the
genetic model of absence epilepsy, it is found that there is an
interaction of glutamatergic and serotonergic mechanisms

in the regulation of epileptic activity [33]. All the brain areas
that are involved in epilepsy have an expression of 5-HT
receptors, and currently, the role of 5-HT 4, 5-HT,c, 5-HT3,
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extensor/flexor ratio, and (c) % protection. All values are expressed as the mean + SEM. “p < 0.001 compared to the vehicle control. The
effect of various pharmacological interventions on picrotoxin-induced seizures.

and 5-HT; receptors has been described in epilepsy [33]. In
general, hyperpolarization of glutamatergic neurons by 5-
HT; A receptors and depolarization of GABAergic neurons
by 5-HT, receptors, as well as antagonists of 5-HT; and 5-
HT; receptors, decrease neuronal excitability [32]. Various
studies on experimental animals have reported that the
activation of 5-HT,c and 5-HT; receptors have an

anticonvulsant effect [34]. The postictal phase is marked by a
decrease in the 5-HT transporters in the brain and a decrease
in the brain levels of tryptophan, the precursor of 5-HT,
which is suggested to be related to some types of epilepsy
[31]. The conventional antiepileptic therapy with drugs such
as phenytoin and valproic acid is effective in treating the
episodes of convulsions but is insufficient to manage
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postictal depression. 5-HT present in FBE may act to re-
plenish the depleted 5-HT levels in the brains of epileptic
patients. The current study only screened the anticonvulsant
activity of the Ficus benjamina L. extract along with de-
termination of serotonin in the extract. One of the limita-
tions of the current study is that only the activity of the
hydroalcoholic extract was performed, and second, apart
from serotonin, the estimation of other components of
interest was not carried out. However, this study will give a
base for researchers to perform the isolation of molecules of
interest from this plant and further explore their potential in

epilepsy.

5. Conclusion

Opverall, the outcomes of the current investigation delineate
that the hydroalcoholic fig extract of Ficus benjamina
L. (FBE) exerted a protective effect against picrotoxin and
maximal electroshock-induced convulsions in mice dose-
dependently. The anticonvulsant effect of the Ficus benja-
mina L. extract might be attributed to the presence of 5-HT
in the extract. However, this needs more direct and detailed
studies to prove this contention. In terms of future pros-
pects, it is necessary to continue the development of effi-
cacious anticonvulsant agents that are cost-effective with
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minimal side effects. Based on the outcome of the current
study, it seems logical to presume that Ficus benjamina
L. may contain some molecules which might have anti-
convulsant activity. Characterization of secondary metab-
olites will reveal further health benefits.

Data Availability

Data used in this study are available on request to the
corresponding author.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] D. C. Patel, B. P. Tewari, L. Chaunsali, and H. Sontheimer,
“Neuron-glia interactions in the pathophysiology of epi-
lepsy,” Nature Reviews Neuroscience, vol. 20, no. 5,
pp. 282-297, 2019.

[2] M. Lawal, H. Omobayo, and K. Lawal, “Epilepsy: patho-
physiology, clinical manifestations and treatment options,”
British Journal of Neuroscience Nursing, vol. 14, no. 2,
pp. 58-72, 2018.

[3] K. M. Fiest, K. M. Sauro, S. Wiebe et al., “Prevalence and
incidence of epilepsy: a systematic review and meta-analysis of
international studies,” Neurology, vol. 88, no. 3, pp. 296-303,
2017.

[4] W. Loscher, L. J. Hirsch, and D. Schmidt, “The enigma of the
latent period in the development of symptomatic acquired
epilepsy-traditional view versus new concepts,” Epilepsy and
Behavior, vol. 52, pp. 78-92, 2015.

[5] S.C.Licataand]. K. Rowlett, “Abuse and dependence liability
of benzodiazepine-type drugs: GABAA receptor modulation
and beyond,” Pharmacology Biochemistry and Behavior,
vol. 90, no. 1, pp. 74-89, 2008.

[6] K.G.Bathand H. E. Scharfman, “Impact of early life exposure
to antiepileptic drugs on neurobehavioral outcomes based on
laboratory animal and clinical research,” Epilepsy and Be-
havior, vol. 26, no. 3, pp. 427-439, 2013.

[7] C. Toth, “Pregabalin: latest safety evidence and clinical im-
plications for the management of neuropathic pain,” Thera-
peutic Advances in Drug Safety, vol. 5, no. 1, pp. 38-56, 2014.

[8] A. S. Algahtani, R. Ullah, and A. A. Shahat, “Bioactive
constituents and toxicological evaluation of selected antidi-
abetic medicinal plants of Saudi Arabia,” Evidence-based
Complementary and Alternative Medicine, vol. 2022, Article
ID 7123521, 23 pages, 2022.

[9] R. Ullah and A. S. Algahtani, “GC-MS analysis, heavy metals,
biological, and toxicological evaluation of reseda muricata
and marrubium vulgare methanol extracts,” Evidence-based
Complementary and Alternative Medicine, vol. 2022, Article
1D 2284328, 9 pages, 2022.

[10] M. E. Rezvani, A. Roohbakhsh, M. H. Mosaddegh,
M. Esmailidehaj, F. Khaloobagheri, and H. Esmaeili, “Anti-
convulsant and depressant effects of aqueous extracts of
Carum copticum seeds in male rats,” Epilepsy and Behavior,
vol. 22, no. 2, pp. 220-225, 2011.

[11] D. Santos Rosa, S. A. Faggion, A. S. Gavin et al., “Erysothrine,
an alkaloid extracted from flowers of Erythrina mulungu
Mart. ex Benth: evaluating its anticonvulsant and anxiolytic

potential,” Epilepsy and Behavior, vol. 23, no. 3, pp. 205-212,

2012.

N. Choudhary, K. R. V. Bijjem, and A. N. Kalia, “Antiepileptic

potential of flavonoids fraction from the leaves of anisomeles

malabarica,” Journal of Ethnopharmacology, vol. 135, no. 2,

pp. 238-242, 2011.

M. Pahuja, J. Mehla, K. Reeta, S. Joshi, and Y. K. Gupta, “Root

extract of Anacyclus pyrethrum ameliorates seizures, seizure-

induced oxidative stress and cognitive impairment in ex-

perimental animals,” Epilepsy Research, vol. 98, no. 2-3,

pp. 157-165, 2012.

[14] M. Nassiri-Asl, S. Shariati-Rad, and F. Zamansoltani, “An-
ticonvulsant effects of aerial parts of Passiflora incarnata
extract in mice: involvement of benzodiazepine and opioid
receptors,” BMC Complementary and Alternative Medicine,
vol. 7, no. 1, pp. 26-6, 2007.

[15] S. Kumar, R. Madaan, G. Bansal, A. Jamwal, and A. Sharma,

“Plants and plant products with potential anticonvulsant

activity—a review,” Pharmacognosy Communications, vol. 2,

no. 1, pp. 3-99, 2012.

A. Chawla A, R. Kaur, and A. K. Sharma, “Ficus carica Linn.: a

review on its pharmacognostic, phytochemical and phar-

macological aspects,” International Journal of Pharmaceutical

& Phytopharmacological Research, vol. 1, no. 4, pp. 215-232,

2012.

[17] D. Sivaraman and P. Muralidaran, “Sedative and anticon-

vulsant activities of the methanol leaf extract of ficus hispida

linn,” Drug Invention Today, vol. 1, pp. 27-30, 2009.

M. S. Patil, C. Patil, S. Patil, and R. Jadhav, “Anticonvulsant

activity of aqueous root extract of Ficus religiosa,” Journal of

Ethnopharmacology, vol. 133, no. 1, pp. 92-96, 2011.

D. Singh and R. K. Goel, “Anticonvulsant effect of Ficus

religiosa: role of serotonergic pathways,” Journal of Ethno-

pharmacology, vol. 123, no. 2, pp. 330-334, 2009.

[20] G. F. Buchanan, N. M. Murray, M. A. Hajek, and
G. B. Richerson, “Serotonin neurones have anti-convulsant
effects and reduce seizure-induced mortality,” The Journal of
Physiology, vol. 592, no. 19, pp. 4395-4410, 2014.

[21] A. Murugesan, M. R. S. Rani, L. Vilella et al., “Postictal se-
rotonin levels are associated with peri-ictal apnea,” Neurology,
vol. 93, no. 15, pp. e1485-e1494, 2019.

[22] M. Imran, N. Rasool, K. Rizwan et al., “Chemical composition
and biological studies of Ficus benjamina,” Chemistry Central
Journal, vol. 8, no. 1, p. 12, 2014.

[23] M. L. Dhar, M. M. Dhar, B. N. Dhawan, B. N. Mehrotra, and

C. Ray, “Screening of Indian plants for biological activity: I,”

Indian Journal of Experimental Biology, vol. 6, no. 4,

pp. 232-247, 1968.

M. Leopoldo, E. Lacivita, F. Berardi, R. Perrone, and

P. B. Hedlund, “Serotonin 5-HT7 receptor agents: structure-

activity relationships and potential therapeutic applications in

central nervous system disorders,” Pharmacology & Thera-

peutics, vol. 129, no. 2, pp. 120-148, 2011.

[25] H. S. White, M. Johnson, H. H. Wolf, and H. J. Kupferberg,
“The early identification of anticonvulsant activity: role of the
maximal electroshock and subcutaneous pentylenetetrazol
seizure models,” The Italian Journal of Neurological Sciences,
vol. 16, no. 1-2, pp. 73-77, 1995.

[26] M. S. Yerby, P. Kaplan, and T. Tran, “Risks and management
of pregnancy in women with epilepsy,” Cleveland Clinic
Journal of Medicine, vol. 71, pp. 25-37, 2004.

[27] E. Perucca and K. J. Meador, “Adverse effects of antiepileptic
drugs,” Acta Neurologica Scandinavica, vol. 112, no. s18l,
pp. 30-35, 2005.

[12

(13

(16

(18

(19

[24



[28] A. Kabra, R. Sharma, S. Singla, R. Kabra, and U. S. Baghel,
“Pharmacognostic characterization of Myrica esculenta
leaves,” Journal of Ayurveda and Integrative Medicine, vol. 10,
no. 1, pp. 18-24, 2019.

[29] M. Ayaz, A. Nawaz, S. Ahmad et al., “Underlying anticancer
mechanisms and synergistic combinations of phytochemicals
with cancer chemotherapeutics: potential benefits and risks,”
Journal of Food Quality, vol. 2022, Article ID 1189034,
15 pages, 2022.

[30] N. Vyawahare, A. Khandelwal, V. Batra et al., “Herbal anti-
convulsants,” Herbal Medicine and Toxicology, vol. 1, pp. 9-14,
2007.

[31] C. Albano, A. Cupello, P. Mainardi, S. Scarrone, and E. Favale,
“Successful treatment of epilepsy with serotonin reuptake
inhibitors: proposed mechanism,” Neurochemical Research,
vol. 31, no. 4, pp. 509-514, 2006.

[32] K. M. Igelstrom, “Preclinical antiepileptic actions of selective
serotonin reuptake inhibitors—implications for clinical trial
design,” Epilepsia, vol. 53, no. 4, pp. 596-605, 2012.

[33] G. Bagdy, V. Kecskemeti, P. Riba, and R. Jakus, “Serotonin
and epilepsy,” Journal of Neurochemistry, vol. 100, no. 4,
pp. 857-873, 2007.

[34] F. M. Werner and R. Covenas, “Classical neurotransmitters
and neuropeptides involved in generalized epilepsy: a focus on
antiepileptic drugs,” Current Medicinal Chemistry, vol. 18,
no. 32, pp. 4933-4948, 2011.

[35] A. Krishnakumar, P. M. Abraham, J. Paul, and C. Paulose,
“Down-regulation of cerebellar 5-HT2C receptors in pilo-
carpine-induced epilepsy in rats: therapeutic role of Bacopa
monnieri extract,” Journal of the Neurological Sciences,
vol. 284, no. 1-2, pp- 124-128, 2009.

Journal of Chemistry



Hindawi

Journal of Chemistry

Volume 2023, Article ID 2349713, 7 pages
https://doi.org/10.1155/2023/2349713

Research Article

@ Hindawi

Comparative Analysis of the Content of Sum of Hydroxycinnamic
Acids from Leaves of Actinidia arguta Lindl. Collected in

Ukraine and China

Nadiia Kovalska ©®,' Uliana Karpiuk ! Valentyna Minarchenko ! Iryna Cholak ©,

1

Natalia Zaimenko (9,” Nadiia Skrypchenko (9,> and Dejiang Liu

'Department of Pharmacognosy and Botany, Bogomolets National Medical University, T Shevchenka Blvd 13,

Kyiv 01601, Ukraine

“Department of Fruit Plants Acclimatization, M. M. Gryshko National Botanical Garden of National Academy of Sciences of

Ukraine, Timiryazevska Str 1, Kyiv 01014, Ukraine

*College of Life Sciences, Jiamusi University, XueFu Str. 148, Jiamusi, Heilongjiang 154007, China

Correspondence should be addressed to Uliana Karpiuk; uliana.karpiuk@gmail.com

Received 20 August 2022; Revised 26 September 2022; Accepted 24 November 2022; Published 23 January 2023

Academic Editor: Romina Alina Marc (Vlaic)

Copyright © 2023 Nadiia Kovalska et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Leaves of Actinidia arguta Lindl. (A. arguta) are a promising raw material for pharmaceutical production. Actinidia is cultivated in
Ukraine, and its homeland is China, so raw materials may have different origins. Hydroxycinnamic acids (HCAs) are one of the
important biologically active substances of A. arguta leaves, which provide the pharmacological action of this raw material. The aim of
the study was to identify and compare the quantitative content of HCAs in the leaves of A. arguta harvested in Ukraine and China in
different phases of the growing season. Microscopic and phytochemical studies of the leaves of A. arguta are conducted. After
histochemical reaction with the nitrite-molybdenum reagent, idioblast cells with HCAs in A. arguta leaves are stained on brick-red
color. The amount of the sum of HCAs was determined by absorption UV-spectrophotometry in terms of rosmarinic acid at wavelength
505 nm after reaction with a nitrite-molybdenum reagent. It was found that the A. arguta leaves contain high levels of HCAs (to 2.69%).
The highest HCAs level was recorded in July, which was decreased somewhat in August. Histochemical reactions for the detection of
HCAs in fresh A. arguta leaves can be used to identify plants of the genus Actinidia Lindl., which are potential sources of HCAs. The
content of HCAs is independent of the region of plant growth, but its quantity varies during the growing season. So, during July, the
leaves can be collected from male plants, and during the end of August and start of September, leaves can be collected from both male
and female plants. This indicates the prospect of using the leaves of A. arguta as a source of raw materials for pharmacy and medicine.

1. Introduction

The search for plant sources of biologically active substances
includes the study of the influence of environmental factors
from different places of plant growth on the content of
compounds with medicinal potential. Plant growth condi-
tions in different longitudes and latitudes are markedly
different [1]. Various environmental limiting factors, such as
ambient temperature, carbon dioxide levels, lighting, ozone,
groundwater status, salinity, and soil fertility, have a

significant impact on biochemical reactions in medicinal
plants [2]. Plants can synthesize a variety of secondary
metabolites to cope with the negative effects of stress.
Secondary plant metabolites are a group of natural classes of
compounds that are synthesized by various biochemical
pathways. The content of these substances in plants is highly
dependent on environmental influences [3]. The same plant
species that grow in different environmental conditions have
significant differences in the formation and accumulation of
primary and secondary metabolites [3-8].
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Secondary metabolites are used as important natural
remedies with a wide range of pharmacological activities.
One of the important groups of secondary metabolites are
phenolic compounds, which perform many physiological
functions for plant survival and are fundamental in the
adaptation of plants to changes in the environment [9].
Hydroxycinnamic acids, which belong to the group of
phenolic compounds, are an important group of secondary
metabolites of plants that are involved in many important
plant functions. For hydroxycinnamic acids, the directions
of pharmacological action as anti-inflammatory, antiallergic,
antiplatelet, antitumor, detoxifying, hepatoprotective, bac-
tericidal, and antiviral is established [10-15].

Variations in the synthesis of plant metabolites often
depend on growing conditions. Therefore, the study of
differences in the quantitative content of secondary me-
tabolites, in particular, hydroxycinnamic acids, in plants
from different places of growth is essential for understanding
the characteristics of plants of the same species, whose raw
materials are harvested in different regions.

In the manufacture of medicines, the quality of the final
product depends on the quality of the raw materials. The
content of biologically active substances in plants is influ-
enced by environmental conditions. Therefore, to effectively
develop methods for standardizing plant raw materials for
the content of secondary metabolites, it is important to take
into account the different geographical origins of plant.

A promising source of hydroxycinnamic acids for
pharmacy and medicine are the leaves of plants from the
genus Actinidia Lindl. [16-18], which require more detailed
phytochemical  studies to develop methods of
standardization.

Actinidia arguta Lindl. (A. arguta), named as kiwiberry,
is distributed in the eastern and northern parts of China,
Korea, Japan, Sakhalin, and the Kuril Islands cultivated in
various regions of Asia, Europe, North America, New
Zealand, and Australia. The northern limit of growth of
A. arguta runs along 46°40" north latitude. Due to its frost
resistance, A. arguta is introduced into horticulture in
Canada, Chile, France, and the United States. The largest
Actinidia plantations are concentrated in the United States
(Oregon). Frost-resistant varieties of A. arguta are also
successfully cultivated in Poland [19].

The Global Biodiversity Database (https://www.
discoverlife.org) contains an interactive map that includes
registered wildlife habitats of A. arguta in the world, as well
as marked botanical gardens where it is successfully culti-
vated (Figure 1). To obtain complete information about the
indicated places of growth of A. arguta, you need to select the
marked points on the map.

The homeland of kiwiberry is China, but it is well cul-
tivated in Ukraine and has a high yield. Therefore, in
Ukraine, kiwiberry is becoming increasingly popular in
home gardens and industrial plantations. Researchers of the
M. M. Grishko National Botanical Garden have for many
years created the largest collection of plants of the genus
Actinidia Lindl. in Ukraine, which includes not only well-
researched and popular species but also new varieties and
forms [20].
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The vegetative mass of leaves in Actinidia vines is quite
large and contains valuable biologically active substances.
Therefore, it is important to study the presence and quan-
titative content of such phenolic compounds, such as
hydroxycinnamic acids in A. arguta leaves cultivated in
Ukraine, in comparison with raw materials harvested from
wild plants of A. arguta in China to expand the raw material
base for the development and creation of new herbal
medicines.

2. Materials and Methods

2.1.Samples. 'The research study was conducted based on the
Department of Pharmacognosy and Botany of the Bogo-
molets National Medical University (2020-2021).

The object of the study was generatively mature plants of
kiwiberry (A. arguta), grown under different soil and cli-
matic conditions, namely, from cultivated plants in Ukraine
(Kyiv city, M. M. Grishko National Botanical Garden) on
gray forest soil and from wild-growing plants in China
(Jiamusi University, Heilongjiang province) on black earth.
As a material for investigation, we used leaves of fifteen-
year-old plants of A. arguta, which grew in the collection of
M. M. Grishko National Botanical Garden (Ukraine) and in
Jiamusi (China) during summer. Leaves samples of female
and male plants were collected during June-September
(Figure 2(a)). Leaf samples were dried by air-shadow drying
(Figure 2(b)).

The male and female A. arguta leaves get into the plant
raw material during the leaves collection from wild-growing
plants in China. More leaves from female plants will be
harvested as plant raw material in Ukraine because 5-7
female plants are planted next to one male plant during
A. arguta cultivation. It means that leaves, as raw material
will come more from female plants. Therefore, it is im-
portant to compare the HCAs content in female leaves
collected in Ukraine and China. The harvesting time affected
to the quantitative content of different BAS and to the HCAs
also. We collected male and female A. arguta leaves in
different months for a comparative determination of HCAs
content.

Cultivated male plants of A. arguta can also become raw
materials to expand the raw material base of medicinal
plants. The content of HCAs in A. arguta leaves from male
plants cultivated in Ukraine was also studied.

Jiamusi city is located in the eastern part of the
northernmost province of China, Heilongjiang. The city is in
a moderately cold zone with a humid continental climate.
The average rainfall is 627 millimeters. The soils are mostly
black soil with high humus content.

The climate of the area in which Kyiv is located is
moderately continental, with an average annual tempera-
ture 9.4°C. M. M. Grishko National Botanical Garden,
which located in Kyiv (N, 50°27; E, 30°31’), is one of the
biggest scientific and practical Ukrainian centers of in-
troduction and acclimatization of nontraditional plants,
selection and spreading of new cultivars, which may be
successfully cultivated on commercial plantations and in
private gardens.
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FiGure 1: Distribution map of Actinidia arguta Lindl. in the world by Global Biodiversity Information Facility Database (https://www.
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FIGURE 2: Leaves of female plant A. arguta (a) freshly harvested and (b) dried collected in Ukraine.

The garden is located on the border of two climatic
zones—wooded district and forest steppe in the southeastern
part of city on the slopes of the Pechersk hills near the
Dnipro River. The main type of soil is dark gray podzolic.
Due to the crossing of locality, the garden soil is rather
washed out and characterized by low humus content. The
climate of the area is continental with an average annual
temperature of 7.6°C; the average temperature in January is
—5.5°C, in June —20.4°C. The winter in Kyiv is softened by the
periodic invasion of Atlantic air masses. The frost-free pe-
riod in Kyiv is 165-180 days on average. The average annual
amount of precipitation in Kyiv is 550-650 mm, and the
relative humidity is 73-76%. The duration of the period
without frost, temperature conditions, and rainfall during
the active growing season create a suitable possibility for the
successful cultivation of different fruit and berry plants from
regions with similar and sometimes more mild climatic
conditions.

2.2. Determination of HCAs in the A. arguta Leaves by
Chemical and Histochemical Reactions. Chemical reaction
by using nitrite-molybdenum reagent as the Arnov test was
performed as described by Gawlik-Dziki et al. [21].

2.2.1. Preparation of Extracts for the Detection of Hydrox-
ycinnamic Acids. 3.00g of crushed A. arguta leaves (sepa-
rately from males and females) were filled with 50% alcohol.
Extracted in a water bath in a flask under reflux for 20 minutes,
the extract was cooled, and after cooling, it was filtered.

2.2.2.  Preparation of Nitrite-Molybdenum  Reagent.
Reagent was prepared by dissolving 10% (m/v) sodium
molybdate and 10% (m/v) sodium nitrite in distilled water.
To prepare a dilute sodium hydroxide solution, 8.3 g of
sodium hydroxide was made up to 100ml with purified
water in a volumetric flask. All reagents were prepared daily.
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2.2.3. Reaction with Nitrite-Molybdenum Reagent. To 1 ml
of each extract, 2 ml of 0.5 M hydrochloric acid solution, 2 ml
of a mixture of 10% sodium molybdate solution and 10%
sodium nitrite solution, and 2 ml of dilute sodium hydroxide
solution were added in the specified order. The formed
reaction products were brick-cherry in color.

The investigation of the character of the localization of
HCAs in the A. arguta leaves was carried out by light
microscopy after reaction on cross sections of petiole and
central vein of the leaf with nitrite-molybdenum reagent
[22]. Temporary micropreparations were examined in the
light trinocular microscope XSP-146T of ULAB at a mag-
nification of 40, 100, 400, and 1000 times. Snapshots were
taken using the camera Canon EOS 550 DSLR.

2.3. Comparative Analysis of HCAs Content in the A. arguta
Leaves by Spectrophotometry. The quantity of HCAs sum
was defined by absorption UV-spectrophotometry in
amounts equivalent to rosmarinic acid at wavelength 505 nm
after reaction with the nitrite-molybdenum reagent. As a
standard for comparison, rosmarinic acid was used, since
after the reaction with a nitrite-molybdenum reagent, extracts
from the studied types of raw materials form a maximum
absorption at 505nm, as well as rosmarinic acid (Figure 3).
HCAs give maxima of absorption of the reaction product with
the nitrite-molybdenum reagent in the wavelength range
from 490 to 527 nm. In the aqueous alcoholic extract of
A. arguta leaves, the sum of HCAs forms the maximum
absorption with nitrite-molybdenum reagent at a wavelength
of 493 nm. Therefore, we have chosen a unified method for
calculating the content of the sum of HCAs in terms of
rosmarinic acid at a wavelength of 505 nm, which is given in
the monograph State Pharmacopeia of Ukraine 2.0 Java tea.

The quantitative determination of the HCAs sum in the
investigated types of raw materials was carried out according
to the method of quantitative determination of HCAs
amount in Java tea described by the State Pharmacopeia of
Ukraine 2.0 [23].

The statistical analysis of the results was carried out in
accordance with the monograph of the State Pharmacopoeia
of Ukraine 2.0 “Statistical analysis of the results of a chemical
experiment” using Microsoft Excel 2010 for Windows.

3. Results

3.1. The Results of Determination of HCAs in the A. arguta
Leaves by Chemical and Histochemical Reactions. As a result
of the reaction of alcoholic extracts from the leaves of male
and female plants of A. arguta with nitrite-molybdenum
reagent, the formation of brick-cherry color of the formed
reaction products was observed (Figure 4).

Histochemical reactions on cross sections of the petiole
and central vein of the leaf with the nitrite-molybdenum
reagent showed the presence and character of the locali-
zation of HCAs in A. arguta leaves.

In the study of the localization of HCAs in the studied
leaves of female and male plants of A. arguta, we observed
the formation of brick-red color in idioblast cells in the
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xylem area, phloem, as well as in the parenchyma under the
integument. Figure 5 shows the result of histochemical
reaction on the leaves of females and males of A. arguta with
the nitrite-molybdenum reagent.

The result of our reaction was stable. The color did not
disappear quickly over time. Conducted histochemical re-
actions provide additional information in establishing the
identity of medicinal plant raw materials. They revealed the
localization of the studied group of substances directly in
tissues and cells.

3.2. Analysis of the Content of HCAs Collected in Different
Regions and Different Months. The content of HCAs sum is
in the range from 1.51 £0.04% to 2.69+0.13% (Figure 6).
There are different medicinal plant materials in Ukraine,
which have standardized content of HCAs detected with
spectrophotometry. For example, Echinacea purpurea radix
must content not less than 2.0% HCAs in amounts equiv-
alent to chicoric acid and dry raw material. A. arguta leaves
contain almost the same amount of HCAs.

The HCA content in A. arguta leaves is independent of
plant growth conditions. The leaves collected in different re-
gions of China and Ukraine contained almost the same HCAs
sum, although it was slightly higher in leaves mass collected in
Jiamusi (Figure 6). Samples of leaves from China, which have a
slightly higher content of HCAs, were collected from wild
plants that grow in their natural range. It was found that the
content of HCAs in cultivated plants on the territory of Ukraine
is slightly lower than in wild plants of A. arguta from China. The
maximum content of HCAs is observed in July, and in August it
reduces slightly. It was determined that the content of HCAs
decreases during the vegetation until the end of the summer in
the same way in A. arguta leaves harvested in Jiamusi and in
Kyiv. Therefore, it is advisable to harvest the leaves of A. arguta
in July to obtain the raw materials with the highest content of
HCAs for the next research study of pharmacological action. At
this time, you can use leaves from the shoots of female A. arguta
plants, the main function of which is to provide the plants with
pollen during their flowering period.

3.3. Analysis of HCAs Content in the Leaves of Female and
Male Plants. It should be noted that the leaves of female and
male plants differ in their HCA content (Figure 7). Thus, in
June, the leaves of female plants accumulated more HCAs
(2.26 £ 0.10%) compared to male ones (1.67 + 0.08%). In July,
their contents were leveled, and in the following months of
observation, there is a steady tendency of decrease in the level
of acids in female plants that may be associated with the onset
of the period of ripening of the fruit. Therefore, the collection
of Actinidia leaves of male plants is recommended in July and
August. At this time, the leaves of the shoots of female
A. arguta plants, which are removed during the summer
pruning, may be used. Raw materials can also be harvested
from female plants in August because the content of HCAs
remains relatively high (1.51 +0.04%). In September, after the
harvest, you can collect leaves from all plants, regardless of
sex, because the content of HCAs does not fall critically
(1.13£0.05% in female and 1.85+0.09% in male plants).
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FiGure 3: Electronic spectrum absorption of alcoholic solution of rosmarinic acid with the nitrite-molybdenum reagent (a). Electronic
spectrum absorption of alcohol-aqueous extract of A. arguta leaves with nitrite-molybdenum reagent (b).

FiGURE 4: The result of the reaction with the detection of HCAs
with an extract from the leaves of females of A. arguta.

4. Discussion

Chemical and histochemical reactions for the determination
of HCAs in the leaves of A. arguta showed positive results
and could be used for HCAs identification in this plant raw
material. The reagents we have chosen are quite economical
and easy to use. According to the saturation of the color of
the reaction products and the number of idioblast cells in the
section, it can be assumed that hydroxycinnamic acids
contain approximately the same amount in the leaves of
male and female individuals of A. arguta. The obtained
results can be used as an auxiliary indicator to establish the
identity of raw materials in the development of quality
control method “Actinidia leaves.”

The spectrophotometric pharmacopoeia method allows
for the maximum absorption of the reaction products with the
nitrite-molybdenum reagent to determine the sum of all HCAs
in the raw material. We determined the content of HCAs in
A. arguta leaves harvested from female and male plants during
the whole vegetation period by the method of spectropho-
tometric research. In June, there is a fairly high content of
HCAs, but for the plant harvest in this period is not useful,
because the vegetative mass of leaves has yet to perform its
assimilative function. In addition, young leaves harvested in
June turn black quickly during drying. This indicates active
enzymatic biochemical processes in the leaves during this
period. In June, the leaves of male plants synthesize the least
HCAs for the entire growing season (1.67 + 0.08%). In the first
two summer months, more HCAs accumulated in the leaves of
female plants (2.26 £0.10% in June and 2.37 £ 0.12% in July).
In August and September, their content decreased compared
to the content in July by 37% and 52%, respectively. This
decrease in the content of HCAs in the leaves of female plants
can be associated with the beginning of the process of fruit
ripening. All biochemical processes involved in the formation
of biologically active substances are concentrated during this
period in fruits. In leaves harvested from male plants, the
content of HCAs is highest in July (220+0.11%), and in
August their content decreases by only 8.6%. The results
showed that the best period for collecting leaves to create
potential drugs is the end of July-August because it was then
that the spectrophotometric method revealed the highest
amount of HCAs for rosemary acid (2.0% on average).

There is a positive correlation between the amount of
HCAs in plants growing in Ukraine and China. Our research
has shown that A. arguta leaves collected from cultivated
plants in Ukraine have a slightly lower HCA content
compared to wild plants collected in the natural growth zone
in China. Thus, leaves harvested in July in the province of
Jiamusi accumulate only 12% more HCAs than A. arguta
leaves harvested in July at research sites in the M. M. Grishko
National Botanical Garden in the city of Kyiv, Ukraine. This
gives reason to believe that the leaves of the cultivated plant
A. arguta are a promising raw material base for research to
develop new potential remedies.
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FIGUre 5: Locations of HCAs in the leaves of females (a, b) and males (c, d) of A. arguta by histochemical reaction with the nitrite-
molybdenum reagent.
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FIGURE 6: Content of the sum of HCAs in A. arguta leaves collected in Jiamusi (China) and Kyiv (Ukraine) (p-value < 0.05).
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FIGURE 7: The content of the HCAs sum in A. arguta leaves collected in Kyiv (Ukraine) (p-value <0.05).
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5. Conclusions

A. arguta leaves contain a high level of HCAs (up to 2.0%),
which is independent of the region of plant growth. Its
quantity varies during the growing season, with the highest
HCA content in July. During this period, the leaves of male
plants, whose main function is to provide the process of
pollination of female flowers during the flowering period in
May, may be used to harvest raw materials. In August and in
September, after harvesting fruits, the HCA content in
A. arguta leaves decreases somewhat but remains rather
high, so the leaf mass during this period may be harvested
with both male and female plants. Therefore, the leaves of
A. arguta, cultivated in Ukraine are a promising source for
obtaining extracts with a high content of HCAs, which
require future research on pharmacological activity. Certain
features of the localization of hydroxycinnamic acids can be
used to identify plant raw materials in the development of
methods for quality control of raw materials.

We can note that A. arguta leaves collected in China have
the higher content of HCAs. China is a homeland of
A. arguta, and natural growth conditions contribute to the
accumulation of secondary metabolites in plants.
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This review investigates black rice’s photochemistry, functional properties, food applications, and health prospects. There are
different varieties of black rice available in the world. The origins of this product can be traced back to Asian countries. This rice is
also known as prohibited rice, emperor’s rice, and royal’s rice. Black rice is composed of different nutrients including fiber,
protein, carbohydrates, potassium, and vitamin B complex. It contains an antioxidant called anthocyanin and tocopherols.
Antioxidants are found mostly in foods that are black or dark purple. Due to its nutritious density, high fiber level, and high
antioxidant content, black rice is a good alternative to white and brown rice. Utilizing black rice in various foods can enhance the
nutritional value of food and be transformed into functional food items. Many noncommunicable diseases (NCDs) can be
prevented by eating black rice daily, including cancer cells, atherosclerosis, hypertension, diabetes, osteoporosis, asthma, digestive
health, and stroke risk. This review aim was to discuss the role of nutritional and functional properties of black rice in the
formation of functional food against different noncommunicable diseases.

1. Introduction black due to the presence of an antioxidant pigment an-

thocyanin. Other popular names of black rice are forbidden
Black rice that belongs to the Oryza sativa L. species, sci- rice, purple rice, heaven rice, king’s rice, and prized rice.
entifically known as Zizania aquatica, is cultivated in Asia. ~ People often take it as an elixir as they are nutrient-dense

They are a viscous and nutrient-dense food. Its seed appears ~ and therapeutic. The food also called “long-life rice” is
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known to raise the soundness and longevity of life. It has
been grown in Southeast Asian countries including China,
Thailand, and India for years [1]. There are 200 varieties of
black rice around the world. 62% of the global production of
black rice is by China alone. Around 45 modern black rice
varieties are developed by China, which have high yield and
multiple resistance genes [2]. Engrossment in black rice is
shown by several successions that occurred in germ plasma
collection, e.g., Bangladesh—24, the Philippines—25,
Indonesia—42, and China—359 [3].

Black rice has minerals (Ca, P, Fe, and Zn) and dietary
fiber, which are higher than brown and white rice. Being
nutrient-dense, the demand for black rice is accelerating in
the United States of America and European countries. Black
rice is certainly a special breed that was grown in ancient
times, but in modern agriculture, they are not grown on a
larger scale. Black rice has both short and long grains. Black
rice is openly pollinated, i.e., heirloom rice. One of its strains
was called “Imperial Rice,” which was reserved for the
emperor’s consumption only. The black color of rice turns
royal purple when cooked. This characteristic color is due to
anthocyanin; a strong antioxidant presents in the seed coat
of anthocyanin. This characteristic color is typically observed
in blueberries and blackberries [4].

Black rice contains about 26.3% anthocyanin, and the
main functional constituents are chrysanthemum (cyanidin-
3-O-glucoside) and methyl-cyanidin (peonidin-3-O-gluco-
side), which constitute 90% [5]. Anthocyanin present in
black rice is mainly responsible for preventing DNA damage
and artery endothelial degeneration and hardening [6].
Extracts of black rice have a better ability to scavenge su-
peroxide anions than OH radicals [7]. Black rice is highly
protected in Asian countries, and its intake in meals has
become more common now. Black rice is particularly
common among dieticians who recommend it to their
clients due to its high nutritional value and therapeutic
nature [8]. Black rice is usually sold with its fiber-rich black
husk instead of polished rice. It is more commonly used
either as savory or in dressings, and it is also a part of desserts
in different parts of the world. This “Superfood” is praised
and liked by people because of its rich color and nutritional
value. It is often a part of fresh juices and other refreshments
around the world. Once cooked, its black color converts into
dark purple, which looks attractive to the consumer, and its
taste is sweeter than white rice with a sticky texture. In
Korea, they are consumed in combination with white rice,
while in China it is part of many desserts, porridges, and
bakery item. It was believed that looking at black rice in the
morning is a good omen as it brings peace and happiness all
day long. In ancient times, it was consumed by emperors due
to its dual nature of being fluffty and good in taste first and
being nutritious and curative food second. The consumption
of black rice is more common among Europeans as com-
pared to South Asians. Its antioxidant-rich nature and
therapeutic effects make it a lifesaving food [9].

Black rice due to its strong antioxidant potential protects
from thickening or hardening of arteries due to plaque
formation by preventing the changes in low-density lipo-
proteins resulting from oxidative stress. Studies have shown
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that the Chinese took black rice as alternative medicine due
to its antioxidant potential and they also believed that it was
beneficial for vital organs of the body [10]. The fractional of
minerals in black rice greatly depends on the nature of the
soil where it is cultivated and its strain [11].

Rice is the staple food in many countries around the
globe; thus, the consumption of black rice is a great option to
enhance the supply of anthocyanins to the body [12]. An-
other way to consume anthocyanin is in the supplemental
form, which can be costly All these aspects are contributing
to giving black rice the status of novel organic food
worldwide [13]. The consumption of black rice also has an
antiaging, antiviral, anticancerous, and anti-inflammatory
effect on its consumer [14].

Evidence-based studies have proven the physiological
and pharmacological potential of black rice [15]. Harvesting
and cultivation of black rice have also created many em-
ployment and career opportunities for people [16]. Excessive
production of free radicals is the main cause of cancer. Breast
cancer, colon cancer, and prostate cancer are greatly found
to be associated with dietary choices and lifestyle. The risk of
cancer can be reduced by consuming plant foods such as
black rice. Many studies have suggested the role of black rice
in health improvement and disease prevention. Alone an-
thocyanin in black rice is an undoubtedly potentially bio-
active component that has come up with a great ability to
improve metabolic mechanisms and conditions such as
obesity, heart disease, stroke, and type 2 diabetes [17-20].
Whole seed black rice must have much more health benefits
as they not only can prevent and improve conditions such as
heart diseases, diabetes, and hypertension but also upgrade
the quality of life.

2. Methodology

For the data collection about black rice, we used Science
Direct, Google Scholar, Web of Science, and PubMed. We
made the content first to make the proper design of the
review and then made the conceptualization. By following
the framework, we developed the partitions of the review
and discussed the nutritional composition of black rice, food
application of black rice foods, and the potential to combat
noncommunicable diseases of black rice.

3. Classification of Black Rice

Black rice is classified into different categories according to
the different shapes, sizes, nutrient contents, and colors.
There are different varieties including black forbidden rice,
black glutinous rice, black emperor’s rice, and black jasmine
or Chak Hao rice. Black rice is classified into various va-
rieties as described as follows and in Figure 1.

3.1. Black Forbidden Rice. Black forbidden rice is a com-
bination of mahogany medium-sized grain rice and black
short grain rice. It has a characteristic earthy flavor along
with a mild sweet spicy smack [21].
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FiGure 1: Classification of black rice.

3.2. Black Glutinous Rice. Black glutinous rice is commonly
known as black sticky rice, which is a short grain variety of
rice with a sticky texture and sweet taste. This rice has uneven
pigmentation anis d mainly used as a part of desserts in Asia.

3.3. Black Emperor’s Rice. Black emperor’s rice is a com-
bination of Chinese black rice and Italian rice. It is long grain
rice with rich and buttery savor.

3.4. Black Jasmine or Chak Hao Rice. Thai black jasmine rice
is basically of Thai origin, and they are a combination of
medium grain rice with a mixture of jasmine rice and
Chinese black rice. When cooked, a delicate floral aroma or
fragrance can be felt [22].

4. History and Background

Black rice is a worthy grain consumed globally as a source of
energy by both humans and animals. It is grown in over 100
countries in the world ranging from 45° S to 53° N latitudes
[23]. Residents of at least fifteen countries in Asia, about ten
countries in Latin America and the Caribbean, seven
countries in Saharan Africa, and one country in North Africa
consume black rice as a staple food [24]. Rice is quite a
popular food among consumers as about half of the rice
produced is consumed within 10 miles of where it was
grown. Rice is found everywhere except Antarctica. About
95% of global rice production is from Asian countries [25].
Acknowledging the worth of another rice crop, 2004 was
declared the “International Year of Rice” by the General
Assembly of the United Nations. In Asia, food and rice are
used synonymously. A single grain of rice can produce 3000
grains of rainout to production, and rice is second to corn. 1/
5™ of human caloric intake is from rice, and when we talk
about Asia, almost 60% to 70% of their caloric requirement is
obtained from rice [26].

Oryza sativa L. that is commonly known as Asian rice is a
monocotyledonous plant and a major cereal grain making
up a food source for 3 billion people around the globe. Rice
was a crop from East, Southeast, and South Asia. Later, it
reached the European countries and America during the
colonization of the subcontinent. Rice has more than 40,000
varieties, yet we know of only a few. These varieties grow in
tropical and subtropical regions and are linked to the grass

family Gramineae. It is often said that it was grown in India,
China, and other Asian countries for 4,000 B.C. years ago. It
is also believed that Japonica rice was first grown at a do-
mestic level from which other types were merged including
Indica [27]. Oryza has more than 25 varieties, and more of
them are Indica, which is followed by Japonica and then
Javanica. A perennial specie, which is known as Oryza
glaberrima, is grown in Africa. Zizania aquatica, which is
also known as “wild rice,” is grown in the Great Lakes region
of the United States. Wild rice is closer to oats than rice. Rice
is partially aquatic grasses. Rice that is grown in winter is
known as Rabi rice and those that are grown in summer/
spring are called Boro rice. In tropical regions, once the ice is
sown, it will take about six months to harvest this crop.
Using conventional methods of rice cultivation, about 2500
liters of water is needed to produce a single kg of rice, but
using modern techniques of rice cultivation, the water re-
quirement for rice cultivation has greatly reduced. During
the whole plantation period, flooding according to weather
conditions keeps rice plants safe from weeds and pests. Rice
plants can grow from 3’ to 6’ vertically depending on the
variety, soil nutrition, and weather conditions. The con-
sumption of polished white rice is more common world-
wide. People usually think of white or brown rice, but they
are found in a broad spectrum of colors from white to brown
to red and with a deep purple hue. The taste of rice con-
sumed with their hull or seed coat is nuttier than polished
rice and those with removed seed coat. An expert can
distinguish between different rice varieties. Before the
Chinese dynastic period, black rice was grown in China, and
they were a sign of luck because of its black color. Later, it
was found that color depends on the concentration of
pigment. In black rice, this black pigmentation is due to
anthocyanin, and in red rice, it is due to tannins. If white rice
is discussed, there is no pigmentation as no mutations occur
at the genetic level, while in black rice, there is a mutation in
the gene controlling the biosynthesis of pro-anthocyanin.
During the Hung Dynasty, black rice was cultivated and
eaten in Vietnam [28]. The origin of black rice is not clearly
understood; however, it is believed that it originated from
Asian countries including Japan, India, China, and Vietnam
[29-32]. Chaudary and Tran [33] mentioned that this
superfood might be originated from the Philippines, Sri
Lanka, Bangladesh, Myanmar, Thailand, and Indonesia
(Table 1).
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TaBLE 1: Different classification of black rice consumption in the different regions of the world.
Varieties Species and subspecies Description Consumption regions References
Black rice Oryza sativa L. indica Long and nonsticky rice People of Southern Asia and Eastern Asia [34]
Black Japonica rice Ory.za sativa Short and st1c1.<y or mahogany People of N(_)rthern Ch.ma, ]apa‘n, Southern

L. japonica rice Asia, and Latin America

Black .Ch‘ak Hao Oryza sativa Chuk Hao Medium and .long nonsticky People of the Indian subcontinent (35,36]
Amubi rice Amubi rice
Black Chak Hao Oryza sativa Chak Hao Medium and long nonsticky People of Thailand and Iran (37]

Poireiton rice Poireiton rice

Black forbidden rice Oryza sativa forbidden

Medium-sized grain rice and
black short grain

Mostly people of China and Asian countries [21]

Black emperor’s rice Oryza sativa emperot’s

Long grain rice

Mostly consumed in China, South Africa
and Nigeria, and Italy

5. Botanical Description of Black Rice

Black rice is formed by the ripened ovary of the flower and is
between 5 and 12 mm in length and pear-shaped (Figure 2).
Oryza is the genus belongs to the Oryzeae of Poaceae family.
Oryzeae has twelve genera, and the genus Oryza has almost
22 species. Among the cities, 20 are wild species and the rest
of the two are cultivated: O. sativa and O. glaberrima [39].
Former is more common on a larger scale than O. glaberrima
in different parts of the world including African, Asian,
European, Middle Eastern, South, and North American
countries. O. glaberrima is grown in West African countries.
However, high-yielding hybrids of cultivating species are
replacing O. glaberrima in African parts [40].

It is suggested by the researchers that Asian species are
the ancestor of O. sativa. These ancestors are O. nivara and
O. rufipogon, which are annual and perennial. They also
added that among the developed varieties there is a similarity
with wild ancestors. O. glaberrima, which are African cul-
tivated rice, are the predecessors’ wild ancestor species,
O. longistaminata and O. barthii. The rest of the wild species
belong to regions of Africa, Central and South America,
Asia, and Oceania with conjoining spread. Oryza sativa has
the smallest gene sequence and diploid genome among all
food crops consisting of 430 million base pairs, and half of
this genome is made up of repeated sequences. Some of the
Oryza species are tetraploid with 48 chromosomes. Species
in genes Oryza are classified into nine groups depending
upon the similarity of the F, hybrids that are the first
generation in meiosis [41, 42].

6. Chemical Properties

Rice comprises the hull (outside) and the caryopsis (inside).
Hull makes the outer layer and consists of about 20% of the
total paddy rice by weight, and it also has silica and cellulose.
During the hulling process, the hull is removed and crypsis is
exposed, which is brown rice that consists of bran, endo-
sperm, and germ [43]. Then, in another process of millet, the
bran layer and germ are removed, and white rice is obtained
[44]. Bran and germ are rich in minerals, proteins, fiber, oil,
and phytochemicals. When it comes to black rice, the hull is
removed along with a small fraction of the bran [45]. The
bran makes up 6%-7% of paddy rice by weight and

Panicle inflorescence

Bttt Secondary branches

——————————— Lamina or Leaf blade

- =~ Leaf Stalk

F1GURE 2: Formation of black rice.

comprises different layers [46]. Black rice is like other whole
grains. The pericarp plays a protective color seed coat and
has pigment, which makes rice appear brown, red, or black.
Starch stores are majorly found in endosperm, which is
about 75%, and proteins are found in an outer layer, which is
sub-aleurone [47-49]. Mau et al. [50] believed that black rice
contains lesser amounts of polysaccharides including dietary
fibers (cellulose and hemicellulose, pectin, and resistant
starch) and simple sugars. All these carbohydrates are
mainly found in the outer layers. However, the germ of the
seed has proteins and fat constituents of two to three percent
(2%-3%) of the total weight of paddy rice.

Rice is a major crop that feeds more than half of the
world’s population. Aside from essential nutrients, black rice
is a good source of phytochemicals, fiber, and minerals. In
Asia, particularly in China, a variety of black rice cultivars
are grown [51]. When compared to white rice, black rice has
better nutritional and functional properties. This is owing to
the presence of several bioactive and nutritious components
in the embryo and the bran layers, such as functional lipids,
essential amino acids, vitamins (A, B complex, and E), di-
etary fiber, minerals (Fe, K, Zn, Mg, Cu, P, and Mn),
phenolic compounds, anthocyanins, y-oryzanol, tocoph-
erols, phytic acid, tocotrienols, and phytosterols [47-49].
Black rice’s endosperm contains around 75% carbohydrates,
mostly starch and a protein-rich outer layer (sub-aleurone).
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The maximum quantities of anthocyanin are found in black
rice, which has a high nutritional value. The pericarp
(outside part) of this rice’s kernel is black due to an anti-
oxidant pigment called anthocyanin [46]. The germ, which
makes up around 2-3% of the overall mass of paddy rice,
contains lipids and proteins. The inclusion of nutrients such
as fiber, protein, B vitamins, minerals, vital amino acids, and
others that are unique to sticky black rice is extremely
helpful to human health. There is no other rice that comes
close to black rice in terms of nutritional diversity. This rice
is gluten-free, cholesterol-free, sugar-free, salt-free, and fat-
free. Black rice is a high-fiber, antioxidant, anthocyanin,
iron, vitamins B and E, thiamine, niacin, magnesium, and
phosphorus whole grain rice [13].

6.1. Proteins. The germ, which makes up around 2 to 3
percent of the total weight of paddy rice, contains proteins
and lipids. Although rice is primarily composed of starch,
which provides energy, black rice also contains protein,
which is found in the rice kernels. Rice protein can be classed
based on how soluble it is. Glutelins, which are soluble in
alkaline conditions and account for 60% of total protein, are
accompanied by globulin (salt-water-soluble; 10%), a pro-
lamin (alcohol-soluble; 25%), and albumin (albumin-like
protein) (water-soluble; 5%) [38].

6.2. Minerals. Many vitamins and minerals, such as vitamin
A, vitamin B, and iron, are found in black rice and are good
for the overall prevention and health of heart diseases [52].
As compared to white rice, black rice contains more min-
erals, such as Zn, Fe, P, and Mn, and its mineral content is
more variable, depending on the variety and soil type of the
flowering location. The iron in black rice is required for
healthy red blood cell synthesis, digestion, and energy ex-
penditure, while potassium is required for muscle devel-
opment [51].

6.3. Vitamins. 'This rice is high in fiber, vitamin E, iron, and a
variety of other important minerals. A rice variety is used as
both medicine and food [13]. Because of its high amounts of
vitamins B and E, it is considered a “superfood” that may
reduce the risk of cancer. Vitamins and minerals are ben-
eficial for overall health and heart disease prevention [53].

6.4. Fiber. Black rice is thought to be a high-fiber food. Black
rice is usually sold unmilled, which implies that the rice’s
fiber-rich black husks have not been removed. This rice is
cholesterol-free, gluten-free, and low in salt, sugar, and fat
[13]. Black rice is high-fiber whole grain rice that is ex-
tremely healthy. The most common type of fiber is insoluble
fiber, which accounts for about 75% of the total. Black rice
has higher fiber content than white rice, which is preferable
[38]. The consumption of black rice in the diet was hypo-
cholesterolemic. The hypocholesterolemic impact of black
rice is thought to be due to a combination of dietary fiber and
other bioactive components such as polyphenols [54].

6.5. Anthocyanin. Black rice is rich in anthocyanin and has a
high nutritional value. Its dark purple color comes from a
higher anthocyanin content than other colored grains.
Anthocyanins are a collection of water-soluble reddish-
purple flavonoids found on the pericarp, aleurone layer, and
seed coat. Anthocyanin is one of the black rice ingredients
that help protect arteries and prevent DNA damage by
mopping up toxic chemicals. Anthocyanins are the flavonoid
pigments found in black rice, and they are a source of
antioxidants that can prevent or limit the generation of
reactive cell-damaging free radicals [55].

7. Bioactive Composition of Black Rice

Preservation of pigmented rice is of prime importance for a
sustainable environment and in providing a surety for food
security in the future. Pigmented rice is gaining popularity
due to its therapeutic potential [17]. They are also high in
proteins, minerals, and vitamins [56]. They are anti-ath-
erosclerosis, anti-allergic, and cancer-preventive. They also
improve the condition of iron deficiency anemia [57]. The
nutritional profile and bioactive components of this rice
have gained popularity in research as well due to their ability
to lower the chances of heart disease, diabetes, and in-
flammation. The formation of flavonoids requires phenolic
compounds as their precursor [10]. The bran layer of rice has
been shown to contain anthocyanin, which has antioxidant
potential by scavenging free radicals. Rice is one of the most
researched foods about fortified food and clinical research.
Due to its antioxidant potential, pigmentary rice is gaining
popularity in research studies in South America, Africa, and
Europe [13]. Because of its nutritional profile, researchers
and scientists have considered black rice as a superfood [58].
Black rice is a wholesome variety of rice that contains a
generous amount of protein along with a high amount of
fiber, vitamin B, antioxidants, iron, thiamine, vitamin E,
magnesium, phosphorous, and niacin. It comprises the
highest percentages of antioxidants, protein, and dietary
fiber among all rice varieties [59]. Black rice has also been
recognized as an excellent source of phytosterols, caroten-
oids, phenol carboxylic acids, bioflavonoids, and phyto-
chemicals (Figure 3).

7.1. Phytosterols. Secondary metabolites are present in black
rice grains in a wide range. An antioxidant g-oryzanol,
which contains a combination of phytosterol, is present in
high amounts in black rice than in white rice [60]. Cam-
pesterol ferulate, 24-methylenecycloartanyl ferulate, cyclo-
artenol ferulate, and beta-sitosterol contribute to the
nutrition. Zubair et al. [61]; Pereira-Caro et al. [62]; and
Jesch and Carr [63] reported that phytosterols play im-
portant role in controlling several unwanted lipoproteins in
blood inhibiting the cholesterol absorption in adipocytes.

7.2. Carotenoids. One of the important classes of nutri-
tionally beneficial components is carotenoids [64]. About
more than 90% of the carotenoids produced by rice comprise
lutein and zeaxanthin. Trace amounts of lycopene and beta-



Journal of Chemistry

- Anthocyanidins |
- Phenol carboxylic acid

- Bioflavonoids

- Phytosterols

- Carotenoids

- Phytochemicals

Cyanidin

0

O

p-Coumaric acid

+
HO. 0\
O _=
o o
OH HO
Cyanidin 3-O-glucoside ®
= g
3
=
T
V4
on  om
¢ §
Isorhamnetin-3-O-Glucoside Myricetin-3-O-Glucoside Querecetin-3-O-Glucoside g
OH by
a8
W &
HO
Lutein
~ OH {
VO Py T ?
1 T 7T TN —
2 2 "(,AV/L 2 )
- - ‘eaxanthin
S S
S 3 °
= = HO. B
§ g T e T
123 = ~NA— Ty
g 8 o : i
g § “ ,;anyl i:arulare
3 © 24-Methylenecycloa Mo £y Me
e A
N o - Mof’y...'
HONS'""/» N "/(o'[ \lH\f, g T
o )Y d N7 5 \I/\Mo
= Mo Mo~
Beta-sitosteryl ferulate o Me

FIGURE 3: Bioactive components obtained from black rice.

carotene are found in carotenes [65]. The bran layer of black
rice has a generous amount of these compounds. However,
negligible amounts of carotenoids are found in milled rice
[66]. Carotenoids are associated with pigmentation and
genetic makeup, so they are mostly present in black rice [67].
A comparatively higher concentration of carotenoid is
present in black and red rice as compared to white rice [66].

7.3. Phenol Carboxylic Acids. Zhang et al. [68] and
Gunaratne et al. [69] reported that higher levels of phenolic
carboxylic acids are found in black rice as compared to white
rice. Cinnamic acid is a precursor for the making of several
phenolic acids, including major p-coumaric acid, ferulic
acid, 2, 5-dihydroxybenzoic acid, isoferulic acid, and sinapic
acid [70]. Syringic acid is found in the extract of black,

brown, and red rice [71], while pinellic acid is found in red
and white rice and hydroxybenzoic acid is present in black
rice [72, 73].

7.4. Bioflavonoids. The main flavonoids found in black rice
are anthocyanins, and Galland et al. [74] reported that the
synthesis of delphinidin, pelargonidin, and cyanidin is done
by oxidization reaction and is catalyzed by anthocyanin
synthase of leucoanthocyanidin. Flavonoids and particularly
anthocyanins cause purple and blue color pigmentation in
purple and black rice. The most prominent compounds are
cyanidin-3-O-glucoside, peonidin-3-O-glucoside, cyanidin-3,
5-glucoside, pelargonidin-3-O-glucoside, peonidin-3-O-
(600-O-p-coumaroyl) glucoside, cyanidin-3-O-(600-O-p-
coumaroyl) glucoside, and cyanidin-3-O-arabidoside [62, 68].
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7.5. Phytochemicals. Black rice is a vital and abundant
source of phytochemicals, and the dehulled seeds of Japanese
black-purple rice have twenty-three secondary metabolites,
comprising anthocyanins, flavones, isorhamnetin-3-O-glu-
coside, and myricetin-7-O-glucoside, and flavonoid glyco-
sides, quercetin-3-O-glucoside, vitamin E (tocopherols and
tocotrienols), carotenoids, and y-oryzanol have been char-
acterized both qualitatively and quantitatively, and they
provide health benefits. They also make black rice a func-
tional food [75, 76]. Anthocyanins are responsible for the
dark color of the rice. 90% of anthocyanin components in
black rice are about 26.3%, and cyanidin-3-O-glucoside and
peonidin-3-O-glucoside are the main effective components.
Anthocyanins are flavonoid pigments with antioxidant
potential that protect the body against free radicals, thus
slowing down aging and preventing cancer and other
chronic diseases including cardiovascular diseases and di-
abetes. Improvement in memory and brain function and
coordination is also reported by black rice [6]. Its antioxi-
dant potential improves visual and neurological functions. It
also shows antimicrobial properties. Anthocyanins are also
used to treat a wide variety of other health problems such as
blood pressure and urinary tract infections. Black rice has
been reported to be the rival of blueberries in terms of its
antioxidant power. Kushwaha [13] carried out a study at the
American Chemical Society, and he reported that one
spoonful of black rice bran contains more anthocyanin when
compared with fresh blueberries.

8. Utilization of Black Rice and Its
Components in the Food Industry

It is now clear that how black rice has a superior level of
quality over the other varieties of rice regarding appearance
and nutrition. It is rich in protein, fat, riboflavin, thiamine,
zing, tocopherols, and iron. Because of its health and nu-
tritional advantages, black rice is becoming more common
in the food choices of people and replacing white rice slowly.
Utilizing black rice in various foods can enhance the nu-
tritional value of food and be transformed into functional
food items [4]. Functional foods may help with diverse
health problems such as diabetes, obesity, high blood
pressure, and heart diseases [20]. The black rice variety is not
very well-known among the general population and can be
thought of as a novel and healthier alternative to various
food items for generations to come. The use of black rice in
various food processing industries can enhance the nutri-
tional value of traditional food items [13].

9. Applications and Quality Attributes of
Black Rice

Due to numerous health-promoting and disease-preventing
effects, black rice cultivars have been the subject of exploratory
research regarding their potential applications and processing
technologies to improve quality attributes and provide bene-
ficial health properties. Black rice is utilized as a primary or
small ingredient in paella, rice cakes, cooked rice, pancakes, and
cereals [77]. Because of its unique functions, it has become a

major ingredient in a variety of new foods such as drinks,
puddings, children’s meal porridge, desserts, classic Chinese
white rice cake bread, pasta, and bread. The studies in Table 2
have inspired research into the physicochemical and functional
characteristics of starches and flours derived from black rice
along with other kinds. This is because various factors can
impact the quality of these flours and starches, such as size and
structure of the grain’s composition, gelatinization type, crystal
polymorph, ratios of amylose and amylopectin, and the amy-
lose-lipid complex, and that of a noncarbohydrate portion of the
starch [95]. For instance, the external amylopectin, as well as
amylose chains, could create double helices and join to form
crystal domains, but in most starches, these are restricted to the
amylopectin portion. Amylopectin-rich starches are the cause of
crystallinity because of the creation of double helices between
the chains that are external to amylopectin’s molecules. Am-
ylose does not affect the amount of crystallinity that occurs in
glutinous and normal black rice starches, but it can contribute to
crystallinity in starches with high amylose [96]. Amylose is
among the most important factors in the rice’s quality, par-
ticularly when it comes to the properties of cooking and pasting.
The rice that has a low amylose content will be dry and sticky
when cooked, while black rice that has a moderate amount of
amylose can be dry and airy after being cooked, and it retains its
soft texture even after cooling as well. Black rice that has a high
amount of amylose will also become dry and flufty after being
cooked, but it becomes harder as it cools because of the ret-
rogradation of amylose molecules [97]. Starches from black rice
that have more amylose typically have a higher temperature for
pasting, a lower peak viscosity, and greater setback viscosity. In
contrast, those with lower levels of amylose tend to have less
retrogradation and a higher swelling capacity [98]. The black
rice starch has distinct characteristics. It is a mild taste and
smells odorless in addition to being white in color, nonaller-
genic, and digestible in the tiny granular form [47]. Starch
granules made of black rice are comparable to other varieties of
rice and are the smallest among cereal grains, having an average
size of between 3 and 8 mm. They are polyhedral and with
irregular shapes, sharp edges, and sharp angles [48], which
makes them perfect for use as a cosmetic dusting powder, a
fabric stiffener, and fat mimetics in food [99].

10. Processing Technologies of Black Rice

While rice starch is extensively used in its original form, its use
is limited by factors such as high viscosity, insufficient solu-
bility, high-temperature degradation, and the high likelihood of
retrogradation. Therefore, both conventional and noncon-
ventional sources of starch are altered by treatment (enzy-
matically and chemically) to meet the particular requirements
of industries, by adjusting their functional and physico-
chemical properties. The methods for enzyme modification are
complicated and time-consuming, which is why they are not
widely used in the industry of food. Chemical modification is
often employed because it is quicker, but there are risks with
the presence of chemicals in the product [100]. There is a rising
trend to modify the physical properties of black rice with green
technology [101]. As per Zhu [102], the bioactive substances
that are found in black rice may react with the starch in
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TaBLE 2: Food applications of black rice and their components.
Black rice . . . . .
Procurement product Mixing Quantity and ratios ~ Phytochemicals Conclusion References
Rural Polyphenolics, Improved the
Development Noodles Bran powder: wheat 98:2; 95:5; 90:10, flavonoids, phytic  antioxidant activities (78]
Administration, flour and 85:15 (w/w) acid, and when compared to the
Korea anthocyanins control noodles
Conventional
pretreatment method
Anthocyanin, total showed less
Local Market of . . 30%, 55.32%, and phenolic content, degradation of
Manipur, India Pasta Black rice +Joha rice 14.68% and DPPH anthocyanin and (79]
scavenging activity  phenolic compound
than sous vide and
microwave processes
Work as an
. antioxidant,
Chiang Mai Total phenolic anticancer, and
ans ’ Vinegar Steamed rice 100g compounds, total . 7 [80]
Thailand : L antibacterial agent
acid, and acetic acid . .
against various
disorders
Total polyphenol The polyphenol
contents, Cyperus content that influences
Zibo, Shandong . japonicus -3-O-  the antioxidant ability
Province, China Beer Black rice flour + malt  6.80kg +15.20kg glucoside (C3G), and foam stability of (81]
and paeoniflorin-3-  extruded rice adjunct
0-glucoside (P3G) beer
The concentration of
antioxidant was
significantly increased
o . with increasing
Research 1kg: 0+800g: affc;rlzuiccliii?:i;fl amount of black rice.
- Wine Rice: black rice 200 g+ 600 g: L > As a result of sensory [82]
Institute of Korea lactic acid, and .
400 g +400:600 g L. evaluation, overall
acetic acid L
preference was high in
rice wine made with
less than 20% of black
rice
A good stability of
Mahail Sarakham 0.2, 0.4, and 0.6% by y—Oryzaflol, total  color and increasing
Province, Punch Flavored yogurt weight phenolics, and phytochemicals [83]
Thailand & anthocyanins contributed by black
waxy rice bran
Milk chocolate with
o -
N9ng Don . Anthocyanin 42% anthocyanin
District, Milk - powder was selected as
. powder + cocoa 3,5 and 7g Antioxidant . [84]
Saraburi, chocolate owder the most desirable
Thailand b health product with
overall acceptance
Goat milk + inulin;
goat milk and black
rice extract (1:1);
and goat
milk + black rice Kefir can be used to
Yogyaka‘rta, Kefir Black rice extract e.xtra.ct 1: . Total phenolic treat d1abet1r:slas it .acts [85]
Indonesia 1) + inulin. Inulin contents as an antidiabetic
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Procurement product Mixing Quantity and ratios ~ Phytochemicals Conclusion References
Heat treatment in
black rice porridge has
significantly reduced
Total phenolic these biological
content, total compounds. It can
flavonoid content, retain a lot of
condensed tannin  antioxidants (such as
Guilin, Guangxi . Waxy and non-waxy content, monomeric phenolics) and
Province, China Porridge black rice 408 anthocyanin maintain the stability (58]
content, cyanidin-3-  of the functional
glucoside, and substances. Therefore,
peonidin-3- rice porridge in the
glucoside form of cooking black
rice can have more
health-promoting
effects
The soup can be easily
swallowed by patients,
who cannot chew and
keep human health
. Black rice, okra, and (50:10:40), (50:15: Anthocyanin and away from any
Kanpur, India Soup 35), and (50:20: L inflammatory [92]
barley antioxidants iy
conditions such as
allergies, cancer,
asthma,
atherosclerosis, and
arthritis
It can be used against
Assam, India Kheer Bla.Ck riee am:l 5%, 8%, and 10% Antioxidants various [93]
xylooligosaccharides noncommunicable
diseases
It increased the
expression of matrix
Kuta Selatan, Skin cream Bran and powder 35% Antioxidant metalloproteinase-1 [94]

Indonesia

and density of dermal
collagen in the skin to
UV rays

gelatinization, affecting its pasting, thermal, and digestibility
characteristics. The principal methods employed to examine
the various analysis of quality in the black rice include scanning
electron microscopy (SEM) and differential scanning calo-
rimetry (DSC) within the flour and X-ray diffractometry, rapid
visco analysis (RVA) high-performance liquid chromatogra-
phy (HPLC)-photodiode array (HPLC-PDA), mass spec-
trometry (LC-MS), liquid chromatography (LC-MS),
ultraviolet/visible (HPLC-UV/Vis), a fluorescent detector
(HPLC-FLD) and texture profile analysis within the grain [47],
and polarized light microscopy (PLTM) and Fourier transform
infrared (FTIR) spectrum within the starch [48, 101, 103, 104].

The applications for the development of new goods are
generally treated by steaming, boiling pan-frying, or
roasting. These techniques can affect the bioactive compo-
nents such as anthocyanins and phenolic acids, which can
cause an increase in antioxidant activity [77]. Ryu and Koh
[105] examined their thermal stability for phenolic acids.
They discovered that all cooking techniques resulted in

significant increases in the total amount of phenolic acids.
However, no significant change was observed in the quantity
of inbound phenolic acids. The protocatechuic acid content
free increased eleven-fold for cooked white rice as compared
to raw rice. The acid showed a negative correlation with the
total content of anthocyanins, which suggest that it is
produced by the thermal breakdown of anthocyanins. Ad-
ditionally, Melini et al. [106] reported that the main pig-
mented rice varieties have been recognized as a good source
of carotenoids, total phenolic compounds, and anthocya-
nins. In this study, various cooking methods was used to
investigate the impact of cooking methods on these ingre-
dients. The results reveal that the main carotenoid (lutein),
free anthocyanin, and phenolic compounds were reduced in
all samples, while anthocyanins were observed only in black
genotypes. On the other hand, it was observed that insoluble
phenolics increased in some samples. Anthocyanins are
potent natural colorants because of their high content of
pigment and low toxicity. This means they could be utilized
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within the industry of food as replacements for synthetic
dyes. For instance, He et al. [107] created an easy method of
removal and separation of the anthocyanins extracted from
black rice, using water for extraction and membrane sep-
aration and resin adsorption to purify. However, using
anthocyanins in food formulations, particularly in aqueous
systems, is difficult because they can be reactive and are
prone to degradation to brown or colorless compounds.
Anthocyanins are believed to be affected by a variety of
aspects, such as temperatures of heat treatment, storage
temperature addition to exposure to UV and light pH value’s
chemical structure [108]. Therefore, the food industry is
always looking for efficient and cost-effective methods to
produce colorants that are powdered and condition-sensi-
tive. A few studies have been conducted on the degradation
of pH and thermal bioactive compounds’ kinetics, partic-
ularly anthocyanins derived made from black rice [109].

A previous study assessed the effects of gamma radiation
(0, 1, 2, and 3kGy) on the thermal degradation and stability
of anthocyanins and the stability of the total phenolic
compound and antioxidant activity at various temperatures
in the black rice flour [38]. The results revealed that com-
bining radiation at different temperatures could enhance the
shelf-life of black rice flour. According to Norkaew et al.
[104], there is evidence to suggest that the stability of bio-
active substances in rice may be affected by certain post-
harvest treatment methods, such as temperature and time of
drying, storage, and packaging. Numerous studies have
attempted to limit the depletion of bioactive substances in
addition to improving the qualities of black rice, such as
through the creation and selection of high-potential phy-
tochemical genotypes [2, 110] and the high-temperature
fluidization method [111]. Papillo et al. [112] have discov-
ered polyphenolic anthocyanin-rich extracts made from
Italian black rice. The rice was processed using spray drying
and freezing to get ingredients that could remain more stable
in baking and storage. The extracts in powdered form were
tested as ingredients that could be used in a model food
baked (biscuit). The biscuits with enriched ingredients had a
greater number of polyphenols, anthocyanins, and antiox-
idants when compared to the unenriched biscuit. The re-
searchers found that bioactive substances can be dried by
spray to produce powders that are more stable components
for nutraceuticals and functional foods.

11. Future Uses

More attention is being paid to the essential antioxidants and
nutrients in black rice and bran. Research conducted by
researchers from Louisiana State University in 2010 indi-
cated that food manufacturers were adding black rice bran
into certain food items such as cakes, cereals, cookies, and
beverages to improve nutrition and make health improve-
ments. Apart from its role as a diet or staple of grains,
Chinese black rice is utilized to create vinegar that is black,
specifically from the Zhejiang variety that comes from this
area of China. Vinegar, when not transcribed into pinyin, is
written with the correct spelling as Chekiang. This kind of
vinegar is as balsamic vinegar. Chinese black rice can also be
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used to produce different types of wine. Most of them are
fragrant and delicately scented. They are excellent for
drinking and for cooking purposes. Black waxy rice is among
the sources of plants with anthocyanins with a dark purple
hue. The colorant powder has more phytochemicals than the
untreated bran. The efficacy of using colorant powder has
been realized by giving a pinkish-purplish color to yogurt,
which results in the best durability of color, as well as the
increase in phytochemicals produced by the rice bran that is
black and waxy. This makes the powder a possibility to use in
food products to act as an effective food colorant, but to
make further use of this colorant for food use to other food
products additional quality assessments are needed in-
cluding safety and sensory evaluation. Jun et al. [113] dis-
covered that black rice bran is a source of phenolic
compounds with a high antioxidant capacity. Jun and others
identified ferulic acid as the principal phenolic compound
found in the bran of black rice and suggested the utilization
of the bran of black rice as an organic source of antioxidants.
Particularly, the ethyl-acetate subfraction 2 and its sub-
fraction 1 are able to be utilized as food additives that can be
used in cereals, breakfasts, snack foods, bread, cakes, bev-
erages, cookies, and many other food items because they
possess greater antioxidant power than butylated toluene
(BHT). The black rice bran is a source of gallic, hydrox-
ybenzoic, and protocatechuic acids with higher amounts
than regular and red rice bran. In addition, adding 5% bran
from black rice to wheat flour for bread making resulted in a
significant increase in antioxidant and free radical scav-
enging activity, compared with regular bread [114]. The
diverse physical properties of varieties of black rice have
been studied, and the results can be used as baseline in-
formation for food processors to check the quality of black
rice for special processing of food [115]. Kim et al. [5]
claimed that adding the right amount of black and blueberry
powders improved the general quality of Korean tradi-
tionally brewed rice wine Takju. It was found that the DPPH
radical scavenging capability of the mead derived from black
rice grains was greater than beverages made of polished rice.
The inhibitory effect of lipid peroxidation from mead made
of black rice grains was greater [116]. The anthocyanin
content of beverages made with raw black rice was higher
than the content of beverages prepared from the cooking of
the black rice. The antioxidative capacity of alcohol drinks
made from raw black rice was superior to drinks made from
prepared black rice [117]. Therefore, the black rice (Oryza
sativa) along with its derivatives is becoming increasingly
sought-after and is consumed extensively throughout China,
Japan, Korea, and other East Asian countries such as
Thailand [62, 118].

12. Health Benefits of Black Rice

The health benefits of colorful black rice are numerous. The
deep color of the grain is one of the most noticeable. Amino
acids, fatty acids, antioxidants, flavonoids, anthocyanins,
and other phenolic compounds are abundant in black rice.
Black rice contains 18 amino acids, with an essential and
nonessential type. Amino acids are essential for a variety of
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TaBLE 3: Role of black rice against various disorders.

In
Diseases Animals Duration Analysis vitro/ Results References
in vivo

Black rice significantly reduced
the level of plasma cholesterol,
triglycerides, and low-density
lipoprotein levels in rats
compared with rats fed with
whole rice diet

Hypercholesterolemia

disorder 48 Wistar male rats 30 days Biological analysis  In vivo

(54]

Supplementation of black rice
significantly decreased blood
glucose and serum insulin,
Diabetic nephropathy = Sprague Dawley rats 8 weeks Blood metabolites  Invivo improved the renal function, [119]
and relieved renal glomerular
sclerosis and interstitial fibrosis
of diabetic nephropathy rats

The anticancer impact of
anthocyanin-rich extract from

Female viItnro black rice significantly works
Breast cancer immunodeficient 28 days Cell viability . against human breast cancer [120]
. and in . .
BALB/c nude mice vivo cells in vitro and in vivo by

affecting apoptosis and
suppressing angiogenesis

Whole grain black rice
significantly reduced lipid
accumulation and normalized
12 weeks  Biochemical analysis In vivo levels of protein or gene [121]
expression related to liver and
intestinal lipid metabolism in
treated mice

Sixty male-specific

Obesity pathogen-free mice

Fermented black rice with
Lactobacillus casei extract can
inhibit the production of
reactive oxygen species and the
activation of mitogen-activated
protein kinase and nuclear
. Histomorphometric 'In factor-kappa, thereby reducing
Osteoclastogenesis and Female Sprague . . vitro  the c-Fos and nuclear factor of
. 16 weeks and biochemical ; .
osteoporosis Dawley . and in activated T cells.
analysis ; . .
vivo  Lastly, oral administration of
Lactobacillus casei extract
modified bone
microarchitectural parameters
and characteristics associated
with ovariectomy-induced
osteoporosis in rats

[122]

The complementary diet had
significantly decreased serum
triglycerides and LDL
Invivo cholesterol levels in the liver and [123]
nonsignificant effect on serum
and liver total cholesterol in
mice

Biochemical and gene

Liver damage Male mice 12 weeks . .
expression analysis
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Diseases Animals

Duration Analysis

In
vitro/

in vivo

Results

References

Male Sprague

Ath 1 i
erosclerosis Dawley rats

Hematological

12 weeks
parameters

In vivo

The thrombogenic ratio of
thromboxane A,, prostacyclin,
serum calmodulin and
triglyceride, platelet
hyperactivity,
hypertriglyceridemia, optimal
platelet function, and soluble P-
selectin was significantly
decreased, while raised in body
weight, hepatic CPT-1 mRNA
expression in rats fed a high-fat
diet supplemented with
anthocyanin extract from black
rice

[124]

Adult male Wistar
rats

Diabetes mellitus

12 weeks  Biochemical analysis

Invivo

The plasma glucose, cholesterol,
triglyceride levels, insulin
resistance, and glucose tolerance
were reduced, while the degree
of insulin secretion in rat plasma
was significantly increased upon
germinated black rice extract
treatment

[125]

Hippocampal neuronal

Male mice
damage

21 day  Histological analysis

In vivo

Black rice extract profoundly

attenuated neuronal cell death,

inhibited reactive astrogliosis,
and prevented loss of
glutathione peroxidase

expression in the hippocampus

when compared to vehicle
treatment

[126]

Digestive disease —

Glycemic index and
hydrolysis

In
vitro

Black rice extract significantly
improved the gastrointestinal
health and glycemic index of the
prepared gels. Additionally,
starch hydrolysis has been
suppressed by inhibiting
digestive enzymes

[127]

Male Sprague

Hyperlipidemia Dawley rats

Biochemical analysis

8 weeks A
and oxidative stress

In vivo

Black rice is significantly
preventing and ameliorating the
hyperlipidemia in rats fed with a

high-fructose diet

(18]

Photoaging of the skin —

Cell viability and
proteomic analysis

In
vitro

The black rice extract could be
modulating mitogen-activated
protein kinase, the inhibition of
reactive oxygen species
generation, and activator
protein-1 signaling in prepared
solution

[128]

bodily activities, including skin and tissue regeneration,
energy production, and digestion (Table 3).

Anthocyanins are pigments that can be found in a variety
of blue and purple foods and serve to protect your cells from
harm. These pigments have also been linked to a reduction in
inflammation and a lower risk of cardiovascular disease.
Consuming black rice can help you improve your heart
health and general fitness [129]. Tocopherol in combination

with anthocyanins present in black rice shares a role towards
health and reduces noncommunicable diseases (NCDs)
[130]. They also show anticancerous potential by scavenging
free radicals. Meals added with black rice can prevent and
ameliorate conditions of diabetes, atherosclerosis, obesity,
asthma, digestive health, stroke, and cancer. Anthocyanins
of black rice also provide neurological protection, visual
improvement, and antimicrobial potential. They are also
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used to treat minute health issues including UTI, cold, and
blood pressure. Black rice when added to meals is known to
improve life span and quality of life [14]. Antioxidants were
claimed to be abundant in black fragrant rice (Hom Nil
variety). It contains 186.20 mg GAE/100 g of total phenolics
and 24.55mg/100g of anthocyanins, respectively. When
milling for 10 seconds (p 0.05), phenolic content dropped
abruptly to 127.82mg GAE/100g and then progressively
dropped to 61.01 mg GAE/100 g after 100 seconds. Changes
in anthocyanin content during milling followed a similar
pattern. Anthocyanin levels in raw black rice dropped to
7.46 mg/100 g after 10 seconds of milling (p 0.05), followed
by minor changes for the next 30-60 seconds. Finally,
grinding the black rice kernel for 100 seconds fully removed
the anthocyanin pigments. During milling, antioxidants
were lost. As a result, the DPPH scavenging activity of raw
black rice (227 mg AAE/100 g) was demonstrably lowered to
175 mg AAE/100 g after only 10 seconds of milling (p 0.05).
Additional milling (30-100 s) resulted in a small decrease in
DPPH activity, which dropped to 118 mg AAE/100g.
Polyphenolics, flavonoids, vitamin E, phytic acid, and
oryzanol are all antioxidants found in black rice. Other
researchers such as Zhou et al. [131] and Walter et al. [132]
found that the light brown pericarp (70-90%) and black
pericarp (92-97%) had higher levels of phenolic chemicals.
After milling, antioxidant activity decreased due to a de-
crease in antioxidants. Milling black grains had an effect on
antioxidant activity that was similar to that of polyphenols.
When black rice was polished, it decreased by about 88
percent. When all was confidently eliminated, only 35% of
antioxidant activity was seen in this study. Black rice milled
for 10 seconds showed 77% of the antioxidant activity of
black rice [133].

Today, one of the most prevalent diseases is systematic
inflammation. This inflammation can be regarded as the key
factor contributing towards chronic diseases including
asthma, Alzheimer’s disease, cardiac disorders, and cancer.
Inflammations at the cellular level are reduced due to the
consumption of black rice. Reduction in cellular inflam-
mation results in a reduction in systematic inflammations. It
also improves the cell health and overall health [134]. Anti-
inflammatory mediators including superoxide dismutase
increase when black rice is consumed. Hence, it provides a
shield from allergic reaction, joint pains due to inflamma-
tions, and aging [135]. Black rice bran when added to meals
has shown to improve conditions such as dermatitis by
reducing inflammation of dermal and epidermal cells [136].
An extract of black rice was discovered to help minimize
edema and greatly suppress allergic contact dermatitis on the
skin of mice in the study. This is a strong indication of black
rice’s ability to heal disorders related to chronic inflam-
mation [137].

Gut health and digestion improve when food contains a
high amount of fiber. Black rice contains a generous amount
of fiber. Studies have shown that black rice contains double
the fiber as compared to brown rice. Fiber promotes satiety as
it passes through the gastrointestinal tract, results in reduced
energy intake, and promotes weight loss [138]. Black rice also
adds bulk to the stool and aids the easy release of stool from
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rectum, preventing the constipation. It also takes away toxic
compounds by binding them with fiber, thus helps detoxi-
fying the body. Black rice is low in calories, low in carbo-
hydrates, and high in dietary fiber, all of which are important
for weight control and weight loss. As a result, it makes you
feel full and prevents hunger pangs. In fact, a study conducted
in Korea compared the weight loss caused by white rice to a
combination of brown and black rice in 40 overweight
women over the course of six weeks. They discovered that the
brown/black rice group lost considerably more weight and
had a lower body mass index (BMI) and body fat percentage
than the white rice group at the end of the trial. This merely
goes to prove that both brown rice and black rice can be
effective in obese women’s diet therapy [139].

Black rice is reported to prevent cardiovascular health by
preventing the formation of plaque in arteries. Plaque for-
mation in arteries can cause blockage, which reduces or stops
the flow of blood, thus leading to a condition called hyper-
tension [140]. The addition of black rice to meals can reduce
the levels of triglycerides (TGs) and low-density lipoproteins
(LDLs). By lowering these parameters, heart health can be
improved. Anthocyanins of black rice have the potential to
reduce the risk of heart attack by preventing atherosclerosis.
Recent research has shown that black rice can improve the
high-density lipoprotein (HDL) levels. Black rice has also
shown a ameliorative effect on hardening of arteries walls
[141]. Research has shown that black rice has improved HDL
and reduced the TGs and LDL level in rats when given in diet.
A black rice-containing diet can improve the condition of
hyperlipidemia. Black rice is proven to reduce the risk of heart
disease and stroke by 57% [142]. White rice is replaced with
black rice in your regular diet to protect your heart’s health.
High cholesterol, as we all know, is a leading cause of a variety
of cardiovascular problems. However, several research in-
vestigations have indicated that the anthocyanin content of
black rice has a substantial effect on lowering cholesterol in
rats [143]. Atherosclerosis is a cardiovascular condition in
which plaque builds up in the arteries, causing them to be-
come clogged. This could lead to coronary artery disease,
stroke, peripheral artery disease, or kidney problems, among
other major issues. However, there is some good news! In
rabbits, black rice consumption was reported to lower ath-
erosclerotic plaque build-up by 50 percent [140].

Mutation in genes can cause uncontrolled cell division
leading to a condition called cancer. Cancer formation that is
also known as carcinogenesis consists of the following steps:
initiation, promotion, and progression by uncontrolled cell
division. Any damage to DNA of the cell leads to malignancy
in the cells [144]. This damage to DNA can be due to any
physiological or physical factor. These factors may be an error
during cell division, toxins, environmental factors, stress,
inflammation, or reactive oxygen species (ROS). These ROS
can be formed by both exogenous and endogenous factors
[145]. The body tries to maintain a balance by neutralizing
these ROS with the help of defense mechanisms including
glutathione, catalase, and superoxide dismutase. Excessive
production of these free radicals or ROS can damage DNA
and initiate cancer [142]. Excessive production of ROS is
caused by the contribution and combination of factors such as
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dietary choices, genetic factors, and environmental factors.
Breast cancer, colon cancer, and prostate cancer are greatly
found to be associated with dietary choices and lifestyle. Many
studies have proven the association of colon cancer risk with
increased consumption of red meat and saturated fats, and
this risk can be reduced by consuming fibrous foods. In recent
years, dietary choices have gained great attention in reducing
the risk of cancer [132]. In vitro studies, active food com-
ponents have been used to treat cancer, along with chemo-
therapy and radiotherapy, with chemo being unpropitious to
healthy cells. Dietary components have shown great potential
as an antioxidant, thus suppressing cancer development
[146]. Protecting DNA from damage prevents the carcino-
genesis by modulating initiation through phytochemicals. It
also stops the proliferation of cancer cell and promotes cell
death in cancer cells. Antioxidants prevent the onset of cancer
development by the prevention of the formation of free
radicals. Moreover, black rice has shown the potential to slow
down metastasis. Black rice extract has also shown a cancer-
preventive effect [147]. Terpenes, isothiocyanates, caroten-
oids, and flavonoids, which are widely present in fruits and
vegetables, have cancer-preventive effect. Mode of actions of
biological value such as anticancerous and antioxidative is
shown by the secondary metabolites, i.e., flavonoids and its
class anthocyanins. Peonidin, peonidin-3-glucoside, cyani-
din-3-glucoside, and other major anthocyanins of black rice
have been reported to show a shield from cancer cell invasion
[4]. In the past few years, studies have proven that antho-
cyanins have an exceptional ability to suppress oxidative
stress and initiation of apoptosis in cancerous cells, which
shows the anticarcinogenic potential of anthocyanins. Cya-
nidin and peonidin-3-glucoside, which are present in the
extract of black rice, have proven to show cancer inhibition
potential and protective effect on endothelial cells from free
radicals [12]. The anticancer properties of black rice are due to
the anthocyanin concentration. An anthocyanin-rich extract
of black rice successfully inhibited tumor growth and spread
of breast cancer cells in mice, according to an experimental
study done by China’s Third Military University [120].

Phytosterols, carotenoids, polyphenols, and fatty acids
have been studied in in vitro and in vivo studies as worthy
alternative in the management of hepatotoxicity and asso-
ciated complications. They have shown anti-inflammatory
and liver protective potential [12]. Black rice has a direct
influence on liver health, and it also shows the reduction in
risk factors that lead to fatty liver. A healthy liver can protect
the body from many other illnesses. Black rice mounts up
liver functionality and detoxifies liver. Condition of in-
creased blood glucose level and blood cholesterol level also
improves as black rice enhances the metabolism of fatty
acids [148]. Fatty liver disease is characterized by an accu-
mulation of fat deposits in the liver, as the name implies.
Mice were used to investigate the efficiency of black rice in
treating this illness. The antioxidant activity of the black rice
extract was found to control fatty acid metabolism and lower
triglyceride and total cholesterol levels, lowering the risk of
fatty liver disease [149].

Type II diabetes is one of the most widely found
diseases around the globe that leads to insulin resistance
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and other complications associated with metabolism.
Anthocyanins are found in fruits and vegetables. Black
rice is also a good source of anthocyanins. Research based
upon animal models, using cell lines and clinical trials
including human subjects, has suggested that anthocya-
nins of black rice possess antidiabetic properties. Liter-
ature shows that anthocyanin has a role in improving the
insulin resistance, protecting S cells, enhancing insulin
output from cells, and decreasing absorption of sugar in
intestine cells [150].

The bran, which is a repository of nutritional fiber, is
intact in whole grain black rice. Because the fiber takes
longer to digest, it ensures that the sugar in the grain is
absorbed over alonger period, allowing blood sugar levels to
remain stable. As a result, it can help prevent type 2 diabetes
by preventing insulin levels from rising too high. In fact, in
mouse research, the extract of germinated Thai black rice
behaved similarly to the diabetic medicine metformin,
preventing and managing diabetes mellitus complications.
Anthocyanins, a type of flavonoid, affect blood sugar levels
and diabetes control. Phytochemicals have a good impact on
your body, boosting insulin sensitivity and allowing you to
use glucose more effectively. They also aid in lowering blood
sugar levels by slowing sugar digestion in the small intestine
[125].

Clinical studies also showed that anthocyanins helped to
improve learning capacity and reduce symptoms of de-
pression. By adding black rice in the diet help to boost
memory and prevent premature cognitive aging. Antho-
cyanins have antioxidant potential that imposes a positive
impact on brain cells and their function. Age-related con-
ditions such as dementia, Alzheimer’s disease, and de-
pression are prevented or reduced due to these anthocyanins
of black rice. They also found to improve memory-related
issues and improve cognition and learning abilities [149].
Many scientists feel that oxidative stress has a negative
impact on cognitive performance. As a result, antioxidants
such as anthocyanins (found in black rice) may help to
minimize oxidative stress and protect brain health. An-
thocyanins were discovered to increase learning and
memory function in rats suffering from estrogen deficiency
in a study conducted by the Medical University of Bulgaria.
[151] Another six-year study of 16,000 adults found that
eating anthocyanin-rich foods for a long time delayed the
rate of cognitive deterioration by up to 2.5 years [152].

Atherosclerosis is a condition characterized by the
formation of plaque in the walls of arteries, thus causing
blockage to blood flow. This condition can lead to cardio-
vascular complications. The consumption of black rice can
improve such condition and reduce the risk of death due to
these conditions. Active components of black rice extract
including anthocyanins and tocopherols are proven to lower
down total cholesterol, LDL, and TGs. They also prevent the
accumulation of fat and hypertension. The dietary fiber
included in black rice (or any whole grain in general) has
been shown to promote cardiovascular health by lowering
cholesterol levels, regulating body weight, enhancing glucose
metabolism, and reducing chronic inflammation, among
other things [153, 154].
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Black rice is loaded with fiber, behaves friendly to di-
gestive system ecosystem, and improves bowel movements.
It also prevents those conditions associated with gastroin-
testinal tract such as diverticulitis, irritable bowel syndrome,
duodenal cancers, hemorrhoids, and constipation. Being
high in fiber, it induces satiety and helps in weight loss. Black
rice, as we saw in the nutrition profile, is a high-fiber food.
This dietary fiber promotes regular bowel motions and helps
to avoid bloating and constipation. It can also help with
gastric reflux disease, duodenal ulcers, diverticulitis, con-
stipation, and hemorrhoids, among other gastrointestinal
issues [147, 155].

The anthocyanins in black rice have been shown to be
useful in the treatment of asthma. In a study conducted in
Korea, anthocyanins were found to be effective in treating
(and even preventing) asthma in mice by lowering airway
inflammation and mucus hypersecretion [156].

Black rice is high in lutein and zeaxanthin, two carot-
enoids renowned for their role in eye health, in addition to
protective anthocyanins. These antioxidants aid in the
protection of eye cells and the reduction in the harmful
effects of ultraviolet (UV) radiation. Anthocyanins, which
can be found in black rice, have long been known to help
with vision. Anthocyanidins isolated from black rice were
found to be significantly effective in preventing and de-
creasing retinal damage caused by fluorescent light in rats in
a study [157, 158].

Flavonoid groups (anthocyanins, proanthocyanidins,
flavonoids, flavones, flavanones, flavan-3-ols) control an-
thocyanins, which are most notably linked to hypertension
prevention. The role of anthocyanin and tocopherol extracts
from black rice bran has been studied, and it was discovered
that the anthocyanin extract plays a significant role in
cholesterol maintenance but not in fatty acid oxidation
inhibition [159].

It is linked to age-related skeletal illness, which shows an
increase in adipogenesis as osteogenesis expands from
common osteoporotic bone marrow cells. Incorporating
BRE (black rice extract) into our diet can help prevent the
onset of osteoporosis [160].

Collagen is an extracellular matrix protein produced by
fibroblasts in the dermis layer of the skin, and the regulation
of collagen synthesis and degradation is critical for wound
healing and skin rejuvenation. In comparison with the
controls, the wound healing benefits of the KRB extract were
expressed as percent migration and percent collagen pro-
duction in the NHDF. The wound healing effects of the KRB
extract were evident on day 1 and day 2, as evidenced by
increased NHDF proliferation [161-164].

13. Conclusion

It is concluded that black rice is composed of different
nutritional and bioactive compounds. Because of its high
nutritional value, black rice is one of the most potent rice in
our diet. It is essential for the promotion of health benefits. It
is high in fiber, protein, iron, vitamins, and minerals, which
help to balance out the effects of other foods in our bodies.
Antioxidants known as anthocyanin and tocopherol are
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found in black rice. Black rice is also used as a functional
ingredient in different foods. Individuals who consume
black rice have shown that it has numerous health benefits,
including the prevention of diabetes, atherosclerosis, obe-
sity, and cancer.
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Nowadays, investigations of some specific secondary metabolites estimated near 10,000 various compounds of phenolic nature in
different plant species. The interest in natural compounds is not only due to their antioxidant potential, but also to their economic
impact, as most of them may be extracted from underexploited plant species. The presented research work presents an extended
analysis of the most important phenolic acids of the selected known and underexploited plant species from the families Asteraceae
and Rosaceae with the development of phylogenic tree analysis according to the nonparametric rate smoothing (NPRS) methods.
HPLC-UV analysis revealed the original spectrum of phenolic acids in selected known and underexploited plant species of the
families Rosaceae and Asteraceae. The analysis of phenolic acid’s contribution from their total amount in the methanolic extract in
Asteraceae found the high percentage of syringic acid in leaves varied between 64.13% and 95.13%. The detected high contribution
of syringic acid among estimated phenolic acids in Asteraceae leaves suggests its possible prevalence in the representatives of the
family Asteraceae. The content of draconic acid in the leaves of most representatives of the family Rosaceae which represented
more than 30% of total phenolic acid content. The high presence of such phenolic acids may relate to the antioxidant activity of the
studied herbal extracts.

1. Introduction

Nowadays, studies analyzing the role of some specific sec-
ondary metabolites of the phenolic group identified near
10,000 various compounds of phenolic nature in different
plant species. It is known that common transitional sec-
ondary metabolites for phenolic compounds is phenylala-
nine or a precursor of phenylalanine-shikimic acid. Both
compounds are presented mostly in conjugated forms and
have one or more sugar residues connected to the hydroxyl
groups. It is also known their possible connection with other
compounds, like amines, lipids, carboxylic and organic

acids, and other phenolic plant hormones, which develop
huge phenolics biodiversity in the various plant varieties
[1-3].

Several phenolic classes can be esteemed regarding to the
quantity of phenol rings and specification of structural el-
ements which also unite these rings [4]. The structural
characteristics of the compounds of the most important
groups of phenolic nature such as coumarins, tannins, fla-
vonoids, and lignans are established on the existence in a
core monocyclic carbon skeleton of phenolic and benzoic
functional groups. The phenolic compounds have been
characterized by high diversity and various ways of their
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biosynthesis. Many secondary metbaolites of phenolic na-
ture have a different structure but may have similar bio-
logical activities [5, 6].

Phenolic acids are a subgroup of phenolic compounds
broadly presented in hydroxybenzoic and hydroxycinnamic
acids with antioxidant capacity [7]. It is known about
positive correlation between the content of phenolic com-
pounds in plant extracts of various plants and their anti-
oxidant potential [8-10]. Singh et al. has been discovered
that gentisic acid among phenolic acids got the most higher
antioxidant activity. The gentisic acid showed highest an-
tioxidant activity. Gallic and caffeic acids got second and
third places, respectively, regarding the level of antioxidant
activity [11]. The salicylic acid is an important phenolic acid
which participate in the responses to different abiotic
stresses [12].

Plant phenolic compounds biodiversity is visible at
variation of genetic lines within and between species [13, 14].
Different phenolics are intensively studied in various
chemo-systematic learning with botanical, plant physiology
orientation [15]. For example, phenolic compounds can be
biochemical markers for identifying base species of plants in
Ethiopia [16]. A taxonomic marker of Ericaceous species/
genera (family: Ericaceae) is flavonol gossypetin [17]. The
absence of some phenolic acids and specific phenolic
compounds also can be a marker of some genus of the plants.
It was typical absence of ellagic acid for the genus Pittos-
porum (Pittosporaceae) [18]. The connection between di-
versity of phenolics of bearberry (Arctostaphylos uva-ursi,
Ericaceae) species and the lines with cytogenetic and genetic
background was shown [19]. It was studied that phenolic
acid derivatives may act as chemotaxonomic markers in the
Cardiocrinum species leaves (Liliaceae family) [20]. Ex-
ploring the antioxidant activity of phenolic acids in a wide
range of herbs can be used for further elucidation of their
prospective healthful capacities in the biomembranes against
oxidative stress and in chemotaxonomy studies of the genus
and families [21-23].

Most of the phenolics compounds analysis, which were
previously reported, are HPLC-UV qualitative analysis and
less mass-spectrometry analysis. It also used the
Folin-Ciocalteu method to estimate the total phenolics
content of the plant extract together with the estimation of
antioxidant activity [24]. It is known using common herbs
and crops in human pharmaceutical and food, especially
Calendula officinalis, Rudbeckia sp., Echinacea purpurea
(Asteraceae), Rosa canina, Rosa rubiginosa, Alchemilla
mollis, and Eriobotrya japonica (Lamiaceae) which have
shown antioxidant properties [24-31]. The interest in an-
tioxidant natural components is not only due to their bi-
ological capacity, but also to their economic impact, as most
of them may be extracted from underexploited plant species.
At the same time, analysis of the relationships among species
in the plant genus or family based on the phenolic acid
composition may bring new knowledge. Previously such
analysis was done on complete chloroplast genomes, rbcL,
and matK chloroplast genes, electrochemical fingerprints
showed a series of oxidation peaks of flavonols, phenolic
acids, procyanidins, alkaloids, and pigments in the plant
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tissue [32-34]. The proposed study presents an original
phylogenetic tree analysis according to the NPRS methods
based on the identified phenolic acids by high-performance
liquid chromatography (HPLC) analysis of the selected
known and underexploited plant genotypes from the fam-
ilies Asteraceae and Rosaceae.

2. Materials and Methods

2.1. Plant Object. The herbs and plants (representatives
Asteraceae and Rosaceae families) at the flowering stage were
taken in the area of the Botanical Park, Nitra, Slovak re-
public. Plant species of the family Asteraceae: Calendula
officinalis L., Achillea filipendulina Lam., Helianthus annuus
L., Helianthus tuberosus L., Echinops ritro L., Echinacea
purpurea L., and Rudbeckia fulgida L. Plant species of the
family Rosaceae: Potentilla recta L., Rosa canina L., Rosa
rubiginosa L., Cotoneaster horizontali Decne., Agrimonia
eupatoria L., Alchemilla mollis (Buser) Rothm., and Erio-
botrya japonica L. A 15cm of a petiole section of each leaf
was taken for quality estimation. It was determined from the
node toward the bottom. After collection, leaves were stored
in liquid nitrogen to avoid the volatilization of biological
compounds and lyophilized.

2.2. Estimation of the Antioxidant Activity. Estimation of the
antioxidant activity (DPPH analysis) was done regarding
Singleton and Rossi, 1965 [35]. 1 mL of distilled water was
added to 0.02 g of the plant sample material in the Eppendorf
tube. Then, the mixed samples (leaf lyophilized powder)
during 15 min were heated at 95°C and centrifuged for 5 min
at 12,000 rpm. The extract was transferred to a new tube and
the same procedure was repeated. The supernatant from the
two step procedure was collected to a new tube. 3.9 mL of the
DPPH working solution was mixed with 0.1 mL of the ex-
perimental supernatant, shaking for 30s and placed for
further reaction time during 30 min. The absorbance was
estimated with a Jenway UV/Vis 6405 spectrophotometer
(Jenway, Chelmsford, UK) at 515 nm. The next formula was
used for the antioxidant activity calculation: %Inhibition =
[(Ag—A )/ (Ap)]*100. A, was control reaction absorbance
and A; was the sample’s presence absorbance.

2.2.1. Phenolic Acid Assay. Phenolic acid assays has been
advanced by Cai et al. with some adaptations [36]. 0.75 mL of
70% methanol was mixed with 0.02g of plant material
samples. The mixture was placed for 15 min with additional
centrifugation during 5min at 6000g. The extraction was
done one more time with 70% methanol (0.5mL) with
turther collection of supernatants. The final supernatant was
diminished to nearby dryness (at 25°C) in a Speed Vac
evaporator. As an internal standard were used 40 yL of 3 mM
solution of coumaric acid or cinnamic acid (Sigma-Aldrich
Chemie GmbH). The samples for HPLC analysis with added
1 mL of 40% acetonitrile were filtrated using Millex-GP filter
(0.22 ym). The Dionex UltiMate 3000 HPLC system with a
diode array detector (DAD-3000) was used for HPLC
analysis (Dionex Corp., Sunnyvale, CA, USA).
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Figure 1: HPLC-UV standards chromatogram at 290 nm.

An initial injection volume was 40 ul at a flow rate of
0.4mL/min. A temperature of the column (Narrow-Bore
Acclaim PA Cl6-column (3mm, 120A, 2.1 x150mm,
Dionex) was 35°C. The eluent A (0.1% v/v phosphoric acid in
ultrapure water) and eluent B (40% v/v acetonitrile in ultra-
pure water) were parts of 49-min gradient program with
next steps: 0-5min: 0.5% B, 5-9 min: 0-40% B, 9-12 min:
40% B, 12-17 min: 40-80% B, 17-20 min: 80% B, 20-24 min:
80-99% B, 24-32 min: 99-100% B, 32-36 min: 100-40% B,
and 36-49 min: 40-1% B. Screening of peaks was done at
290nm. HPLC-UV standards chromatogram and UV
spectrum of phenolic acids at 290 nm was used for calcu-
lation of phenolic acids quantity (mg-g~' DW) (Figures 1
and 2).

2.3. Statistical Analysis. Microsoft Office Excel 2003 pro-
gram was applied for the estimation of average and standard
deviations. The hierarchical cluster analysis of the phenolic
acid contents was done using Euclidean coefficient and
WARD methods. Statistical replication of the experimental
samples was 6 times.

3. Results

The HPLC-UYV analysis of experimental extracts of species of
the family Asteraceae identified the phenolic acids such as
syringic acid, draconic (p-anisic) acid, p-hydroxybenzoic
acid, chlorogenic acid, vanillic acid, o-coumaric acid, p-
coumaric acid, ferulic acid, salicylic acid, cinnamic acid, and
p-methoxycinnamic acid (Figure 3). The content of phenolic
acids depends on the variety and/or the place and time of
cultivation [37]. The phenolic acids as cinnamic acid,
o-coumaric acid, p-coumaric acid, caffeic acid, sinapic acid,
and ferulic acid have a phenylalanine as metabolic precursor.
The phenolic acids derivatives of benzoic acid are syringic
acid, p-hydroxybenzoic, and vanillic acids. In general,

benzoic acid derivatives are reached from analogous cin-
namic acid derivatives by the way of the f-oxidation en-
zymatic reactions. That metabolic pathway can vary between
representatives of plant families and inside the group. The
syringic acid among identified phenolic acids in plant species
of the family Asteraceae had a greatest level. The syringic acid
antioxidant potential is well known [38]. A significant in-
crease of superoxide dismutase (SOD), catalase (CAT) en-
zymes, and glutathione (GSH) levels was observed under
additional treatment with syringic acid [39].

The percentage calculation of phenolic acid amounts in
the extracts of representatives of the family Asteraceae found
high presence of syringic acid in the experimental extracts of
Asteraceae species varied between 64.13% and 95.13%
(Figure 3). Such a significant presence in the extracts of the
species of the Asteraceae family compared to the total
content of identified phenolic acids can be a possible bio-
chemical marker of the representatives of this plant family.

The analysis of results of phenolic acid composition in
the representatives of the family Rosaceae found a high
presence of draconic (p-anisic) acid in the assessed leaf
extracts (Figure 4).

Moreover, the HPLC-UV analysis identified in this
botanical family the following phenolic acids: draconic,
chlorogenic, o-coumaric, p-coumaric, p-hydroxybenzoic,
vanillic, syringic, ferulic, salicylic, p-methoxycinnamic, and
cinnamic acids. From this group, o-coumaric acid was not
estimated in the leaf methanolic extracts of Potentilla recta
L., Rosa canina, Alchemilla mollis, and Eriobotrya japonica.
It was found that high presence of draconic acid can be a
possible biochemical marker of plant species of the family
Rosaceae (Figure 4).

The great content of the syringic acid in the represen-
tatives of the family Asteraceae and draconic acid in the
representatives of the family Rosaceae can be partly con-
nected with the studied antioxidant activity of plant extracts
(Figures 5(a) and 5(b)). The highest antioxidant capacity of
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experimental extracts was noticed in the extracts of Po-
tentilla recta L., Rosa canina, and Rosa rubiginosa, where the
percentage of draconic acid was 33.99%, 53.39%, and
57.76%, respectively. The low antioxidant activity among
representatives of the family Rosaceae was identified in
Eribotrya japonica L. Among representatives of the family
Asteraceae, the significant high antioxidant potential was
noticed in the extract of Calendula officinalis L, Rudbeckia
fulgida Aiton, and Achillea filipendulina L.

At the same time, to detail the presence of phenolic acids
in connection with analyzed plant species, the cluster
analysis dendrogram (Figure 6) was created based on the
analysis of clusters using the Euclidean coefficient and
WARD method. The analogical analysis formed by the
obtained data of phenolics composition and content in plant
cultivars with a comparable phenolics concentration in
another plant cultivars was previously used by Kroch-
mal-Marczak et al. [37]. The cluster analysis group objects
based on the data describing the objects and their rela-
tionships. The objects within a group are similar (or related)
to one another but different or unrelated from the objects in
other groups.

Cluster 1 in Figure 6(a) (family Asteraceae) contains data
describing the similar phenolic acids composition in Ca-
lendula officinalis and Achillea filipendulina leaves; cluster 2
contains the similar phenolic acids composition in

Helianthus annuus and Helianthus tuberosus species. Cluster
3 includes the similar phenolic acid composition in Echinops
ritro and Echinacea purpurea leaves, whereas cluster 4 de-
scribes the phenolic acids composition in Rudbeckia fulgida
L., which is significantly different from other representatives
of the family Asteraceae.

Based on the cluster analysis, it is evident that the
concentration of phenolic acids inside one family was
differentiated by the plant species’ genetic properties. The
significant presence of syringic acid was a prevailing trait
for all experimental representatives of the family
Asteraceae.

The apparent data structure matches with the cluster
analysis of the concentration of phenolic acids in the rep-
resentatives of the family Rosaceae. As shown in Figure 6(b),
intergroup relations reveal four main clusters characterized
by the similar composition of phenolic acids inside each
cluster. Cluster one in Figure 6(b) (family Rosaceae) contains
data describing the similar phenolic acid composition in
Potentilla recta L., Alchemilla mollis, and Eriobotrya ja-
ponica. Cluster 2 contains a similar phenolic acid compo-
sition in Rosa rubiginosa and Cotoneaster horisontalis, which
are closer to representatives of cluster 1.

Interestingly, the Rosa canina is in cluster 4, and it is
characterized by the different phenolic acid composition
compared to the other studied representatives of the family
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FIGURE 5: antioxidant activity of the experimental extracts of plant species Rosaceae (a) and Asteraceae (b) families.

Rosaceae. Cluster 3 includes the phenolic acid composition
presented by Agrimonia eupatoria. The analysis of phenolic
acids composition showed the substantial accumulation of
specific phenolic acids in the plant leaf may indicate about
their participation in plant defense.

4. Discussion

The percentage of phenolic acids can be calculated regarding
phenolic acid amounts in the methanolic extract of the
representatives Asteraceae family. It was found high syringic
acid level in the experimental extracts of Asteraceae species.

Between 64.13% and 95.13%, such significant presence in
the leaves of representatives of Asteraceae family can be a
possible biochemical marker of plant species of this family.
The formation of specific secondary metabolites in phylo-
genetic close families and genera of plants is possible due to
the similarity of metabolic processes [39, 40]. The presence
of syringic acid may be scientifically applied both as a
specific marker for experimental plant species and as a
source of this substance in the studied plant species in
biofortification processes.

Quantitative analysis of phenolic compounds of other
Asteraceae plants such as Achillea millefolium L. (common
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FIGURE 6: Dendrogram of the species family Asteraceae (a) and Rosaceae (b) obtained after applying hierarchical cluster analysis to the
phenolic acids contents using Euclidean coeflicient and WARD methods. 1, 2, 3, and 4 clusters. The similar composition of phenolic acids

inside of each cluster.

yarrow), Helichrysum arenarium L. (immortelle) also shown
high presence of syringic acid. At the same time, phenolic
acids compostion was different between these studied plant
species. For example, common yarrow got high level of
rosmarinic acid but immortelle has no romarinic acid but
high level of caffeic acid [41]. Syringic acid was discovered in
some plants, such as Schumannianthus dichotomus (Mar-
antaceae) and Ardisia elliptica (Primulaceae) [42, 43].
Syringic acid is one of the transitional compounds of the
plant pigment malvidin. Syringic acid and plant antho-
cyanidin malvidin were described in vinegar and red wine
[44]. The presence of methoxy groups attributes the ther-
apeutic activity of syringic acid with the places 3 and 5 of the
aromatic ring. Syringic acid is able to regulate the modifi-
cations of some biological functions such as factors of
growth, transcriptional factors, and the level of signaling
molecules implicated in the development of various human
diseases such as cancer, liver damage, and diabetes. In the
eantime, syringic acid has also huge spectrum of applications
in industry counting on bioremediation and photocatalytic
ozonation [38, 45].

It was confirmed anesthetic and sedative activities of
syringic acid in the Quercus infectoria plant extract (Dar M.S.,
TIkram, 1979). The correlation between the percentage level of
syringic acid and antioxidant activity has been observed for the
studied representatives’ family Asteraceae—Calendula offici-
nalis, Achillea filipendulina, and Rudbeckia fulgida has shown a
high percentage of syringic acid and also a high level of an-
tioxidant potential (Figures 3 and 5). The intense antioxidant
activity of syringic acid was discussed by Srinivasulu et al.[38].
The antioxidant activity potential can relate to the anti-in-
flammatory activity of the studied plant extracts [46]. Anti-
inflammatory and antioxidant potential of plants from the
Asteraceae family was noted [47]. The unique mechanisms of
action of biological markers for the anti-inflammatory activity
was described with assistance of the metabolic approach. The
huge network and connections between the diversified range of
tribes and genera of the family Asteraceae with the help of
HPLC-ESI-HRMS metabolomic approach was described [48].

In our study, intergroup relations using cluster analysis
reveal four main clusters characterized by shared variance in
the representatives of the family Asteraceae (Figure 7(a)).
The cluster analysis indicated that the identified phenolic
acid concentrations were differentiated by the genetic
properties of the plant species inside one family. The high
presence of syringic acid in the experimental extracts of the
family Asteraceae was a significant trait for all experimental
plant species.

The further study with percentage calculation of phe-
nolic acid amounts in methanolic extract of representatives
of the family Rosaceae found that percentage of draconic
acid in the studied leaf extracts of Rosaceae vary between
12.05% and 71.01%. Such significant presence in the leaves of
mostly all representatives of the family Rosaceae which was
higher than 30% of the total amount of identified phenolic
acids can be used as a species-specific biochemical marker.

Draconic acid is another name, p-anisic acid or 4-
methoxybenzoic acid. It is one of the isomers of draconic
acid characterized by antioxidant and antiseptic properties
[49]. It is also recommended to use as a transitional com-
pound in the formation of more composite natural com-
pounds. Draconic acid is found naturally in anise, fruits of
figs Ficus mucuso (Moraceae) [50], leaves extract of Rho-
dodendron ferrugineum (Ericaceae) [51], and in the myce-
lium of Cordyceps sinensis (Ophiocordycipitaceae) [52]. In
our study all experimental plant extracts were characterized
by the presence of draconic acid. The draconic acid content
in the leaf extracts of the studied representatives was a great
level in Rosa canina L., Rosa rubiginosa L.

Literature analysis has been revealed the presence of
studies on the topic phenolic content and antioxidant ac-
tivity mostly in the fruit of the representatives’ family
Rosaceae, but not many in the leaf extracts [53, 54]. Just one
comparable study of phenolics extraction of black cherry
leaves and flowers with simulating different traditional ex-
traction procedures was done. Black cherry leaves were
extracted with methanol, which is a standard extraction of
phenolics. It was identified in the leaf extracts next phenolic
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acids: caffeic acid hexosidel,2, caffeic acid, p-coumaric
hexoside 1,2,3, 5-Caffeoylquinic acid, 5-p-coumaroylquinic
acid, 5-feruloylquinic acid, and dicaffeoylquinic acid [55].

The high level of syringic acid in members of the family
Asteraceae and draconic acid in Rosaceae can be partly
connected with the studied antioxidant capacity of plant
extracts. The use of extracts in the study of antioxidant
properties, antimicrobial effects may get different results
compared to the study of the same effects from isolated
biologically active compounds of the same plant extract. It is
known that the impacts of activities of the compounds solute
in extracts can have synergistic or antagonistic response
[56, 57]. So, it is not correct to state that just major phenolic
acid present in the leaf sample can influence the antioxidant
potential of the plant extract.

The obtained data structure correlates with the cluster
analysis of the concentration of phenolic acids in the family
Rosaceae representatives. It is evident from the intergroup
relations (Figure 7(b)) that the four main clusters appeared,
characterized by similar phenolic acids inside each cluster.
The Rosa canina is in cluster 4 and characterized by other
phenolic acid composition than Rosa rubiginosa, repre-
senting the same genus. Medicinal herbs associated with the
same genus are continually simply distracted because to
their quite identical metabolites and structure. To com-
prehend them, naturally specific biological markers with
assistance developed method which use HPLC analysis were
analyzed profiles of metabolites [58]. Cluster analysis based
on the composition and level of the identified flavonoids,
ascorbic and citric acids suggested the effectiveness of the
division of sect. Caninae into three subsections. Regarding
this analysis, Rosa rubiginosa and Rosa canina were chosen
in the different subsections [59]. The described data confirm
the data of cluster analysis based on phenolic acid com-
position for Rosa canina and Rosa rubiginosa.

5. Conclusions

The plant extracts of the studied seven species family
Asteraceae and seven species family Rosaceaes contained 11
phenolic acids. It was noticed species-dependent variations

of phenolic acids composition. Based on the cluster analysis,
it is evident that the level of the determined phenolic acids
was differentiated by the genetic properties of the plant
species inside one family. The experimental plant species can
be the sources of specific phenolic acids with compatible
antioxidant activity. The presented data regarding phenolic
acids composition reveal that their profiles are significant
biochemical markers of authenticity indication of the
studied plant species. It was found significant appearance of
syringic acid in the extracts of representatives of the family
Asteraceae. At the same time, draconic acid have shown
major presence in the extracts of Rosaceae family species.
The explanation of the results is creative with applied sci-
entific background for further studies of plants and herbs
botanical, physiological features related to the phenolic acids
composition and presence of other specific secondary
metabolites.

Data Availability

The data analyzed in this study were a reanalysis of the
existing data, which are openly available at locations cited in
the reference section.

Ethical Approval

This paper does not contain any studies with human or
animals.

Consent

The author approves processing of this manuscript for
publication.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Authors’ Contributions

Conceptualization was done by OS and MB. Investigation
was done by OS, MB, and KK:. Data analysis contribution by



Journal of Chemistry

OS and MZ:. HPLC analysis by OS, cluster analysis by MZ,
writing by OS, KK, and MB, funding acquisition by MB.

Acknowledgments

The authors would special like to thank for the arrangement
of scientific support from Hindawi for Ukrainian scientist.
This study was supported by the Research Agency of Slovak
Republic within the project OPVal-VA/DP/2018/no:
313011T81300 “Optimization of phenotyping methods:
building a national phenotyping platform”.

References

[1] T. P. Kondratyuk and J. M. Pezzuto, “Natural product
polyphenols of relevance to human health,” Pharmacien
Biologiste, vol. 42, pp. 46-63, 2004.

[2] 1. Faraone, D. Russo, M. Ponticelli et al., “Preserving biodi-
versity as source of health promoting compounds: phenolic
profile and biological activity of four varieties of Solanum
lycopersicum,” Plants, vol. 10, no. 3, p. 447, 2021.

[3] W. Zhang, Y. Hu, J. Liu et al., “Progress of ethylene action
mechanism and its application on plant type formation in
crops,” Saudi Journal of Biological Sciences, vol. 27, no. 6,
pp. 1667-1673, 2020.

[4] O. Sytar, M. Brestic, M. Rai, and H. Shao, “Plant phenolic
compounds for food, pharmaceutical and cosmetics pro-
duction,” Journal of Medicinal Plants Research, vol. 6,
pp. 2526-2539, 2012.

[5] O. Sytar, M. Brestic, S. Hajihashemi et al, “COVID-19
prophylaxis efforts based on natural antiviral plant extracts
and their compounds,” Molecules, vol. 26, no. 3, p. 727, 2021.

[6] R. Marchiosi, W. D. dos Santos, R. P. Constantin et al.,
“Biosynthesis and metabolic actions of simple phenolic acids
in plants,” Phytochemistry Reviews, vol. 19, no. 4, pp. 865-906,
2020.

[7] N. Kumar and N. Goel, “Phenolic acids: Natural versatile
molecules with promising therapeutic applications,” Bio-
technology Reports, vol. 24, Article ID e00370, 2019.

[8] Y. Z. Cai, Q. Luo, M. Sun, and H. Corke, “Antioxidant activity
and phenolic compounds of 112 traditional Chinese medic-
inal plants associated with anticancer,” Life Sciences, vol. 74,
no. 17, pp. 2157-2184, 2004.

[9] R. Y. Gan, L. Kuang, X. R. Xu et al,, “Screening of natural
antioxidants from traditional Chinese medicinal plants as-
sociated with treatment of rheumatic disease,” Molecules,
vol. 15, no. 9, pp- 5988-5997, 2010.

[10] Li Fu, B. T. Xu, X. R. Xu et al., “Antioxidant capacities and
total phenolic contents of 62 fruits,” Food Chemistry, vol. 129,
no. 2, pp. 345-350, 2011.

[11] D. P. Singh, S. Verma, and R. Prabha, “Investigations on
antioxidant potential of phenolic acids and flavonoids: the
common phytochemical ingredients in plants,” Journal of
Plant Biochemistry & Physiology, vol. 6, pp. 1-5, 2018.

[12] H. Lu, J. T. Greenberg, and L. Holuigue, “Editorial: salicylic
acid signaling networks,” Frontiers of Plant Science, vol. 7,
p. 238, 2016.

[13] J. Hakulinen, R. Julkunen-Tiitto, and J. Tahvanainen, “Does
nitrogen fertilization have an impact on the trade-off between
willow growth and defensive secondary metabolism?” Trees,
vol. 9, no. 4, pp. 235-240, 1995.

[14] J. Witzell, R. Gref, and T. Nésholm, “Plant-part specific and
temporal variation in phenolic compounds of boreal bilberry

(Vaccinium myrtillus) plants,” Biochemical Systematics and
Ecology, vol. 31, no. 2, pp. 115-127, 2003.

[15] V. Mika, V. Kubén, B. Klejdus, V. Odstréilova, and P. Nerusil,
“Phenolic compounds as chemical markers of low taxonomic
levels in the family Poaceae,” Plant Soil and Environment,
vol. 51, pp. 506-512, 2011.

[16] B. Lemma, C. Grehl, M. Zech et al., “Phenolic compounds as
unambiguous chemical markers for the identification of
keystone plant species in the Bale Mountains, Ethiopia,”
Plants, vol. 8, no. 7, p. 228, 2019.

[17] J. B. Harborne and C. A. Williams, “A chemotaxonomic
survey of flavonoids and simple phenols in leaves of the
Ericaceae,” Botanical Journal of the Linnean Society, vol. 66,
no. 1, pp. 37-54, 1973.

[18] M. Jay, “Chemotaxonomic researches on vascular plants XIX
Flavonoid distribution in the Pittosporaceae,” Botanical
Journal of the Linnean Society, vol. 62, no. 4, pp. 423-429,
1969.

[19] E. Asensio, D. Vitales, I. Pérez et al., “Phenolic compounds
content and genetic diversity at population level across the
natural distribution range of bearberry (Arctostaphylos uva-
ursi, Ericaceae) in the Iberian Peninsula,” Plants, vol. 9, no. 9,
p- 1250, 2020.

[20] K. Hori, T. Watanabe, and H. P. Devkota, “Phenolic acid
derivatives, flavonoids and other bioactive compounds from
the leaves of Cardiocrinum cordatum (Thunb.) Makino
(Liliaceae),” Plants, vol. 10, no. 2, p. 320, 2021.

[21] L. Yao, Y. Jiang, R. Singanusong, N. Datta, and K. Raymont,
“Phenolic acids and abscisic acid in Australian Eucalyptus
honeys and their potential for floral authentication,” Food
Chemistry, vol. 86, no. 2, pp. 169-177, 2004.

[22] J. A. Avila—Reyes, N. Almaraz-Abarca, A. I. Chaidez-Ayala
et al., “Foliar phenolic compounds of ten wild species of
Verbenacea as antioxidants and specific chemomarkers,”
Brazilian Journal of Biology, vol. 78, no. 1, pp. 98-107, 2017.

[23] S. Kiokias, C. Proestos, and V. Oreopoulou, “Phenolic acids of
plant origin-a review on their antioxidant activity in vitro (O/
W Emulsion Systems) along with their in vivo health bio-
chemical properties,” Foods, vol. 9, no. 4, p. 534, 2020.

[24] O. Sytar, “Phenolic acids in the inflorescences of different
varieties of buckwheat and their antioxidant activity,” Journal
of King Saud University Science, vol. 27, no. 2, pp. 136-142,
2015.

[25] O. Sytar, I. Hemmerich, M. Zivcak, C. Rauh, and M. Brestic,
“Comparative analysis of bioactive phenolic compounds
composition from 26 medicinal plants,” Saudi Journal of
Biological Sciences, vol. 25, no. 4, pp. 631-641, 2018.

[26] S. Mishima, K. Saito, H. Maruyama et al., “Antioxidant and
immuno-enhancing effects of Echinacea purpurea,” Biological
and Pharmaceutical Bulletin, vol. 27, no. 7, pp. 1004-1009,
2004.

[27] K. C. Preethi, G. Kuttan, and R. Kuttan, “Antioxidant po-
tential of an extract of Calendula officinalis flowers in vitro.
and in vivo,” Pharmaceutical Biology, vol. 44, no. 9,
pp. 691-697, 2006.

[28] I. Roman, A. Stdnild, and S. Stinild, “Bioactive compounds
and antioxidant activity of Rosa canina L. biotypes from
spontaneous flora of Transylvania,” Chemistry Central Jour-
nal, vol. 7, no. 1, p. 73, 2013.

[29] K. Maher, B. A. Yassine, and B. Sofiane, “Anti-inflammatory
and antioxidant properties of Eriobotrya japonica leaves ex-
tracts,” African Health Sciences, vol. 15, no. 2, pp. 613-620,
2015.



10

[30] R. Lukashou and N. Gurina, “Chemical composition and
pharmacological potential of Rudbeckia hirta L. review,” Acta
Scientific Medical Sciences, vol. 3, no. 10, pp. 65-70, 2019.

[31] M. Polumackanycz, M. Kaszuba, A. Konopacka et al,
“Phenolic composition and biological properties of wild and
commercial dog rose fruits and leaves,” Molecules, vol. 25,
no. 22, p. 5272, 2020.

[32] L. Wu, L. Nie, Z. Xu et al., “Comparative and phylogenetic

analysis of the complete chloroplast genomes of three paeonia

section moutan species (Paeoniaceae),” Frontiers in Genetics,

vol. 11, p. 980, 2020.

S. Lav, D. Pooja, S. Ravi Prakash et al., “Phylogenetic and

evolutionary relationships in selected Pinus species using rbcL

and matK chloroplast genes,” Open Journal of Political Sci-

ence, vol. 6, no. 1, pp. 064-068, 2021.

[34] Q. Zhou, K. Liu, X. Li et al., “Voltammetric electrochemical
sensor for phylogenetic study in acer linn,” Biosensors, vol. 11,
no. 9, 2021.

[35] V. L. Singleton, “Colorimentry of total phenolics with
phosphomolybdic-phosphotungstic acid reagents,” American
Journal of Enology and Viticulture, vol. 16, pp. 144-158, 1965.

[36] Z. Cai, A. Kastell, C. Speiser, and I. Smetanska, “Enhanced

resveratrol production in Vitis vinifera cell suspension cul-

tures by heavy metals without loss of cell viability,” Applied

Biochemistry and Biotechnology, vol. 171, no. 2, pp. 330-340,

2013.

B. Krochmal-Marczak, T. Cebulak, I. Kapusta, J. Oszmianski,

J. Kaszuba, and N. Zurek, “The content of phenolic acids and

flavonols in the leaves of nine varieties of sweet potatoes

(Ipomoea batatas L.) depending on their development, grown

in Central Europe,” Molecules, vol. 25, no. 15, p. 3473, 2020.

[38] C. Srinivasulu, M. Ramgopal, G. Ramanjaneyulu,
C. M. Anuradha, and C. Suresh Kumar, “Syringic acid (sa)—A
review of its occurrence, biosynthesis, pharmacological and
industrial importance,” Biomedicine & Pharmacotherapy,
vol. 108, pp. 547-557, 2018.

[39] Y. Li, L. Zhang, X. Wang, W. Wu, and R. Qin, “Effect of
syringic acid on antioxidant biomarkers and associated in-
flammatory markers in mice model of asthma,” Drug De-
velopment Research, vol. 80, no. 2, pp. 253-261, 2019.

[40] M. Wink, “Evolution of secondary metabolites from an
ecological and molecular phylogenetic perspective,” Phyto-
chemistry, vol. 64, no. 1, pp. 3-19, 2003.

[41] I. G. Mekini¢, D. Skroza, I. Ljubenkov, L. Krstulovi¢,

S. S. Mozina, and V. Katalini¢, “Phenolic acids profile, an-

tioxidant and antibacterial activity of chamomile, common

yarrow and immortelle (Asteraceae),” Natural Product

Communications, vol. 9, no. 12, 2014.

N. Malaj, B. C. De Simone, A. D. Quartarolo, and N. Russo,

“Spectrophotometric study of the copigmentation of malvidin

3-O-glucoside with p-coumaric, vanillic and syringic acids,”

Food Chemistry, vol. 141, no. 4, pp. 3614-3620, 2013.

[43] M. M. Rob, K. Hossen, A. Iwasaki, K. Suenaga, and H. Kato-
Noguchi, “Phytotoxic activity and identification of phytotoxic
substances from Schumannianthus dichotomus,” Plants, vol. 9,
no. 1, 2020.

[44] M. C. Gélvez, C. G. Barroso, and J. A. Pérez-Bustamante,

“Analysis of polyphenolic compounds of different vinegar

samples,” Journal of Food Investigation and Research, vol. 199,

pp. 29-31, 1999.

E. Adams, T. Miyazaki, J. Y. Moon et al., “Syringic acid al-

leviates cesium-induced growth defect in Arabidopsis,” In-

ternational Journal of Molecular Sciences, vol. 21, no. 23,

p. 9116, 2020.

(33

[37

(42

[45

Journal of Chemistry

[46] M. Allegra, “Antioxidant and anti-inflammatory properties of
plants extract,” Antioxidants, vol. 8, no. 11, p. 549, 2019.

[47] A. Rolnik and B. Olas, “The plants of the Asteraceae family as
agents in the protection of human health,” International
Journal of Molecular Sciences, vol. 22, no. 6, p. 3009, 2021.

[48] D. A. Chagas-Paula, T. Zhang, F. B. Da Costa, and
R. A. Edrada-Ebel, “A metabolomic approach to target
compounds from the Asteraceae family for dual COX and
LOX inhibition,” Metabolites, vol. 5, no. 3, pp. 404-430, 2015.

[49] M. Martinka Maksymiak, M. Zigba, A. Orchel, M. Musial-
Kulik, M. Kowalczuk, and G. Adamus, “Bioactive (Co)oli-
goesters as potential delivery systems of p-anisic acid for
cosmetic purposes,” Materials, vol. 13, no. 18, p. 4153, 2020.

[50] J. J. K. Bankeu, R. Khayala, B. N. Lenta et al., “Isoflavone
dimers and other bioactive constituents from the figs of Ficus
mucuso,” Journal of Natural Products, vol. 74, no. 6,
pp. 1370-1378, 2011.

[51] P. Seephonkai, R. Popescu, M. Zehl, G. Krupitza, E. Urban,
and B. Kopp, “Ferruginenes A-C from Rhododendron ferru-
gineum and their cytotoxic evaluation,” Journal of Natural
Products, vol. 74, no. 4, pp. 712-717, 2011.

[52] M. L. Yang, P. C. Kuo, T. L. Hwang, and T. S. Wu, “Anti-
inflammatory principles from Cordyceps sinensis,” Journal of
Natural Products, vol. 74, no. 9, pp. 1996-2000, 2011.

[53] Z.Kiran, M. Ahmed, and F. Khan, “Comparative evaluation of
total phenolics, total flavonoids content and antiradical ac-
tivity in six selected species of family Rosaceae using spec-
troscopic method,” American Journal of Biomedical Science &
Research, vol. 3, no. 4, 2019.

[54] A. Butkeviciute, R. Urbstaité, M. Liaudanskas, K. Obelevicius,
and V. Janulis, “Phenolic content and antioxidant activity in
fruit of the genus Rosa L,” Antioxidants, vol. 11, no. 5, p. 912,
2022.

[55] J. Brozdowski, B. Waliszewska, S. Gacnik, M. Hudina,
R. Veberic, and M. Mikulic-Petkovsek, “Phenolic composition
of leaf and flower extracts of black cherry (Prunus serotina
Ehrh.),” Annals of Forest Science, vol. 78, no. 3, p. 66, 2021.

[56] K. C. Bulusu, R. Guha, D. J. Mason et al,, “Modelling of
compound combination effects and applications to efficacy
and toxicity: state-of-the-art, challenges and perspectives,”
Drug Discovery Today, vol. 21, no. 2, pp. 225-238, 2016.

[57] L. K. Caesar and N. B. Cech, “Synergy and antagonism in
natural product extracts: when 1+1 does not equal 2,
Natural Product Reports, vol. 36, no. 6, pp. 869-888, 2019.

[58] Hp. Wang, Y. Liu, C. Chen, and H. B. Xiao, “Screening specific
biomarkers of herbs using a metabolomics approach: a case
study of Panax ginseng,” Scientific Reports, vol. 7, no. 1,
p. 4609, 2017.

[59] A. Adamczak, W. Buchwald, J. Zielinski, and S. Mielcarek,
“Flavonoid and organic acid content in rose hips (Rosa L.,
sect. Caninae dc. Em. Christ.),” Acta Biologica Cracoviensia
Series Botanica, vol. 54, no. 1, pp. 105-112, 2012.



Hindawi

Journal of Chemistry

Volume 2022, Article ID 5426050, 9 pages
https://doi.org/10.1155/2022/5426050

Research Article

@ Hindawi

Chemical Compositions of Essential Oil from Aerial Parts of
Cyclospermum leptophyllum and Its Application as Antibacterial
Activity against Some Food Spoilage Bacteria

Yilma Hunde Gonfa ©,"”* Fekade Beshah Tessema ), Abiy A. Gelagle A
Sileshi D. Getnet ©),* Mesfin Getachew Tadesse (©,' Archana Bachheti®,’
and Rakesh Kumar Bachheti®'

'Department of Industrial Chemistry, College of Applied Sciences, Addis Ababa Science and Technology University,

P. O. Box 16417, Addis Ababa, Ethiopia

ZDepartment of Chemistry, College of Natural and Computational Sciences, Ambo University, P. O. Box 19, Ambo, Ethiopia
*Department of Chemistry, College of Natural and Computational Sciences, Woldia University, P. O. Box 400, Woldia, Ethiopia
4Ethiopian Public Health Institute, P. O. Box 1242, Addis Ababa, Ethiopia

*Department of Environment Science, Graphic Era University, Dehradun, India

Correspondence should be addressed to Rakesh Kumar Bachheti; rkbachheti@gmail.com
Received 4 August 2022; Revised 10 September 2022; Accepted 20 September 2022; Published 3 October 2022
Academic Editor: Marwa Fayed

Copyright © 2022 Yilma Hunde Gonfa et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Cyclospermum leptophyllum is plant species known for its medicinal value and pleasant aroma. The aerial part and plant seeds are
traditionally used as food additives as a spice. This study aims to isolate the chemical constituents of essential oil of the aerial part of the
plant and study their potential antibacterial activities against some food contaminating bacteria. The essential oil of C. leptophyllum
(CSEO) was isolated from aerial parts of the plant species and studied using GC-MS and FTIR techniques. The first four major chemical
constituents determined from GC-MS analysis of CSEO (for peak area % > 1.15%) were 2,5-dimethoxy-p-cymene (87.09%), 2-methoxy-
1-methyl-4-(1-methylethyl) benzene (3.09%), 2-methoxy-4-methyl-1-(1-methylethyl) benzene (1.71%), and humulene (1.15%). 60%,
30%, 15%, 7.5%, and 3.75% of CSEO solutions were prepared and evaluated for their potential antibacterial activities against six food
spoilage pathogenic bacterial strains. Three Gram-positive strains: Staphylococcus aureus (ATCC 25923), Staphylococcus epidermidis
(ATCC 12228), Streptococcus agalactiae (ATCC 12386) and three Gram-negative strains: Escherichia coli (ATCC 25922), Proteus
mirabilis (ATCC 35659), and Pseudomonas aeruginosa (ATCC 27853) were used as test microorganisms. Compared to ciprofloxacin, a
positive control, the promising antibacterial activity was observed for CSEO against S. aureus at minimum and maximum test solutions
as the values of the zone of inhibition diameter (ZID, mm) were recorded as 14.33 + 0.58 for 3.75% CSEO solution and 30.67 + 0.58 for
60% CSEO solution. Tests of CSEO solutions generally showed stronger antibacterial activities against Gram-positive than Gram-
negative strains. Therefore, CSEO contains potent chemical constituents that might be applicable in treating pathogenic bacterial species.

1. Introduction

Medicinal plants have been widely used for various appli-
cations supported by in vivo and in vitro studies due to their
easy affordability and fewer side effects [1-5]. The World
Health Organization (WHO) has reported that about 80%
population of the world uses plants and natural products to
treat different pathogenic diseases [6, 7]. Medicinal plants

have also been reported as the source for the invention of
novel drugs, and 25% of modern drugs contain one or more
active components of plant origin [8, 9]. Similarly, the
world’s top 25 best-selling medicines were obtained from the
natural products of plants [10]. Some reports showed that
about 17,500 aromatic plants are known for producing
essential oils (EOs) [11, 12]. EOs are the mixtures of sec-
ondary metabolites with characteristic flavour and odour.
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These phytochemicals protect plants from various bacterial,
fungal, and viral diseases [13-17].

Plant ecology and growth conditions can affect the
quantity and quality of isolated EOs [18]. These natural
products are volatile oils and naturally occurring organic
compounds in plants with various physical and chemical
properties with multiple functions and health benefits [19].
Some studies showed that the EOs of different parts of
medicinal plants have been widely applied for diverse bio-
logical and pharmacological applications because of their
wide-spectrum bioactive compounds [20-22]. Various lit-
erature reviews also reported that EOs or their significant
components are used as plausible alternatives for treating
pathogenic bacteria due to their complex composition of
secondary metabolites [23-26]. Currently, EOs of plants are
known to be employed in food as preservatives/additives,
medicine, and agricultural commodities for their potential
antibacterial activities [27-33].

Cyclospermum leptophyllum (Pers.) belongs to the family
Apiaceae. This family contains approximately 450 genera
and 3,700 species [34]. C. leptophyllum is a small, spreading,
erect, and much-branched annual herb (Figure 1) [35]. Its
fruit is traditionally used to treat flatulence, dyspepsia, di-
arrheal, laryngitis, rheumatoid arthritis, bronchitis, asthma,
and folk medicine [36]. The leaves and seeds of
C. leptophyllum were reported to be applied to treat loss of
appetite and disease, which are caused by sweet inflam-
mation locally known as “mitch” in Ethiopia and food
additives, respectively [37]. The EO of C. leptophyllum
displayed significant activities against Gram-positive and
Gram-negative pathogenic bacterial strains [38]. To the best
of our knowledge, there have been a limited number of
reports regarding the investigation of antibacterial activities
of EO of the aerial part of C. leptophyllum against food-
related pathogenic bacterial species. Hence, the main aim of
this study was to isolate C. leptophyllum essential oil (CSEO),
identify its chemical compositions, and finally evaluate its
potential antibacterial activity against some pathogenic
bacteria responsible for food contamination using cipro-
floxacin, an antibiotic drug as a positive control. Antibac-
terial activities of CSEO were evaluated by using six food-
contaminating pathogenic bacteria from three Gram-posi-
tive and three Gram-negative strains. The newly reported
chemical compositions and antibacterial activity effects of
CSEO might provide important information about the
bioactivities of phytochemicals of this plant species and its
diversified chemical compounds and potential applications.

2. Materials and Methods

2.1. Chemicals and Solvents. In this study, all chemicals and
solvents of analytical grade from Sigma-Aldrich were used.
The solutions were prepared using sterilized distilled water
throughout the antibacterial activity tests.

2.2. Plant Samples’ Collection, Authentication, and
Preparation. C. leptophyllum, Figure 1, was collected from
Tullu Dimtu, Addis Ababa, Central Ethiopia, located at the
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latitude of 8° 88’ 52" North and longitude of 38° 80’ 98" East,
in November 2020. Voucher specimens YH21 were au-
thenticated by Mr. Melaku Wondafrash and deposited at the
National Herbarium (ETH), Department of Plant Biology
and Biodiversity Management, Addis Ababa University,
Addis Ababa, Ethiopia. The aerial parts of the plant sample
were separated, cleaned carefully, and dried under shade for
two weeks. Then, the dried sample was milled using the
electric grinder, and the powdered sample was stored in
nontransparent plastic bags until the hydrodistillation
process.

2.3.Isolation of Essential Oils. Essential oil of C. leptophyllum
(CSEO) was isolated from a 2kg powdered sample (dry
weight) by using the hydrodistillation technique in Cle-
venger-type apparatus for 3 hours based on the procedure
from European Pharmacopoeia (Phar. Eur. Supplement 7.0).
CSEO was separated and dried over anhydrous Na,SO, from
the aqueous phase and then stored in brown glass bottles in
the refrigerator until further analysis.

2.4. Characterization of Essential Oil

2.4.1. Gas Chromatography-Mass Spectrometry (GC-MS)
Analysis. Gas chromatography-mass spectrometry mea-
surements were performed according to the procedure
proposed by Freire et al. [39] with some minor modifica-
tions. GC-MS analysis of CSEO was carried out using an
HP5890 Series II gas chromatograph, HP5972 mass selective
detector, and Agilent 6890 Series autosampler (Agilent
Technologies, Santa Clara, CA, USA). A Supelco MDN-5S,
30 m x 0.25mm capillary column with a 0.5um film thick-
ness was used with helium as the carrier gas at a 1.0 mL/min
flow rate. CSEO was diluted in n-hexane (1:10), and GC-MS
results were obtained using the following conditions: split 1 :
20; injection volume 0.1 yl; injection temperature 250°C;
oven temperature progress from 60 to 130°C at 1°C/min,
from 130-200°C at 2°C/min, from 200-250°C at 4°C/min and
held at 250°C for 40 min; the ionization model used was an
electronic impact at 70eV. The chemical composition of
CSEO was identified from their Kovats retention indices
(KIs) on the capillary column. The chemical constituents of
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CSEO were identified based on a homologous series of C;-
C,5 n-alkanes, and we compared their mass spectral frag-
mentation patterns with those stored in the NIST spectral
database and literature reports [39, 40].

2.4.2. Fourier Transform Infrared (FTIR) Analysis.
Fourier transform infrared (FTIR) was performed based on
the procedure reported by Getahun et al. [41] with some
modifications. FTIR spectra of CSEO were recorded using an
FTIR spectrophotometer (IS50 ABX, Thermo Scientific,
USA) to identify the major functional groups in the CSEO
sample. A few drops of CSEO were used with a resolution of
4cm™!, a spectral range of 400-4000 cm ™, and several scans
of 32.

2.5. Antibacterial Activities of Essential Oil

2.5.1. Bacterial Strains. Six food-related pathogenic bacterial
strains, three from Gram-positive and three from Gram-
negative, were used to study the antibacterial activities of
CSEO. Gram-positive bacterial strains were Staphylococcus
aureus (ATCC 25923), Staphylococcus epidermidis (ATCC
12228), and Streptococcus agalactiae (ATCC 12386), and
Gram-negative bacterial strains were Escherichia coli (ATCC
25922), Proteus mirabilis (ATCC 35659), and Pseudomonas
aeruginosa (ATCC 27853). The standard bacterial strains
were obtained from the Traditional and Modern Medicine
Research Directorate Laboratory, Ethiopian Public Health
Institute, Addis Ababa, Ethiopia.

2.5.2. Preparation of Test Solutions. The concentrations of
solution of CSEO, positive control, and negative control
were prepared as follows: mixing 1.20 ml CSEO with 0.80 ml
of 5% (v/v) Tween-80 to obtain 60% of CSEO solution. 60%
CSEO was used as stock solution from which 30% CSEO
solution was prepared. The solvent is 5% Tween-80 solution.
All the remaining lower concentrations of test solutions such
as 15%, 7.5% and 3.75% of CSEO solution were prepared
from their preceding concentration of CSEO solution based
on the same procedure. 5% (v/v) Tween-80 solution was
prepared by mixing 5 ml of Tween-80 (purity 99.99%) with
95 ml of sterilized distilled water. 5 yg/ml (5 gm in 1000 ml)
of ciprofloxacin and 5% (v/v) Tween-80 were prepared and
used as a positive and negative control, respectively.

2.5.3. Agar Diffusion Method. The antibacterial activity test
was performed according to the protocol described by
Mungole and Chaturvedi [42] with some minor modifica-
tions. Cultures of bacterial strains were prepared in the
Luria-Bertani (LB) media for assays. Muller-Hinton Agar
(MHA) (Oxoid Ltd., Hampshire, UK) culture media were
used in Petri dish plates to grow microorganisms. The
culture media were boiled in the sterilized distilled water to
dissolve the media and autoclaved at 121°C for 50 min. After
cooling, 20 ml of MHA media were poured into the Petri
dish plates (90 mm in diameter) using the pipette. The so-
lidified culture media in plates were seeded with bacterial

suspension using cotton swabs. For the standardization of
test organisms, bacterial suspensions were diluted and ad-
justed to reach 0.5 McFarland (1.5 x 10" CFU/ml) turbidity at
625nm using a UV spectrophotometer (Evolution 60S
Thermo Scientific, USA), with an optical density of 0.08-0.1.

Wells with 8 mm diameter were punctured into the agar
plates with a Cork borer. The wells were filled with 120 ul of
EO and control solutions using a micropipette. Sterility and
growth control plates were used in parallel to ensure the
sterility of nutrient media and microorganism growth ability
on media, respectively. All equipment and materials used in
all activities were sterilized before use. The Petri dish plates
were incubated for 24 hours at 37°C. The inhibition of
bacteria growth was evaluated by measuring the diameter (in
mm) of the clear zone around the wells [43]. Ciprofloxacin
(5 pg/ml) and 5% (v/v) Tween-80 and 5 ml of 99.99% Tween-
80 to 95 ml of sterilized distilled water were used as a positive
and negative control. The zone of inhibition diameter (ZID,
mm) was the mean of three replicates, and all values were
expressed as mean + standard deviation (SD).

2.6. Statistical Analysis. All antibacterial activity tests were
performed in triplicate. All data were analyzed using IBM
SPSS Package (Version 26.0) for statistical analysis. The
experimental results were expressed as mean * standard
deviation (SD). The statistically significant differences be-
tween concentrations of CSEO solution were compared
using a one-way ANOVA. Differences were considered
significant when p <0.05. Post hoc analysis was also carried
out with Tukey’s test.

3. Results

3.1. Essential Oil Yield. EO obtained from C. leptophyllum
(CSEO) was light yellow in colour. The total percentage yield
(% v/w) of CSEO obtained from the dry weight of the plant
sample by using the hydrodistillation process was 0.84%.

3.2. Characterization of Essential Oil

3.2.1. GC-MS Analysis. GC-MS analysis of CSEO resulted in
the identification of 16 chemical constituents (for relative
peak area % >0.11), which represent 96.86% of the relative
area percentage of the total EO compositions. CSEO has
oxygenated monoterpenes (92.34%), oxygenated sesquiter-
penes (0.57%), and nonoxygenated sesquiterpenes (3.95%).
The identified chemical constituents of CSEO were 2,5-
dimethoxy-p-cymene (87.09%), 2-methoxy-1-methyl-4-(1-
methylethyl) benzene (3.09%), 2-methoxy-4-methyl-1-(1-
methyl ethyl)-benzene (1.71%), humulene (1.15%), a-cur-
cumene (0.91%), E-caryophyllene (0.90%), a-zingiberene
(0.42%), humulene-1,2-epoxide (0.31%), &-cadinene
(0.23%), f>-bisabolene (0.21%), 4-(1-methylethyl)-benzalde-
hyde (0.18%), carvacrol (0.16%), (+)-spathulenol (0.14%),
a-amorphene (0.13%), eudesma-4(15),7-dien-1/3-ol (0.12%),
and p-cymene (0.11%). Chemical structures and all the
related GC-MS results of chemical constituents of CSEO
have been displayed in Figure 2 and Table 1. The result of
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GC-MS analysis of CSEO regarding its chemical constitu-
ents’ retention time (min), experimental Kovats retention
indices (Kleyp.), literature Kovats retention indices (KIj.)
chemical name, and relative peak area percentage is sum-
marized and presented in Table 1.

3.2.2. Fourier Transform Infrared (FTIR) Analysis. FTIR
spectra of CSEO are shown in Figure 3. CSEO displayed
FTIR peaks at 2962 cm ™}, 1506 cm ™}, 1465cm ™Y, 1402 cm ™Y,
1207 cm™, 1047 cm™, and 811cm ™.

3.2.3. Assessment of Antibacterial Activities. Antibacterial
activity effects of various concentrations of CSEO solution
were evaluated against six food-related pathogenic bacterial
strains such as S. aureus, S. epidermidis, S. agalactiae, E. coli,
P. mirabilis, and P. aeruginosa. The results of all zone of
inhibition diameter (ZID, mm) are the mean + SD of three
replicates and are provided in Table 2. Values of p<0.05
were considered significant.

In comparison with the control groups, antibacterial
activities of different concentrations of CSEO solution
against some bacterial strains were determined based on
their relative zone of inhibition diameter percentage (%
RZID) calculation as given in (Eq.(1)) [44, 45] and presented
in Table 3.

ZID sample — ZID negative control

x 100,

(1)

where % RZID is the percentage relative zone of inhibition
diameter, the ZID sample is the zone of inhibition diameter
of CSEO (mm), the ZID positive control is the zone of
inhibition diameter of ciprofloxacin (mm), and the ZID
negative control is the zone of inhibition diameter of 5%
Tween-80 (mm).

ZID positive control — ZID negative control

4. Discussion

In this study, the percentage yield and relative area percentage
of the total composition of the isolated CSEO were 0.84% and
96.86%, respectively. In the earlier reports, 0.3-1.1% yields of
EOs were reported from different parts of C. leptophyllum.
Helal et al. [36] reported that 1.1% EO yield was obtained
from the fruit part of the plant. Helal et al. [38] also deter-
mined the percentage yield of EOs of C. leptophyllum from its
roots, green aerial part, unripe fruit, and ripe fruit as 0.1%,
0.4%, 0.8%, and 1.1%, respectively. Verma et al. [35] also
demonstrated that the percentage yield of EO from the fresh
aerial part of C. leptophyllum at the seed setting stage was
1.0%. In our study, as shown in Table 1, about 16 identified
compounds such as 2,5-dimethoxy-p-cymene (87.09%), 2-
methoxy-1-methyl-4-(1-methylethyl) benzene (3.09%), 2-
methoxy-4-methyl-1-(1-methylethyl)-benzene (1.71%),
humulene (1.15%), a-curcumene (0.91%), E-caryophyllene
(0.90%), a-zingiberene (0.42%), humulene-1,2-epoxide
(0.31%), d-cadinene (0.23%), p-bisabolene (0.21%), 4-(1-
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methylethyl)-benzaldehyde (0.18%), carvacrol (0.16%),
(+)-spathulenol (0.14%), a-amorphene (0.13%), eudesma-
4(15), 7-dien-15-ol (0.12%), and p-cymene (0.11%) which
account for 96.86% were determined from GC-MS analysis
(peak area % >0.11%). CSEO is a rich source of oxygenated
terpenes (92.91%). 2,5-dimethoxy-p-cymene (87.09%) was
reported as the major component of CSEO of the aerial part of
C. leptophyllum. The highest relative area percentage of major
chemical constituents (87.09%) is reported for this specific
plant species. Some previous reports showed that 2,5-dime-
thoxy-p-cymene (46.8%), methyl ether thymol (14.6%), p-
cymene (13.9%), y-terpinene (8.9%), carvacrol methyl ether
(7.5%), and y-gurjunene (1.1%) were the first six major
components reported from EO of aerial part of
C. leptophyllum, and the relative area percentage of the total
chemical composition of EO of the plant species was 97.7%
(for peak area % > 0.05) [35]. Singh et al. [46] also revealed
that the EO of C. leptophyllum contained 2,5-dimethoxy-p-
cymene (50.7%) as a major chemical constituent. In this
research work, some unidentified compounds with greater
peak area percentages were obtained from the GC-MS
analysis of CSEO, and even though their experimental Kovats
retention indices (Klgy,) were determined, the corresponding
chemical compounds could not be identified from the NIST
spectral database or literature survey.

For FTIR peak bands of CSEQ, in Figure 3, the peak that
appeared at 2962cm™' represents sp3C—H symmetric
stretching bond vibration. The absence of band absorption
in the 1850-1600cm™" region indicates that a carbonyl
group is not likely present. FTIR peaks at 1506cm™’,
1465cm™", and 1402cm™"' show the aromatic C=C bond
stretching. The strong peak at 1207 cm™" and the medium
peak at 1047 cm ™" describe an aromatic C-H bond in-plane
bending and C-O bond stretching. The weak peak absorbed
at 811cm™ " is due to the aromatic C-H bond out-of-plane
bending [47-49]. The FTIR results further supported the
functional groups present in the major chemical constituents
of CSEO.

The major components of CSEO with diversified func-
tional groups are the most responsible organic compounds for
potential antibacterial activities against most food-related
pathogenic bacterial species. In the present study, as sum-
marized in Tables 2 and 3, the variation of the zone of in-
hibition diameter (ZID, mm) and the relative zone of
inhibition diameter percentage (% RZID) values depend on
the type and concentrations of CSEO solution and bacterial
strains used for evaluation. The treatments were compared by
analysis of ANOVA on the various concentrations of CSEO
solution and on the antibacterial activities measured. This
analysis was followed by the post hoc Tukey HSD test (95%
confidence level) to compare the effects of different conditions
on the measured parameters. The concentrations of CSEO
solution at lower concentrations revealed weak antibacterial
activities against S. agalactiae, P. mirabilis, and P. aeruginosa.

The most potent antibacterial activity effects were
observed for different concentrations of CSEO solution
against S. aureus for both minimum and maximum
concentrations of solution used (ZID at 3.75% CSEO
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FIGURE 2: Chemical structures of the first 16 major components of CSEO. The chemical compounds with peak area percentage >0.11%.

TaBLE 1: Chemical constituents of CSEO isolated from aerial parts of C. leptophyllum.

RT (min) Klexp. Klj;e. Chemical name Peak area %
15.101 1025 1025 p-cymene 0.11
22.749 1224 1224 2-Methoxy-1-methyl-4-(1-methylethyl) benzene 3.09
22,935 1229 1229 2-Methoxy-4-methyl-1-(1-methylethyl) benzene 1.71
23.387 1242 1242 4-(1-methylethyl)-benzaldehyde 0.18
24.744 1280 1280 Carvacrol 0.16
29.297 1416 1415 2,5-Dimethoxy-p-cymene 87.09
29.411 1419 1419 E-caryophyllene 0.90
30.554 1456 1456 Humulene 1.15
31.135 1474 1474 a-Amorphene 0.13
31.325 1480 1479 a-Curcumene 0.91
31.749 1493 1493 a-Zingiberene 0.42
32.149 1506 1506 B-Bisabolene 0.21
32.454 1517 1517 0-Cadinene 0.23
34.201 1576 1576 (+)-spathulenol 0.14
35.178 1608 1608 Humulene-1,2-epoxide 0.31
37.449 1689 1690 Eudesma-4(15), 7-dien-1§-ol 0.12
Class of compounds % composition
Oxygenated monoterpenes 92.34%
Sesquiterpene compounds 4.52%
Oxygenated sesquiterpenes 0.57%
Sesquiterpene hydrocarbons 3.95%

Total

96.86%
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FIGURE 3: Fourier transform infrared (FTIR) spectra of CSEO.

TaBLE 2: Antibacterial activity of various concentrations of CSEO solution against test microorganisms by agar well diffusion.

. . Zone of inhibition diameter (ZID)* mm Cipro.
S.No. Test microorganisms
60% CSEO 30% CSEO 15% CSEO 7.5% CSEO 3.75% CSEO 5 ug/ml
1 S. aureus 30.67 £0.58 24.00£0.00 20.00+0.00 17.67 £0.58 14.33£0.58 32.00£0.00
2 S. epidermidis 26.67 £0.58 23.00£0.00 16.67 +£0.58 12.00 +0.00 9.00£0.00 38.67+1.15
3 S. agalactiae 17.00 £1.00 8.00£0.00 8.00+0.00 8.00+0.00 8.00+0.00 32.00+£1.73
4 E. coli 20.00 +1.00 14.67£0.58 9.00+0.00 9.00+0.00 9.00+0.00 34.00 +1.00
5 P. mirabilis 20.33+0.58 11.67 £0.58 8.67+£0.58 8.00+0.00 8.00£0.00 39.00+1.00
6 P. aeruginosa 16.33 +0.58 15.00 +£0.00 12.67 £0.58 9.00+0.00 8.00£0.00 32.00+1.00

*ZID values are expressed as the mean + SD of three replicates. Cipro: ciprofloxacin (positive control), Tween-80 (negative control), and ZID values including

well diameter, 8 mm; p <0.05 significant as compared to the control.

TaBLE 3: Relative zone of inhibition diameter percentage (% RZID) of different concentrations of CSEO solution against test

microorganisms.
. . % RZID
Test microorganism .
60% CSEO 30% CSEO 15% CSEO 7.5% CSEO 3.75% CSEO Cipro.

S. aureus 94.44 +2.40 66.67 0 50.00£0 40.28 +2.41 26.39+2.41 100.00 +£0.00
S. epidermidis 60.97 £4.09 48.96 £1.80 28.27£1.67 13.05+£0.48 3.26+0.12 100.00 £ 0.00
S. agalactiae 47.64+£4.90 0.00 +0.00 0.00£0.00 0.00 £0.00 0.00£0.00 100.00 +£0.00
E. coli 46.23 £5.63 25.62+£1.49 3.85+0.15 3.85+0.15 3.85+0.15 100.00 + 0.00
P. mirabilis 39.81 £2.23 11.80 £ 1.57 2.18+1.89 0.00 £0.00 0.00 +0.00 100.00 +0.00
P. aeruginosa 34.82+3.79 29.20+1.22 19.52 +3.09 417 +0.18 0.00 = 0.00 100.00 +0.00
solution=14.33+0.58mm and at 60% CSEO The antibacterial activity effects of CSEO solution on
solution = 30.67 £ 0.58 mm as compared to  bacterial test strains were further expressed by the calculated
ciprofloxacin=32.00 £ 0mm), respectively.  Generally,  values of the relative zone of inhibition diameter percentage

Gram-negative bacterial strains showed more resistance to
varjous concentrations of CSEO solution than Gram-posi-
tive strains. Some previous reports displayed that some
Gram-negative bacteria strains, including E. coli, were more
resistant, and Gram-positive bacteria including S. aureus
were more susceptible microorganisms to various concen-
trations of EO solution of C. leptophyllum [35, 38]. Studies of
EO solution of C. leptophyllum also revealed stronger in-
hibitory activity against Gram-positive and Gram-negative
bacterial strains such as S. aureus and P. aeruginosa, re-
spectively, as compared to kanamycin and gentamicin an-
tibiotic drug standards [46].

(% RZID). The calculated results of % RZID exhibited higher
values at higher concentrations of CSEO solution due to the
presence of bioactive compounds in the solution. For in-
stance, as shown in Table 3, 60%, 30%, and 15% test solutions
of CSEO inhibited the growth of S. aureus bacterial species
by 94.44%, 66.67%, and 50.00%, respectively, as compared to
ciprofloxacin. Similarly, the growth of S. epidermidis was
inhibited by 60.97% and 48.96% using 60% and 30% CSEO
solutions. 60% CSEO solution also showed the relative zone
of inhibition diameters of 47.67% and 46.23% against
S. agalactiae and E. coli compared to the positive control.
The significant difference (p <0.05) of antibacterial activity
of different concentrations of CSEO solution against the test
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bacterial strains has been more supported by post hoc
multiple comparisons between zones of inhibition diameter
percentage values.

Besides antibacterial activity tests, the mechanism of
action of bioactive compounds of EOs was also the subject of
numerous studies [35, 50]. Even though the mechanisms of
action of chemical components are not fully answered,
actions of chemical compounds of CSEO against bacterial
species most probably follow the same mechanisms reported
in the previous related research findings [51, 52]. Hydro-
phobic properties of major chemical components are mainly
responsible for the antibacterial action of EO. Even though
the action of EO is due to its constituent’s synergic effect, the
antibacterial activity of CSEO more probably relies on the
highly dominant component CSEO, 2,5-dimethoxy-p-
cymene, which accounts for 87.09% of the total composition.
After 2, 5-dimethoxy-p-cymene penetrates through the cell
membrane; it destroys the cytoplasm membrane and
changes membrane permeability and integrity of bacterial
cells. Thus, these phenomena make bacteria leak compo-
nents necessary for their existence and finally cause the death
of bacteria. This proposed action mechanism of CSEO is
supported by some literature reviews [34]. Some previous
reports displayed that Gram-negative bacterial strains are
more resistant to EO than Gram-positive bacteria because
the former species have an outer membrane surrounding the
cell wall, preventing diffusion of hydrophobic chemical
components through their lipopolysaccharide layer
[35, 50, 53]. The components in the EOs were reported for
alteration of structure, functionality, blockage of energy
metabolism system, disruption of whole-cell protein, and
DNA of the bacterial strains. This was reported as the fre-
quently proposed mechanism of action of EOs for anti-
bacterial activities [54, 55].

5. Conclusions

GC-MS analysis of CSEO identified the dominant chemical
constituents in oxygenated terpenes and diversified functional
groups. Their chemical compositions are also known to
contain different aromatic compounds. The maximum ever
reported total composition percentages of CSEO were ob-
tained as 96.86%. This study reported the major compound,
2,5-dimethoxy-p-cymene, with a greater relative area per-
centage, 87.09%, for the first time from the EO of the aerial
part of C. leptophyllum. Compared to ciprofloxacin, the
relative zone of inhibition diameter percentage (% RZID) of
15-60% of CSEO solution displayed average or above average
growth inhibition activities against S. aureus. Similarly, 30%
and 60% of CSEO solution inhibited the above average
percentage of growth of S. epidermidis. S. agalactiae exhibited
the strongest resistant effect towards all test solutions except
60% CSEO solution. Generally, stronger inhibition activities
were observed for Gram-positive bacterial strains than Gram-
negative bacterial strains. Bioactive compounds in CSEO
potentially inhibit the growth of some food spoilage bacterial
strains. Therefore, this study contributes to the scientific
evidence required for supporting the traditional medicinal

practices exercised by some communities using natural
products of C. leptophyllum. This research work is also used to
strengthen the current efforts of scientific investigation re-
garding the application of EOs of various medicinal plants
from the ecology of Ethiopia as natural antibacterial agents.
To evaluate the effectiveness of the antibacterial activities of
CSEQ, it needs more evaluation of CSEO against a vast
number of pathogenic bacterial strains responsible for food
contamination.
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Due to the increased demand and importance of essential oils in medicinal applications, advanced essential oil extraction
techniques have been employed. Both conventional hydrodistillation (HD) and microwave-assisted hydrodistillation (MAHD)
were employed to extract the essential oils from the hibiscus flower. Extraction time and solvent polarity were the most critical
factors. Scanning electron microscopy (SEM) was used to investigate the surface morphologies of raw powdered hibiscus flowers
(not exposed to any pretreatment) and pretreated powdered hibiscus flowers (exposed to methanol absorption for 60 minutes prior
to extraction). Extractive chemistry analysis utilizing Fourier transform infrared (FTIR) spectroscopy was performed on the volatile
oil obtained by MAHD. Different peaks in the gas chromatography/mass spectrometry (GC/MS) analysis indicated the presence of
thirty-seven different compositions. MAHD was more energy efficient, had higher yield production, and was environmentally
friendly, reducing HD’s overall carbon footprint by 40%. Oxygenated monoterpene, sesquiterpene, and sesquiterpene hydro-
carbons were found in the hibiscus flower’s crude extract. Moreover, the methanolic extract of Hibiscus rosa-sinensis has potent
antioxidant properties. A hibiscus flower extract had scavenging activities of 51.2% at 0.2 mg/mL, 0.3% at 0.6 mg/mL, 0.8% at
1.0 mg/mL, and 68.5% at 1.2 mg/mL against DPPH free radicals. Therefore, the MAHD method is well-suited to extracting essential
oils from hibiscus flowers, and the resulting oil has the potential to provide significant therapeutic advantages.

1. Introduction

Aromatic chemical compounds are found in essential oils,
which are volatile industrial oils. Important chemical com-
pounds in essential oils include phenols, hydrocarbons, al-
dehydes, ketones, alcohols, and esters [1]. Essential oils
extracted from several plants can be purchased commercially
[2]. A ton of research shows that even tiny amounts of es-
sential oils can significantly impact biological activity [3, 4].

Numerous bioassays are frequently performed to detect
the antioxidant from plant extracts such as flowers. Neoteric
reports indicate an inverse connection between the con-
sumption of antioxidant-rich foods and the incidence of
human disease [5]. Therefore, the food industry heavily uses
synthetic antioxidants such as butylated hydroxyanisole
(BHA) and butylated hydroxytoluene (BHT), which may
contribute to cancer development and liver toxicity [6].
Plants have been the basis of conventional medicine
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worldwide [7-9]. Using currently known methodologies and
techniques for finding natural antioxidants in plants has
much potential. Many experts have discussed many ways in
which these plants can be put to good use [10-12].

Hibiscus rosa-sinensis is a small, evergreen tree growing
up to 1.5-3.0m (5.0-10ft) wide and 2.5-5.0m (8.0-16 ft)
tall, with shiny leaves and red flowers in summer. Different
parts of this plant, such as leaves, roots, and flowers, have
been known to possess medicinal features such as laxatives,
aphrodisiacs, and contraceptives. Hibiscus rosa-sinensis is
well-known in the Malvaceae implant family as an evergreen
grassy plant.

Fatty acids, flavonoids, carbohydrates, proteins, and
minerals are all found in hibiscus flowers [13]. The flowers
have been studied for their anti-inflammatory, antihyper-
tensive, hepatoprotective, anticancer, antidiabetic, anti-
nociceptive, cytotoxicity, antibacterial, and antioxidant
properties [14].

Techniques such as solvent extraction, steam distillation,
hydrodistillation (HD), maceration, and expression are
commonly used to extract essential oils from plants [15, 16].
Even though these methods are labeled as “traditional ex-
traction procedures,” HD is utilized multiple times
throughout [15, 17]. However, several disadvantages are
associated with traditional techniques, such as damage to
volatile compounds, high energy consumption, and long
extraction time [17-19]. Extraction methods have evolved
due to increase in extraction yield, decrease in extraction
time, improvement in soil quality, and decrease in operating
costs. Modern styles include pressurized solvent extraction,
ultrasound-assisted extraction, supercritical fluid extraction,
microwave-assisted extraction, and microwave-assisted
hydrodistillation (MAHD) [15, 20]. There are many ad-
vantages of using microwave-assisted hydrodistillation, such
as its low cost, and it is one of the modern and fast methods,
and it is possible to get better yield from the extracted oils
(21, 22].

Recent studies [23, 24] have shown that microwave
ovens can be used to remove active plant components ef-
fectively. There is a close relationship between the dielectric
constant of the solvent and the sample and the effectiveness
of MAHD [25, 26]. The extraction process limits the ex-
amination of various components in plant material because
traditional procedures are thermally hazardous, solvent-
intensive, and time-consuming [27, 28]. This novel,
promising MAHD method can potentially reduce solvent
usage, protect thermolabile elements, and facilitate rapid,
high-yield extraction.

Since MAHD allows for solvent selectivity, it can reduce
extraction time and allows for precise temperature control,
and it is widely employed as a method for chemical ex-
traction. As it produces less carbon dioxide (CO,), MAHD is
better for the environment [29]. Conventional methods for
bioactive component extraction are laborious and lack
precise temperature regulation [27]. Many bioactive com-
ponents of plants have also been extracted using this
method. Although it is more effective than traditional steam
distillation [23, 30], its use depends on the solvent’s di-
electric constants and the sample [25].
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Healing with MAHD relies on its direct effect on polar
materials or solvents because this is where the action is most
concentrated. Ionic conduction and the rotation of two di-
poles drive this phenomenon [31]. Some of the many ad-
vantages of MAHD include targeted heating, higher output,
sufficient temperature maintenance, fewer required process
steps, quicker start-up, smaller equipment footprint, and
lower temperature disparities. Moreover, unlike conventional
oil, the oils produced through MAHD do not harm the planet
[32]. Furthermore, there are scant studies on functional group
analysis of the chemicals recovered from hibiscus flowers
using MAHD or on the impact of pretreatment input ma-
terials. Furthermore, no reports compare the effectiveness of
MAHD and the traditional HD method in extracting the oil
from the hibiscus flower’s functional groups. This study
compares MAHD to HD to extract the volatile oils found in
hibiscus blooms. The hibiscus flower was studied morpho-
logically before and after pretreatment to determine the
impact of the process. GC-MS was used to determine the
chemical makeup of the sample. Parts of the compounds
recovered by each method were compared, and FTIR analysis
was used to look at structural changes in the functional
groups of the components. The financial, energy, and eco-
logical effects of MAHD and HD extraction were also studied.

2. Materials and Methods

2.1. Materials. The mature and fresh flowers of hibiscus were
collected in February 2016 from a location in Gambang
Campus, Universiti Malaysia Pahang, Malaysia. In addition,
the ecosystem for planting the flower was the system ac-
customed to climate change; whether it is summer or winter,
it grows throughout the year. It does not tolerate low
temperatures below 10°C. As defined by the climate of
Malaysia, temperatures do not reach this degree in winter.
This study used chemicals exclusively for analysis to verify
that the extracted essential oil is safe for the environment. A
small number of chemicals utilized in this work, including
dimethyl sulfoxide (DMSO), anhydrous sodium sulfate
(Na,SO,), and potassium dichromate (K,Cr,O;), were
supplied from Sigma-Aldrich (USA).

2.2. Pretreatment. Some dirt and sticky material, such as tiny
sand grains, were found in the hibiscus flowers. The material
was cleaned to eliminate harmful chemicals as much as
possible. This method required fresh hibiscus flower sam-
ples, which were washed in distilled water for 60 minutes and
then air-dried for 24 hours at temperature between 60 and
70°C. After that, the particle size of the sample was reduced
by crushing and grinding about 70 g of dried hibiscus flower
petals. Using a mechanical sieve shaker, 80 ym of hibiscus
flower powder was obtained after grinding and sieving the
samples. It was determined that drying the flower powder at
105+ 5°C would provide a constant weight. The following
formula determined the flower powder’s moisture content:

. W, -Ww,
Moisture content (%) = TxlOO, (1)
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W 1 and W, are the weight of the flower powder before
and after drying (g), respectively. The moisture content of
the flower powder was about 22.2%.

The thoroughly dried hibiscus flower powder sample was
kept as an indicator. Before extraction, 35 g of the powdered
hibiscus flowers were weighed and presoaked for 1h in
distilled methanol at a ratio of 8 : 1 w/w of methanol to whole
dried hibiscus flower powder, respectively [33]. All results
were based on the weight of the dried samples.

2.3. Scanning Electron Microscopy Analysis. SEM images
were taken at 60 and 120 minutes in MAHD and HD of
untreated dried hibiscus flower powder, presoaked hibiscus
flower powder, and hibiscus flower powder that has had its
essential oils extracted. The TM3030 Plus tabletop micro-
scope was used to examine the specimens. All samples were
analyzed at an analytical working distance of 11.3 mm and
an accelerating voltage of 5.0-15kV (15-600,000 magnifi-
cation). Electrical discharge was prevented by sputter
coating prior to SEM observation. The powdered hibiscus
flowers underwent SEM analysis to detect morphological
alterations throughout the extraction process.

2.4. Extraction of Hibiscus Oil via Microwave-Assisted
Hydrodistillation. The Clevenger-type equipment described
in the literature [23] could be microwaved in a Milestone
MWS Ethos E Solvent Extraction system (2.5 kW; 230 V-60
Hz; 2450 MHz). The microwave oven cavity was filled with a
1L reactor (round bottom flask) holding 35g of the pow-
dered hibiscus flower matrix (which had been presoaked in
methanol at a weight-to-weight ratio of 8:1 of methanol to
dried hibiscus flower powder). The extracted oil was collected
using the clenching equipment placed on the microwave
outside. For a total of 120 minutes, the microwave was set to
400 W of power. When the oil in the flask evaporates, it leaves
vapor behind. A condenser reduces the pressure of steam and
the vapors of essential oils. Methanol and essential oil are
combined in the condensate before being collected and
separated using dichloromethane in a separating funnel.

2.5.  Extraction of Hibiscus Flower Oil through
Hydrodistillation. The essential oil of hibiscus flowers was
extracted using a Clevenger machine and the HD method.
The extraction was heated with an electromantle (Nahita
model 655). HD extraction works similar to MAHD ex-
traction. Nevertheless, what sets apart the various
methods is the heat source used. To make a fair com-
parison between HD and MAHD, we used the same
sample size (1.0L) and concentration (35g of powdered
hibiscus flowers in the same volumes of methanol) for
both extraction procedures. The conventional methods

(Power consumed for the extraction process/ Extraction time)

reqiure a longer extraction time to attain maximal oil
recovery [23, 29], while this extraction was conducted at
an operating power of 300 W for only 180 minutes. The
collected condensate containing a mixture of methanol
and essential oil is poured into the separating funnel with
solvent dichloromethane.

2.6. Gas Chromatography-Mass Spectrometry Analysis.
The analysis was carried out with a DB-WAX-fused silica
column (30m x0.25mm i.d. and film thickness 0.25 ym)
and Agilent 5975C Series GC/MS, Agilent, USA. The oven
was set to 60°C for 10 minutes, then increased by 20°C every
minute to 230°C, and finally maintained at 250°C for 10
minutes. In order to achieve a 30 cm/s linear velocity, helium
was used as the carrier gas.

Both MAHD extract samples were diluted to a con-
centration of 3.0% in dichloromethane by mixing 1.0 uL of
pure essential oil of flowers with 10 uL of dichloromethane.
The split ratio was maintained when injecting the diluted
samples into GC. Mass spectral data collected from the
sample were compared to data obtained from pure, com-
mercially available standards injected under identical con-
ditions to identify the components.

Mass spectral data of essential oils from the National
Institute of Standard and Technology (NIST MS collection)
were compared to the components found in the extracted oil.
The retention times of the chemicals found in the hibiscus
flower oil were similar enough for a quantitative analysis to
be performed using both techniques. The relative abundance
of individual components in the purified hibiscus flower oil
was determined by measuring the area under respective
peaks. When estimating the size of each peak, the nor-
malization approach was used, with 100% being the full
extent of the peaks.

2.7. Fourier Transform Infrared Spectroscopy. Oil extracted
using HD and MAHD was analyzed for functional groups.
The purpose was to learn more about the bonding structures
and alterations in the oil’s chemical compositions that had
taken place during the extraction process. For the analysis,
we used a Thermo Scientific Nicolet iS5 FTIR spectrometer,
made in USA by Thermo Scientific®. The FTIR spectrum was
recorded between 4000 and 400 cm ™.

2.8. Calculation of Energy Consumption. The total amount of
energy expended during MAHD and HD extraction of hi-
biscus flower oil was determined to assess its environmental
effect. The formula for determining energy consumption for
both approaches is shown in the following equation:

(2)

Energy consumed (kWh) =

1000



2.9. Antioxidant (DPPH Radical Scavenging) Assay.
Methanol extract of hibiscus flower (Cass.) was tested for its
ability to quench free radicals with 2,2-diphenyl-1-pic-
rylhydrazyl (DPPH). 95% of methanol was used to make a
DPPH solution (0.004% w/v). The investigated medication
was prepared in test tubes with five distinct concentrations.
We added 1.0 mL of newly produced DPPH reagent to the
test tubes and left them to incubate overnight in the dark.
The absorbance was checked at 517 nm after incubating the
sample for 10 minutes (Systronics UV: Visible spectro-
photometer, USA). The positive control used in this process
was ascorbic acid.
Scavenging activity (%) of the DPPH free radical was
measured using the following equation [34]:
Inhibition (%) = (AOAAI) * 100, (3)

0

where A, is the absorbance of the control and A, is the
absorbance of the test.

3. Results and Discussion

The yield of flower oil can be affected by variables in the
extraction process [35]. These variables include the solvent
ratio, extraction power, and extraction time. Previous
studies have looked into how different extraction settings
affect the effectiveness of HD and MAHD procedures. Re-
sults from those analyses provided insights into the selection
of extraction settings for MAHD and HD that yielded the
best overall performance.

3.1. Scanning Electron Microscopy Analysis of Hibiscus Flower
Powder

3.1.1. Surface Morphology of Untreated and Pretreated Hi-
biscus Flower Powder. Figures 1(a) and 1(b) illustrate the
surface morphologies of raw powdered hibiscus flower
(without soaking in methanol before extraction) and pre-
treated hibiscus flower (soaked in methanol for 60 min). The
raw powdered flower shown in Figure 1(a) is slender and
dry. Conversely, the powdered hibiscus flower undergoes
discernible physical changes after being pretreated. As
shown in Figure 1(b), when the hibiscus flower is dried and
ground into a powder, it has an enlarged and pufty ap-
pearance. The hibiscus flower swelled up after soaking it in
methanol, which suggests that the plant had taken in the
solvent. This would increase tissue swelling and subsequent
rupture, allowing the volatile oils to flow more easily into the
methanol during extraction [32].

3.1.2. Morphological Variations in Hibiscus Flowers following
MAHD and HD Extraction. As shown in Figure 2(a), the oil
glands in the powder have a strong propensity to swell and
expand upon soaking. This could aid in refining oil ex-
traction by facilitating the clean and rapid release of oil from
the substance. However, if the material is extracted without
soaking, contractile oil glands will be subjected to greater
stress, resulting in less oil being released. The internal
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pressure of the oil glands would need to be raised to a higher
level before rupturing for oil emancipation to be possible.
Soaking plant materials before extracting essential oils is
recommended so that the induction time and overall energy
usage can be shortened.

Figure 2(b) shows the oil gland following MAHD ex-
traction. In contrast, Figure 2(c) shows an SEM image of the
oil gland after HD extraction. The oil gland appears to have
experienced different types of disruption (highlighted in red)
in both the images. The oil gland is damaged in MAHD,
which may be related to how the oil is heated. Methanol’s high
dielectric qualities allow it to absorb and transform micro-
wave radiation into heat which is then delivered to the plant
material in microwave-assisted hydrodistillation (MAHD)
[36]. Because of this, heat energy can be focused precisely
where the oil glands are located, allowing for the most effi-
cient and least invasive method of oil release possible
(Figure 2(b)). In the case of HD, however, the gland shows
signs of a particularly severe fracture (Figure 2(c)). The high
mechanical strain on the oil glands may be a side effect of the
HD technique, suggesting that an aggressive attitude ac-
companies it. This is because the heat energy from HD first
reaches the solvent surface through conduction and con-
vection before heating the intended plant material [36]. This
would cause the glands to explode, allowing the oil to be
extracted. Based on what is shown in the SEM image [37], the
gland ruptures violently when HD is extracted could be
explained.

3.2. Analysis of the Chemical Structure of an Essential Oil.
Figure 3 shows the FTIR spectra of hibiscus flower oils
acquired using MAHD and HD. These spectra show that the
absorption spectra of various oil components overlap. This is
because volatile oils are such a complicated mixture. Since
the peaks for the distinctive fingerprint of hibiscus flower oil
are located in the region from 4000 to 400cm™, their
spectrum is highly instructive.

Essential oil functional groups were identified by
comparing the FT-IR spectrophotometer’s sample vibration
frequencies in wave numbers to those listed on an IR cor-
relation chart. The FT-IR spectrum of the essential oil from
hibiscus flowers showed the presence of O-H stretch for
alcohol and phenol in the absorption band of frequency at
3052 cm . Aldehyde was detected thanks to an absorbance
band at 1629 cm™' (m). The aromatic components’ C=C
skeletal vibration gives rise to the peak at 1420 cm™". Spe-
cifically, ring stretching is responsible for the 1264 cm™
peak. The peak at 1057 cm ™" represents the C-H stretching
vibration. Vibrational bending absorption of C-N groups is
responsible for the 895cm™' peak. The absorption peak at
736 cm™" reflects the nitro group’s vibrations. Table 1 pro-
vides a visual summary of the significant peaks.

The spectra of oils extracted using these two processes
are typically very close to one another. These oils’ complexity
and the similarity in their chemical fingerprints make it
challenging to identify their distinguishing features. This
demonstrates that MAHD may be used to safely extract
essential oils from hibiscus flowers without altering the oil’s
chemical composition.
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FiGure 1: SEM images of (a) untreated raw hibiscus flower powder and (b) pretreated hibiscus flower powder after being soaked for 60 min.

Oil gland
Hibiscus flowers

Ruptured oil gland
after MAHD

NLMD9.8 x1.5k 50 um
()

Ruptured oil gland
after HD

NL MD9.8 x1.5k

50 um

(0

F1GURE 2: SEM images of oil cell glands of hibiscus flower (a) after pretreatment (soaking for 60 min), (b) after MAHD extraction (120 min),

and (c) after HD extraction (160 min).

TaBLE 1: Details of hibiscus flower oil functional groups derived
from HD and MAHD.

Functional group

Vibration assignment (cm™)

representation HD MAHD
O-H 3052.76 3053.10
C =0 stretching 1629.29 1629.29
C=C stretching 1420.77 1420.94
Ring stretching 1264.18 1264.42
C-H wagging 1057.00 1019.85
C-N bending 895.36 895.56
NO, wagging 736.08 735.70

3.3. Compositional Examination of Chemical Compounds in
Hibiscus Flower Oil Obtained by MAHD and HD.
Essential oils are complex substances that may even contain
oxygenated molecules. For hibiscus flowers, the essential oils

include only three elements: carbon, hydrogen, and oxygen.
Terpenes (primarily monoterpenes and sesquiterpenes),
phenolics, and alcohols are just a few of the volatile com-
pounds found in these mixtures [29]. Aldehydes, ketones,
acids, ethers, and esters are oxygenated derivatives of hy-
drocarbon terpenes [38]. In the treatment of cardiovascular
illness [39], such as malaria [40] and cancer [41], several
terpenes have proven to be highly effective medications.
The MAHD and HD extraction procedures obtained the
crude extract of hibiscus flowers, and both were compared
and evaluated for their chemical components and quality.
The chemical components of MAHD and HD-obtained
crude extract (%) of hibiscus flower oil are compared in
Table 2. The table shows the results of a direct comparison
between the percentage of chemical compounds in crude
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TaBLE 2: The average chemical composition of compounds in hibiscus flower oil.
Mass percentage of
chemical compounds in
Types Compounds Molecular formula MW crude extrfct (%)
MAHD HD
2,3-Dihydroxy propanal C3HO;3 90.10 12.58 +0.1 10.34+0.1
Acetaldehyde C,H,O 44.04 0.62+0.1 0.53+0.1
Aldehyde 1,4-Butanediol C,HO, 86.10 1.65+0.2 1.43+0.1
Bicyclo[4.1.0]heptane-7-carbaldehyde CgH;,0 124.2 2.80+0.1 3.50+0.1
1-Isopropyldiaziridine C4H N, 86.13 0.75+0.1 0.92+0.1
Ethylenediamine C,HgN, 60.10 6.71 +0.1 542+0.2
1,3,5-Triazine-2,4,6-triamine C3HgNg 126.12 2.48+0.1 2.32+0.1
Amine Methylguanidine C,H;N; 73.10 0.73+0.1 0.83+0.3
2-Butanamine, (S)- C,H N 73.13 2.72+0.1 2.53+£0.2
N-Formyl-f-alanine C,H,NO; 117.10 2.36+0.1 2.22+0.1
2-Methyl-piperazine CsH,N, 100.20 0.80+0.1 0.69+0.1
N-ethyl-propanamide CsH,;;NO 101.20 10.69 £0.1 9.89+0.1
Amide 2-Methyl- propanamide C,HoNO 87.12 0.58 +£0.1 0.74+0.2
1-(2-Adamantylidene)semicarbazide C;1H7N50 207.30 0.68 +£0.2 0.47+0.2
2-Propen-1-ol Cs;HgO 58.10 0.98+0.1 1.00+0.2
Tetrahydro-, trans-3,4-furandiol C4HgO3 104.10 0.91+0.2 0.76 +0.1
Alcohol 3-Piperidinol CsH;;NO 101.14 0.28+0.1 0.45+0.1
1,5-Pentanediol CsH,,0, 104.15 0.48+0.1 0.54+0.2
2-Methyl-1-propanol C4H;00 74.12 1.57+0.1 1.32+0.1
(2)6,(Z)9-pentadecadien-1-ol Cy5H,50 224.40 1.70+0.1 1.90+0.1
Alkyne 1-Octyne CgHyy 110.20 0.45+0.1 0.62+0.2
Succinamic acid C4H,NO; 117.10 0.66 £ 01 0.58£0.1
Acid Thioacetic acid C,H,0S 76.12 1.08 +0.1 1.10+0.2
Citramalic acid CsHgOs5 148.10 0.36+0.1 0.50+0.2
Dodecahydropyrido[1,2-b]isoquinolin-6-one C,;3H,NO 207.30 0.35+0.1 0.23+0.2
Ethanimidic acid, ethyl ester C,HoNO 87.12 31.43+0.2 29.23+0.2
Carbamic acid, ethylnitroso-, ethyl ester CsH,(N,O3 146.14 0.82+0.1 0.90+0.1
Propanedioic acid, oxo-, bis(2-methylpropyl) ester C1H,505 230.25 0.08+0.1 —
Ester o-Methylisourea hydrogen sulfate C,HgN,05S 172.20 4.06+0.1 3.90+0.2
6-Acetyl-f-d-mannose CgH,,0, 222.20 0.08+0.1 —
Hexadecanoic acid, methyl ester C,,H3,0, 270.45 2.99+0.1 3.01+0.1
Decanoic acid, ethyl ester C,H,,0 200.32 0.77 +0.1 0.98+0.1
Trimethyl-oxirane CsH,0,0 86.13 0.78 +0.1 0.90+0.1
Ether 1-(3-Methyloxiranyl)-ethanone C5HgO, 100.11 0.18+0.1 0.20+0.1
Ethoxy-ethene C,HO 72.10 3.63+0.2 3.49+0.1
Other Isothiazole C5H;NS 85.12 0.17+0.1 0.21+0.2
2,3-Dioxabicyclo[2.2.1] heptane CsHgO, 100.10 0.07+0.1 —

(-) not detected, *mean, and + standard deviation.

extractants under ideal conditions and the marker com-
ponents, ethanimidic acid and ethyl ester. Under ideal
conditions, the median concentrations of ethanimidic acid
and ethyl ester in MAHD and HD were 31.43 and 29.23%,
respectively. Certain chemical families were found in the
crude extract of hibiscus flowers. These include oxygenated
monoterpenes, sesquiterpene hydrocarbons, and other ox-
ygenated chemicals. Hemiterpenes (C5) and sesquiterpenes
(C15) are the most common chemicals in essential oils.
Monoterpenes and sesquiterpenes are said to be “oxygen-
ated” or “oxygenated” when an oxygen molecule is incor-
porated into their molecular structure. Our findings
corroborate previous findings [42-46]. The crude extract
percentages, however, were not the same between the two
extraction strategies. MAHD could be suggested as a useful
approach for extracting more oxygenated chemicals from
hibiscus flowers. However, the total percentage of essential

oil acquired from MAHD and HD might be very close.
MAHD resulted in a more significant proportion of oxy-
genated compounds and a smaller proportion of sesqui-
terpene hydrocarbon than HD.

As a result, MAHD-obtained compounds are pretty
helpful. These chemicals’ high aromatherapy characteristics
and high toxicity to insects and pests make them indis-
pensable to pharmaceutical and other sectors [47]. As a
result, the constituents are less likely to undergo partial
degradation typical of HD extractions, which can be asso-
ciated with a shorter extraction time [48]. This suggests that
the essential oil extracted from hibiscus flowers using
MAHD has excellent therapeutic potential.

3.4. Energy, Economy, and Environmental Impact. In light of
the data presented here, it can be said that the MAHD
method of hibiscus flower oil extraction is superior to the
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Figure 3: FTIR spectrum of essential oil for hibiscus flower
through MAHD and HD.

HD method (conventional). This work aims to compare and
contrast the two methods by considering their effects on the
natural world, the economy, and the energy supply. This is
essential for foreseeing the commercial viability of the
MAHD extraction process.

In order to reach the boiling point of the plant matrix
during HD extraction, 280 mL of methanol containing 35 g
of hibiscus powder had to be heated for roughly 15 minutes
[35]. The hibiscus oil was recovered entirely after 160
minutes of the HD procedure. Amazingly, the MAHD
technique only needed 8.0 minutes to reach its induction
time at 300 W and start making hibiscus oil. The oil from the
hibiscus flowers was retrieved entirely in less than an hour.
Table 3 shows how two extraction strategies stack up re-
garding energy use and CO, emissions. The energy con-
sumption calculations show that 0.639 kWh of energy was
used for MAHD extraction, and 1.087 kWh was needed for
HD extraction. The wattmeter in the microwave and the
power cord for the electric heater was used to calculate
power consumption. As shown in Table 3, HD requires more
energy to produce essential oil, and its energy requirements
are more than MAHD. Noticeably, the yield produced by
MAHD (1.25%) was higher than that obtained from HD
(1.15%). In addition, MAHD consumed less energy than HD.
These results were better than those obtained for essential oil
yield from Sideritis raeseri, where the product was found to
be 0.61-0.67% using microwave-assisted distillation [49]. In
addition, the current work yield was higher than that ob-
tained by Hibiscus sabdariffa L. using different methods,

TaBLE 3: Summary of energy consumption and CO, emission of
MAHD and HD methods.

Parameters MAHD HD
Total operating time (min) 128 181
Electricity consumption (kWh) 0.639 1.087
CO2 released (g) 511.2 869.6
Yield (%) 1.25 1.15

DPPH scavenged (%)
S
S

60
50 -
30 +
20 ~
10
0 T T T T T
0.2 0.4 0.6 0.8 1 1.2

Concentration of extract (mg/mL)

F1GURE 4: DPPH radical scavenging activity of essential oil and the
methanol extract of hibiscus flower and the ICs, of essential oil
0.7 mg/mL.

where it was 0.86, 0.54, and 1.10% using HD, steam dis-
tillation, and solvent-free microwave-assisted extraction
[50]. Concerning the environmental impact, the amount of
carbon dioxide released to the environment is higher in HD
(869.6 g CO,/g of hibiscus flower oil) than that in MAHD
(511.2 g CO,/g of hibiscus flower oil). According to [37], 1
kWh energy consumption from coal or fuel releases almost
800g of carbon dioxide into the environment during
combustion. The calculation of energy consumption was
carried out using equation (2).

From these findings, we deduce that the MAHD method
is a green extraction process that benefits the natural world.
MAHD is a solvent- and energy-efficient method that does
not require chemicals to extract high-quality essential oil.

3.5. In Vitro Antioxidant Assay

3.5.1. DPPH Radical Scavenging Assay. Antioxidants are
expected to neutralize DPPH radicals because of their hy-
drogen-donating capacity. Radical scavenging actions are
essential to prevent many illnesses, including cancer [51].
Extracts of hibiscus flowers are commonly tested for their
antioxidant capacity using the DPPH assay. Figure 4, shows
the DPPH antioxidant capability of a hibiscus flower extract.
The DPPH free radical scavenging activity of a hibiscus flower
extract was 51.2%, 53.2%, 55.3%, 58.1%, 64.7%, and 68.5% at
concentrations of 0.2, 0.4, 0.6, 0.8, 1.0, and 1.2 mg/mL, re-
spectively. Scavenging activity for DPPH is shown in Figure 4
and Table 4. These results demonstrate that higher quantities
of the extract have higher radical scavenging activity (see
Figure 4). The IC50 for essential oil in the DPPH assay method
was 0.7 mg/ml (Table 4). Methanol extract of hibiscus flower
has a scavenging action comparable to ascorbic acid [52].



TaBLE 4: DPPH assay of methanol extract of hibiscus flower.

No Concentration of extract DPPH scavenged ICs, (mg/
’ (mg/mL) (%) mL)

1 0.2 51.2

2 0.4 53.2

3 0.6 55.3

4 0.8 58.1 0.7

5 1.0 64.7

6 1.2 68.5

7 Ascorbic acid (5 mg/mL) 81.85

4. Conclusion

Hibiscus flowers were used to create an eco-friendly es-
sential oil using the modern green extraction methodology
MAHD and the traditional HD method. The characteristics
of hibiscus flower essential oils extracted using MAHD and
HD techniques were compared. A scanning electron mi-
croscopy (SEM) study of powdered hibiscus flowers that
had previously undergone oil extraction found that MAHD
yielded the purest oil with minimally damaged sebaceous
glands. FTIR testing confirmed that MAHD contained the
same chemical constituents as that of the oil recovered from
hibiscus flowers using HD. Based on the data, it is clear that
the MAHD method is superior in terms of cost-effective-
ness, environmental friendliness, and the number of
oxygenated compounds it generates. The MAHD-obtained
hibiscus flower raw material was put through the DPPH
radical scavenging assay to determine its antioxidant
quality. The MAHD crude extract has an intriguing
IC50 value of 0.7 ppm. These findings demonstrate that
MAHD crude extracts have more significant therapeutic
potential. The MAHD procedure yielded higher quality
hibiscus flower oil than the conventional HD method. This
study reveals that MAHD may be used to successfully
extract volatile oils from hibiscus flowers without dis-
rupting their original chemical structures. Due to its high
yield and low energy consumption, MAHD proved to be an
eco-friendly option for separating essential oils compared
to HD.
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The technological parameters and quality indicators of corn silk were evaluated in this study: specific density, volumetric
density, bulk density, porosity, spatial layer, free volume of the layer, the absorption coefficient, weight loss on drying, and
extractives. The technology for obtaining a liquid extract of corn silk was developed. The most effective extractant was
discovered to be 40% ethanol, with an extraction time of 120 minutes. The qualitative composition and quantitative content of
the major groups of biologically active substances (BAS) in the obtained liquid extract were determined. The qualitative
composition of the main groups of BAS was determined by conventional chemical reactions. This extract contained free
reduced sugars, glycosides (bound reduced sugars), phenols, tannins, flavonoids, saponins, and hydroxycinnamic acids. The
quantitative content of phenolic compounds was performed by UV-vis-spectrophotometry. Total phenols, tannins, flavonoids,
and hydroxycinnamic acids had quantitative contents of 8.25 +0.33%, 1.4 + 0.03%, 2.20 + 0.06%, 3.30 + 0.13%, respectively. The
acute toxicity study was carried out with a single intragastric administration to outbred unanesthetized white rats of both sexes.
Duration of observation of animals was 14 days. It was revealed that corn silk extract at doses of up to 5.0 ml/kg is safe. A single
injection of a liquid extract has no effect on internal organs when compared to a control group. Corn silk liquid extract’s
hemostatic efficacy was assessed using blood clotting time, prothrombin time, and blood clot retraction index. The corn silk
liquid extract reduces blood coagulation time, decreases prothrombin time, and increases the blood clot retraction index.
According to these findings, corn silk liquid extract is rich in phytochemicals and possesses a potential therapeutic effect on
bleeding disorders. Furthermore, it could be used in the pharmaceutical sciences industry to develop medicines for testing in
the treatment of various diseases.

systems are all part of the hemostasis system. Hemostasis has
two mechanisms: vascular platelet and coagulation [1-4].

Bleeding (hemorrhagia) is the outflow of blood from
damaged vessels into tissues, body cavities, and external
environments [1-3].

The hemostasis system is responsible for halting the
bleeding and ensuring that the aggregate state of blood in the
body is ideal. The blood artery wall, blood cells (mainly
platelets), and both enzymatic and non-enzymatic plasma

There is no single approach for the treatment of bleeding.
This is due to the different etiology of their occurrence. A
fairly common cause of bleeding is a violation of the integrity
of the vascular wall that occurs as a result of trauma, vessel
erosion in various purulent and pathological processes,
increased blood pressure in the vessel, a sharp drop in at-
mospheric pressure, and increased vessel permeability [1].
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Angiospasm is an essential component of the hemostatic
system. The main result of its manifestations is the
achievement of a persistent spasm of the damaged vessel,
which limits blood loss. In addition to vascular spasm, the
thrombogenic potential of the vascular wall includes its
ability to produce and exhibit, when damaged, molecular
activators of platelet adhesion and aggregation, as well as
stimulators of fibrin formation. The vascular link of he-
mostasis depends on the state of the blood vessel [1].

In addition to vascular wall defects, the presence of
bleeding, hemorrhage, and a tendency to recur, indicates a
decrease in the ability of blood to coagu-
late—hypocoagulation. The main causes of hypo-
coagulation are genetic or acquired deficits and/or defects
of hemostasis factors [1-3].

Bleeding associated with disorders of the plasma-coag-
ulation link of hemostasis is characterized by hemorrhages
in the cavity and soft tissues. Hemorrhages of the mucous
membranes are common with defects in the vascular-platelet
connection, including nasal, gastrointestinal, uterine hem-
orrhages, intradermal ecchymosis, and petechiae [1].

Bleeding can be a manifestation of self-bleeding diseases
such as hemophilia A and B, Willebrand’s disease; com-
plication of local vascular tissue damage during infection,
inflammation; a complication of another pathology such as
cholemic bleeding in patients with jaundice, spontaneous
nasal, skin, muscle bleeding during surgery and in the
postoperative period. Uterine hemorrhage can also develop
as a result of hypotension and atony of the muscles of the
uterus. Microcirculation problems cause increased bleeding
in people with diabetes. Scurvy causes gum bleeding owing
to a lack of vitamin C. Patients suffering from osteoporosis
due to an acute calcium deficiency, which is one of the
components in blood coagulation, have more bleeding
(1, 3, 5].

Based on the above, bleeding refers to both emergencies
and systemic diseases. Accordingly, the treatment of
bleeding of different etiology requires a different approach.

Hemostatic agents of plant origin, as a rule, accelerate
blood clotting and have a moderate hemostatic effect. They
are prescribed internally to reduce bleeding in hemorrhagic
diathesis, hemorrhoids, nasal, pulmonary, renal, uterine and
intestinal bleeding, externally for bleeding gums, after
surgical treatment of wounds, etc [4-6].

Bleeding herbal medicine is a set of treatments aimed at
eliminating the clinical manifestations and causes of
bleeding, as well as preventing and eliminating complica-
tions [5, 6].

There is corn among such medicinal plants. Corn is also
called maize, with its botanical name-Zea mays L. Corn
belongs to the cereal family Poaceae [7, 8].

Corn plant raw material is a corn silk (Zeae maydis styli
cum stigmatis). Corn silk is made up of soft silky threads that
are gathered in bunches or partially tangled, with bilobed
stigmas at the top. Silk is curved and flat, measuring
0.1-0.15mm in width and 0.5-20.0cm in length, with
stigmas measuring 0.4-3.0 mm in length. Corn silk comes in
a variety of colors, including brown, brown-red, and light
yellow [8-10].
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The most studied BAS in corn silk are phenolic com-
pounds. The presence of tannin and tannin-like polyphenols
(approximately 13%) has been established: anthocyanidins
and flavan-4-ols luteoforol, apiforol [8, 11]. Furthermore,
studies on flavonoids such as luteolin and apigenin glyco-
sides such as orientin, vitexin, isovitexin, homoorientin, and
maisin have been conducted [8, 11, 12]. Rutin and for-
mononetin are also present [8, 11, 13]. Corn silk was re-
ported to contain chlorogenic, ferulic, and caffeic acids [9].

According to previous researches, corn silk contains up
to 80% carbohydrates, 8% fiber, 3.8% potassium-rich mucus,
10% protein, 3.5% lipophilic substances, 2.5% fatty oil, 3.18%
saponins, and sterols (f-sitosterol and stigmasterol)
[7-11, 14].

Corn silk is used in traditional medicine as a choleretic,
diuretic, and hemostatic agent, as well as to suppress appetite
and normalize lipid metabolism [8, 9, 14, 15]. Corn silk is
also used in official medicine for medicinal purposes. Corn
silk preparations have choleretic, diuretic, anti-inflamma-
tory, hemostatic, and hypoglycemic properties and are used
for hypertension prevention and treatment, as well as weight
loss [7-9, 14, 16]. Corn silk has been shown to have anti-
oxidant and antibacterial properties [7, 8, 17, 18].

Corn is an agricultural plant. According to the Food and
Agriculture Organization of the United Nations (FAO), corn
seeds rank seventh among the most widely produced raw
materials in the world. According to FAOQ, the total global
corn seeds production in 2018 was 1,147 million 155 tons,
with the American continent accounting for slightly more
than half of the total (50.4%), followed by Asia (31.5%),
Europe (11.2%), Africa (6.9%), and Oceania (0.1%). The
United States of America, China, Brazil, Argentina, Ukraine,
Indonesia, India, Mexico, Romania, and Canada were the
top ten maize producers in the world [3] Jordan’s corn
production is annual production is under 10,000 metric
tons. Domestic corn production is largely for human con-
sumption [19].

The development of highly effective and safe medicines
based on medicinal herbs with hemostatic action is still
extremely important and relevant to humanity. Modern
conditions for the development of new pharmaceuticals in
the context of the pharmaceutical industry’s evolution ne-
cessitate not only their efficacy and safety, but also the
verification of their quality, economic, social, and medical
forecasting of the need for their development.

As a result of the preceding, the current study aimed to
determine the technological parameters and quality indi-
cators of corn silk, optimize extractability for obtaining of a
liquid extract from corn silk, its” qualitative composition and
quantitative content of the major groups of BAS, investi-
gation of its acute toxicity and hemostatic action.

2. Materials and Methods

2.1. Plant Material. Corn silk was purchased at a local
market in Amman, Jordan during June and August. The
plant material was authenticated by Dr. Khaled Abulaila
(Director of Biodiversity Research Department, National
Agricultural Research Center, Amman, Jordan). The raw
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components were rinsed twice using tap water. They were
dried in an air-shadowed environment. The plant sample
was ground into a fine powder (3,0mm) and stored in
airtight vials until usage.

2.2. Standards and Chemicals. All chemicals were analytical-
reagent grade and the water was distilled. The chemicals
included: cholesterol solution (Sigma-Aldrich), vanillin
(Sigma-Aldrich), sulfuric acid, chloroform, ferric chloride
(Sigma-Aldrich), lead acetate (Sigma-Aldrich), sodium hy-
droxide (Sigma-Aldrich), iron ammonium alum (Sigma-
Aldrich), gelatin, magnesium shavings, hydrochloric acid,
aluminum chloride (Sigma-Aldrich), Fehling’s reagent, ni-
trite-molybdenum reagent (Sigma-Aldrich), Folin-Ciocalteu
reagent (Sigma-Aldrich), anhydrous sodium carbonate
(Synth®), pyrogallol (Fluka), luteolin 7-glucoside (Sigma-
Aldrich), and chlorogenic acid (Fluka).

2.3. Technological Parameters and Quality Indicators of Raw
Materials. The technological parameters and quality indi-
cators of corn silk of plant raw materials were determined
using commonly established methods [20, 21], including:
specific density, volumetric density, bulk density, porosity,
spatial layer, free volume of the layer, the absorption co-
efficient, weight loss on drying, and extractives.

2.3.1. Specific Density. A 100 ml pycnometer was filled at 2/3
volume with distilled water and weighed. Then about 5.0 g of
the powdered raw material was placed into a dry empty
100 ml pycnometer, distilled water was added at 2/3 volume,
and weighted. A pycnometer with the sample was heated in a
water bath for 1.5-2h, occasionally stirring to completely
remove from the plant raw material air. Then cooled to a
temperature of 20°C, the volume was distilled to the mark
with water, and weighted. A specific density (d,, (g/cm3))
was calculated according to the formula:

dep

d =— P (1)
P+G-F

where P-the mass of the plant raw material, (g); G-the mass
of the pycnometer with distilled water, (g); F-the mass of the
pycnometer with distilled water and the plant raw materials,
(g); d,—the specific density of water, (g/cm3), (d=0,9982T7
cMY).

2.3.2. Volumetric Density. About 5.0 g of the powdered raw
material was quickly placed into a measuring cylinder
(50 ml) with 25 ml of distilled water. The volume of the plant
raw material was measured. The volume occupied by the raw
material was measured as the difference between measuring
a cylinder with distilled water and the raw material and a
cylinder with distilled water. A volumetric density (dy, (g/
cm’)) was calculated according to the formula:

Po
d() = V—, (2)

where P,-the mass of the plant raw material, g; V,-the
volume occupied by the plant raw materials, (cm’).

2.3.3. Bulk Density. About 5.0g of the powdered raw ma-
terial was placed in the measuring cylinder, shaking slightly
for alignment. The volume of the plant raw material was
measured. A bulk density (d, (g/cm’)) was calculated
according to the formula:

The bulk mass was calculated according to the formula:

Pn
d:V_’ (3)

n

where P,-the mass of the plant raw material, (g); V,-the
volume, which takes the plant raw material, (cm’).

2.3.4. Porosity. The porosity (Ps) of the plant raw material is
the size of the cavities within the cellular tissue. It’s calcu-
lated as the ratio of the difference between the specific
density and the volumetric density to the specific density.
The formula is:

p =" (4)

where d,—the specific density of the plant raw material, (g/
cm?); d,~the volumetric density of the plant raw material,
(g/cm?).

2.3.5. Spatial Layer. The spatial layer (P) characterizes the
size of the cavity between parts of powdered plant raw
material. It’s calculated as the ratio of the difference between
volumetric and bulk density to the bulk density. The formula
is given as follows:

P=—— (5)

where d,-the volumetric density of the plant raw materials,

(g/cm®); d—the bulk density of the plant raw materials, (g/
3

cm’).

2.3.6. Free Volume of the Layer. 'The free volume of the layer
is calculated as the ratio of the difference between the specific
density and bulk density to the specific density. The formula
is given as follows:

V= > (6)

where d,—the specific density of the plant raw materials, (g/
cm?), d-the bulk density of the plant raw materials, (g/ cm?).

2.3.7. Absorption Coefficient. The absorption coeflicient is
the amount of solvent that irreversibly permeates air cavities,
intracellular pores, and vacuoles in the plant herbal drug. It’s
calculated as the ratio of the plant raw material mass after
percolation with an extractant and squeezing to the plant
raw material mass before percolation. Water was used as a



TaBLE 1: Results of corn silk technological parameters and quality
indicators determination.

Technological parameters and quality indicators Results
Specific density, (g/cm?) 1.53+0.07
Volumetric density, (g/cm?) 0.46 £ 0.02
Bulk density, (g/cm?) 0.30+0.01
Porosity 0.69 £0.02
Spatial layer 0.34+£0.01
Free volume of the layer 0.80+£0.03
Absorption coefficient
Water 5.00£0.25
Ethanol 40% 4.30+0.17
Weight loss on drying, (%) 12.0+0.54
Extractives:
Water 23.88+0.47
Ethanol 40% 24.70 £ 0.64
Ethanol 50% 23.45+0.40
Ethanol 70% 18.95+0.70
Ethanol 96% 19.38 £0.40

common extractant. 40% ethanol solution was used as the
most suitable for obtaining of corn silk extract according to
the extractives results (Table 1). An absorption coefficient
(K) was calculated according to the formula:
K=22 )
=5y

where P,- the mass of the plant raw material before per-
colation, (g); P,— the mass of the plant raw material after
percolation, (g).

The determination of weight loss on drying and ex-
tractives was performed according to the method described
in the SPhU (2.2.32) [20, 21].

2.3.8. Loss on Drying. Loss on drying is a widely used test
method to determine the residual moisture and any volatile
matter content of a plant raw material sample. Loss on
drying is the difference in the mass of the sample before and
after drying, expressed as a percentage. Flat-bottomed empty
weighted dish with a lid was put in the drying cabinet, at
100-105°C for 30 min. Cooled to a temperature of 20°C in a
desiccator, weighted and then brought to a constant mass. In
a flat-bottomed dish, 1.0 g of the powdered herbal drug was
added, dried in drying cabinet at 100-105°C for 30 min.
Cooled to a temperature of 20°C in a desiccator, weighted,
and then brought to a constant mass. Sample mass is the
difference between a mass flat-bottomed dish with a sample
and an empty flat-bottomed dish. The total number of
measurements was n=>5.

2.3.9. Extractives. The distilled water and ethanol solutions
(40%-96%) were used as extractants for the determination of
extractives (the solvents indicated in Table 1). To 1.0 g of the
powdered plant raw material were placed in a flask with
200-250 ml, 50.0 ml of the solvent were added, then heated
for 30 min from the moment the solvent boils. Cooled to a
temperature of 20°C, diluted to 50.0ml with a suitable
solvent, and filtered. 20.0 ml of the filtrate were dried on a
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water bath, then the residue was dried in the drying cabinet,
at 100-105°C, then weight. The total number of measure-
ments was n=>5.

The content of extractives in percentages (X, (%)), cal-
culated on the basis of absolutely dry raw materials, was
calculated by the formula:

m x 200 x 100

Zml x (100 - W)’ (8)

where m-the mass of the dry residue, (g). m,- the mass of
the plant raw materials, (g). W-the weight loss on drying,
(%).

2.4. Optimizing Extractability of a Corn Silk Liquid Extract
(CSLE). The extractant and time for extraction were selected
by an experiment based on the yield of extractive com-
pounds (Table 1), cost, and environmental safety.

The raw material-extractant ratio was 1:1. A liquid
extract is a liquid medicinal form in which one part by
weight or volume is equivalent to one part by weight of the
dried medicinal plant raw material.

Then the extraction time was selected according to the
extractives amount also. 100g of dried corn silk was
grounded, loaded into the extractor, and filled with 40%
ethanol (according to the result of extractives determination
Table 1) at the ratio of raw material-extractant 1:1, taking
into account the absorption coefficient of the extractant.
Then heated during 15 min, 30 min, 45 min, 60 min, 90 min,
120 min, 180 min, and 240 min from the moment the solvent
boils (80-90°C). The extract was cooled to a temperature of
20°C, filtered, and squizzed. 20.0 ml of the filtrate were dried
on a water bath, then the residue was dried in the drying
cabinet, at 100-105°C, then weight. The content of extrac-
tives (%), calculated on the basis of absolutely dry raw
materials, was calculated by formula (8). The total number of
measurements taken was n=>5 [21].

2.5. Phytochemical Investigation of CSLE. The qualitative
compositions of the main groups of BAS were determined
for the obtained extract by chemical reactions:

(1) Saponins [22-26]:

Foam test: 5.0ml of distilled water was combined
with around 0.2ml of the CSLE. It was violently
shacked for five minutes. Foam persistence is used
as a saponins indicator.

Salkowski test: 2.0 ml of CSLE were combined with
1.0ml of chloroform and 5-6- drops of concen-
trated sulfuric acid. The red ring that appeared
between two layers indicates the presence of
saponins.

Reaction with 1% alcohol cholesterol solution: 2.0 ml
of CSLE were combined with 1.0ml of 1% cho-
lesterol alcoholic solution. The precipitate indicates
the presence of saponins.

Vanillin-sulphate reaction: 2.0ml of CSLE were
combined with 1.0ml of 0.5% alcohol vanillin
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solution, 3-4 drops of concentrated sulfuric acid
and heat in water bath at a temperature of 60°C. The
red color indicates the presence of saponins.

(2) Phenolic compounds [25, 26]:

Ferric chloride test: 1.0ml of 3% ferric chloride
solution was mixed with 1.0ml of CSLE. The
presence of phenolic compounds is indicated by a
greenish-black or a bluish-black color solution.
Reaction with lead acetate solution: the formation of
a precipitate following adding 0.5ml of 1% lead
acetate solution to 10.0ml of CSLE shows the
presence of phenolic chemicals.

Reaction with sodium hydroxide solution: 1.0 ml of
the CSLE add 1-2 drops of 10% alcohol-aqueous
solution of sodium hydroxide. Intense yellow color
indicating the presence of phenols.

(3) Tannins [25-27]:

Reaction with iron ammonium alum solution: 2.0 ml
of analyzed extract were mixed with 4-5 drops of
1% iron ammonium alum solution. The presence of
tannins is indicated by a greenish-black (condensed
tannins) or a bluish-black (hydrolyzed tannins)
color solution.

Gelatin test: a few drops of gelatine solution was
added to 2.0 ml of the CSLE. Cloudiness is formed,
and disappears after the addition of gelatine sur-
plus. It indicates the presence of tannins.

(4) Flavonoids [25, 26]:

Cyanidin test (Shinoda’s test): 10.0 ml of CSLE was
handled with magnesium ribbons, and a few drops
of concentrated hydrochloric acid were added.
Magenta coloration is a sign of the presence of
flavonoids.

Reaction with aluminum chloride solution: 2.0 ml of
CSLE were combined with 2.0 ml of 3% aluminum
chloride solution. The lemon yellow color indicates
the presence of flavonoids.

Reaction with vanillin in concentrated hydrochloric
acid: few drops of 1% solution of vanillin in con-
centrated hydrochloric acid were added to 1.0 ml of
CLSE. Bright red color indicates the presence of
flavonoids.

(5) Free and bound reducing sugars [26, 27]:

Fehling’s test before and after hydrolysis: Fehling A
and Fehling B reagents were combined in equal
proportions and 2.0 ml of this mixture was added to
the CSLE. Then gently boiled. The same reaction
was done after hydrolysis of CLSE. A brick red
precipitate indicated the presence of reducing
sugars.

(6) Hydroxycinnamic acids [28]:

Reaction with nitrite-molybdenum reagent: 1,0 ml of
CSLE was mixed with 2.0 ml of 0.5 M hydrochloric
acid, 2,0 ml of a mixture of 10% sodium molybdate

solution and 10% sodium nitrite solution, 2.0 ml of
diluted sodium hydroxide solution in the specified
order. A brick red color indicated the presence of
hydroxycinnamic acids.

2.6. Determination of Total Flavonoid Content in CSLE.
Spectrophotometry was used to determine the quantitative
amount of flavonoids in liquid extract, according to the
SPhU 2.0 Vol.3 monograph “Matricariae flos™” in terms of
luteolin-7-glucoside, wavelength 410 nm [29]. Spectropho-
tometer Shimadzu UV-1900 (Japan) was used for the
experiment.

2.7. Determination of Total Tannin Content in CSLE. The
quantitative content of tannins was determined using the
spectrophotometry method indicated in section 2.8.14 of the
SPhU 2.0 Vol. 1 in terms of pyrogallol and dry raw materials,
wavelength 760 nm [30]. Spectrophotometer Shimadzu UV-
1900 (Japan) was used for the experiment.

2.8. Determination of Total Phenolic Compounds Content in
CLSE. The content of polyphenolic compounds was de-
termined using the Folin—Ciocalteu method and spectro-
photometry method (Shimadzu UV-1900 (Japan)), in terms
of pyrogallol and dry raw materials, wavelength of 765 nm
[24, 31].

2.9. Determination of Total Hydroxycinnamic Acids Content
in CSLE. The studies of the quantitative content of
hydroxycinnamic acids were carried out in accordance with
the methodology given in the SPhU 2.0 Vol3 in the
monograph “Urticae folium,” in terms of chlorogenic acid,
wavelength 330nm [30]. The spectrophotometry method
was used. The spectrophotometer was Shimadzu UV-1900
(Japan).

2.10. Pharmacological Studies of CSLE

2.10.1. Experimental Animals. Pharmacological studies of
CSLE were conducted on mature white (nonlinear) Wister
albino rats. The rats were obtained from the vivarium at Isra
University’s Faculty of Pharmacy in Amman, Jordan. The
protocol (SREC/22/09/053) of the study was approved by the
Ethical Committee of the Faculty of Pharmacy, Isra Uni-
versity. Rats of both sexes were kept on a standard diet in a
vivarium at a temperature of 22-23°C, with free access to
food and water, according to the “day-night” retention
regimen. All animals were kept in plastic cages with bedding
as required [32]; animals of each sex were kept separately.
Before the start of each experiment, the animals were
transferred to the laboratory, where they were quarantined
for 14 days under similar conditions [32].

The experiments were conducted in accordance with the
principles outlined in the Convention for the Protection of
Vertebrate Animals, which was used in the experiment [32].



2.10.2. Acute Toxicity Study. The acute toxicity study of the
liquid extract was carried out with a single intragastric
administration in dosage of 2.0-10.0 ml/kg to outbred un-
anesthetized 32 white rats of both sexes with an initial av-
erage weight of 162.2+4.2g. Duration of observation of
animals - 14 days.

The registration of external signs of damage, disorders of
autonomic functions, reactions to external stimuli, and the
ability to consume food and water were carried out by visual
inspection. To exclude possible sexual sensitivity to drugs,
the analysis of the results was performed separately for
females and males.

The criterion points for determining the toxic effect of
liquid extract were dead animals, that registered for 14
days [33]. Animals of different groups were administered
the appropriate doses of liquid extract recommended by
this method. The toxic effect of the extract was assessed by
the mean lethal dose of LDs,. The animals had free access
to food and water 30 minutes after drug administration.
Mass and body temperature were measured at 3, 7 and 14
days; the reaction of animals to external stimuli was
evaluated at the same time. At the end of this period, the
euthanasia of surviving animals was performed, and a
macroscopic examination of the internal organs was
performed, and their mass coefficients were determined
[34].

2.10.3. Investigation of the Liquid Extract’s Specific Hemo-
static Activity in terms of Blood Coagulation. The trials were
conducted on sexually mature white rats of both sexes (21
individuals). Random sampling was used to divide the an-
imals into three groups: the first group (8 rats) received
intact animals (control); the second group (8 rats) received a
corn silk liquid extract orally at a dose of 1 ml/kg once a day
for 5 days; and the third group (5 rats) received the reference
preparation—water pepper liquid extract (WPLE), orally ata
dose of 1 ml/kg once a day for 5 days.

It’s important to compare the pharmacological action of
the new extract and existing plant medicine with proven
effectiveness. Water pepper extract is registered as a med-
icine in the State Register of Medicinal Products of Ukraine
with a hemostatic activity which is produced by PJSC
Pharmaceutical Factory “Viola” (Ukraine). Therefore,
WPLE was chosen as a comparison medicine for CSLE-
specific hemostatic activity investigation.

The blood clotting time and prothrombin time (PT)
terms were used to evaluate the hemostatic activity. The
blood clotting time of the studied extract on the process of
blood coagulation was studied by the appearance of fibrin
threads in the second drop of blood from the tail vein of rats.
The drops of blood in free fall fell on the spherical (tem-
porary) glass. The temperature in the laboratory was
22-25°C.

A stopwatch was used to record the time required to
draw a drop of blood. Every 20-30 seconds, a thin glass rod
touched a drop of blood from its center to its perimeter until
the first fibrin strands emerged. The start of blood clotting
was recorded at this time.
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The stopwatch stopped once a blood clot had formed.
The start of blood coagulation (the development of fibrin
strands, sec) and the completion of blood coagulation (the
formation of a clot, sec) was thus determined [35].

The prothrombin time was calculated using the Owren
method. Noncontact blood was drawn from rats and col-
lected in vials containing EDTA before being centrifuged at
13,000 rpm for 10 minutes at 4°C. For 2 minutes, the clear
platelet-free plasma was placed in a 37°C water bath. Each
sample received 1001 (100 g/ml) suspended in 3% v/v Tween
85, which was mixed with 1 ml of plasma. Coagulation time
was measured three times. The vehicle served as the control.

The retraction of the blood clot in the same rats which
were injected with the examined preparations (CSLE and
WPLE) into the stomach for 5 days, including the rats in the
control group, was also evaluated. In the process of eu-
thanasia of sedated (urethane, 1.5 mg/kg, intraperitoneally)
rats, mixed blood in a volume of 3 ml was taken from each
rat and placed into measured graduated tubes. All tubes were
left at room temperature for 24 hours. The degree of peeling
of the blood clot and the volume of serum was assessed a day
later. The retraction index was determined by dividing the
volume of serum separated by the total volume of blood
drawn for the trial (3 ml) [36].

2.11. Statistical Analysis. The results were mean+SD of
three parallel measurements. All statistical comparisons and
reliability were made by Student’s criterion to determine the
standard deviation with a level of significance of 95%.
Statistical analysis of the results obtained was carried out
by the method of the smallest squares according to the SPhU
monograph “5. 3. N. 1. Statistical analysis of the results of the
chemical experiment” (2015). GraphPad Prism software,
version 8, was used to evaluate significant differences be-
tween experimental groups using one-way ANOVA, fol-
lowed by Tukey’s post hoc test for multiple comparisons. A
P <0.05 difference was considered statistically significant.

3. Results and Discussion

3.1. Technological Parameters and Quality Indicators of Raw
Materials. Table 1 shows the technological parameters and
quality indicators of corn silk (3,00 mm): specific density,
volumetric density, bulk density, porosity, spatial layer, free
volume of the layer, the absorption coeflicient, weight loss on
drying, and extractives. These indicators were assessed based
on the development of high-quality raw materials, the ef-
fectiveness, safety, reproducibility of the imposed collection,
and the maximum yield of extractive and active substances
[37].

Furthermore, as shown in Table 1, 40% ethanol is the
most effective extractant, with a yield of 24,70 + 0,64% when
compared to ethanol in various degrees and water. On the
other hand, it is inexpensive and environmentally safe.

3.2. Optimizing Extractability of the CSLE. The best ex-
traction time for obtaining of CSLE was determined ex-
perimentally based on the amount of extractives obtained.
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FIGURE 1: Optimization of the extractability of the CSLE, (%).
TABLE 2: Preliminary phytochemical screening of corn silk liquid extract.
Free of Glycosides . .
Test reduced (bound reduced The sum of Tannins Flavonoids Saponins Hydroxy_c innamic
phenols acids
sugars sugars)
Qualitative
L + + + + + + +
determination
25%0. 4+0. 20x0.
Quantitative 825£0.33 (In 14003 (In 2.20+0.06 (19 3.30 +£0.13 (In terms of
- terms of p terms of p  terms of luteolin Lo
content, (%) . chlorogenic acid)
pyrogallol) pyrogallol) 7-glucoside)
+ =present. — = the indicator is not defined. the quantitative content of saponins and sugars was not determined. data are presented as mean + standard

deviation (n = 3).

Figure 1 shows the percentage of extractive substances yield
that was achieved depending on time extraction (min).

According to Figure 1, the maximum amount of ex-
tractive substances could be extracted in 120 minutes using
the selected extractant. Furthermore, after 120 minutes of
extraction, the yield was 25,30 £ 0,64%. Meanwhile, there
were no significant changes in yield as the extraction time
was increased. As a result, the determined extraction time is
optimal for this type of raw material.

3.3. Phytochemical Investigation of CSLE. Table 2 depicts the
qualitative and quantitative content of BAS of CSLE. Several
chemical tests were carried out to detect the presence of BAS.
The findings of this research confirmed the presence of free
reduced sugars, glycosides (bound reduced sugars), phenols,
tannins, flavonoids, saponins, and hydroxycinnamic acids in
the CSLE. Based on the availability of the BAS, total phenols,
tannins, flavonoids and hydroxycinnamic acids were
8.25+0.33%, 1.4+£0.03%, 2.20+0.06%, 3.30+0.13%
respectively.

The presence of numerous active substances in the CSLE
demonstrated potential health benefits such as antioxidant
properties against a variety of chronic and age-related
diseases such as diabetes, hypertension, cancer, inflamma-
tion, hyperlipidemia, depression, hepatic and cardiovascular
diseases [8, 38-40].

3.4. Pharmacological Studies of CSLE

3.4.1. Acute Toxicity Study. The acute toxicity of corn silk
extract was investigated. Table 3 shows that a single intra-
gastric administration of the liquid extract in a dose up to
5.0 ml/kg did not result in the death of rats, both females, and
males. Physiological excess weight was observed in all groups
of animals. White rats actively consumed food and water.
They responded adequately to external stimuli an hour after
administration. Their body temperature, social relationships,
and behavioral responses were all normal [34]. Our findings
showed that corn silk extract at a dose up to 5.0 ml/kg is safe.

An increase in the drug’s experimental doses exacerbated
the symptoms of poisoning, characterized by excitation of
animals within 10 minutes of administration of corn silk
extract, and a subsequent change in inhibition of motor
activity, gradual loss of appetite, and decreased response to
external stimuli. The deaths of rats (more animals) were
mostly observed in the first two days following a single
injection of the liquid extract [34].

The extract’s average Lethal dose per os was almost the
same for males (5.15ml/kg) and females (5.64 ml/kg). The
findings confirm the absence of sexual sensitivity to corn silk
extract.

The animals were euthanized by an overdose of diethyl
ether 14 days after receiving corn silk extract, and their
cross-section was taken. Binocular dandruft was used for
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TaBLE 3: Study of acute toxicity of CSLE.

Weight of rats, (g) (M+m)

Route of administration Sex Dose, (ml/kg) . . Result* LDso ml/kg
Initial At the end of the experiment
2.0 0/2
2.5 0/2
31 0/2
3.9 0/2
Male 50 164.3£5.4 174.0£5.0 12 5.15
6.3 2/2
7.9 2/2
Per os 10.0 0/2
2.0 0/2
2.5 0/2
31 0/2
3.9 0/2
Female 50 160.0 £ 4.2 170.4£2.8 0/2 5.64
6.3 2/2
7.9 2/2
10.0 2/2
Note. * - the number of animals that died about the total number of rats in the group.
TaBLE 4: Rat internal organ mass (g) following a single injection.
Treatment Sex Liver Kidneys Heart Adrenal glands Lungs Testicles
Control (intact animals) Male 7.80+0.15 0.80 +£0.06 0.86 +£0.07 0.019 +0.002 0.77 £0.07 1.20+0.12
Female ~ 7.95+0.60  0.75+0.08  0.80+0.04 0.020 + 0.002 0.85 +0.08 —
8.10£0.07 0.77 £0.05 0.88 £0.07 0.021 £0.001 0,82 £ 0,06 9,50 + 0,67
Male p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05
CSLE p1>0.05 p1>0.05 p1>0.05 p1>0.05 p1>0.05 p1>0.05
7.90+0.07 0.80+0.06 0.79 £ 0.05 0.021 £ 0.002 0.92+0.07
Female p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 —
p1>0.05 p1>0.05 p1>0.05 p1>0.055 p1>0.05

Note. data are expressed as mean + SEM. CSLE - corn silk liquid extract; p - the level of significance of the difference when compared to intact animals; p1 - the
level of consistency of the difference when compared to animals of the opposite sex.

TasLE 5: Effect of CSLE on blood clotting time in white rats.

End of coagulation (blood clot formation), M+ m, s

Treatment Start of blood coagulation, M+ m, s
Control (intact animals), n=8 62.1+3.58
CSLE, n=38 33.1+£2.48"
WPLE, n=5 33.0+3.85*

132.5+5.58
81.3+2.48"
92.0 £12.05*

Note. CSLE-corn silk liquid extract; WPLE-water paper liquid extract; Data are expressed as mean + SEM; * = p < 0.05 significant difference in comparison to

intact animals values.

macroscopic examination of the internal organs, and the
mass of the internal organs was recorded. Table 4 displays
the results.

According to the findings, a single injection of a liquid
extract does not cause visible changes in the internal or-
gans; they remain in their normal location and color, the
lungs retain their specific structure, the intestines are not
filled with air, and the size and mass of internal organs do
not change significantly (p > 0.05). Thus, the obtained re-
sults confirm the absence of organotropism for corn silk
extract [34].

3.4.2. Investigation of the Liquid Extract’s Specific Hemostatic
Activity in terms of Blood Coagulation. The presence of an
effect on blood clotting time in white rats was demonstrated

by a study of the specific hemostatic activity of corn silk
liquid extract in terms of blood coagulation determining the
beginning of blood clotting by the appearance of fibrin
filaments and its ending by the formation of a blood clot
(Table 5).

As a result, as shown in Table 5, the time of onset of
blood clotting in white rats after the use of corn extract and
the reference drug is reduced significantly (p <0.05) by
nearly 47% when compared to intact animals. Furthermore,
the time of onset of blood clotting in white rats treated with
CSLE is comparable to that of white rats treated with WPLE.
Moreover, CSLE reduces the end of blood coagulation by
38.6%, while the reference preparation reduces it by 30.5%.

The coagulometric determination of blood clotting time
and prothrombin time are shown in Table 6. Blood clotting
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TaBLE 6: The effect of CSLE on hemocoagulation parameters in rats.

Prothrombin time, M+ m, s Retraction index

Treatment Blood clotting time, M+ m, s
Control (intact animals), n=8 138.9+6.78
CSLE, n=8 89.1 £2.48"
WPLE, n=5 94.8 +£8.85"

23.23+£1.58 0.40+0.03
13.9+1.48" 0.52+0.04
15.6 £2.05* 0.49 +0.06

Note. CSLE-corn silk liquid extract; WPLE-water paper liquid extract; data are expressed as mean + SEM; * = p < 0.05 significant difference in comparison to

intact animals values.

times for CSLE, WPLE and the control were 89.1 +2.48,
94.8 +8.85 and 138.9 £ 6.78 seconds, respectively. The pro-
thrombin times for CSLE, WPLE and control were
13.9+1.48, 15.6 £2.05 and 23.23 + 1.58 seconds, respectively.

In addition Table 6 also shows that when white rats are
given CSLE, their blood clotting rate is shorter by 35.9% and
their prothrombin time is reduced by 40% when compared
to the control group. Similarly, both CSLE and WPLE
showed the same effect (Table 6).

The retraction index increased by 30% and 22.5% with
the use of corn silk extract and liquid pepper water extract,
respectively.

The results of this experiment demonstrated that CSLE
contributes to hemostasis by shortening the time required
for plasma-coagulation (PT) and blood clotting. BAS, par-
ticularly polyphenols (tannins, flavonoids) may play an
important role in hemostasis by preventing bleeding from
injured vessels through protein coagulation to form a vas-
cular plug. Hemostasis is defined by spontaneous blood
stoppage, which includes vascular spasms of ruptured ves-
sels, platelet aggregation, and blood coagulation [35]. These
findings imply that CSLE may cause vasoconstriction and
reduce bleeding from injuries or wounds.

Blood clotting is a complex phenomenon that involves a
cascade of reactions in addition to platelet aggregation and
vasoconstriction. This process begins with prothrombin acti-
vation, followed by thrombin conversion, which converts fi-
brinogen to insoluble fibrin. CSLE reduces coagulation time and
raises the possibility that the extract affects with the blood co-
agulation process [35]. These findings suggested that CSLE may
compel the hemostasis effect via the coagulation pathway,
resulting in a decrease in clotting time and vasoconstriction, both
of which are required to reduce blood loss from injuries.

The current study’s findings suggest that CSLE may have
clinical implications as a coagulant in the treatment of
various pathological states.

Thus, a five-fold preliminary administration of CSLE into
the stomach of white rats results in a reduction in blood clotting
time, a decrease in prothrombin time, and an increase in the
blood clot retraction index. Changes in the studied parameters
with the use of CSLE were comparable in the degree of man-
ifestation to those observed with the introduction of the ref-
erence drug. The reduction in blood clotting time in white rats
when using CSLE, as well as the comparison drug, could be due
to an increase in prothrombinase formation.

4. Conclusions

Technological parameters and quality indicators of corn silk
were studied: specific density, volumetric density, bulk

density, porosity, spatial layer, free volume of the layer, the
absorption coefficient, weight loss on drying, and extractives.
These results could be used during the industrial production
of corn silk medicines.

The technology of obtaining a corn silk liquid extract was
developed. It was found that the most effective extractant,
according to the extractives yield, is ethanol 40% and the
time of extraction is 120 min.

Phytochemical investigation of liquid extract confirmed
the presence of free reduced sugars, glycosides (bound re-
duced sugars), phenols, tannins, flavonoids, saponins, and
hydroxycinnamic acids. The research of quantitative content
allows us to draw a conclusion that phenolic compounds are
a main BAS group of CSLE: total phenols —8.25+0.33%,
tannins —-1.4+0.03%, flavonoids -2.20+0.06% and
hydroxycinnamic acids —3.30 + 0.13%.

An acute toxicity study showed that corn silk extract at a
dose up to 5.0ml/kg is safe. A single injection of a liquid
extract does not cause visible changes in the internal organs.
The obtained results confirm the absence of organotropism
for CSLE.

The preliminary administration of CSLE to white rats
results in a reduction in blood clotting time, a decrease in
prothrombin time, and an increase in the blood clot re-
traction index.

According to the findings, corn silk liquid extract is high
in phytochemicals and has therapeutic potential in bleeding
disorders. Furthermore, it could be used in pharmaceutical
sciences and industry to develop medicines for testing in the
treatment of a variety of diseases.
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Wolffia globosa, or watermeal, is an aquatic plant belonging to the Lemnaceae family that is consumed as food and sold in local
markets of Thailand. The aim of this study was to quantify selected active compounds and minerals in W. globosa ethanolic extract
and evaluate its antioxidant activity. Total phenolic, flavonoid, and anthocyanin contents were analyzed. High-performance liquid
chromatography was used for the determination of beta-carotene, ferulic acid, luteolin-7-O-f-D-glucoside, and kaempferol.
Mineral contents (iron, potassium, calcium, magnesium, zinc, and sodium) were determined by atomic absorption spectroscopy.
Antioxidative activity was evaluated by DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS (2,2'-azobis (3-ethylbenzothiazoline-6-
sulfonic acid)) radical scavenging assays. The beta-carotene, ferulic acid, luteolin-7-O-f-D-glucoside, and kaempferol contents of
the extract were 2.52 +0.10, 1.40 £ 0.10, 2.42 +0.50, and 1.57 + 0.14 mg/g extract, respectively. The highest mineral content in the
W. globosa extract was magnesium. The wet extract of W. globosa showed higher amounts of all minerals than the dry extract.
Freshly prepared and boiled W. globosa extracts showed radical scavenging activity at 1000 gg/milliliter with 75.77 +0.93% and
67.10 + 0.20% inhibition of DPPH and 70.40 + 7.20% and 59.78 + 3.16% inhibition of ABTS, respectively. This plant is a promising
novel source of natural phytochemical constituents and antioxidants and has potential for development as a plant-based
nutraceutical product for the treatment of diseases caused by free radicals.

1. Introduction

Several classes of natural compounds generally found in
plants have been reported to have antioxidant properties and
reduce oxidative stress. Various kinds of plants such as
Moringa oleifera and Glycine max (L.) Merr are sources of
phytonutrients and minerals which have many biological
activities [1-4]. These include flavonoids, phenolics, carot-
enoids, alkaloids, and some minerals [5, 6]. The accumu-
lation of damage caused by free radicals arising from
oxidative stress plays a crucial role in aging and diseases such
as cancer, cardiovascular disease, and neurodegenerative
diseases [7, 8]. The scavenging and deactivation of free

radicals is one important mechanism of antioxidant activity.
Free radicals are unstable atoms or molecules with unpaired
electrons that react with proteins and DNA in human cells.
Antioxidant defense mechanisms in plants and animals
deactivate and remove these reactive molecules to prevent
damage to tissues, but under conditions of oxidative stress,
free radicals can overwhelm this defense system. Dietary
intake of antioxidant compounds can prevent cell damage
from oxidative stress and stabilize damaged cells by sup-
plying electrons to free radicals and then eliminating them
from the body. Many kinds of plants are used as sources of
active compounds and elements in herbal products,
nutraceuticals, cosmeceuticals, and food products.
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Identifying active compounds and minerals in plants have
received much attention, not only because of the perceived
safety of natural products but also due to the synergistic
mechanisms among the various kinds of compounds con-
tained in plants.

Wolffia globosa, known as watermeal, khai nam, or khai
phum, is a small, aquatic plant belonging to the Lemnaceae
family of duckweeds as shown in Figure 1. The leaves and
stem of this plant are fused together in a highly reduced
rootless structure called a frond, which is less than 1 mm in
diameter with a globular or oval shape, flattened upper
surface [9, 10]. It has been reported that W. globosa fronds
absorb nutrients through the underside, which is in contact
with the water. This plant grows readily and is commonly
found in nature. W. globosa is consumed as a vegetable in
Myanmar, Laos, and the northern parts of Thailand. This
plant has high protein content (approximately 40% dry
weight) and high amounts of chlorophyll, carotenoids,
flavonoids, and vitamins such as cyanocobalamin. All nine
essential amino acids are also found in this plant [11].
Previous studies have revealed the presence of 20-35%
protein, 4-7% fat, and 4-10% starch in plants from Lem-
naceae, and W. globosa has been used as a protein source in
animal feed and as a raw material for many industrial
products including bioalcohol and biodegradable plastics
(12, 13].

The nutritional value of this plant has long been rec-
ognized in the culinary traditions of Southeast Asia in-
cluding Thailand. One study showed that consumption of
W. globosa might have beneficial postprandial glycemic
effects [14]. Another showed that the presence of cyano-
cobalamin, iron, and folic acid in this plant improved the
health of prediabetic patients when included in a standard
Mediterranean style diet [15]. W. globosa was also found to
help maintain iron and folic acid status in humans and
completely reverse iron deficiency anemia in an experi-
mental rat model [16].

Thus, this plant is a rich, potential source of biologically
active compounds. However, although the health-promot-
ing effects of this plant have been reviewed, the plant
components responsible for such biological effects have not
yet been completely identified. Therefore, the aim of this
research was to determine the biologically active compo-
nents and minerals present in W. globosa and investigate its
antioxidant activity in support of developing this plant as a
nutraceutical product.

2. Materials and Methods

2.1. Materials and Equipment. W. globosa was collected from
Nonmuang area, Muang District, Khon Kaen, Thailand. A
specimen of the plant material (voucher number: SD10) was
identified and authenticated by Assistant Professor Dr.
Prathan Luecha, Division of Pharmacognosy and Toxicol-
ogy, Faculty of Pharmaceutical Sciences, Khon Kaen Uni-
versity, Khon Kaen, Thailand.

Folin-Ciocalteu phenol reagent, f-carotene, sodium acetate,
ferulic acid, luteolin-7-O-B-D-glucoside, Trolox, kaempferol,
and quercetin were purchased from Sigma-Aldrich (SM
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FiGure 1: Fresh Wolffia globosa (watermeal, khai nam, or khai
phum).

Chemical supplies Co., LTD., Bangkok, Thailand), ethanol,
methanol, and ethyl acetate were purchased from VWR
Chemicals BDH (SM Chemical supplies Co., LTD., Bangkok,
Thailand), and gallic acid, hexane, and hydrochloric acid were
purchased from Merck (Merck, Bangkok, Thailand). Sodium
carbonate (Loba chemie, India), aluminum chloride (Ajax
Finechem, Australia), potassium chloride (QREC, New Zea-
land), acetone (RCI Labscan, Thailand), and ultrapure water
were also used in this study. A rotary vacuum evaporator
(Buchi: R-114, Switzerland), a freeze dryer (Labconco:
710611130, USA), an atomic absorption spectrophotometer
(Perkin Elmer Inc: PinAAcle 900F, USA), a high-performance
liquid chromatograph (Agilent Technologies:1260, USA), and
an incubator microplate reader (Perkin Elmer Inc: HH3400,
USA) were used.

2.2. Preparation of Crude Extract. W. globosa was washed
under running water until the water was clean and then
boiled for 15 min. Then, the raw materials were dried at 50
degree Celsius and macerated with 95% ethanol (1000 ml)
twice within 7 days. The extracts were filtered and evapo-
rated using a vacuum rotary evaporator. The crude extracts
were stored at —20 degree Celsius until needed for analysis.

2.3. Determination of Total Phenolic Content. The total
phenolic content in W. globosa extract was determined using
the Folin-Ciocalteu method [17, 18]. In brief, 20 microliters of
the extract solution (1 mg of extract dissolved in 1,000 ul of
ethanol) were added into 100 ul of the Folin-Ciocalteu reagent
(10%) and 80ul of sodium carbonate (7%). The reaction is
shown as follows. After 30 minutes of incubation in the dark,
the absorbance was measured at 760 nm using a microplate
reader. The calibration curve of standard gallic acid solution was
prepared in the range of 10-100 yg/ml and used to calculate the
gallic acid equivalent content from the measured absorbance.
The otal phenolic content is expressed as milligram gallic acid
equivalents per gram of the extract (mg GAE/g extract).

Mo (VI) + e~ (antioxidant)Mo (V) — Mo (V) (Amax = 760 nm).
(1)

2.4. Determination of Total Flavonoid Content. The total
flavonoid content in the extract was determined using the
aluminum chloride colorimetric method [19]. The principle
of this method involves the addition of AICl; which could
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form a stable acid complex with the ketone groups, hydroxyl
groups, or orthodihydroxyl groups in flavonoid compounds
which have a maximum absorption at a wavelength of
432 nm. In brief, twenty microliters of the extract solution
were added to 15yl of aluminum chloride, 20 yl of sodium
acetate (10%), and 145 yl of distilled water. After 15 minutes
of incubation in the dark, the absorbance was measured at
430 nm with a microplate reader. The calibration curve of
standard quercetin solution (5-100 yg/ml) was prepared and
used for the calculation of the quercetin equivalent from the
measured absorbance. The otal flavonoid content is
expressed as milligram quercetin equivalents per gram of the
extract (mg QE/g extract).

2.5. Determination of Total Anthocyanin Content. The total
anthocyanin content was determined using the pH differ-
ential method by measuring the absorbance at pH 1.0 and
pH 4.5 with a UV-visible spectrophotometer [20]. Twenty
microliters of the extract were mixed with 100 4l of 0.025 m
potassium chloride solution (pH 1) or 100 ul of 0.4 m sodium
acetate solution (pH 4.5). The absorbance was measured at
535 and 700nm with a microplate reader. The total an-
thocyanin content is expressed as milligram cyanidin-3-
glucoside equivalents per gram of the extract (mg c3g/g
extract) and was calculated according to the following
equation:

monomeric anthocyanin = (A x M x D x 1000)

+ (molar absorptivity x 1),

where A is the absorbance, M is the molecular weight of a
reference pigment (cyanidin-3-glucoside: 449.2 g/mol), D is
the dilution factor =10, and the molar absorptivity is the
reference anthocyanin (extinction factor 26,900 L.cm™'.

mol™).

2.6. HPLC Analysis of Beta-Carotene. The analytical method
for beta-carotene was adopted from the study by Kham-
phukdee et al. [21]. The analysis was carried out using HPLC
with a diode array detector (Agilent Technologies: 1260,
USA). The extract solution (10 mg in 1 ml of 80% acetone)
was injected into a Hypersil ODS column (Thermo Scien-
tific: 30105-254030, 250 x 4.0 mm i.d.; 5um particle size).
The mobile phase consisted of acetonitrile, dichloromethane,
and methanol in the ratio of 70:20:10. The flow rate for all
the analyses was 1.0 ml/min. The absorbance was measured
at a wavelength of 450 nm. The beta-carotene content was
determined using the standard curve plotted between the
peak area and concentration of standard solutions
(0.25-30 ug/ml) and calculated.

2.7. HPLC Analysis of Ferulic Acid, Luteolin 7-O-B-D-Glu-
coside, and Kaempferol and Validation Method. The mod-
ified HPLC method with a diode array detector (Agilent

Technologies:1260, USA) was carried out for the analysis
of these three compounds [22]. A reversed phase HPLC
column (ACE Generix 5, C18, 150 x4.6 mm) was used.
The mobile phase consisted of solvent A (ultrapure water)
and solvent B (0.25% acetic acid in 80% methanol) which
was run in gradient elution (0-3 min, solvent A was
changed from 98 to 80%; 3-15 min, solvent A was changed
from 80 to 0%; 15-20 min, solvent A was changed from 0
to 10%; and 20-25 min, solvent A was changed from 10 to
98%). The flow rate was 1.0 ml/min, and the total run time
was 25 min. The detection wavelength was set at 340 nm.
The analytical method was validated using some param-
eters to ensure the reliability. Accuracy, precision, line-
arity, limit of detection, and limit of quantitation were
tested.

2.8. Elemental Analysis by Atomic Absorption Spectroscopy
(AAS). An atomic absorption spectrophotometer was used
for the analysis of potassium, sodium, magnesium, calcium,
iron, and zinc. The type of hollow cathode lamp and the
detection wavelengths were selected depending on each
mineral (1589.0 for sodium, A1248.33 for iron, A213.86 for
zinc, A766.49 for potassium, A422.67 for calcium, and
A285.21 for magnesium). An air-acetylene flame was used for
the analysis. Samples were prepared by the dry ashing
method. Two kinds of raw materials, wet and dry samples,
were analyzed in this study. Dry samples were dried at 50
degree Celsius. For the wet sample, three grams of
W. globosa were weighed in a porcelain dish and burned in a
muffle furnace at 250 degree Celsius for 20 min and then 480
degree Celsius for 8hr. The sample ash was cooled, 50
milliliters of 25% nitric acid were added, and the mixture was
filtered. The filtrate was analyzed by AAS. For dry samples,
one gram of the dried sample was burned using the same
process as for the wet sample, and the filtrate was then
analyzed by AAS. Stock standard solutions of all elements
(40 ppm) were diluted to 0.8-4.8 ppm for the determination
of iron, potassium, and calcium, 0.032-0.8 ppm for the
determination of magnesium, 0.4-2 ppm for the determi-
nation of zinc, and 0.48-3.84 ppm for the determination of
sodium. Standard curves of each set of standard solutions
were prepared for the determination of each element by
AAS.

2.9. Determination of Radical Scavenging Activity Using the
DPPH Reagent. The free-radical scavenging method was
adopted according to the method of some researchers [23].
In brief, the DPPH reagent was prepared by dissolving
DPPH (7.9 mg) in ethanol (100 ml), which was then stored at
—20 degree Celsius prior to use. The extract (10 mg/milliliter,
100 microliters) and DPPH reagent (100 microliters) were
transferred into microplate wells and kept for 30 minutes at
room temperature. Then, the absorbance was measured at
517nm using a microplate reader (Perkin Elmer Inc:
HH3400, USA). A calibration curve was plotted for



10-50 uM concentrations of Trolox, the reference standard.
The inhibitory percentage of DPPH was calculated by the
following formula:

%inhibition = [(ADPPH - Asample)+ (Apppn — Ablank)] x 100, (3)

where Apppy is the absorbance of DPPH radical solution
(without sample or standard) and Agmple is absorbance of a
DPPH solution (with sample or control). The inhibitory
concentration at 50% (IC50) was then calculated.

2.10. Determination of Radical Scavenging Activity Using
ABTS Radical Cation Decolorization. This method was
adapted from a method formerly published [21, 24]. The
ABTS™ was prepared by incubating ABTS with potassium
persulfate and keeping in the dark at room temperature for
12 hr. One milliliter of ABTS"" solution was diluted by adding
ethanol (50 milliliter) to obtain an absorbance of 0.70 + 0.02 at
wavelength 734 nm. The extract (50 ul) in various concen-
trations and ABTS 'reagent (100ul) were transferred into
microplate wells and kept at room temperature for 2hr.
Absorbance was measured at 734 nm. The calibration curve
fromTtrolox standard solution (10-50 M) was plotted.

The percentage inhibition of ABTS was calculated using
the following formula:

%inhibition = [(AABTS - Asample)+ (AABTS - Ablank)] x 100, (4)

where A is the absorbance. Inhibitory concentration at 50%
(IC50) was then calculated.

2.11. Statistical Analysis. All results are expressed as the
mean + standard deviation (SD) of three replicates for the
antioxidant activity assays and the determination of the
active content of the samples.

3. Results and Discussion

3.1. The Content of Total Active Compounds and Beta-Caro-
tene in W. globosa Extract. Total active contents were ana-
lyzed using standard curves of quercetin and gallic acid for
the total flavonoid and total phenolic content. The total
anthocyanin content was calculated as described above. The
beta-carotene content in W. globosa extract was determined
by HPLC and using a standard curve of beta-carotene. The
total flavonoid, total phenolic, total anthocyanin, and beta-
carotene contents of W. globosa extract are shown in Table 1.
Phenolic, flavonoid, and beta-carotene contents found in the
W. globosa extract in the present study were similar to those
of other studies [25, 26]. Anthocyanin content has not been
previously reported for W. globosa. These compounds have
previously been shown to have biological activities, espe-
cially in protection against cell damage by oxidative stress,
which plays an important role in aging, cancer, cardiovas-
cular disease, and Alzheimer’s disease.

An HPLC method was developed and used for the
analysis of ferulic acid, luteolin 7-O-B-D-glucoside, and
kaempferol in the W. globosa extract. All three peaks were
separated in the HPLC chromatogram, and the resolution
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TaBLE 1: Total active contents of the W. globosa extract.

Active compounds Content -
(mg/g extract + SD, three replications)

Total flavonoid 38.99+0.44

Total phenolic 40.83 £4.99

Total anthocyanin 0.47 +£0.08

Beta-carotene 2.52+0.10

between peaks was more than 2, which shows complete
separation. The validation of the HPLC method for deter-
mination of these compounds was satisfactory for some
important parameters including accuracy (% recovery is in
the range of 80-110), within-day precision, between-day
precision (% RSD less than 7.3), linearity (+* more than
0.995), limit of detection, and limit of quantitation (Table 2).
Thus, this developed HPLC method was appropriate to
analyze these compounds in the W. globosa extract. Fin-
gerprint HPLC chromatograms of the W. globosa extract are
shown in Figure 2. The ferulic acid, luteolin 7-O-f-D-glu-
coside, and kaempferol contents in W. globosa extract were
1.40+0.10, 2.42+0.50, and 1.57+0.14mg/g extract, re-
spectively, from three replicates. These three active com-
pounds might be used as markers for the quality control of
W. globosa raw materials, and their levels support the de-
velopment of a nutraceutical product from this plant
[21, 23]. However, this study had the limitation that the
confirmation to improve the identification of each com-
pound should be performed by some specific techniques
such as liquid chromatography-mass spectrometry.

3.2. Mineral Content in the W. globosa Extract by AAS.
Potassium, sodium, magnesium, calcium, iron, and zinc
were analyzed by atomic absorption spectrophotometry. The
analytical method was tested to confirm the reliability of the
method, and the contents of all minerals are shown in
Table 3. A comparison of the mineral content of wet and dry
samples is shown in Figure 3.

The highest mineral content in both wet and dry
W. globosa samples was magnesium.The mineral content in
the wet sample was higher than in the dry sample except
calcium. However, no definite conclusion could be drawn as
which method is the best. This study was the only case study
which showed the effect of different characteristics of
samples on the mineral content. Probably, this might be due
to the heating effect of the drying minerals which do escape
or vaporize, and as such, lower values of minerals such as Mg
was seen in this study. A previous study showed that the iron
content in W. globosa extract was bioavailable and efficient at
treating iron deficiency anemia in a rat model [16]. The
important value-added elements of this plant are iron,
potassium, calcium, magnesium, zinc, and sodium. Mag-
nesium is an essential mineral for humans. One of mag-
nesium’s main roles is acting as an enzyme cofactor in
biochemical reactions involved in energy creation, protein
formation, gene maintenance, muscle movement, and
nervous system regulation. Magnesium has also been shown
to reduce symptoms of depression and have beneficial effects
against type 2 diabetes [27]. Magnesium can also exhibit
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TaBLE 2: Validation results of the analysis of ferulic acid, luteolin 7-O-f-D-glucoside, and kaempferol in the W. globosa extract by the HPLC

method.
Parameters Ferulic acid Luteolin 7-O-f-D-glucoside Kaempferol
Range (¢g/milliliter) 4-15 20-100 4-15

Linearity
Regression equation

y=73.341x—65.298

y=159.273x - 68.148 y=57.638x—-40.183

Coefficient of determination 0.9988 0.9951 0,9989
Percentage recovery 102.59 £ 1.57 98.77 £ 4.67 101.39+4.48
Precision (%RSD)
Within-day 0.45-1.39 1.02-1.72 1.81-2.54
Between-day 1.81-5.38 2.99-3.64 3.82-6.20
Limit of detection (ug/milliliter) 2.0 2.5 2.0
Limit of quantitation (ug/milliliter) 4.0 10.0 4.0
Retention time (minute) 11.2 11.8 15.3
Wavelength detection (A, nm) 340 340 340

400 Luteolin 7-O-B-D-glucoside 20 1 Luteolin 7-O-B-D-glucoside
300 15 1 Kaempferol
2 200 E:) Ferulic acid ‘
g Ferulic acid g 101 \ l
| Kaempferol 1 [ \ |
100 - | l 5] . }I o\
] | [‘ I ! At
0 JV\ \ 0 .-——w/» O —
5 10 15 20 0 5 10 15 20

min

(b)

F1Gure 2: HPLC chromatograms of standard ferulic acid, luteolin 7-O-f-D-glucoside, and kaempferol solutions (a) and the fingerprint
HPLC chromatograms of W. globosa extract (b) at wavelength 340 nm.

TaBLE 3: The contents of all minerals in W. globosa and their validation results.

Parameters Fe K

Ca Mg Zn Na

Range (ug/milliliter) 1.60-4.80 0.80-4.00

0.80-4.00

0.032-0.800 0.40-2.00 0.48-3.84

Linearity

Regression equation y=0.039x-0.424 y=0.231x+0.281 y=0.052x+0.094 y=0.981x+0.073 y=0.267x+0.109 y=0.210x +0.090

Coefficient of

. 0.9971 0.9923 0.9988 0.9938 0.9927 0.9943
determination
Percentage recovery 99.33+2.85 100.49 +10.71 100.99 £ 2.83 101.84 +4.87 101.50+£5.18 103.39+6.54
Precision (% RSD)
Within—day 0.00-1.89 1.18-1.70 2.32-3.76 0.49-4.57 0.00-0.91 1.01-2.98
Between-day 0.00-2.79 1.43-2.81 0.33-0.76 1.09-3.78 0.49-2.21 0.56-5.56
Limit of detection 0.037 0.003 0.016 0.001 0.009 0.009
(pg/milliliter)
Limit of
quantitation (‘ug/ 0.120 0.012 0.058 0.005 0.030 0.030
milliliter)
Amount
Wet Sample (mg/g) 0.419 +0.020 1.007 £ 0.044 0.059 +£0.006 1.447 +0.321 0.425+0.020 1.087 +0.543
Dry Sample (mg/g) 0.137+0.011 0.279 £0.036 0.282 +£0.054 0.937+£0.076 0.001 +0.000 0.647 +£0.259

anti-inflammatory benefits, and low magnesium intake has
been linked to chronic inflammation, one of the drivers of
aging, obesity, and chronic disease [28]. W. globosa might be
counted among pumpkin seeds, boiled spinach, boiled swiss
chard, dark chocolate, black bean, cooked quinoa, almonds,
cashews, avocado, and salmon as excellent food sources of

magnesium [28]. Sodium and potassium were the minerals
with the succeeding highest values found in W. globosa in
this study. These minerals can stimulate cell proliferation
and mitochondrial activity, which decreased the expression
of some aging markers and showed beneficial effect on
keratinocytes damaged by UV exposure [29].
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FIGUre 3: The content of all minerals in wet and dry extracts of
W. globosa.

However, the origin of a plant and the season of har-
vesting can affect the levels of minerals [30]. Generally,
W. globosa is harvested in the rainy season. Thus, changes in
the growth conditions, the harvest season, and the source or
origin of the plants should all be studied to improve the plant
materials and increase the potential of this plant to be a super
food in the future.

3.3. Radical Scavenging Activity of the W. globosa Extract by
DPPH and ABTS. The free-radical scavenging ability of
freshly prepared and boiled samples of the W. globosa extract
was tested using DPPH and ABTS assays. At a concentration
of 1000 pyg/milliliter, the fresh and boiled samples showed
percentage inhibition of scavenging activity by DPPH at
75.77 £0.93% and 67.10 + 0.20%, respectively. By ABTS, the
fresh and boiled samples showed percentage inhibition of
scavenging activity of 70.40 +7.20% and 59.78 + 3.16%, re-
spectively, at the same concentration. ICs, of the standard
Trolox solution was 26.07+0.02uM for DPPH and
21.05+0.07 uM for ABTS. Their ICs, is shown in Figure 4.

This result corresponded with a previous report that
showed freshly prepared W. globosa extract had higher
radical scavenging activity than boiled W. globosa extract
[25]. The scavenging activity of W. globosa might be related
to the amounts of the specific phytochemical constituents
found in W. globosa. A previous study revealed that the total
phenolic and beta-carotene contents of the boiled W. globosa
extract were less than of the freshly prepared sample. This
might be due to the effects of high temperature during
boiling, which can cause degradation and loss of some
phytochemical constituents. The antioxidant activity of
W. globosa has previously been attributed to the phenolic
compounds and flavonoids present in extracts [26]. Phenolic
and flavonoid compounds have been reported to be asso-
ciated with antioxidation activity in various plants [31-33].
The result of this study conformed to the study by Tipnee in
2017, which reported the anti-inflammatory and antioxidant
activities were as a result from the phytosterols, carotenoids,
and tocopherols. Moreover, the W. globosa extract was not
toxic to the human fibroblast (HDFn) cells [26]. Antioxidant
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FIGURE 4: ICs of the free-radical scavenging assay of extracts from
fresh and boiled W. globosa.

activities from these natural compounds might perform
many mechanisms of action such as radical scavenging,
chain breaking, and metal chelation. Several types of
compounds found in the plant raw material might show
synergistic effect. The phytochemical compounds found in
this study were flavonoids, phenolics, anthocyanins, and
carotenoids. Because different phytochemical constituents in
this plant could show different mechanisms of action, fur-
ther study about the other antioxidant tests should be carried
out to get enough information about its activities. A few
studies examined the phytochemical constituents of this
plant. The phytochemical content could be used in the
quality control aspect. This could be used to confirm the
quality of raw material in different batches or different
sources of the raw material. Moreover, a previous study
revealed a moderate correlation between the potassium
content of vegetables and their antioxidative activity, as
determined by DPPH and ABTS radical scavenging assays
[34]. Thus, the total active compounds and minerals found
in W. globosa in the present study could be a key perfor-
mance indicator for antioxidant activity of W. globosa. This
study revealed some interesting aspects regarding to the
value-added and sustainable food sources. The biodiversity
of plants is related to the chemical constituent in the plant.
Thus, knowledge about the quality control of the raw ma-
terial will be the appropriate channel to improve the po-
tential of this plant.

4. Conclusions

This study was an overall view of the phytochemical com-
position of W. globosa that included the determination of the
total phenolic, flavonoid, and anthocyanin contents, the
identification of potential biomarkers (beta-carotene, ferulic
acid, luteolin 7-O-fB-D-glucoside, and kaempferol), and the
levels of selected minerals (iron, potassium, calcium, mag-
nesium, zinc, and sodium), coupled with the evaluation of its
radical scavenging activity. This plant exhibited free-radical
scavenging activity that correlated with the beta-carotene,
ferulic acid, luteolin- 7-O-f-D-glucoside, and kaempferol
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phytochemical contents, all of which have been shown to
have antioxidant activity. However, as this study covered
only some antioxidant mechanisms, further investigation of
other mechanisms is needed prove the efficiency and po-
tential of this plant as a new promising source of nutra-
ceutical compounds. The comparison among sample
characteristics should be further investigated to confirm the
content of minerals in the raw material.
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Tea pigments consisting of theabrownins (TBs), theaflavins (TFs), and thearubigins (TRs) affect the color and taste of tea. TBs
include a variety of water-soluble compounds, but do not dissolve in n-butanol and ethyl acetate. Previously, the traditional
method of TB extraction only mixed tea with n-butanol, and TBs were retained in the water phase. However, without ethyl acetate
extraction, TFs and TRs remained in the water phase and affected the detection of TB content. Although an improved method had
been devised by adding an ethyl acetate extraction step between tea production and n-butanol extraction, the proportional
equation for calculating TB content (%) was not yet developed. In this study, we compared the absorbance at 380 nm (Asg,) of TB
solutions from six major types of tea (green, yellow, oolong, white, black, and dark teas) extracted by improved and traditional
methods from the same tea samples. Significantly lower Asgo values were obtained from TB solutions via the improved method
compared to the traditional method for six major types of tea, and the highest and lowest slops in TB concentrations from Asg
analyses were from dark tea and green tea, respectively. Moreover, newly developed equations for TB content in those six tea types
extracted by the improved methods were also established.

1. Introduction

Tea is either prepared by infusion or decoction of Camellia
sinensis dried leaves, which are classified into six major types
(green, oolong (or cyan), black, white, yellow, and dark)
based on the manufacturing process. Both black and oolong
teas are two kinds of aerated tea leaves. After plucking, these
fresh leaves are processed by withering, rolling, aeration, and
then inactivation by drying (Figure 1(a)). During the aera-
tion process, polyphenols are oxidized by endogenous en-
zymes such as polyphenol oxidase and peroxidase, thus
producing many oxidative compounds. Polyphenol oxida-
tion results in the pigment’s dynamic transition into tea

pigments that include TFs, TRs, and TBs [1, 2]. The rela-
tionship among TFs, TRs, and TBs is shown in Supple-
mentary Figure 1. The transition induces color changes in tea
leaves ranging from green to red brown [3]. All the pigments
affect the color and flavor of liquid tea [3-7]. TBs give tea
leaves a brown color and can be formed by TFs or TRs
oxidation or polyphenol aggregation with other sugars and
acidic compounds [8, 9]. The leaves of oolong tea are green
with red edges (Figure 1(b)III) due to the formation and
accumulation of oxidized polyphenols from leaf margins
during the aeration process. As the aeration period proceeds,
the surfaces of all tea leaves become reddish brown
(Figure 1(b)I) and black tea leaves are produced. Therefore,
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FIGURE 1: Manufacture processes of six major types of tea (a) and the dried leaves (b) (I), tea soups (b-II), and tea leaves after imbibed with

hot water at 90°C (b-III) of six major types of tea.

oolong tea is “semioxidized” tea, and black tea is “fully
oxidized” tea [10]. White tea is obtained by only withering
and drying, as more prolonged withering leads to a severe
water deficiency that induces membrane disintegration and
polyphenol oxidization by endogenous enzymes. In addi-
tion, white tea can be stored for a long time, during which
chemical reactions such as catechin and amino acid oxi-
dation can occur that induce better flavor and taste (more
sweetness and smoothness) and more health benefits
[11-13].

The objective of our study was to “improve” (Figure 2)
the abovementioned “traditional” method by adding an
ethyl acetate extraction step between liquid tea production
and n-butanol extraction. Moreover, our method’s new
equations for the TB content (%) of the six major types of tea
extraction had different absorbance values at 380 nm (Asg,)
and slope compared to black tea analyses by the traditional
method.

2. Materials and Methods

2.1. Samples. The six major types of tea samples obtained are
listed in Table 1. All were purchased from local tea markets

located in Anxi, Fujian Province, Dali, Yunnan Province,
and Chongging City, China. Each tea sample was ground
into tea powder using a grinder (Joyoung Co., Shandong,
China) and then stored in sealed cans until analysis.

2.2. Preparation of Liquid Tea Samples. Boiling distilled and
deionized water (d.d. H,O; 125 mL) was added to 3.0 grams
of tea powder in a 250 mL conical flask and shaken in a water
bath at 90°C for 10 min. The liquid tea was then centrifuged
at 1,800 x g for 10 min at 4°C. The supernatant was diluted to
125 mL with d.d. H,O and then divided into two aliquots,
one for TB extraction by the traditional method and the
other by our improved method (Figure 2).

2.3. TBExtraction. The traditional method was based on Yao
et al. [33] and Roberts and Smith [35, 36], with a few
modifications. Briefly, 25mL of tea solution was extracted
with the same volume of n-butanol (Xilong Scientific Co.,
Guangdong, China) and shaken for 3 min. The lower layer of
the solution was then centrifuged at 1,800 x g for 10 min at
4°C. Two mL of the supernatant was then mixed with 2 mL of
saturated (10.2%) oxalic acid (SINOPHARM Co., Shanghai,



Journal of Chemistry

China) and 6 mL of d.d. H,O was then added, followed by
dilution to 25 mL with 95% (v/v) ethanol (SINOPHARM
Co., Shanghai, China). Asgo values of the above solutions
were measured using a UV-1750 spectrophotometer (Shi-
madzu, Japan), and 95% (v/v) ethanol was used as a blank.
TB content (%) =[7.06X2 X A350%x100%]/ [wx1/3x(1-
M)] =[21.18 x 2 X A359 x 100%]/w x (1-M), where “w” is the
weight (gram) of the tea sample, “M” is the moisture content
(%) of the tea sample, and 21.18 is the inverse slope of Ao,
The improved method with TB concentrations from TB
extracted samples was modified from the abovementioned
traditional method. Mainly, 35 mL of ethyl acetate (SINO-
PHARM Co., Shanghai, China) was added to samples of the
six tea types (35mL) in a 125mL separating funnel and
shaken for 3 min. After discarding the upper layer, the lower
layer (25 mL) was then extracted with 25mL of n-butanol
(Xilong Scientific Co., Guangdong, China) and shaken for
3 min; the lower layer solution was used for centrifugation at
1,800 x g for 10 min at 4°C. The Ajgo detections of the so-
lutions were done the same way as in the abovementioned
traditional method, and TB contents (%) were determined
by the six equations for the improved method. TB in the six
tea types was extracted by the improved method and then
freeze-dried. Freeze-dried samples were dissolved in d.d.
H,O, various concentrations of TB solution (2mL) were
mixed with 2 mL of saturated oxalic acid, 6 mL of d.d. H,O
was added, and the samples were then diluted to 25 mL with
95% (v/v) ethanol. Samples were then measured at Asg.

2.4. Moisture. Moisture in the tea powder was measured
using a vacuum oven according to an international standard
method (ISO1573 (BS6049-2), 1980).

2.5. Data Analysis. Paired data with Asgy values of both
traditional and improved methods were subjected to paired
t-tests using Microsoft Excel 2019. TB contents (%) are
presented as mean values + standard deviations (SD) of
twelve independent sets of experiments with similar results.
Paired t-tests were calculated with high significance at
p<0.0lusing SPSS version 23.0 (SPSS, Chicago, USA).
Linear equations were established by regression analysis
between Asgy measurements and TB concentrations of the
six tea types using SigmaPlot ver. 12.5 (SYSTAT Software,
San Jose, CA).

3. Results and Discussion

3.1. Comparisons of TB Extractions between Traditional and
Improved Methods. Figure 3 illustrates Asg values from TB
solutions extracted by traditional and improved methods.
Readings from the improved method were significantly
lower (around 80-90%) compared to the traditional method
in all six tea types, indicating that ethyl acetate extraction
removes TFs and portions of TRs from liquid tea [33] and
decreases TB Asgq values. TB compositions were different
between these extraction methods, and revised parameters
for the improved method should therefore be established.

After plucking, yellow, green, and dark tea leaves are first
fixed by steaming or pan-frying (Figure 1(a)) to inactivate all
endogenous enzymes. Green tea is produced after rolling
and drying. Yellow tea is obtained when tea leaves are kept
wet and under high temperatures for 6 to 12h (Figure 1(a))
between fixing and drying, during which chlorophylls are
degraded and polyphenols are auto-oxidized. Dark tea is
harvested after leaves have been kept wet and microor-
ganisms grow on their surfaces for many days between fixing
and drying (Figure 1(a)). During this piling process, mi-
crobes (mainly Aspergillus fumigatus, Aspergillus Niger, and
Saccharomyces cerevisiae) secrete many enzymes to induce
polyphenol oxidation, cell wall degradation, and fermen-
tation [14-17]. TB content increases during dark tea pro-
cessing [18], and the leaves become dark brown
(Figure 1(b)).

Similar plant secondary metabolites can reduce the risk
of age-related chronic diseases and promote health benefits
[19, 20]. TBs have physiological functions such as reducing
blood lipid and blood sugar levels [21-23]; controlling of
diabetes mellitus [24]; attenuation of hypercholesterolemia
[25, 26]; reducing serum levels of total cholesterol, low-
density cholesterol, and triglycerides [27]; and osteoclas-
togenesis suppression and prevention of bone loss [28],
together with inhibition of cell cycling and tumor cell growth
[29]. In addition, TB content is a positive parameter in
evaluating fragrance and flavor in dark tea and white tea [9,
18, 30, 31]. Zhu et al. [32] and Cheng et al. [18] reported that
stringent taste levels were decreased and stale and fungal
aromas increased with TB content. Furthermore, dark tea
and white tea leaves can be stored for a long time, and longer
storage times result in higher TB content [14]. In contrast,
during storage, an increased TB content worsens tea quality
in both black tea and oolong tea due to the loss of aroma and
sweetness molecules [5, 7, 33]. Therefore, TB content may be
an objective measure of tea quality [34]. Yao et al. [33]
combined three methods [35-37] to analyze TF, TR, and TB
contents and constructed a “traditional” method of TB
extraction (Figure 2). However, TBs are defined as a variety
of water-soluble compounds but are not dissolved in
n-butanol and ethyl acetate [22, 27]. In the traditional
method, without ethyl acetate extraction, TFs or TRs would
be retained in the TB layer solution and thus affect the
accuracy of TB content analysis, because Asg, is detected
from TF, TR, and TB solutions. In addition, the TB equation
was based on black tea samples extracted from the tradi-
tional method [33, 35, 36]. Whether the slop parameter of
the black tea equation is the same as other types of tea
remains unknown.

3.2. Equations Established for the Improved Method. The
traditional method’s empirical equation for determining
TB content (%) is [21.18x 2 X As3g0%x100%]/w (1-M),
where “w” stands for the weight (in grams) of tea sample
powder and 21.18 is the inverse slope of Asgy based on
black tea [33, 35, 36]. In our study, six major types of tea
were extracted by the improved method, their solutions
were freeze-dried, and TB powder was collected. After TB
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Sample (tea powder) 3.0 g+125 mL of boiled d.d. H,O (90 °C), and shaken for 10 min.
J/ centrifuged at 1,800xg, and at 4°C for 10 min.

The supernatant was diluted to 125 mLwith d.d. H,O.

v

25 mL of tea+25 mL of n-butanol in a 125 mL
separating funnel, and shaken for 3 min.

l

The lower layer solution was used for
centrifugation at 1,800xg for 10 min at 4°C.

l

The supernatant (2 mL) was transported
to 25 mL of volumetric flask.

mixed with 2 mL 10.2% oxalic
acid, 6 mL d.d. H,O, and then
dilution to 25 mL with 95%
(v/v) ethanol.

A380

Traditional method

V,

35 mL of tea+35 mL of ethyl acetate in a 125 mL
separating funnel, and shaken for 3 min.

|

The lower layer solution (25 mL) transport to a
new 125 mL separating funnel, and added 25
mL of n-butanol, and then shaken for 3 min.

l

The lower layer solution was used for
centrifugation at 1,800xg for 10 min at 4°C.

l

The supernatant (2 mL) was transported
to 25 mL of volumetric flask.

mixed with 2 mL 10.2% oxalic
acid, 6 mL d.d. H,O, and then
dilution to 25 mL with 95%
(v/v) ethanol.

A380

Improved method

FIGURE 2: Flow chart of the traditional and improved methods of TB extractions.

TaBLE 1: List of six major types of tea sample and producing location.

Type of tea Tea sample and producing location
Black tea Lapsang Souchong, produced in Fujian province, China
Yunnan black tea, produced in Yunnan province, China
Wuyi Dahongpao, produced in Fujian province, China
Oolong tea . . . e . .
Anxi Tieguanyin, produced in Fujian province, China
Dark tea Ripened Pu-Erh teas, produced in Yunnan province, China, storage for 4 years
Ripened Pu-Erh caked tea, produced in Yunnan province, China, storage for 4 years
. Gong Mei, produced in Fujian province, China, storage for 4 years
White tea : . . . .
Baimudan, produced in Fujian province, China, storage for 4 years
Yellow tea Huoshan Huangya, produced in Anhui province, China
Green tea Longjing, produced in Zhejiang province, China

Jinyun Maofeng, produced in Chongging city, China

powders were dissolved in d.d. H,O, different Asg, values
were observed from the samples. Figure 4 shows that A,
values were significantly (p< 0.0001) and positively
correlated with the TB concentrations of green tea
(r=0.9963, R*=0.9926), yellow tea (r=0.9961,
R*=0.9922), oolong tea (r=0.9977, R* = 0.9954), black tea
(r=0.9987, R*=0.9975), white tea (r=0.9973,
R?*=0.9947), and dark tea (r=0.9975, R*=0.9950).

Regression equation slopes for dark tea, white tea, black
tea, oolong tea, yellow tea, and green tea were 0.0704,
0.0475, 0.0381, 0.0350, 0.0166, and 0.0160, respectively.
Furthermore, the inverse slopes of dark tea, white tea,
black tea, oolong tea, yellow tea, and green tea were
14.205, 21.053, 26.247, 28.571, 60.241, and 62.5, respec-
tively. The equations for the six tea types using the im-
proved method were as follows: dark tea:
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FI1GURE 3: Comparisons of Ajg, values with TB extractions by the traditional method (black bar) and the improved method (white bar) of six
major types of tea: green tea (a), yellow tea (b), oolong tea (c), white tea (d), black tea (e), and dark tea (f). Test numbers of tea samples (1~11)
in each major type of tea: (a) 1-5, Longjing, and 6-11, Jinyun Maofeng in green tea. (b) 1-11, Huoshan Huangya in yellow tea. (c) 1-4, Anxi
Tieguanyin, and 5-11, Wuyi Dahongpao in oolong tea. (d) 1-6, four-years-old Baimudan, and 7-11, four-years-old Gong-Mei white tea. (e)
1-6, Yunnan black tea, and 7-11, Lapsang Souchong black tea. (f) 1-6, four-years-old, ripened Pu-Erh teas, and 7-11, four-years-old,

ripened Pu-Erh caked dark tea.

[14.205 x 2 x Asgo % 100%]/w x (1-M), white tea: [21.053 x
Asgox100%]/wx (1-M), Dblack tea: [26.247 x2x Asg
x 100%]/w x (1-M), oolong tea: [28.571 x 2 X A3go X 100%]/
wx (1-M), yellow tea: [60.241 x 2 X A3g9%x100%]/w x (1-
M), and green tea: [62.5 X 2 X A3go X 100%]/w x (1-M).

In those empirical equations, “M” means the tea sample’s
moisture content (%) and “w” stands for the weight (in
grams) of tea sample powder. Figure 4 shows that two types
of aerated tea (black tea and oolong tea) had similar vari-
ations, but green tea and yellow tea almost completely
overlapped, indicating that the TB compositions were
similar in these two types of tea. Wang et al. [38] demon-
strated that green tea and yellow tea had similar chemical
components according to metabolome analysis. After high-
temperature treatments in fixation and drying processes
during storage, isomer flavanols and chlorophyll metabolites
(e.g., pheophytins) were produced in the autooxidation
process, and the color of tea leaves turned olive brown
[39-43]. The slope of white tea was higher than that of black
tea and lower than that of dark tea (Figure 4), implying that
the TB composition in white tea is notably different from
that in dark tea and black tea. Although liquid

chromatography-mass spectrometry analysis was used to
determine the chemical composition in white tea after long-
term storage [11, 12, 44], the TB composition still remained
unknown. In addition, the TB of dark tea contains some
fungi-specific metabolites detected by gas chromatography-
mass spectrometry or liquid chromatography-mass spec-
trometry-based metabolomics [18, 23, 32, 45-49].

3.3. Comparison of TB Content between Traditional and
Improved Methods in Tea Extractions. TBs were extracted by
both traditional and improved methods, and calculations
were made with appropriate equations at Asg,. Figure 5
shows that the TB contents of these two methods were
significantly different (p < 0.01) in all types of liquid teas.
We repeated many studies by using the traditional ex-
traction method and found that dark tea had the highest TB
content (10%~14%) of the six tea types [14, 15, 50, 51],
followed by black tea (7%~9%) [14, 50, 52], and ranges of
2%~3.5% in green tea and yellow tea [50, 52]. The improved
method showed that black tea had the highest TB content
(7.97%~11.19%, average 9.75%), and oolong tea ranged
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FIGURE 4: The A3y variations of TB concentrations extracted by the
improved method from six major types of tea (<{: green tea, #:
yellow tea, A: oolong tea, A: black tea, O: white tea, and @: dark
tea). Linear equations were established by regression analysis of
linear relationships between TB concentrations and Asg, mea-
surements. Each data point represents the mean+SD of three
independent measurements.

Contents (%)

A B A B A B A B A B A B
Black tea Oolong tea Dark tea White tea Yellow tea Green tea

FIGURE 5: Paired comparisons of TB contents (%) of six major types
of tea extracts between the traditional method (a) and improved
method (b). Each bar represents the mean +SD of twelve inde-
pendent measurements. Asterisk ( * * ) indicates high significance
atp<0.01.

2.65%~6.23% with an average of 5.25%. Black tea and oolong
tea were oxidized by endogenous enzymes in a longer
aeration process and had higher TB contents. The TB
contents of white tea ranged from 5.35% to 8.02%, averaging
7.03%, suggesting that four years of storage was sufficient to
transfer high levels of TB content in the leaves. The TB
contents of dark tea ranged from 5.66 to 7.66%, averaging
6.96%, while green tea and yellow tea ranged from 2.63 to
4.46% with an average of 4.03% and 3.87 to 5.2% with an
average of 4.61%, respectively, indicating that their values
differed significantly from levels derived from the traditional
extraction method. Dark tea had the highest A;g, of the six
tea types (Figure 3); however, high slop in TB concentrations

(Figure 4) resulted in TB content not being as high as with
the traditional method (Figure 5). TB composition is formed
during tea processing, and the aeration procedure is one of
the most important steps in black tea and oolong tea pro-
cessing, while it does not occur in other teas. Therefore,
different equations are proposed to calculate TB content in
different types of tea, especially dark tea, yellow tea, and
green tea.

4., Conclusion

This study provided an improved method for the analysis of
TB content (%) from six major types of tea. This method
decreases the Ajgq values of TBs with differing TB absor-
bance capabilities in six major types of tea. Six equations
have been developed to analyze TB content (%) in those six
tea types extracted by an improved method, and the ranges
of TB content (%) showed significant differences compared
to the traditional method.
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Veronica (Plantaginaceae) and Schoenoplectus have a unique chemotaxonomic and phytochemical importance and are widely
utilized in Turkish and Traditional Chinese Herbal Medicine (TCM) for treating tonics, influenza, diuretics, expectorants,
restoratives, and respiratory diseases, and both are very useful in treating infectious and metabolic disorders as well. This study
evaluates two medicinal plant species, Veronica biloba and Schoenoplectus triqueter (L.) Palla; extraction was performed through
Soxhlet and maceration methods as well as determination of free and bound phenolics. Evaluated biological screening of (extracts
and phenolics) angiotensin-I converting enzyme (ACE), Type-II diabetes (a-glucosidase and a-amylase), and antioxidants
potential was performed using modified assays. The angiotensin-I converting enzyme (ACE) 50% inhibition potential in Veronica
biloba was found at ICs, = 210.68 ug/mL and in Schoenoplectus triqueter (L.) Palla at IC5, = 229.40 ug/mL, respectively. Meanwhile
Type-1I diabetes with a-amylase 50% inhibition shown by bound phenolics of Veronica biloba at ICs, = 219.66 pg/mL and its water
extract at IC5o=110.09 yg/mL possesses higher potential, and a-glucosidase potential by free phenolics was found to be active at
ICso = 469.56 ug/mL, while water and ethyl acetate extracts showed higher potential, ICsq = 78.65 ug/mL and ICsq = 97.03 ug/mL,
than the standard acarbose, recorded lower. In case of amylase, a-glucosidase showed ICs, = 88.73 yg/mL. Our results showed that
both plants possess a direct relationship with the increase in the concentration of extracts and inhibited very strongly angiotensin-
I converting enzyme (ACE) and Type-II diabetes (a-glucosidase and a-amylase). The properties of enzyme hindrance may be
associated with phenolic compounds and rich phenolic plant antioxidant potential provides a route to the elucidation of natural
antihypertension and antidiabetes.

1. Introduction

Natural products are God-gifted, such as extracts from
plants that possess a variety of biologically active com-
pounds, and their purification, characterization, and isola-
tion are very helpful for synthesizing a novel drug with
chemical diversity to cure a number of health-related dis-
eases utilized as pure compounds or standard extracts [1, 2].
Approximately 10-20% of plants in pharmaceutical studies
were revealed positively for harmful diseases including
cancer [3]. The extracts from medicinal plants contain

several bioactive compounds, and each of them is respon-
sible for any specific bioactivity [4]. According to ecological
studies, synthetic drugs have several side effects, while drug
or standard extract from medicinal plants shows high and
effective results with no or few side effects and is more
preferred [5-7]. The Veronica (Plantaginaceae) genus has 79
popular species in a total of 450, and 26 are endemic species
present in both temperate and hemisphere regions [8, 9].
This genus has a unique chemotaxonomic and phyto-
chemical importance and is widely utilized in Turkish and
Traditional Chinese Herbal Medicine (TCM) for treating
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tonics, influenza, diuretics, expectorants, restoratives, and
respiratory diseases [10]. Previously, we have determined a
strong antibacterial and antifungal potential of Veronica
biloba extracts [11] as well as phytochemicals and antioxi-
dants comparable with standard acarbose potential [12]. The
family Cyperaceae mostly possesses fibrous halophytic
plants; one genus of this family is Schoenoplectus present in
the river territories of Pakistan, India, Africa, Morocco, and
Spain at the extreme Mediterranean [13, 14]; about 49
compounds are extracted from the specie of Schoenoplectus
lacustris and evaluated for eutrophic spots; a bioindicator
was tested on algae green Selenastrum capricornutum and
showed positive potential in comparison with copper sul-
phate, algaecide [15]. Cyperaceae contains 4231 chromo-
somes found in only 16% of its species which are helpful for
biological activities [16]. Previously, we have reported that
Schoenoplectus triqueter (L.) Palla extracts possess potential
against both bacterial strains, Gram-positive and Gram-
negative, as well as antioxidant potential [17, 18]. Type-II
diabetes mellitus represents more than 90% of all elicit
diabetes in both developing and developed countries.
Around 382 million individuals are viewed as living with
diabetes from one side of the planet to the other, and sci-
entific predictions reveal that the number will increase to
around 471 million individuals by 2035 [19]. Postprandial
hyperglycemia has been embroiled in the advancement of
insulin opposition [20], being quite possibly the earliest
marker of glucose homeostasis liberation [21]. Furthermore,
hypertension, cardiovascular illness, and diabetic neuropa-
thy are linked to this issue [22, 23]. A hyperglycemia
therapeutic prevention is carried out by the inhibition of key
enzymes such as alpha-amylase and alpha-glucosidase,
which are involved in the hydrolysis of carbohydrates and
disaccharides to diminish the absorption of glucose. Some
commonly available drugs such as miglitol and acarbose are
efficient to decrease the glucose level in the blood, but they
possess severe long-term side effects; therfore, its uses are
very low [24, 25]. According to Bakriset al. [26], hyper-
tension arises mainly due to long-term diabetes and may
lead to severe chronic renal failure, a cardiovascular disease
[26]. In phenomena of ACE, an important Zn-Metal-
lopeptidase enzyme plays a role in breaking and conversion
of bradykinin (vasoconstrictor, vasodilator) and angioten-
sin-I to angiotensin-II. In therapeutics, the efficient inhi-
bition of ACE (angiotensin-I converting enzyme) is much
preferred, which helps in lowering hypertension in normal
and hyperglycemic diabetic persons [27]. In medicinal
plants, mainly phytochemicals (such as phenolics) show
antihypertension and antidiabetes potential [28, 29]. The
ongoing hyperglycemia in diabetes stimulates oxidative
pressure on organs and tissues [24], which might be con-
strained by cell reinforcement. Interest in natural antioxi-
dants is presently growing [30-33]. Phenolic compounds
address enormous gathering of biologically active phyto-
chemicals which are present in practically all restorative and
food plants, as a result of their extremely high environmental
pertinence in plant life forms [34-39]. Due to fewer side
effects and the high importance of natural antioxidants,
phenolics, and phytochemicals, this study evaluates two
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medicinal plant species, Veronica biloba and Schoenoplectus
triqueter (L.) Palla; extraction was performed through
Soxhlet and maceration methods as well as determination of
free and bound phenolics and investigation of inhibitory
activity of phenolic-rich extracts on key enzymes involved in
hypertension and diabetes, that is, a-amylase, a-glucosidase,
and ACE.

2. Materials and Methods

2.1. Identification and Collection of Plants. The two different
medicinal plant species, Schoenoplectus triqueter (L.) Palla
and Veronica biloba, were confirmed from various botanical
flora databases of plants, a comparison of literature survey,
and a botanical export of Government Post Graduate
College Mardan, Faculty of Botany. Professor Muhammad
Israr confirmed voucher specimen of Veronica biloba (ID:
19-VB.PMI-PGCM) and Schoenoplectus triqueter (ID: 22-
ST.PMI-PGCM). The specie Veronica biloba (A-VB) plant
used in the project was the whole plant selected. Fresh whole
plants in their floweringstage were collected from Sang-e-
mar mar, near Par Hoti District Mardan andalso from Surkh
Dheri, Rustam, Mardan. The plant collection was done
during themonth of February-March. Healthy plants are
collected from a fertile land. Whilespecies Schoenoplectus
triqueter (L.)Palla (B-ST), only stem part collected in the
month of January-February, locations;East 72° 4" 49" and
North 34° 21'38” coordinates from river areas of Katlan-
gAsia Mardan 23200 Khyber Pakhtunkhwa Pakistan..

2.2. Dryingand Grinding of the Plant. After collection of both
plant species, A-VB and B-ST were introduced for surface
cleaning first by tap water and then by distilled water slowly
for the removal of any small particles of mud and other dust
on surface. With the help of scissors and knives, plants were
separately cut into smaller pieces and kept in a dust-free
protective environment to avoid contamination for 3 weeks
without exposure to any light at room temperature. After
complete drying of both species, they were ground via a
normal grinder to increase the surface area and obtain
uniform size particles for a better extraction process in less
time with a high yield.

2.3. Extractions

2.3.1. Soxhlet Extraction. The Soxhlet hot continuous
method of extraction was followed according to reports
[11, 12, 17, 18] for both plants. At first, two sterilized porous
bags were manually prepared, in which each possesses 20 gm
by weight of the fully powdered plant. 250 ml ethanol was
placed in the Soxhlet round bottom (R.B) flask lower section.
In the second, porous cellulose bags were kept in the Soxhlet
thimble chamber upper section. Additionally, water outflow
and inflow were provided to the upper condenser section for
the successive extract process and liquid condensation; a
fixed temperature in the range of 35-45°C was provided by
the Monteux heater. After 14-18 hours, a clear liquid from
the Soxhlet siphon arm was obtained without leaving residue
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in cycling. Each plant extract obtained was fractionated into
different solvents, n-hexane, dichloromethane, water, and
ethyl acetate fractions under a controllable water bath; each
dried fraction was saved and used for further biological
analysis.

2.3.2. Maceration Extraction. The maceration method of
extraction was followed according to reports [11, 12, 17, 18]
for both plants. In this setup, two sterilized Pyrex-glass jars
were used, in which each possesses 30 gm by weight of the
tully powdered plant; a solvent of 300 mL ethanol for suc-
cessive extractions was used. At room temperature in shade
placed jars for 22 days with air-tight cap, at least twice for
10-15 minutes, daily shaking with stirring was performed to
transfer slowly soluble metabolites to solvent. After filtra-
tion, each plant extract obtained was fractionated into
different solvents, n-hexane, dichloromethane, water, and
ethyl acetate fractions under a controllable water bath; each
dried fraction was saved and used for further biological
analysis.

2.4. Phenolic Extractions. The phenolic contents were
extracted according to Chu et al. [40]. Free phenolics
were extracted from ethanol fraction by filtration
(Whatman filter paper) and evaporation in rotary
(<45°C); for stability, dry extract was subjected to ly-
ophilization and then stored (<—-6°C). Meanwhile bound
phenolics were extracted from the residue of free phe-
nolics and ethyl acetate fractions, with condition of room
temperature 22+ 6°C, NaOH (M =2) 15mL for hydro-
lysis, pH=2.1+0.1 (adjusted by HCIl), and constant
stirring of mixture for 45 minutes. Then ethyl acetate was
subjected to dryness and evaporation (<45°C) and kept
for further processing.

2.5. Determination of Total Phenolics. The content of phe-
nolics was determined as illustrated by Singleton et al. [41].
At first, Folin-Ciocalteu’s reagent (10%, 3 mL) and extracts
were taken under Na,CO; (8%, 2mlL) for oxidation and
neutralization and subjected to an incubation period (40°C,
30min). At last, the absorbance was recorded at a wave-
length of 765nm by UV-spectrophotometer. The standard
gallic acid was used for specified values.

2.6. Determination of Reducing Power. The reducing power
was determined as illustrated by Oyaizu [42], which is
based on the reduction power of FeCl; solution. At first,
K;[Fe(CN)g] (Potassium Ferricyanide) 1%, 3mlL,
Na,HPO, (Sodium Phosphate) having M =200 mM and
pH=6.5+0.2 amount 3 mL and same amount of samples
were mixed and subjected to incubation (40°C, 20 min).
Secondly, Trichloroacetic acid (TCA), C,HCI;0, 10%,
3 mL, was added and mixture was obtained at 2600 rpm/
10 minute after centrifugation; clear supernatant (5mL)
mixed with FeCl; (Ferric Chloride) 0.1%, 1.5mL, in
distilled water. At last, the absorbance was recorded at a

wavelength of 710nm by UV-spectrophotometer. The
standard ascorbic acid was used for specified values.

2.7. Total Antioxidant Potential. The total antioxidant po-
tential was evaluated as illustrated by Sharifi Rad et al. [43],
using ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sul-
fonic acid)). First, ABTS generation was performed by
treating ABTS with Potassium Persulfate (K,S,0g); both
compositions are 6 mM, and2.3mM, with duration of
12 hours at dark (to avoid decomposition). After dilution of
the extracts with ABTS (amount fixed 0.5 mL+2 mL) solu-
tion, at last, the absorbance was recorded at a wavelength of
730 nm by UV-spectrophotometer. The standard trolox was
used for specified values.

2.8. Alpha-Amylase. The «a-amylase inhibitory potential
was evaluated as illustrated by Yousaf et al. [44] using a
series of phenolics (free and bound) and A-VB fraction
extract dilution in the range of 5-150 yL. First, a-amylase
(porcine pancreatic) solution, 0.5mg/mL, 500 uL buffer
(pH=6.9+0.02) of Sodium Phosphate (M=0.02) and
Sodium Chloride (M =0.006), was incubated for 15 min at
25°C. Then, individually 1% 500 yL solution of starch was
added subsequently in the buffer (pH=6.9+0.02) of So-
dium Phosphate (M=0.02) and Sodium Chloride
(M =0.006); again the whole mix was incubated for 15 min
at 25°C, for countering over, 1 mL DNS (dinitrosalicyclic
acid) added. Afterward, the reaction mixture for
15 minutes was transferred to a controllable water bath
(containing distilled water) at room temperature range of
22+ 4°C. At last, for dilution, 10 ml sterilized water was
added and the absorbance was recorded at a wavelength of
540 nm by UV-spectrophotometer. The data are illustrated
in percent inhibition placed standard acarbose [45, 46].

2.9. Alpha-Glucosidase. The a-glucosidase inhibitory po-
tential was evaluated as illustrated by Sharifi Rad. et al. [47],
using a series of phenolics (free and bound) and A-VB
fraction extract dilution in the range of 5-150 yL. First,
a-glucosidase (1.0 U/mL) solution 100uL, 500 uL buffer
(pH=6.9+0.02) with Sodium Phosphate (M=0.1), was
incubated for 15min at 25°C. Second, p-Nitrophenyl-a-D-
Glucopyranoside (M =5mM) 50 uL solutions were added
and the same incubation was repeated. At last, the absor-
bance was recorded at a wavelength of 405nm by UV-
spectrophotometer. The data are illustrated in percent in-
hibition placed standard acarbose [48].

2.10. Angiotensin-I Converting Enzyme Inhibition. The ACE
(angiotensin-I converting enzyme) inhibition potential de-
termination, using the Cushman and Cheung procedure,
was followed as reported in [47]. In the first incubation
period (15 minutes at 37°C), the standard ACE 50 uL and
diluted phenolics in 5-50 yL were mixed; solution was fixed
at  4mU/mL. Second, Bz-Gly-His-Leu substrate
(M=8.33mM) supported by buffer pH 8.3 of Tris-HCl



(M=125mM) in a fixed amount of 150 uL was added for
initiation of the enzymatic reaction. In the second incu-
bation period (30 minutes at 35°C), HCI (M =1) was added
with amount 250 uL for countering the reaction. After bond
breaking of Gly-His ethyl acetate, 1 mL was added to isolate
Bz-Gly by centrifugation and evaporation from reaction.
The sterilized water was added for residue analysis in UV-
spectrophotometer, calibration, and absorbance recorded at
a wavelength of 228 nm. The results were plotted as %
inhibition.

2.11. Determination of ICsy. The Median Inhibitory Con-
centration (ICsy) was determined for 50% inhibition po-
tential in each case of biological activity a-amylase,
a-glucosidase, and angiotensin-I converting enzyme using
Excel, Prism, and Origin software.

3. Results and Discussion

The extraction fractionation, phenolics (both free and bound
phenolics), ACE (angiotensin-I converting enzyme),
a-amylase, and a-glucosidase were determined in both
plants, Veronica biloba (A-VB) and Schoenoplectus triqueter
(L.) Palla (B-ST), according to the reports of
[11, 12, 17, 18, 40-48]. The total phenolics determination
results are shown in Table 1. The numbers of bound phe-
nolics found in species Veronica biloba, 62.02+5.2, are
higher than those of bound phenolics found in Schoeno-
plectus triqueter, 41.6 +2.5. Meanwhile, for free phenolics,
81.34+ 0.5, for Veronica biloba and those, 54.11 + 1.5, for
Schoenoplectus triqueter, the results are derived with stan-
dard gallic acid mg/100 gm as mean + standard deviation
(having P significantly =<0.05). That closely resembles
previous literature [40, 49-52]. The total antioxidant po-
tential or capacity results are in Table 1 and are determined
via standard mmol trolox/100 g; the species Veronica biloba
possesses higher potential in both cases of free and bound
phenolics, 12.21+1.5 and 16.09 £ 1.2, than Schoenoplectus
triqueter which showed 9.8+0.05 and 11.03+0.1, respec-
tively, as mean having P significantly < 0.05, and the higher
antioxidant potential is due to phenol content in the plants
[24, 48]. The reducing power determination with standard
ascorbic acid as mean + standard deviation (P significantly
=<0.05) is presented in Table 1, with higher values recorded
in the case of free phenolics only for Veronica biloba,
14.08 £ 1.5, and Schoenoplectus triqueter, 9.08 +2.05. Poly-
phenols are antioxidants of the plant, which have an im-
portant function in breaking up peroxides, neutralizing and
absorbing free radicals, and extinguishing singlet and triplet
oxygen [53]. Phenolics can be found as conjugated forms or
free aglycones in different tissues with glucose as glycosides
or other moieties in almost every plant organism [54].
The decrease in the antioxidant capacity normally occurs
by conjugation present in the phenolic backbone through
the hydroxyl groups; hence, the free radical resonance
stabilization depends on the free hydroxyl groups present on
the phenolic rings. Some lines of evidence suggest that
Veronica species possess antioxidant activity marked as
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insufficient; however, limited studies claimed that few of
Veronica species show antioxidant activity [55, 56]. It was
observed that the aerial part of Veronica persica contains
Persicoside, a phenylethanoid glycoside [57-59]; however,
lots of phenylethanoid glycosides have been discovered
which possess a wide range of biological activities, con-
taining anticancer and antioxidant properties [60, 61].

The high phenolics containing compounds like phe-
nylethanoids and flavonoids suppress the effect of Veronica
species on NO production [62]. It has been investigated that
most of the phenolic compounds discovered from Veronica
species are beneficial for human health [37, 56, 63]. The
antioxidant activity of phenolic compounds is also valuable
for delaying or lowering the growth of inflammation [64]. In
this way, we identified that Veronica biloba and Schoeno-
plectus triqueter phenolic extracts showed reducing power in
the form of ascorbic acid equivalents (Table 1), exposing that
the phenolic extract for bounding had lower reducing power
than the free phenolic extract [65, 66].

The therapeutic approaches toward the control or re-
duction of hypertension and hyperglycemia involve the
inhibition of carbohydrates metabolism enzymes that are
ACE (angiotensin-I converting enzyme), a-glucosidase, and
a-amylase [67-69]. The experimental results of ACE,
a-glucosidase, and a-amylase activity of Veronica biloba and
Schoenoplectus triqueter (L.) Palla of the extracts, free and
bound phenolics, are as shown in Table 2 and Figures 1-8.

The a-amylase inhibition activity of Veronica biloba
fraction extracts showed higher efficiency in the following
order: water (110.25 pg/mL) > ethyl
acetate > dichloromethane > acarbose > n-hexane (148.01 pg/
mL); 50% median inhibition for water fraction appeared at a
very lower concentration than standard acarbose and it is
shown in Figure 1 that in the range of 50-75 pg/mL there is a
direct relation found between inhibition and concentration;
the exception was that n-hexane fraction pushed slowly.
Meanwhile, in the case of a-glucosidase, the overall activity of
water extract was found to be >75% and the results described
the following order: water (78.65 ug/mL) > acarbose > ethyl
acetate > dichloromethane > n-hexane (149.71 ug/mL); the
50% inhibition for first sequence order appeared at 75 ug/mL
as shown in Figure 2.

The a-amylase inhibition activity for both plants, Ve-
ronica biloba and Schoenoplectus triqueter, and free and
bound phenolics in comparison are shown in Figures 3 and
4, respectively; in both plant species, bound phenolics
showed 50% activity, while Veronica biloba (219.66/mL)
potential was noticed to be higher and more potent with
change in concentration. In the case of a-glucosidase in-
hibition, free phenolics were active for Veronica biloba,
50% =469.56 ug/mL, and Schoenoplectus triqueter, 50% =
673.05 pug/mL, significantly having P = <0.05, as shown in
Figures 5 and 6. Dose-depending antihypertensive activities
of both species extracts (bound and free phenolics) are
carried out via ACE inhibition in both plants. Bound
phenolics showed greater efficiency than free phenolics.

Phenolics of Veronica biloba 50% =210.68 ug/
mL > Schoenoplectus  triqueter 50% =229.40 yg/mL as
shown in Figures 7 and 8 and Table 2; in both cases, free
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TaBLE 1: The total antioxidants and phenolics potential in medicinal plants A-VB and B-ST.

Samples extracts Total phenolics Total antioxidants Reducing power
Bound phenolic"V®) 62.02+5.2 1221+1.5 10.66 +2.0
Bound phenolic®*" 41.6+2.5 9.8+0.05 72+15
Free phenolic*™V® 81.34+0.5 16.09+1.2 14.08 £ 1.5
Free phenolic®®*" 5411+ 1.5 11.03+0.1 9.08 +2.05

The statistical data in triplicate (n = 3) are represented as mean + standard deviation (having P = <0.05); total antioxidant equivalent is determined via trolox
standard, and reducing power equivalent is determined via ascorbic acid standard. (A-VB) = Veronica biloba; (B-ST) = Schoenoplectus triqueter (L.) Palla.
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100 —
TasLE 2: Inhibitory potential of medicinal plants A-VB and B-ST.
50% median inhibitory potential %
Extracts (ICso pig/mL) .
ACE a-amy a-glu “
Bound phenolic*"V®) 210.68 219.66 608.31 = 70 80 90 100 110
Bound phenolic®*" 229.40 741.19 >749.35 = acarbose<water at 50%
. (A-VB) £ 50 + \,
Free phenolic 249.05 573.39 469.56 2 /
Free phenolic®® " 319.59 >749.52 673.05 z
Water*™V®) — 110.25 78.65 =
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FIGURE 2: a-Glucosidase median inhibitory potential of Veronica
biloba extracts.
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FIGURE 5: a-Glucosidase median inhibitory potential of Veronica
biloba phenolics.

phenolics were lower. However, previous studies showed
that phytochemicals have lower a-amylase inhibition than
a-glucosidase inhibition [49, 50, 70, 71]. The antidiabetic
and acarbose possess excess a-amylase inhibition which
would avoid the side effects [72]. Thus, plant phenolics with
high a-glucosidase and mild a-amylase inhibitory activities
have been suggested as suitable substitutes for the clinician
to the analogous synthetic inhibitors [67]. Moreover, the
antihypertensive potential of phenolic extracts has also
been examined through the inhibition of ACE. As shown in
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Figure 7: ACE (angiotensin-I converting enzyme) median in-
hibitory potential of Veronica biloba phenolics.

Figures 7 and 8, both extracts exhibited a high ACE in-
hibitory activity in adose-dependent manner. In specific,
bounded phenolic extracts (P<0.05) had very high
inhibiting activity on enzymes compared to free phenolic
extracts. Further studies on the physical structure of human
ACE have given us evidence of the presence of a group of
amino acids in the protein molecule cysteine (cysteine is
responsible for the formation of disulfide bridges [69]. That
is why ACE controlling activity of Veronica persica may be
because of the interactions between (bound and free)
phenolics and disulfide (cysteines which are oxidized) that
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Ficure 8: ACE (angiotensin-I converting enzyme) median in-
hibitory potential of Schoenoplectus triqueter phenolics.

are located over the surfaces of macromolecules respon-
sible for functional and structural changes which are in
turn associated with enzymes stopping [69]. Our results
support the greater a-glucosidase, a-amylase, and ACE
reducing activities as shown in Figures 1-8 with bounded
extract of phenolics in comparison with the unbounded
phenolic extract. The main reason may be associated with
the higher water loving of bound phenolics, which are
greatly in the form of glycosides. Compared to the free
phenolics which are mainly in the form of a-glycones,
enzymes (ACE and alpha-amylase) are active in medium
containing water, which are inhibitors directing toward
positive mean; it increases the interaction between in-
hibitors and enzymes; the interaction effects of bonded
phenolics are greater compared to unbounded phenolics.
These studies revealed the inhibition activity of phenolic
compounds which might be involved in bridges, that is,
disulfide bridges located on the outer layer of a-amylase,
thus the enzyme responsible for the modification of the
function and structure [68-73]. The reason for the inhi-
bition of ACE, a-amylase, and a-glucosidase potential of
both plant species maybe is due to the direct interaction of
the phenolics with the disulfide bridges of the enzymes.
Furthermore, the activity will be confirmed with the pu-
rification of extracts and isolation of phenolics; more
consideration is required.

4. Conclusions

It is concluded that both plants, Veronica biloba and
Schoenoplectus triqueter (L.) Palla, showed a quiescent
hindrance in in vitro ACE (angiotensin-I converting en-
zyme), a-glucosidase, a-amylase, and antioxidant bioactiv-
ities and are helpful in the therapeutic investigation of
hypertension and hyperglycemia, linked to Type-II diabetes.

The properties of enzyme hindrance may be associated with
phenolic compounds. Additional analysis and studies are
firmly suggested to clarify the basic phenolics compounds
which are moderated by free radicals; the identification and
isolation of the components chemical outfit of plants may
lead to utilization in clinical trials.
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