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Chronic inflammation can cause several diseases and conditions, including some cancers, obesity, asthma, rheumatoid
arthritis, atherosclerosis, ischemic heart disease, and ulcerative colitis. Despite the fact that several researches were performed on prevention and treatment of inflammation-related
diseases, the overall incidence has not changed significantly.
Moreover, the exact mechanism underlying the process of
these diseases still remains hidden. In humans, inflammation
is considered a common feature of these diseases, which
might be responsible for the dysfunction or dysregulation of
specific cells and tissues that contribute to the origin and
development of the disease. Due to the fact that chronic
inflammation may play crucial roles in disease initiation, a
broad spectrum of preclinical and clinical studies had been
investigated to reveal the mechanisms of chronic inflammation in the biological system and to develop drugs to overcome inflammation mediated diseases.
Natural products from the herbal remedy, medicinal
plants, functional foods, and their constituent have been
used for the treatment of various diseases including cancer
from ancient time to recent days; increasing emphasis has
been focused on the research on traditional medicine: many
herbs and medicinal plants. This requires new approaches to
overcome inflammation mediated diseases and thus natural
products could be efficacious sources for prevention and
treatment of these diseases.
Since this view has made preclinical and clinical researchers start exploring the potential of natural products

to overcome inflammation mediated diseases, our journal
published a special issue devoted to the topic of natural products for the prevention and treatment of chronic inflammatory diseases with the integration of traditional medicine
into modern chronic diseases care. The result is a collection
of 17 outstanding articles submitted by investigators across
countries worldwide.
C. Cheon et al. in Korea (in “Efficacy and Safety of
Sipjeondaebo-Tang for Anorexia in Patients with Cancer:
A Pilot, Randomized, Double-Blind, Placebo-Controlled
Trial”) and S. Yuan et al. in China (in “Effectiveness and Safety
of the Combination of the Traditional Chinese Medicine
Prescription Jade Screen and Desloratadine in the Treatment of Chronic Urticaria: A Systematic Review and Metaanalysis of Randomized Controlled Trials”) have focused on
the efficacy and safety of traditional medicines in clinical
trials. These authors concluded that both Sipjeondaebo-tang
and Jade Screen/desloratadine had no significant difference
between treated group and placebo group in adverse reaction.
However, there remains a need for further large scale studies
to support these clinical applications.
From an in vitro research, the application of Wannachawee Recipe in human keratinocytes is to study its antipsoriatic activity on suppressing inflammatory cytokine production. M. N. Takuathung et al. in Thailand (in “Effects of
Wannachawee Recipe with Antipsoriatic Activity on Suppressing Inflammatory Cytokine Production in HaCaT Human
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Keratinocytes”) have exploited the mechanisms for Wannachawee Recipe’s antiproliferation and anti-inflammatory
effects in HaCaT cells. They highlight that this is the first
study to provide convincing evidence that this herbal remedy
is a potential candidate for development of effective psoriasis
therapies.
From in vivo researches on arthritis, natural products
application is to identify potential biomarkers associated with
adjuvant-induced arthritis and investigate the mechanism of
action of those medicines. X. Wang et al. in China (in “K
Nearest Neighbor Algorithm Coupled with Metabonomics to
Study the Therapeutic Mechanism of Sendeng-4 in AdjuvantInduced Rheumatoid Arthritis Rat”) have emphasized the
importance of a serum metabolite profile analysis to identify potential biomarkers associated with adjuvant-induced
arthritis to show how Sendeng-4 acts. L. Dong et al. in China
(in “Astilbin from Smilax glabra Roxb. Attenuates Inflammatory Responses in Complete Freund’s Adjuvant-Induced
Arthritis Rats”) approached the effect of the compound
astilbin from Smilax glabra Roxb. and potential mechanism
on attenuation of the inflammatory response in adjuvantinduced arthritic rats.
There are potential natural products applications for
fibrosis in organs. Y. Lin et al. in China (in “Flavanones from
Sedum sarmentosum Bunge Alleviate CCl4-Induced Liver
Fibrosis in Rats by Targeting TGF-𝛽1/T𝛽R/Smad Pathway
In Turn Inhibiting Epithelial Mesenchymal Transition”) have
evaluated the therapeutic effects of flavanones from Sedum
sarmentosum Bunge on CCl4 -induced liver fibrosis in rats and
the underlying mechanisms of action. Likewise, M. Li et al.
in China (in “Long-Term Effects of TCM Yangqing Kangxian
Formula on Bleomycin-Induced Pulmonary Fibrosis in Rats
via Regulating Nuclear Factor-𝜅B Signaling”) have examined
the long-term effects of Yangqing Kangxian formula and
evaluated the potential mechanisms in lung. Y. Tian et al. and
H. Wang et al. in China (in “Bufei Yishen Granules Combined
with Acupoint Sticking Therapy Suppress Inflammation in
Chronic Obstructive Pulmonary Disease Rats: Via JNK/p38
Signaling Pathway” and “Xiaoqinglong Decoction Attenuates Chronic Obstructive Pulmonary Disease in Rats via
Inhibition of Autophagy”) have emphasized the importance
of mechanism study of two traditional Chinese medicines,
widely used to treat chronic obstructive pulmonary disease
(COPD).
Obesity is a metabolic disorder characterized by an excess
accumulation of fat in the body. Recently, it has been widely suggested that certain gut microbiota increases metabolic
endotoxin secretion, especially lipopolysaccharide (LPS)
leading to chronic inflammation, resulting in obesity. Y. Liu
et al. in China (in “Herbal Medicine for the Treatment of
Obesity: An Overview of Scientific Evidence from 2007 to
2017”) have reviewed the possible effects and mechanisms of
diverse herbal medicine in preclinical and clinical researches
for the treatment of obesity. Similarly, D. Lee et al. in Korea
(in “Therapeutic Effect of Cucumis melo L. Extract on Insulin
Resistance and the Gut Microbiome in Lepob /Lepob Mice”)
have explored the effects of cucumins on obesity-induced
insulin resistance (IR) in leptin-deficient Lepob /Lepob mice.
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In summary, this special issue provides an important
evidence of the application of natural products in preclinical
researches and clinical trials across the world. Besides what
is stated, there are natural products applications for other
chronic inflammation associated diseases: atherosclerosis
and ischemia in the issue. Hopefully, this publication will
provide a strong knowledge for therapeutic or preventative
utilities of natural products in chronic inflammatory diseases.
Ji Hye Kim
Gorkem Kismali
Subash C. Gupta
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Diabetic peripheral neuropathic pain (DPNP) is a common and intractable complication of diabetes. Conventional therapies are
always not ideal; development of novel drugs is still needed to achieve better pain relief. Recent evidences have demonstrated that
inflammation is involved in the onset and maintenance of DPNP. The anti-inflammatory property of Tanshinone IIA (TIIA) makes
it a promising candidate to block or alter the pain perception. This study was conducted to investigate whether TIIA could attenuate
DPNP in streptozotocin- (STZ-) induced rats model and its potential mechanisms. TIIA was administered to STZ-induced diabetic
rats at the dose of 40 mg/kg once a day for 3 weeks. The effects of TIIA on thermal hyperalgesia and mechanical allodynia were
investigated using behavioral tests. The mRNA level and expression of interleukin- (IL-) 1𝛽, interleukin- (IL-) 6, tumor necrosis
factor- (TNF-) 𝛼, and interleukin- (IL-) 10 in the fourth to sixth segments of the dorsal root ganglion (L4–6 DRG) were detected by
quantitative real-time PCR (qPCR) and Western blot. TIIA treatment significantly attenuated mechanical allodynia and thermal
hyperalgesia in diabetic rats. In addition, the expression of the proinflammatory cytokines IL-1𝛽, IL-6, and TNF-𝛼 was inhibited,
and the level of the anti-inflammatory cytokine IL-10 was increased by TIIA. This study demonstrated that TIIA has significant
antiallodynic and antihyperalgesic effects in a rat model of STZ-induced DPNP, and the effect may be associated with its antiinflammation property.

1. Introduction
The prevalence of DPNP ranges from 20% to 24% in patients
with diabetes and from 40% to 50% in those with diabetic
neuropathies [1, 2]. DPNP is characterized by spontaneous
pain, hyperalgesia, and allodynia, some of which even progressed to hypoalgesia at advanced stage, which often leads to
sleep disorder and depression and passively affects patients’
health-related quality of life [3]. In addition to the negative
impact on individuals, it also leads to heavy social and economic burden [4]. The mechanism underlining DPNP is still
unclear. The existing treatment for DPNP is mainly focusing
on glycemic control and lifestyle changes. Currently available
drugs such as antidepressants, sodium and calcium channel
blockers, and opioids are often ineffective and complicated

by adverse events [5]. Therefore, it is imperative to search
effective agents for the distressing complication of diabetes.
Salvia miltiorrhiza Bunge (Danshen in Chinese) is one of
the most famous Chinese traditional herbs with more than
1000 years of clinical applications [6]. The biological activities
of Danshen have been widely investigated, and more than
100 pure compounds have been isolated from it, which are
classified as hydrophilic phenolics and lipophilic quinines [6].
TIIA is one of the major diterpenoids derived from Danshen,
which exhibited diverse pharmacological activities, such as
antioxidative [7], anti-inflammation [8], and anticancer [6,
9]. TIIA has been widely used for the treatment of a variety
of diseases, including atherosclerosis [10], cerebral infarction
[11], and spinal cord injury [12]. In diabetic animal models,
TIIA not only protects against diabetic nephropathy [13], but
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also has protective effects on impaired motor and sensory
nerve functions in diabetic neuropathy [14]. Previous studies
have shown that TIIA has significant antinociceptive effects in
a complete Freund’s adjuvant- (CFA-) induced inflammation
pain model as well as in bone cancer pain model through
suppression of the transcription of proinflammatory cytokine
genes [15, 16]. However, it remains unclear whether TIIA
exerts antinociceptive effects in a STZ-induced DPNP model.
Therefore, the present study was designed to explore the
therapeutic action of TIIA in a rat model of DPNP.

2. Materials and Methods
2.1. Animals. A total of 40 male Sprague-Dawley (SD) rats
were purchased from Vital River Company (Beijing, China),
weighing between 200 and 220 g, which were allocated into
3 groups. The animals were housed in the SPF room under
controlled laboratory conditions (temperature, 23 ± 2∘ C;
relative humidity, 40–60%, 12 h light/dark cycle) and allowed
free access to food and water. All experiments were carried
out between 09:00 and 17:00 h. Due to polyuria, animal
bedding was changed daily. The animal study was approved
by the Institutional Animal Ethics Committee of the Institute
of Clinical Medicine of China-Japan Friendship Hospital. As
some suffering might result from the experiments, the International Association for the Study of Pain (IASP) Committee
for Research and Ethical Issues guidelines were followed [17].
2.2. Drugs and Reagents. Tanshinone IIA (purity > 99%) was
obtained from Chengdu de Stewart Biological Technology
Co., Ltd. (Sichuan, China). Streptozotocin (STZ) was purchased from Sigma (St. Louis, MO, USA). The following
primary antibodies (Abcam, MA, UK) were used in the
Western blotting analyses: TNF-𝛼 (ab6671), IL-1𝛽 (ab2105),
IL-6 (ab9324), and IL-10 (ab33471); antibody against 𝛽-actin
(sc-47778) was purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Enhanced chemiluminescence (ECL)
detection reagents were obtained from HuaXingbio Centre
of Biotechnology (Beijing, China); bicinchoninic acid (BCA)
protein assay kits and RIPA lysis buffer were obtained from
Beyotime Institute of Biotechnology (Haimen, China).
2.3. Experimental Protocol. After one week of adaptation, the
diabetes was induced in overnight fasted animals by a single
intraperitoneal injection of STZ (60 mg/kg, freshly prepared
in 0.1 mol/L citrate buffer, pH 4.5). Age and body weight
matched control rats were injected with the equal amount
of vehicle (0.1 mol/L citrate buffer, pH 4.5). Three days after
STZ injection, the blood glucose level was measured in a tail
vein blood sample. Rats with a blood glucose level greater
than 16.7 mmol/L were included in the study. Rats in each
group were treated as follows: control group (𝑛 = 12):
normal animals treated with vehicle (distilled water intraperitoneally); DM group (𝑛 = 12): diabetic animals treated
with vehicle (distilled water intraperitoneally); DM + TIIA
group (𝑛 = 12): diabetic animals treated with TIIA 50 mg/kg.
Treatment was started 3 weeks after STZ injection and
lasted for 3 weeks [18]. During this period, diabetic animals
showed symptoms of polydipsia, polyuria, polyphagia, and
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weight loss [19]. The TIIA powder was dissolved in distilled
water (concentration 0.5%) and administered to the rats
by intraperitoneal injection daily; the dose was determined
based on previous literatures [14, 20].
Blood glucose levels were monitored at intervals during
the experiment. Behavioral assessments like thermal hyperalgesia and mechanical allodynia were performed on 0th, 3rd,
4th, 5th, and 6th week of the study. At the end of the 6th week,
immediately after behavioral assessment, rats in all the groups
were anaesthetized with pentobarbital sodium (40 mg/kg).
Under dissecting microscope, DRG at L4–L6 levels were
removed and immediately frozen in liquid nitrogen and
stored at −80∘ C until biochemical analysis. Then the rats were
sacrificed by cervical dislocation.
2.4. Behavioral Tests
2.4.1. Assessment of Allodynia. Allodynia was assessed by
determination of the paw withdrawal threshold by mean of
von Frey test. The procedure was described and previously
validated by Chaplan et al. [21]. In brief, rats were placed in
a testing cage with a wire mesh bottom; behavioral adaptation was allowed for 15–20 min, until the major grooming
activities and cage exploration ceased. Von Frey hairs (1.4, 2,
4, 6, 8, 10, 15, and 26 g) were applied to the middle of the
plantar surface of the hind paw, for a maximum of 8 s to
elicit a paw withdrawal thresholds. Abrupt paw withdrawal,
licking, and shaking were considered to be positive responses.
The same procedure was repeated three times on the same
paw, with at least 5-minute interval between two successive
procedures. The mean of the three values was considered as
paw withdrawal threshold for each rat.
2.4.2. Assessment of Hyperalgesia. Hyperalgesia was assessed
by measuring the paw withdrawal latency to radiant heat
using the Hargreaves method [22]. Briefly, rats were placed
in an organic glass box without restraint; after a 15–20 min
habituation period the plantar surface of the paw was exposed
to the infrared radiant heat (model 390, IITC Life Science,
Woodland Hills, CA, USA) through the glass floor. The paw
withdrawal latency was defined as the time from onset of the
radiant heat to the withdrawal of the rat hind paw. The heat
source was adjusted to a mean baseline value about 10–12
seconds and a cutoff time of 20 seconds to prevent tissue
damage. Testing was performed 4 times on the same paw with
a 5-minute interval, and the mean of the last three values was
considered as the thermal withdrawal latency.
2.5. Quantitative Real-Time PCR (qPCR). Thawed L4–L6
DRG were homogenized in 1 mL of Trizol reagent (Beyotime, Haimen, China); total RNA was isolated according
to the manufacturer’s instructions. The purity of RNA was
quantified by spectrophotometer (A260/280). cDNA was
synthesized from total RNA using a PrimeScript RT reagent
kit with gDNA Eraser (Takara Bio, Otsu Shiga, Japan). The
reverse transcription reaction was performed under the following conditions: (i) 37∘ C for 15 min and (ii) 85∘ C for 5 min,
followed by storing at 4∘ C. qPCR reactions were carried out
on a ABI 7500 real-time PCR System (Applied Biosystems,
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Table 1: Summary of the primer sequences for PCR analysis of the target genes.
Target gene
IL-1𝛽
TNF-𝛼
IL-6
IL-10
GAPDH

Forward
CCTCTGCCAAGTCAGGTCTC
GAGAGATTGGCTGCTGGAAC
CACAAGTCCGGAGAGGAGAC
GTTGCCAAGCCTTGTCAGAAA
AATGTGTCCGTCGTGGATCTGA

Reverse
GAATGTGCCACGGTTTTCTT
TGGAGACCATGATGACCGTA
CAGAATTGCCATTGCACAAC
TTTCTGGGCCATGGTTCTCT
GATGCCTGCTTCACCACCTTCT

USA) with SYBR Green I PCR mix kit (Applied Biosystems).
Each reaction consisted of a volume of 20 𝜇l sample (2 𝜇l
cDNA, 10 𝜇l 2x SYBR Green mixtures, 0.4 𝜇l of each primer,
and 7.2 𝜇l of nuclease-free water). The protocol consisted of an
initial denaturation at 95∘ C for 2 min, followed by 40 cycles
of denaturing at 95∘ C for 30 sec, annealing at 60∘ C for 30 sec,
and extension at 72∘ C for 30 sec. Melting curves were generated at the end of every run to ensure product uniformity.
Each sample was performed in triplicate, and the results were
averaged. GAPDH was used as an internal control transcript.
Relative changes in mRNA levels were determined by the
2−ΔΔCT method as previously described. Primers sequences
used in real-time PCR are summarized in Table 1.

marked weight loss of STZ-induced diabetic rats as compared
with control rats (𝑃 < 0.05). TIIA treatment did not alter the
body weight and the blood glucose level (data are shown in
Figure 1).

2.6. Western Blot Analysis. The frozen L4–L6 DRG was
thawed and homogenized in ice-cold RIPA lysis buffer (Beyotime) containing a protease inhibitor cocktail (Roche). Then
the homogenized tissues were centrifuged at 12,000 rpm for
15 min at 4∘ C, and the resulting supernatant was collected.
Protein concentrations of the extracts were measured by BCA
assay. Protein samples (50 ug) were denatured at 95∘ C for
5 minutes, separated by SDS-PAGE, and then transferred
onto PVDF membranes (Millipore). The membranes were
blocked with 5% nonfat milk for 1 h at room temperature and
then incubated with the primary antibodies: TNF-𝛼 (1 : 1000;
ab6671), IL-1𝛽 (1 : 1000; ab2105), IL-6 (1 : 1000; ab9324), IL10 (1 : 1000; ab33471), and 𝛽-actin (1 : 10000; sc-47778) at
4∘ C overnight, followed by washes with TBST. Finally, the
membranes were incubated with HRP-conjugated secondary
antibody for 1 h at room temperature. The signal was detected
with Super ECL kit and X-ray film. Specific bands were evaluated by apparent molecular sizes. The intensity of the selected
bands was quantified by ImageJ software and standardized
with the 𝛽-actin density.

3.3. Effects of TIIA on mRNA Expression of Inflammatory
Cytokines (IL-1𝛽, IL-6, TNF-𝛼, and IL-10) in the DRG (L4–L6).
To understand the molecular mechanism underlying the
function of TIIA, qPCR was used to determine the mRNA
levels of IL-1𝛽, IL-6, TNF-𝛼, and IL-10 in DRG. At the end
of the study, in DM group, the mRNA levels of IL-1𝛽, IL6, and TNF-𝛼 in DRG were significantly higher (𝑃 < 0.05)
and IL-10 was lower than in the control group (𝑃 < 0.05).
3 weeks of treatment with TIIA reduced the mRNA level of
the proinflammatory cytokines (IL-1𝛽, IL-6, and TNF-𝛼) and
elevated the anti-inflammation cytokine (IL-10) (Figure 3).

2.7. Statistical Analysis. Results were analyzed by SPSS
(Ver19.0). The significant differences were analyzed by oneway analysis of variances (ANOVA), followed by least significant difference (LSD) test. All results were presented as
mean ± SEM, and a 𝑃 value < 0.05 was considered statistically
different.

3. Results
3.1. Effects of TIIA on Body Weight and Blood Glucose Level.
By the 3rd day after STZ injection, 85.7% of the rats developed
hyperglycemia (𝑛 = 24); their blood glucose levels were
statistically higher than the control rats (𝑃 < 0.01), which did
not significantly change during the experiment. There was a

3.2. Effects of TIIA on Thermal Hyperalgesia and Mechanical
Allodynia. At the end of the 3rd week, mechanical paw
withdrawal threshold and thermal paw withdrawal latency
were significantly lower in DM and DM + TIIA groups than
in control group (𝑃 < 0.05). TIIA treatment for 3 weeks
increased the paw withdrawal threshold and paw withdrawal
latency in DM + TIIA group compared with DM group (𝑃 <
0.05) (Figure 2).

3.4. Effects of TIIA on Protein Expression of Inflammatory
Cytokines (IL-1𝛽, IL-6, TNF-𝛼, and IL-10) in DRG (L4–L6).
The protein levels of IL-1𝛽, IL-6, and TNF-𝛼 were increased
and IL-10 was decreased in DM group compared with control
rats. As shown in Figure 4, 3 weeks of treatment with TIIA led
to significantly lower expression of IL-1𝛽, IL-6, and TNF-𝛼
and significant upregulation of IL-10.

4. Discussion
In this study, we found that TIIA treatment attenuated
mechanical allodynia and thermal hyperalgesia in the rats
with diabetes. In addition, our data confirmed that the pain
behavior coincided with the expression changes of inflammatory cytokines (TNF-𝛼, IL-1𝛽, IL-6, and IL-10) in rats with
diabetes induced by STZ. Moreover, TIIA treatment reduced
the proinflammatory cytokines level (TNF-𝛼, IL-1𝛽, and IL6) and elevated anti-inflammatory cytokine level (IL-10) in
DRG of STZ-induced diabetic rats. All the findings suggest an
antiallodynic and antihyperalgesic capability of TIIA against
inflammatory response in STZ-induced diabetic rats.
In recent years, STZ-induced diabetic rat has been widely
used in DPN studies [19, 23]. The present study showed
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Figure 1: The effect of Tanshinone IIA on body weight and blood glucose in STZ-induced diabetic rats. (a) Body weight (BW); (b) blood glucose
(BG). CTL, normal rats; DM + Veh, DM rats treated with vehicle; DM + TIIA, DM rats treated with Tanshinone IIA. Results are expressed as
means ± SEM (𝑛 = 12/each group, ∗ 𝑃 < 0.01 versus CTL group).
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Figure 2: The effect of Tanshinone IIA on MWT and TWL in STZ-induced diabetic rats. (a) Mechanical paw withdrawal threshold (MWT);
(b) thermal paw withdraw latency (TWL). CTL, normal rats; DM + Veh, DM rats treated with vehicle; DM + TIIA, DM rats treated with
Tanshinone IIA. Results are expressed as means ± SEM (𝑛 = 12/each group, ## 𝑃 < 0.01 versus CTL group, ∗∗ 𝑃 < 0.01 versus DM + Veh
group).

that after 3 weeks of STZ injection diabetic rats manifested
decreased paw withdrawal threshold and paw withdrawal
latency, indicating the appearance of mechanical allodynia
and thermal hyperalgesia. These findings are concordant with
observations in some previous studies [24, 25]. However,
some other reports demonstrated a thermal hypoalgesia in
diabetic animals [19, 23, 26]. We speculate that the discrepancy may be related to the following factors: diabetic
duration (early or later stages); severity of the diabetic state;

different behavioral test methods and kinds of animals used
in experimental studies.
It is well accepted that most of the diabetic complications, including DPNP, are caused by protracted hyperglycemia. Our study showed that 3 weeks of treatment
with TIIA significantly attenuated the mechanical allodynia
and thermal hyperalgesia but did not influence the blood
glucose level. Some previous studies have also reported many
other compounds which have beneficial effects on diabetic
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Figure 3: The effect of Tanshinone IIA on mRNA level of IL-1𝛽, IL-6, TNF-𝛼, and IL-10 in the DRG from experiment rats. The mRNA levels of
IL-1𝛽, IL-6, TNF-𝛼, and IL-10 were analyzed with qPCR. CTL, normal rats; DM + Veh, DM rats treated with vehicle; DM + TIIA, DM rats
treated with Tanshinone IIA (𝑛 = 6 for each group;, ∗∗ 𝑃 < 0.01 versus CTL group, ## 𝑃 < 0.01 versus DM + Veh group).

complications, including neuropathy and nephropathy without any influence on STZ-induced hyperglycemia and body
weight loss [27, 28]. Furthermore, in both human and animal
studies, conventional DM therapy and even enhanced blood
glucose control have failed to prevent diabetic neuropathy
[29]. These data indicate that the therapeutic effects of TIIA
on DPNP have no relationship with blood glucose level.
The pathogenesis of diabetic neuropathy is complicated
and involves multiple pathways. In the last decade, studies
have demonstrated that the pathogenesis of neuropathic pain
is associated with the interactions between neurons, inflammatory immune cells, and immune cell-derived inflammatory cytokines [30]. Metabolic changes induced by hyperglycemia lead to increased secretion of inflammatory cytokines
by both activated resident immune cells and recruited
immune cells, which induces biochemical changes and nerve
damage, resulting in pain-related symptoms eventually [25,
29]. Increasing evidences indicate that inflammatory cytokines play key roles in the development and maintenance
of neuropathic pain. Previous study has shown that patients
with painful neuropathy have increased mRNA and protein
levels of IL-2 and TNF-𝛼 and decreased levels of IL-4 and
IL-10 [31]. In animal models, altered pain behaviors are associated with elevated TNF-𝛼 levels [32], and intraneural

application of proinflammatory cytokines IL-1𝛽 and TNF𝛼 induces behavioral signs associated with pain [33]. In the
present study, our data showed that the increased proinflammatory cytokines (IL-1𝛽, TNF-𝛼, and IL-6) and decreased
anti-inflammatory cytokine (IL-10) in the DRG may be
related to the allodynia and hyperalgesia in STZ-induced
diabetic rats.
Modulating the cytokines production by downregulating proinflammatory cytokines and/or upregulating antiinflammatory cytokines and restoring the balance of pro/anti-inflammatory cytokines in the nervous system have
been considered as treatment strategies for neuropathic pain
[34]. Intrathecal administration of IL-1𝛽 and TNF𝛼 antagonists as well as IL-6 neutralizing antibody attenuates pain
behaviors in neuropathic models [35–37]. HSV mediated
local expression of IL10 in the DRG inhibits the development
of painful neuropathy in diabetic rats [38]. However, it is considered that IL-1𝛽, TNF-𝛼, and IL-6 induce the production of
each other through positive feedback, acting synergistically
to amplify the inflammatory signals [39], which can of
course lead to a vicious circle of chronic inflammation
if not adequately suppressed, so it is difficult to achieve
satisfactory improvement of pain symptoms by modulating
just one single cytokine. Unlike the cytokine antagonist by
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Figure 4: The effect of Tanshinone IIA on the protein expression of IL-1𝛽, IL-6, TNF-𝛼, and IL-10 in the DRG from experiment rats. The protein
levels of IL-1𝛽, IL-6, TNF-𝛼, and IL-10 were determined by Western blot. (a) Western blot results of the IL-1𝛽, IL-6, TNF-𝛼, and IL-10. (b) The
target protein bands were densitometrically analyzed after normalization to 𝛽-actin. Each experiment was repeated three times and similar
results were obtained. CTL, normal rats; DM + Veh, DM rats treated with vehicle; DM + TIIA, DM rats treated with Tanshinone IIA. (𝑛 = 6
for each group; ∗ 𝑃 < 0.05, ∗∗ 𝑃 < 0.01 versus CTL group; # 𝑃 < 0.05, ## 𝑃 < 0.01 versus DM + Veh group).
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blocking only one specific inflammatory cytokine, herbal
plant extracts affect productions of multiple cytokines, reduce
excessive inflammatory responses, and cause relatively little
side effects. In animal models, genistein relieves neuropathic
pain following nerve injury via downregulation of both IL-1𝛽
and IL-6 [40]; analgesic effect of coumarins is mediated by
reducing spared nerve injury- (SNI-) induced upregulation
of proinflammatory cytokines TNF-𝛼, IL-1𝛽, and IL-6 in
damaged DRG [41]; bioactive fractions of annona reticulate
bark attenuate painful diabetic neuropathy through decreasing the inflammatory cytokines (IL-1𝛽, IL-6, and TNF-𝛼)
and increasing anti-inflammatory cytokine (IL-10) [42]. In
line with the literature, in the present study, after 3 weeks of
treatment with TIIA, mRNA and protein levels of IL-1𝛽, IL6, and TNF-𝛼 were reduced, IL-10 expression was elevated,
and the mechanical allodynia and thermal hyperalgesia were
alleviated simultaneously.
There are some limitations in the present study. We only
focused on cytokines expressions in the DRG in our study.
In others’ experiments, the cytokines were also measured
in the sciatic nerve, the DRG, and the spinal cord [40, 43–
45]. However, the overall tendency of alterations of mRNA
and protein levels was the same. Besides, hyperglycemia is
known to induce oxidative stress which leads to nerve damage
resulting in DPNP [46]. The antioxidant property of TIIA
may also contribute to its antiallodynic and antihyperalgesic
effects [7]. Further studies are needed to explore alternative
mechanisms that underline the therapeutic effects of TIIA.
In conclusion, this study reveals that TIIA treatment
alleviates mechanical allodynia and thermal hyperalgesia in
a STZ-induced diabetic rat model. Furthermore, TIIA significantly modulates the expressions of several inflammatory
cytokines in this model. Therefore, the antinociceptive activity of TIIA could be attributed, at least in part, to its antiinflammatory properties. These findings suggest that TIIA
might be a candidate medication for DPNP treatment. Further investigations in larger animals or even human are still
needed.
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As a traditional Mongolian medicine, Sendeng-4 (SD) has been widely used to treat rheumatoid arthritis (RA) in Inner Mongolia
and exhibits a good curative effect. Unfortunately, due to geographical factors, it is difficult to popularize this drug throughout
the whole country, and the mechanism of action of SD has been unclear. In this study, a serum metabolite profile analysis was
performed to identify potential biomarkers associated with adjuvant-induced RA and investigate the mechanism of action of SD.
Ultraperformance liquid chromatography coupled with quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS) was
performed for the metabonomics analysis. 𝐾 nearest neighbor (KNN) models were established in both positive and negative spectra
for classifying data from the control, model, and SD administration groups. Accuracy rate for classification was 95.8% in positive ion
mode and 91.7% in negative ion mode. Orthogonal partial least squares discriminant analysis (OPLS-DA) enabled the identification
of 12 metabolites as potential biomarkers of adjuvant-induced RA. After treatment with SD, the levels of uridine triphosphate,
calcitroic acid, dynorphin B (6-9), and docosahexaenoic acid were restored to normal, indicating that SD likely ameliorated RA by
regulating the levels of these biomarkers. This study identified early biomarkers of RA and elucidated the underlying mechanism
of action of SD, which is worth further investigation for development as a clinical therapy.

1. Introduction
Rheumatoid arthritis (RA) is an autoimmune inflammatory
disease. The main clinical manifestations are chronic, symmetrical, and synovial arthritis and extra-articular disease.
RA, a progressive disease, occurs in small joints such as
the hand, wrist, and foot and causes joint deformities and
loss of joint function [1]. Currently, the treatment of RA
mainly relies on Western medicine such as the nonsteroidal
drug, diclofenac [2]; antirheumatic drug, methotrexate [3];
and glucocorticoid drug, dexamethasone [4]. These Western
medicines are highly efficacious but are accompanied by
toxic side effects. In addition, Western medicine can only
temporarily relieve or eliminate the pain and cannot cure RA
fundamentally.

Mongolian medicine has its own unique theory and
method in the treatment of RA and can regulate the physiological activity of the human body from the perspective
of allometric function. Mongolian medicine Sendeng-4 (SD)
is comprised of Xanthoceras sorbifolia, Toosendan fructus,
Gardeniae fructus, and Chebulae fructus at a ratio of 5 : 3 : 1 : 1.
SD is mainly used in the treatment of gout, rheumatism, joint
grasserie, and edema [5, 6]. Although SD has a good curative
effect on RA which is not prone to relapse after recovery,
the popularization of SD is challenging due to geographical
factors and incomplete understanding about its mechanism
of action.
Metabonomics is the science about the changing roles
of endogenous metabolic substances in organisms and has
been widely used in the study of the mechanism of action
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of drugs [7–9]. As a burgeoning metabonomics approach,
the 𝐾 nearest neighbor (KNN) classification algorithm is
one of the simplest methods in data mining classification.
The nearest neighbor of 𝐾 means that each sample can
be represented by its nearest 𝐾 samples. The classification
model of KNN is simple and effective. The principle of KNN
describes that if there is a test data to be classified, the
most similar known data is found by comparison to the
classifying data, and the category of the data to be classified
is judged based on the type of known data [10, 11]. The
traditional metabonomics method is principal component
analysis (PCA). PCA loses a considerable amount of raw
data—the cumulative contribution rate of the first few principal components must be high or else the model is not
qualified. KNN does not lose any raw data, which gives
it a stronger advantage over traditional statistical methods
in the classification of multidimensional data. At present,
KNN classification has been widely used in molecular biology
research of RA. Inhibition of TNF-alpha converting enzyme
(TACE) is one of the most direct and effective therapies
for RA. Therefore, the screening of TACE inhibitors has
become a very important task. KNN was used to classify
TACE inhibitors and noninhibitors, and the KNN model
gave a classification accuracy of 98.32% [12]. Peripheral blood
gene expression profiles (PBGE) were used to predict disease
severity in early RA patients, based on KNN classification,
and results showed that KNN effectively predicted RA severity [13]. The bone lesion volume (BeltaBLV) in RA patients’
hands would be used to evaluate RA progression. This study
demonstrated that the combination of multispectral (MS)
MRI analysis method and KNN classification provided the
quantitative tool for the BeltaBLV [14]. So far, work regarding
RA metabonomics coupled with KNN classification has not
been reported. In this study, KNN algorithm combined with
the metabonomics method was applied to classify data from
different groups. Potential biomarkers were identified using
the OPLS-DA model. Our study revealed the mechanism of
SD in RA treatment by studying the metabolic pathway of
potential biomarkers.

2. Materials and Methods
2.1. Chemicals and Reagents. SD was provided by the Mongolian Medicine Manufacturing Room of the Affiliated Hospital of Mongolia University for the Nationalities (Tongliao,
China). SD powder was dissolved in 0.5% carboxymethyl
cellulose sodium (CMC) aqueous solution up to concentrations of 0.43 g/mL and stored at 4∘ C for animal experimentation. Complete Freund’s adjuvant (CFA) was purchased
from Sigma Chemical Co. (St. Louis, MO, USA). Methanol
and formic acid (Fisher Scientific, UK) were HPLC-grade.
The kits for superoxide dismutase (SOD, H001-3-20170596), hydroxyl radical (OH∙, H081-201705-96), tumor necrosis
factor-𝛼 (TNF-𝛼, H052-201704-96), and interleukin-6 (IL6, H007-201706-96) assays were purchased from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China).
2.2. Adjuvant-Induced Arthritis Model Establishment and
Treatment. The study was approved by the ethics committee

Evidence-Based Complementary and Alternative Medicine
of the Affiliated Hospital of Inner Mongolia University for the
Nationalities (NMMZDX2017[K]0013). Male Wistar rats (200
± 10 g) were provided by YiSi Laboratory Animal Technology
Co., Ltd., (Changchun, China). All animals were reared under
standard conditions (21 ± 2∘ C, daily sunshine for 14 hours)
with free access to rodent chow and water in the Affiliated
Hospital and allowed to acclimatize in metabolism cages for
1 week prior to experiment. The rats were divided into three
groups: control, model, and SD administration groups (CG,
MG, and SG, resp.), with eight rats in each group. Prior to
the experimentation, all the rats were acclimated for 7 days.
On Day 1, the rats in MG and SG were intradermally injected
with 0.1 mL CFA in the right posterior toe and the rats in
CG were injected with 0.1 mL saline. After 7 days, the rats
in MG and SG were injected with 0.1 mL CFA again. On
Day 14, the rats in SG were administered SD at doses of
0.43 g/kg/day for 35 consecutive days, and on Day 49, all the
rats were euthanized. Blood was collected from the hepatic
portal vein and centrifuged at 3500 rpm for 10 min at 4∘ C. The
supernatants were immediately frozen, stored at −20∘ C, and
thawed before analysis. Arthrodial cartilage was fixed in 10%
formaldehyde for paraffin-embedding.
2.3. Biochemical and Histological Analysis. Arthrodial cartilage was cut and processed for hematoxylin and eosin
(H&E) staining. H&E staining was performed to examine
the pathological changes of arthrodial cartilage, and the
specimens were observed by microscopy. The levels of SOD,
OH∙, TNF-𝛼, and IL-6 were measured using a Multiskan FC
Microplate Reader (Fisher Scientific, UK).
2.4. Serum Sample Preparation. The serum samples were
thawed before analysis, and 100-𝜇L aliquots were added to
400 𝜇L acetonitrile, followed by vortexing for 30 s and centrifugation at 12000 rpm for 10 min at 4∘ C. The supernatant
was subsequently filtered through a 0.22-𝜇m filter membrane.
2.5. UPLC-MS Conditions. A Waters Acquity UPLC system
coupled with a Q-TOF Xevo G2-S high definition mass
spectrometer (Waters, UK) was used for the metabonomics
analysis. The Waters Acquity UPLC BEH C18 Column (1.7𝜇m, 2.1 mm × 50 mm, Waters, USA) was maintained at 40∘ C
with a flow rate of 0.4 mL⋅min−1 for the separation. The
mobile phases were 0.1% formic acid in deionized water (A)
and methanol (B). The gradient elution with B was performed
according to the following schedule: 8–80% B for 0–3 min,
80–100% B for 3–6 min, 100% B for 6–8 min, and 100–8% B
for 8-9 min, followed by maintaining at 8% B for 2 min. The
sample injection volume was 10 𝜇L.
For the UPLC-high-definition MS (HDMS) analysis,
the optimal conditions were the positive ion mode with
source and desolvation gas temperatures of 100∘ C and 400∘ C,
respectively. Nitrogen was used as the cone and desolvation
gas at flow rates of 50 and 800 L/h, respectively. The capillary,
cone, and offset voltages were set at 3.0 kV, 40 V, and 80 V,
respectively. In the negative ion mode, the source and
desolvation gas temperatures were 80∘ C and 150∘ C. Nitrogen
was the cone and desolvation gas at flow rates of 0 L/h and
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Figure 1: Indices of oxidant stress (a) and cytokine levels (b) in rat serum. Data are shown as mean ± standard deviation (𝑛 = 8). CG: control
group; MG: model group; SG: SD administration group. # 𝑝 < 0.05 compared with MG.

600 L/h, respectively. The capillary, cone, and offset voltages
were set at 2.5 kV, 40 V, and 80 V, respectively.
The MS data were collected in the full-scan mode in
the mass range of 100–1000 Da and at a scan time of 0.5 s.
The MS2 collision energy was set at 15–35 eV, and a lockmass of leucine enkephalin at a concentration of 200 pg/mL
in acetonitrile : water (50 : 50, v/v) was used for the positive
([M + H]+ = 556.2771) and negative ([M − H]− = 554.2615)
ion modes with a lock spray interface. The data were collected
in the continuum mode, and the lock spray frequency was set
at 10 s.
2.6. Data Analysis. A pooled quality control (QC) sample
was prepared by mixing aliquots (20 𝜇L) of each sample to
monitor instrument stability. Every day, after the instrument
was calibrated, five QC samples were analyzed to test the
stability of the instrument. The MassLynx V4.1 software was
used for peak detection and alignment. After recognition and
alignment, all the data acquired were normalized to the total
ion intensity of each chromatograph.
The data matrix was established by aligning the peaks
with the exact mass/retention time pair from each data file
in the data set with their associated normalized peak areas.
Then, the data matrix was analyzed using pattern recognition.
Matlab 2012 software was applied for classification of data
based on the KNN algorithm. EZinfo 2.0 software was
used for OPLS-DA while an independent sample 𝑡-test was
performed using the statistical package for the social sciences
(SPSS) version 17.0. HemI software was used to analyze the
heatmap of the metabolites [15]. The Human Metabolome
Database (HMDB), METLIN, and Kyoto Encyclopedia of
Genes and Genomes (KEGG) metabonomics databases were
used to identify potential biomarkers. The tandem MS
(MS/MS) spectra were compared with MS/MS information
from these databases to verify the structure of the putative
metabolites.

3. Results and Discussion
3.1. Biochemistry and Histology. Figure 1 shows the serum
biochemical parameters derived from each group. SOD is an
important antioxidant enzyme that can scavenge free radicals
in organisms. As indicated in Figure 1(a), the content of SOD
decreased and the content of OH∙ increased in MG compared
to those in CG, meaning that the antioxidant system in
RA rats was compromised. After SD administration, the
contents of SOD and OH∙ were restored, indicating effective
antioxidant activity for SD.
Inflammatory mediators TNF-𝛼 and IL-6 play an important role in the pathogenesis of RA. They are produced by
infiltration of immune cells and excessive secretion of matrix
metalloproteinases (MMPs). These mediators have a strong
erosive effect on cartilage and bone joints [16]. As shown
in Figure 1(b), the contents of TNF-𝛼 and IL-6 increased
significantly in MG compared to those in CG. However, in
SG, the contents of TNF-𝛼 and IL-6 decreased compared to
those in MG, indicating that SD has an immunosuppressive
effect.
Figure 2(a) shows the arthrodial cartilage in CG and a
large number of pannus (yellow circle in Figure 2(b)) can be
seen in MG. Pannus is formed by plasma cells, macrophages,
and lymphocytes and can release immunoglobulins and
rheumatoid factor (RF). Pannus not only hinders bone’s ability to obtain nourishment through the synovial membrane,
but also releases a variety of inflammatory mediators and
proteolytic enzymes to erode the articular cartilage, subchondral bone, ligament, and tendon tissue, causing destruction of
articular cartilage, subchondral osteolysis, joint capsule relaxation damage, joint dislocation, joint fusion, and ossification
[17]. After administration of SD (Figure 2(c)), the number
and volume of panni decreased in SG, indicating that SD
alleviated the symptoms of RA in rats.
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Figure 2: Histopathological change in rat arthrodial cartilage. Photomicrographs show representative cartilage sections stained with
hematoxylin and eosin (H&E, 200x). (a) Control group; (b) model group; (c) SD administration group.
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Figure 3: Serum base peak chromatograms of various groups. (a) Control group (CG), (b) model group (MG), and (c) SD administration
group (SG) in positive mode and (d) CG, (e) MG, and (f) SG in negative mode.

3.2. Application of KNN Algorithm for Classification. The
metabolite characteristics were investigated using positive
and negative ion modes. The serum base peak intensity (BPI)
chromatograms of the CG, MG, and SG in the positive and
negative ion modes are described in Figure 3. Despite the
obvious differences in the chromatogram, the multivariate
analysis distinguished the three groups more accurately than
other analyses.
In this experiment, the KNN algorithm was used for
classification of metabonomics data. Each group of data in
the vector space model was expressed as a vector form. As
shown in Figure 4, the calculation of the similarity (distance)

of the two sets of data was converted into the calculation of
the vector.
Methods for calculating similarity are Euclidean distance,
Vector Inner Product, and Included Angle Cosine, and their
formulas are as follows:
Euclidean Distance
𝑛

2

Sim (𝑑1 , 𝑑2 ) = √ ∑ (𝑊1𝑖 − 𝑊2𝑖 ) ,

(1)

𝑖=1

where 𝑊1𝑖 and 𝑊2𝑖 are weights representing the corresponding feature in the omics data vectors 𝑑1 and 𝑑2 . If the
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Figure 4: KNN algorithm model in this experiment, where
𝑇1 (𝑊11 , 𝑊12 , . . . , 𝑊𝑖𝑗 , . . . , 𝑊1𝑛 ) and 𝑇2 (𝑊21 , 𝑊22 , . . . , 𝑊𝑖𝑗 , . . . , 𝑊2𝑛 )
represent two different omics data, 𝑊𝑖𝑗 represents the weight value
of the 𝑗th feature of the 𝑖th omics data, and 𝜃 represents the angle of
the two omics data vectors (𝑖 can be seen as one sample, and 𝑗 can
be seen as one biomarker in this sample).

calculated value is smaller, the distance between the two
omics data vectors is smaller, and the similarity of the two
omics data is greater.
Vector Inner Product
𝑛

Sim (𝑑1 , 𝑑2 ) = ∑ (𝑊1𝑖 ∗ 𝑊2𝑖 ) ,

(2)

𝑖=1

where 𝑊1𝑖 and 𝑊2𝑖 are weights representing the corresponding feature in the omics data vectors 𝑑1 and 𝑑2 . The inner
product represents the projection of a vector on another
vector. When the inner product is used as the similarity
formula and the inner product is larger, the similarity of the
two omics data is greater.
Included Angle Cosine
Sim (𝑑1 , 𝑑2 ) =

∑𝑛𝑖=1 (𝑊1𝑖 ∗ 𝑊2𝑖 )
√∑𝑛𝑖=1 (𝑊1𝑖2 ) ∗ ∑𝑛𝑖=1 (𝑊2𝑖2 )

,

(3)

where 𝑊1𝑖 and 𝑊2𝑖 are weights representing the corresponding feature in the omics data vectors 𝑑1 and 𝑑2 . If the angle
is smaller between the two vectors and the cosine value is
larger, it is likely that the two groups of data belong to the
same category. On the contrary, if the cosine value is smaller,
the two groups of data are not likely to belong to the same
category. In this paper, we use the angle cosine algorithm to
calculate the similarity between two sets of metabonomics
data.
In the KNN-based metabolomics data classification
study, the cross-validation method is applied to complete the
KNN model classification evaluation. Part of the sample is
used as training set data, and the rest is used as testing data to
calculate classification accuracy rate. The above process needs
to be performed until every sample is predicted once and only
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once. The purpose of cross-validation is to obtain a reliable
and stable model. The method of 4-fold cross-validation was
used in this study. The group data set was divided into four
sets, and the verification experiments were completed four
times. One copy of the data was used to test the model in each
experiment, while the remaining three data copies were used
to train the model.
Ultimately, two KNN models were established by Matlab
2012 software (one model for positive ion mode, the other
for negative ion mode). The data matrix contained 3253
dimensional data points in positive ion mode and 1045
dimensional data points in negative ion mode. Twenty-four
samples were assigned to three categories. The classification
accuracy rates were 95.8% (23/24) in positive ion mode (eight
correct samples in CG, seven correct samples in MG, eight
correct samples and one incorrect MG sample in SG) and
91.7% (22/24) in negative ion mode (eight correct samples in
CG, six correct samples in MG, eight correct samples and two
incorrect MG samples in SG). These results show that the two
KNN models are accurate and reliable.
An OLPS-DA model was used to detect potential
biomarkers and investigate the effect of SD on the metabolic
pathway in RA rats. The OPLS-DA score plots are shown in
Figures 5(a) and 5(b). As indicated by 𝑅2 𝑌 = 0.9974 and
𝑄2 = 0.9896 in the positive ion mode and 𝑅2 𝑌 = 0.9918 and
𝑄2 = 0.9775 in the negative ion mode, the model was both
reliable and predictive.
3.3. Identification of Potential Biomarkers. The S-plots of
the OPLS-DA are shown in Figures 5(c) and 5(d), and the
variables contributed highly to the differentiation situated at
the edges of the plots. The spots, which showed VIP values
> 1.0 and 𝑝 < 0.05, were considered to represent potential
biomarkers. We identified 12 metabolites that showed significant differences between the CG and MG as potential
biomarkers. These metabolites consisted of four and eight
points selected based on the data of the positive and negative
mode analyses, respectively. Among these metabolites, the
levels of docosahexaenoic acid, stearic acid, eicosenoic acid,
MG (0:0/14:0/0:0), calcitroic acid, uridine triphosphate, and
guanosine diphosphate in the MG were higher than the levels
in the CG. In addition, the levels of dynorphin B (6-9),
guanosine pentaphosphate adenosine, bilirubin glucuronide,
LysoPE (0:0/24:0), and alpha-tocotrienol in the MG were
lower than those in the CG. However, after treatment with
SD, uridine triphosphate, calcitroic acid, dynorphin B (6-9),
and docosahexaenoic acid returned to normal levels. This
observation indicates that SD may prevent the pathological
process of RA rats by regulating the disturbed metabolic
pathway of these four potential biomarkers. The heatmap of
the potential biomarkers is described in Figure 6. All the
biomarker information is summarized in Table 1.
3.4. Biological Relevance. Uridine triphosphate (UTP) is the
raw material for RNA synthesis. The combination of UTP
and vitamin B12 has been reported to have a significant
effect on the treatment of compressive neuralgias. Compared
with vitamin B12 administration alone, the combination
of UTP and vitamin B12 had more statistically significant
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Table 1: Potential biomarkers related to RA in rats between CG and MG.
No.

RT
(min)

Measured
mass

Error
(ppm)

Molecular
formula

Identified

VIP

ESI mode

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)

3.47
4.87
4.69
1.97
2.18
5.27
4.82
4.41
4.48
4.28
4.69
5.39

933.0125
606.3497
761.3036
566.4172
442.0211
283.2648
423.3265
327.2318
373.2375
482.9574
301.2370
309.2804

4.6
4.3
1.1
1.4
9.0
1.8
0.9
3.7
2.4
8.1
4.7
1.6

C20 H29 N10 O23 P5
C26 H43 N11 O6
C39 H44 N4 O12
C29 H60 NO7 P
C10 H15 N5 O11 P2
C18 H36 O2
C29 H44 O2
C22 H32 O2
C23 H34 O4
C9 H15 N2 O15 P3
C17 H34 O4
C20 H38 O2

Guanosine pentaphosphate adenosine
Dynorphin B (6-9)
Bilirubin glucuronide
LysoPE (0:0/24:0)
Guanosine diphosphate
Stearic acid
alpha-Tocotrienol
Docosahexaenoic acid
Calcitroic acid
Uridine triphosphate
MG (0:0/14:0/0:0)
Eicosenoic acid

1.4
1.7
1.3
1.1
1.5
2.3
3.5
4.6
1.0
1.4
1.0
1.2

+
+
+
+
−
−
−
−
−
−
−
−

50

t[2]O

t[2]O
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0
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−80

0
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0
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0.007
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Figure 5: Orthogonal partial least squares discriminant analysis (OPLS-DA) score plots of serum metabolic profiling of all groups. (black
triangle) CG and (red circle) MG in (a) positive mode and (b) negative mode. OPLS-DA S-plots in (c) positive and (d) negative modes. CG:
control group; MG: model group (𝑛 = 8 in each group).
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Figure 6: Heatmap of potential biomarkers in all groups. CG: control group; MG: model group; SG: SD administration group. (a) Guanosine
pentaphosphate adenosine; (b) dynorphin B (6-9); (c) bilirubin glucuronide; (d) LysoPE (0:0/24:0); (e) guanosine diphosphate; (f) stearic
acid; (g) alpha-tocotrienol; (h) docosahexaenoic acid; (i) calcitroic acid; (j) uridine triphosphate; (k) MG (0:0/14:0/0:0); (l) eicosenoic acid.

advantages in alleviating pain in patients with no serious
adverse events during the study period [18]. Dysregulation of
adipogenesis of bone marrow-derived stromal cells (BMSCs)
and osteogenesis can lead to osteoporosis. After activating
the P2Y2 receptor, UTP can retard the progression of osteoporosis through regulating the osteogenic and adipogenic
differentiation of BMSCs [19]. Therefore, the dysregulation of
UTP in the MG is likely to result in osteoarthropathy.
Calcitroic acid is the metabolite of 1,25(OH)2 D3 , which
is the active form of vitamin D. 1,25(OH)2 D3 has many
physiological functions such as increasing the absorption of
calcium and phosphorus, promoting growth and bone calcification, maintaining normal levels of citrate in blood, and
preventing the loss of amino acid in renal metabolism [20].
The immune response to antigens derived from Aspergillus
fumigatus can cause the allergic disease, allergic bronchopulmonary aspergillosis (ABPA), which is accompanied by an
increased interleukin-13 response in blood CD4+ T cells.
1,25(OH)2 D3 can inhibit this allergic response and improve
the ABPA patient’s condition [21]. In addition, 1,25(OH)2 D3
has immunomodulatory and anti-inflammatory activity.
Research shows that 1,25(OH)2 D3 plays a crucial role in the
progression of many autoimmune diseases such as rheumatoid arthritis, multiple sclerosis (MS), and osteoporosis [22].
Numerous studies have shown that the lack of sunlight

and 1,25(OH)2 D3 will lead to MS; thus, 1,25(OH)2 D3 supplementation is a very effective treatment for MS patients
[23]. Osteoporosis is highly correlated with atherosclerosis. The parallel progression of the two diseases increases
coronary and fracture risks. 1,25(OH)2 D3 deficiency can
greatly increase the risk of fracture and result in secondary
hyperparathyroidism and coronary artery calcification [24].
The content of calcitroic acid increased significantly in the
MG, indicating that the content of 1,25(OH)2 D3 decreased,
which reduces the regulatory ability of the immune system.
Dynorphin B (DYN) is an endogenous opioid peptide
(EOP) widely distributed in the central nervous system and
peripheral nervous system. EOPs are selective for different
receptors, and DYN is a type 𝜅 receptor ligand. Peripheral
inflammation of RA causes an increase in the number of
immune cells (T cells, B lymphocytes, macrophages, monocytes). The immune cells that migrate to the inflammatory
region can synthesize large amounts of EOP. Meanwhile,
inflammatory responses promote the synthesis of EOP receptors in the dorsal root ganglion (DRG) and transport these
receptors to the peripheral nerve tip of the inflammatory
region. After EOP activates the receptors, they can act as the
analgesic for RA [25, 26]. Studies have shown that in synovial
tissue and immune cells of RA rats, EOPs were released
in large quantities, and the expression of their receptors
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increased in peripheral nerve tips. EOPs and their receptors
also participate in the regulation of chronic inflammation
[27]. Studies have found that injecting EOP receptor agonists
in the knee reduces pain in patients with joint pain, while
injecting EOP receptor antagonists in the knee after surgery
increases the pain of the joints [28, 29]. EOP may act on the
EOP receptors in immune cells and regulate the function of
immune cells, which eventually participate in the regulation
of inflammatory factors. Levels of EOP are associated with
the concentrations and mRNA expression of inflammatory
factors such as interleukin-1𝛽 (IL-1𝛽), interleukin-6 (IL-6),
and tumor necrosis factor 𝛼 (TNF-𝛼). These inflammatory
factors can cause pain in the joints, fever, and edema. By
utilizing the negative feedback regulation of inflammatory
factors and decreasing the excitability of the sensory nerve,
EOP regulates inflammatory pain [30]. The content of DYN
significantly decreased in the MG, suggesting that it was
complexed with the EOP receptor to inhibit inflammation
caused by RA.
Docosahexaenoic acid (DHA) is a necessary polyunsaturated fatty acid for the human body. DHA has a variety of
biological activities such as assisting brain cell development,
slowing aging, improving blood circulation, and reducing
blood lipids. In addition, DHA may protect against RA.
It was reported that DHA could inhibit the proliferation
and differentiation of bone marrow-derived macrophages
(BMMs) and induce the apoptosis of mature osteoclasts.
Eventually, DHA led to a reduction in the number of boneresorptive cells [31]. DHA can generate a new type of
bioactive lipid mediator through biological derivatization.
These endogenous mediators can act on specific G proteincoupled receptors (GPCRs) to inhibit inflammation [32]. The
content of DHA significantly increased in the MG, indicating
that the body showed a stress response to the inflammation
caused by RA.
Dysregulation of UTP, calcitroic acid, DYN, and DHA
levels could lead to a series of changes in related metabolic
pathways in the body. However, after administration of
SD, their levels were close to normal, indicating that SD
successfully ameliorated RA by regulating the levels of these
four potential biomarkers.

4. Conclusions
In summary, SD showed a good therapeutic effect on RA
rats induced by adjuvant. The KNN algorithm was used to
classify metabonomics data and achieved a high classification
accuracy in both positive and negative spectra. The results
illustrated that the KNN model in this study was reliable. In
total, 12 potential biomarkers were identified, of which UTP,
calcitroic acid, DYN, and DHA were considered correlated
with the therapeutic effect of SD in RA rats. Further investigation is required to determine the relationship between
these four biomarkers and to infer the complete metabolic
pathways of SD for RA treatment.
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Objective. The aim of the study is to evaluate the therapeutic effects of flavanones from Sedum sarmentosum Bunge (FSSB) on
CCl4 -induced liver fibrosis in rats and the underlying mechanisms of action. Methods. An experimental model of liver fibrosis
was established by subcutaneous injection of rats with CCl4 (40% v/v, 3 ml/kg) twice per week for six weeks. FSSB (100, 200,
and 400 mg/kg) was intragastrically administered once per day consecutively for five weeks. Results. Our results showed that
FSSB significantly attenuated CCl4 -induced liver fibrosis as evidenced by reducing the elevated levels of serum biochemical
indexes and improving the histological changes, including decreasing the elevation in serum alanine transaminase (ALT), aspartate
transaminase (AST), hyaluronic acid (HA), and laminin (LN) level, reducing infiltration of inflammatory cells and collagen fibers
in liver tissue. In addition, compared to the model group, FSSB markedly downregulated the protein and mRNA expression of
TGF-𝛽1, TGF-𝛽1 receptors I and II (T𝛽RI and T𝛽RII), Smad2, Smad3, and Vimentin in liver tissue, at the mean time upregulating
the expression of Smad7 and E-cadherin. Conclusions. The results suggest that FSSB alleviated CCl4 -induced liver fibrosis probably
through inhibition of TGF-𝛽/T𝛽R/Smad pathway in turn inhibiting epithelial mesenchymal transition.

1. Introduction
Liver fibrosis is a pathologic process caused by various risk
factors, such as virus infection, alcoholism, biliary obstruction, nonalcoholic fatty liver, and inflammation. Its essence
is the increased over synthesis and excessive deposition of
extracellular matrix (ECM). It is believed that hepatic stellate
cells (HSC) are the original cells of liver extracellular matrix
formation. The activation and proliferation of HSC have been
shown to contribute to liver fibrosis, which can produce
a large number of ECM by expression of various signaltransducing protein. In the pathogenesis of liver fibrosis,
transforming growth factor-𝛽1 (TGF-𝛽1) is recognized as
a major profibrogenic cytokine that activates HSC [1]. In

addition, TGF-𝛽1 prevents decomposition of the new synthesis of ECM and increases ECM deposition, which leads
to accelerating the development of liver fibrosis. It exerts
its biological and pathological activities by combining with
its receptors (T𝛽RI and T𝛽RII) and activating downstream
Smads signaling pathway. With the conduction of activated
Smads, TGF-𝛽1 transfers its signals directly from cell surface
receptors (T𝛽RI and T𝛽RII) into the nuclei. Moreover,
Several studies have shown that TGF-𝛽1/T𝛽R/Smad signaling
pathway mediated by TGF-𝛽1 is the major information
transduction pathway of liver fibrosis [2, 3]. Thus, blocking TGF-𝛽1/T𝛽R/Smad signaling pathway may serve as an
effective strategy for preventing or treating liver fibrosis
[4].
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Epithelial mesenchymal transition (EMT) is a dynamic
process, in which epithelial cells lose their phenotypic properties and gradually acquire mesenchymal properties [5]. It
has been regarded as a vital process during liver development
for a long period, and recent studies show that EMT is
associated with the progress of liver fibrosis as well [6, 7].
Many cytokines and growth factors have been proved to
participate in the stimulation of EMT and formation of
hepatic fibrosis. For example, TGF-𝛽1, a key profibrogenic
mediator, is identified as an upregulator for EMT [8]. TGF𝛽1 induces EMT primarily by downstream Smads signaling
pathway, which requires two types of receptor called T𝛽RI
and T𝛽RII. Therefore, increasing expression of TGF-𝛽1 and
activating signal transduction mediated by TGF-𝛽1 may
result in the formation of EMT, which leads to liver fibrosis. If
we want to inhibit EMT for curing liver fibrosis, it is an urgent
task to discover some effective drugs for disrupting TGF𝛽1 production and blocking its downstream Smads signaling
pathway.
Sedum sarmentosum Bunge (SSB), referred to as chuipencao in Chinese medicine, is one of most commonly used
crude herbs in Asia, which showed hepatoprotective activity and is often used to treat acute and chronic hepatitis [9]. In previous studies, SSB had protective effects on
anti-inflammation, antiaging, protecting the liver, reducing
aminotransferase, antitumor, antihepatic fibrosis, and promoting the regeneration of liver cells [10–13]. Flavanones
from Sedum sarmentosum Bunge (FSSB) are the major bioactive ingredient derived from the herbal SSB, which contains quercetin, luteolin, kaempferol, and isorhamnetin. To
this day, it has been reported that FSSB can treat chronic
inflammatory, prevent germs from breeding, prevent against
hepatoma, and treat the acute liver injury. In addition, FSSB
has the ability to inhibit bacteria proliferation of HSC, induce
apoptosis of HSC, and prevent fibrosis [14, 15]. However, the
pharmacological effects of FSSB on fibrosis remain debatable.
Therefore, the aim of the study is to evaluate the therapeutic effects of FSSB against CCl4 -induced liver fibrosis
and further explore the possible mechanisms of action. Our
results demonstrated that FSSB played a therapeutic role
in CCl4 -induced liver fibrosis probably through inhibition
of TGF-𝛽1/T𝛽R/Smad pathway and epithelial mesenchymal
transition.

2. Materials and Methods
2.1. Preparation of FSSB and Its Quality Control. Sedum
sarmentosum Bunge (SSB) was purchased from Huadong
Medicine Co., Ltd. (Zhejiang, China) and identified by
Professor Xiong Yaokang at Department of Pharmacognosy,
Zhejiang Chinese Medical University. The extraction and
purification of FSSB were carried out according to our
previous study. Briefly, the herb was soaked and extracted
twice with 80% ethanol at 80∘ C for 1.5 h each. After filtration,
the extract solution was properly condensed and then treated
by petroleum ether 3 times. Then, the treated-extract was
reduced pressure distillation to recover ethanol and purified
by D101 macroreticular resin and column chromatography
polyamide. The extract solution was first added to D101
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macroreticular resin column for adsorption for 24 h and
eluted with 6-fold bed volume of ethanol (10%, 30%, 50%,
and 70%) at 2 ml/min. Each elution fraction was collected
and then subjected to polyamide column chromatography
in order to purify further. The method was similar to
D101 macroreticular resin. Finally, the eluting solution was
collected and evaporated to dryness as flavonoid extracts,
named FSSB.
The total flavonoids content was measured by UV spectrophotometry as described previously [16]. Briefly, using
rutin as reference substance and aluminum nitrate as chromogenic agent, the flavonoid extracts were determined by
colorimetry at 506 nm and calculated as rutin equivalents in
terms of mg per g solid.
A Shimadzu (Japan) HPLC system, consisting of four
pumps, automatic sampler, column temperature box, and
UV detector, was used to determine the contents of four
flavonoid compounds, quercetin, luteolin, kaempferol, and
isorhamnetin. The HPLC column was a Kromasil KR-5C18
(B250 mm × 4.6 mm, 5 𝜇m). The mobile phase was a mixture
of (A) methanol and (B) 0.1% formic acid (48 : 52, v/v); the
flow rate was kept at 1.0 ml/min; the detection wavelength was
360 nm; the chromatographic column temperature was 30∘ C;
the injection volume was 10 𝜇l. According to the retention
times of the sample peaks compared with those of the true
reference standard, four compounds were identified. The
content of each compound in FSSB was determined by using
external standard method.
2.2. Animals and Treatment. Male SD rats (𝑛 = 60, 6 to 8
weeks of age, 230–250 g) were purchased from the Shanghai
Sipur-Bikai Experimental Animal Ltd (Quality certificate
number: SCXK (Hu) 2013-0016). The rats were housed in
the Laboratory Animal Center of Zhejiang Chinese Medicine
University.
The total rats were randomly divided into six groups (𝑛 =
10 in each group): the normal control group, the model group,
the FSSB 100 mg/kg group, the FSSB 200 mg/kg group, the
FSSB 400 mg/kg group, and the silymarin 200 mg/kg group.
For our experiment, the dosing regimen of FSSB was chosen
based on the previous studies concerning antihepatic fibrosis
of FSSB [14]. The liver fibrosis rat model was induced by
CCl4 as described previously [17, 18]. Briefly, the rats (except
the normal control group) were subcutaneously injected
with 3 ml/kg 40% CCl4 (v/v, dissolved in olive oil) twice
per week for six consecutive weeks. Meanwhile, the normal
control animals were injected with an equal volume of olive
oil. At the end of the six-week CCl4 treatment, FSSB (100,
200, and 400 mg/kg) dissolved in physiological saline was
intragastrically administered once per day consecutively for
five weeks. The silymarin group was intragastrically treated
with silymarin as a positive group. The rats in the normal
control group and the model group received the equal volume
of physiological saline daily at the same time. After the elevenweek experimentation period, the rats were anesthetized
with pentobarbital sodium and then sacrificed. Biochemical
indicators samples were collected and liver specimens were
dissected out from all animals. A portion of liver tissue was
fixed in 4.5% buffered formalin for histopathological analysis,
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and another the other portion of the liver tissue was stored at
−80∘ C for the measurements of mRNA and protein.

2.4. Histological Analysis. The liver tissues excised from each
animal were fixed in buffered formalin (4.5% solution) for
at least 24 h. After embedding in paraffin, the fixed tissues
were cut into 5 mm thick sections and then stained with
hematoxylin and eosin (HE) and Masson’s trichrome to
evaluate the degree of liver fibrosis.
2.5. Quantitative Polymerase Chain Reaction (PCR). The
mRNA expression of TGF-𝛽1, TGF-𝛽1 receptor I (T𝛽RI),
TGF-𝛽1 receptor II (T𝛽RII), Smad2, 3, 7, E-cadherin, and
Vimentin was checked by Real time PCR, which was
performed as described previously [19, 20]. Total RNA
was isolated from liver tissue samples using RNA isoPlus,
and then mRNA was reversely transcribed into cDNA
according to the reagent instructions. The primer sequences
(Table 1) were synthesized by Shanghai Jierui company. Using
GAPDH as internal reference, relative mRNA expression
levels were determined according to the 2−ΔΔCt method
[21].
2.6. Western Blotting Analysis. Liver tissue (100 mg) from
the experimental rats was placed in the EP tube which
contains 1 ml RIPA lysate and homogenized sufficiently on
ice. The debris of tissue was removed by centrifugation
at 12,000 rpm at 4∘ C for 10 min. Proteins extracted from
the remaining supernatant were analyzed through using a
Bradford assay kit. The total proteins were resolved in sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDSPAGE) and transferred onto polyvinylidene (PVDF) membrane. After blocking with 5% nonfat milk for 60 minutes, the
membranes were subsequently incubated with appropriate
primary antibodies overnight and horseradish peroxidaseconjugated secondary antibodies. Primary antibodies against
TGF-𝛽1, T𝛽RI, T𝛽RII, Smad2, 3, 7, E-cadherin, and Vimentin
were obtained from Abcam, and a primary antibody against
𝛽-actin was obtained from Santa Cruz. After washing the
membrane, the density of the immunoreactive bands was
further analyzed by densitometry using an enhanced chemiluminescence detection system.
2.7. Statistical Analysis. All statistical analysis was performed
with SPSS software (Version 17.0), and all data were showed as
means ± SD. Differences between two groups were assessed
for statistical significance by using a one-way analysis of
variance. 𝑃 < 0.01 or 𝑃 < 0.05 was considered statistically
significant.

12.5
(mAU)

2.3. Biochemical Measurements in Blood. Plasma alanine
transaminase (ALT) and aspartate transaminase (AST) levels
were measured by using an automatic biochemical analyzer.
And the levels of hyaluronic acid (HA) and laminin (LN) were
determined according to the manufacturer’s instructions. All
serum biochemical indexes were detected in the biochemistry
laboratory of the First Affiliated Hospital of Zhejiang Chinese
Medical University.
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Figure 1: HPLC analysis of four flavonoid components in FSSB.

3. Results
3.1. Quality Evaluation of FSSB. The content of total flavonoids in FSSB, calculated as rutin equivalent, was 701.21 mg/g.
By HPLC analysis, as shown in Figure 1, the contents of
quercetin, luteolin, kaempferol, and isorhamnetin in FSSB
were 128.32 mg/g, 86.23 mg/g, 38.75 mg/g, and 45.67 mg/g,
respectively.
3.2. FSSB Alleviates CCl4 -Induced Functional and Histological
Damage. After CCl4 injection twice a week for six weeks,
the rats experienced serious liver damage, as indicated by
increased serum biochemical indexes, including ALT, AST,
HA, and LN (Table 2). However, the concomitant FSSB
treatment had a therapeutic effect against CCl4 -induced
injury, as evidenced by reducing these elevated levels of ALT,
AST, HA, and LN relative to the model control in a dosedependent manner (Table 2).
The liver sections were stained with HE and Masson’s
trichrome for histological evaluation of liver fibrosis. As
shown in Figures 2 and 3, the hepatic lobules of normal
control group were arranged in order and ranged radially
around the central vein. There was no degeneration, necrosis,
and collagen proliferation in liver tissue. Following CCl4
administration for six weeks, severe liver injury and pathological changes were observed relative to the normal control,
including the disruption of hepatic lobule structure, hepatocyte necrosis, the disorder of hepatic cord arrangement,
infiltration of inflammatory cells, massive collagen proliferation, pseudolobular formation, and widely distributed fibers
(Figures 2 and 3). And yet, compared to the model group,
FSSB treatment markedly prevented histological damage and
ameliorated the pathological changes, as shown in Figures 2
and 3, suggesting that FSSB plays a therapeutic role in CCl4 induced liver fibrosis.
3.3. FSSB Protects against CCl4 -Induced Liver Fibrosis by
Targeting TGF-𝛽1/T𝛽R/Smad Pathway. Since TGF-𝛽1/T𝛽R/
Smad pathway plays an important part in the progress
of liver fibrosis, we first analyzed the protein expression
levels of TGF-𝛽1/T𝛽R/Smad in experimental rat liver tissue.
According to the Western blotting results, CCl4 powerfully
enhanced the protein expression of TGF-𝛽1 and its receptors
(T𝛽RI and T𝛽RII) in liver tissue from the model group
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Table 1: Primers used for the qRT-PCR study.

Gene
T𝛽RI
T𝛽RII
TGF-𝛽1
Smad2
Smad3
Smad7
E-Cadherin
Vimentin
GAPHD

Forward primer (5 -3 )
GATACAAGGGAGTCAAGTT
GAGTGAAGCCGTGGTAGGT
CTGCTGACCCCCACTGATA
TACCACTCTCTCCCCTGTCAAT
TGGCTACCTGAGTGAAGATGG
GATACCCGATGGATTTTCTCAA
TTTGGAAGCTTTGGCTGAGT
AAGCAGGAGTCCACTGAGTA
GGCACAGTCAAGGCTGAGAATG

Reverse primer (5 -3 )
GAGATAGGTCATGGCTAA
TGAGAAGCCGCAGGAAGT
CTGTATTCCGTCTCCTTGGTCC
GCAAACCTAAGCAGAACCTCTC
AGTTATTGTGTGCTGGGGACA
AGGGCTCTTGGACACAGTAGAG
GTTGGCCAGTCACCTGAAAT
GTATCAACCA GAGGGAGTGA
ATGGTGGTGAAGACGCCAGTA

Table 2: Effect of FSSB on serum activities of AST, ALT, HA, and LN in CCl4 -induced liver fibrosis rats.
Groups
Control
Model
FSSB 100
FSSB 200
FSSB 400
Silymarin

AST (IU⋅L−1 )
229.08 ± 50.07
485.63 ± 182.11#
310.49 ± 100.14∗
267.90 ± 68.33∗
227.05 ± 78.76∗
254.40 ± 50.32∗

ALT (IU⋅L−1 )
58.04 ± 16.44
361.05 ± 246.47#
205.28 ± 46.89
181.65 ± 58.29∗
171.34 ± 88.48∗
180.35 ± 54.32∗

HA (ng⋅ml−1 )
68.69 ± 15.97
277.21 ± 110.69#
182.06 ± 38.47∗
161.79 ± 51.54∗∗
142.59 ± 67.57∗∗
145.83 ± 75.23∗∗

LN (ng⋅ml−1 )
50.94 ± 16.50
72.13 ± 8.62#
57.98 ± 13.06∗
53.40 ± 9.00∗
49.30 ± 7.41∗
51.82 ± 9.20∗

Control: the normal control group; model: the model group; FSSB 100: the FSSB 100 mg/kg group; FSSB 200: the FSSB 200 mg/kg group; FSSB 400: the FSSB
400 mg/kg group; silymarin: the silymarin 200 mg/kg group (the same as below). # 𝑃 < 0.01, compared to the normal control group; ∗ 𝑃 < 0.05, ∗∗ 𝑃 < 0.01,
compared to the model group.

rats, and a significant decrease in hepatic Smad7 (Figure 4).
Moreover, it was observed that both Smad2 and Smad3
protein expressions in liver of rat from the model group
were increased markedly relative to normal control group
(Figure 4). After FSSB treatment for five weeks, the result
showed that FSSB could block the increase of TGF-𝛽1, T𝛽RI,
T𝛽RII, Smad2, and Smad3 protein expression, at the mean
time upregulating the protein expression of Smad7 (Figure 4).
Additionally, the mRNA levels of above cytokines were
measured by RT-PCR. Changes in the mRNA expression
levels of TGF-𝛽1/T𝛽R/Smad were similar to their protein
expression levels (Figure 5). The above results clearly indicate
that FSSB protected against CCl4 -induced liver fibrosis by
targeting TGF-𝛽1/T𝛽R/Smad pathway.
3.4. FSSB Inhibits Epithelial Mesenchymal Transition in
Chronic Liver Fibrosis due to CCl4 . To investigate whether
the antifibrotic effect of FSSB was mediated via inhibition
of epithelial mesenchymal transition (EMT) in hepatocytes,
we measured the levels of E-cadherin and Vimentin in liver
tissue by Western blotting and RT-PCR assay. As shown in
Figures 6 and 7, compared to the normal control group,
CCl4 administration resulted in a significant increase in the
expression of Vimentin and decrease in the expression of Ecadherin. Following FSSB treatment, it clearly suggested that
FSSB markedly attenuated the protein expression of these
two cytokines compared with the model group. As evident
from Figure 6, FSSB had the ability to suppress Vimentin
protein expression in liver tissues, meanwhile upregulating
the protein expression of E-cadherin in dose-dependent
manner. Moreover, the effect of FSSB on the E-cadherin

and Vimentin mRNA expression was similar to their protein
expression levels (Figure 7). As a result, it was revealed that
FSSB had a strong inhibitory property on the EMT in the
progress of liver fibrosis.

4. Discussion
As a common disease, liver fibrosis is considered as an
outcome of chronic liver injury for a long period, which will
result in cirrhosis and liver failure in advanced stages [22]. As
we have known, liver fibrosis has become a worldwide disease
which seriously threatens people’s health, but it is reversible.
However, there is lack of ideal drugs as the antifibrotic agents
for curing hepatic fibrosis at present [23]. Therefore, it is an
urgent task to discover some effective drugs for preventing
or treating liver fibrosis and investigate the mechanism of
action against the disease as well. Recently, Several studies
clearly demonstrated that some plant-derived drugs such as
curcumin, silymarin, glycyrrhizin, and notoginsenoside had
beneficial effects on preventing or treating liver fibrosis via
different mechanisms [24–27]. Although it is reported that
flavanones derived from SSB can prevent liver fibrosis to
some extent due to their anti-inflammatory property, the
treatment of hepatic fibrosis is not clear. To this day, little
is known about the relationship between T𝛽R and EMT
in the study of the mechanism against liver fibrosis. In the
present study, we reported that FSSB had therapeutic effects
on CCl4 -induced liver fibrosis and its underlying mechanism
of action. The result indicated that FSSB modulated TGF𝛽1/T𝛽R/Smad signaling pathway in turn inhibiting EMT
against liver fibrosis during the progress of the disease.
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Figure 2: Effect of FSSB on liver histopathology stained with hematoxylin and eosin (HE).

Control

Model

FSSB100

FSSB200

FSSB400

Silymarin

Figure 3: Effect of FSSB on liver histopathology stained with Masson’s trichrome.

Liver fibrosis induced by CCl4 is a classical model of
chemical liver damage, which is widely used to study the liver
function and histology changes of liver fibrosis and cirrhosis
[28]. In this study, animals were subcutaneously injected with
CCl4 to establish the model of liver fibrosis, according to
Domitrović and Jakovac [29]. The histopathological analysis
showed that CCl4 caused obvious hepatic steatosis, necrosis,
infiltration of inflammatory cells, massive collagen proliferation, pseudolobular formation, and widely distributed

fibers. Our results indicate that intragastrical administration
of FSSB once per day consecutively for five weeks can
significantly alleviate the symptoms in the hepatopathy rats
including improving hepatic steatosis, alleviating lobular
inflammatory cells infiltration, and decreasing massive collagen proliferation. It is generally accepted that ALT and AST
are regarded as the most sensitive indicators of hepatic cell
damage, and HA and LN are related to activation of HSC
and formation of hepatic fibrosis. In this context, the serum
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Figure 4: Effect of FSSB treatment on protein expression levels of hepatic TGF-𝛽1/T𝛽R/Smad. # 𝑃 < 0.01 compared to the normal control
group; ∗ 𝑃 < 0.05, compared to the model group.

levels of ALT, AST, HA, and LN were pathologically elevated
due to the hepatotoxicity of CCl4 . However, the concomitant
FSSB treatment reduced the elevated levels of these serum
biochemical indexes relative to the model control in a dosedependent manner. These results confirm that FSSB played a
protective role in CCl4 -induced liver fibrosis in this rat model.
In the process of liver fibrosis, TGF-𝛽1 is considered as a
key profibrotic cytokine [2]. It is the most potent fibrogenesis
factor with certain effect on promoting ECM by activating
HSC. As we have known so far, TGF-𝛽1 must combine with its
receptors (T𝛽RI and T𝛽RII) and rely on downstream Smads

signaling pathway to exert its biological and pathological
activities. In the classic TGF-𝛽1 signaling pathway, activated
TGF-𝛽1 binding to the TGF-𝛽 type II receptor (T𝛽RII)
recruits the TGF-𝛽 type I receptor (T𝛽RI), which leads to
the formation of the compound TGF-𝛽1/T𝛽RII/T𝛽RI. On
the other hand, this compound subsequently recruits and
activates Smad2 and Smad3. The activated Smad2 and Smad3
bind with Smad4 and together they allow translocation of
the complex into the nucleus to regulate expression of the
target genes. Moreover, as an inhibitor of TGF-𝛽1/Smad signaling, Smad7 inhibits Smad2 phosphorylation and abolishes
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Figure 5: Effect of FSSB treatment on mRNA expression levels of hepatic TGF-𝛽1/T𝛽R/Smad. # 𝑃 < 0.01, compared to the normal control
group; ∗ 𝑃 < 0.05, compared to the model group.

TGF-𝛽1 response [30]. Furthermore, TGF-𝛽1 signals directly
migrate from cell surface receptors (T𝛽R) into the nuclei
with the guide of activated Smads during the development of
hepatic fibrosis.
Increasing evidence shows that TGF-𝛽1/T𝛽R/Smad signaling pathway is regarded as a potential antifibrosis target
against hepatic fibrosis induced by CCl4 : TGF-𝛽1, T𝛽RI,
T𝛽RII, Smad2, and Smad3 are highly up-regulated in the
form of either transcript or protein in the fibrotic tissues
of animal models or human samples, while the expression
of smad7 is decreased. It is generally accepted that TGF𝛽1/T𝛽R/Smad signaling pathway plays vital roles in the development of hepatic fibrosis. Our current results demonstrated
that FSSB markedly downregulated the levels of T𝛽RI, T𝛽RII,
TGF-𝛽1, Smad2, and Smad3, as well as up-regulated smad7

expression. All these findings confirmed that FSSB protected
against liver fibrosis induced by CCl4 probably through
inhibition of TGF-𝛽1/T𝛽R/Smad pathway.
As we have known, EMT has been regarded as a crucial
mechanism in the progress of hepatic fibrosis. Recent studies
have demonstrated that ECM is not the only factor leading
to liver fibrosis; epithelial cells can be capable of transferring
and expressing typical markers of fibroblasts by EMT and
then participate in the formation of liver fibrosis [31]. It has
been reported that certain adult hepatocyte types have the
ability to undergo EMT in vivo and excessive EMT during
liver repair can cause liver fibrosis [32]. EMT can be further
determined by verifying epithelial morphology through the
cellular protein expression of E-cadherin, and by examining
the changes of Vimentin (markers of the mesenchymal
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phenotype) [33]. Thus, inhibiting E-cadherin expression and
increasing Vimentin level have been identified as a hallmark
of EMT [34].
So far, several signal pathways have been proved to induce
EMT: TGF-𝛽1/T𝛽R/Smad pathway, Wnt pathway, Notch
pathway, and PI3K/Akt pathway. Among these pathways,
TGF-𝛽1/T𝛽R/Smad pathway is especially related to EMT
through its ability to increase Vimentin expression and
suppress E-cadherin level. It is recognized that TGF-𝛽1 is

the most important upregulator of EMT because it can bring
about the EMT in many epithelial cells [35]. Besides, EMT
in tumor cells such as colon cancer cells, skin cancer cells,
and breast cancer cells as well can be reversed via lowering
the expression of T𝛽R. Targeted therapy that inhibits the
expression of T𝛽RI might have the ability to block EMT
by promoting the formation of epithelial phenotype and
reducing mesenchymal differentiation. As reported before,
Smads were also associated with EMT [36]. It is therefore
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interesting that the high levels of Smads, such as Smad2,
Smad3, and Smad4, can promote the formation of EMT
in mammary epithelial cells, while Smad7 is considered as
a negative regulator of EMT induced by TGF-𝛽1. In this
study, our findings demonstrated that FSSB suppressed the
hepatocyte EMT in CCl4 -induced fibrosis in vivo. Administration of FSSB significantly increased the expression of
epithelial marker E-cadherin and decreased mesenchymal
marker Vimentin.

5. Conclusion
In conclusion, this study revealed that FSSB significantly
attenuated CCl4 -induced liver fibrosis. The detailed molecular mechanisms of action may be its strong inhibitory property on activation of TGF-𝛽1/T𝛽R/Smad signaling, thereby
inhibiting the EMT in the progress of liver fibrosis. The
findings from our investigation indicate that FSSB may be a
potential novel therapeutic drug for treating liver fibrosis.
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Obesity results in the progression of metabolic disorders, especially type 2 diabetes (T2DM). Obesity-induced insulin resistance
(IR) is a causative factor of T2DM morbidity in obese people. It is generally held by clinicians that IR is caused by adiposityrelated inflammation that is mediated by changes in composite ions in the gut microbiome. This experimental study was designed
to investigate the effects of Cucumis melo L. (Cucumis) on obesity-induced IR in genetically leptin-deficient Lepob /Lepob mice.
Specifically, we examined the anti-inflammatory effects of Cucumis and the effects of Cucumis on the gut microbiota. We evaluated
glucose control by measuring FBS, performing the OGTT, quantifying serum IR, calculating the HOMA-IR, and determining the
lipid profiles. To see whether inflammation was reduced, we analyzed adipose tissue macrophages as well as monocytes in the blood.
We also profiled the gut microbiota to determine whether the ratios of microbial phyla changed. We found that Cucumis improved
IR in obese mice and relieved inflammation in adipose tissue and blood. Simultaneously, the microbiota composition ratios
changed. In conclusion, administration of Cucumis improved IR by reducing inflammation, thereby changing the gut microbiota
composition. Cucumis is thus a promising treatment for obesity-induced insulin resistance and the inflammatory state.

1. Introduction
Obesity is associated with an increased incidence of metabolic diseases including type 2 diabetes (T2DM), cardiovascular
disease, and various cancers [1, 2]. Moreover, the prevalence
of obesity is increasing. Obesity also results in the progression
of T2DM through deterioration of obesity-induced insulin
resistance (IR), which is an inability of cells to respond to
insulin properly. Obesity impedes the regulation of glucose
control by disturbing insulin signaling transduction, which
has been shown to be affected by the gut microbiome
[3]. It has been widely suggested that certain types of gut
microbiota increase metabolic endotoxin secretion, especially lipopolysaccharide (LPS). These endotoxins lead to
chronic inflammation, resulting in obesity and IR [3, 4].
Several studies have indicated that chronic inflammation
is the underlying pathogenic mediator of insulin resistance
[5–7]. The microbiota composition is influenced by several
factors, such as changes in diet and medication use. Recently,
worldwide efforts have focused on developing new medicines

targeting the gut microbiota for treating obesity and prediabetes.
The stalk end of Cucumis melo L. (hereafter referred to
as Cucumis), commonly known as muskmelon, is an herbal
medicine that has been used to relieve congested Qi in
the body and eliminate unnecessary body fluids. Although
Cucumis is widely used in clinical situations, the effects
of Cucumis have only been addressed in a few studies of
emotional disorder [8] and facial pain [9]. Since Cucumis
is used for its ability to affect the gastrointestinal tract and
induce diarrhea, Cucumis is expected to affect the gut microbiota constituents, leading to improved glycemic control.
Cucumis has been used in patients with metabolic diseases,
especially obesity with insulin resistance. One clinical trial
reported that Cucumis exerted therapeutic effects on fasting
glucose level in patients with diabetes [10]. Another study
showed that Cucumis improved insulin resistance and the
gut microbiome in a mouse model [11]. However, the exact
mechanism by which Cucumis exerts these effects has not yet
been established. The main aim of this study was to determine
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the effectiveness of Cucumis in overcoming obesity-induced
impaired glycemic control. A second aim was to determine
the mechanism by which Cucumis exerts its effects by
evaluating the levels of inflammation and gut microbiota
composition in mice.

2. Materials and Methods
2.1. Preparation of Cucumis melo L. Cucumis melo L. was purchased from the Department of Pharmaceutical Preparations
at the Hospital of Korean Medicine, Kyung Hee University
(Seoul, South Korea). Extractions were prepared after 100 g
of dried Cucumis was added to 1,500 ml of 80% ethanol and
boiled for 2 hours with a heating mantle. The sieve-filtered
solution was filtered using an applicator and a 500 ml flask,
after which it was concentrated with a rotary evaporator
(model NE-1, EYELA Co., Japan). The solution was freezedried, and the extract was stored at room temperature. The
final yield was 19.28%.
2.2. Animals and Experimental Design. Five normal (normal,
𝑛 = 5) 6-week-old C57BL/7 mice weighing 19–21 g (Central
Lab Animals Inc., Korea) and 10 obese 6-week-old C57BL/6
Lepob /Lepob mice weighing 28–32 g (Central Lab Animals
Inc., Korea) were used. The obese mice were genetically
engineered to be leptin-deficient. The 10 ob/ob mice were
randomly assigned to two groups: ob/ob (control, 𝑛 = 5) or
ob/ob treated with Cucumis melo L. (Cucumis, 𝑛 = 5). Only
male animals were used. The animal room was maintained
at 40–70% humidity under a standard light cycle (12 h
light/dark). Mice were given ad libitum access to food and
water. After an observational period of one week, Cucumis
extract (20–40 mg/kg) was administered p.o. twice a week
to mice in the Cucumis group, while mice in the normal
and control groups received normal saline. All animal work
was authorized by the Kyung Hee Medical Animal Research
Ethics Committee (KHMC-IACUC 14-025).
2.3. Metabolic Phenotype Measurements
2.3.1. Weight Measurement (Body Weight, Food Intake, and
Epididymal Fat). Body weight was recorded at the beginning
of the experiment, at the end of the experiment, and at weekly
intervals. Weight was recorded using an electronic scale (CAS
2.5D, Seoul, Korea). Animals were weighed at the same time
in the morning in order to minimize error. The amount of
food that mice in each group consumed was measured weekly
using the same scale. After mice were sacrificed at week 8, all
epididymal fat pads were excised immediately and weighed.
2.3.2. Oral Glucose Tolerance Test. Fasting blood glucose
(FBG) tests were performed at baseline and at 8 weeks. Mice
were fasted for 6 hours prior to each test. After fasting, glucose
level was measured from the tail vein with an ACCU-CHECK
Performa glucose meter. The OGTT was performed after
14 h of overnight fasting. Body weights were measured before
the test to determine the oral glucose load in each mouse
(2.0 g/kg body weight). Blood samples were collected from
the tail vein before administration and at 30, 60, 90, and
120 min after administration.
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2.3.3. Fasting Insulin Concentration and Lipid Profile Analysis.
Mice were fasted overnight and then sacrificed, after which
blood samples were immediately obtained by heart puncture. The blood samples were centrifuged at 3,000 rpm for
20 min to obtain serum. Fasting insulin level was assessed
using an ELISA kit (Crystal Chem). Insulin standards and
samples were aliquoted into antibody-coated microplates,
after which they were mixed with an anti-insulin enzyme
conjugate for 30 min at room temperature. After 7 washes, the
reactions were incubated for 40 min with enzyme substrate
solution. After adding the stopping solution to the reaction
and incubating for 10 min, the absorbances at 450 nM were
determined using an ELISA reader. The HOMA-IR value was
calculated based on the FBG and insulin levels [12]. Total
serum, HDL, LDL, NEFA, and TG levels were measured from
the blood samples.
2.3.4. Hepatic and Renal Function Safety Test. After serum
was obtained by centrifugation, the supernatant was frozen
at −40∘ C until analysis. Aspartate aminotransaminase (AST),
alanine aminotransaminase (ALT), and creatinine levels were
measured.
2.4. Adipose Tissue Macrophage (ATM) Gating
and Monocyte Gating
2.4.1. Stromal Vascular Cell (SVC) Segregation. Stromal vascular cells (SVCs) were isolated from samples using a wellestablished collagenase-based method [13, 14]. In brief, harvested epididymal fat pads were soaked in PBS (Gibco) and
2% BSA (Gibco), after which they were pulverized into pieces
1-2 mm in diameter. Next, collagenase (Sigma) and DNase I
(Roche) were added to the samples, after which the reactions
were shaken for 20 min at 37∘ C with the addition of 2%
BSA/PBS and 5 mM EDTA. After filtration through 100 𝜇M
nylon mesh (BD Science), the mixtures were centrifuged at
1000 rpm for 3 min to remove the supernatants. The pellets at
the bottom were mixed with PBS and 2% FBS (Sigma). The
samples were filtered again using the 100 𝜇m nylon mesh to
remove unnecessary tissue. After centrifugation at 200 rpm
for 10 min, SVCs were obtained from the bottom of the
samples.
2.4.2. Fluorescence Activated Cell Sorting (FACS) Analysis
of ATMs and Monocytes. The numbers of SVCs in adipose
tissue and blood samples in 5 mM EDTA were determined
using a cellometer (Nexcelom Bioscience LLC). Samples
were incubated for 10 min with BD Fc Block (BC Pharmingen) at a ratio of 1 : 100. Fluorophore-conjugated antibodies
were added, and the mixtures were incubated in the dark
for 20 min. A FACSCalibur (BD Biosciences) instrument
was used to analyze the samples. The following antibodies were used for staining: CD45-APC Cy7 (BioLegend),
CD68-APC (BioLegend), CD11c-phycoerythrin (BioLegend),
CD206-FITC (BioLegend), CD45-APC Cy5.5 (BioLegend),
and CD11b-PE (BioLegend). The percentage of cells stained
with each was further analyzed using FlowJo (Tree Star).
2.5. 16s Ribosomal RNA Sequencing Analysis of the Gut Microbiota. The entire 16s ribosomal RNA sequencing process
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was performed by Macrogen Inc. using Illumina technology. The Illumina NGS workflow includes 4 steps: sample
preparation, library construction, sequencing, and raw data.
Sample preparation corresponds to extraction of DNA/RNA
and quality control analysis. After preparation, the library is
constructed by random fragmentation of the DNA or cDNA
sample, followed by 5 and 3 adapter ligation. Adapterligated fragments are PCR-amplified and gel-purified. PCR
is used to amplify the template of a DNA sample using
template-specific primers with attached overhand adapters.
Reactions consisted of 2.5 ul microbial DNA, 12.5 ul 2x KAPA
HiFi HotStart ReadyMix, and 5 ul of each primer (1 uM,
forward and reverse). The sample is sealed, and PCR is performed in a thermal cycler. After amplification, PCR cleanup is performed. The PCR plate is centrifuged at 1,000 ×g
at 20∘ C for 1 min to collect condensation and remove the
seal.
For cluster generation, the library is loaded into a flow
cell where fragments are captured on a lawn of surface-bound
oligos complementary to the library adapters. Each fragment
is then amplified into distinct, clonal clusters through bridge
amplification. When cluster generation is complete, the
templates are ready for sequencing. Illumina SBS technology
utilizes a proprietary reversible terminator-based method
that detects single bases as they are incorporated into DNA
template strands. Since all 4 reversible, terminator-bound
dNTPs are present during each sequencing cycle, natural
competition minimizes incorporation bias. Sequencing data
is then converted into raw data for the analysis.
2.6. Statistical Analysis. Results were statistically analyzed by
GraphPad Prism 7 (GraphPad Software, Inc.). Groups were
compared using one-way ANOVA and Tukey’s post hoc test.
Data are presented as mean ± SEM; two-tailed 𝑝 values were
regarded as significant if <0.05.

3. Results
3.1. Effects of Cucumis melo L. on Body Weight, Epididymal Fat
Weight, and Food Consumption. Control mice had a higher
average fasting body weight than normal mice, both at the
beginning of the experiment and at week 8 (29.12 ± 0.28
versus 20.77 ± 0.38 g, 𝑝 < 0.001, and 37.41 ± 2.79 versus
25.52 ± 0.37 g, 𝑝 < 0.01, resp.). However, the control mice
did not have a significantly higher weight gain between
these two time points. There was no significant difference in
the weights of obese mice or in the weight gains between
baseline and week 8. Control mice had significantly heavier
epididymal fat pads compared to normal mice (2.21 ± 0.28 g
versus 0.38 ± 0.03 g, 𝑝 < 0.001). However, fat weights were
not significantly different between the control and Cucumis
groups. Food consumption per day was higher in the control
group compared to the normal group (6.22 ± 0.21 versus
3.34±0.37 g, 𝑝 < 0.001). However, mice in the Cucumis group
did not consume more food than mice in the control group
(Figures 1(a)–1(c)).
3.2. Effect of Cucumis melo L. on Glucose Control. At baseline,
control mice had a significantly higher FBG level compared
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to that of normal mice (298.8 ± 12.5 versus 170.2 ± 6.0 mg/dl,
𝑝 < 0.01). While there was no difference between the
control and Cucumis groups at baseline, the Cucumis group
had a significantly lower FBG level compared to the control
group at week 8 (519.0 ± 50.5 versus 277.7 ± 20.7 mg/dl,
𝑝 < 0.01). All groups had their highest glucose levels at
the 30 min time point (Figure 1(g)). Moreover, the control
group had higher glucose levels for all points than the normal
group; these differences were all significant (all 𝑝 < 0.001).
The glucose levels of the Cucumis group were significantly
lower than those of the control group for all time points,
except for the 0 and 30 min time points. The area under
the curve (AUC) of the control group was significantly
higher than that of the normal group (21669 ± 350 versus
64023 ± 4463 mg⋅min/dL, 𝑝 < 0.001), and the Cucumis
group showed a significantly lower AUC compared to the
control group (64023 ± 4463 versus 44379 ± 3214 mg⋅min/dL,
𝑝 < 0.01). These data are shown in Figures 1(d), 1(g), and
1(h).
3.3. Effect of Cucumis melo L. on Insulin Resistance. Insulin
resistance was evaluated by calculating the HOMA-IR values.
While the control group had a higher HOMA-IR value than
the normal group (3.72±0.21 versus 175.13±42.40, 𝑝 < 0.01),
the Cucumis group had a significantly lower HOMA-IR value
than the control group (42.03 ± 5.40 versus 175.13 ± 42.40,
𝑝 < 0.05). Fasting insulin concentration (FI) was significantly
increased in the control group compared to the normal group
(5.66 ± 1.36 versus 0.47 ± 0.03 ng/ml, 𝑝 < 0.01). Although the
FI of the Cucumis group was lower than that of the control
group, this difference was not significant (2.67 ± 0.24 versus
5.66 ± 1.36 ng/ml). These data are shown in Figures 1(e) and
1(f).
3.4. Effects of Cucumis melo L. on Lipid Profiles. There were
no significant differences between any of the groups with
respect to total cholesterol, HDL, or LDL-C. However, the
control group had significantly elevated levels of TG and
NEFA compared to the normal group. The levels of TG and
NEFA were significantly decreased in the Cucumis group
(254.60 ± 39.66 versus 80.89 ± 31.65, 𝑝 < 0.05, and 3.83 ± 0.10
versus 2.61 ± 0.06, 𝑝 < 0.001, resp.). These data are shown in
Figures 2(a)–2(f).
3.5. Effects of Cucumis melo L. on Hepatic and Kidney Safety.
To confirm the safety of Cucumis, serum AST, ALT, and creatinine levels were analyzed. AST was significantly elevated in
the control group compared to the normal group (281.80 ±
18.44 versus 45.60 ± 3.96 IU/L, 𝑝 < 0.001). On the other
hand, ALT levels were not significantly different between the
normal and control groups. Regarding renal function, the
control group had a significantly elevated creatinine level
compared to the normal group (0.21 ± 0.03 versus 0.12 ±
0.02 mg/dl 𝑝 < 0.05). The Cucumis group had a lower level of
AST (281.80 ± 0.55 versus 103.20 ± 50.35 IU/L, 𝑝 < 0.05)
compared to the control group. There were no significant
differences in creatinine or ALT between any of the groups.
These data are displayed in Figures 2(g)–2(i).
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Figure 1: Cucumis p.o. administration improves glycemic control and insulin resistance in C57BL/6 Lepob /Lepob mice. (a) Fasting body
weight at baseline and at week 8. (b) Food intake per day during the experimental study. (c) Epididymal fat weight at week 8. (d) Fasting
blood glucose levels. (e) Fasting serum insulin levels. (f) HOMA-IR. (g) Oral glucose tolerance test. (h) Area under the curve (AUC) of the
OGTT. Data are presented as mean ± SEM. § 𝑝 < 0.05, ∗∗,§§ 𝑝 < 0.01, and ∗∗∗ 𝑝 < 0.001.

3.6. Effect of Cucumis melo L. on Inflammation
3.6.1. Adipose Tissue Macrophages. The total percentage of
CD45+ macrophages in adipose tissue was significantly
higher in the control group compared to the normal group
(53.66 ± 2.91 versus 13.23 ± 1.25%, 𝑝 < 0.001). Compared to
the control group, the Cucumis group showed a significantly
smaller percentage of macrophages (36.52 ± 1.85 versus
53.66 ± 2.91%, 𝑝 < 0.01). Moreover, the percentage of
CD11+ macrophages was significantly higher in the control
group compared to the normal group (55.23 ± 2.71 versus
22.75 ± 5.54%, 𝑝 < 0.001). The Cucumis group, on the
other hand, had a lower percentage of CD11+ macrophages
compared to the control group, but this difference was not
statistically significant. Regarding CD206+ macrophages, the
control group had a significantly lower percentage than the
normal group (39.49 ± 2.4 versus 56.73 ± 2.34%, 𝑝 <
0.01). The Cucumis group also had a lower level of CD206+
macrophages; however, this difference was not significant.
These data are presented in Figures 3(a)–3(d).
3.6.2. Blood Monocytes. The percentage of Ly6chi monocytes
was significantly higher in the control group than in the
normal group (46.87 ± 4.51 versus 26.89 ± 2.88%, 𝑝 <
0.01), whereas the percentage of Ly6clow monocytes was
significantly lower in the control group than in the normal
group (43.78 ± 2.80 versus 24.81 ± 2.44%, 𝑝 < 0.01).
Compared to the control group, the Cucumis group had a
lower percentage of Ly6chi monocytes (18.94 ± 0.08 versus

46.87 ± 4.51%, 𝑝 < 0.01) and a higher percentage of Ly6clow
monocytes (49.58 ± 1.13 versus 24.81 ± 2.44%, 𝑝 < 0.01);
both of these differences were significant. The percentages of
Ly6cmiddle monocytes were not significantly different between
any of the groups. These data are presented in Figures
3(e)–3(h).
3.7. Effect of Cucumis melo L. on the Gut Microbiota. Significantly different proportions of gut microbiota constituents
were observed between the control and normal groups;
specifically, Actinobacteria and Verrucomicrobia were significantly more abundant in the control group (0.16 ± 0.02
versus 0.06 ± 0.01%, 𝑝 < 0.01, and 0.00 ± 0.00 versus
16.85 ± 2.43%, 𝑝 < 0.001). The control group also exhibited
a higher proportion of Proteobacteria (3.61 ± 0.91 versus
7.76 ± 0.53%, 𝑝 < 0.01) and a significantly lower proportion
of Bacteroidetes (73.13 ± 0.42 versus 58.49 ± 2.39%, 𝑝 <
0.001). Compared to the control group, the Cucumis group
showed significantly decreased percentages of Actinobacteria
and Verrucomicrobia (0.16 ± 0.02 versus 0.02 ± 0.01%, 𝑝 <
0.001, and 16.85 ± 2.43 versus 3.31 ± 3.31%, 𝑝 < 0.01).
In addition, the Cucumis group exhibited a significantly
higher percentage of Bacteroidetes and a significantly lower
proportion of Proteobacteria (58.49 ± 2.39% versus 64.12 ±
1.11%, 𝑝 < 0.05, and 7.76 ± 0.53 versus 3.74 ± 0.36%, 𝑝 <
0.05). The proportions of Firmicutes were not significantly
different between any of the groups. The proportion of
Deferribacteres was significantly increased in the Cucumis
group. The proportions are listed in Table 1 and Figures 4(a)
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Figure 2: Cucumis p.o. administration improves lipid profiles in C57BL/6 𝐿𝑒𝑝 /𝐿𝑒𝑝 mice and shows a safe hepatic and renal profile.
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Table 1: Gut microbiota composition of each group at the phylum level (%).

Actinobacteria
Bacteroidetes
Deferribacteres
Proteobacteria
Tenericutes
Verrucomicrobia
Firmicutes

Normal
0.06 ± 0.01
73.13 ± 0.42
1.21 ± 0.56
3.61 ± 0.91
0.09 ± 0.05
0.00 ± 0.00
18.79 ± 1.64

Control
0.16 ± 0.02∗∗
58.49 ± 2.39∗∗∗
0.38 ± 0.18∗∗∗
7.76 ± 0.53∗∗
0.03 ± 0.01
16.85 ± 2.43∗∗∗
13.93 ± 0.55

Cucumis
0.02 ± 0.01§§§
64.12 ± 1.11§
6.12 ± 0.72§§§
3.74 ± 0.36§
0.00 ± 0.00
3.31 ± 3.31§§
17.57 ± 3.62

Data are presented as mean ± SEM. ∗,§ 𝑝 < 0.05, ∗∗,§§ 𝑝 < 0.01, and ∗∗∗,§§§ 𝑝 < 0.001.

and 4(b); a visualization of the microbiota and a hierarchical
clustering diagram are displayed in Figures 4(c) and 4(d).

4. Discussion
Obesity has become prevalent worldwide and is a risk factor
for many chronic diseases, especially type 2 diabetes (T2DM)

[15]. T2DM, the most common complication of obesity, is a
complex illness requiring continuous care beyond glycemic
control [16]. Obesity-induced insulin resistance (IR) is a
primary component in the pathology of T2DM, meaning
that improving IR is a promising strategy for preventing
diabetes. The gut microbiota has recently been reported
to disturb insulin signaling, which interferes with glucose
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Figure 3: Cucumis p.o. administration reduces inflammation in C57BL/6 Lepob /Lepob mice. (a) Flow cytometry results showing adipose
tissue macrophage gating. (b) Percentages of adipose tissue macrophages. (c-d) Percentages of CD11c+ and CD206+ adipose tissue
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regulation in obesity. This finding suggests that alterations
in the gut microbiota in obesity lead to chronic inflammation, causing IR and eventually diabetes [4]. The stalk
end of Cucumis melo L. (also referred to as Cucumis)
has been reported to have a therapeutic effect on glucose
control in patients with diabetes [10, 11]. Previous phytochemical studies have revealed Cucumis melo to be a rich
source of volatile compounds, triterpenoids, sterols, and
flavonoids [17], among which cucurbitacins have pharmacological effects, such as hepatoprotective, cardiovascular,
purgative, antimicrobial, and anti-inflammatory activities
[18].

In this experimental study, the two groups of leptindeficient obese mice had similar baseline fasting blood
glucose (FBG) levels. However, the Cucumis group had a
lower FBG level at the 8-week time point compared to the
control group. The OGTT can be used to identify individuals
who have not yet been diagnosed with diabetes but who
have prediabetes. The Cucumis group exhibited lower glucose
levels at all time points of the OGTT compared to the control
group, leading to a smaller AUC. This finding is suggestive of
improved glycometabolism.
The most widely accepted proposed mechanism for
how the gut microbiome worsens obesity and IR involves
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the impact of metabolic endotoxemia, specifically from
microorganism-derived lipopolysaccharide (LPS). The LPS
endotoxin is secreted from certain bacteria and has been
shown to contribute to chronic underlying inflammation,
thus driving the development of adiposity and IR [19].
Our findings are consistent with this mechanism, since the
Cucumis group showed improved inflammatory status. The
microbiota constituents and levels of inflammation were
analyzed to test the hypothesized mechanism of the effects
of Cucumis. Among the hundreds of microorganisms in
the gut, the predominant phylum that has been linked to
adiposity is Bacteroidetes [16], the most abundant phylum
in the gut. Specifically, the proportion of Bacteroidetes has
been shown to be decreased in obese individuals relative
to lean individuals [20]. This proportion trend was also
seen in our results; that is, the proportion of Bacteroidetes
was reduced in control mice compared to normal mice.
However, Cucumis administration significantly increased the
percentage of Bacteroidetes relative to that of the control
group. Another phylum discussed in the context of obesity
is Firmicutes, the second most abundant phylum. In contrast
to Bacteroidetes, the ratio of Firmicutes has been shown to
be increased in obese individuals in several studies [2, 20].
However, unlike Bacteroidetes, which has been shown to be
clearly decreased in obese individuals in most studies, it is
still debated whether the proportion of Firmicutes is elevated
in obese individuals. For instance, some studies did not
find a significant difference in the proportion of Firmicutes
between lean and obese individuals [21]. Our experimental
study contributes information to this debate about the role
of Firmicutes in obesity. We found that the proportion of
Firmicutes was not elevated in the control group and was
not altered by Cucumis treatment. In addition to these two
phyla, the Actinobacteria ratio has been demonstrated to be
altered in overweight individuals. In a microbiome study,
the Actinobacteria proportion in the gut was shown to be
increased in both genetically obese and high-fat-diet-induced
obese mice [21]. Similarly, the proportion was reported to be
higher in obese human adults than in the lean individuals
[20]. We found that the Actinobacteria ratio was higher in
the control group compared to the normal group and that
Cucumis treatment decreased this proportion; these differences were all statistically significant. This finding agrees with
the previous discovery that the phylum Actinobacteria is one
of the most abundant phyla in the gut environment of obese
individuals.
Chronic inflammation mainly originates from adipose
tissue [22]. Adipose tissue macrophages (ATMs) correlate
with increased production of inflammatory molecules
and are therefore a crucial factor in inflammation [7].
Macrophages exhibit either a proinflammatory or an antiinflammatory phenotype and are classified into classically
activated M1 and alternatively activated M2 macrophages.
M1 macrophages secrete high levels of proinflammatory
cytokines, such as tumor necrosis factor-𝛼 (TNF-𝛼),
interleukin-6 (IL-6), and IL-1𝛽, and reactive oxygen species,
causing inflammatory reactions. On the other hand, M2
macrophages secrete anti-inflammatory cytokines such as
IL-10, transforming growth factor-𝛽 (TGF-𝛽), and IL-4,
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thus blocking processes mediated by M1 macrophages [23].
We found that p.o. administration of Cucumis resulted in
improved levels of inflammation with a significantly reduced
total percentage of ATMs and a lower percentage of CD11C+
M1 macrophages, which also showed an increased percentage
of CD206 M2 macrophages. Although levels of cytokines
were not evaluated in this study, the lowered percentage
of M1 macrophages obviously supposes the reduced level
of inflammatory cytokines of TNF-𝛼, IL-6, and IL-1𝛽 and
an increased percentage of CD206+ M2 macrophages
also suggesting the increased level of anti-inflammatory
cytokines of IL-10, TGF-𝛽, and IL-4. The tendency of
decreased and elevated proportions of CD11+ and CD206
ATMs, respectively, might reflect a trend of cytokine
expression being driven from M1 to M2 macrophages, thus
ameliorating the inflammatory status in adipose tissue.
Monocytes are phagocytic cells generated in the bone
marrow and released into the bloodstream. They are present
in at least two distinct populations in mice: classical “proinflammatory” cells expressing high levels of Ly6C and nonclassical “patrolling” alternative monocytes with low levels of
Ly6C or no Ly6C at all [24]. Ly6Chi monocytes circulating
in the blood respond to inflammatory lesions, to which they
are recruited, where they differentiate into inflammatory
macrophages. On the other hand, in the absence of inflammation, Ly6Clow monocytes enter normal tissues and replenish
the tissue-resident macrophages [25]. Compared to control
mice, Cucumis-administrated mice exhibited a significantly
smaller percentage of Ly6Chi monocytes. In this study, levels
of serum cytokines in each group were not analyzed; however,
as Ly6Chi monocytes secrete inflammatory cytokines of TNF𝛼 and IL-1𝛽 [26], it can be perceived that inflammatory
cytokines diminish in level as well. On the other hand, a
percentage of Ly6Clow which produce an anti-inflammatory
cytokine IL-10 [27] increased significantly in the Cucumistreated group, suggesting an elevated level of IL-10. This finding indicates that Cucumis treatment lowered the percentage
of monocytes in the blood with inflammatory tendencies but
increased the percentage of monocytes in the blood with
anti-inflammatory tendencies. This outcome is interesting as
it shows that Cucumis has an effect on monocytes in the
bloodstream, indicating systemic effects, as well as its local
effects on adipose tissue-resident macrophages as mentioned
earlier.
The Cucumis group exhibited reduced insulin levels and
HOMA-IR scores, both of which were reduced to a large
degree; however, this difference was only significant for
HOMA-IR. In lipolysis, NEFAs are released from TG. This
process has been shown to be sensitive to suppression by
insulin [15]. In addition, NEFAs influence glucose transport,
and several studies have revealed a relationship (the “glucose
fatty acid cycle”) among elevated NEFA level, insulin resistance (IR), and development of diabetes [28, 29]. Therefore,
the elevated NEFA levels in the control group suggest that the
control animals were deficient in their ability to use insulin,
indicating the presence of IR. In contrast, the significantly
reduced level of NEFAs in the Cucumis group means that
these animals used insulin more efficiently than control
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animals. Since insulin is necessary to remove TG from the
bloodstream, high TGs are one of the first symptoms of IR
in prediabetes. Of note, Cucumis administration significantly
reduced the level of TG compared to the level in the control
group. The reduced TG and NEFA levels in the Cucumistreated group suggest improved IR. The ratio of TG to HDL
cholesterol is a clinical indicator of IR, with a higher value
signifying aggravated IR [30]. We found that the TG-to-HDL
ratio in the Cucumis group was much lower than the ratios
in the other two groups, although these differences were not
significant.
Cucumis is used to purposely induce diarrhea to treat
several diseases; therefore, we evaluated liver and kidney
function by measuring aminotransferase and creatinine levels. The AST, ALT, and creatinine levels were not increased in
the Cucumis group, indicating that Cucumis is safe and did
not have liver or kidney toxicity. This outcome is consistent
with that of a retrospective study [31] investigating the safety
of Cucumis in humans. The AST level was even significantly
lower in the Cucumis group compared to the control group.
However, since Cucumis is regarded as the most powerful
treatment in Korean medicine, it should only be used after
carefully considered prescription by a doctor specializing in
Korean medicine.
We found that administration of Cucumis ameliorated
the impaired glucose control observed in obese mice by
reducing inflammation. This was achieved by favorably
changing the gut microbiota to release less LPS endotoxin.
This result suggests that Cucumis is potentially a promising
option for preventing obesity and diabetes, two inflammation-related metabolic diseases.

5. Conclusion
Oral administration of Cucumis melo L. to leptin-deficient
obese mice resulted in improved inflammatory status associated with alteration of the gut microbiota, leading to better
glycemic control. This finding suggests that Cucumis melo
L. merits further investigation as a potential treatment for
obesity-induced insulin resistance.
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Effective treatment for chronic obstructive pulmonary disease (COPD) and knowledge of the underlying mechanism are urgently
required. Xiaoqinglong decoction (XQL) is widely used to treat COPD in Traditional Chinese Medicine, but the mechanism remains
unclear. In this study, we tested the hypothesis that XQL ameliorates COPD via inhibition of autophagy in lung tissue on a rat model.
Rats were divided into five groups, namely, Control group, COPD group, COPD + XQL group, COPD + Rapamycin group, and
COPD + XQL + Rapamycin group. Pathological changes on cellular and molecular levels, apoptosis reflected by TdT-mediated
dUTP Nick-End Labeling (TUNEL) assay, and autophagy represented by LC3II/LC3I ratio and p62 level were investigated for each
group. Compared with the Control group, COPD rats exhibited structural changes and activated inflammation in the lung tissue,
together with enhanced apoptosis and elevated autophagy biomarkers. XQL treatment significantly ameliorated these changes,
while rapamycin augmented them. These data altogether confirmed the involvement of autophagy in the pathogenesis of COPD
and suggested that XQL attenuates COPD via inhibition of autophagy.

1. Introduction
COPD is an obstructive, long-term lung disease characterized
by airway remodeling, chronic airway inflammation, and
excessive mucus secretion [1]. It ranked the 5th cause of death
as of 2002 [2] and occurred in 2.4% of the global population
as of 2015 [3]. However, no effective treatment for COPD
is available. Hence, it is urgently required to understand its
pathogenesis and discover new therapies [4].
Smoking is the major cause of COPD [5]. Long-term
exposure to smoke causes inflammation, which consequently
narrows down the small airways and breaks lung tissue [6].
The inflammation is associated with activation of the transcription factor nuclear factor-𝜅B (NF-𝜅B) by tumor necrosis
factor- (TNF-) 𝛼, which induces IL-8 secretion in airway cells
[4]. TNF-𝛼 and IL-8 concentrations in sputum are closely
associated with the severity of the disease [4]. Rat exposed to
cigarette smoking is a widely applied animal model of COPD
[1]. Typical COPD indicators used to verify the success of

the model include structural changes such as bronchiole and
arteriole wall thickness and airway narrowing, lung function
changes such as airway resistance, inflammation indicators
such as inflammatory cells and mediators (TNF-𝛼, IL-8, etc.),
and apoptosis [1].
Autophagy is a mechanism that cell disassembles unnecessary or dysfunctional cytoplasmic material of endogenous
or exogenous origin within lysosomes [7]. This mechanism
has profound implications for a number of pathophysiological processes in nervous, cardiovascular, immune, and
pulmonary systems, as well as in aging [7]. Autophagy can be
triggered by environmental factors; thus it plays an important
part of adaptive responses in stress [8].
The involvement of autophagy in lung diseases was
hypothesized in 2000 when autophagic vacuoles were
observed in the liver tissue of a patient with 𝛼1ATdeficiency, a mutation associated with the development of
emphysema [9]. This hypothesis was supported by subsequent studies showing that the expression of LC3B-II,
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the key autophagy-associated protein, and autophagosome
formation were increased in COPD lungs as compared with
controls. [10, 11]
Xiaoqinglong decoction (XQL), which was recorded in
Treatise on Febrile Diseases in Han Dynasty of China,
is used to treat diseases of respiratory system including
cough, asthma, and COPD [12]. It is prepared from eight
herbal materials, namely, ephedra herb, Radix Paeoniae
Alba, Asarum sieboldii Mig., Rhizoma Zingiberis, honeyfried licorice root, cassia twig, Schisandra chinensis, and
Pinellia ternata. Although the effectiveness of XQL on COPD
has been verified in both clinical trials and animal models,
the mechanism remains unclear, which limits its further
applications [12].
In this study, we hypothesized that XQL exhibited its antiCOPD effect via suppression of autophagy in lung tissue.
To test the hypothesis, we firstly observed the autophagy
indicators together with COPD symptoms in smoke-induced
COPD rat model to confirm if the animal model was
successful and whether autophagy was involved in COPD.
Secondly, we examined the changes of the abovementioned
index when these animals were given XQL and the classic
autophagy inducer rapamycin, respectively, or simultaneously, to demonstrate the effectiveness of XQL in attenuating
COPD and its association with autophagy.

2. Materials and Methods
2.1. XQL Preparation. XQL was prepared based on the traditional method. Specifically, 14 g of ephedra herb, 16 g of cassia
twig, 14 g of Radix Paeoniae Alba, 18 g of Schisandra chinensis,
18 g of Rhizoma Zingiberis, 54 g of Pinellia ternata, 36 g of
honey-fried licorice root, and 18 g of Asarum sieboldii Mig.
were first soaked in 1600 mL of water for 30 min. Then the
mixture was boiled until the total volume dropped to 500 mL,
which took approximately another 30 min. The decoction
was filtered with gauze, subaliquoted into fourteen 50 mL
plastic tubes, and stored at −20∘ C. On each experimental day,
one tube was defrosted at room temperature prior to XQL
administration.
2.2. Animals and Treatments. Thirty SD rats aged 6−8 weeks
and weighed 230−250 g were equally randomized into five
groups (𝑛 = 6 in each group): Control group, which
underwent no treatment; COPD group, which were COPD
rats without further treatment; COPD + XQL group, which
were COPD rats treated with XQL; COPD + Rapamycin
group, which were COPD rats given rapamycin; and COPD
+ XQL + Rapamycin group, which were COPD rats treated
with XQL and rapamycin. Comparisons between the Control
and the COPD groups showed whether the COPD model was
successful and whether autophagy was activated in COPD.
Comparisons between the COPD group and the COPD +
XQL group aimed to reveal the effectiveness of XQL and if
this effect was autophagy-associated; comparisons between
the COPD + Rapamycin group and the COPD + XQL +
Rapamycin group further shows whether XQL counteracts
with the activation of autophagy induced by rapamycin.
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All rats were kept in a temperature-controlled room
(21∘ C) in 12 h/12 h light/dark cycles and had free access to tap
water and normal chow. The handling and treatment of animals were performed in accordance with the guidelines of the
Experimental Animal Care and Institutional Animal Ethical
Committee of West China Hospital of Sichuan University.
COPD model was established via combinational use of
cigarette smoke, lipopolysaccharide (LPS), and cold stimuli.
Specifically, on day 1 and day 14, 200 𝜇g/kg body weight of LPS
(prepared as 20 𝜇g/mL solution in saline) was delivered to the
throat of the rats using a plastic tube after anesthesia with
diethyl ether, followed by keeping the rats in upright position
for 15 seconds to facilitate the distribution of LPS in the lungs.
On each day of days 2−13 and days 15−28, the rats were
kept in a covered box (70 cm × 60 cm × 60 cm) and exposed
to the smoke from fifteen continuously burned cigarettes.
Each cigarette was burned out within 3 minutes. The smoke
concentration was calculated to be 100−120 mg/m3 for a
period of 45 minutes. After the smoke exposure, the rats were
immediately transferred into a room at 16∘ C and kept there
for 1 hour.
From day 29 to day 43, 2 mL of XQL was orally administered to each rat in the COPD + XQL group and the
COPD + XQL + Rapamycin group. Rats in the Control
group, the COPD group, and the COPD + Rapamycin
group received equivalent volume of water by gavage. In
addition, the COPD + Rapamycin group and the COPD +
XQL + Rapamycin group were intraperitoneally injected with
0.2 mg/kg of rapamycin, while rats in the Control, COPD,
and COPD + XQL groups were injected with 0.2 mL of
saline. Body weights of all rats were recorded daily. On
day 44, blood samples were collected from the rats’ hearts
after anesthesia. After the rats stopped breathing, the lungs
were collected, perfused with cold (4∘ C) saline, transferred
into liquid nitrogen immediately, and stored at −80∘ C until
analysis. Serum was obtained by centrifuging coagulated
blood samples at 3000 g and 4∘ C for 5 min.
2.3. HE Staining. The lower right lung tissue was fixed by
4% paraformaldehyde for 24 h, dehydrated in alcohol for
12 h, embedded in paraffin, cut into 4 𝜇m sections, stained
with hematoxylin and eosin, and mounted onto a glass slide.
The sections were observed and photographed under a light
microscope by a pathologist without knowledge of their
origins.
The mean linear intercept (MLI), an indicator of alveolar
size, and mean alveolar number (MAN), an indicator for
density of alveoli, were determined to assess the degree of
lung emphysema. The number of linings (NS) and the total
alveolar count (Na) were calculated, and the area of the image
(S) was measured in a HE photograph. The MLI and MAN
were calculated according to the formula MLI = L/NS and
MAN = Na/S. For each indicator, the average value was
calculated from six randomly selected fields, each from the
lung of one rat [13].
2.4. TdT-Mediated dUTP Nick-End Labeling (TUNEL).
Apoptosis of the lung was evaluated using TUNEL assay
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with TUNEL Apoptosis Assay Kit E607172 purchased from
Sangon Biotech (Shanghai) Co., Ltd. (Shanghai, China),
following the manufacturer’s instructions. Briefly, the
paraffin sections described above were deparaffinized with
xylene and alcohol, permeabilized with proteinase K at
37∘ C for 15 min, and incubated consecutively with TDT
enzyme solution and antibodies. The processed sections were
observed and photographed under a CKX41SF fluorescence
microscope (Olympus Corporation, Tokyo, Japan).
2.5. ELISA. Serum levels of the inflammation indicators IL-8
and TNF-𝛼 were measured using ELISA kits (NeoBioscience,
Shenzhen, China) following the manufacturer’s instructions.
A Multiskan MK-3 microplate reader (Thermo Fisher Scientific, Finland) was employed to read the absorbance.
2.6. Western Blot Analysis. Western blotting was applied
to quantify LC3 and p62 proteins in the lung tissue. The
left lung was weighed and protein extracted. Approximately
5 mg of tissue was homogenized and centrifuged at 12000𝑔
and 4∘ C for 10 min. The supernatant was transferred into
another vial and the protein concentration determined using
BCA protein assay kit (Beyotime Biotechnology, Shanghai,
China). The protein samples were suspended in 5 × loading
buffer, denatured for 5 min at 100∘ C, separated by 15%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), and transferred onto nitrocellulose membranes
by electroelution (200 mA). The blots were blocked with 5%
nonfat milk in Tris-buffered saline containing 0.1% Tween20 (TBST) at 37∘ C for 2 h and then incubated overnight
with primary antibodies against LC3 (1 : 500; Proteintech),
p62 (1 : 1000; Affinity), and 𝛽-actin (1 : 2000; Abcam) at 4∘ C.
Then the membranes were washed with TBST and exposed to
secondary antibody (1 : 3000) for 1.5 h at room temperature.
After three washes with TBST, immunoreactive proteins
were visualized using the ChemiDoc XRS + System (BioRad Laboratories, Inc., USA). The densitometry values were
expressed as the targeted protein/𝛽-actin ratio.
2.7. Statistical Analysis. All statistics were based on the six
animals in each group. Data were expressed as mean ± SD
and compared using one-way ANOVA and following Least
Significant Difference test by SPSS 16.0 (IBM Corporation,
New York). 𝑝 < 0.05 was considered significant.

3. Results and Discussion
3.1. Pathological Changes. Compared with the Control rats,
the COPD rats displayed changes in microstructure of
bronchus, namely, narrowed airways and airway wall inflammation, the latter featured by increased infiltration of inflammatory cells in the airway walls. XQL administration partially
reversed these changes, as shown in the COPD + XQL group.
Rapamycin administration in the COPD + Rapamycin and
COPD + XQL + Rapamycin groups worsened the pathological changes as compared with the COPD and COPD + XQL
groups, respectively. The comparison between the COPD +
Rapamycin and COPD + XQL + Rapamycin group showed
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that the latter experienced less structural changes than the
former (Figure 1).
Semiquantitative measurements showed that MLI
increased significantly in the COPD rats. Rapamycin
augmented the change while XQL attenuated it. Likewise,
MAN decreased significantly in the COPD rats. This trend
was amplified by rapamycin but inhibited by XQL (Figure 1).
ELISA results (Figure 2) showed that the COPD rats
exhibited higher serum levels of IL-8 and TNF-𝛼 than the
controls. XQL treatment (COPD + XQL group) significantly attenuated these changes while rapamycin treatment
(COPD + Rapamycin group) significantly enlarged the TNF𝛼 increase. Compared with the COPD + Rapamycin group,
the COPD + XQL + Rapamycin group displayed significantly
higher levels of IL-8 and TNF-𝛼, suggesting that rapamycin
enhanced the COPD inflammation, while XQL attenuated it.
Body weight of each rat was recorded throughout the
study (Supplementary Materials, Table S1). Generally, the
average body weight of the Control rats was higher than
all the other groups, suggesting the harm of COPD on the
animals’ health. Compared with the COPD + Rapamycin rats,
the COPD + XQL + Rapamycin rats showed higher body
weight, indicating a protective effect of XQL on the rats’
general wellbeing.
3.2. Apoptosis. TUNEL test revealed that, compared with the
Control group, the rats in COPD group exhibited higher
levels of apoptosis (Figure 3). Compared with the COPD
group, the apoptosis level of rats in the COPD + XQL group
was lower, while that of the COPD + Rapamycin group was
higher. The COPD + XQL + Rapamycin group displayed
lower apoptosis activity than the COPD + Rapamycin group
but higher activity than the COPD + XQL group. The above
data shows that rapamycin amplified apoptosis in the COPD
rats, while XQL administration counteracted this effect.
3.3. Autophagy. Figure 4 showed western blotting results of
LC3II/LC3I ratio and p62 levels in each group. The COPD
rats, with and without further treatments, displayed higher
LC3II/LC3I ratios. Compared with the COPD rats, the COPD
+ XQL group showed lower LC3II/LC3I ratios, while the
COPD + Rapamycin group showed higher LC3II/LC3I ratios.
The COPD + XQL + Rapamycin group exhibited higher
ratio of LC3II/LC3I than the COPD + XQL group, but lower
LC3II/LC3I ratio than the COPD + Rapamycin group.
In regard to p62, the levels in all four COPD groups
were significantly lower than the Control group. The COPD
+ XQL group showed higher p62 levels than the COPD
group, while the COPD + Rapamycin group showed lower
p62 levels than the COPD group. Besides, the COPD + XQL +
Rapamycin group displayed higher p62 levels than the COPD
+ Rapamycin group.
These results indicated that the LC3II/LC3I ratio was
upregulated and p62 level downregulated in COPD rats
and that XQL could attenuate or reverse these changes.
The protective effects induced by XQL were counteracted
by rapamycin, the autophagy activator, suggesting opposite
effects of XQL and rapamycin.
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Figure 1: HE staining of lung tissue. The bar graphs show semiquantification of mean linear intercept (MLI) and mean alveolar number
(MAN). ∗∗ 𝑝 < 0.01 versus Control; # 𝑝 < 0.05, ## 𝑝 < 0.01 versus COPD; & 𝑝 < 0.05 versus COPD + XQL; ∧∧ 𝑝 < 0.01 versus COPD +
Rapamycin, 𝑛 = 6; data were presented as mean ± SD.
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The COPD mice in this study exhibited typical symptoms
and characteristics of the disease. XQL treatment ameliorated these symptoms, while rapamycin worsened them.
The autophagy biomarker, LC3II/LC3I ratio, was elevated
while p62 concentration was decreased in the COPD rats;
these changes were enlarged by rapamycin administration but
attenuated by XQL treatment. These data altogether exhibited
the effect of XQL, which was opposite to the autophagy
activator rapamycin.
Rapamycin activates autophagy via inhibition of the
mammalian target of rapamycin mTOR [14]. The process is
accompanied by decreased expression of p62 and increased
expression of LC3 [15]. When autophagosome is formed,
LC3-I is processed to LC3-II by lipidation; hence the ratio of
LC3-II/LC3-I is a marker of autophagy [16]. Both phenomena
were observed in this study (Figure 4).
Involvement of autophagy in COPD has been confirmed
by a number of studies. For example, Chen et al. found
that microtubule-associated protein 1 light chain 3 beta
(LC3B) activated apoptosis in the cigarette smoke-induced
emphysema mice model, suggesting autophagy is responsible
for the apoptosis in lung diseases [17].

Herbal medicine has been used to treat lung diseases
for a long time. Apart from XQL, other herbal medicines,
such as Alisma orientale, are also prescribed as a remedy
to lung diseases such as edema and COPD. A study on the
mechanism of ethanol extract of the tuber of Alisma orientale
on COPD on a cellular model revealed that this effect was due
to suppression of LC3II, which was associated with activation
of mTOR [18]. Similar phenomenon was also observed in the
present study, which showed suppression of autophagy by
XQL.
Hence, it raises a question of which component in
XQL is responsible for its effect on COPD and autophagy.
XQL is traditional Chinese medication prepared from eight
herbs, among which only one plant, Schisandra chinensis,
was investigated for its effect on autophagy so far. However,
ingredients in Schisandra chinensis were found to activate,
rather than inhibit, autophagy in these studies. For example,
Schisandrin A, a component in Schisandra chinensis, displays
liver protective effect via activation of autophagy flux and
inhibition of apoptosis in mice [19]. Schisandrin B, an antioxidant lignan from Schisandra chinensis, protected neurons via
activation of autophagy in A𝛽-infused rats [20].
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A summary of the abovementioned studies on herbal
medicine and autophagy shows that all of the herbal medicine
exhibited protective effect. However, XQL and Alisma orientale protected lung tissue against COPD by inhibiting
autophagy, while Schisandra chinensis, one component in
XQL, exhibited its protective effect against liver and neuron damage via activation of autophagy. These phenomena
look contradictory but may actually be consistent, because
although activation of autophagy exhibits protective effect
in many diseases, it plays a deleterious role in COPD. This
may be due to the fact that prolonged exposure of smoke
continuously activates autophagy and exceeds the beneficial
aspect of autophagy-mediated cell death [8]. Hence, the
protective effect of herbal medicine on COPD may be
due to their inhibition of autophagy, while the protective
effect on other tissue damage is due to the activation of
autophagy.
It should be noted that, considering that XQL is a
combination of eight herbs and each one contains a variety
of components, the ingredients and compounds responsible for the pharmacological effects observed in this study
remain unclear, which is a challenge in all studies on herbal
medicine.
Another limitation of the study is that no sample was
collected between completion of modeling and commencement of XQL treatment. Thus, it was unclear whether XQL
prevented or reversed the progress of COPD. Nevertheless,
the study clearly shows that XQL possesses protective effect
on COPD in rats, which is associated with the inhibition of
autophagy.

4. Conclusions
To summarize, this study supports the hypothesis that XQL
inhibits the progress of COPD via attenuating the autophagy
process. Further studies are required to investigate the key
components in the decoction that are responsible for this
effect.
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Bushenkangshuai tablet (BSKS) is a Chinese herbal compound which has been used for the treatment of cardiovascular
and cerebrovascular diseases in China for decades. This study intends to explore the molecular mechanism of BSKS against
atherosclerosis in ApoE−/− mice. ApoE−/− mice were fed with western-type diet for 6 weeks and then were given BSKS for 6 weeks.
The results showed that BSKS attenuated the size of the atherosclerotic lesion, reduced visceral adipose content, and decreased
blood lipids. We also found that BSKS promoted the expression of adiponectin and its receptors, inhibited the expression of Tolllike receptor 4 and nuclear factor-kappa B, decreased the levels of interleukin-1 beta, monocyte chemotactic protein-1, and vascular
cell adhesion molecule-1, and increased the levels of interleukin-10 and adiponectin. Our data provided evidence that BSKS exerted
an antiatherosclerotic effect by lowering blood lipids and inhibiting inflammatory response via TLR4 and NF-𝜅B signaling pathway.

1. Introduction
Atherosclerosis (AS) is the main pathological foundation of
cardiovascular and cerebrovascular diseases and is considered as an inflammatory disease [1]. It is well known that
obesity contributes to the increased risk of cardiovascular
and cerebrovascular diseases [2]. The visceral adipose tissue
secretes several adipocytokines, such as adiponectin, leptin,
and tumor necrosis factor-𝛼 (TNF-𝛼), which has been proved
to reduce or increase atherosclerosis [3, 4]. Increasing evidence shows that adiponectin exerts an important antiatherogenic effect by reducing the levels of adhesion molecules, preventing TNF-𝛼-induced activation of nuclear factor-kappa
B (NF-𝜅B), inhibiting the proliferation and migration of
smooth muscle cells, and decreasing foam cell formation and
platelet aggregation [5–7]. What is more, a study has confirmed that adiponectin inhibits Toll-like receptor- (TLR-)
mediated NF-𝜅B signaling in mouse macrophages [8]. These

effects of adiponectin not only come from systemic secretion,
but also might be due to a local secretory pathway, the
perivascular adipose tissue [9].
Bushenkangshuai tablet (BSKS) is a Chinese herbal compound which has been used to treat cardiovascular diseases
in clinics [10, 11]. BSKS is composed of Salvia miltiorrhiza
Bunge (the root of red-rooted Salvia, Danshen), Reynoutria
multiflora (Thunb.) Moldenke (Polygonum multiflorum,
Heshouwu), Poria cocos (Schw.) Wolf. (Poria cocos, Fuling),
Sargassum pallidum (Turn.) C. Ag. (seaweed, Haizao), Ecklonia kurome Okam. (Laminaria, Kunbu), Taxillus sutchuenensis (Lecomte) Danser (parasitic Loranthus, Sangjisheng),
Eucommia ulmoides Oliv. (the bark of Eucommia, Duzhong),
Cuscuta chinensis Lam. (the seed of Chinese dodder, Tusizi),
Testudinis Carapax et Plastrum (tortoise shell, Guijia), Acorus
calamus var. angustatus Besser (Acorus gramineus Soland.,
Shichangpu), Prunella vulgaris L. (self-heal, Xiakucao),
Ligusticum striatum DC. (Ligusticum wallichii, Chuanxiong),
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Citrus aurantium L. (dried tangerine or orange peel, Chenpi),
Cinnamomum cassia (L.) J. Presl (cinnamon, Rougui), and
Codonopsis pilosula (Franch.) Nannf. (Codonopsis pilosula,
Dangshen). Studies have shown that Salvia miltiorrhiza
Bunge is reported to accelerate macrophage cholesterol efflux
by targeting peroxisome proliferator-activated receptor
gamma and liver X receptor alpha [12, 13]. Reynoutria
multiflora (Thunb.) Moldenke and Poria cocos (Schw.) Wolf.
have been suggested to have an antihyperlipidemic effect in
diet-induced hyperlipidemia [14, 15]. Sargassum pallidum
(Turn.) C. Ag. is reported to decrease monocyte adhesion to
endothelial cells by inhibiting TNF-𝛼-induced NF-𝜅B signaling [16]. Taxillus sutchuenensis (Lecomte) Danser decreases
NO production in lipopolysaccharides-induced RAW 264.7
cells [17]. Eucommia ulmoides Oliv. and Citrus aurantium L.
have an anti-inflammatory activity [18, 19], and Cuscuta chinensis Lam. and Prunella vulgaris L. have antioxidant effects
[20, 21]. Our previous study has verified that BSKS could
reduce experimental atherosclerosis in rabbits by inhibiting
the NF-𝜅B signaling pathway and inflammatory factors [22].
In this study, we intend to further investigate the molecular
mechanism of BSKS against atherosclerosis in ApoE−/− mice.

2.3. Experimental Design. ApoE−/− mice are one of the most
commonly used animal models of atherosclerosis in the
world; the aortic atherosclerotic lesion may appear spontaneously or may be induced by a western-type diet in a
short time [25]. It is generated on the gene background of
C57BL/6J mice. So, we used ApoE−/− mice as the model and
C57BL/6J mice as the normal control. C57BL/6J mice were
fed with a normal diet and designated as the control group
(𝑛 = 10). ApoE−/− mice were fed with a western-type diet
(21% fat and 0.15% cholesterol, cat. number H10141, Beijing
Huafukang Bioscience Co., Ltd.) for 6 weeks and then were
divided into a model group (𝑛 = 10), BSKS group (𝑛 = 10),
and atorvastatin group (𝑛 = 10). Mice in the model group
were given 0.3 ml of isopycnic sterile distilled water by gavage,
mice in the BSKS group were given 1365 mg/kg BSKS solution
by gavage (human equivalent dose: 128 mg/kg⋅d), and mice
in the atorvastatin group were given 3 mg/kg atorvastatin
solution by gavage (human equivalent dose: 0.28 mg/kg⋅d).
BSKS and atorvastatin solution preparation: BSKS tablets and
atorvastatin tablets were crushed and ground by pestle and
then were moved to a tube and dissolved in 0.3 ml isopycnic
sterile distilled water for each mouse.

2. Materials and Methods

2.4. Tissue Collection and Weight Record. After 6 weeks of
treatment, mice were anesthetized by injecting 10% chloral
hydrate intraperitoneally, and body weights of all mice were
recorded, and blood, liver, white adipose tissues, and aorta
were collected for detection. Liver and white adipose tissues
(epididymal fat pads) were dissected carefully from mice and
placed in a physiological saline. They were dried with a filter
paper and their weights were recorded and compared to the
mice’s own body weights. The ratio of the liver weight to the
body weight and the ratio of the white adipose tissue weight
to the body weight were used to evaluate body fat deposition
after being fed with a western-type diet.

2.1. Animals. Eight-week-old male C57BL/6J mice and
ApoE−/− mice with a C57BL/6J background weighing 20–22 g
were obtained from Beijing Huafukang Bioscience Co., Ltd.
(Beijing, China) (certificate number SCXK (Jing) 2014-0004)
[23]. Mice were housed in groups (4/cage) at 21–24∘ C and
41–62% relative humidity under a 12 h light-dark cycle and
fed with standard diet and water freely. The animal protocols
of this study were performed according to the National
Institutes of Health’s Guide for the Care and Use of Laboratory
Animals [24] and were approved by the Animal Ethics Committee of Tianjin University of Traditional Chinese Medicine
(Tianjin, China).
2.2. Drugs. Bushenkangshuai tablet (cat. number TJZBZ2008110052, specification: 0.5 g/tablet) was provided by the
Pharmacy Department of the First Teaching Hospital of
Tianjin University of Traditional Chinese Medicine (Tianjin,
China), which was produced based on the guidelines of
Good Manufacturing Practice and Good Laboratory Practice. Its quality control conformed to the medical institutions’
standards of Tianjin Food and Drug Administration. BSKS
was composed of 15 components in total: Salvia miltiorrhiza
Bunge, Reynoutria multiflora (Thunb.) Moldenke, Poria cocos
(Schw.) Wolf., Sargassum pallidum (Turn.) C. Ag., Ecklonia
kurome Okam., Taxillus sutchuenensis (Lecomte) Danser,
Eucommia ulmoides Oliv., Cuscuta chinensis Lam., Testudinis
Carapax et Plastrum, Acorus calamus var. angustatus Besser,
Prunella vulgaris L., Ligusticum striatum DC., Citrus aurantium L., Cinnamomum cassia (L.) J. Presl, and Codonopsis
pilosula (Franch.) Nannf. The proportion of each component in BSKS was equal. Atorvastatin tablet (cat. number
H20051407, specification: 10 mg/tablet) was purchased from
Pfizer Pharmaceutical Co., Ltd. (Dalian, China).

2.5. Hematoxylin and Eosin Staining. Fixed aortic roots (section from the aortic valve to the descending thoracic aorta)
were dehydrated and embedded in paraffin. Five-micrometer
cross sections were prepared and stained with Hematoxylin
and Eosin. The areas of aorta and plaque were measured by
two independent observers using the image analysis software
Image-Pro Plus 6.0 (Media Cybernetics, Inc., Rockville, MD,
USA), and then the atherosclerotic lesion size and relative
lesion area of the aortic root were measured and calculated.
2.6. Blood Lipids Detection. Blood was collected from the
mice’s eyes (orbital canthus venous plexus) using a capillary
glass tube. 0.1 ml of whole blood can be acquired each time.
Blood was centrifuged for 15 min at a rate of 3000 rpm.
Serum levels of total cholesterol (TC) and triglyceride (TG)
(cats. numbers A111-1 and A110-1, Nanjing Jiancheng Bioengineering Institute, Nanjing, China) were detected by the
single reagent COD-PAP method. Low-density lipoprotein
cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C) (cats. numbers A113-1 and A112-1, Nanjing
Jiancheng Bioengineering Institute, Nanjing, China) were
detected by the double reagent direct method. A colorimetric
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analysis was executed using a microplate reader (type: Infinite
M200 PRO, Tecan, Männedorf, Switzerland).
2.7. Enzyme-Linked Immunosorbent Assay (ELISA). Levels of
the following proteins in blood were measured according
to the manufacturer’s instructions: interleukin-1 beta (IL1𝛽), interleukin-10 (IL-10), monocyte chemotactic protein1 (MCP-1), vascular cell adhesion molecule-1 (VCAM-1),
and adiponectin (using mouse-specific ELISA kits (cats.
numbers SEA563Mu, SEA056Mu, SEA087Mi, SEA547Mu,
and SEA605Mu, Wuhan USCN Business Co., Ltd., Wuhan,
China)). Briefly, samples were incubated for 30 min at 37∘ C
and then were exposed to biotin-conjugated detection antibody and streptavidin-HRP, respectively, for 60 min at 37∘ C.
A stabilized chromogen and stop solution were added to
terminate the reaction, and then plates were read at 450 nm
(OD values) within 2 hours using a spectrophotometer.
2.8. Western Blot Analysis. The aortas were dissected from
mice and placed in Eppendorf tubes and immersed in liquid
nitrogen to snap-freeze them. Five micrograms of the aorta
was added with 300 𝜇l of ice-cold lysis buffer to homogenize,
and then constant agitation was maintained for 2 h at 4∘ C.
The tube was centrifuged for 20 min at 12,000 rpm at 4∘ C in
a microcentrifuge, and then the supernatant was aspirated
in a fresh tube and a protein quantification assay was performed. Equal amounts of protein (30 𝜇g protein/lane) were
electrophoresed using 8–12% SDS-polyacrylamide gels in a
Tris/HCl buffer system, followed by electrophoretic transfer
to a PVDF microporous membrane, and incubated with
the following primary antibodies: anti-adiponectin antibody
(1 : 1000, cat. number 2789 s, Cell Signaling Technology),
anti-adiponectin receptor 1 (AdipoR1) antibody (1 : 1000,
cat. number ab126611, Abcam), anti-adiponectin receptor 2
(AdipoR2) antibody (1 : 1000, cat. number sc-514045, Santa
Cruz), anti-Toll-like receptor 4 (TLR4) antibody (1 : 1000, cat.
number 14358 s, Cell Signaling Technology), and anti-NF𝜅B p65 antibody (1 : 1000, cat. number 8242 s, Cell Signaling
Technology). After incubation overnight at 4∘ C, membranes
were probed with secondary HRP-labeled IgG H&L antibodies and washed with phosphate-buffered saline three times.
Specific bands of target proteins were visualized by chemiluminescence. All bands were analyzed semiquantitatively
with ImageJ software (National Institutes of Health, Bethesda,
Maryland, USA).
2.9. Statistical Analysis. Data were expressed as mean ± SD.
A statistical analysis was performed using one-way analysis
of variance (ANOVA) followed by Fisher’s Least Significant
Difference test for multiple comparisons. All analyses were
performed using the Statistical Package for the Social Sciences (SPSS) version 11.5 (SPSS Inc., Chicago, IL, USA).
𝑃 < 0.05 or 0.01 (two-sided) was regarded as statistically
significant.

3. Results
3.1. BSKS Reduced Atherosclerotic Lesion in ApoE−/− Mice.
To investigate the effect of BSKS on the development of
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atherosclerosis, ApoE−/− mice fed with western-type diet
were treated with BSKS for 6 weeks. The effect of BSKS on
atherosclerosis was compared to positive drug atorvastatin.
During the experiments, no adverse effect could be ever
observed. The aortic root was used for the evaluation of
atherosclerosis. Paraffin sections of the aortic root were
stained with Hematoxylin and Eosin and analyzed quantitatively (Figure 1). The aortic root of ApoE−/− mice showed
thickened tunica intima compared to WT mice. BSKS and
atorvastatin showed 58.62% and 51.72% reduction in the size
of atherosclerotic lesion (72.02 × 103 ± 19.10 × 103 𝜇m2 in
BSKS, 84.43 × 103 ± 32.90 × 103 𝜇m2 in atorvastatin versus
174.76 × 103 ± 51.55 × 103 𝜇m2 in model) and also showed
significant reduction in the relative lesion area (𝑃 < 0.01).
These results suggested that BSKS showed similar effect on
atherosclerosis with atorvastatin.
3.2. BSKS Reduced Visceral Adipose Content and Decreased
Blood Lipids Level. To further prove the antiatherosclerotic
effect of BSKS, we next evaluated visceral adipose accumulation and blood lipids level (Figure 2). We found that BSKS
and atorvastatin significantly decreased the body weight of
ApoE−/− mice fed with western-type diet (𝑃 < 0.05). What
is more, they also reduced the ratio of liver weight to body
weight and the ratio of white adipose tissue to body weight
(𝑃 < 0.05). ApoE−/− mice fed with a western-type diet
for 6 weeks had significantly increased serum TC, TG, and
LDL-C and decreased HDL-C (𝑃 < 0.01, compared with
WT mice). After drug treatment for 6 weeks, we found that
BSKS showed a similar lipid-lowering effect compared to
atorvastatin, which reduced serum TC, TG, and LDL-C and
increased HDL-C significantly (𝑃 < 0.01). These results
provided evidence that the antiatherosclerosis effect of BSKS
might be due to improving blood lipids metabolism.
3.3. BSKS Promoted the Adiponectin-Dependent AntiInflammatory Pathway. To explore the molecular mechanism
of BSKS against atherosclerosis, we performed western blot
analysis of atherosclerotic aorta (Figure 3). We found
that BSKS and atorvastatin increased the expression of
adiponectin in atherosclerotic aorta (𝑃 < 0.01). BSKS but
not atorvastatin promoted the expression of AdipoR1 and
AdipoR2 (𝑃 < 0.01). Atherosclerosis-mediated inflammatory
response promoted the expression of inflammatory receptor
TLR4 and inflammatory signaling NF-𝜅B significantly
(𝑃 < 0.01). BSKS and atorvastatin exerted significant
inhibition of TLR4 and NF-𝜅B (𝑃 < 0.05 or 0.01). The
inflammatory inhibition effect of BSKS might be due to the
promotion of adiponectin and its receptors.
3.4. BSKS Decreased Proinflammatory Mediators and
Increased Anti-Inflammatory Mediators. As the inflammatory signaling pathway was inhibited by BSKS, we wanted
to find out whether BSKS could affect the downstream
inflammatory mediators. We performed ELISA to detect their
levels in serum (Figure 4). The results showed that ApoE−/−
mice fed with a western-type diet for 6 weeks had increased
levels of serum proinflammatory mediators (𝑃 < 0.01),

4

Evidence-Based Complementary and Alternative Medicine

Control

Model

BSKS

Atorvastatin
(a)

⋆⋆

Lesion size (×1000 Ｇ2 )

250

⋆⋆

200
150
100
50
0
Control

Model

BSKS

Atorvastatin

⋆⋆
⋆⋆

Relative lesion area

0.20

0.15

0.10

0.05

0.00
Control

Model

BSKS

Atorvastatin

(b)

Figure 1: Effect of BSKS on the atherosclerotic lesion in ApoE−/− mice. (a) Representative photomicrographs of Hematoxylin and Eosin
staining in the aortic root of male ApoE−/− mice treated with BSKS or atorvastatin. (b) The quantitative comparison of atherosclerotic lesion
size and relative lesion area between drug treatment groups and model group (𝑛 = 10). Data are shown as mean ± standard deviation and
compared by one-way analysis of variance followed by Fisher’s Least Significant Difference test for individual comparisons. ⋆⋆ 𝑃 < 0.01.
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Figure 2: Effect of BSKS on visceral adipose weight and blood lipids in ApoE−/− mice. (a) The body weight, liver weight, and white adipose
weight of mice were recorded and compared between drug treatment groups and model group (𝑛 = 10). (b) The serum TC, TG, LDL-C,
and HDL-C of ApoE−/− mice were detected and compared between drug treatment groups and model group (𝑛 = 10). Data are shown as
mean ± standard deviation and compared by one-way analysis of variance followed by Fisher’s Least Significant Difference test for individual
comparisons. n.s. 𝑃 > 0.05; ⋆ 𝑃 < 0.05; ⋆⋆ 𝑃 < 0.01.

including IL-1𝛽, MCP-1, and VCAM-1, and decreased
levels of serum anti-inflammatory mediators (𝑃 < 0.01),
such as IL-10 and adiponectin. After drug treatment
for 6 weeks, we found that both BSKS and atorvastatin
decreased the levels of proinflammatory mediators and

increased the levels of anti-inflammatory mediators
significantly (𝑃 < 0.01). The above results indicated
that BSKS not only inhibited inflammatory signaling
protein but also regulated downstream inflammatory
mediators.
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Figure 3: Effect of BSKS on the expression of adiponectin and its receptors as well as TLR4 and NF-𝜅B p65 in the atherosclerotic aorta of
ApoE−/− mice. The expressions of adiponectin, AdipoR1, AdipoR2, TLR4, and NF-𝜅B p65 in the atherosclerotic aorta of ApoE−/− mice were
detected by western blot. The expressions of adiponectin, AdipoR1, AdipoR2, TLR4, and NF-𝜅B p65 were quantitatively compared between
drug treatment groups and model group (𝑛 = 3). Data are shown as mean ± standard deviation and compared by one-way analysis of variance
followed by Fisher’s Least Significant Difference test for individual comparisons. n.s. 𝑃 > 0.05; ⋆ 𝑃 < 0.05; ⋆⋆ 𝑃 < 0.01.

4. Discussion
This study showed that BSKS reduced atherosclerotic lesions
in the ApoE−/− mice model. The mechanism of BSKS was
involved in reducing visceral adipose content, declining
blood lipids, increasing the expression of adiponectin and its
receptor, and reducing the expression of TLR4 and NF-𝜅B in

atherosclerotic aorta, as well as promoting anti-inflammatory
mediators release and inhibiting proinflammatory mediators production in the blood. This study provides potential
molecular mechanisms for the clinical application of BSKS in
cardiovascular diseases.
Ischemic vascular diseases are mostly correlated with
atherosclerotic lesions [23], while obesity shares a great many
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Figure 4: Effect of BSKS on the inflammatory mediators in blood of ApoE−/− mice. The serum levels of proinflammatory mediators,
including IL-1𝛽, MCP-1, and VCAM-1, and anti-inflammatory mediators, including IL-10 and adiponectin, were detected by enzyme-linked
immunosorbent assay and quantitatively compared between drug treatment groups and model group (𝑛 = 10) at 6 weeks or 12 weeks. Data
are shown as mean ± standard deviation and compared by one-way analysis of variance followed by Fisher’s Least Significant Difference test
for individual comparisons. ⋆⋆ 𝑃 < 0.01.

risk factors with atherosclerosis, suggesting some common
mechanisms in these diseases, such as a proatherogenic
lipid profile [26], increased production of proinflammatory
cytokines [27], and prevalence of endothelial dysfunction
[28]. Visceral adipose tissue, but not subcutaneous adipose
tissue, is especially associated with increased cardiovascular
risk [29]. Evidence has shown that visceral adipose-related
inflammation promotes the development of atherosclerosis
in ApoE−/− mice [30]. In our study, we found that westerntype diet increased the weight of the liver and white adipose
tissues, and BSKS treatment decreased the ratio of visceral
adipose weight to body weight. What is more, BSKS administered for 6 weeks significantly reduced the levels of TC, TG,
and LDL-C in the blood and increased the level of HDLC, and these effects were similar to those of atorvastatin.
These results suggested that BSKS reduced atherosclerotic

lesions by decreasing visceral adipose-related inflammation
and decreasing blood lipids.
Adiponectin, a hormone secreted by adipocytes, plays
an important role in protecting against the development
of atherosclerosis [31, 32]. The underlying mechanism of
adiponectin against atherosclerosis is due to inhibition of NF𝜅B signaling in monocytes/macrophages and in endothelial
cells [33]. In addition, adiponectin could reduce endothelial
cell apoptosis and promote nitric oxide production through
adenosine 5 -monophosphate- (AMP-) activated protein
kinase (AMPK) signaling pathway [34]. Finally, adiponectin
inhibits smooth muscle cells proliferation and migration
to reduce foam cells formation by activating the AMPK
signaling pathway [35]. Here, in our study, adiponectin and
its receptors in the atherosclerotic aorta and adiponectin in
the blood were upregulated by BSKS treatment, while the
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expression of TLR4 and NF-𝜅B p65 in the aorta was inhibited
by BSKS, followed by the suppression of proinflammatory
mediators, including IL-1𝛽, MCP-1, and VCAM-1. These
results suggested that the antiatherosclerotic effect of BSKS
might be involved in promoting anti-inflammatory mediators
and inhibiting the inflammatory response via TLR4 and
NF-𝜅B p65 signaling pathway. On the other hand, cholesterol accumulation in macrophages promotes inflammatory
responses, and activated inflammatory signaling results in
cholesterol accumulation in foam cells and further amplifies
inflammatory responses [36], so there is a cross talk between
cholesterol accumulation and inflammatory responses. The
reduction of atherosclerotic lesion and improvement of blood
lipids metabolism by BSKS might be the reason for the
inhibition of inflammatory signaling pathway and proinflammatory mediators.
In conclusion, this study indicated that the development
of atherosclerosis was able to be alleviated by BSKS in vivo.
The underlying mechanism of BSKS was associated with
improving blood lipids metabolism, promoting adiponectin
and its receptors in atherosclerotic lesions, and inhibiting the
inflammatory signaling pathway. However, further studies
are required to elucidate which active ingredient of BSKS
plays the major role in suppressing atherosclerosis.
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[3] T. Hansen, H. Ahlström, S. Söderberg et al., “Visceral adipose
tissue, adiponectin levels and insulin resistance are related to
atherosclerosis as assessed by whole-body magnetic resonance
angiography in an elderly population,” Atherosclerosis, vol. 205,
no. 1, pp. 163–167, 2009.
[4] J. Beltowski, “Leptin and atherosclerosis,” Atherosclerosis, vol.
189, no. 1, pp. 47–60, 2006.

Evidence-Based Complementary and Alternative Medicine
[5] T. A. Hopkins, N. Ouchi, R. Shibata, and K. Walsh, “Adiponectin
actions in the cardiovascular system,” Cardiovascular Research,
vol. 74, no. 1, pp. 11–18, 2007.
[6] N. Ouchi, S. Kihara, Y. Arita et al., “Novel modulator for
endothelial adhesion molecules: adipocyte-derived plasma protein adiponectin,” Circulation, vol. 100, no. 25, pp. 2473–2476,
1999.
[7] C. X. Andersson, B. Gustafson, A. Hammarstedt, S. Hedjazifar,
and U. Smith, “Inflamed adipose tissue, insulin resistance and
vascular injury,” Diabetes/Metabolism Research and Reviews,
vol. 24, no. 8, pp. 595–603, 2008.
[8] N. Yamaguchi, J. G. M. Argueta, Y. Masuhiro et al., “Adiponectin
inhibits Toll-like receptor family-induced signaling,” FEBS Letters, vol. 579, no. 30, pp. 6821–6826, 2005.
[9] C. Li, Z. Wang, C. Wang, Q. Ma, and Y. Zhao, “Perivascular adipose tissue-derived adiponectin inhibits collar-induced
carotid atherosclerosis by promoting macrophage autophagy,”
PLoS ONE, vol. 10, no. 5, 2015.
[10] D. Wang, X. N. Li, Y. Zou, and J. P. Zhang, “Clinical efficacy
of bushen kangshuai tablet for unstable angina and effect on
flammatory mediator in serum,” Chinese Journal of Experimental Traditional Medical Formulae, vol. 22, no. 14, pp. 171–176,
2016.
[11] Z. Q. Zhao, Q. Wang, C. Zhao et al., “Clinical study on
bushen kangshuai tablets for treatment of angina pectoris of
coronary heart disease with kidney deficiency and phlegmstasis syndrome,” Chinese Journal of Integrative Medicine On
Cardio/Cerebrovascular Disease, vol. 10, no. 9, pp. 1025–1027,
2012.
[12] J. Yue, B. Li, Q. Jing, and Q. Guan, “Salvianolic acid B accelerated
ABCA1-dependent cholesterol efflux by targeting PPAR-𝛾 and
LXR𝛼,” Biochemical and Biophysical Research Communications,
vol. 462, no. 3, pp. 233–238, 2015.
[13] Q. Liu, J. Li, A. Hartstone-Rose et al., “Chinese herbal compounds for the prevention and treatment of atherosclerosis:
experimental evidence and mechanisms,” Evidence-Based Complementary and Alternative Medicine, vol. 2015, Article ID
752610, 15 pages, 2015.
[14] H. Miao, Y.-H. Zhao, N. D. Vaziri et al., “Lipidomics biomarkers
of diet-induced hyperlipidemia and its treatment with poria
cocos,” Journal of Agricultural and Food Chemistry, vol. 64, no.
4, pp. 969–979, 2016.
[15] N. Li, Z. Chen, X. Mao, J. Yu, and R. Zhao, “Effects of lipid
regulation using raw and processed radix polygoni multiflori
in rats fed a high-fat diet,” Evidence-Based Complementary and
Alternative Medicine, vol. 2012, Article ID 329171, 10 pages, 2012.
[16] W.-G. Gwon, B. Lee, E.-J. Joung et al., “Sargaquinoic Acid
Inhibits TNF-𝛼-Induced NF-𝜅B Signaling, Thereby Contributing to Decreased Monocyte Adhesion to Human Umbilical Vein
Endothelial Cells (HUVECs),” Journal of Agricultural and Food
Chemistry, vol. 63, no. 41, pp. 9053–9061, 2015.
[17] C.-Y. Liu, Y.-C. Lin, J.-S. Deng, J.-C. Liao, W.-H. Peng, and G.-J.
Huang, “Antioxidant, anti-inflammatory, and antiproliferative
activities of Taxillus sutchuenensis,” American Journal of Chinese Medicine, vol. 40, no. 2, pp. 335–348, 2012.
[18] H. Ren, J. Hao, T. Liu et al., “Hesperetin Suppresses Inflammatory Responses in Lipopolysaccharide-Induced RAW 264.7
Cells via the Inhibition of NF-𝜅B and Activation of Nrf2/HO-1
Pathways,” Inflammation, vol. 39, no. 3, pp. 964–973, 2016.
[19] S.-H. Kwon, S.-X. Ma, J.-Y. Hwang et al., “The anti-inflammatory activity of Eucommia ulmoides Oliv. Bark. involves NF𝜅B suppression and Nrf2-dependent HO-1 induction in BV-2

Evidence-Based Complementary and Alternative Medicine

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

microglial cells,” Biomolecules & Therapeutics, vol. 24, no. 3, pp.
268–282, 2016.
H. Fazal, B. H. Abbasi, N. Ahmad, and M. Ali, “Elicitation
of Medicinally Important Antioxidant Secondary Metabolites
with Silver and Gold Nanoparticles in Callus Cultures of
Prunella vulgaris L.,” Applied Biochemistry and Biotechnology,
vol. 180, no. 6, pp. 1076–1092, 2016.
S. Donnapee, J. Li, X. Yang et al., “Cuscuta chinensis Lam.: a
systematic review on ethnopharmacology, phytochemistry and
pharmacology of an important traditional herbal medicine,”
Journal of Ethnopharmacology, vol. 157, pp. 292–308, 2014.
J.-P. Zhang, Y.-Z. Xu, and M. Li, “Effect of bushen kangshuai
tablet on NF-kappaB signal pathway and inflammation factors
in rabbits with experimental atherosclerosis,” Zhongguo Zhong
Xi Yi Jie He Za Zhi Zhongguo Zhongxiyi Jiehe Zazhi, vol. 29, no.
9, pp. 816–820, 2009.
L. Peng, C. Lv, Y. Zhao et al., “QiShenYiQi pill attenuates
atherosclerosis by promoting regulatory T cells, inhibiting T
helper 17 cells and accelerating cholesterol excretion,” Oncotarget, vol. 8, no. 47, pp. 82196–82206, 2017.
E. Alleva and D. Santucci, “Guide for the care and use of
laboratory animals,” Ethology, vol. 103, no. 12, pp. 1072-1073,
1997.
A. A. Pendse, J. M. Arbones-Mainar, L. A. Johnson, M.
K. Altenburg, and N. Maeda, “Apolipoprotein E knock-out
and knock-in mice: atherosclerosis, metabolic syndrome, and
beyond,” Journal of Lipid Research, vol. 50, pp. S178–S182, 2009.
A. M. G. Cali, T. L. Zern, and S. E. Taksali, “Intrahepatic Fat
Accumulation and Alterations in Lipoprotein Composition in
Obese Adolescents,” Diabetes Care, vol. 30, no. 12, pp. 3093–
3098, 2007.
A. Wieckowska, B. G. Papouchado, Z. Li, R. Lopez, N. N.
Zein, and A. E. Feldstein, “Increased hepatic and circulating
interleukin-6 levels in human nonalcoholic steatohepatitis,”
American Journal of Gastroenterology, vol. 103, no. 6, pp. 1372–
1379, 2008.
N. Villanova, S. Moscatiello, S. Ramilli et al., “Endothelial
dysfunction and cardiovascular risk profile in nonalcoholic
fatty liver disease,” Hepatology, vol. 42, no. 2, pp. 473–480, 2005.
R. See, S. M. Abdullah, D. K. McGuire et al., “The association
of differing measures of overweight and obesity with prevalent
atherosclerosis. the dallas heart study,” Journal of the American
College of Cardiology, vol. 50, no. 8, pp. 752–759, 2007.
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Background. Anorexia occurs in about half of cancer patients and is associated with high mortality rate. However, safe and longterm use of anorexia treatment is still an unmet need. Objective. The purpose of the present study was to examine the feasibility
of Sipjeondaebo-tang (Juzen-taiho-to, Shi-Quan-Da-Bu-Tang) for cancer-related anorexia. Methods. A total of 32 participants with
cancer anorexia were randomized to either Sipjeondaebo-tang group or placebo group. Participants were given 3 g of Sipjeondaebotang or placebo 3 times a day for 4 weeks. The primary outcome was a change in the Anorexia/Cachexia Subscale of Functional
Assessment of Anorexia/Cachexia Therapy (FAACT). The secondary outcomes included Visual Analogue Scale (VAS) of anorexia,
FAACT scale, and laboratory tests. Results. Anorexia and quality of life measured by FAACT and VAS were improved after 4
weeks of Sipjeondaebo-tang treatment. However, there was no significant difference between changes of Sipjeondaebo-tang group
and placebo group. Conclusions. Sipjeondaebo-tang appears to have potential benefit for anorexia management in patients with
cancer. Further large-scale studies are needed to ensure the efficacy. Trial Registration. This trial is registered with ClinicalTrials.gov
NCT02468141.

1. Introduction
Anorexia is associated with high mortality rate in cancer
patients, reduction in the effectiveness of anticancer therapy,
reduced ability to perform activities of daily living, and lower
quality of life in physical, mental, and social functions [1].
It occurs in about half of cancer patients and is known
to have the highest frequency in lung and upper digestive
tract cancer [2]. It is important to properly manage anorexia,
because cancer-related anorexia negatively affects response to
chemotherapy and radiotherapy [3].
There were case studies on the improvement of anorexia
in cancer patients using acupuncture [4] and acupressure [5],
and there was a clinical study of moxibustion treatment for
anorexia in patients with thyroid cancer [6]. Steroids, megestrol acetate, prokinetic agents (metoclopramide), ghrelin,

melatonin, and so on are administered to treat cancerous
anorexia state of cancer patients. Steroids can improve quality
of life and appetite, but can only be used for a short period
of time due to limitations of metabolism and infectious
side effects. Megestrol acetate improves appetite but also
has potential side effects such as water retention and vein
embolism [7]. In addition, prokinetic agents such as metoclopramide improve chronic nausea, but there is no apparently
proven effect on improving appetite [8]. It has been reported
in a small number of cancer patients that ghrelin stimulates
appetite and food intake [9].
Sipjeondaebo-tang (SJDBT, also known as Juzen-taihoto in Japanese and Shi-Quan-Da-Bu-Tang in Chinese), one
of the most commonly used traditional herbal medicines in
Korea, is prescribed for patients with deficiency syndrome,
suffering from anemia, fatigue, and anorexia [10, 11]. SJDBT
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Figure 1: Participants flow chart.

also has been known to have anticancer effects [12], and in
vivo study provided evidence on that SJDBT may be useful
for patients with cancer associated anorexia [13].
The purpose of this study was to evaluate the effect and
safety of SJDBT for anorexia in cancer patients by comparing the experimental group to placebo group using the Functional Assessment of Anorexia and Cachexia Treatment
(FAACT; Anorexia/Cachexia Subscale [ACS], Functional
Assessment of Cancer Therapy-General [FACT-G]), anorexia
Visual Analogue Scale (VAS), weight, body mass index
(BMI), adrenocorticotropic hormone (ACTH), and cortisol
values.

2. Materials and Methods
2.1. Study Design. A randomized, double-blind, placebo-controlled trial was conducted at the Dunsan Korean Medicine
Hospital of Daejeon University in Daejeon, Republic of
Korea. The Institutional Review Board of the Dunsan Korean
Medicine Hospital of Daejeon University approved the study
(reference DJDSKH-15-03-2 (Ver. 2.0)). The study protocol of
this study has already been published as a protocol paper and
also registered in ClinicalTrials.gov (NCT02468141) prior to
the completion of the clinical trial. We followed the methods
of Cheon et al. 2016 [14]. The process actually performed was
described in the present report. Written informed consent
was obtained from each participant prior to the study
procedures. Participants who fulfil the eligibility criteria were
enrolled. The enrolled participants were randomly assigned

to two parallel groups: the SJDBT group and placebo group
with the allocation ratio of 1 : 1. Each participant was assessed
for signs and symptoms of anorexia during the trial period.
The participants flow chart is shown in Figure 1.
This study was a pilot study that examines the feasibility
for a full randomized clinical trial of SJDBT for treating
cancer-related anorexia and determines the effect size for further large-scale studies. Thus, a total of 32 participants were
recruited for the study. Sixteen participants were allocated to
the SJDBT group and another sixteen to the placebo group.
SJDBT and placebo were produced and packaged by Hanpoong Pharm and Foods Co., Ltd., the pharmaceutical company, certified GMP (Good Manufacturing Practice) by the
Ministry of Food and Drug Safety of Korea. SJDBT includes
Cinnamomi Cortex (1.00 g), Paeoniae Radix (1.00 g), Atractylodis Rhizoma Alba (1.00 g), Ginseng Radix Alba (1.00 g),
Cnidii Rhizoma (1.00 g), Astragali Radix (1.00 g), Poria Sclerotium (1.00 g), Rehmanniae Radix Preparata (1.00 g), Angelicae Gigantis Radix (1.00 g), and Glycyrrhizae Radix (0.5 g).
These raw materials were extracted and concentrated to 3
grams for single dose. The placebo was made of lactose, corn
starch, and caramel colouring, and it had similar appearance,
shape, weight, taste, and colour to SJDBT. Investigational
products were manufactured in accordance with the Korean
herbal pharmacopoeia and the Korean pharmacopoeia [15,
16]. Brief description is as follows: Each herbal medicine of
SJDBT and 10-fold volume of purified water are put into an
extractor and extracted at 100∘ C for 3 hours. The extract is
filtered using a microfilter with a size of 25 𝜇m, and the filtrate
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Inclusion criteria
(1) men and women aged 20 to 80 years
(2) patients who have histologically or cytologically confirmed solid tumor
(3) patients who are suffering from anorexia
(4) patients within 1 month after completion of chemotherapy
(5) no plan for additional chemotherapy or radiotherapy
(6) anorexia VAS ≥ 40/100 mm
(7) Qi deficiency scale ≥ 30 or Blood deficiency scale ≥ 30
(8) neutrophil ≥ 1,500/𝜇l, platelet ≥ 100,000/𝜇l
(9) total bilirubin of the maximum normal level or less (1.2 mg/dl)
(10) alanine aminotransferase (ALT), aspartate aminotransferase (AST) lower than 2-fold the upper limit of
normal
(11) creatinine lower than 1.5 fold the upper limit of normal (1.09 mg/dl)
(12) written informed consent for participation in the trial
Exclusion criteria
(1) impossible to intake orally
(2) survived at least 5 years after cancer diagnosis
(3) Eastern Cooperative Oncology Group (ECOG) performance status score > 3
(4) Patients who have dementia, delirium or depression
(5) reports more than 7 points of Numeric Pain Rating Scale
(6) Patients who have diseases like hypoadrenalism which can influence on appetite
(7) taking palliative medicines such as megestrol acetate, corticosteroids, and thalidomide
(8) women of childbearing potential
(9) others who are judged not to be appropriate to study
Box 1: Participants eligibility criteria.

is concentrated under reduced pressure at 60∘ C or lower and
dried to obtain dried extract.
The participants received SJDBT or a placebo drug for
four weeks. They orally took 3 grams of granules with water
three times a day after meals for 4 weeks. The participants
were required to return the remaining drug for calculating
compliance at visit 3 and visit 4. During the trial, the
participants were prohibited to receive other treatments for
anorexia. All treatments were documented on the case report
form (CRF), including the drug name, the daily dose, the
purpose of the drug use, the route of administration, and the
start date and stop date.
2.2. Participants. Regardless of the type and stage of cancer,
all patients with solid cancer complaining of anorexia have
been subject to recruitment. Participants were recruited
regardless of chemotherapy and radiotherapy. The inclusion
and exclusion criteria are shown in Box 1.
2.3. Randomization and Blinding. Institute of Safety, Efficacy
and Effectiveness Evaluation for Korean Medicine (ISEE)
which was the Contract Research Organization (CRO) of
the present study generated random numbers. Block randomization with block size of four was performed. The
random numbers and randomization table were maintained
by the ISEE during the research period in opaque and sealed
envelopes. The opening procedure followed the Standard
Operating Procedures (SOPs). A research assistant who was
not involved in recruitment, intervention, or assessment of
outcomes prepared the envelopes. Investigators responsible
for recruitment and assessment were not allowed to take
part in the group allocation. Therefore, all the investigators,

monitors, and participants were blinded for assignment of the
study drugs.
2.4. Efficacy Measurements. The change in the ACS of
FAACT between the baseline (visit 2) and end of the study
(visit 4) was used as the primary outcome measurement
[17]. Secondary outcome measurements were as follows: the
changes in the FACT-G [17], anorexia VAS, qi deficiency
and blood deficiency scale [18], and clinical laboratory tests
including ACTH, cortisol, ghrelin, IL-6, erythrocyte sedimentation rate (ESR), and c-reactive protein (CRP). Blood
and urine specimens were collected for haematological test,
biochemistry test, and urinalysis at visit 1, visit 2, and visit 4.
The specimens were analysed in the clinical laboratory of trial
institution.
2.5. Safety Measurement. At every visit, vital signs including
blood pressure, pulse, respiration rate, and physical examination, haematologic test, biochemical test, and urine test
related to safety assessment and any adverse events were
documented in the CRFs.
2.6. Statistical Analysis. All statistical procedures were performed using the R statistical software (version 3.2.5; R
Foundation for Statistical Computing, Vienna, Austria). A
two-sided, 5% or lower 𝑝 value was considered statistically
significant. ITT (intention-to-treat, all randomly assigned
participants) data set was applied for data analysis. The continuous variables were displayed as mean ± SD, and the categorical variables were displayed as 𝑛 (%). The baseline characteristics were compared to see whether there is a significant
difference between SJDBT group and placebo group by either

4
an independent 𝑡-test for continuous variables including age,
height, weight, BMI, FAACT scale, anorexia VAS, SBP, DBP,
pulse, ACTH, cortisol, ghrelin, interleukin 6, ESR, and CRP
or the 𝜒2 test for the categorical data including gender, cancer
type, and anticancer therapy. For the efficacy variables, the
mean differences between the baseline and the end of the
treatment were compared using an independent 𝑡-test. Twoway repeated measured analysis of variance was also used to
determine differences between the groups and over time. The
normality assumption was tested using Shapiro-Wilk test.

3. Results
Of all the 32 randomized participants, 16 participants (50%)
took SJDBT and 16 participants (50%) took placebo. There
were 14 thyroid cancer, 7 breast cancer, 4 lung cancer, 2 breast
cancer, 2 colon cancer, and 2 cervical cancer participants.
Of the total 32 participants, 3 participants received both
chemotherapy and radiation therapy, 7 participants received
chemotherapy only, 9 participants received radiotherapy
only, and 13 participants did not receive both chemotherapy
and radiation therapy. In SJDBT group, there was one
participant lost to follow-up for low compliance. In placebo
group, there were two participants lost to follow-up who
withdrew the informed consent. No one dropped out before
receiving the intervention. Thus, 16 participants treated with
SJDBT and 16 participants treated with placebo were included
in the ITT analyses. After 4 weeks, 15 participants completed
the trial in the SJDBT group and 14 participants completed
the trial in the placebo group. Participants flow chart is shown
in Figure 1.
3.1. Baseline Characteristics. The baseline characteristics of
the two groups were shown in Table 1. Baseline characteristics
were similar in the two groups. There were no statistically
significant differences between the SJDBT group and placebo
group with respect to age, sex, height, weight, BMI, FAACT
scale, anorexia VAS, vital signs, and laboratory tests (𝑝 >
0.05).
3.2. Primary Outcomes
3.2.1. FAACT ACS. The mean FAACT ACS score at each
time point is shown in Table 2. The changes in the Anorexia/
Cachexia Subscale of FAACT between baseline and the end of
study were −4.63 in SJDBT group and −2.75 in placebo group,
but the changes of FAACT ACS score were not significantly
different between the two groups (𝑝 = 0.245). In the withingroup analysis, change in SJDBT group and placebo group
showed significant difference (𝑝 < 0.001 and 𝑝 = 0.025,
SJDBT group and placebo group, resp.). There was no statistically significant group-by-period interaction.
3.3. Secondary Outcomes
3.3.1. FAACT and Anorexia VAS. The mean FAACT score and
anorexia VAS at each time point are also shown in Table 2.
The changes in the FAACT score between baseline and the
end of study were −14.13 in SJDBT group and −7.38 in placebo
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group, but the changes of FAACT score were not significantly
different between the two groups (𝑝 = 0.124). In the withingroup analysis, change in SJDBT group and placebo group
showed significant difference (𝑝 < 0.001 and 𝑝 = 0.011,
SJDBT group and placebo group, resp.). The changes in the
anorexia VAS between baseline and the end of study were
25.78 in SJDBT group and 18.45 in placebo group, but the
changes of anorexia VAS were not significantly different
between the two groups (𝑝 = 0.346). In the within-group
analysis, change in SJDBT group and placebo group showed
significant difference (𝑝 < 0.001 and 𝑝 = 0.001, SJDBT
group and placebo group, resp.). There were no statistically
significant group-by-period interactions.
3.3.2. Clinical Laboratory Tests. In between-group analysis,
the change of ACTH, cortisol, ghrelin, IL-6, ESR, and CRP
between baseline and the end of study did not show statistically significant difference (Table 3). In within-group analysis,
all clinical laboratory tests did not show significant difference.
3.3.3. Qi Deficiency and Blood Deficiency Scale. In betweengroup analysis, the changes of qi deficiency scale and blood
deficiency scale between baseline and end of the study did not
show statistically significant difference (Table 4). In withingroup analysis, qi deficiency scale showed significant changes
in both of SJDBT group and placebo group, and blood
deficiency scale showed significant change in SJDBT group.
3.4. Safety Analysis. At every visit, systolic blood pressure
(SBP), diastolic blood pressure (DBP), pulse, AST, ALT, blood
urea nitrogen (BUN), and creatinine did not show significant
difference between SJDBT group and placebo group (Table 5).
In within-group analysis, at 2 weeks, DBP decreased in
the placebo group and, at 4 weeks, DBP decreased in the
SJDBT group. There was no noteworthy difference between
the SJDBT group and placebo group. Some statistically
significant changes in DBP were not in the abnormal range.

4. Discussion
The present study is double-blind, randomized, placebocontrolled trial that investigated whether SJDBT improves
appetite loss measured by FAACT ACS score and anorexia
VAS in cancer patients with anorexia after 4 weeks of
treatment. However, there was no statistically significant
difference between the SJDBT group and placebo group. In
addition to appetite loss, general aspect in quality of life measured by FAACT was also assessed after 4 weeks of treatment.
But, there was no statistically significant difference between
two groups. Otherwise, changes of clinical laboratory tests
including ACTH, cortisol, ghrelin, IL-6, ESR, and CRP were
unremarkable.
Although there was no statistically significant difference
between SJDBT group and placebo group, the changes of
FAACT and anorexia VAS in the SJDBT group imply the need
for large-scale trial in further studies. Given that the aspect of
change of total FAACT score is similar to that of FAACT ACS
score, further studies need to focus on not only the anorexia
but also overall status of cancer patients.
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Table 1: General characteristics of participants.
Variable
Age
Gender
Male
Female
Anthropometric measurements
Height, cm
Weight, kg
BMI
FAACT scale
FAACT ACS scale
Anorexia VAS
Systolic blood pressure (SBP), mmHg
Diastolic blood pressure (DBP), mmHg
Pulse, bpm
ACTH
Cortisol
Ghrelin
Interleukin 6
ESR
CRP
Cancer type
Breast cancer
Cervical cancer
Colon cancer
Gastric cancer
Lung cancer
Thyroid cancer
Anticancer therapy
Chemo- and radiotherapy
Chemotherapy only
Radiotherapy only
None

SJDBT group
(𝑛 = 16)
Mean ± SD

Placebo group
(𝑛 = 16)
Mean ± SD

p value

54.1 ± 8.4

55.1 ± 8.9

0.718

1 (6.2%)
15 (93.8%)

1 (6.2%)
15 (93.8%)

1.000

159.2 ± 4.5
58.4 ± 9.0
23.0 ± 3.2
92.6 ± 14.9
29.5 ± 4.8
59.3 ± 16.8
110.1 ± 19.0
70.6 ± 9.5
71.9 ± 9.7
17.8 ± 15.9
10.2 ± 6.5
1121.2 ± 812.2
1.9 ± 1.7
19.9 ± 10.4
0.1 ± 0.2

156.7 ± 5.4
59.1 ± 10.2
24.1 ± 4.5
92.1 ± 22.9
30.2 ± 5.5
58.8 ± 19.3
116.4 ± 12.8
75.9 ± 11.7
71.6 ± 9.8
19.5 ± 17.9
10.2 ± 5.4
978.6 ± 361.4
1.8 ± 1.9
18.7 ± 8.9
0.1 ± 0.2

0.178
0.831
0.424
0.942
0.711
0.937
0.275
0.168
0.929
0.771
0.995
0.528
0.883
0.717
0.983

3 (18.8%)
2 (12.5%)
1 (6.2%)
3 (18.8%)
1 (6.2%)
6 (37.5%)

4 (25.0%)
0 (0.0%)
1 (6.2%)
0 (0.0%)
3 (18.8%)
8 (50.0%)

0.267

3 (18.8%)
3 (18.8%)
3 (18.8%)
7 (43.8%)

0 (0.0%)
4 (25.0%)
6 (37.5%)
6 (37.5%)

0.239

There was a report that Rikkunshito which is often
prescribed for the treatment of anorexia regulates ghrelin
secretion and degradation, sensitizes ghrelin receptor, and
antagonizes the 5-HT2b/c receptors [19]. However, in the
present study, SJDBT did not affect the concentration of
ghrelin. It is speculated that these two herbal medicines have
different mechanisms on anorexia. The previous study suggested that SJDBT regulates levels of glucagon-like peptide1 (GLP-1) and peptide tyrosine tyrosine (PYY) which are
satiety stimulators in serum [13, 20, 21]. Therefore, in further
clinical studies, effects of SJDBT on GLP-1 and PYY need to
be investigated.
Although the present study did not show statistically
significant difference between SJDBT and placebo, previous

preclinical study reported that SJDBT improves cancerinduced weight loss and anorexia in mice [13]. Moreover, in
preclinical studies, SJDBT improved immunological function
and had antiangiogenic action [22, 23], inhibited cancer
cell metastasis by inducing NK cell activity [24], suppressed
enlargement of tumor size [25], and alleviated bone marrow
suppression by anticancer drug [26]. In clinical studies,
SJDBT ameliorated anemia which is a frequent complaint of
patients with cancer [27], improved quality of life in patients
with cancer receiving chemotherapy [28], and showed
immune enhancement effect in patients with advanced pancreatic cancer [29]. Thus, a comprehensive approach and
further studies are needed to utilize SJDBT for management
of patients with cancer.
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Table 2: Changes from baseline to the end of the study on anorexia.
Variable

FAACT
ACS scale

Period

SJDBT group (𝑛 = 16)

Placebo group (𝑛 = 16)

Mean ± SD

Mean ± SD

0 weeks

29.50 ± 4.84

30.19 ± 5.54

2 weeks

33.19 ± 4.86

31.19 ± 4.64

4 weeks

34.13 ± 6.03

32.94 ± 6.56

−4.63 ± 4.50

−2.75 ± 4.43

week

Δ(0–4

)

0 weeks

92.56 ± 14.94

92.06 ± 22.89

2 weeks

104.13 ± 17.51

94.44 ± 22.95

4 weeks

106.69 ± 20.00

99.44 ± 25.15

Δ(0–4week )

−14.13 ± 13.73

−7.38 ± 10.13

0 weeks

59.34 ± 16.78

58.83 ± 19.34

2 weeks

39.56 ± 12.46

39.80 ± 23.18

4 weeks

33.57 ± 19.34

40.38 ± 27.29

25.78 ± 24.04

18.45 ± 18.99

Δ(0–4

week

ANOVA

Period effect

0.456

0.028

0.176

0.118

0.600

<0.001

0.245

0.124

Period X group interaction: 𝑝 = 0.661

ANOVA

Anorexia
VAS

Group effect

Period X group interaction: 𝑝 = 0.602

ANOVA

FAACT

𝑝

)

0.346

Period X group interaction: 𝑝 = 0.730

FAACT: Functional Assessment of Anorexia Cachexia Therapy; ACS: Anorexia-Cachexia Subscale; VAS: Visual Analogue Scale; 𝑝 represents 𝑝 value of
comparison between mean difference of SJDBT group and placebo group.

Table 3: Changes from baseline to the end of the study on clinical laboratory tests.
SJDBT group (𝑛 = 16)
Mean ± SD
(𝑝intra )

Variable

Period
0 weeks

17.76 ± 15.94

ACTH

4 weeks

15.28 ± 8.94

Cortisol

Ghrelin

IL-6

ESR

CRP

Placebo group (𝑛 = 16)
Mean ± SD
(𝑝intra )
19.52 ± 17.95

0.468

15.12 ± 10.58

𝑝
0.771

0.199

0.963

Δ(0–4week )

2.48 ± 13.29

4.40 ± 13.10

0.683

0 weeks

10.22 ± 6.45

10.23 ± 5.44

0.995

4 weeks
Δ(0–4week )

10.19 ± 5.20
0.03 ± 5.25

0 weeks
4 weeks

1121.19 ± 812.25
1252.69 ± 753.61

Δ(0–4week )

−131.51 ± 228.54

0 weeks

1.93 ± 1.69

4 weeks
Δ(0–4week )

2.61 ± 2.42
−0.68 ± 2.09

0 weeks
4 weeks
Δ(0–4week )

19.94 ± 10.36
20.75 ± 11.46
−0.81 ± 5.62

0 weeks

0.08 ± 0.17

4 weeks
Δ(0–4week )

0.10 ± 0.27
−0.02 ± 0.28

0.982

0.036

8.60 ± 4.19
1.63 ± 6.28
978.63 ± 361.44
1255.50 ± 724.46

0.316

0.044

−276.87 ± 504.58

0.572

2.60 ± 4.55
−0.77 ± 3.64
18.69 ± 8.90
18.63 ± 7.47
0.06 ± 7.07

0.883
0.412

0.972

0.08 ± 0.16
0.741

0.11 ± 0.20
−0.03 ± 0.22

0.526
0.992
0.302

1.83 ± 1.87
0.213

0.350
0.441

0.996
0.934
0.717
0.539
0.701
0.983

0.570

0.907
0.921

ACTH: adrenocorticotropic hormone; IL-6: interleukin 6; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; (𝑝intra ) represents 𝑝 value of
comparison between 0 weeks and 4 weeks within each group; 𝑝 represents 𝑝 value of comparison between SJDBT group and placebo group in each period.
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Table 4: Changes from baseline to the end of the study on qi and blood deficiency.
Variable

Qi

Blood

Period
0 weeks
4 weeks
Δ(0–4week )
0 weeks
4 weeks
Δ(0–4week )

SJDBT group (𝑛 = 16)
Mean ± SD
(𝑝intra )
56.25 ± 9.90
38.75 ± 14.54
0.002
17.50 ± 18.18
47.56 ± 13.16
36.63 ± 15.31
0.034
10.94 ± 18.76

Placebo group (𝑛 = 16)
Mean ± SD
(𝑝intra )
58.56 ± 12.01
39.19 ± 14.31
<0.001
19.38 ± 15.71
47.94 ± 16.63
36.81 ± 18.57
0.076
11.13 ± 23.34

p
0.557
0.932
0.757
0.944
0.975
0.980

(𝑝intra ) represents p value of comparison between 0 weeks and 4 weeks within each group; 𝑝 represents 𝑝 value of comparison between SJDBT group and
placebo group in each period.

Table 5: The result for safety analysis.
Variable

SBP, mmHg

DBP, mmHg

Pulse, bpm

AST, IU/L
ALT, IU/L
BUN, mg/dL
Cre, mg/dL

Period
0 weeks
2 weeks
4 weeks
0 weeks
2 weeks
4 weeks
0 weeks
2 weeks
4 weeks
0 weeks
4 weeks
0 weeks
4 weeks
0 weeks
4 weeks
0 weeks
4 weeks

SJDBT group (𝑛 = 16)
Mean ± SD
(𝑝intra )
110.06 ± 18.99
111.94 ± 16.38
0.471
112.50 ± 17.75
0.397
70.63 ± 9.45
73.81 ± 9.03
0.140
75.31 ± 12.47
0.047
71.94 ± 9.74
73.38 ± 11.98
0.477
75.94 ± 9.94
0.128
20.94 ± 6.81
24.94 ± 14.09
0.157
17.31 ± 9.41
20.13 ± 13.39
0.210
12.19 ± 2.85
13.44 ± 2.84
0.138
0.75 ± 0.10
0.76 ± 0.08
0.513

Placebo group (𝑛 = 16)
Mean ± SD
(𝑝intra )
116.44 ± 12.83
114.38 ± 16.04
0.445
116.81 ± 12.30
0.893
75.94 ± 11.68
70.13 ± 11.48
0.038
76.19 ± 10.06
0.922
71.63 ± 9.82
73.81 ± 6.24
0.216
70.38 ± 7.88
0.460
21.38 ± 5.44
23.06 ± 7.13
0.217
21.63 ± 11.53
22.50 ± 10.92
0.609
13.95 ± 3.80
13.38 ± 3.07
0.489
0.80 ± 0.11
0.79 ± 0.09
0.779

p
0.275
0.674
0.431
0.168
0.321
0.829
0.929
0.898
0.090
0.842
0.638
0.256
0.587
0.149
0.953
0.242
0.320

SBP: systolic blood pressure; DBP: diastolic blood pressure; AST: aspartate aminotransferase; ALT: alanine transferase; BUN: blood urea nitrogen; Cre:
creatinine; (𝑝intra ) represents 𝑝 value of comparison between 0 weeks and 𝑛 weeks within each group; 𝑝 represents 𝑝 value of comparison between SJDBT
group and placebo group in each period.

Qi deficiency leads to decreased visceral functions and
lowered body resistance and blood deficiency is any pathological change characterized by deficiency of blood which
fails to nourish organs, tissues, and meridians/channels [30].
In the present study, qi deficiency and blood deficiency
were improved in both groups and there was no statistically
significant difference.
It has been reported that Astragali Radix and ginsenoside
Rg1 which is a major component of Ginseng Radix have a
beneficial effect on anorexia [31, 32]. However, most of the
mechanisms of the active compounds of herbal medicine
used in anorexia treatments remain unclear [33]. Likewise,
molecular mechanisms of compounds in SJDBT also remain
unknown and these are major challenges for herbal medicine
research [34].
There were some limitations of the present study. The
sample size was too small to show statistically significant
results. However, the results of the present pilot study will

be used for designing the main study. The purpose of this
study was to evaluate efficacy of SJDBT for anorexia; thus
we only prohibited participants from taking medications that
aim to improve appetite, not for other purposes; therefore
many participants took herbal medicines which could affect
the qi deficiency and blood deficiency for treatment of fatigue
or pain, and so on. This has made it difficult to assess the
effects of SJDBT on qi deficiency and blood deficiency. It was
an inevitable choice for the needs of patients using Korean
medicine hospital and for facilitating clinical trial recruitment. For a similar reason, all patients with solid cancer
complaining of anorexia were recruited and the number of
participants was too small to investigate the difference in the
effect of SJDBT and the difference of anorexia according to
cancer type. Another limitation of the present study is that the
type of chemotherapy drugs was not confirmed and thus we
could not confirm the difference of effect of SJDBT according
to the type of chemotherapy. This is because the participants
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received primary treatment of cancer from other medical
institutions, and then the study was conducted on participants who visited the trial institution for symptoms management. Although these limitations limit the interpretation of
the study results, the present study is meaningful in that such
pilot study results are necessary to conduct large-scale, rigorous study in the medical reality in Korea. Rigorous further
studies which compensate these defects will be necessary to
ascertain the efficacy of SJDBT for anorexia in cancer patient.

5. Conclusions
The present pilot study showed the feasibility that SJDBT
could be used for management of patients with cancer.
Compared to baseline, 4 weeks of SJDBT treatment improved
the quality of life assessed by the FAACT and anorexia
in patients with cancer. However, there was no statistically
significant difference between SJDBT group and placebo
group. These findings could be used as preliminary data for
further large-scale studies.
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Objective. We aimed to evaluate the therapeutic effects and long-term effects of YKF and dissect the potential mechanisms.
Materials and Methods. IPF rats were given YKF, prednisone, or pirfenidone, respectively, from day 1 to day 42, followed by a 28day nonintervention interval through day 70. Forced vital capacity (FVC), histopathology, hydroxyproline (HYP) contents, lung
coefficient, blood inflammatory cell populations, inflammatory cytokine levels of the lung tissues, and the expression of proteins
involved in nuclear factor- (NF-) 𝜅B signaling pathway were evaluated on days 7, 14, 28, 42, and 70. Results. HYP contents, Ashcroft
scores, lung coefficient, and pulmonary fibrosis blood cell populations increased significantly in IPF rats, while FVC declined. All the
above-mentioned parameters were improved in treatment groups from day 7 up to day 70, especially in YKF group. The mRNA and
protein expressions of tumor necrosis factor- (TNF-) 𝛼 significantly decreased, while interferon- (IFN-) 𝛾 significantly increased,
and phosphorylations of cytoplasm inhibitor of nuclear factor kappa-B kinase 𝛽 (IKK𝛽), inhibitor of nuclear factor kappa-B 𝛼
(I𝜅B𝛼), and NF-𝜅B were obviously downregulated in YKF group from day 7 to day 70. Conclusion. YKF has beneficial protective
and long-term effects on pulmonary fibrosis by anti-inflammatory response and alleviating fibrosis.

1. Introduction
Idiopathic pulmonary fibrosis (IPF) is an insidious and progressive disorder characterized by the aberrant deposition of
extracellular matrix, which leads to irreversible destruction of
lung architecture and dysfunction of gas exchange [1]. Recent
studies suggested an increasing prevalence and increasing
incidence of IPF [2, 3]. It is a fatal disease with a median
survival estimated at 2–5 years from diagnosis. Nevertheless,
currently available treatments, represented by pirfenidone,
proved to have side effects and brought weighty economy

burden [4, 5]. Therefore, novel therapeutic agents are needed
urgently for the effective treatment of IPF.
IPF is a severe result of an aberrant injury repair
process in lung tissue. This pathophysiologic dysregulation
involves a complex interaction between epithelial injury,
oxidative stress, coagulation disturbances, and inflammation,
ultimately leading to transformation of several cell types into
myofibroblasts and extracellular matrix deposition [6]. When
encountering the invaders, alveolar epithelium can secrete
tumor necrosis factor- (TNF-) 𝛼, the mediator of inflammatory signal pathway [7], which can amplify the inflammation
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Table 1: The main compositions and chemical compounds of Yangqing Kangxian formula.

Main composition

Latin name

Main chemical compounds

Amount (g)

Mai Men Dong

Ophiopogon japonicas

15

Nan Sha Shen

Adenophorae Ae Radix

Ophiopogonin A,
methylophiopogonanone A
Mandanol, beta-sitosterol, ethyl
oleate (NF)

Xi Yang Shen

Panax quinquefolius Radix

Gua Lou

Trichosanthes kirilowii Maxim

Zhe Bei Mu

Fritillariae thunbergii Bulbus

Chi Shao

Radix Paeoniae Rubra

response by the activation of nuclear factor- (NF-) 𝜅B transcription factor. The inflammation response is responsible
for the recruitments of leukocyte and lymphocyte and the
aggravation of oxidative stress injury [8]. Data demonstrate
that TNF-𝛼 is elevated in bronchoalveolar aspirate of patients
with IPF [9]. Interferon- (IFN-) 𝛾 is an important Th-1
cytokine, which inhibits fibroblast proliferation and collagen
accumulation in in vitro and in vivo studies [10, 11].
Traditional Chinese medicine (TCM) has provided effective therapies of chronic pulmonary disorders for thousands
of years, including alleviating the clinical symptoms, improving pulmonary function, and exercise capacity [12, 13]. Longterm therapeutic superiority is the salient feature of TCM
treatment. Current studies of traditional medicinal formula
and herbal monomer were proved to be effective in the treatment of IPF [14–19]. For instance, Buzhong Yiqi formula can
suppress inflammation through regulating immune response,
Yu Ping Feng formula can alleviate pulmonary fibrosis
by reducing the expression of transforming growth factor(TGF-) 𝛽1, 𝛼-smooth muscle actin (SMA), and collagen
(COL)-1. In addition, our previous studies have confirmed
that TCM formulae display long-term beneficial effect on
chronic pulmonary disease probably by modulating the lipid
metabolism, oxidative stress, and inflammatory response
pathways at system level [20–24]. In clinical treatment of IPF
patients, we found that Yangqing Kangxian formula (YKF)
had beneficial effects on alleviating the clinical symptoms of
IPF patients, whose HRCT featured as interstitial pneumonia.
However, the long-term effects and underlying therapeutic
mechanism of YKF on IPF are not clear.
In this study, we observed the forced vital capacity
(FVC), pulmonary histomorphology, hydroxyproline (HYP)
contents, inflammatory biomarkers in blood and lung tissues,
and activation of NF-𝜅B signaling pathway and aimed to
investigate the mechanisms of YKF therapeutic effect.

2. Materials and Methods
2.1. Drugs. Yangqing Kangxian formula, a formula of traditional Chinese herbs, was prepared by the Pharmaceutical

12

Polyacetylene PQ-2,
beta-sitosterol, papaverine
Diosmetin, spinasterol,
hydroxygenkwanin
Beta-sitosterol, pelargonidin,
zhebeiresinol

15

Baicalein, evofolin B,
paeoniflorigenone

12

6

9

Department in Henan University of Chinese Medicine. The
main compositions of YKF were shown in Table 1. All herbs
were water- or ethanol-extracted and made into dry extract,
ultimately, according to its standard operation procedure.
Each 1 g dry extract contains 3.01 g of raw herbs.
Bleomycin was purchased from Nippon Kayaku (Batch
number 730342). Prednisone acetate tablets were purchased
from Zhejiang Xianju Pharmaceutical Co., Ltd. (Batch number 140138). Pirfenidone was donated by Beijing Continent
Pharmaceutical Co., Ltd. (Batch number 150603).
2.2. Animals. Two hundred Sprague Dawley rats (weighting 180 ± 20 g, Certificated: SCXK (Yu) 2010-0002) purchased from Laboratory Animal Center of Henan Province
(Zhengzhou, Henan, China) were housed in individual ventilated cages (Fengshi, Jiangsu, China) located in the First Affiliated Hospital, Henan University of Chinese Medicine, with
free access to purified water and pellet feed (Xietong Medical
Bioengineering, Nanjing, Jiangsu, China). The laboratory
temperature was maintained at 22∼24 degrees Celsius (∘ C),
and relative humidity at 50%∼70%. All rats were adapted
and housed in the laboratory 5 days before experiment. The
experimental procedures were approved by the Experimental
Animal Care and Ethics Committees of the First Affiliated
Hospital, Henan University of Traditional Chinese Medicine
(Zhengzhou, Henan, China).
2.3. Model Preparation and Administrations. All rats were
randomly divided into control group (𝑛 = 40), BLM group
(𝑛 = 40), BLM + YKF group (𝑛 = 40), BLM + PD group
(𝑛 = 40), and BLM + PF group (𝑛 = 40). The control
rats were intratracheally injected with phosphate-buffered
saline (PBS) via intubation after being anesthetized with 10%
chloral hydrate. The other rats were intratracheally injected
with bleomycin (5 mg/kg) dissolved in PBS [25]. The control
and BLM rats were treated by normal saline, and the other
three groups were given YKF (0.89 g/100 g body weight), prednisone (0.5 mg/100 g body weight), and pirfenidone (5 mg/
100 g body weight), respectively [15, 26]. All the treatments
were initiated 24 hours (day 1) after bleomycin challenge, q.d.,
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Table 2: Treatment protocol for the experiment.
Treatment phase
Group
NS

(Day 1 to day 42)
NS
PD

Treatment-free phase
PF

NS

(Day 43 to day 70)
NS
PD

PF

Control
BLM
BLM + YKF

+
+
−

+
+
−

−
−
−

−
−
−

−
−
−

−
−
−

−
−
−

−
−
−

BLM + PD
BLM + PF

−
−

−
−

+
−

−
+

−
−

−
−

−
−

−
−

Note. +: treated with this medicine; −: not treated with this medicine; BLM: bleomycin-induced IPF rats; BLM + YKF: bleomycin-induced IPF rats treated with
Yangqing Kangxian formula; BLM + PD: bleomycin-induced IPF rats treated with prednisone; BLM + PF: bleomycin-induced IPF rats treated with pirfenidone.

for 42 days, and then administrations ceased from day 43
through 70. The experiment protocol was shown in Table 2.
Dose adjustments were made weekly according to the body
mass. The dosage of YKF was calculated according to the
body surface area conversion equation: 𝐷rat = 𝐷human ×
(𝐼rat /𝐼human ) × (𝑊rat /𝑊human )2/3 : 𝐷: dose; 𝐼: body shape index;
𝑊: bodyweight.
Six rats were sacrificed in each group on days 7, 14, 28, and
42, the rest were sacrificed on day 70, and the samples were
harvested to prepare for analysis.
2.4. FVC Test. FVC was determined with a computer controlled pulmonary function test (PFT) system (BUXCO, DSI,
MN, USA). After being anaesthetized and endotracheally
intubated, rats were placed in the sealed chamber and
connected to the device via the intubation, and the respiratory
data was acquired with a pressure volume transducer and
presented with FlexiVent software (BUXCO, DSI, MN, USA).
2.5. Blood Cytological Analysis. After FVC test, the blood
samples were collected from the anesthetized animals. The
numbers of blood inflammatory cells were analyzed by
automated differential cell counter (Beckman Coulter Ac .T
5 diff, US) in our lab.
2.6. Lung Coefficient Calculation. After being removed and
cleaned with ice-cold PBS solution, all lung lobes were wiped
with filter paper and lung wet weight was weighed. Lung
coefficient was calculated as the ratio of lung wet weight (mg)
and body weight (g).
2.7. Hydroxyproline Assay in Lung Tissue. HYP contents were
measured according to the manufacture’s instruction of the
kit (Jiancheng, Nanjing, China). 80 mg lung tissues were
hydrolyzed with 1 ml of alkaline hydrolysate and boiled at
95∘ C for 20 min and then centrifuged at 3000 rpm for 10 min
at 4∘ C. The supernatant was obtained and hydroxyproline
content was measured on an ultraviolet spectrophotometer
(Thermo Fisher, MA, US). Results were expressed in microgram per gram tissue (𝜇g/g tissue).

2.8. Histomorphology and Immunohistochemical Analyses.
The trachea was cannulated, and the lung was removed from
the thoracic cavity. The right extrapulmonary bronchus was
ligated with sutures, and the right lung lobes were removed.
The left lung lobe was perfusion-fixed with 10% neutral
buffered formalin via the trachea at a constant pressure of
30 cm fixative for 2 h, and it was immersed in the same
fixative for 72 h before further processing. After formalin
fixation, the left lung lobe was cut into 3 mm thick tissue
block and embedded in paraffin (Leica, Germany) after
graded ethanol dehydration and xylene hyalinization. Five
𝜇m thick sections were sliced and stained with standard
hematoxylin and eosin (HE) solution (Solarbio, Beijing,
China), and Masson’s Trichrome stain kit (Solarbio, Beijing,
China) according to the instructions. Histomorphological
changes were inspected under a microscope (Leica, Germany), and three nonoverlapping microphotographs were
captured per lung for image analysis by two researchers in a
blinded fashion. Ashcroft score was assessed to evaluate the
degree of pulmonary fibrosis, as follows: 0: normal lung; 1:
minimal fibrous thickening of alveolar or bronchiolar walls;
3: moderate thickening of walls without obvious damage to
lung architecture; 5: increased fibrosis with definite damage to
lung structure and formation of fibrous bands or small fibrous
masses; 7: severe distortion of structure and large fibrous
areas (“honeycomb lung” is placed in this category); 8: total
fibrous obliteration of the field [27].
For immunohistochemical analysis, sections were
blocked with 5% bovine serum albumin (BSA) for 20 min and
incubated with antibodies against TNF-𝛼 (1 : 150 dilution,
Bioss, Beijing, China) and IFN-𝛾 (1 : 100 dilution, Bioss,
Beijing, China) at 4∘ C for 12 h, followed by incubation with
goat anti-rabbit immunoglobulin G (ZSGB-BIO, Beijing,
China) at 25∘ C for 2 h; then the sections were counterstained
with hematoxylin. The expressions of the above-mentioned
proteins were observed with a Leica microscope, and images
were collected for semiquantitative analysis achieved by
Image-Pro Plus 6.0 professional image acquisition and
analysis system (Media Cybernetics, MD, USA). Three
nonoverlapping microphotographs were captured per lung
for image analysis by two researchers in a blinded fashion. The
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IHS score was calculated as Robert’s report [28]: (1) Positive
cell quantity includes the following: no staining scored as 0,
1∼10% of cells stained scored as 1, 11∼50% as 2, 51∼80% as
3, and 81∼100% as 4. (2) Staining intensity was rated with a
scale of 0 to 3: 0 = negative; 1 = weak; 2 = moderate, and 3 =
strong. When there is multifocal immunoreactivity and there
are significant differences in staining intensities between foci,
the average of the least intense and most intense staining was
recorded. The raw data were converted to IHS by multiplying
the quantity and staining intensity scores.
2.9. Real-Time Polymerase Chain Reaction Analysis. The
expressions of TNF-𝛼 and IFN-𝛾 mRNAs of lung tissues were
analyzed by quantitative real-time polymerase chain reaction
(qRT-PCR). Total RNA was extracted by using TRIzol reagent
(Ambion, California, US) according to the instructions; concentration and integrity of total RNA were verified by a NanoDrop2000 nanospectrophotometer (Thermo, MA, USA)
and electrophoresis in 2% agarose gel. Reverse transcription
(RT) was proceeded by using SuperScript III First-Strand
Synthesis SuperMix for qRT-PCR Kit (Invitrogen, California,
US), and real-time PCR reactions were performed by using
Platinum SYBR Green qPCR SuperMix-UDG with ROX
Kit (Invitrogen, California, US). The reaction systems were
prepared following the instructions of the kits and reacted
on an ABI 7500 real-time instrument (ABI, California, US).
The initial enzyme activation step was at 95∘ C for 2 min,
followed by 40 cycles of 95∘ C for 15 s and 60∘ C for 30 s.
At the end of PCR, to evaluate specific amplification of the
target genes, melting curves ranging from 60 to 95∘ C were
also included in each run. The primers of TNF-𝛼 and IFN-𝛾
were designed and synthesized by Genscript Biotech Co. Ltd
(Nanjing, Jiangsu, China). Sequences were shown in Table 3.
2.10. Western Blotting Analysis. Lung tissues homogenized
in radioimmunoprecipitation assay (RIPA) lysis buffer
containing phenylmethanesulfonyl fluoride (PMSF) and
phosphatase inhibitors (Solarbio, Beijing, China) were
centrifuged at 12000 rpm for 5 min at 4∘ C, for total and
nuclear protein extraction. The phosphorylations of I𝜅B𝛼 (pI𝜅B𝛼) and IKK𝛽 (p-IKK𝛽) and nuclear phosphorylated NF𝜅B (p-NF-𝜅B) in the lungs were determined with Western
blotting technology. The protein concentrations were
detected according to the instruction of BCA protein assay kit
(Solarbio, Beijing, China), and then protein denaturalization
was performed at 100∘ C for 10 min with 2% SDS and 5% 2mercaptoethanol added. 30 𝜇g protein was separated by 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to polyvinylidene difluoride
(PVDF) membranes (Millipore, Bedford, MA, USA). The
membranes were blocked with 5% skim milk and then
incubated with primary antibody, p-NF-𝜅B, p-I𝜅B𝛼, p-IKK𝛽
(CST, MA, USA), GADPH (Proteintech, Wuhan, China),
and horseradish peroxidase- (HRP-) conjugated secondary
antibodies (Proteintech, Wuhan, China) subsequently.
Signals were gained by using the Super ECL Plus reagent
(Solarbio, Beijing, China) and were scanned and quantified
by Molecular Imager Gel Doc XR System (Bio-Rad, CA,
US).
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2.11. Statistical Analysis. Unless noted, six rats were included
in statistical analysis in each group on days 7, 14, 28, and
42. On day 70, four rats in BLM group, five in BLM + PD
group, and six rats in the other three groups, respectively,
were included in statistical analysis.
Statistical data are expressed as mean ± standard error of
mean (SEM). Kruskal-Wallis 𝐻 test was used if the data do
not comply with the normal distribution; if the data comply
with the normal distribution, one-way analysis of variance
followed by SNK or Dunnett’s T3 post hoc test was used
for multiple comparisons. Differences were considered to be
significant at 𝑃 values < 0.05. All statistical analyses were
performed with SPSS 19.0 software (IBM, NY, USA).

3. Results
3.1. Mortality. From day 0 to day 14, the rats of BLM group
and treatment groups died of severe pneumonia induced by
bleomycin. From day 15 to day 28, two rats died of choke when
given gavage in BLM + YKF and BLM + PF group (Table 4).
3.2. YKF Ameliorated Pulmonary Function in Rats. As we
know, progressive aggravation of pulmonary function is a feature of IPF. To elucidate the effects of YKF on BLM-induced
pulmonary dysfunction, FVC was tested dynamically. As a
result, FVC was significantly decreased in the BLM group
rats. Compared with BLM rats, it was improved in YKF,
prednisone, and pirfenidone treated groups throughout the
experiment at different degrees. Moreover, FVC increased
significantly in YKF treated rats on day 70 (𝑃 < 0.05).
There was no significant difference among the three treatment
groups (Figure 1(a)).
3.3. YKF Alleviated Pulmonary Injuries and Fibrosis in Rats.
Lung coefficient is an index for evaluating lung edema. BLM
exposure resulted in notable increase of lung coefficient from
day 7 to day 70 (𝑃 < 0.01). Compared with BLM group, it
was markedly decreased in YKF group (days 7, 14, 28, and 70,
𝑃 < 0.05 or 𝑃 < 0.01), prednisone group (days 7, 14, and 28,
𝑃 < 0.01), and pirfenidone (day 14, 𝑃 < 0.01). Compared with
YKF group, lung coefficient of prednisone group is lower on
day 14 (𝑃 < 0.01) (Figure 1(b)).
To identify the degree of lung injury after treatment,
sections of lung tissue were stained with H&E and Masson trichrome, and the severity of pulmonary fibrosis was
assessed according to Ashcroft score. Normal structure
with no pathologic changes was displayed in control rats
under microscope. Extensive inflammatory infiltration, characterized by neutrophil and macrophage accumulation, and
thickening of alveolar walls were observed obviously in
parenchyma in IPF rats from day 7 to day 14 after bleomycin
was challenged on day 0. Meanwhile, fibrosis region with
marked disruption of the alveolar unit and accumulated
deposition of collagen were also observed on day 7 and
aggravated from day 14. On days 28, 42, and 70, consolidated
areas of fibrosis accompanied with collagen accumulation
were evident. The inflammation was marked and suppressed
in rats treated with YKF, prednisone, or pirfenidone from
7 to 70 days after BLM was challenged, as well as the

Note. F: forward; R: reverse.

GADPH

IFN-𝛾

TNF-𝛼

Gene

F
R
F
R
F
R

Oligonucleotide primers (5 -3 )
CGTCAGCCGATTTGCCATTT
TCCCTCAGGGGTGTCCTTAG
GAGGAACTGGCAAAAGGACG
AGGTGCGATTCGATGACACT
AAGGTCGGTGTGAACGGATT
CTTTGTCACAAGAGAAGGCAGC
70

132

88

Product size (bp)

Table 3: The primer sequences of mRNAs.
Annealing (∘ C)
60
60
60
60
60
60

Cycle
40
40
40
40
40
40
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40
40
40
40
40

Day 0
0
2
1
1
0

Days 1 to 7
0
6
4
5
4

Days 8 to 14
0
4
4
5
5

Number of deaths
Days 15 to 21
0
0
0
0
1

Days 21 to 28
0
0
1
0
0

Days 29 to 70
0
0
0
0
0

0
30
25
27.5
25

Mortality (%)

Note. BLM: bleomycin-induced IPF rats; BLM + YKF: bleomycin-induced IPF rats treated with Yangqing Kangxian formula; BLM + PD: bleomycin-induced IPF rats treated with prednisone; BLM + PF: bleomycininduced IPF rats treated with pirfenidone.

Group
BLM
BLM + YKF
BLM + PD
BLM + PF

𝑁

Table 4: Mortalities of the rats in each group.
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Figure 1: Changes of FVC and lung coefficient in bleomycin-induced pulmonary fibrosis rats treated with Yangqing Kangxian formula,
prednisone, or pirfenidone. (a) Forced vital capacity (FVC). (b) Lung coefficient. BLM: bleomycin; YKF: Yangqing Kangxian formula; PD:
prednisone; PF: pirfenidone. Values represented as mean ± SEM. AA 𝑃 < 0.01 and A 𝑃 < 0.05, versus BLM group. BB 𝑃 < 0.01 and B 𝑃 < 0.05,
versus BLM + YKF group, CC 𝑃 < 0.01 and C 𝑃 < 0.05, versus BLM + PD group, and DD 𝑃 < 0.01 and D 𝑃 < 0.05, versus BLM + PF group.

decrease in Ashcroft scores for fibrosis (Figures 2(a), 2(b), and
3(a)).
Pulmonary fibrosis is characterized by collagen accumulation. HYP is an index of collagen contents. Analyses of HYP
contents were conducted to evaluate the effect of YKF. HYP
was elevated in BLM challenged rats from day 28 up to day
70. Compared with BLM group, it was significantly decreased
in YKF, prednisone, and pirfenidone group at different
levels from day 28 up to day 42 (𝑃 < 0.01). Compared
with BLM rats, HYP level reduced obviously in YKF and
pirfenidone treated rats (𝑃 < 0.05) but not in prednisone
treated rats (𝑃 > 0.05) on day 70. There was no significant
difference among the three treatment groups at each time
point (Figure 3(b)).
3.4. YKF Regulated Inflammatory Response. The numbers
of blood inflammatory cells were analyzed by automated
differential cell counter. As a result, BLM challenge resulted
in significant increases in leukocyte populations from day 7
through day 70 (𝑃 < 0.05 or 𝑃 < 0.01), while there were
tendencies of suppression in YKF group (days 7, 14, 42, and
70, 𝑃 < 0.05 or 𝑃 < 0.01), prednisone group (days 7, 28, and
42, 𝑃 < 0.05 or 𝑃 < 0.01), and pirfenidone group (days 7
and 28, 𝑃 < 0.05). Compared with YKF group, the leukocyte population of pirfenidone group is higher on day 70
(𝑃 < 0.05) (Figure 4(a)).
Compared with BLM group, lymphocyte level of YKF
group decreased significantly on days 7, 14, 28, and 70 (𝑃 <
0.05 or 𝑃 < 0.01); lymphocyte population decreased significantly in YKF group (days 7, 14, and 42, 𝑃 < 0.05 or 𝑃 <
0.01), prednisone group (days 7, 14, and 28, 𝑃 < 0.05 or 𝑃 <
0.01), and pirfenidone treated group (day 14, 𝑃 < 0.01). Compared with YKF group, lymphocyte level is higher in pirfenidone group on day 14 (𝑃 < 0.01) (Figure 4(b)).
Neutrophils increased significantly in bleomycin group
from day 7 to day 28 (𝑃 < 0.01). Compared with BLM group,

the neutrophils level significantly decreased in YKF (on days
7, 14, and 28, 𝑃 < 0.01), prednisone (on days 14 and 28,
𝑃 < 0.05 or 𝑃 < 0.01), and pirfenidone group (on days 7 and
28, 𝑃 < 0.01). The neutrophil amount was greater in YKF
group than pirfenidone group on day 7 (𝑃 < 0.05). Compared with prednisone group, the neutrophil level was lower
in pirfenidone group on day 7 (Figure 4(c)).
Monocytes increased on days 7 and 14 in bleomycin
challenged rats (𝑃 < 0.01) compared with BLM group; they
were significantly decreased in YKF, prednisone, and pirfenidone groups on days 7 and 14 (𝑃 < 0.05 or 𝑃 < 0.01)
(Figure 4(d)). There was no significant difference among the
three treatment groups (Figure 4(d)).
The inflammatory cytokine TNF-𝛼 and IFN-𝛾 protein
and mRNA in lung tissue were examined by immunohistochemical stain and RT-PCR. From day 7 to day 70, the
expression of TNF-𝛼 protein and mRNA markedly increased
in BLM challenged rats (𝑃 < 0.01) and significantly decreased
in YKF, prednisone, and pirfenidone treated rats (Figures
5(a)∼5(c)). There was no significant difference among the
three treatment groups (Figures 5(a)–5(c), Figures 7(a)-7(b),
and Figure 8). The expression of IFN-𝛾 protein and mRNA
increased from day 7 to day 14 in bleomycin challenged rats
and decreased from day 28 to day 70. YKF and pirfenidone
significantly increased the expression of IFN-𝛾 from day 7
to day 70; however, prednisone did not work on regulating
the expression of IFN-𝛾 at each time point (𝑃 > 0.05). The
increased expressions of IFN-𝛾 mRNA induced by bleomycin
were inhibited by the treatments of YKF and pirfenidone (𝑃 <
0.01) (Figures 6(a)–6(c), Figures 7(c)-7(d), and Figure 8).
NF-𝜅B signal pathway is an important pathway and has
been proved to be excessively activated in the inflammation
response. NF-𝜅B signal pathway is activated in lung tissue
with bleomycin challenge. To further clarify the role of
YKF on BLM-induced pulmonary injury, activated proteins
related to NF-𝜅B signal pathway were detected by Western
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Figure 2: Representative histological images in bleomycin-induced pulmonary fibrosis rats treated with Yangqing Kangxian formula,
prednisone, or pirfenidone. (a) Hematoxylin and eosin (H&E) staining, magnification 100x, scale bar: 200 𝜇m. (b) Masson trichrome staining,
magnification 100x, scale bar: 200 𝜇m. BLM: bleomycin; YKF: Yangqing Kangxian formula; PD: prednisone; PF: pirfenidone. The blue arrows
point to the lesion area.
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Figure 3: Changes of Ashcroft score and hydroxyproline in bleomycin-induced pulmonary fibrosis rats treated with Yangqing Kangxian
formula, prednisone, or pirfenidone. (a) Ashcroft score. (b) Hydroxyproline (HYP). BLM: bleomycin; YKF: Yangqing Kangxian formula; PD:
prednisone; PF: pirfenidone. Values represented as mean ± SEM. AA 𝑃 < 0.01 and A 𝑃 < 0.05, versus BLM group. BB 𝑃 < 0.01 and B 𝑃 < 0.05,
versus BLM + YKF group, C 𝑃 < 0.05, versus BLM + PD group, and DD 𝑃 < 0.01 and D 𝑃 < 0.05, versus BLM + PF group.

blotting. As the results shown in Figures 9(a) and 9(c),
there was significant elevation of the expression of p-IKK𝛽
protein after bleomycin challenge from day 7 to day 70 (𝑃 <
0.01), while it was markedly suppressed in YKF, prednisone
and pirfenidone treated rats (𝑃 < 0.01). Compared with
pirfenidone and prednisone group, the expression of p-IKK𝛽
decreased in YKF group at different levels throughout the
experiment (days 14, 42, and 70: 𝑃 < 0.05 or 𝑃 < 0.01). As
shown in Figures 9(a) and 9(d), the expression of p-I𝜅B𝛼 protein was increased significantly in bleomycin challenged rats
from day 7 to day 70 (𝑃 < 0.01), and it was markedly
suppressed in YKF, prednisone, and pirfenidone groups (𝑃 <
0.01). Compared with pirfenidone and prednisone group, pI𝜅B𝛼 decreased in YKF group at different levels throughout
the experiment (days 7, 14, 28, 42, and 70: 𝑃 < 0.01).
Results in Figures 9(b) and 9(e) showed that the expression
of p-P65 protein was significantly increased in bleomycin
challenged rats from day 7 to day 70 (𝑃 < 0.01) and was
markedly suppressed in YKF, prednisone, and pirfenidone
treated rats (𝑃 < 0.01). Compared with pirfenidone and
prednisone group, p-P65 decreased in YKF group at different
levels throughout the experiment (days 7, 14, 28, and 42: 𝑃 <
0.05 or 𝑃 < 0.01).

4. Discussion
IPF is a chronic intractable disease. There are no effective
therapies for the progressive disorders of pulmonary mechanics and respiratory function, which are induced by lung tissue
injury and repair. Many patients are still suffering from short
survival time [29]. According to the TCM theory, IPF belongs
to the category of Feiwei Disease. In the earlier stage, the
main syndrome is characterized by the deficiency of qi and
yin and the stasis of heat and phlegm [30–32]. Based on
TCM theory and data from previous literature studies, we

designed the Yangqing Kangxian formula, which can tonify
qi and yin, promote blood circulation, remove blood stasis,
clear heat, and dissipate phlegm. In clinical treatment of
IPF patients, we found that YKF had beneficial effects on
alleviating the clinical symptoms of IPF patients. So it is
important to examine and clarify the effect of this candidate
TCM formula.
Bleomycin-induced pulmonary fibrosis model is used in
previous research. Initially, BLM was found to be effective
in squamous cell carcinoma and skin tumors, so it was used
in the treatment of tumor. With increasing clinical use, the
side effect was gradually recognized by the doctors [33].
Because of pulmonary fibrosis and the serious toxicity of
this drug, BLM was widely used in the establishment of
animal pulmonary fibrosis model. In response to bleomycininduced pulmonary injury, a large increase in inflammatory
cells infiltration, thickened alveolar walls, excessive collagen
deposition, accumulated fibroblast proliferation, and severe
distortion of alveolar structure have been seen in the progression of the disease [34, 35]. As previous studies and
our preliminary experiment results showed, chronic fibrosis
induced by BLM can exist for a long time [25, 34]. Thus, BLMinduced pulmonary fibrosis model is also applied to longterm observation.
Here, we found that marked inflammatory cells infiltration, collagen deposition, and HYP level elevation were
observed in our research, and the decline of respiratory function was induced by these progressive pathological changes.
The administration of YKF has many beneficial effects, such
as improving FVC, alleviating pulmonary injuries, and reducing fibrosis degree, and it still has long-term effect after withdrawal. The extent of amelioration by YKF is similar to that
afforded by prednisone (a drug widely used to treat IPF at one
time) or pirfenidone (a drug conditionally recommended in
clinical practice guideline). In the present study, the increased
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Figure 4: Changes of blood inflammatory cells population in bleomycin-induced pulmonary fibrosis rats treated with Yangqing Kangxian
formula, prednisone, or pirfenidone. (a) Leukocyte. (b) Lymphocyte. (c) Neutrophil. (d) Monocyte. BLM: bleomycin; YKF: Yangqing
Kangxian formula; PD: prednisone; PF: pirfenidone. Values represented as mean ± SEM. AA 𝑃 < 0.01 and A 𝑃 < 0.05, versus BLM group.
BB
𝑃 < 0.01 and B 𝑃 < 0.05, versus BLM + YKF group, CC 𝑃 < 0.01 and C 𝑃 < 0.05, versus BLM + PD group, and DD 𝑃 < 0.01 and D 𝑃 < 0.05,
versus BLM + PF group.

inflammatory cells populations in blood were suppressed by
the treatment of YKF. The results above suggest that YKF
might contribute to regulating inflammatory response in the
course of IPF.
Pulmonary fibrosis could be considered as the final outcome of inflammatory process in the lung. The inflammatory
response following injury is crucial to the process of IPF. The
response includes migration and activation of inflammatory
cells and the release of certain cytokines. Fibroblasts multiplication, migration, and collagen production were stimulated
by the cytokines. TNF-𝛼 and IFN-𝛾 have been proved to be
associated with the course of IPF [1, 6, 9, 10, 36–40]. Our
results have shown that TNF-𝛼 was decreased in YKF treated
rats lungs, and IFN-𝛾 was increased. This suggested that the

release of some inflammatory cytokines could be regulated by
YKF.
For further underlying the mechanisms, we focused
on NF-𝜅B signal pathway related molecules. NF-𝜅B signal
pathway is an important pathway and has been proved to be
excessively activated in the inflammation response. In previous studies, the activation of NF-𝜅B signaling was increased
in lung tissue with bleomycin challenge [39, 41]. In the
canonical pathway, cells are stimulated by factors such as
TNF-𝛼, followed by the activation of IKK𝛽, I𝜅B𝛼, and NF-𝜅B;
NF-𝜅B nuclear translocation and phosphorylation regulate
proinflammatory gene expression and increase the production of various inflammatory cytokines [42, 43]. In this study,
we focused on the phosphorylations of cytoplasm IKK𝛽 and
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Figure 5: The expression of TNF-𝛼 protein and mRNA in bleomycin-induced pulmonary fibrosis rats treated with Yangqing Kangxian
formula, prednisone, or pirfenidone. (a) Immunohistochemical stain of TNF-𝛼 protein, magnification 400x, scale bar: 50 𝜇m; (b) TNF-𝛼
protein; (c) TNF-𝛼 mRNA. BLM: bleomycin; YKF: Yangqing Kangxian formula; PD: prednisone; PF: pirfenidone. Values represented as
mean ± SEM. AA 𝑃 < 0.01 and A 𝑃 < 0.05, versus BLM group. BB 𝑃 < 0.01 and B 𝑃 < 0.05, versus BLM + YKF group, CC 𝑃 < 0.01 and C 𝑃 < 0.05,
versus BLM + PD group, and DD 𝑃 < 0.01 and D 𝑃 < 0.05, versus BLM + PF group. The red arrows point to the positive expression area.

I𝜅B𝛼 and nuclear NF-𝜅B [8] and found that the levels of pIKK𝛽, p-I𝜅B𝛼, and p-NF-𝜅B were upregulated in bleomycin
rats at each time point and were downregulated by the
administration of YKF. The results above suggest that antiinflammatory response and alleviating fibrosis effects of YKF
contribute to its protective effect against pulmonary fibrosis.

5. Conclusions
Taken together, YKF has beneficial protective and long-term
effects on pulmonary fibrosis by anti-inflammatory response
and alleviating fibrosis. Thus, administration of YKF might
be an effective therapy to pulmonary fibrosis.
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Figure 6: The expression of IFN-𝛾 protein and mRNA in bleomycin-induced pulmonary fibrosis rats treated with Yangqing Kangxian
formula, prednisone, or pirfenidone. (a) Immunohistochemical image of IFN-𝛾, magnification 400x, scale bar: 50 𝜇m; (b) IFN-𝛾 protein;
(c) IFN-𝛾 mRNA. BLM: bleomycin; YKF: Yangqing Kangxian formula; PD: prednisone; PF: pirfenidone. Values represented as mean ± SEM.
AA
𝑃 < 0.01 and A 𝑃 < 0.05, versus BLM group. BB 𝑃 < 0.01 and B 𝑃 < 0.05, versus BLM + YKF group, CC 𝑃 < 0.01 and C 𝑃 < 0.05, versus BLM
+ PD group, and DD 𝑃 < 0.01 and D 𝑃 < 0.05, versus BLM + PF group. The red arrows point to the positive expression area.
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Figure 9: Phosphorylation protein levels of cytoplasm IKK𝛽 and I𝜅B𝛼 and nuclear NF-𝜅B in bleomycin-induced pulmonary fibrosis
rats treated with Yangqing Kangxian formula, prednisone, or pirfenidone. (a) Phosphorylations of cytoplasm IKK𝛽 and I𝜅B𝛼 protein;
(b) phosphorylations of nuclear NF-𝜅B p65 protein; (c) phosphorylations of cytoplasm IKK𝛽 protein; (d) phosphorylations of cytoplasm
I𝜅B𝛼 protein; (e) phosphorylations of nuclear NF-𝜅B p65 protein. BLM: bleomycin; YKF: Yangqing Kangxian formula; PD: prednisone; PF:
pirfenidone. 𝑁 = 3. Values represented as mean ± SEM. AA 𝑃 < 0.01 and A 𝑃 < 0.05, versus BLM group. BB 𝑃 < 0.01 and B 𝑃 < 0.05, versus
BLM + YKF group. CC 𝑃 < 0.01 and C 𝑃 < 0.05, versus BLM + PD group; DD 𝑃 < 0.01 and D 𝑃 < 0.05, versus BLM + PF group.
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Inflammation plays a pivotal role in the development and progression of cardiovascular diseases, in which, the endothelium
dysfunction has been a key element. The current study was designed to explore the vasodilatory effect of anti-inflammatory
herbs which have been traditionally used in different clinical applications. The total saponins from Actinidia arguta radix (SAA),
total flavonoids from Glycyrrhizae radix et rhizoma (FGR), total coumarins from Peucedani radix (CPR), and total flavonoids
from Spatholobi caulis (FSC) were extracted. The isometric measurement of vasoactivity was used to observe the effects of herbal
elements on the isolated aortic rings with or without endothelium. To understand endothelium-independent vasodilation, the
effects of herb elements on agonists-induced vasocontractility and on the contraction of endothelium-free aortic rings exposed to a
Ca2+ -free medium were examined. Furthermore, the role of nitric oxide signaling in endothelium-dependent vasodilation was also
evaluated. In summary, FGR and FSC exhibit potent anti-inflammatory effects compared to CPR and SAA. FGR exerts the strongest
vasodilatory effect, while CPR shows the least. The relaxation induced by SAA and FSC required intact endothelia. The mechanism
of this vasodilation might involve eNOS. CPR-mediated vasorelaxation appears to involve interference with intracellular calcium
homeostasis, blocking Ca2+ influx or releasing intracellular Ca2+ .

1. Introduction
Inflammation plays a pivotal role in the development and
progression of several cardiovascular diseases, including
atherosclerosis [1]. Numerous epidemiologic studies support
the concept that vascular inflammation correlates with an
increased risk of atherosclerosis [2]. While inflammation
contributes to cardiovascular pathology, the question remains
whether inhibition of inflammation prevents or even reverses
the progress of vascular diseases. Multiple clinical studies
have shown that the use of statins reduces cardiovascular
morbidity and mortality [3, 4]. However, a direct test of the
inflammatory hypothesis of cardiovascular disease requires
an agent that can inhibit inflammation without affecting

other components of atherothrombosis, while also exhibiting an acceptable safety profile. To address this issue, a
cardiovascular inflammation reduction trial (CIRT: ClinicalTrials.gov.ID# NCT01594333) has begun at the Brigham
and Women’s Hospital and the National Heart, Lung, and
Blood Institute (NHLBI) that proposes the use of very-lowdose-methotrexate (VLDM, 10 mg weekly) on 7,000 patients
with stable coronary artery disease and persistent elevations
of high-sensitivity C-reactive protein (Hs-CRP). Despite its
anti-inflammatory effects, methotrexate is an antimetabolite drug that is used to treat cancers and has significant
side effects at high doses. Therefore, alternative therapeutic
options should be considered.
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The anti-inflammatory traditional Chinese medicines as
well as botanic elements have been studied for years [5–8].
On the other hand, botanically derived elements have been
recognized for the beneficial effect on cardiovascular and
metabolism systems [9, 10]. To further explore the potential of
using those agents on the cardiovascular system, we studied
the vasodilatory effects of four of these herb elements and
reviewed their medical applications (Table 1). Actinidia arguta
radix (Tengligen) is a member of the Actinidiaceae family.
Pharmacology research has revealed anticancer, immune regulation and hypotensive activity from Actinidia arguta radix
[11, 12]. To the best of our knowledge, there are no scientific
reports on the blood-pressure lowering mechanisms of any
Actinidia arguta radix extracts. Glycyrrhizae radix et rhizoma
(Gancao) has multiple therapeutic uses, some of which are
related to its anti-inflammatory properties. These include
treating cough, relieving pain, clearing heat, and eliminating
toxins and poisons [13]. Modern pharmacology research
has also reported that the flavonoids from Glycyrrhizae
radix et rhizome (FGR) have antioxidant properties [14]
with therapeutic benefits including the inhibition of cough
and treatment of bacterial infections [15, 16]; however, its
effects on vascular contractility is unknown. Peucedani radix
(Qianhu) has been an important agent for treating respiratory
symptoms and diseases through the centuries. This herb is
traditionally characterized as dispelling wind and removing
heat, relieving cough, and resolving phlegm [17] and has
been used to relieve the symptoms of influenza and asthma.
Peucedani radix has strong anti-inflammatory properties as
one of its therapeutic mechanisms [18, 19]. Many coumarin
constituents have been extracted from this herb and they
are reported to be responsible, in major, for its biological
activity [20]. It has been noted that Peucedani radix can exert
beneficial effects in hypoxic pulmonary hypertension [21].
However, the action of this drug on the circulatory system
is largely unknown. Spatholobi caulis (Jixueteng) has been
traditionally used for irregular menstruation, numbness, and
inflammatory arthralgia [22]. According to pharmacology
research, it can reduce oxidative stress [23] and inflammation
[24]. Several studies have demonstrated in vitro and in
vivo cytotoxic effects of Spatholobi caulis extracts on tumor
cells [25–28]. It has been suggested that the flavonoids of
Spatholobi caulis (FSC) are the major active components of its
therapeutic actions [29]. A few studies have demonstrated the
impact of Spatholobi caulis on cardiovascular conditions. This
botanical agent interferes with platelet aggregation via interference at the glycoprotein IIb/IIIa receptor [30]. It has also
been shown to reduce plasma lipid levels in hyperlipidemic
quail [31]. In a rat model of cerebral ischemia, Lee et al. found
a significant increase in cerebral blood flow after treatment
with Spatholobi caulis [32, 33]. Although it is speculated
that the blockage of calcium channels is responsible for this
action [34], a further vascular pharmacological study of this
botanical agent is warranted.
In the present study, we examined anti-inflammatory
effects of the four botanical extracts by using LPS and
IFN-𝛾-stimulated macrophages. The isometric vasoactivity
was measured to evaluate the vasodilating properties of the
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extracts on isolated rat thoracic aortas. The action mechanisms were explored through pharmacological examinations.

2. Methods and Materials
2.1. Herbs and Chemicals. Herbs were purchased from Shanghai
Yang He Tang TCM Pieces, Ltd. Company (Shanghai, China)
and authenticated by the Shanghai Institute of Food and
Drug Control. Acetylcholine (Ach), phenylephrine (PE),
NG-nitro-L-arginine methyl ester (L-NAME), indomethacin
(Indo), 1H-[1,2,4]-oxadiazole-[4,3-a]-quinoxalin-1-one (ODQ),
glibenclamide (Glib), tetraethylammonium (TEA), prostaglandin 2𝛼 (PG2𝛼 ), BaCl2 , angiotensin II (AngII),
5-hydroxytryptamine (5-HT), dopamine (Dopa), endothelin-1 (ET-1), RPMI 1640 medium, IFN-𝛾, and lipopolysaccharide (LPS) were all purchased from Sigma Chemical
Co. (St. Louis, MO, USA). Ethylene glycol bis (2-aminoethyl
ether) tetraacetic acid (EGTA) and other inorganic salts were
all purchased from Sinopharm Chemical Reagent Co., Ltd.
(Batch number F20060620). Ach, PE, TEA, AngII, 5-HT,
dopamine, and ET-1 solutions were prepared with distilled
water. Glibenclamide and ODQ solutions were prepared with
DMSO. Control experiments demonstrated that the highest
DMSO concentration (1 : 400) had no effect on vascular tone.
2.2. Cell Cultures. RAW 264.7 cells were used in current
study for the following considerations. First, the RAW 264.7
cell line is a pure clone that can be grown in a pretty
much identical and indefinitely manner which is necessary
for our drug screen platform. Second, RAW 264.7 cells are
transformed and are not functional for certain signaling
pathways such as activated inflammasomes [35], which will
benefit the purpose of our designed study in which antiinflammatory effect of the herbs will be evaluated. RAW
264.7 cells were obtained from the American Tissue Culture
Collection. The cells were maintained in complete RPMI
1640 media supplemented with 10% heat-inactivated FBS and
1.5% sodium bicarbonate at 37∘ C in a humidified 5% CO2
atmosphere. Cells were plated at a density of 1 × 105 cells/well
in 96-well plates or 2 × 106 cells in each 30 mm dish and
allowed to attach for 2 hours. For stimulation, the media
were replaced with fresh RPMI 1640, and the cells were then
stimulated with 10 U/ml of IFN-𝛾 and 100 ng/mL of LPS in
the presence or absence of FGR for the indicated periods.
2.3. Experimental Animal and Blood Vessel Ring Preparations. Male Sprague-Dawley rats (250–300 g) were obtained
from Shanghai Slac Experimental Company, Ltd. (Shanghai,
China). The animal procedures were carried out in strict
accordance with the Guide for the Care and Use of Laboratory Animals (Shanghai University of Traditional Chinese
Medicine). All experiments were performed under license
from the Government of China.
The preparation of the vascular rings was performed as
described by Zhang et al. [36]. Briefly, the rats were sacrificed
by decapitation and their thoracic aortas were rapidly and
carefully dissected away into ice-cold freshly prepared KrebsHenseleit (K-H) solution. The aortas were cut into ring
segments of approximately 3 mm wide. For some aortic rings,

Cool

Actinidia arguta (Sieb.
&Zucc.) Planch. ex
Miq

Warm

Nature of
medicinals

Slightly cold

Photos

Peucedanum
praeruptorum Dunn

Spatholobus
suberectus Dunn

Medicinals

Sour, astringent

Bitter, pungent

Bitter, sweet

Flavor of
medicinals

The national
compilation of
Chinese herbal
medicine

Chinese
Pharmacopoeia
(Version 2015)

Treatment of respiratory
symptoms such as phlegm-heat
asthma, yellow viscous phlegm,
cough, and phlegm induced by
wind-heat

Directing qi downward to resolve
phlegm, dispelling pathogenic
wind, and clearing heat

Treatment of rheumatism, pain,
and jaundice

Chinese
Pharmacopoeia
(Version 2015)

Treatment of irregular
menstruation, dysmenorrhoea,
amenorrhea, rheumatic
arthralgia, paralysis or numbness
in the limbs, blood deficiency,
and chlorosis

Promoting blood flow, tonifying
blood, regulating menstruation
and relieving pain, relaxing
sinews, and activating collaterals

Clearing heat and detoxicating,
dispelling wind-dampness,
diuretic, and haemostatic

Reference

Clinical application

Functions

Table 1: Botanical extracts that possess anti-inflammatory properties.
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Glycyrrhiza uralensis
Fisch

Medicinals

Photos

Calm

Nature of
medicinals

Sweet

Flavor of
medicinals

Reference

Chinese
Pharmacopoeia
(Version 2015)

Clinical application

Treatment of deficiency of spleen
and stomach, fatigue,
palpitations, shortness of breath,
cough and phlegm in throat,
abdominal pain, spasm of limbs,
carbuncle sore, and reduce drug
toxicity

Functions

Tonifying spleen and qi, clearing
heat and detoxicating, dispelling
phlegm and suppressing cough,
relieving spasm and pain, mixed
herbs

Table 1: Continued.
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the endothelial layer was mechanically removed by gently
rubbing the luminal surfaces of the aortic rings back and forth
several times.
2.4. Recording of Isometric Vascular Tone. Each ring was suspended by means of two L-shape stainless-steel hooks in an
organ bath filled with Krebs-Henseleit solution maintained at
37∘ C while being continuously infused with bubbled 95% O2
and 5% CO2 . The lower hooks were fixed to the bottom of the
organ bath and the upper wires were attached to an isometric
force transducer connected to a data acquisition system
(PowerLab/4P ADInstruments, Australia) for continuous
recording of tension. The baseline load placed on the aortic
rings was 2.0 g.
Examination of endothelial integrity was performed as
described by Xing et al. and others [37–39]. Briefly, endothelial integrity or functional removal was verified by the
appropriate relaxation response to 10 𝜇mol/L acetylcholine
on 1 𝜇mol/L phenylephrine contracted vessels.
2.5. Experimental Protocol
2.5.1. Nitric Oxide Production. RAW 264.7 cells were plated
in 96-well plates (1 × 105 /well) and stimulated with 100 ng/mL
LPS and 10 U/mL IFN-𝛾 for 24 h. The cell-free culture media
were collected and analyzed for nitrite accumulation as an
indicator of NO production using the Griess reagent. The NO
assay was performed as described by Zhang et al. [39]. Briefly,
100 𝜇L of Griess reagent (0.1% naphthylethylenediamine and
1% sulfanilamide in 5% H3PO4 solution) was added to an
equal volume of supernatant from sample-treated cells. The
plates were incubated for 10 minutes and then were read at
540 nm against a standard curve of sodium nitrite. Percent
inhibition was expressed as 100 × [1 − (NO release with
sample − spontaneous release)/(NO release without sample
− spontaneous release)].
2.5.2. Testing the Effects of FGR, FSC, CPR, and SAA on PEInduced Constriction. The vasodilatory effects of the four
botanical extracts were tested in both endothelium-intact and
endothelium-denuded rings constricted by PE (1 𝜇mol/L).
Once a plateau of PE contraction was attained, each of the
botanical extracts was applied cumulatively according to
a concentration gradient. At the end of each experiment,
forskolin was added to induce blood vessel relaxation and the
tension of aortic rings was recorded.
To attempt to understand the mechanisms of vascular
relaxation, nitric oxide synthase inhibitor L-NAME, cyclooxygenase inhibitor indomethacin, soluble guanylyl cyclase
inhibitor ODQ, adrenergic 𝛽-receptor inhibitor propranolol,
KATP blocker glibenclamide, KCa blocker TEA, and KIR
blocker BaCl2 were individually used to pretreat endotheliumdenuded rings for 15 min, respectively, prior to addition of
1 𝜇mol/L of phenylephrine. Afterwards, relaxations induced
by each of the botanical extracts were observed, including the
concentration-dependent vasodilation.
2.5.3. Measuring the Effects of FGR, FSC, CPR, and SAA
on Vasoconstrictors. The endothelium-free aortic rings were
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first exposed to constrictors at different concentrations. This
included Dopa (0.1, 1, 10, 100, and 1,000 nmol/L), 5-HT (10,
100, 1000, 10,000, and 100,000 nmol/L), Ang II (0.1, 1, 10, 100,
and 1,000 nmol/L), K+ (10.00, 15.85, 25.12, 39.81, 63.10, and
100.00 mmol/L), Vaso (0.1, 1, 10, 100, and 1,000 nmol/L), ET-1
(10, 25, 50, 75, and 100 nmol/L), PG2𝛼 (1, 10, 100, 1,000, and
10,000 nmol/L), and PE (1, 10, 100, 1,000, and 10,000 nmol/L).
After washing, the rings were incubated individually with one
of the four botanical extracts at concentrations of EC50 for
10 minutes. Contractions induced by vasoconstrictors were
again observed. The level of vasoconstriction in response to
60 mmol/L KCl was used as the maximum (100%).
2.5.4. Measuring the Effects of FGR, FSC, CPR, and SAA on
Calcium Influx. Endothelium-free aorta rings were washed
and treated with calcium-free, high-K+ solution (containing 100 𝜇mol/L EGTA and 60 mmol/L KCl). Then, the
preparations were incubated and cumulatively exposed to
increasing concentrations of CaCl2 (0.4, 0.8, 1.2, 1.6, 2.0,
and 2.4 mmol/L). The vasoconstrictor responses to CaCl2
were compared between four groups using each of the
botanical extracts as well as a control group. The level of
vasoconstriction in response to 60 mmol/L K+ in normal
Ca2+ -media was used as the maximum (100%).
2.5.5. Measuring the Effects of FGR, FSC, CPR, and SAA
on Calcium Release. Endothelium-free aortic rings were
washed and exposed to calcium-free Krebs-Henseleit solution (containing 100 𝜇mol/L EGTA) for 10 minutes. After this,
1 𝜇mol/L of phenylephrine was added. This resulted in small
tonic contractions that were mainly caused by the release
of intracellular calcium. Once a plateau of PE contraction
was attained, the bath solution was instead in calciumfree Krebs-Henseleit solution (containing 100 𝜇mol/L EGTA)
for 5 minutes. Four groups were exposed to each of the
botanical extracts at a concentration of EC50 in addition to
a control group, and these groups were compared. The level
of vasoconstriction in response to 60 mmol/L K+ in normal
Ca2+ -media is used as the maximum (100%).
2.5.6. Effect of Four Botanical Extracts on Organ Tissue Viability. The effects of four botanical extracts on the viability of
freshly isolated aortic organ tissue were tested by repeatedly
treating the extracts with the same aortic rings either with or
without endothelium. The multiple treatments did not affect
the contractility of the vessel induced by 60 mmol/L K+ . The
vasodilation towards acetylcholine of the aortic rings was also
intact after several times of applications of botanical extracts.
2.6. Statistical Analysis. All of results are expressed as mean
± SD. Statistical significance was analyzed using unpaired
Student’s 𝑡-tests for comparisons between two groups. A value
of 𝑃 < 0.05 was considered statistically significant.

3. Results
3.1. FGR, FSC, CPR, and SAA Blocked LPS and IFN-𝛾-Induced
NO Production in RAW 264.7 Cells. 264.7 cells were stimulated by 10 U/ml of IFN-𝛾 and 100 ng/ml of LPS that
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Figure 1: Effects of four botanical extracts on nitrite accumulation
in macrophages stimulated by LPS plus IFN-𝛾, ∗ 𝑃 < 0.05, ∗∗ 𝑃 <
0.01 versus model group (M), 𝑛 = 6.

can upregulate the expression of iNOS. iNOS has a key
role in inflammatory action. Targeting de novo regulation
of iNOS is the therapeutic strategy to cure inflammationrelated diseases [40]. RAW 264.7 cells were stimulated by
10 U/ml of IFN-𝛾 and 100 ng/ml of LPS with and without
pretreatment of four botanical extracts. The concentration of
nitrite was measured at 24 hours after the stimulation. As
shown in Figure 1, total flavonoids from Glycyrrhizae radix
et rhizoma (FGR) and total flavonoids from Spatholobi caulis
(FSC) significantly suppressed the IFN-𝛾 and LPS-induced
production of NO in a dose-dependent fashion. LPS and
IFN-𝛾-induced NO in RAW 264.7 cells were inhibited by
FGR and FSC in a concentration-dependent manner. The
maximal inhibition achieved (at 200 mg/L) was 75.06% and
39.44%, respectively, for the two drugs. However, higher
concentrations of total saponin from Actinidia arguta radix
(SAA) and total coumarins of Peucedani radix (CPR) were
required to suppress the IFN-𝛾 and LPS-induced production
of NO. The maximal inhibition achieved of SAA and CPR (at
200 mg/L) was 29.69% and 33.65%, respectively (Figure 1).
3.2. FGR, FSC, CPR, and SAA-Induced Vasodilation. Achelicited relaxation in aorta rings was used for evaluating intact
and deleted endothelium (Figure 2). FGR and CPR relaxed
isolated aortic rings in a dose-dependent and endotheliumindependent manner. The maximum relaxation by FGR of the
aortic rings with or without endothelium was at concentrations of 91.28% ± 5.15% and 84.36% ± 23.80%, respectively.
The maximum relaxation by CPR of rings with or without
endothelium was at concentrations of 75.51% ± 21.30% and
57.07% ± 18.63%, respectively. The half maximal effective
concentration (EC50 ) was 17 mg/L for FGR and 61 mg/L for
CPR for aortic rings with absent endothelium as shown in
Figure 3(a).
SAA and FSC relaxed isolated aortic rings in a dosedependent and endothelium-dependent manner. The maximum relaxation of isolated aortic rings by SAA with and
without endothelium was at concentrations of 81.66%±7.36%
and 5.20% ± 1.62%, respectively. The maximum relaxation
induced by FSC with and without endothelium was at
concentrations of 70.70% ± 6.12% and 7.53% ± 14.08%,
respectively. The EC50 was 45 mg/L for SAA and 40 mg/L for
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Figure 2: Concentration-response curves showing endotheliumdependent relaxation by Ach with PE pretreated rat aortic rings with
intact endothelia (+Endo) and without intact endothelia (−Endo).
𝑛 = 5, ∗∗ 𝑃 < 0.01 versus +Endo.

FSC for aortic rings with intact endothelium as shown in
Figure 3(a).
To evaluate the involvement of the NO/cGMP signaling
in endothelium-dependent vasodilation, the aortic rings were
pretreated with ODQ (10 𝜇mol/L) or L-NAME (100 𝜇mol/L)
for 15 minutes each. Soluble guanylate cyclase (sGC) inhibitor
ODQ affected FGR and CPR-induced vasodilation (Figure 3(a)). The FSC and SAA-induced relaxations of the
aortic tissue were inhibited by pretreatment with ODQ or
nitric oxide synthase blocker L-NAME in a concentrationdependent manner (Figure 3(b)).
To investigate the involvement of the cyclooxygenase
(COX)/PGI2 pathway, one set of aortic tissue was pretreated
with indomethacin (10 𝜇mol/L), a nonselective inhibitor of
COX. The relaxation curves by FSC or SAA were not significantly altered by the blockage of PGI2 pathway (Figure 3(b)).
3.3. Effects of FGR and CPR on Endogenous Vasoconstrictors.
PE, 5-HT, Ang II, ET-1, PG2𝛼 , Vaso, and Dopa are all endogenous vasoconstrictors which play key roles in maintaining
vasculature tension [41]. To study endothelium-independent
vasodilation, the effects of herb elements on vasocontractility were examined. Aortic rings without endothelium
were pretreated with 17 mg/L of FGR and 61 mg/L of CPR,
respectively. FGR exerted inhibitory effects on the vasocontraction by Dopa, Ang II, ET-1, and Vaso in a dosedependent fashion (Figure 4(a)). The maximal inhibitions
on vasocontractions by FGR were 38.40%, 50.71%, 59.58%,
and 33.67% for Dopa, AngII, ET-1, and Vaso-induced contractilities, respectively. However, FGR failed to suppress
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Figure 3: Concentration-response curves showing relaxation by four botanical extracts with PE pretreated rat aortic rings with intact
endothelia (+Endo + Control) and without intact endothelia (−Endo + Control). The effects of exposure to 10 𝜇mol/L ODQ on the FSC
(b-A), SAA (b-C), FGR (a-A), and CPR (a-B) groups of PE (1 𝜇mol/L) pretreated rings (−Endo + ODQ). The concentration-response curves
of FSC (b-B) and SAA (b-D) with pretreatment with Indo. The concentration-response curves of FSC (b-A) and SAA (b-C) with pretreatment
with L-NAME. ∗ 𝑃 < 0.05, ∗∗ 𝑃 < 0.01 versus −Endo group, 𝑛 = 4.

vasocontraction induced by PE, PGF, and 5-HT (see Supplemental Figure 1 in Supplementary Material available
online at https://doi.org/10.1155/2017/1021284). CPR significantly inhibited vasoconstriction in the presence of Ang II,
Dopa, PGF2𝛼 , 5-HT, PE, Vaso, and ET-1 by 86.75%, 59.57%,
74.55%, 41.84%, 64.60%, 79.51%, and 60.55%, respectively
(Figure 4(b)).
3.4. Effects of FGR and CPR on Potassium Channels. Potassium channels are important to vascular relaxation. There are
many types of potassium channels in vascular smooth muscle including calcium-activated potassium channel (KCa ),
ATP-sensitive K+ channels (KATP ), and inwardly rectifying
potassium channels (KIR ). To test the possible involvement
of K+ channels in relaxations induced by FGR and CPR,
endothelium-denuded rings were preincubated with KCa
blocker (TEA) at 100 mmol/L, KATP blocker (glibenclamide)
at 10 mmol/L, and KIR blocker BaCl2 at 100 mmol/L, respectively, for 15 minutes. In each case, the FGR- and CPRinduced vascular relaxation was not inhibited by glibenclamide, TEA, or BaCl2 . Glibenclamide, TEA, or BaCl2 did
not inhibit vascular relaxation by FGR. We also used glibenclamide, TEA, or BaCl2 to preincubate the endotheliumdenuded rings, which did not inhibit vascular relaxation
induced by CPR (Figure 5).
3.5. Effects of FGR and CPR on Extracellular Calcium Influx
and Intracellular Calcium Release. Endogenous vasoconstrictors, such as PE, contract vascular smooth muscle mainly
through the activation of receptor-operated calcium channels

(ROCC), while KC1 mainly activates potential-dependent
Ca2+ channels, all of which result in both extracellular
calcium influx and intracellular calcium release. To confirm
whether calcium-mediated vasoconstriction is affected by
FGR and CPR, aortic ring samples denuded of endothelium
were exposed to Ca2+ -free K-H solutions, and the addition
of 1 𝜇mol/L PE induced small tonic contractions which were
most likely activated by the release of intracellular Ca2+ from
endoplasmic reticulum stores. CPR reduced PE-induced
contractions better than FGR under extracellular Ca2+ -free
condition (Figure 6).
Experiments on depolarization elicited by voltagedependent Ca2+ -influx in high concentrations of K+ were
tested as shown in Figure 6. The data suggested that the
K+ (60 mmol/L) stimulated, Ca2+ -induced vasoconstriction
was not inhibited by 17 mg/L of FGR. However, the
vasoconstriction was suppressed by 61 mg/L of CPR.

4. Discussion
The total saponins from Actinidia arguta radix (SAA), total
flavonoids from Glycyrrhizae radix et rhizoma (FGR), total
coumarins from Peucedani radix (CPR), and total flavonoids
from Spatholobi caulis (FSC) were extracted and used in current studies. Four anti-inflammatory herbal extracts relaxed
thoracic aortic ring in a concentration-dependent manner.
The rank order of the EC50 for relaxation of these extracts was
as follows: Glycyrrhizae radix et rhizoma < Spatholobi caulis
< Actinidia arguta radix < Peucedani radix.
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Figure 4: Effects of the four botanical extracts on endothelium-denuded aortic tissue that were exposed to endogenous vasoconstrictors.
Inhibited by FGR (a): the contraction curves of Dopa, AngII, Vaso, and ET-1. Inhibited by CPR (b): the contraction curves of Dopa, PGF2𝛼,
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The vascular relaxation evoked by SAA is endothelium
dependent and the vasodilatory effect by the element from
Radix and Stemma Actinidia argute (Teng Li Gen) is clocked
by ODQ, a soluble guanylyl cyclase (sGC) inhibitor. Thus,
our study first revealed that a NO-cGMP dependent pathway
is critical for the action of the SAA. As a major component
of saponin from the Actinidia argute, it has been known
that corosolic acid possesses various biological properties,
including antidiabetic, antiobesity, and anti-inflammatory
activities [42–44] The compound’s efficacy in diabetes has
resulted the development of Glucosol (or GlucoFit), a commercially available product primarily marketed in Japan and
the United States as a dietary supplement for weight loss and
blood sugar balance. The inflammatory and oxidative stress
impact metabolism through lipid and glucose metabolism
and insulin resistance which is linked to mitochondrial function [10]. TEO (2a,-3a,-24-trihydroxyurs-12-en-28-oic acid),
a corosolic acid analogue, declined the mitochondrial membrane potential and altered mitochondrial ultrastructure
which may serve the mechanism for the antioxidative stress
effects [45]. Nevertheless, cGMP has been reported to exert
an action on mitochondrial function [46]. On the other hand,
corosolic acid has been shown to suppress glioblastoma cell
proliferation by inhibiting the activation of signal transducer
and activator of transcription-3 and nuclear factor-kappa B
in tumor cells and tumor-associated macrophages corosolic
acid inhibits glioblastoma cell proliferation [47]. Our analysis
of GEO databases (National Cancer Institute) revealed a
statistically significant reduction of sGC transcript levels
in human glioma specimens. Pharmacologically manipulating endogenous cGMP generation in glioma cells through

either stimulating pGC by ANP/BNP or blocking PDE
by 3-isobutyl-1-methylxanthine/zaprinast caused significant
inhibition of proliferation and colony formation of glioma
cells. Our study proposes the new concept that suppressed
expression of sGC, a key enzyme in the NO/cGMP pathway,
may be associated with an aggressive course of glioma. The
sGC/cGMP signaling-targeted therapy may be a favorable
alternative to chemotherapy and radiotherapy for glioma and
perhaps other tumors [48].
The relaxation induced by FSC was inhibited by LNAME, indicating the involvement of NO in vascular dilatory
action of the extracts. Spatholobi caulis is a traditional bloodactivating and stasis-dispelling herb medicine, which has
been used to treat diseases related to blood stasis syndrome by inhibiting platelet aggregation and stimulating
hematopoiesis. A recent study further revealed that the FSC
presented proangiogenic activity in human umbilical vein
endothelial cells (HUVECs) as well as in zebrafish [49].
With an LPS-activated Raw264.7 cells model, the Spatholobi
caulis MeOH extract (containing flavonoids) inhibited the
expressions of iNOS and COX-2 and suppressed the production of proinflammatory cytokines, such as IL-1beta and
IL-6 [50]. Genistein, an isoflavonoid from the herb, has
been reported to decrease the generations of ROS and
malondialdehyde [51]. In mammalian cells, NO is produced
by a family of NO synthases (NOS). Three NOS isoforms have
been identified as neuronal NOS (nNOS), inducible NOS
(iNOS), and endothelial NOS (eNOS). In vascular system,
NO is generated from the conversion of L-arginine to Lcitrulline by eNOS, which requires Ca2+ /calmodulin, FAD,
FMN, and tetrahydrobiopterin (BH4 ) as cofactors. Under
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the inflammatory pathological conditions, the cofactors of
eNOS can be oxidized and eNOS then shifts to produce
superoxide anion instead of NO. This state is referred to as
the “uncoupled state of eNOS” (eNOS uncoupling), which
may further enhance the inflammation [52]. Considering
the significant anti-inflammatory effect of the FSC which
markedly inhibited the expressions of iNOS and proinflammatory cytokines, we speculate that the vasodilatory effect

of the FSC may be partially due to its promoting of eNOS
function through antioxidative properties.
Radix Glycyrrhizae (Licorice Root) is the most used herb
element in TCM. Licorice, the root extract of Glycyrrhiza
glabra I., is used as a medicine for various diseases. Antiinflammatory as well as antiallergic activities have been
attributed to one of its main constituents, glycyrrhizin.
These activities are mainly ascribed to the action of the
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aglycone, beta-glycyrrhetinic acid. beta-Glycyrrhetinic acid
has a steroid-like structure and is believed to have immunomodulatory properties [53]. Glycyrrhizin inhibits liver cell
injury and is given intravenously for the treatment of chronic
viral hepatitis and cirrhosis in Japan [54, 55]. It has also
proven itself effective in the treatment of autoimmune hepatitis in one clinical trial [56]. We demonstrate a significant vasodilatory effect of FGR (total flavonoids from Glycyrrhizae radix et rhizoma) and reveal that pretreatment with
FGR shifted contraction curves of Dopa, AngII, Vaso, and
ET-1 to the right. Those endogenous vasoconstrictors regulate
vascular tone via their respective receptors (mostly G proteincoupled) in smooth muscle. Although overall mechanisms of
action are different, G protein-coupled receptors as a whole
activate PLC, DAG, and IP3. DAG elicits protein kinase C
by activating myosin light chains. IP3 induces intracellular
calcium release from the intracellular calcium pool or activates VDCCs in the cell membrane to regulate intracellular
calcium concentration and vascular tone [57]. However, FGR
failed to block Ca2+ influx or releasing intracellular Ca2+ .
Glycyrrhetic acid, the active metabolite in licorice, inhibits
the enzyme 11-𝛽-hydroxysteroid dehydrogenase enzyme type
2 with a resultant cortisol-induced mineralocorticoid effect
and the tendency towards the elevation of sodium and
reduction of potassium levels. This aldosterone-like action is
the fundamental basis for understanding the pharmacology
of the extract [58]. However, the glucocorticoids inhibits
eNOS gene expression and reduces NO release through
the glucocorticoid receptor mediated signaling [59]. The
glucocorticoids also directly potentiate contractions of rabbit
and dog aortic strips to epinephrine and norepinephrine
[60, 61]. Thus, the specific mechanisms underlying relaxation
of vascular smooth muscle by FGR need further study.
Khellactone (dihydroseselin) coumarins possess various
activities, including calcium blocker and antiplatelet aggregation [62, 63]. Khellactone coumarins with 3 S, 4 S configuration (praeruptorins A, B, C, and D) were first isolated
from dried roots of P. praeruptorum (Peucedani radix) which
is commonly used in Traditional Chinese Medicine (TCM)
for treatment of cough and upper respiratory infections
and as an antipyretic, antitussive, and mucolytic agent.
By using spontaneously hypertensive rats as experimental
model, praeruptorin-C improved the vascular hypertrophy
by decreasing the size of SMCs cells, collagen content, and
increasing NO production [64]. The vasodilatory effects of
praeruptorin-A was confirmed in isolated rabbit tracheas
and pulmonary arteries, as well as in swine coronary artery
[65, 66]. In our experimental setting, total coumarins from
Peucedani radix (CPR) induced vascular relaxation may not
be related to sGC/cGMP but is associated with blocking of
both VDCC and ROCC.

5. Conclusion
The present study shows that extracts from four herbs
relaxed thoracic aorta tissues isolated from rats. Glycyrrhizae
radix et rhizome and Peucedani radix induced vasorelaxation
independent of intact endothelium; however, their respective
mechanisms of action appear to be different. Vasorelaxation
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induced by Peucedani radix appears to be mainly related
to effects on intracellular calcium homeostasis, specifically
the inhibition of Ca2+ influx and intracellular Ca2+ release.
Dopa-, AngII-, Vaso-, and ET-1 induced vasoconstriction was
inhibited by Glycyrrhizae radix et rhizome, but details of its
mechanism of action need further study. The vasorelaxation
induced by Spatholobi caulis and Actinidia arguta radix is
endothelium-dependent, and their mechanisms of relaxation
may involve the NO-cGMP pathway. The distinct vasodilatory effects of four anti-inflammatory botanical extracts are
significant and novel which will pave the way not only for
further mechanism study, but also for directing of new herb
formula for preventive and/or therapeutic usage.
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Objective. The aim of this study is to systematically evaluate the clinical efficacy and safety of the traditional Chinese
medicine prescription Jade Screen combined with desloratadine in the treatment of chronic urticaria. Methods. Two researchers
independently conducted literature searches. The extracted data were analyzed using Rev Man 5.2.3 software. The established
retrieval time range of the various databases was up to 15 March, 2017. Results. Sixteen randomized controlled trials were included in
this study. The results of the meta-analysis showed that the total effective rate of using Jade Screen and desloratadine in combination
to treat chronic urticaria was higher than that with desloratadine alone (𝑃 < 0.00001), while its recurrence rate (𝑃 < 0.00001) and
symptom score (𝑃 = 0.006) were both significantly lower than the latter. The rate of adverse reaction in the combination group
was lower than that when orally taking desloratadine alone (𝑃 = 0.74), and the serum level of total IgE in the combination group
was lower than that when orally taking desloratadine alone (𝑃 = 0.82); however, the results of the rate of adverse reaction and the
serum level of total IgE were insignificant. Conclusion. Using Jade Screen and desloratadine together to treat chronic urticaria gains
a better clinical effect than using desloratadine alone.

1. Introduction
Urticaria is a common disease in dermatology, characterized
by transient, localized, edematous wheals of various sizes on
skin mucous membranes and accompanied by severe itching.
If wheals occur every day or almost every day for more

than six weeks, such condition is called chronic urticaria
[1]. Approximately 0.5%∼1.0% of the world population has
chronic urticaria [2]. With the aggravation of urban pollution
and the worsening of the environment, the incidence rate
of urticaria is on the rise year by year. Since its occurrence
shows no apparent pattern, the disease recurs easily, and the
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health index of the patients [3, 4] and their quality of life
decline [5, 6]. The conventional treatment method involves
the single use or combined use of antihistamine drugs [7].
However, these drugs can only relieve the symptoms of some
patients, and the overall effect is not significant. The disease
easily relapses after withdrawal [8]. Thus, there is an urgent
need to seek new therapeutic strategies [2].
Urticaria is called “hidden rash” or “red and white wandering wind” in traditional Chinese medicine. As the “Treatise on Needling” in the Sù Wèn (“Plain Questions”) states,
when shaoyin qi is excessive, skin numbness and hidden rash
will occur, which is also recorded in (General Treatise on
Causes and Manifestations of All Diseases), (Invaluable
Prescriptions for Ready Reference), and (Complete Works
of Diagnosis and Treatment for Surgical Diseases and other
works). Most modern doctors believe that rheumatism
attacks the skin but decreased resistance and transportation
dysfunction of the spleen and stomach are the keys to the
disease [9]. It can be seen that strengthening the spleen and
nourishing qi can not only expel the invasive wind-pathogen
out of the body but also prevent it from spreading within
the body. Traditional Chinese medicines strengthening the
spleen, nourishing qi, dispelling wind, and arresting itching
have the functions to improve the immune system and
to eliminate pathogens, thereby controlling the cause and
manifestation of chronic urticaria. Jade Screen is a classical
prescription that comes from Danxi’s Mastery of Medicine
by Zhu Dan-xi, a great master of the Yuan Dynasty. As a
basic Chinese medicine, this prescription has a good therapeutic effect. It has been listed into Chinese Pharmacopoeia
[10]. Jade Screen formula consists of three traditional Chinese medicines, including Astragalus membranaceus [Astragalus membranaceus (Fisch.) Bunge]; Rhizoma Atractylodis
Macrocephalae (bighead atractylodes rhizome); and Radix
Saposhnikoviae [Saposhnikovia divaricata (Turcz.) Schischk].
Astragalus membranaceus can nourish qi and strengthen the
exterior to enhance the grain of the skin and the texture
of the subcutaneous flesh and prevent it from evil invasion;
Rhizoma Atractylodis Macrocephalae strengthens the middle
warmer and invigorates the spleen to recover vital qi, and
Radix Saposhnikoviae dispels wind and disperses evil to
prevent external invasion and help cure various diseases.
The compatibility of the three medicines has the functions
of nourishing qi, strengthening the exterior, and arresting
sweat. With sweet flavor and warm nature, Astragalus membranaceus tonifies qi and strengthens the exterior, while
Rhizoma Atractylodis Macrocephalae invigorates the spleen
and eliminates dampness. The combination of Astragalus
membranaceus and Rhizoma Atractylodis Macrocephalae
can greatly tonify lung and stomach qi, make the spleen
and stomach healthy and vigorous, replenish the fleshy exterior, and prevent evil invasion, while Radix Saposhnikoviae
relieves the exterior syndrome by dispersing wind-evil.
Among published clinical studies, some reports argue
that Jade Screen combined with desloratadine can achieve
a good therapeutic effect on chronic urticaria. To comprehensively assess the clinical efficacy and safety of this
classical ancient prescription, we conducted this systematic
review.
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2. Methods and Analysis
2.1. Search Strategy. Records from the following databases in
Chinese or English have been retrieved up to 15 March, 2017:
Cochrane Library, PubMed, Embase, SinoMed, CNKI, VIP,
and WanFang Data. The retrieval strategy was based on the
combination of subject terms and free words. Chinese search
terms were “Jade Screen”, “dilvleitading”, “xunmazhen”, etc.;
English search terms were “Yu Ping Feng”, “Jade Screen”,
“traditional Chinese medicine”, “Urticaria”, “Urticarias”,
“desloratadine”, “Clarinex” and so on. Manual retrieval was
conducted in (Lishizhen Medicine and Materia Medica
Research), (China Journal of Experimental Traditional
Medical Formulae), (Journal of Clinical Dermatology),
(the Chinese Journal of Dermatovenereology), (Liaoning
Journal of Traditional Chinese Medicine), and relevant
conference papers and proceedings after 2010 to improve the
recall ratio.
2.2. Inclusion and Exclusion Criteria
2.2.1. Type of Study. Jade Screen combined with desloratadine treatment of chronic urticaria in randomized controlled
trials was included, including literature limited to the Chinese
or English languages and regardless of whether the studies
were blinded.
2.2.2. Subject Investigated. A Patient age and sex were
recorded. The patient’s region is not limited, and the diagnosis of chronic urticaria is referred to as “urticaria”,
(Chinese Medical Association clinical treatment guidelines.
Skin disease and STD Volume), (Practical Dermatology),
(Clinical dermatology),” (Dermatology) [11–15]. B
Patients who recently did not take antihistamines and glucocorticoid drugs were included.
2.2.3. Intervention. The test group is Jade Screen combined
with desloratadine treatment; the control group is desloratadine alone treatment. In both groups, treatment time and
dose were not limited.
2.2.4. Outcome Indicators. A Total efficiency refers to
EAACI/GA2LEN/EDF/WAO scoring criteria according to
the severity of clinical symptoms using 4 scores; the total
score is the sum of the individual scores. Symptom Score
Reducing Index (SSRI) = (total score before treatment −
total score after treatment)/total score before treatment ×
100%. Cured means that SSRI is reduced by more than
90%; markedly means that SSRI is reduced by 60% to 89%;
improved means that SSRI is reduced by 20% to 59%; invalid
means that SSRI is reduced by 20% or less. The total effective
rate (number of cured cases + significant cases)/the total
number of patients × 100%; B recurrence rate is occurrence
of healing criteria in patients with follow-up after 4 weeks
to 6 months; C adverse reaction rate is the main symptoms
which are dry mouth, nausea, headache, dizziness, fatigue,
and lethargy; D symptom score and E serum total IgE levels
are outcome indicators.

Evidence-Based Complementary and Alternative Medicine
2.2.5. Exclusion Criteria. The exclusion criteria included
the following: A non-RCT literature; B urticaria with
other diseases; C patients with inconsistent baseline data;
D sample content of less than 20 literature articles; E
case reports, reviews, animal experiments, and articles with
important information reported incomplete after contacting
responders; or F treatment measures that did not meet the
preselected standard settings.
2.2.6. Data Extraction. The two researchers independently
read the abstracts of the documents that were retrieved.
According to the exclusion criteria, the articles with obvious
nonconformity were excluded, and the articles remaining that
met the inclusion criteria were obtained. Further, for the noncompliant documents, a form was used to indicate the reasons
for the exclusion. Finally, the data of the included articles were
extracted, including title, source, author, test design, research
object, research method, intervention measures, outcome
measurement and evaluation, statistical analysis, recurrence,
adverse reaction report, and conclusion. The two researchers
cross-checked their respective average results, and if there
were differences, they decided whether or not the article
was included by discussing or asking the third evaluator to
evaluate the article.
2.3. Quality Evaluation. According to the bias risk assessment tool recommended by the Cochrane Review Handbook
5.2, there are six aspects: (1) random allocation method; (2)
allocation scheme hidden; (3) whether the survey object,
treatment plan implementer, or result measure was blinded;
(4) the completeness of the resulting data; (5) selective
reporting of findings; and (6) other bias sources. The two
reviewers independently read the full text and conducted a
quality evaluation and then cross-checked the results of the
quality evaluation of the trials that were difficult to determine
by discussion or by the third evaluator.
2.4. Sensitivity Analysis. To study the impact of individual studies on heterogeneity, when the heterogeneity was
found, if the study was deleted and the heterogeneity was
significantly reduced, the study was considered as the main
source of heterogeneity; the study was then further read and
evaluated.
2.5. Data Analysis. Meta-analysis was performed using
RevMan5.3 software. In this study, the odds ratio (OR) and
its 95% CI were used as the effect analysis statistic (MD) and
its 95% CI analysis; if the same variables were not consistent,
then the mean difference (WMD) and 95% CI analysis were
used. The heterogeneity of the included studies was analyzed
using the 𝜒2 test (the test level was set to 𝛼 = 0.1), and the
size of the heterogeneity was determined quantitatively with
𝐼2 (𝑃 > 0.1, 𝐼2 > 50%), and the results were statistically
heterogeneous (𝑃 ≤ 0.1, 𝐼2 > 50%), and the statistical
heterogeneity was statistically significant (𝑃 > 0.1, 𝐼2 >
50%). After the exclusion of significant clinical heterogeneity,
the random effects model was used for the meta-analysis.
Significant clinical heterogeneity was analyzed by subgroup
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analysis or sensitivity analysis, or descriptive analysis was
performed.

3. Results
3.1. Retrieval Results. A total of 190 relevant publications
were found using the data collection method in accordance
with the retrieval strategy, including 1 from the Cochrane
Library, 0 from PubMed, 3 from Embase, 34 from SinoMed,
69 from CNKI, 57 from WanFang Data, and 26 from
VIP. Among them, 116 papers were obtained after duplicate
checking via literature management software, and 100 articles
were excluded due to the failure to meet our inclusion
criteria. Finally, 16 RCTs [16–31] involving 1763 patients were
included. Figure 1 shows the process and results of the
literature screening.
3.2. Research Characteristics. There were 16 RCT studies that
met our criteria and included in the study eventually [16–31].
These studies were published from 2008 to 2016 with a total
of 1763 patients involved, including 901 in the experimental
group and 862 in the control group. They were single center
studies done in China. The age of the participants was from
12 to 75, and the course of treatment ranged from 3 weeks to
17 years, Table 1.
3.3. Summary of the Quality and Bias Risk of the Trials
Included. Among the 16 studies included, only 4 contained
a random number table, and the rest failed to describe a
random method, hidden group, blinding method, estimator’s
blinding method, loss to follow-up, and selection bias, Figures
2 and 3.
3.4. Outcome Measures. All 16 studies reported their total
effective rate [16–31], but only some of them included other
measurements; for instance, 8 reported their recurrence rates
[19, 20, 22–24, 27, 30, 31], 7 described their rates of adverse
reaction [19, 24, 25, 28–31], 7 mentioned their symptom
scores, 7 reported their serum total IgE levels [27, 29], and
2 reported their serum total IgE level.
3.4.1. Total Effective Rate. Among the 16 studies included
[16–31], there was no heterogeneity found (𝑃 = 0.57, 𝐼2 =
0%). Using a fixed effects model, meta-analysis indicated
that the overall response rate of Jade Screen combined with
desloratadine for the treatment of chronic urticaria was
significantly higher than that of the oral use of desloratadine
alone [𝑛 = 16, OR = 2.72, 95% CI (2.13, 3.48), 𝑍 = 7.97,
𝑃 < 0.00001], Figure 4.
3.4.2. Recurrence Rate. This method [19, 20, 22–24, 27, 29, 31]
was employed in 8 studies, involving 532 cases with 300
in the experimental group and 232 in the control group.
Heterogeneity was still not found (𝑃 = 0.37, 𝐼2 = 8%).
The fixed effects model revealed that the recurrence rate of
Jade Screen combined with desloratadine for the treatment
of chronic urticaria was significantly lower than that of the
oral use of desloratadine alone [𝑛 = 8, OR = 0.16, 95% CI
(0.11, 0.25), 𝑍 = 8.25, 𝑃 < 0.00001], Figure 5.
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Related literature obtained by searching the database
(n = 190)
The Cochrane Library (n = 1),
PubMed (n = 0),
EMbase (n = 3), SinoMed (n = 34),
CNKI (n = 69), WanFang Data (n = 57), VIP (n = 26)

ObtainING literature through
manual searches and other
means (n = 0)

Articles after excluding
duplicates (n = 116)

Remaining literature
after reading titles and
abstracts (n = 31)

Remaining literature after
read the full-text
(n = 26)

Reading titles and abstracts
A Repeated publication (n = 1)
B Clinical combined nursing (n = 1)
C Review (n = 3)
D Others (n = 80)

Reading the full-text
A Non-RCT study (n = 3)
B Not in accordance with the inclusive
criteria (n = 2)

Studies included in meta-analysis
(n = 16)

Figure 1: Flow diagram of the literature selection for this study.

3.4.3. Rate of Adverse Reaction. Seven studies adopted this
method [19, 24, 25, 28–31], which involved 713 cases in total,
including 370 in the experimental group and 343 in the
control group. No heterogeneity was found (𝑃 = 0.93, 𝐼2 =
0%). Meta-analysis suggested that the rate of adverse reaction
of Jade Screen combined with desloratadine for the treatment
of chronic urticaria was lower than that of the oral use of
desloratadine alone but failed to show a statistical significance
[𝑛 = 7, OR = 1.12, 95% CI (0.56, 2.27), 𝑍 = 0.33, 𝑃 = 0.74 >
0.1], Figure 6.
3.4.4. Symptom Score. This method [17, 19, 27, 31] was
employed in 4 studies involving 462 cases, including 229
in the experimental group and 233 in the control group. A
significantly high heterogeneity was found (𝑃 = 0.04, 𝐼2 =
64%). The random effects model indicated that the symptom
score of Jade Screen combined with desloratadine for the
treatment of chronic urticarial was significantly lower than
that of the oral use of desloratadine alone [𝑛 = 4, MD = −0.44,
95% CI (−0.76, −0.13), 𝑍 = 2.77, 𝑃 = 0.006], Figure 7. For
this measurement, we conducted sensitivity analysis, which
showed that the heterogeneity was obviously decreased after

deleting Jiang et al.’s research (2009). Thus, we believe that
Jiang et al.’s research (2009) was the major heterogeneity
source of the symptom score.
3.4.5. Serum Total IgE Level. This method [27, 30] was
employed in 2 studies involving 382 cases, including 186
in the experimental group and 196 in the control group. A
significantly high heterogeneity was identified (𝑃 = 0.00001,
𝐼2 = 99%). The random effects model meta-analysis did
not show a significant change between Jade Screen combined
with the desloratadine group and the oral use of desloratadine
alone [𝑛 = 2, MD = −5.93, 95% CI (−56.00, 44.14), 𝑍 = 0.23,
𝑃 = 0.82 > 0.1], Figure 8.
3.5. Publication Bias. For the 16 research studies included,
a funnel plot of overall response rate was drawn with the
OR value of each paper as the 𝑥-coordinate and standard
error logOR value as the 𝑦-coordinate. The analysis result of
the funnel plot showed no mean symmetric distribution on
the two sides of the plot, suggesting some publication bias
possibly due to the limited number of the published papers
with negative results, Figure 9.
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Table 1: The basic characteristics of the 16 RCT studies.
Author/year
Zhang et al., 2008 [16]
Jiang et al., 2009 [17]
Hu et al., 2011 [18]
Cai, 2012 [19]
Liang, 2012 [20]
Qu, 2013 [21]
Su et al., 2013 [22]
Wang, 2013 [23]
Wei and Zhang, 2013
[24]
Zhu, 2013 [25]
Xie, 2014 [26]
Fu et al., 2015 [27]
Li, 2015 [28]
Tian and Huang, 2015
[29]
Qin et al., 2016 [30]
Zhao, 2016 [31]

Groups

Sample size

Age (median or
mean or range)

Course of disease

EP
CG
EP
CG
EP
CG
EP
CG
EP
CG
EP
CG
EP
CG
EP
CG
EP
CG
EP
CG
EP
CG
EP
CG
EP
CG
EP
CG
EP
CG
EP
CG

50
50
32
30
28
26
62
58
60
60
43
43
59
58
99
82
41
40
36
28
60
60
100
110
62
48
86
86
48
48
35
35

19–60
19–60
18–52
18–50
21–58
21–58
18–75
18–75
34 ± 8.9
36 ± 9.7
12–45
13–43
12–60
12–60
35–60
35–60
34.5 ± 10.7
37.2 ± 12.9
34.60 ± 4.20
34.60 ± 4.20
16–58
16–58
35.0 ± 3.0
36.5 ± 2.5
18–56
20–58
18–62
18–63
37.2 ± 9.5
36.7 ± 8.6
39.25 ± 6.23
38.28 ± 7.23

21.3 months
22.5 months
6–24 weeks
6–25 weeks
9 weeks–11 months
9 weeks–11 months
2 months–10 years
2 months–10 years
1.1 ± 0.25 years
1.6 ± 0.5 years
6 weeks–2 years
6 weeks–2 years
≥6 weeks
≥6 weeks
3 months–12 years
3 months–12 years
≥6 weeks
≥6 weeks
2 months–3 years
2 months–3 years
2 months–8 years
2 months–8 years
4.1 ± 1.6 years
4.4 ± 1.3 years
2 months–3 years
2 months–4 years
8 weeks–5 years
9 weeks–7 years
1.0 ± 0.4 years
1.2 ± 0.5 years
4.49 ± 2.26 years
3.65 ± 2.11 years

Course of
Intervention
treatment (days)
28
28
84
84
28
28
40
40
28
28
28
28
28
28
28
28
28
28
21
21
56
56
56
56
28
28
28
28
28
28
30
30

(1) + (2)
(1)
(1) + (2)
(1)
(1) + (2)
(1)
(1) + (2)
(1)
(3) + (4)
(3)
(1) + (2)
(1)
(3) + (4)
(3)
(1) + (2)
(1)
(3) + (2)
(3)
(1) + (2)
(1)
(1) + (2)
(1)
(3) + (4)
(3)
(1) + (2)
(1)
(3) + (4)
(3)
(3) + (4)
(3)
(1) + (2)
(1)

Outcomes
ABC
ABD
A
ABCD
ABC
AB
ABC
ABC
ABC
ABC
AB
ABCDE
AB
ABCE
ABC
ABCD

(1) Desloratadine: 5 mg po qd; (2) Jade Screen: po tid + Desloratadine: 5 mg po qd; (3) desloratadine: 8.8 mg po qd; (4) Jade Screen: po tid + desloratadine:
8.8 mg po qd; EP: experiment group; CG: control group; A total effective rate; B adverse reaction; C recurrence rate; D symptom score; E serum IgE level.

4. Discussion
Chronic urticaria is a clinically common skin disease that
is hard to heal and often reoccurs even after it is suppressed; thus, it is worrisome to patients. The cause of
this disease might be associated with food, drug, infection,
inhalant, physical, genetic, endocrine, and mental factors
[32]. However, it is difficult to identify the real etiological
and predisposing factors in most patients, and relapse cannot
be absolutely avoided even if a possible etiological factor is
determined. The current treatment is mainly to use Western
medicine to control the symptoms, but its effect is very
limited. Thus, it is imperative to identify a novel therapeutic
regime. With traditional Chinese medicine as the guideline,

the present research found and verified a classic prescription with fewer side effects and a low reoccurrence rate,
which could be a new method of treating chronic urticaria
through the combination of Chinese traditional and Western
medicines.
IgE is primarily generated from the plasma cells in the
mucous membranes of the respiratory tract (nasopharynx,
tonsils, and bronchi) and the digestive tract. It plays a
crucial role in mediating the occurrence and development of
allergic diseases [33]. Modern pharmacological research [34]
suggests that by tonifying qi and strengthening exterior, Yupingfegn can boost immunity, improve allergic constitution,
inhibit mastocyte release of bioactive substances, strengthen
the T cell-mediated cellular immunity effect, increase the
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Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
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Unclear risk of bias
High risk of bias

Figure 2: Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages for all included studies.

number of T cells, and improve lymphocyte transformation
rate [35]. Therefore, Jade Screen powder has been widely used
to treat allergic skin diseases. Desloratadine has a long action
time, a stronger antihistamine effect than other drugs of the
same kind, a better antiallergic effect, selective cholinolytic
activity, difficulty in passing through the blood-brain barrier,
no central sedation and good patient compliance [36]; for
these reasons, it has been widely used in the clinic as a
first-line drug and a conventional antihistamine treatment.
However, this drug only targets the disease process, so
it cannot effectively control relapse. For the treatment of
chronic urticaria, Jade Screen combined with desloratadine
makes full use of Jade Screen to comprehensively strengthen
the body’s immunity, play the role of two-way regulation,
improve IgA in the mucosal immune system, and act together
with desloratadine to reduce IgE in hypersensitivity, regulate
IgE-mediated humoral immunity, and significantly lower the
IgE level of patients with urticaria [37].
In this research, we made a systematic evaluation on
the functions of Jade Screen combined with desloratadine
in treating chronic urticaria. Through a meta-analysis of the
published studies, this research increased the sample size,
enhanced the research credibility, and provided a reliable
theoretical basis for clinical use.
First, the results of total effective rate and recurrence rate
suggested that the total effective rate of the combination of
traditional Chinese and Western medicine in treating chronic
urticaria was higher than the single use of desloratadine,
while the recurrence rate was lower than the single use of
desloratadine.
Second, the results of occurrence rate of adverse reaction revealed that the combination of traditional Chinese and Western medicine and the single use of desloratadine showed no difference in the occurrence rate of
adverse reactions. The adverse reactions of both treatments were mainly characterized by xerostomia, nausea,
headache, dizziness, drowsiness, and, to a lesser extent, lack of
strength.
Third, the results of the symptom score and total serum
IgE showed high heterogeneity. The primary reason could

be the small number of articles reviewed and their poor
quality. Second, the published research literature about
the curative effect of chronic urticaria in the clinic, the
criteria for clinical symptom assessment, and intervention measures performance still cause much confusion,
and no unified cure-judging criteria have been adopted,
thus increasing the heterogeneity between the results of
different research and having a high risk of selective
bias.
The results of this study have satisfied our goal of this
meta-analysis. The result has proven the effective therapeutic
effect, fewer adverse reactions, and good safety of the traditional Chinese prescription Jade Screen in treating chronic
urticaria. Thus, it can be used as an option for the treatment
of chronic urticaria.

5. Limitations and Advantages
This research assesses the curative effect of Jade Screen
in treating chronic urticaria according to the Methods for
Cochrane Systematic Review for the first time. With limited
cases included and low quality, the research fails to make
a completely reliable positive conclusion. The limitations
of the research included are as follows: (1) the research
sites of all the articles were located in China, which is
very likely to cause potential location bias; (2) all patients
included were Chinese, and all the articles were written in
Chinese or English, possibly resulting in potential selection
bias and English language bias. (3) The articles included
varied in dose, which may lead to potential drug dose bias.
The advantages and deficiencies of the research were as
follows. Deficiencies, (4) the methodological quality of the
research included was low. All the research included mention
“randomization”, but only a few expound on how to generate
a random sequence, and most research failed to describe how
to realize allocation concealment. (5) The articles included
have no unified diagnosis and efficacy determination criteria,
increasing the heterogeneity between the results of different
research and a high risk of selective bias. On the one hand,
there is absence of the latest guidelines [38, 39] prepared

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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Figure 3: Risk of bias summary: review authors’ judgments about each risk of bias item for each included study.

by evidence-based medicine methods in China; on the
other hand, Chinese scholars probably do not pay much
attention to it. Based on the above-mentioned bias factors, the
efficacy and safety assessments of Jade Screen combined with
desloratadine in treating chronic urticaria still require highquality clinical randomized controlled trials. It is necessary
to conduct large sample, multicenter, high-quality clinical
randomized controlled trials with long-term follow-up in the
future.

With the development of examining approaches and the
emphasis on patients’ quality of life in recent years, many
articles have included laboratory indices and quality of life
into the clinical efficacy system of chronic urticaria [40]. For
example, drug therapeutic effect and safety assessments are
carried out based on changes in laboratory indices such as
the Q-T segment in the ECG, blood routine tests, creatinine
clearance rate, IgE and plasma histaminase before and after
treatment [41, 42]. With the furthering of traditional Chinese
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Study or subgroup
Cai, 2012
Fu et al., 2015
Hu et al., 2011
Jiang et al., 2009
Li, 2015
Liang, 2012
Qin et al., 2016
Qu, 2013
Su et al., 2013
Tian and Huang, 2015
Wang, 2013
Wei and Zhang, 2013
Xie, 2014
Zhang et al., 2008
Zhao, 2016
Zhu, 2013

Experimental
Events
Total
50
62
77
100
25
28
29
32
52
62
58
60
43
48
39
43
50
59
80
86
89
99
38
41
45
60
46
50
30
35
25
36

Control
Events Total
32
58
110
79
18
26
19
30
30
48
50
60
35
48
28
43
43
58
66
86
71
82
33
40
30
60
42
50
24
35
9
28

Total (95% CI)
901
862
Total events
776
609
Heterogeneity: 2 = 13.45, df = 15 (P = 0.57); I2 = 0%
Test for overall effect: Z = 7.97 (P < 0.00001)

8.0%
21.7%
2.5%
2.3%
6.8%
2.1%
4.6%
3.3%
8.3%
5.8%
9.8%
3.1%
9.4%
4.2%
4.3%
3.9%

Odds ratio
M-H, fixed, 95% CI
3.39 [1.50, 7.65]
1.31 [0.70, 2.45]
3.70 [0.86, 15.93]
5.60 [1.38, 22.73]
3.12 [1.28, 7.63]
5.80 [1.21, 27.73]
3.19 [1.04, 9.83]
5.22 [1.57, 17.43]
1.94 [0.77, 4.87]
4.04 [1.53, 10.65]
1.38 [0.55, 3.43]
2.69 [0.64, 11.23]
3.00 [1.38, 6.50]
2.19 [0.61, 7.81]
2.75 [0.84, 9.00]
4.80 [1.66, 13.90]

100.0%

2.72 [2.13, 3.48]

Weight

Odds ratio
M-H, fixed, 95% CI

0.001

0.1

1

Favours [experimental]

10

1000

Favours [control]

Figure 4: The meta-analysis forest map of the total effective rate of Jade Screen combined with desloratadine versus desloratadine alone for
the treatment of chronic urticaria.

Study or subgroup
Cai, 2012
Fu et al., 2015
Liang, 2012
Qin et al., 2016
Su et al., 2013
Wang, 2013
Wei and Zhang, 2013
Zhao, 2016

Experimental
Total
Events
6
39
1
47
6
50
5
19
9
39
21
56
8
32
6
18

Control
Events Total
8
20
45
12
18
41
9
16
16
25
36
42
13
28
15
15

Total (95% CI)
300
Total events
62
127
Heterogeneity: 2 = 7.62, df = 7 (P = 0.37); I2 = 8%
Test for overall effect: Z = 8.25 (P < 0.00001)

232

8.3%
11.1%
16.2%
6.7%
13.9%
23.9%
9.7%
10.3%

Odds ratio
M-H, fixed, 95% CI
0.27 [0.08, 0.95]
0.06 [0.01, 0.48]
0.17 [0.06, 0.50]
0.28 [0.07, 1.15]
0.17 [0.06, 0.51]
0.10 [0.04, 0.28]
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Odds ratio
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1
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Figure 5: The meta-analysis forest map of the recurrence rate of Jade Screen combined with desloratadine versus desloratadine alone for the
treatment of chronic urticaria.
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Qin et al., 2016
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Events
0
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3
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1
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370
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Heterogeneity: 2 = 1.91, df = 6 (P = 0.93); I2 = 0%
Test for overall effect: Z = 0.33 (P = 0.74)
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Odds ratio
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Figure 6: The meta-analysis forest map of the rate of adverse reaction of Jade Screen combined with desloratadine versus desloratadine alone
for the treatment of chronic urticaria.
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Test for overall effect: Z = 2.77 (P = 0.006)
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Figure 7: The meta-analysis forest map of the symptom scores of Jade Screen combined with desloratadine versus desloratadine alone for
the treatment of chronic urticaria.
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Fu et al., 2015
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Figure 8: The meta-analysis forest map of the serum total IgE level of Jade Screen combined with desloratadine versus desloratadine alone
for the treatment of chronic urticaria.
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Figure 9: The funnel plot of the overall response rate of Jade Screen
combined with desloratadine versus desloratadine alone for the
treatment of chronic urticaria.

medicine in exploring the mechanism of chronic urticaria,
there is an urgent need for China to establish an objective,
effective, and extensive evaluation system that complies with
the theory of TCM in order to better meet international
standards. In future studies, we suggest using the Urticaria
Activity Score (UAS) and quality of life to perform therapeutic evaluation and provide complete original data to further
improve this meta-analysis in the future.

6. Conclusion
(1) The total effective rate of the combined use of Jade Screen
and desloratadine was greater than that of desloratadine
alone.

(2) The recurrence rate of the combined use of Jade Screen
and desloratadine was greater than that of desloratadine
alone.
(3) There was no difference in the incidence of adverse
reactions between the two treatments.
(4) The present research results have showed that, in
the treatment of chronic urticaria, the combination of traditional Chinese medicine and Western medicine is significantly better than using Western medicine alone. The
therapeutic method provides a new thought for the treatment
of chronic urticaria. However, due to the low quality of
the currently selected articles, it is a necessity to carry
out randomized controlled trials with strict designs in the
future.
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Mitochondrial permeability transition pore (MPTP) opening is the main culprit of ischemic/reperfusion (IR) injury. It is reported
that c-subunit of ATP synthase is the core component of MPTP. Danshensu (DSS), a monomer isolated from the traditional Chinese
herb Danshen, has showed cardioprotective effect against IR injury through unknown mechanism. In this study, rat hearts were
suspended in Langendorff instrument and perfused with Krebs-Henseleit (KH) buffer containing DSS for 60 minutes, followed by
30 minutes of global ischemia. Parameters including heart rate, left ventricular developed pressure, and the rate of left ventricle
diastolic pressure change were recorded to assess their cardiac function. All these indexes were improved in DSS group. The rate
of cardiomyocytes apoptosis and MPTP opening were both inhibited in DSS group. In addition, DSS administration leads to
downregulation of c-subunit of ATP synthase in both mRNA and protein levels. Consistently, when c-subunit of ATP synthase was
overexpressed in H9C2 cells through pcDNA3/5G1 plasmid transfection, MPTP opening was enhanced when the cardioprotective
effect of DSS also tapers. In conclusion, DSS could alleviate cardiac IR injury via inhibiting c-subunit of ATP synthase expression.

1. Introduction
Although routine treatments for cardiac ischemia such as
coronary bypass surgery, thrombolysis, and percutaneous
coronary intervention have made satisfying outcome, the
occurrence of ischemic/reperfusion (IR) injury should not
be neglected [1]. Multiple reasons, such as oxidative stress,
inflammation, and cell death, contribute to IR injury. Recent
studies showed that mitochondrial permeability transition
pore (MPTP) opening is the fundamental cause of IR injury
[2]. MPTP is a nonspecific pore at the inner mitochondrial
membrane whose opening is triggered by Ca2+ overload or
oxidative stress. MPTP opening is a process that its inner
membrane suddenly enables free diffusion of solutes up
to 1.5 kDa in size [3]. However, excessive MPTP opening
will lead to inner membrane potential collapse, respiratory
chain uncoupling, and halt of mitochondrial ATP synthesis.
Eventually mitochondria become swelling and rupture and
ensue with cell death [4]. Taking into consideration its role

in reperfusion-mediated cardiac damage, MPTP opening is a
prime target for therapies that aims at cardioprotection [5].
MPTP is considered to be a multiprotein complex
includes the voltage-dependent anion channel at the outer
membrane, adenine nucleotide translocator at the inner
membrane, and cyclophilin D at the matrix [6, 7], all of
which are considered to be major modulators of MPTP.
However, they are dispensable to the structure of MPTP
[8, 9]. Recent studies showed that c-subunit of the F0 ATP
synthase constitute a critical component of MPTP [10, 11].
Multiple copies of c-subunit form a closed ring, which forms
the ion-driven membrane rotors of ATP synthases. The csubunit comprises two trans-membrane helices, and its cring features an ion-binding site in paired adjacent subunits.
Normally, the c-ring remains closed until the episode of Ca2+
overload or oxidative stress such as during IR process when
it opens followed by opening of MPTP [12]. In contrast,
He et al. reported persistence of MPTP opening in the
absence of subunit c of human ATP synthase [13]. The
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c-ring model of MPTP meets challenges. Although we cannot
make sure whether c-subunit is the core of MPTP, altered cring of ATP synthase increases sensitivity of mitochondria
to undergo MPTP opening as important determinants of
the reduced tolerance to ischemic-reperfusion injury [14].
Therefore, inhibition of extravagant opening of c-ring could
inhibit extravagant opening of MPTP.
Danshen is an herb medicine used in clinic to treat
cardiovascular diseases, such as myocardial hypertrophy and
ischemia reperfusion injury. Danshensu (DSS) is a major
water-soluble active component of Danshen. The mechanism
of DSS in treating IR is known to be through its antioxidants
effect and ability to reduce Ca2+ overload [15–17]. Therefore,
we proposed DSS might play a role in preventing the opening
of MPTP. In the present study, we investigated the role of DSS
in treating IR through manipulating the expression of c-ring
of ATP synthase.

Control

2. Materials and Methods
2.1. Drugs and Regents. DSS was provided by National
Institutes for Food and Control, of purity of over 98%. Cell
Counting Kit-8 (CCK-8) kit was purchased from Dojindo
(Rockville, MD, USA). Terminal-deoxynucleotidyl transferase mediated nick end labeling (TUNEL) kit was brought
from Roche (St Louis, MO, USA). Mitochondria Isolation Kit
was purchased from Beyotime Biotechnology Inc. (Beijing,
China). MPTP kit (For mitochondrial and cell use) was
purchased from GENMED (Shanghai, China). Tetrachlorotetraethyl benzimidazole carbocyanine iodide (JC-1) was purchased from Invitrogen (Thermo Fisher, Shanghai, China).
Primary antibody against c-subunit and caspase-3 were
purchased from Abcam (Cambridge, UK). Quantitative polymerase chain reaction (QPCR) kit was from Tiangen (Beijing,
China). Plasmid was purchased from GeneChem (Shanghai,
China).
2.2. Animals. Male Sprague-Dawley (SD) rats (250 ± 30 g)
were supplied by Experimental Animal Center of the Tianjin
University of Traditional Chinese Medicine. Rats (𝑛 = 45)
were randomly assigned to the following groups: control
group, model group, and DSS group with 15 rats in each
group. All procedures conform to the regulations that was
stipulated by Animal Care Committee of Tianjin University
of Traditional Chinese Medicine and to the Principles of Laboratory Animal Care that were formulated by the National
Society for Medical Research and to the Guide for the Care
and Use of Laboratory Animals that was published by the
National Institute of Health (NIH Publication number 85-23,
revised 1996).
2.3. Langendorff Isolated Heart Perfusion Preparation. The
rats were anesthetized by chloral hydrate (300 mg/kg, ip).
As soon as negative tail-flick response was confirmed, its
chest was opened. The heart was rapidly harvested and
then incubated in ice-cold Krebs-Henseleit (KH) buffer with
aorta cannulated. Following Langendorff method, the heart
was mounted on Langendorff apparatus and retrogradely
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Figure 1: Scheme of IR experiment. The hearts were harvested from
rats and then hung in the Langendorff apparatus. Control group was
perfused with KH buffer for 120 min. Model and DSS group first
perfusion for 30 min, then through 30 min ischemia, and 60 min
reperfusion: 10 𝜇M DSS were added to KH buffer in the DSS group
during reperfusion step.

perfused in vitro via aorta at the pressure of 70 mmHg. The
perfusion medium was continuously bubbled with a mixture
of 95% O2 and 5% CO2 at 37∘ C, reaching the pH of 7.4. Each
heart was housed in a controlled heart chamber maintained
at 37∘ C. Coronary perfusion was applied by Langendorff
system using KH buffer, containing 105.7 mM NaCl, 5.36 mM
KCl, 1.28 mM CaCl2 , 1.084 mM MgCl2 , 6 mM H2 O, 1.18 mM
KH2 PO4 , 18 mM NaHCO3 , and 11 mM Glucose. Control
group was reperfused with KH continuously. In model and
DSS groups, perfusion was stopped for 30 mins followed by
reperfusion for 60 min. DSS at 10 𝜇M [18] was added to KH
solution in the DSS group (Figure 1). Then the heart tissues
were used for the next experiments.
2.4. Cell Culture and Treatments. H9C2 cell line isolated from
rats was used in our study. ATP5G1-overexpression plasmid
was transfected by lipo2000 into H9C2 cell. The transfect
efficiency was assessed by QPCR after 24 h. Oxygen glucose
deprivation (OGD) model was used to simulate ischemicreperfusion injury. In detail, cells were replaced with nonglucose Dulbecco’s modified eagle medium (DMEM) and incubated in 95% N2 , 5% CO2 atmosphere for three hours; then
the cells were replaced with high-glucose DMEM containing
10% FBS in 95% O2 , 5% CO2 for four hours.
Cells were divided into five groups: control, model, DSS,
pcDNA3/5G1, and pcDNA3/5G1 + DSS group. In DSS and
DSS + 5G1 group, 10 𝜇M DSS in the reoxygenation step was
added. Cell viability, apoptosis, and MPTP opening status
were detected by CCK-8 kit, TUNEL staining, and cell MPTP
kit, respectively.
2.5. Cardiac Function Measurement and Observation. Cardiac function was evaluated by parameters including left
ventricular developed pressure (LVDP), the max and minimum rate of left ventricle diastolic pressure change per min
(±dp/dt), and heart rates (HR). LVDP equals left ventricle
end systolic pressure minus by left ventricle end diastolic
pressure. ±dp/dt max is the maximal and minimum rate
of pressure development. LVDP, ±dp/dt max, and HR were
calculated from the LV pressure curve. These parameters
were recorded continuously using Powerlab data acquisition
system (8SP Chart 5 software; A.D. Instruments, Castle Hill,
Australia) [19]. Part of left ventricular tissues were harvested
and stored as frozen section for further TUNEL examination.
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Mitochondria isolated from heart tissue were used for MPTP
opening and mitochondrial membrane potential (MMP)
analysis. The remaining heart tissues were homogenate at 10%
(w/v) and stored at −80∘ C for further quantifying c-subunit
mRNA level and ATP synthase protein level.
2.6. TUNEL Examination. Terminal-deoxynucleotidyl transferase mediated nick end labeling (TUNEL) assay was used
to evaluate apoptosis in ischemic reperfused heart tissue and
H9C2 cell. Rat hearts were harvested and frozen-sectioned
which were then processed under instruction of In Situ Cell
Death Detection Kit, Fluorescein (Roche). For quantitative
analysis, TUNEL-positive cells in five different slides from
different hearts were counted. The apoptotic index was
defined as the percentage of TUNEL-positive myocytes per
slide.
2.7. MPTP Opening and MMP Detection. For in vivo study,
mitochondria were isolated from heart tissue according to the
protocol of Mitochondria Isolation Kit [20]. MPTP opening
and mitochondrial membrane potential were then examined under instruction of Mitochondria MPTP fluorescence
detection kit (For mitochondria use only) and tetrechlorotetraethylbenzimidazol carbocyanine iodide (JC-1) [21]. For
in vitro study, MPTP opening was detected using cell MPTP
fluorescence detection kit (For cell use only).
2.8. Quantitative Polymerase Chain Reaction (QPCR). Total
RNA was isolated from the cardiac tissue using Trizol
(invotrogen) and reversely transcribed into cDNA by superscript reverse transcriptase (Tiangen, Beijing, China) at 42∘ C
for 1 h. Reverse transcription material (100 ng) was amplified with Taq DNA polymerase (Tiangen, Beijing, China).
Primers were synthesized by Sangon Biotech (Shanghai,
China).
The primer pair specific to ATP 5G1 is as follows:
Forward sequence 5 -GGAGTGGGAGTGCAGATTGAA-3
Reverse sequence 5 -TGGTACAGGAGCGGATCAGA -3
The primer pair specific to GAPDH is as follows:
Forward sequence 5 -GCATCTTCTTGTGCAGTGCC-3
Reverse sequence 5 -GATGGTGATGGGTTTCCCGT -3
Polymerase chain reaction (PCR) products of LOX-1 and
GAPDH were 78 base pairs and 262 base pairs, respectively.
Forty cycles (94∘ C for 30 s; 60∘ C for 1 min; and 72∘ C for
1 min) were used in PCR reaction. Gene expression profile
was analyzed by 2−ΔΔCT ([delta] [delta] CT ) method.
2.9. Western Blotting. Proteins were obtained from heart
tissues after the whole perfusion process. Quantification of
the protein was conducted using a modified bicinchoninic
acid (BCA) assay (Cwbio, China). Protein samples were
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prepared by homogenizing rat heart, then being boiled for
5 minutes with loading buffer (Cwbio, China). Samples
were separated using sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) on 15% gel and transferred
onto polyvinylidene fluoride (PVDF) membrane by electroblotting. After being blocked using skimmed milk for 1 h,
the membranes were incubated at 4∘ C overnight with the
primary antibody. The following day, the membranes were
washed and incubated with the goat anti-rabbit horseradish
peroxidase-conjugated secondary antibody at room temperature for 1 h. Protein bands were visualized using an
enhanced chemiluminescence kit (Cwbio, China) under a
ChemiDoc imaging system (Bio-Rad Laboratories, Berkeley,
CA, USA).
2.10. Statistical Analysis. Each quantitative experiment was
repeated three times. Statistical results were presented as
means ± SEM. 𝑃 values of <0.05 were denoted as statistically
significant. One-way analysis of variance (ANOVA) was used
to assess the differences among the groups. Fisher’s least
significant difference (LSD) was used in multiple comparisons between groups. Nonparametric statistical method of
Mann–Whitney test was used to assess histopathology of
myocardial damage level data. All statistical analyses were
calculated using SPSS 17.0 (International Business Machines
Corp., Armonk, NY, USA).

3. Results
3.1. Effect of DSS on Cardiac Function and Cardiomyocytes
Apoptosis. The hearts were harvested from rats and then
hung in the Langendorff apparatus. Cardiac function was
recorded by the Powerlab/16s record software in Langendorff
system through the whole reperfusion process. Control group
was perfused with KH buffer for 120 min. For model and
DSS group, first perfusion for 30 min, then through 30 min
ischemia, and 60 min reperfusion: 10 𝜇M DSS was added to
KH buffer in the DSS group during reperfusion step. The
normal HR was within 250–300 BPM. During ischemia, HR
declined rapidly to zero. HR was not recovered following
reperfusion for 60 min in model group. On the other side, in
DSS group, HR recovered to normal level after reperfusion for
20 min. In control group, LVDP was maintained constantly at
50–80 mmHg. In model group, it was kept at 20–30 mmHg in
the reperfusion process On the contrary, LVDP recovered to
normal level when heart undergoing reperfusion for 20 min
in DSS group. Similarly, ±dp/dt index failed to recover
to baseline in model group during the whole reperfusion
process while it recovered to normal level when heart was
reperfused for 20 min in the DSS group (Figure 2). These
results indicated that DSS could improve cardiac function
significantly in ischemic-reperfusion process.
Cardiomyocytes apoptosis was detected by TUNEL
method and caspase-3 expression. As shown in Figures 3(a)
and 3(b), cell apoptosis rate in model group was 3 times over
the DSS group. As shown in Figures 3(c) and 3(d), caspase-3
expression in heart of model group was 2 times higher than
the DSS group, which means DSS can alleviate cell apoptosis.
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Figure 2: Cardiac function data recorded by Powerlab/16s software. After the hearts were hung in the Langendorff apparatus, Powerlab/16s
software was used to collection the data of cardiac function. (a) Heart rate. (b) Left ventricular developed pressure (LVDP). (c) Development
of left ventricular pressure maximum rising rate (+dp/dt). (d) Development of left ventricular pressure minimum decline rate (−dp/dt). Values
were expressed as mean ± SEM. ∗ 𝑃 < 0.05, compared to control group.

3.2. Effect of DSS on the Opening of MPTP. When the reperfusion process finished, hearts samples were harvested. Mitochondria were isolated from heart tissue for MPTP opening
detection. Mitochondria MPTP kit and JC-1 dye were used to
evaluate the status of MPTP opening. Mitochondria MPTP
kit used calcein-AM as fluorescence probe. When calceinAM entered into mitochondria, it was excised by lactonase
to produce fluorescent calcein with strong polarity and then
captured by mitochondria. At the same time, calcein outside
mitochondria was quenched by cobalt ions. As soon as
MPTP opens, calcein release from mitochondria can also be
quenched by cobalt ions. Thus the relative fluorescence unit
(RFU) changes in the mitochondria indicate MPTP opening.

MPTP opening in model group significantly enhanced
compared to its intact level in DSS group. JC-1 was used
to detect the mitochondrial membrane potential (MMP)
changes, which reflect the degree of MPTP opening indirectly. Our results showed that MMP decreased significantly
due to IR in model group compared to its unaltered level in
DSS group (Figure 4). In a word, DSS can inhibit the MPTP
opening.
3.3. Effect of DSS on the Expression of ATP c-Subunit. Total
protein was obtained from heart tissue after the reperfusion
process. C-subunit of ATP synthase expression in heart
tissue was detected by western blotting. Expression of ATP
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Figure 4: (a) Mitochondrial membrane potential (MMP) was detected by JC-1 dye. MMP declined significantly in model group and remained
normal level in DSS group. (b) Mitochondrion permeability transition pore (MPTP) was detected by MPTP kit. RFU decline means MPTP
opening degree upregulated. Thus, MPTP opening significantly upregulated in model group but not in DSS group. Values were expressed as
mean ± SEM. ∗ 𝑃 < 0.05, compared to control group. # 𝑃 < 0.05, compared to model group.

c-subunit was significantly upregulated after IR while it
remained in normal level in DSS group (Figure 5). The results
indicated that DSS inhibited MPTP opening possibly through
inhibiting c-subunit of ATP synthase expression.

3.4. Effect of DSS in ATP c-Subunit Overexpressed H9C2
Cell Lines. H9C2 cells were transfected with pcDNA3/5G1
plasmid. To evaluate the transfection effect, both mRNA
transcription level and protein expression level of ATP 5G1

6

Evidence-Based Complementary and Alternative Medicine
ATP 5g1 mRNA expression
5

∗∗

3

##

ATP c-subunit protein expression
∗∗

##

2

3

Fold

Fold

4

ATP
c-subunit

2
1
0

1
0

Tublin
Control

Model

Control

DSS

Model

(a)

DSS

Control

Model

(b)

DSS

(c)

Figure 5: ATP 5G1 expression. (a) ATP 5G1 mRNA expression was detected by QPCR. (b) Western blot results of ATP 5G1 protein expression.
(c) Statistic data of ATP 5G1 protein expression. Values were expressed as mean ± SEM. ∗∗ 𝑃 < 0.01, compared to control group. ## 𝑃 < 0.01,
compared to model group.

ATP 5g1 mRNA overexpression
∗∗

4

∗∗

3

3
2

Fold

ATP5G1

2
1

1
Tublin

0
Control

pcDNA3/5g1

(a)

5

Fold

OD
0.5

3

∗

#

2

0.0

2000

0

(d)

(e)

pcDNA3/5g1 + DSS

pcDNA3/5g1

DSS

Model

Control

pcDNA3/5g1 + DSS

pcDNA3/5g1

∗

1000

0
DSS

∗
#

∗

3000

1
Model

4000

4

1.0

Control

MPTP

pcDNA3/5g1 + DSS

∗

(c)

ATP 5g1 mRNA expression
∗∗
∗∗

RFU

∗
#

∗

pcDNA3/5g1 pcDNA3

(b)

CCK-8
1.5

Control

pcDNA3

pcDNA3/5g1

Control pcDNA3/5g1 pcDNA3

DSS

0

Model

Fold

4

ATP 5G1 protein overexpression

Control

5

(f)

Figure 6: Cell experiments. (a-b) Transfection effect evaluation: (a) ATP 5G1 mRNA expression detected by QPCR after transfection
experiment. (b) ATP 5G1 protein expression detected by western blotting after transfection experiment. (c) Statistic data of ATP 5G1 protein
expression after transfection experiment. (d) Cell viability detected by CCK-8. (e) ATP 5G1 mRNA expression in each group. (f) MPTP
opening detected by MPTP kit. Values were expressed as mean ± SEM. ∗ 𝑃 < 0.05, ∗∗ 𝑃 < 0.01, compared to control group. # 𝑃 < 0.05,
compared to model group.

were quantified. ATP 5G1 mRNA expression was four times
higher than that of the nontransfection cell (Figure 6(a)).
Consistently, ATP5G1 protein expression level was shown to
be three times higher than that of nontransfection cell.
DSS was also shown to be able to improve cell vitality as
indicated by CCK8 in all group but not in the pcDNA3/5G1

transfection group (Figure 6(d)). ATP 5G1 mRNA expression
was upregulated in model group but not in DSS group, which
insinuated that DSS can inhibit ATP 5G1 mRNA expression
during IR injury (Figure 6(e)). DSS was also shown to be able
to protect cells from apoptosis in control H9C2 cells but not
in the plasmid transfection cells (Figure 7). MPTP opening
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was also inhibited in control cells but not in the plasmid
transfection group (Figure 6(f)). Therefore, DSS could protect
cells from ischemic-reperfusion injury through inhibiting csubunit of ATP synthase expression, and the protection effect
waned under circumstance of ATP 5G1 overexpression.

4. Discussion
MPTP opening plays a critical role during the episode of
cardiac ischemic-reperfusion injury. The c-subunit of ATP
synthase was used as target for new drug development [22].
Being a component in Chinese herb that was used widely in
cardiovascular diseases, the underlying mechanism of DSS in
treating IR injury still needs to be elucidated.
DSS, a water soluble isolated from Salvia miltiorrhiza
(Danshen), has been widely used in clinic for the treatment
of ischemic-reperfusion injury in China [23]. Several studies
reported its effects in improving cardiac function both in vivo
and in vitro, which are consistent with our results [15]. In this
study, DSS improve cardiac function indicated by the fact that
HR and LVDP were both upregulated significantly but were
recovered soon after reperfusion in DSS group. What is more,
it was shown that apoptosis rate declined significantly in DSS
group followed IR injury both in vivo and in vitro. DSS could
improve cell viability and decrease cell apoptosis rate in the
OGD model.
Many studies explore the underlying mechanism of
DSS in alleviating IR injury, such as its antioxidant and

antiapoptotic effect and its role in reducing the calcium
overload [16, 17, 24], but no study has reported its role in
MPTP opening under IR injury background. Previous studies
revealed that MPTP opening is the main cause of cell death
and cardiac damage [25]. MPTP has been considered as
nonspecific pores, whose opening is responsible for the
osmotic influx of water into the mitochondrial matrix and
results in swelling of mitochondria and dissipation of the
mitochondrial membrane potential with cell death ensuring
[17]. Results showed that the degree of MPTP opening was
upregulated with decreased MMP during IR. On the contrary,
the degree of MPTP opening declined and MMP remains
normal level with DSS treatment in episode of IR. Not
surprisingly, the inhibition effect of DSS on MPTP opening
was confirmed in vitro too.
As nonspecific pores, the exact components of MPTP
are not fully understood. Although MPTP is modulated by
cyclophilin D, Voltage-Dependent Anion Channel (VDAC),
and Phosphate Carrier [25–27], recent studies found that
the main modulate component of MPTP is the c-ring
of ATP synthase, the number of which was determined
by the expression of c-subunit [11, 12, 28]. The ring of csubunits constitutes the membrane domain which were
shared by both MPTP and ATP synthase. Azarashvili et
al. [29] demonstrated that MPTP formation is associated
with de novo assembly of channels comprising c-subunit,
polyhydroxybutyrate, and inorganic polyphosphate, which is
independent of ATP synthase. By contrast, He et al. found
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the absence of subunit c of human ATP synthase [13]. Csubunit knockout human HAP1 and 143B cells preserves the
characteristic properties of the permeability transition pore.
Given in the opposite results obtained from 293T cells and rat
cortical neurons [12, 25], whether c-subunit is the component
of MPTP in human cells and whether c-subunit knockout
cells have alternative means to develop permeability still
needed to be further researched.
In the present study, our results showed that c-subunit of
ATP synthase was downregulated with DSS treatment under
IR scenario both in vivo and in vitro. This indicates that
inhibition of c-subunit expression can alleviate IR injury.
Regardless of the relationship between c-subunit and MPTP,
c-subunit is the potential target to treat IR.
ATP subunit has three isoforms, encoded by ATP5G1,
ATP5G2, and ATP5G3 genes, respectively [25]. Mammalian
c-subunit consists of a mature protein with 76 amino acids,
which is identical between all three isoforms. All these
three c-subunit isoforms are functional and contribute to
the F0 structure, but they have variable expression patterns
in different tissues. For example, ATP 5G1 was abundantly
expressed in heart [30].
Cardiomyocytes are sensitive to the changes of microenvironment, especially ischemia. Numerous studies have
reported that mRNA transcription and protein expression
change during the first 90 minutes of ischemic-reperfusion
episode in both human and animals [31, 32]. ATP 5G1, which
target to mitochondria, can be imported into mitochondria
under ischemic conditions [10, 29].
In vitro experiment shows that the cardioprotective effect
of DSS disappeared under circumstance of ATP 5G1 overexpression cells. These results suggested that the effect of
DSS might be through regulating ATP 5G1 gene expression.
However, our study had limitations that the specific pathway
related to ATP 5G1 needs to be further investigated. Also, the
respiratory activity of the DSS-treated mitochondria should
also be evaluated; it has been suggested that mitochondria
may be less leaky to protons in the absence of the c-subunit
[13]. In addition, excessive c-subunit will form hydrophobic
aggregates (such as in Batten disease) that increase mitochondrial coupling of oxygen [33]. Therefore, it is interesting to
know whether reduction of c-subunit expression improves
the mitochondrial ATP bioenergetics.
There are also studies that support the role of c-subunit
in MI treatment. Campo et al. enrolled 158 patients with first
episode of acute anterior ST-segment elevation myocardial
infarction (STEMI) who were treated successfully with percutaneous coronary intervention (PCI) [34]. They provided
the first evidence that c-subunit is detectable in the serum of
STEMI patients, but the data did not follow normal distribution (median 6.3% [4–9.3%]; range 1.1–47.5%). In humans,
the roles of MPTP and c-subunit are strongly influenced by
several confounding factors, including thrombolysis application in myocardial infarction, myocardial perfusion grade,
thrombolysis in myocardial infraction (TIMI) frame court,
extent of ST-segment resolution, and presence of cardiac
marker. These findings help us to explain why drugs to treat
reperfusion injury always failed in randomized clinical trials.
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5. Prospective
Herein, DSS was shown both in vivo and in vitro that can
protect cardiomyocytes from apoptosis and inhibit MPTP
opening in IR injury. Expression of c-subunit of ATP synthase
was demonstrated to decline in both mRNA and protein level
with DSS administration in IR background. The protection
effect of DSS recedes with ATP 5G1 overexpression, which
indicates its role in DSS signaling.
The limitation of the present study needs to be improved
in the future research. Firstly, the drug effect on subunit c
might be mediated by an effect on the whole ATP complex.
Whether DSS can alter other subunits of ATP synthase is not
clear at present. In addition, the underlying mechanism of
the curative effect of DSS is related to inhibition of c-subunit
expression which needs to be confirmed in human.
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The present study was initiated to explore the mechanism of the effects of Bufei Yishen granules combined with acupoint sticking
therapy (Shu-Fei Tie) on inflammation regulated by c-Jun N-terminal kinase (JNK) and p38 MAPK signaling in COPD rats.
Seventy-two rats were divided into healthy control (Control), Model, Bufei Yishen (BY), acupoint sticking (AS), Bufei Yishen +
acupoint sticking (BY + AS), and aminophylline (APL) groups (𝑛 = 12 each). COPD rats were exposed to cigarette smoke and
bacteria and were given the various treatments from weeks 9 through 20; all animals were sacrificed at the end of week 20. MCP-1,
IL-2, IL-6, and IL-10 concentrations in BALF and lung tissue as well as JNK and p38 mRNA and protein levels in lung were measured.
The results showed that all the four treatment protocols (BY, AS, BY + AS, and APL) markedly reduced the concentrations of IL2, IL-6, and MCP-1 and levels of JNK and p38 MAPK mRNA, and the effects of Bufei Yishen granules combined with acupoint
sticking therapy were better than acupoint sticking therapy only and aminophylline. In conclusion, the favorable effect of Bufei
Yishen granules combined with Shu-Fei Tie may be due to decreased inflammation through regulation of the JNK/p38 signaling
pathways.

1. Introduction
Chronic obstructive pulmonary disease (COPD) is a common, preventable, and treatable disease that is characterized
by persistent respiratory symptoms and airflow limitation
that is due to airway and/or alveolar abnormalities usually
caused by significant exposure to noxious particles or gases
[1]. COPD has been the third leading cause of death in China
in 2010, behind only stroke and ischemic heart disease [2].
Inhalation of cigarette smoke or other noxious particles,
such as smoke from biomass fuels, causes lung inflammation.

The chronic inflammation response may induce parenchymal
tissue destruction (resulting in emphysema) and disruption
of normal repair and defense mechanisms (resulting in
small airway fibrosis) [1]. The c-JUN N-terminal kinases
(JNK) and p38 mitogen-activated protein kinase (MAPK)
signaling, the main components of MAPK pathway, are
closely correlated with the inflammatory response. JNK
and p38 MAPK pathway can be activated by environmental
stimuli, such as tobacco smoke, and by endogenous signals,
such as cytokines, growth factors, and inflammation-derived
oxidants. Recent studies have suggested that activation of the
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MAPK pathway contributes to several COPD-associated
phenotypes, including mucus overproduction and secretion,
inflammation, and cytokine expression [3]. Inflammatory
mediators and chemotactic factors, including tumor necrosis
factor-𝛼 (TNF-𝛼), interleukin- (IL-) 6, and IL-10, which is
mediated in part by the p38 MAPK pathway, contribute to the
formation of pulmonary emphysema [4, 5]. TNF-𝛼 increased
the expression of monocyte chemoattractant protein-1
(MCP-1) at least partly via enhancing phosphorylation of p38
and JNK [6]. Several studies have shown that therapies, such
as treatment with bone marrow-derived mesenchymal stem
cell (MSCs) and Panax ginseng (Ren Shen), may relieve airway inflammation and emphysema via the MAPK pathway
[7, 8].
In recent years, Traditional Chinese Medicine (TCM)
therapies, including internal and external treatments, have
played an increasingly important role in stable COPD
because of their favorable curative effect and few side effects
[9, 10]. The pattern of lung-kidney qi deficiency, one type
of TCM syndromes, is one of the most common syndromes
in the stable phase of COPD [11]. Many different factors,
such as cigarette smoking and noxious particles, may lead
to lung qi weakness, and the patients will present dyspnea,
shortness of breath, weakness, and spontaneous perspiration
(worse with exertion), then kidney qi is damaged and
becomes weak over time, and the patients will also present
tinnitus, vertigo, frequent micturition, frequent urination at
night, soreness, and weakness of the waist and knees. Bufei
Yishen granules (ZL.201110117578.1), a special prescription for
internal treatment of lung-kidney qi deficiency syndrome,
were clinically proved effective in relieving clinical symptoms
and reducing the frequency of acute exacerbations in stable
COPD patients [12]. Additionally, Bufei Yishen granules were
also confirmed effective in ameliorating systemic and airway
inflammation and remodeling in a cigarette smoke/bacterial
exposure-induced COPD rat model and preventing COPD
and its comorbidities, such as ventricular hypertrophy [13–
15]. Shu-Fei Tie (ZL.200810049332.3) is a popular clinically
used ointment for acupoint sticking in external therapy which
can excite vital qi in the human body and has been proven
therapeutic in COPD treatment with its high safety, convenience, and fewer side effects [16, 17]. Our previous study
has shown that Bufei Yishen granules combined with Shu-Fei
Tie can alleviate clinical symptoms, reduce the frequency and
duration of acute exacerbation, and improve lung function
and quality of life in patients with stable COPD and also
showed beneficial effect in a 4-month treatment period and 6
months of follow-up [18]. Our previous animal experimental
study has also shown that this approach improves pulmonary
function and lung pathological impairment in COPD rats
[19]. We also found that this therapy can suppress oxidative
stress in COPD rats [20].
However, whether or not it can suppress inflammation
in COPD rats remains unclear. We want to know whether
the effect of Bufei Yishen granules combined with Shu-Fei
Tie is related to anti-inflammation. Thus, our current study
was performed to examine the mechanism of Bufei Yishen
granules combined with Shu-Fei Tie therapy on inflammation regulated by JNK and p38 MAPK signaling in COPD
rats.
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2. Materials and Methods
2.1. Animal Model. Seventy-two Sprague-Dawley rats (equal
number of males and females, 2 months old, 180–220 g)
were obtained from the Laboratory Animal Center of Henan
Province (Special Pathogen Free, SCXK [Henan] 2010-0002)
and randomly assigned to the Control, Model, Bufei Yishen
(BY), acupoint sticking (AS), Bufei Yishen + acupoint sticking (BY + AS), and aminophylline (APL) groups (12 in each
group). The methods were performed according to the
approved guidelines of the Experimental Animal Care and
Ethics Committee of the First Affiliated Hospital, Henan University of Traditional Chinese Medicine, Zhengzhou, China.
After accommodating to the facility for 7 days, COPD
rats were exposed to cigarette smoke and Klebsiella pneumoniae (KP) for model establishment according to previously described methodology [21]. Commercial cigarettes
(Hongqiqu Filter Cigarette, Henan, China) were provided
by Henan Tobacco Industry Co., Ltd., and each of these
cigarettes contained 1.0 mg nicotine, 11 mg CO, and 10 mg tar
oil, according to the manufacturer’s specifications. Klebsiella
pneumoniae (strain: 46114) was purchased from the National
Center For Medical Culture Collection (Beijing, China) and
prepared at a concentration of 6 × 108 colony forming units
(CFU) per milliliter before being administered to the animals.
Animals were exposed to smoke (smoke concentrations,
3,000 ± 500 ppm) for 30 min, twice a day for 12 weeks.
Klebsiella pneumoniae solution (0.1 ml, 6×108 colony forming
units/ml) was dropped into the two nostrils in an alternate
fashion, once every 5 days, for the first 8 weeks. The successful
generation of a COPD rat model was evaluated according to
symptoms, lung function, and pulmonary pathology [22].
2.2. Drugs. (1) Aminophylline tablets (Xinhua, Shandong,
China, 0.1 g/tablet) were crushed prior to administration to
the animals. (2) Bufei Yishen granules [Ren Shen (Ginseng
Radix et Rhizoma) 9 g, Huang Qi (Astragali Radix) 15 g,
Shan Zhu Yu (Corni Fructus) 12 g, Yin Yang Huo (Epimedii
Herba) 9 g, Gou Qi Zi (Lycii Fructus) 12 g, and Wu Wei Zi
(Schisandrae Chinensis Fructus) 9 g etc.] were prepared by
the Department of Pharmacology in the First Affiliated Hospital of Henan University of Traditional Chinese Medicine,
Zhengzhou, China. (3) Shu-Fei Tie mainly consisted of Bai Jie
Zi (Semen Brassicae) 10 g, Yan Hu Suo (Rhizoma Corydalis)
5 g, Xi Xin (Asarum Heterotropoides) 5 g, and Yuan Hua
(Daphne Genkwa) 10 g and also included other components,
3.0 g/tubes. The main chemical compounds of Bufei Yishen
granules and Shu-Fei Tie had been described in our published
article [20]. The main component of Shu-Fei Tie placebo
was carbopol, diatomaceous earth, and glycerine, each unit
equivalent to 3.0 g. The placebo was also similar to the true
drug in its appearance, weight, color, and odor. Shu-Fei Tie
and its placebo were produced and packed by the Department
of Pharmacology in the First Affiliated Hospital of Henan
University of TCM, which was the reform base of TCM
preparation and dosage formulation.
2.3. Administration. From weeks 9 through 20, rats in the
Control and Model groups were intragastrically given normal
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saline (2 ml/animal, b.i.d) and Shu-Fei Tie placebo (2 times/
week); Bufei Yishen granules (4.44 g/kg⋅d, b.i.d) and ShuFei Tie placebo were given to the BY group; normal saline
and Shu-Fei Tie were given to the AS group; Bufei Yishen
granules (4.44 g/kg⋅d, b.i.d) and Shu-Fei Tie were given to the
BY + AS group, and aminophylline (2.3 mg/kg⋅d, b.i.d) and
Shu-Fei Tie placebo were given to the APL group. Dosage
adjustments were made weekly according to body mass. The
equivalent dosages were calculated by using the following
formula: 𝐷rat = 𝐷human × (𝐼rat /𝐼human ) × (𝑊rat /𝑊human )2/3 .
𝐷: dose; 𝐼: body shape index; 𝑊: body weight. Rats in each
group were sacrificed at week 20.
Methods of acupoint sticking: as shown in Figure 1, the
acupoint sticking was applied at Dazhui (GV14), Feishu
(BL13, both sides), and Shenshu (BL23, both sides). A combination of these five acupoints can improve the lung qi and
kidney qi, as well as preventing cough and asthma. The
method of acupoint sticking and skin injury treatment was
according to [19].
All rats were sacrificed at week 20 and samples were
harvested.
2.4. Bronchoalveolar Lavage and Total and Differential Cell
Counts. Experimental rats were sacrificed, and the left lungs
were lavaged twice with 3 ml of PBS via tracheal cannulation after the right main bronchus was ligated. An equal
volume of BALF was collected, and 10 𝜇l was used for
total cell counts by using the “cell-count boards” method.
The BALF supernatants were obtained by centrifugation
(1,500 rpm × 10 min) at 4∘ C, and the samples were stored at
−70∘ C for subsequent enzyme-linked immunosorbent assays
(ELISA). The cell sediment was smeared evenly on glass slides
and fixed and stained with hematoxylin-eosin. Cells were
identified and differentiated into mononuclear cells, neutrophils, and lymphocytes according to standard morphology
and staining characteristics. Two hundred cells per slice were
quantified, and the absolute number of each cell type was
calculated under a light microscope.
2.5. Enzyme-Linked Immunosorbent Assay. MCP-1, IL-2, IL6, and IL-10 concentrations in BALF were quantified by using
a commercial ELISA kit (RapidBio, USA) according to the
manufacturer’s protocol.
2.6. Lung Morphology. After lavage with 10% formaldehyde
and fixation for 72 h, the lung tissues were cut into 3 mm thick
sections, embedded in paraffin, sliced into 4 𝜇m slices, and
stained with a standard method (hematoxylin-eosin) for light
microscopy.
2.7. Immunohistochemical. For additional immunohistochemical staining, 4 𝜇m cuts were obtained. Primary
antibodies against MCP-1, IL-2, IL-6, and IL-10 hydroxyguanosine (BOSTER, Wuhan, China) were used for
specimen staining with the immunoperoxidase avidin-biotin
method in an automatic stainer (Autostainer, Dako, Denmark). The antigen-antibody reaction was visualized with
3,3-diaminobenzidine tetrahydrochloride (DAB). Image-Pro
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Table 1: Primer sequence of JNK and p38 MAPK mRNA.
Gene
GADPH
JNK
p38 MAPK

Primer
FW
RV
FW
RV
FW
RV

Sequence (5 → 3 )
ACAGCAACAGGGTGGTGGAC
TTTGAGGGTGCAGCGAAC TT
TACAGAGCACCCGAGGTCATC
AGAGGATTTTGTGGCAAACCA
GGC TCT GGC GCC TAT GG
CCA CAC GTA ACC CCG TTT TT

FW, forward; RV, reverse.

Plus 6.0 was used for image capture and analysis. The integral
optical density (IOD) represented the cytokine expression
level.
2.8. Quantitative Real-Time PCR and Western Blotting Analysis. The expression of JNK and p38 mRNA in lung tissues was
analyzed using quantitative real-time PCR (qRT-PCR). The
protein expressions of JNK, p-JNK, p38, and p-p38 in lung
tissue were measured by Western blotting. The methods have
been described in our previous study [20]. Primers for JNK
and p38 MAPK were designed and synthesized by Generay
Biotech Co. Ltd. (Shanghai, China), and the sequences used in
this study are shown in Table 1. 2−ΔΔCT was used to calculate
the changes in the relative expression of the genes in each
sample.
2.9. Statistical Analysis. SPSS 19.0 software (IBM; Armonk,
NY, USA) was used for data analysis. Data are expressed as
the mean ± standard error (SE). One-way analysis of variance
(ANOVA) was employed for multiple comparisons. 𝑃 < 0.05
was considered a significant difference.

3. Results
3.1. Pulmonary Histopathological Changes. As shown in
Figure 2(a), the structure of the pulmonary alveoli and airway
was fully intact in Control rats. In contrast, rats in the Model
group showed alterations in the submucosal and glandular
tissue, including infiltration by inflammatory cells and other
severe pathological changes such as epithelial-cell hyperplasia, alveolar cavity expansion, thickened small conducting
airways, and connective tissue in the peribronchiolar space.
Rats in the BY, AS, BY + AS, and APL groups exhibited small
airway wall thickening and connective tissue hyperplasia in
the peribronchiolar space, although the pathological changes
were alleviated in the treatment groups to different degrees
compared with the Model group, particularly in the BY and
BY + AS groups. As shown in Figure 2(b), the levels of total
white blood count (WBC) and the percent of neutrophils
were higher compared to those in the Control group (𝑃 <
0.01), whereas the level of the percent of lymphocytes and
monocytes was lower (𝑃 < 0.01 or 𝑃 < 0.05). Compared with
those in the Model group, the levels of total WBC and the
percent of neutrophils in the BY, AS, BY + AS, and APL
groups were significantly decreased (𝑃 < 0.05 or 𝑃 < 0.01),
whereas the percent of lymphocytes in BY and BY + AS

4

Evidence-Based Complementary and Alternative Medicine

Figure 1: The acupoint sticking position of Dazhui, Feishu (both sides), and Shenshu (both sides).

groups and the percent of monocytes in BY, BY + AS, and
APL groups were increased (𝑃 < 0.05 or 𝑃 < 0.01). Compared with that in the APL group, the level of total WBC in the
BY + AS group was decreased (𝑃 < 0.05). The levels of total
WBC and the percent of neutrophils in the BY + AS group
were decreased in comparison to the AS group (𝑃 < 0.05).
3.2. IL-2, IL-6, IL-10, and MCP-1 Levels in Bronchoalveolar
Lavage Fluid (BALF). As shown in Figure 3, the levels of IL-2,
IL-6, and MCP-1 in the Model group were higher compared
to those in the Control group, whereas the level of IL-10 was
lower (𝑃 < 0.01). Compared with those in the Model group,
the levels of IL-2, IL-6, and MCP-1 in the BY, AS, BY + AS, and
APL groups were significantly decreased, whereas the level of
IL-10 was increased (𝑃 < 0.05 or 𝑃 < 0.01). Compared with
those in the APL group, the levels of IL-2 and IL-6 in the BY
and BY + AS groups were decreased (𝑃 < 0.05 or 𝑃 < 0.01),
and the level of MCP-1 in the BY + AS group was also
decreased (𝑃 < 0.05). The levels of IL-6 in the BY and BY + AS
groups were decreased in comparison to the AS group (𝑃 <
0.01), whereas the level of IL-10 was increased (𝑃 < 0.05). The
level of MCP-1 in the BY + AS group was decreased compared
with that in the BY group (𝑃 < 0.05).
3.3. IL-2, IL-6, IL-10, and MCP-1 in Lung Tissue. As shown in
Figure 4(a), IL-2 was mainly detected in the tracheal mucosal
epithelium. IL-6 was distributed in the alveolar walls and
alveolar interstitium, and IL-10 and MCP-1 were detected in
the alveolar interstitium. As shown in Figures 4(b), 4(c), 4(d),
and 4(e), the levels of IL-2, IL-6, and MCP-1 in the Model
group were higher than that in the Control group, whereas
the level of IL-10 was lower (𝑃 < 0.01). Compared with
those in the Model group, the levels of IL-2, IL-6, and MCP-1
in the BY, AS, BY + AS, and APL groups were significantly
decreased, whereas the level of IL-10 was increased (𝑃 <
0.01). Compared with those in the APL group, the levels of
IL-2, IL-6, and MCP-1 in the BY and BY + AS groups were

decreased, whereas the level of IL-10 was increased (𝑃 < 0.05
or 𝑃 < 0.01). The level of MCP-1 in the AS group was higher
than that in the APL group (𝑃 < 0.01). In addition, the levels
of IL-2, IL-6, and MCP-1 in the BY and BY + AS groups were
lower than that in the AS group (𝑃 < 0.01), whereas the level
of IL-10 was higher (𝑃 < 0.01). The level of MCP-1 in the BY +
AS group was lower than that in the BY group (𝑃 < 0.05).
3.4. The mRNA and Protein Expression of JNK and p38 MAPK
in the Lung. As shown in Figure 5(a), JNK and p38 MAPK
mRNA expression in the Model group was increased compared with that in the Control group (𝑃 < 0.01). Compared
with the Model group, JNK and p38 MAPK mRNA expression in the BY, AS, BY + AS, and APL groups was decreased
(𝑃 < 0.05 or 𝑃 < 0.01). JNK and p38 MAPK mRNA expression in the BY + AS group was decreased compared with the
AS group (𝑃 < 0.05), while p38 MAPK mRNA expression
was decreased compared with the APL group (𝑃 < 0.05).
As shown in Figure 5(b), the protein expression of JNK
and p-JNK in the Model group was higher than that in the
Control group (𝑃 < 0.01). Compared with those in the Model
group, the protein expression levels of JNK and p-JNK in
the BY, AS, BY + AS, and APL groups were significantly
decreased (𝑃 < 0.01). From the highest to the lowest expression, the protein level of p-JNK in each group was as follows:
AS group, APL group, BY group, and BY + AS group, with no
significant differences among these groups (𝑃 > 0.05).
As shown in Figure 5(c), the protein expression of p38
and p-p38 MAPK in the Model group was increased compared with that in the Control group (𝑃 < 0.05, 𝑃 < 0.01).
Compared with those in the Model group, the expression levels of p38 in the BY, BY + AS, and APL groups were decreased
(𝑃 < 0.05 or 𝑃 < 0.01), whereas the level of p-p38 was
decreased in each group (𝑃 < 0.01). The protein expression
of p-p38 in the BY, BY + AS, and APL groups was lower than
that in the AS group (𝑃 < 0.05 or 𝑃 < 0.01), although p-p38
expression was lower in the BY + AS group compared with
the APL group (𝑃 < 0.05).
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Figure 2: Lung morphology and total and differential cell counts in BALF of each group. Control: control group; Model: model group; BY:
Bufei Yishen group; AS: acupoint sticking group; BY + AS: Bufei Yishen + acupoint sticking group; APL: aminophylline group (the same as
below). Pathological changes in the lungs of each group (H&E stained ×100) (a). The orange arrows: alveolar cavity expansion; the red arrow:
airway epithelial-cell hyperplasia; the green arrow: thickened small conducting airways. The total and differential cell counts in BALF (b):
values are expressed as the mean ± SEM. AA 𝑃 < 0.01, A 𝑃 < 0.05 versus Model group; C 𝑃 < 0.05 versus AS group; D 𝑃 < 0.05 versus BY + AS
group.

6

Evidence-Based Complementary and Alternative Medicine
200
AB
DD
40

AA
AA

AA

AA

20

BALF MCP-1 (pg/ml)

BALF IL-2 (pg/ml)

60

150
AA
AA
100

AA
D

BY + AS

APL

AA
50

0

0
Control

Model

BY

AS

BY + AS

Control

APL

Model

(a)

BY

AS

(b)

150

300

AA
CC

AA

200

AA
BB
DD

AA

100

AA
C

AA
BALF IL-10 (pg/ml)

AA
BB
BALF IL-6 (pg/ml)

AA
B
CC

100

AA
B

AA

AA
D

50

0

0
Control

Model

BY

AS

BY + AS

APL

(c)

Control

Model

BY

AS

BY + AS

APL

(d)

Figure 3: Changes in inflammatory cytokines in BALF in all treatment groups. Values are expressed as the mean ± SEM. AA 𝑃 < 0.01,
A
BB
B
CC
C
DD
D
𝑃 < 0.05 versus Model group; 𝑃 < 0.01, 𝑃 < 0.05 versus BY group; 𝑃 < 0.01, 𝑃 < 0.05 versus AS group; 𝑃 < 0.01, 𝑃 < 0.05 versus
BY + AS group.

4. Discussion
This study was to evaluate the anti-inflammatory efficiency of
Bufei Yishen granules, Shu-Fei Tie, and their combination in
COPD rat model, and the results suggested that Bufei Yishen
granules combined with Shu-Fei Tie therapy were beneficial
for relieving lung and airway inflammation in COPD rats and
that this effect was mediated via the downregulation of JNK
and p38 MAPK signaling pathway.
In recent years, increasing attention has focused on the
beneficial effects of TCM therapies in patients with stable
COPD. The syndrome of lung-kidney qi deficiency is one of
the most common syndromes in stable COPD. Our previous
clinical study has confirmed the beneficial effect of Bufei
Yishen granules in stable COPD [12]. Recently, we have
preliminarily discussed the potential targets of Bufei Yishen
granules by using systems pharmacology [23].
Acupoint sticking therapy, a kind of TCM external therapy by externally applying herbal paste to the acupoints, is
popular being used for many chronic lung diseases in clinical
practice. The prescription for herbal paste and the suitable
acupoints are according to the intended purpose of treatment.

Shu-Fei Tie, an ointment for acupoint sticking, can excite vital
qi in the human body and has also been proven to be effective
in preventing acute exacerbation of COPD and improving
patients quality of life [17]. In our previous clinical and animal
studies, Bufei Yishen granules combined with Shu-Fei Tie
have been demonstrated to be beneficial in treating stable
COPD; however, the mechanism responsible for these effects
remains unclear.
Multiple initiating events are involved in the pathogenesis of COPD, including inflammation, protease-antiprotease
imbalance, oxidant-antioxidant imbalance, and damage to
the parenchyma and airways, leading to tissue remodeling.
Chronic inflammation is known to play a major role in
the pathological mechanism of COPD, and inflammatory
cytokines, such as MCP-1, IL-2, IL-6, and IL-10, are known to
promote inflammation. IL-6 is a key cytokine involved in the
etiology of inflammation. Histological studies have revealed
that IL-6 expression is increased in patients with COPD, and
this cytokine is known to be associated with airway inflammation [24]. IL-2 is a Th1 cytokine, and inhalation of IL2 induces asthma-like symptoms in humans and aggravates
airway inflammation in a mouse model of asthma [25, 26].
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Figure 4: Changes of inflammatory cytokines in the lung in all treatment groups. Immunohistochemical staining of lung sections
(magnification, ×400) (a); IL-2, IL-6, IL-10, and MCP-1 were quantitatively analyzed (b, c, d, and e). Values are expressed as the mean ±
SEM. AA 𝑃 < 0.01 versus Model group; BB 𝑃 < 0.01, B 𝑃 < 0.05 versus BY group; CC 𝑃 < 0.01 versus AS group; DD 𝑃 < 0.01 versus BY + AS
group.
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Figure 5: The mRNA and protein expression of JNK and p38 MAPK in the lung in all treatment groups. (a) JNK, p38 MAPK mRNA in
each group; (b) the protein expression of JNK and p-JNK in each group; (c) the protein expression of p38 and p-p38 in each group. Values
represent the mean ± SEM. AA 𝑃 < 0.01, A 𝑃 < 0.05 versus Model group; B 𝑃 < 0.05 versus BY group; CC 𝑃 < 0.01, C 𝑃 < 0.05 versus AS group.
D
𝑃 < 0.05 versus BY + AS group.
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IL-10 is synthesized by CD4+ or CD8+ T-lymphocytes,
macrophages, monocytes, eosinophils, and the airway epithelium. IL-10 inhibits and terminates the inflammatory reaction
by suppressing the synthesis and release of proinflammatory
cytokines. Our study found that the levels of IL-2, IL-6, and
MCP-1 in the lungs of COPD rats were increased significantly,
whereas that of IL-10 was decreased. All four treatment
protocols (Bufei Yishen granules, Shu-Fei Tie, Bufei Yishen
granules combined with Shu-Fei Tie, and aminophylline)
alleviated the expression of inflammatory cytokines in the
lung and airway, whereas Bufei Yishen granules and the combined therapy showed enhanced effects compared to Shu-Fei
Tie and aminophylline.
Inflammatory cytokines are mediated in part by MAPK
signaling transduction pathways, such as JNK and p38
MAPK, which in turn are activated by bacterial products,
cytokines, and chemokines [27]. Activation of MAPK pathways can initiate inflammatory cascades, leading to significantly increased production of inflammatory mediators such
as cytokines and chemokines. Activation of the p38 and
JNK pathways is involved in LPS-induced production of
inflammatory molecules [28], and inhibition of the MAPK
signaling pathway significantly reduces the secretion of IL-6
and IL-8 [29]. Our study showed that the mRNA and protein
expression levels of JNK and p38 MAPK were increased in
COPD rats. All four treatment protocols reduced the expression of these inflammatory mediators; however, Bufei Yishen
granules combined with Shu-Fei Tie were more effective than
Shu-Fei Tie in decreasing the expression of JNK and p38
MAPK mRNA and were more effective than aminophylline in
reducing p38 mRNA. Moreover, Bufei Yishen granules combined with Shu-Fei Tie significantly decreased the protein
expression of p-p38 and were more effective than Shu-Fei Tie
and aminophylline. The anti-inflammatory effects of Bufei
Yishen granules had been confirmed in our previous studies
[13], but we did not find the overlapped anti-inflammatory
effects combined with Shu-Fei Tie ointment in this study. We
have found their exciting function on pulmonary surfactant
proteins [30], but there may be other mechanisms involved in
the function of Bufei Yishen granules combined with Shu-Fei
Tie, which need our further study.
In summary, our study shows that the p38 MAPK and
JNK signaling pathways are involved in regulating the expression of IL-2, IL-6, IL-10, and MCP-1 in the lung and airway
in COPD rats. All four treatment protocols can alleviate
lung and airway inflammation, and Bufei Yishen granules
combined with Shu-Fei Tie are better than other protocols.
Their anti-inflammatory effect may be involved in regulating
the p38 MAPK and JNK signaling pathways.
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We investigated whether dangguijakyak-san (DJY) and dangguijihwang-tang (DJH), oriental medicines traditionally used
for inflammatory diseases, could prevent and/or delay the progression of postmenopausal symptoms and osteoarthritis in
osteoarthritis-induced estrogen-deficient rats. Treated ovariectomized (OVX) rats consumed either 1% DJY or 1% DJH in the diets.
Positive-control rats were given 30 𝜇g/kg bw 17𝛽-estradiol and control rats were given 1% fat as were the normal-control rats. All
rats received high-fat diets for 8 weeks. At the 9th week, OVX rats received articular injections of monoiodoacetate (MIA) or
saline (normal control) into the right knee. At 3 weeks after MIA injection, DJY reduced visceral-fat mass and improved glucose
metabolism by reducing insulin resistance, whereas DJH increased BMD and decreased insulin resistance. DJH improved weight
distribution in the right knee and maximum running velocity on a treadmill at days 14 and 21 as much as those of the positive
control. TNF-𝛼, IL-1𝛽, and IL-6 levels in articular cartilage were much higher in the control than the positive control, whereas both
DJY and DJH reduced the levels to those of the positive control. The histological analysis assessed articular cartilage damage near the
tidemark and proteoglycan loss in the control versus the positive control; DJY and DJH prevented this damage and proteoglycan
loss. In conclusion, DJY may provide an effective treatment for improving glucose tolerance, and DJH may be appropriate for
preventing osteoarthritis.

1. Introduction
Estrogen binds to the estrogen receptor on the nucleus to
directly activate estrogen response element-mediated transcription and transcription factor cross talk [1]. Additionally,
estrogen binds to an estrogen receptor in the cell membrane or cytosol to activate phosphoinositide 3-kinase (PI3kinase) and mitogen-activated protein kinase (MAPK) signal transduction pathways to stimulate growth factors and
activate the Wnt signaling pathway [1]. This estrogen signal
transduction is involved in various metabolic processes,

including energy, glucose, lipid, and bone metabolism [1, 2].
Estrogen deficiency impairs these various signaling pathways, resulting in the development of various metabolic
disturbances. Postmenopausal women are at increased risk of
metabolic conditions, such as obesity, heart disease, diabetes,
osteoporosis, and hypertension [3].
In addition to metabolic disorders, estrogen deficiency
elevates low-grade systematic inflammation, with increased
levels of proinflammatory cytokines, such as interleukin1 (IL-1) and tumor necrosis factor-𝛼 (TNF-𝛼) as well as
prostaglandins [4, 5]. Expression of these proinflammatory

2
cytokines has been shown to be attenuated by estrogen
replacement. A deficiency in estrogen receptors in female
mice results in the development of osteoarthritis, with cartilage damage, osteophytosis, and damage in the subchondral
bone of the joints [6, 7]. Estrogen deficiency increases
bone resorption and it may be associated with elevated
levels of proinflammatory cytokines [8]. Osteoporosis worsens osteoarthritis in menopausal women. Thus, menopause
makes women more susceptible to osteoarthritis.
Hormone replacement therapy (HRT, primarily estrogen)
and selective estrogen receptor modulators (SERMs) improve
metabolic disorders, including obesity, type 2 diabetes, dyslipidemia, and osteoarthritis, by activating estrogen receptorrelated pathways [9, 10]. However, HRT and SERMs have
adverse effects. Herbs containing phytoestrogens may prevent and/or alleviate menopausal and osteoarthritis symptoms related to estrogen deficiency [9]. Herbal treatments
with no or minor adverse effects need to be explored to
alleviate these symptoms, possibly by stimulating PI3-kinase
and MAPK signal transduction pathways [11]. Inflammation
is also enhanced not only through estrogen receptors but
also by direct actions on NF-𝜅B signaling [12]. Herbal
treatments may alleviate osteoarthritis more than HRT and
SERMs.
As Angelicae Gigantis Radix (Danggui, Angelica sinensis)
is recognized as a “female ginseng,” it is used widely to
reduce primary dysmenorrhea and menopausal symptoms
[13]. It contains decursin, decursinol, decursinol angelate,
nodakenin, n-butylidenephthalide, and umbelliferone [14].
The components have been reported to improve energy and
glucose and lipid metabolism and to reduce inflammation
and oxidative stress [15, 16]. Supporting the potential benefits for preventing osteoarthritis, Kil et al. [17] demonstrated that Angelicae Gigantis Radix inhibits the formation of osteoclasts in mouse bone marrow cells challenged
with TNF-𝛼. Furthermore, another study demonstrated that
decursin from Angelicae Gigantis Radix suppresses RANKLinduced osteoclast formation [18]. Therefore, these studies
provide good evidence that Angelicae Gigantis Radix, a
major component of both DJY and DJH, may help slow
bone resorption and would be expected to protect against
osteoarthritis and osteoporosis. Angelicae Gigantis Radix may
potentiate the activity with the combination of other herbs.
The recognized prescriptions including Angelicae Gigantis
Radix are Dangguijakyak-san (“Dang-Gui-Shao-Yao-San”
in Chinese, “Toki-shakuyaku-san” in Japanese; DJY) and
Dangguijihwang-tang (Dangguiliuhuang-tang in Chinese;
DJH). Both prescriptions have been used traditionally for
treating menopause-related symptoms and inflammationassociated diseases in East Asia [19–21]. DJY consists of six
herbs, including Angelicae Gigantis Radix and Paeoniae Radix
that have been reported to have anti-inflammatory activities
[20]. Paeoniae Radix contains albiflorin, paeoniflorin, and
paeonol and they have anti-inflammatory activities [22]. DJH
is composed of Angelicae Gigantis Radix and Rehmanniae
Radix Preparata (1 : 2, w/w). Sukjihwang (shudihuang in Chinese), steamed and dried Rehmanniae Radix, has been used
traditionally to make menstruation regular, reduce fatigue
and anxiety symptoms, and inhibit inflammatory responses
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[23–25]. Sukjihwang is composed of dihydrocatalpol, danmelittoside, acetylcatalpol, leonuride, aucubin, melittoside,
and rehmaglutin [26]. DJY has been shown to potently
suppress prostaglandin F2-induced rat uterus muscle contractions in vitro, suggesting possible efficacy for treating
menstrual cramps [27]. In addition, 50% ethanol extract of
Rehmanniae Radix improves microcirculation and reduces
inflammation in adjuvant-induced arthritis animal [28]. DJY
and DJH may alleviate the symptoms related to menopause
and osteoarthritis, although the mechanism remains unclear.
However, if it is involved in the inhibition of cyclooxygenase
enzymes, improvement of microcirculation, and reduction
of inflammation, it could benefit inflammation-related postmenopausal symptoms as well.
The hypothesis of this study was that aqueous extracts of
DJY and DJH would prevent and/or delay the progression
of postmenopausal symptoms and osteoarthritis in estrogendeficient animals. We examined this hypothesis and explored
the protective mechanism against menopausal symptoms and
knee joint osteoarthritis in osteoarthritis-induced ovariectomized (OVX) rats fed with a high-fat diet. Since OVX rats
with MIA-induced osteoarthritis have similar phenotypes to
menopausal women with moderate osteoarthritis symptoms,
the rats are appropriate to use as the animal model in the
present study.

2. Materials and Methods
2.1. Preparation of Aqueous Extracts of DJY and DJH. Paeoniae Radix, Cnidii Rhizoma, Alismatis Rhizoma, Angelicae
Gigantis Radix, Poria Sclerotium, Atractylodis rhizome, and
Rehmanniae Radix Preparata were purchased from Backjaedang (Daejeon, Korea). Voucher specimens (KIOM M
130002-3, KIOM M 13000 5–7, KIOM M 130010, and KIOM
M 130012) were deposited at KM Convergence Research
Division, Korea Institute of Oriental Medicine.
The DJY decoction was made from water extracts of Paeoniae Radix, Cnidii Rhizoma, Alismatis Rhizoma, Angelicae
Gigantis Radix, Poria Sclerotium, and Atractylodis rhizome
(3 : 2 : 2 : 1 : 1 : 1, w/w). The DJH decoction was produced from
water extracts of Angelicae Gigantis Radix and Rehmanniae
Radix Preparata (1 : 2, w/w). The herbs in the DJY and DJH
were added to distilled water and boiled for 4 h at 100∘ C. Each
extract was filtered using filter paper (Whatman, Maidstone,
UK), evaporated, and lyophilized. The yields of DJY and DJH
water extracts were 29.5 and 64.5%, respectively.
2.2. Major Components of Aqueous Extracts of DJY and
DJH. A reference standard stock solution of four compounds
(albiflorin, paeoniflorin, nodakenin, and 5-hydroxymethyl2-furaldehyde) was dissolved in methanol at 1.0 mg/mL. For
HPLC analysis, 46.8 and 20 mg of the lyophilized DJY and
DJH water extracts, respectively, were dissolved in 1 mL
distilled water, and the solutions were filtered through a
0.45 𝜇m syringe filter and then injected into the HPLC
system (an Agilent 1100 series HPLC instrument, Agilent
Technologies, USA, comprising an autosampler, a column
oven, a binary pump, a DAD detector, and a degasser).
ChemStation software (Agilent Technologies, USA) was used
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for processing the data. The HPLC analytical column was
an Atlantis C18 column (250 × 4.6 mm, particle size 5 𝜇m,
Waters, USA); it was maintained at 30∘ C. The injection
volume was 10 𝜇L and the flow rate was 1.0 mL/min. For DJY,
the mobile phase consisted of water in 0.1% trifluoroacetic
acid (TFA, v/v) (A) and acetonitrile (B). The following
gradient was used: 0–20 min, 10–25% B; 20–25 min, 25% B;
25–30 min, 25–50% B; 30–45 min, 50–80% B; 45–60 3–4 min,
80–100% B. For DJH, the mobile phase was water in 0.1%
TFA (A) and acetonitrile (B) and the column was eluted with
a gradient flow with 0–10 min, 5% B; 10–30 min, 5–75% B;
and 30–50 min, 75–90% B. The quantitative analysis of the
three marker compounds for DJY was performed at 230 nm
for albiflorin and paeoniflorin and at 330 nm for nodakenin.
The three markers for DJH were analyzed at 280 nm for 5hydroxymethyl-2-furaldehyde and at 330 nm for nodakenin
and decursin.
2.3. Ovariectomy Operation and Monoiodoacetate- (MIA-)
Induced Osteoarthritis Animal Model. This research followed
the guidelines of the NIH Guide for the Care and Use of
Laboratory Animals and the International Association for
the Study of Pain, and every effort was made to reduce
pain and suffering of the animals. The research design and
all procedures were approved by the Animal Care and Use
Committee of Hoseo University, Korea (2014-02).
After purchasing 50 Sprague Dawley female rats aged
8 weeks (230 ± 30 g) from DBL (Yeumsung-Kun, Korea),
they were acclimated for 1 week in our animal facility. The
rats were housed individually in stainless steel cages in a
controlled environment (23∘ C and with a 12/12 h light/dark
cycle). After 12 h fasting, rats underwent bilateral OVX under
anesthesia, induced by subcutaneous injection of a mixture of
ketamine and xylazine (100 and 10 mg/kg body weight, resp.),
as described previously [29, 30].
Osteoarthritis was induced by intra-articular injection
of MIA. The MIA injection is known to produce a similar
pathology to OA by disrupting glycolysis at the site of the
injection resulting in eventual death of chondrocytes, and
by increased inflammation [31]. After anesthetization with
intramuscular injections of a ketamine and xylazine mixture
(100 and 10 mg, resp.), 40 OVX rats received a single intraarticular injection of MIA (4 mg/50 𝜇L saline; Sigma Co.)
through the patellar ligament of the right knee, using a 26gauge needle. The remaining 10 OVX rats received a single
intra-articular injection of saline into the right knee as the
normal control. On the day following the MIA injections, the
rats were observed for changes in behaviors and in right knee
morphology by a single, trained technician. MIA injection
is considered to induce osteoarthritis in joints by damaging glycolysis in the joint, resulting in the eventual death
of chondrocytes by inhibiting glyceraldehyde-3-phosphate
dehydrogenase activity and increasing inflammation [29, 32].
2.4. Diet Preparation. The dosages of dangguijakyak-san
and dangguijihwang-tang were assigned on the basis of
traditional human usage and conversion factor from human
to animal. The dosage of each herbal prescription was about
50 mg/kg bw for human. The extract powders were mixed
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with a high-fat diet since the diet exacerbated the progression
of menopausal symptoms and osteoarthritis in comparison
to a low-fat diet [29, 33]. The high-fat diet was made with a
semipurified modified AIN-93 formulation for experimental
animals. The diet consisted of 40 percent energy (En%)
from carbohydrates, 20 En% from protein, and 45 En%
from fats. The major carbohydrate, protein, and fat sources
were starch plus sugar, casein (milk protein), and lard (CJ
Co., Seoul, Korea), respectively. High-fat diets were supplemented with 1% lyophilized dangguijakyak-san powder, 1%
lyophilized dangguijihwang-tang powder, 1% dextrose (control), or 30 𝜇g/kg body weight 17𝛽-estradiol + 1% dextrose
(positive control) to make the nutrient compositions of the
diets the same. They were stored at 4∘ C. The diet was provided
every other day and the amount that was consumed was
measured and recorded weekly. The amount of each herbal
powder to be consumed (dosage) was calculated by the food
intake.
2.5. Experimental Design. The fifty OVX rats in 5 groups were
randomly allocated to the following groups: (1) 1% lyophilized
dangguijakyak-san powder with MIA injection (DJY), (2) 1%
lyophilized dangguijihwang-tang powder with MIA injection
(DJH), (3) 30 𝜇g/kg body weight 17𝛽-estradiol + 1% dextrose
with MIA injection (positive control), (4) 1% dextrose with
MIA injection (placebo; control), or (5) 1% dextrose without
MIA injection (normal control). Each group had 10 animals.
All rats had free access to water and to the assigned diet
of each group. At the beginning of the study, average body
weight of each group was about 280 ± 73 g and the rats in
each group had no significant differences in their health.
At 8 weeks of providing the assigned diets, MIA or saline
was injected into the right knee of the rats in each group
and the assigned diets were provided for an additional 3
weeks. At the end of treatment, the rats were anesthetized
with ketamine and xylazine (100 and 10 mg/kg body weight,
resp.) and serum was separated from blood collected by the
cardiac puncture. Periuterine and retroperitoneum fat pads
and uterine were then removed and weighed. After removing
right knee, in one-half of the rats in each group articular
cartilage from the right knee was isolated and stored at −70∘ C
for biochemical analysis. In the other half of the rats, the right
knee was fixed with paraformaldehyde to make a paraffin
block.
Serum levels of glucose and insulin were measured with
a Glucose Analyzer II (Beckman-Coulter, Palo Alto, CA,
USA) and radioimmunoassay kits (Linco Research, Billerica,
MA, USA), respectively. Insulin resistance was determined
using the homeostasis model assessment estimate of insulin
resistance (HOMA-IR) by the following equation: HOMA-IR
= fasting insulin (𝜇IU/ml) × fasting glucose (mM)/22.5.
2.6. Tail Skin Temperature Measurement and Bone Mineral
Density (BMD) Measurement. Tail skin temperature was
monitored during the experimental periods during the light
period using an infrared thermometer for small rodents
(BIO-152-IRB, Bioseb, Chaville, France). Three measurements were made 10 min apart and their average value was
used as a single data point.
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Body composition including BMD, lean body mass, and
fat mass was analyzed with a dual-energy X-ray absorptiometer (DEXA; Norland pDEXA Sabre; Norland Medical Systems
Inc., Fort Atkinson, WI, USA). DEXA was calibrated with
a phantom supplied by the manufacturer prior to use. The
animals were laid in a prone position with posterior legs and
hip, knee, and ankle articulations being maintained in 90∘
flexion with external rotation with tape, after anesthetization
with ketamine and xylazine (100 and 10 mg/kg bw, resp.).
After scanning leg, hip, and knee areas on the right side, BMD
was determined by the DEXA instrument equipped with the
appropriate software for BMD assessment in small animals
[29]. Fat mass and lean mass were also measured in a similar
manner to BMD by DEXA.
2.7. Oral Glucose Tolerance. At the 10th week, an oral glucose
tolerance test (OGTT) was performed on overnight-fasted
animals by orally administering 2 g of glucose/kg body
weight. Blood samples were taken by tail bleeding at 0, 10, 20,
30, 40, 50, 60, 70, 80, 90, and 120 min after glucose loading
to measure the serum glucose levels with a Glucose Analyzer
II (Beckman, Palo Alto, CA). The serum insulin levels were
measured at 0, 20, 40, 90, and 120 min using a radioimmunoassay kit (Linco Research, Billerica, MA). The average
of the areas under the curves (AUC) for the serum glucose
and insulin levels was calculated using the trapezoidal rule.
2.8. Progression of Osteoarthritis and Pain-Related Behavior
Tests. At 3, 7, 14, and 21 days after MIA injection, the
diameters of the knees were measured every week using
digital calipers (Mitutoyo, Japan) and gross observation was
carefully reported every week by the same trained inspector
who was blinded to treatment information throughout the
study period. All rats were weighed and assessed for knee
joint swelling and gait disturbances in cages where they were
allowed to move freely. Swelling and limping were classified
as no change (0), mild (1), moderate (2), and severe (3) on the
basis of severity [29].
At 7, 14, and 21 days after MIA injection, pain-related
behaviors were determined by an incapacitance test using a
hind paw limb weight-bearing apparatus (Linton incapacitance tester, UK) and the maximum running speed on a
treadmill. Both measurements are a diagnostic criterion for
osteoarthritis to demonstrate the intensity of joint discomfort. They can be useful for the discovery of novel pharmacologic agents in human osteoarthritis [34]. The incapacitance
equipment is tested for comparing differences in hind paw
weight distribution between the right (osteoarthritic) and
left (control) limbs. After acclimatizing the test animals for
30 min, the weight distribution onto the hind paw was measured five times for each rat. Using the average of the middle
three values percent weight distribution of the right hind paw
was calculated with the equation previously reported.
To measure the maximum running speed on a treadmill,
rats were acclimated to the treadmill at 40 cm/sec for 1 min
and then the speed was increased to 50 cm/sec for 1 min. The
speed of the treadmill was subsequently increased by 5 cm/sec
every 1 min until the rats could not continue to run and slid
to the back of the treadmill. The maximum speed for running
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was determined when rats were running for 20 sec at the
highest speed. All rats were subjected to treadmill test for less
than 5 min in each test.
2.9. Isolation of Total RNA from Articular Cartilage and RealTime PCR. Articular cartilage samples from five rats of each
group were collected at 28 days after MIA injection. Each
cartilage was individually powdered with a cold steel mortar
and pestle and then mixed with a monophasic solution of
phenol and guanidine isothiocyanate (TRIzol reagent, Life
Technologies, Rockville, MD, USA) for total RNA extraction,
following the manufacturer’s instructions. Total RNA concentration of the extracts was determined using a Lambda
850 spectrophotometer (Perkin Elmer, Waltham, MA, USA)
and cDNA was generated from 1 𝜇g total RNA from articular
cartilage of individual rats using a superscript III reverse
transcriptase kit (Life Science Technology). Five different
cDNA were synthesized from each group and each cDNA was
used for real-time PCR. Equal amounts of cDNA and primers
for specific genes were mixed with SYBR Green mix (BioRad, Richmond, CA) in duplicate and specific genes were
amplified using a real-time PCR instrument (Bio-Rad) with
optimal thermal cycling conditions described in previous
studies. To assess genes associated with inflammation and
degradation of articular cartilage, primers were used to detect
tumor necrosis factor- (TNF-) 𝛼, interleukin- (IL-) 1𝛽, IL6, matrix metalloproteinase- (MMP-) 3, and MMP-13 genes
as described previously [29]. Cycle of threshold (CT) for
each sample was determined. The gene expression levels in
unknown samples were quantitated using the comparative
CT method (ΔΔCT method). ΔCT was calculated via the
following formula: ΔCT = CT (target gene) – CT (endogenous reference gene, 𝛽-actin). The relative fold changes were
calculated by the equation of ΔΔCt = ΔCttreatment − ΔCtcontrol .
Results were presented as 2−ΔΔCT .
2.10. Histopathological Analysis of Knee. After the rats were
sacrificed, the morphological changes of knee joints were
histologically assessed for knee articular bone narrowing, loss
of joint region, cartilage erosion, and osteophyte formation
[29, 35]. Knee joints were removed, fixed in phosphatebuffered formalin, subsequently decalcified in 10% nitric
acid for 72 h, and embedded in paraffin. Five-micrometer
sections were made from the paraffin block and stained with
hematoxylin and eosin (H-E) and safranin O-fast green.
Histopathological changes in each animal were quantitatively
expressed by the scoring system of cartilage damage [29].
Cartilage damage was evaluated by the following scoring
system: the depth was scored on a scale of 0–5 where 0
was normal; 1 minimal, affecting the superficial zone only; 2
mild invasion into the upper middle zone only; 3 moderate
invasion well into the middle zone; 4 marked invasion into
the deep zone but not to the tidemark; and 5 severe fullthickness degradation to the tidemark. The extent of tibial
plateau involvement and proteoglycan loss was scored as 1
(minimal), 2 (mild), 3 (moderate), and 4 (severe).
2.11. Statistical Analysis. Statistical analysis was performed
using SAS software version 7 (SAS Institute) and all results
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Table 1: The contents of phenolic compounds and flavonoids (unit: mg/g dry weight).
Water extract of dangguijakyak-san
—
2.20 ± 0.03
—
3.09 ± 0.16
18.5 ± 0.69
—

5-Hydroxymethyl-2-furaldehyde
Nodakenin
Decursin
Albiflorin
Paeoniflorin
z-Ligustilide

Water extracts of dangguijihwang-tang
1.20 ± 0.052
1.78 ± 0.041
0.23 ± 0.003
—
—
—

Values are means ± SD (𝑛 = 3).

Table 2: Metabolic parameters at the end of experimental periods.

Body weight at 7th week (g)
Body weight at 11th week (g)
Food intake at 7th week (g)
Food intake at 11th week (g)
Periuterine fat (g)
Retroperitoneum fat (g)
Uterine weight (g)
Serum 17𝛽-estradiol levels (ng/ml)
Tail skin temperature at 11th week (∘ C)

OVX control
(𝑛 = 10)

DJY
(𝑛 = 10)

DJH
(𝑛 = 10)

Positive control
(𝑛 = 10)

Normal control
(𝑛 = 10)

399 ± 33a
376 ± 18b
15.0 ± 2.0
15.7 ± 2.2ab
9.9 ± 1.1a
15.1 ± 2.1ab
0.23 ± 0.07b
1.7 ± 0.6c
29.5 ± 0.8a

387 ± 28a
374 ± 42b
15.8 ± 1.9
16.2 ± 1.5a
8.7 ± 1.2b
12.0 ± 1.8b
0.22 ± 0.05b
1.8 ± 0.5c
29.2 ± 0.3a

390 ± 19a
361 ± 28b
15.2 ± 2.3
15.7 ± 2.3ab
9.7 ± 1.3ab
14.0 ± 1.5a
0.24 ± 0.09b
1.8 ± 0.6c
29.1 ± 0.2a

367 ± 25b
346 ± 44c
14.5 ± 2.7
14.1 ± 2.1b
5.7 ± 0.8c
7.2 ± 0.9d
0.61 ± 0.11a
7.9 ± 1.0a
27.9 ± 0.2b

397 ± 30a
411 ± 35a
13.4 ± 1.4
16.5 ± 1.9a
10.5 ± 0.9a
15.9 ± 1.0a
0.24 ± 0.10b
1.8 ± 0.8b
29.3 ± 0.5a

Ovariectomized (OVX) rats were provided with a 43% fat diet containing (1) 1% lyophilized dangguijakyak-san powder with MIA injection (DJY), (2) 1%
lyophilized dangguijihwang-tang powder with MIA injection (DJH), (3) 30 𝜇g/kg body weight 17𝛽-estradiol + 1% dextrose with MIA injection (positive
control), (4) 1% dextrose with MIA injection (placebo; control), or (5) 1% dextrose with saline injection (normal control). Values are mean ± SD. a,b,c Values
on the same row with different superscripts were significantly different at 𝑝 < 0.05.

are expressed as a mean ± standard deviation (SD). Sample
size was calculated using a G power program (power =
0.90 and effect size = 0.50) and sample size of each group
was 10. The parameters having multiple measurements at
different time points were analyzed with two-way repeated
measures ANOVA with time and group as independent
variables and interaction term between time and group. The
metabolic effects of different groups were performed by oneway analysis of variance (ANOVA) when the results were
measured at one time point. Significant differences in the
main effects among the groups were identified by Tukey’s test
at 𝑝 < 0.05.

3. Results
3.1. Compounds in the Herb Extracts. Nodakenin, albiflorin,
and paeoniflorin were detected in DJY and paeoniflorin was
a major component (Table 1, Figure 1). DJH contained 5hydroxymethyl-2-furaldehyde, nodakenin, and decursin.
3.2. Body Weight and Body Composition. Body weight was
higher in the control group than in the positive-control group
at the seventh week after the injection of MIA; body weight
was lower in the control group than the normal-control group
at the eleventh week. The weight loss in the MIA-injected
OVX rats was likely to be due to osteoarthritis, which reduced
food intake at the seventh week of the experiment (data
not shown), but the food intake returned to normal, and

gross intake during weeks 9–11 was similar to that in the
seventh week (Table 2; 𝑝 < 0.05). Food intake tended to be
lower in the positive-control group than the control group at
the seventh and eleventh weeks, but it was not significantly
different among the groups. Food intake was significantly
lower in the positive-control group than the DJY only group
at the eleventh week (Table 2). Consumption of the herb
extracts was about 148 mg/day for DJY and 144 mg/day for
DJH. These amounts of DJY and DJH in rats were equivalent
to ∼2-3 g per day in humans, when calculated using a
conversion coefficient for human doses from experimental
animal studies suggested by the US FDA. Periuterine and
retroperitoneum fat mass, representing visceral fat, was lower
in the control group than the positive-control group and DJY,
but not DJH, decreased the visceral fat versus the control
group at week 11 of the experimental period (Table 2).
BMD in the hip and right leg was lower in OVX rats
than in positive-control rats at the eleventh week of the
experimental period (Figure 2(a)). In the normal-control
group, with no MIA injection, the BMD of the right leg
tended to be higher, but it was not significantly different
from the control or positive-control groups, indicating that
osteoarthritis further decreased the BMD in the right leg of
OVX rats. The DJH, but not DJY, group showed a higher BMD
in the hip and right leg than the control group (Figure 2(a)).
Lean body mass (LBM) in the hip and the right leg was
significantly higher in the positive-control than the control
group, whereas LBM of the right leg was lower in the control
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Figure 1: HPLC chromatogram. (a) References for dangguijakyak-san: 1, albiflorin; 2, paeoniflorin; 3, nodakenin; 4, 𝑧-ligustilide; 5, decursin.
(b) Dangguijakyak-san water extract. (c) References for dangguijihwang-tang: 1,5-hydroxymethyl-2-furaldehyde; 2, nodakenin; 3, decursin.
(d) Dangguijihwang-tang water extract.

group than the normal-control group at week 11 (Figure 2(b)).
DJH tended to increase LBM in the right leg to a value above
that in the control group, but the difference was statistically
significant (Figure 2(b)). In contrast to LBM, fat mass was
much lower in the positive-control group than the control
group but it was not significantly different between the
control and positive-control groups (Figure 2(c)). The DJY
and DJH groups tended to be lower than the control group
but the difference was not significant (Figure 2(c)).
3.3. Uterine Weight, Serum 17𝛽-Estradiol Levels, and Skin
Temperature. Uterine weight was reduced in the control
group versus the positive-control group and neither DJY nor
DJH altered the uterine weight (Table 2). Serum 17𝛽-estradiol
levels were lower in the control group than the positive
control; neither DJY nor DJH changed the levels. Thus,

apparently, neither DJY nor DJH activated estrogen receptors
in the uterus (Table 2). Tail skin temperature was significantly
higher in the control group than the positive-control group,
but neither DJY nor DJH affected the temperature. There were
no detrimental effects observed from treatment with either
extract during the experimental periods.
3.4. Glucose Metabolism. Overnight fasting serum glucose
and insulin levels did not differ between control and normalcontrol groups, indicating that osteoarthritis apparently did
not influence glucose metabolism (Table 3). DJY, but not
DJH, significantly lowered serum glucose levels versus the
control group. Serum insulin levels in the overnight-fasted
state were lower in the DJY and DJH groups than in the
positive-control group (Table 3). HOMA-IR indicated a state
of insulin resistance in overnight fasting; HOMA-IR was
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Figure 2: Body composition at the end of experiments. Ovariectomized (OVX) rats were provided with a 45% fat diet containing (1) 1%
lyophilized DJY powder + MIA injection (DJY), (2) 1% lyophilized DJH powder + MIA injection (DJH), (3) 30 𝜇g/kg body weight 17𝛽estradiol + 1% dextrose + MIA injection (positive control), (4) 1% dextrose + MIA injection (placebo, control), or (5) 1% dextrose with no
MIA injection (normal control). After 4 weeks of the assigned diets, an articular injection of MIA into the right knee was made in all OVX
groups except the normal-control group and the assigned diets were provided for an additional 3 weeks. At the 7th week body composition
was measured by DEXA. (a) Bone mineral density (BMD). (b) Lean body mass (LBM) at the hip and right leg. (c) Fat mass (FM) at the
abdomen and right leg. Each bar and error bar represents the mean ± SD from 10 rats per group. A,B Different letters indicate significant
differences in the treatment groups of OVX rats by Tukey’s test at 𝑝 < 0.05.

Table 3: Glucose metabolism.

Serum glucose (mg/dl)
Serum insulin (ng/ml)
HOMA-IR
Insulin sensitivity at 40 min during
OGTT
Insulin sensitivity at 80 min during
OGTT

Control
(𝑛 = 10)

DJY
(𝑛 = 10)

DJH
(𝑛 = 10)

Positive control
(𝑛 = 10)

Normal control
(𝑛 = 10)

123 ± 9a
1.56 ± 0.21a
8.5 ± 1.0a

120 ± 5a
0.97 ± 0.15c
5.2 ± 0.7b

110 ± 12b
0.92 ± 0.13c
4.5 ± 0.6c

115 ± 8b
1.13 ± 0.14b
5.7 ± 0.6b

120 ± 13a
1.48 ± 0.19a
7.9 ± 0.9a

13.4 ± 1.7c

15.8 ± 2.1b

19.5 ± 2.4a

16.6 ± 2.0b

13.0 ± 1.6c

14.0 ± 1.6c

26.5 ± 3.3a

26.0 ± 2.9a

21.2 ± 2.6b

13.0 ± 1.5c

Ovariectomized (OVX) rats were provided with a 43% fat diet containing (1) 1% lyophilized dangguijakyak-san powder with MIA injection (DJY), (2) 1%
lyophilized dangguijihwang-tang powder with MIA injection (DJH), (3) 30 𝜇g/kg body weight 17𝛽-estradiol + 1% dextrose with MIA injection (positive
control), (4) 1% dextrose with MIA injection (placebo; control), or (5) 1% dextrose with saline injection (normal control). Values are mean ± SD. a,b,c Values
on the same row with different superscripts were significantly different at 𝑝 < 0.05.
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Figure 3: Changes of serum glucose and insulin levels during oral glucose tolerance test at the end of experiment. Ovariectomized (OVX) rats
were provided with a 45% fat diet containing (1) 1% lyophilized DJY powder + MIA injection (DJY), (2) 1% lyophilized DJH powder + MIA
injection (DJH), (3) 30 𝜇g/kg body weight 17𝛽-estradiol + 1% dextrose + MIA injection (positive control), (4) 1% dextrose + MIA injection
(placebo, control), or (5) 1% dextrose with no MIA injection (normal control). After 4 weeks of the assigned diets, an articular injection of
MIA into the right knee was made in all OVX groups except the normal-control group and the assigned diets were provided for an additional
3 weeks. At 7th week rats were orally given 2 g glucose/kg body weight and serum glucose and insulin levels were measured. (a) Changes of
serum glucose levels. (b) Changes of serum insulin levels. (c) Area under the curve of serum glucose and insulin levels. Each bar and error
bar represents the mean ± SD from 10 rats per group. A,B,C Different letters indicate significant differences in the treatment groups of OVX rats
at each time point identified by Tukey’s test at 𝑝 < 0.05.

much higher in the control group than in the positive-control
group. HOMA-IR decreased in descending order: control,
normal-control > positive-control, DJY > DJH (Table 3).
After giving glucose orally, serum glucose levels reached
a peak at 40–50 min and levels at the peak were determined
by both insulin secretion and insulin sensitivity (Figure 3(a)).
Serum glucose levels decreased from the peak mainly due
to insulin sensitivity. Serum glucose levels at the peak were
much higher in the control group than the positive-control
group and DJY lowered peak levels versus the control group
(Figure 3(a)). Serum insulin levels increased until 40 min,
and they declined after 40 min (Figure 3(b)). The levels
were much higher in the control group than the positivecontrol group at all time points during the oral glucose
tolerance test (OGTT). The DJY group showed lower serum
insulin levels than the control group at all time points
(Figure 3(b)). The areas under the curves of glucose (AUCGs)
and insulin (AUCIs) were separated into two parts (0–40 min

and 40–120 min). The reference point was determined by
the peak serum insulin levels. The AUCGs of the first and
second parts were much greater in the control group than
in the positive-control group (Figure 3(c)). The DJY group
showed the lowest AUCGs in the first and second parts; DJY
also lowered them versus the control but the decrease was
less than that with DJY. AUCIs in the first part decreased in
descending order, control > DJY = positive-control > DJH,
whereas those in the second part were also lower in the
positive-control than the control, and both DJY and DJH
reduced them (Figure 3(c)). Thus, DJY improved glucose
tolerance by improving insulin sensitivity in OVX rats.
During the OGTT, insulin sensitivity at 40 and 80 min
was calculated as serum glucose levels divided by serum
insulin levels at 40 and 80 min, respectively; higher values indicated better insulin sensitivity. Insulin sensitivity at
40 min was higher in ascending order: control and normalcontrol < DJY and positive-control < DJH. However, insulin
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Figure 4: Gross observation of osteoarthritis symptoms at 3, 7, 14, and 21 days after monoiodoacetate (MIA) injection. Ovariectomized (OVX)
rats were provided with a 45% fat diet containing (1) 1% lyophilized DJY powder + MIA injection (DJY), (2) 1% lyophilized DJH powder + MIA
injection (DJH), (3) 30 𝜇g/kg body weight 17𝛽-estradiol + 1% dextrose + MIA injection (positive control), (4) 1% dextrose + MIA injection
(placebo, control), or (5) 1% dextrose with no MIA injection (normal control). After 4 weeks of the assigned diets, an articular injection of
MIA into the right knee was made in all OVX groups except the normal-control group and the assigned diets were provided for an additional
3 weeks. (a) The scores of the swelling in the right knee. (b) The scores of limping in the right knee. Each data point and error bar represents
the mean ± SD from 10 rats per group. A,B,C,D Different letters indicate significant differences in the treatment groups of OVX rats at each time
point identified by Tukey’s test at 𝑝 < 0.05.

sensitivity at 80 min during the OGTT was lower in the
control group than the positive-control group, whereas DJY
and DJH increased the values more than the positive control
(Table 3). These results suggest that DJY and DJH both
improved insulin sensitivity in the fasting and postprandial
states more than the positive control.
3.5. Global Observations of Osteoarthritis Symptoms. Osteoarthritis developed with inflammation in the joints and
showed clinical changes in the right knee, such as limping
and swelling (Figure 4). On the day after MIA injection, the
right knee began to swell and the rats dragged the leg and
limped (Figures 4(a) and 4(b)). The symptoms became more
severe until day 7 and then declined generally. With a saline
injection, instead of MIA, the normal-control group did not
exhibit any swelling or limping. The rats of the positive-control group did not show increased swelling at day 3 in comparison with those of the control group, and the swelling
improved in the positive-control group more than in the
control group (Figure 4(a)). DJY induced swelling in the right
knee from day 3, but not as much as in the positive controls, especially at days 14 and 21. However, the DJH exhibited
swelling as badly as the positive-control group. Limping
showed similar results to swelling in the right knee (Figure 4(b)).
3.6. Pain-Related Behavior Tests for Osteoarthritis. Painrelated behavior was measured by the asymmetric weight distribution and maximum velocity of running on a treadmill.
Weight distribution on the right hind paw was much lower
in the control group than normal-control group, due to pain
in the right knee. The weight distribution increased to 50% as
the days passed in all rats with MIA injection (Figure 5(a)).

The weight distribution was higher in the positive-control
group than the control group. DJH increased the weight
distribution more than the control group (Figure 5(a)). The
maximum velocity in treadmill running decreased as pain
increased due to osteoarthritis. The maximum velocity was
significantly lower in the rats of the control group versus the
normal-control rats (Figure 5(b)). Rats in the positive-control
and DJH groups showed greater maximum velocities than
those in the control group (Figure 5(b)). Thus, pain-related
behaviors in rats with MIA-injected legs were alleviated by
DJH by as much as those in the positive-control group.
3.7. Levels of Cytokines in the Articular Cartilage of the Right
Knee. The levels of the proinflammatory cytokines TNF-𝛼,
IL-1𝛽, and IL-6 increased in the articular cartilage of the
MIA-injected knees versus the saline-injected knee group.
The levels were lower in the positive-control group than the
control group. DJH tended to decrease their levels more than
DJY but there was no significant difference (Figure 6(a)).
Thus, DJH, DJY, and positive-control groups showed lower
levels of TNF-𝛼, IL-1𝛽, and IL-6, but the decrease was not as
large as in the normal control.
Levels of MMP-3 and MMP-13 were higher in the articular cartilage of MIA-injected knees in the control group than
the positive-control group (Figure 6(b)). DJH significantly
inhibited the increase in MMP-3 and MMP-13, down to the
levels of the positive-control group (Figure 6(b)). DJY tended
to lower the expression of MMP-3 and MMP-13 more than in
the positive-control group.
3.8. Histopathological Analysis. Histological evaluations of
H-E-stained tissue revealed that MIA injection damaged
the articular cartilage and subchondral bone of the knee in
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Figure 5: Pain-related behaviors after osteoarthritis induction at 3, 7, 14, and 21 days after monoiodoacetate (MIA) injection. Ovariectomized
(OVX) rats were provided with a 45% fat diet containing (1) 1% lyophilized DJY powder + MIA injection (DJY), (2) 1% lyophilized DJH
powder + MIA injection (DJH), (3) 30 𝜇g/kg body weight 17𝛽-estradiol + 1% dextrose + MIA injection (positive control), (4) 1% dextrose +
MIA injection (placebo, control), or (5) 1% dextrose with no MIA injection (normal control). After 4 weeks of the assigned diets, an articular
injection of MIA into the right knee was made in all OVX groups except the normal-control group and the assigned diets were provided
for an additional 3 weeks. The pain indicators were measured. (a) Differences in weight distribution of the right hind paw (%) measured by
an incapacitance tester. (b) Maximum velocity run on a treadmill; each data point and error bar represents the mean ± SD from 10 rats per
group. A,B,C Different letters indicate significant differences in the treatment groups of OVX rats at each time point identified by Tukey’s test
at 𝑝 < 0.05.
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Figure 6: The mRNA expression of proinflammatory cytokines and matrix metalloproteinases (MMPs) in the articular cartilage.
Ovariectomized (OVX) rats were provided with a 45% fat diet containing (1) 1% lyophilized DJY powder + MIA injection (DJY), (2) 1%
lyophilized DJH powder + MIA injection (DJH), (3) 30 𝜇g/kg body weight 17𝛽-estradiol + 1% dextrose + MIA injection (positive control),
(4) 1% dextrose + MIA injection (placebo, control), or (5) 1% dextrose with no MIA injection (normal control). After 4 weeks of the assigned
diets, an articular injection of MIA into the right knee was made in all OVX groups except the normal-control group and the assigned diets
were provided for an additional 3 weeks. The mRNA expression of genes related to collagen degradation and proinflammatory cytokines was
measured in the articular cartilage by real-time PCR. (a) mRNA expression of MMP-3 and MMP-13. (b) Proinflammatory cytokines (TNF-𝛼,
IL-1𝛽, and IL-6). Each bar and error bar represents the mean ± SD from 4 rats per group. A,B,C Different letters indicate significant differences
in the treatment groups of OVX rats at each time point identified by Tukey’s test at 𝑝 < 0.05.

OVX control rats (Figure 7). The joint space was narrowed
in the control in comparison with the normal control and
the space was increased by DJY, DJH, and the positive
control to a similar extent. The normal-control rats showed
normal structures of the articular cartilage and bone, with
smooth articular surfaces, normal chondrocytes, and intact

tide marks and subchondral bones. However, MIA injection
induced the degeneration of chondrocytes and the tide mark
and penetration of subchondral bones. Treatment with 17𝛽estradiol reduced the deterioration in the histological scores
of the knees injected with MIA. DJY and DJH also decreased
the degeneration of articular cartilage and DJY improved it
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Figure 7: Histopathological features of osteoarthritic lesions in the knee joints of rats at 21 days after intra-articular injection of
monoiodoacetate (MIA). Ovariectomized (OVX) rats were provided with a 45% fat diet containing (1) 1% lyophilized DJY powder + MIA
injection (DJY), (2) 1% lyophilized DJH powder + MIA injection (DJH), (3) 30 𝜇g/kg body weight 17𝛽-estradiol + 1% dextrose + MIA injection
(positive control), (4) 1% dextrose + MIA injection (placebo, control), or (5) 1% dextrose with no MIA injection (normal control). After 4
weeks of the assigned diets, an articular injection of MIA into the right knee was made in all OVX groups except the normal-control group
and the assigned diets were provided for an additional 3 weeks. (a) Images of H-E staining in the right knee (×10). (b) Quantification of the
joint space and structural damage. (c) Safranin O-fast green staining in the right knee (×10). (d) Quantification of cartilage damage. Each bar
and error bar represents the mean ± SD from 4 rats per group. A,B,C,D,E Different letters indicate significant differences in the treatment groups
of OVX rats at each time point identified by Tukey’s test at 𝑝 < 0.05.

as much as 17𝛽-estradiol treatment in MIA-injected knees
(Figure 7(a)).
The tibial plateau was extended in the control in comparison with the normal control and this extension was
reduced by DJY, DJH, and the positive control (Figure 7(b)).
DJH showed the least extension of tibial plateau but there
was no significant difference among DJY, DJH, and 17𝛽estradiol. Proteoglycan loss was much higher in the control
group than in the normal-control group. DJY and DJH
decreased the proteoglycan loss versus the control group and
the decrease was similar to that in the positive-control group
(Figure 7(b)). These results indicated that DJY and DJH treatments prevented breakdown of the articular cartilage and the
deterioration of bone and joint structures.

4. Discussion
DJY and DJH are known to have anti-inflammatory properties and they have been used traditionally to improve health
in women and to ameliorate cognitive deficits and depression
[36–38]. In this study, the OVX rats showed menopausal
symptoms, such as dysregulation of energy, glucose, lipid,
and bone metabolism, and increased tail skin temperatures
as in previous studies [22, 23]. OVX rats are known to be
well representative of human menopausal symptoms [22, 23].
Additionally, osteoarthritis is somewhat exacerbated in an
estrogen-deficient state. These menopausal symptoms can
be reversed by 17𝛽-estradiol treatment. Clinical studies have
reported a protection by HRT against diabetes: diabetes risk
has been shown to be reduced by 62% in women using HRT in
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comparison to those having not used HRT. In addition, HRT
improves glucose regulation in diabetic women by improving insulin sensitivity and potentiating insulin secretion
capacity after menopause [39]. However, the mechanism by
which 17𝛽-estradiol regulates metabolism is not completely
understood [2]. Menopausal symptoms can be reversed by
HRT with 17𝛽-estradiol. However, HRT has adverse effects
such as increasing breast cancer, coronary artery disease,
endometrial cancer, venous thromboembolism, and stroke.
Thus, there is a continuing need for alternative treatments to
attenuate menopausal symptoms.
Many studies have been conducted to assess herbs containing estrogen-like substances. Estrogen acts on several different pathways. Among them, estrogen activates the estrogen receptor- (ER-) 𝛼, ER-𝛽, and G protein-coupled estrogen receptor (GPER) to regulate physiological pathways in
various tissues, such as the hypothalamus, liver, bone, and
islets [1, 40]. Alternative therapies for alleviating menopausal
symptoms need to target the ERs in specific tissues to treat
metabolic diseases. In the present study, DJY and DJH were
not very effective at improving energy metabolism: DJY
reduced only the visceral-fat mass. They also did not prevent
the increase in skin tail temperature in OVX rats. However,
they did improve insulin sensitivity in fasting and hyperglycemic states. DJY lowered serum glucose levels in the
OGTT by increasing serum insulin levels and insulin sensitivity. DJH showed better improvement of insulin sensitivity
than DJY in a hyperglycemic state but it did not decrease
serum glucose levels during the OGTT by as much as DJY.
Thus, DJY can be appropriate for improving glucose metabolism in the menopausal state. This activity may be related
to the affinities of DJY and DJH for the ER-𝛼, ER-𝛽, and
GPER that differ in their ligand-binding domains [41]. ER-𝛼
activation promotes glucose-stimulated insulin biosynthesis,
decreases lipid accumulation in the islets, and enhances 𝛽cell survival against proapoptotic stimuli, whereas ER-𝛽 activation potentiates glucose-stimulated insulin secretion [40].
GPER activation also protects 𝛽 cells from apoptosis and promotes glucose-stimulated insulin secretion and lipid homeostasis without affecting insulin biosynthesis. Previous studies have demonstrated that genistein has a much higher affinity for ER-𝛽 (87% of the affinity of 17𝛽-estradiol) than ER-𝛼
(4% of 17𝛽-estradiol) although estradiol has a similar affinity
for both estrogen receptors [41]. Different phytoestrogens
also have differing affinities for ER-𝛼 and ER-𝛽. DJY and DJH
both contain some of the same and some different flavonoids;
these flavonoids may have differing affinities for the two ERs
[41].
The incidences of hip, knee, and finger osteoarthritis are
greater in men than in women before 50 years of age but, after
that age, epidemiological studies reveal that they are more
common in women than men [42, 43]. This indicates that
estrogen deficiency increases the prevalence of musculoskeletal disorders, including osteoporosis and osteoarthritis. This
increase is associated with disturbances in joint, cartilage,
subchondral bone, synovium, ligaments, muscle, and tendons
as a result of estrogen deficiency. However, there have been
few interventional studies linking serum levels of other estrogens and estrogen metabolites to the pathogenesis of female
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osteoarthritis [35, 44, 45]. In the Women’s Health Initiative
trial, women taking estrogens had significantly less joint
replacement, suggesting that estrogen prevents osteoarthritis
progression via the pleiotropic activities of estrogen in several
tissues [35]. The present study showed that 17𝛽-estradiol
treatment prevented the decrease in BMD and lean body
mass and maintained normoglycemia, which had an indirect
effect on delaying the progression of osteoarthritis [46]. DJY
and DJH showed some differing effects on BMD, lean body
mass, and glucose metabolism. DJY resulted in lower serum
glucose levels in the OGTT, with higher serum insulin levels
in the hyperglycemic state. However, DJH increased BMD
and decreased insulin resistance, even though serum glucose
levels were somewhat higher during the OGTT. These results
suggest that DJY and DJH might both have beneficial effects
on the progression of type 2 diabetes.
Osteoarthritis is characterized by articular cartilage loss,
hypertrophic bone changes, osteophyte formation, subchondral bone remodeling, and low-grade synovial inflammation
[47]. Clinical symptoms include primarily joint pain, joint
tenderness, difficulty in movements, and joint deformities
[47]. In the present study, osteoarthritis was induced by the
articular injection of MIA injection into the right knee, which
resembled osteoarthritis in humans [24]. Previous studies
have demonstrated chondrocyte degeneration and necrosis
at days 1–7 after MIA injection, increased osteoclasts and
osteoblasts in subchondral bone by day 7, focal fragmentation
and the collapse of bony trabeculae with fibrosis by day 28,
and large areas of bone remodeling by day 56 in histological
examinations [32]. Analgesic drugs, such as tramadol, celecoxib, and diclofenac, can reduce pain-related behaviors [32,
48]. Thus, the MIA-injected osteoarthritis model is clinically
relevant to humans and is useful for studying therapeutic
agents and understanding the pathophysiology. In a previous
study, we showed that the clinical symptoms recovered by
3 weeks after MIA injection [29]; thus, the progression of
osteoarthritis was determined for 3 weeks in this study. The
clinical severity of osteoarthritis symptoms, such as limping,
swelling, weight distribution on the right hind paw, and
maximum running velocity on a treadmill, was exacerbated
until day 7 after MIA injection. The scores for limping and
swelling were higher and the weight distribution on the right
leg and the maximum velocity on the treadmill were lower in
the control group than the positive-control group at days 14
and 21, but the DJH group improved as much as the positive
control. However, DJY reduced pain-related behaviors in
comparison with the control but not as much as the positive
control. These results indicated that DJH has greater efficacy
for relieving pain than DJY, although DJY has recently been
reported to relieve pain in primary dysmenorrhea [13].
Recent studies have indicated that phytoflavonoids, polyphenols, and bioflavonoids, which are natural compounds in
fruits, teas, spices, wine, and vegetables, have the potential
to modify osteoarthritis and symptoms based on their antiinflammatory and anticatabolic actions and protective effects
against oxidative stress [49]. Both DJH and DJY have been
shown to reduce inflammation and oxidative stress but
they have not been studied for treating osteoarthritis. In
the present study, DJH and DJY decreased the levels of
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the proinflammatory cytokines TNF-𝛼, IL-1𝛽, and IL-6 in
articular cartilage versus the control, and the decrease was
similar to that in the positive-control group. DJH and DJY
improved osteoarthritis symptoms by reducing inflammation
in articular cartilage. A histological examination of the right
knee showed that the DJH group had less articular cartilage
damage near the tidemark and proteoglycan loss than the DJY
group, although both prevented damage and proteoglycan
loss in comparison with the control. This was related to the
expression of MMP-3 and MMP-13, mediators of the breakdown of matrix proteins, in the articular cartilage. The DJY
group showed higher MMP-3 and MMP-13 levels than DJH
although both DJH and DJY had levels lower than in the control. Specific MMPs, such as MMP-1 (collagenase-1), MMP3 (stromelysin-1), and MMP-13 (collagenase-3), degrade cartilage proteoglycans and type II collagen, leading to osteoarthritis [50]. The present study indicated that suppression
of MMP levels may play an important role in alleviating
osteoarthritis in addition to reducing inflammation.

5. Conclusions
We showed that DJH protected against OVX-induced
osteoarthritis by preventing the decrease in articular cartilage, with reduced levels of MMP-3, MMP-13, and also
proinflammatory cytokines in OVX rats with osteoarthritis induced by MIA. Indeed, DJH showed similar antiosteoarthritic activity to 17𝛽-estradiol treatment. DJY reduced
osteoarthritic symptoms in OVX rats, but the reduction
was less than that with DJH. However, DJY improved
glucose tolerance in OVX rats. Since the symptoms of the
animal model have similar characteristics to menopausal
women with osteoarthritis, DJH and DJY may be a potential
therapeutic herbal treatment for osteoarthritis and glucose
intolerance in postmenopausal women.
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Dental biofilms that form in the oral cavity play a critical role in the pathogenesis of several infectious oral diseases, including
dental caries, periodontal disease, and oral candidiasis. Houttuynia cordata (HC, Saururaceae) is a widely used traditional
medicine, for both internal and external application. A decoction of dried HC leaves (dHC) has long been consumed as a healthpromoting herbal tea in Japan. We have recently reported that a water solution of HC poultice ethanol extract (wHCP) exerts
antimicrobial and antibiofilm effects against several important oral pathogens. It also exhibits anti-inflammatory effects on human
keratinocytes. In our current study, we examined the effects of dHC on infectious oral pathogens and inflammation. Our results
demonstrated that dHC exerts moderate antimicrobial effects against methicillin-resistant Staphylococcus aureus (MRSA) and other
oral microorganisms. dHC also exhibited antibiofilm effects against MRSA, Fusobacterium nucleatum (involved in dental plaque
formation), and Candida albicans and inhibitory effects on interleukin-8, CCL20, IP-10, and GRO𝛼 productions by human oral
keratinocytes stimulated by Porphyromonas gingivalis lipopolysaccharide (a cause of periodontal disease), without cytotoxic effects.
This suggests that dHC exhibits multiple activities in microorganisms and host cells. dHC can be easily prepared and may be effective
in preventing infectious oral diseases.

1. Introduction
Dental biofilms that form in the oral cavity play a critical
role in the pathogenesis of numerous infectious oral diseases,
including periodontal disease. This can be due to the absorption of antimicrobial and antiseptic drugs and development
of resistance to host immune cells [1–3]. Predominant fungi
such as Candida albicans in the oral cavity can also contribute
to the development of infectious oral diseases ranging from
denture stomatitis [4, 5] to life-threatening invasive infections, including aspiration pneumonia. This is particularly
apparent in immunocompromised and elderly patients [6–8].
We have previously reported a higher prevalence of Candida

spp., Pseudomonas aeruginosa, and Staphylococcus spp. in
the oropharyngeal microflora of patients with cerebrovascular infarction and dysphagia [6]. Reducing adherence and
biofilm formation by oral microorganisms can contribute to
the prevention of chronic oral infections that may lead to
potentially severe, systemic opportunistic diseases, particularly in the elderly [9, 10].
Oral keratinocytes play an important role as the first
physical barrier to bacterial invasion by organizing the local
innate immune system against colonizing microorganisms.
They also secrete several proinflammatory mediators (i.e.,
chemokines and cytokines) in response to various stimuli,
including microbial infections and chemical or thermal
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irritations [11–13]. These mediators ultimately cause periodontal inflammation. Lipopolysaccharide (LPS) from Gramnegative bacteria, such as the important periodontal pathogen Porphyromonas gingivalis, upregulates the production
of various proinflammatory mediators via signal cascades
in the gingival epithelium. These include interleukin-8 (IL8), CCL20, IFN-𝛾-inducible protein 10 (IP-10), and growth
related oncogene-𝛼 (GRO𝛼) [14–22]. Therefore, the development of oral care products that reduce biofilm formation
and subsequent proinflammatory responses is essential for
improving health and preventing disease.
Previous studies have demonstrated that extracts from
medicinal plants exhibit various pharmacological activities
including antimicrobial effects [23–26], antiadherence effects
against oral microorganisms [27–29], and anti-inflammatory
effects [30–33]. Houttuynia cordata Thunb. (HC, Saururaceae) is widely used as a traditional medicine, both internally and externally [34]. However, evidence to indicate
that HC extract exerts pharmacological effects against oral
microorganisms is limited. We have focused on identifying
and characterizing any activity of HC against infectious
diseases caused by oral microorganisms. We have recently
reported that a HC poultice ethanol extract (eHCP) exerted
antibacterial effects against cutaneous infection-related bacteria and anti-inflammatory effects on human keratinocytes
[34]. However, caution is required when suggesting that
eHCP could be applied to oral care because ethanol found in
mouthwashes has been suggested to increase the risk of oral
cancer [35].
Fortunately, we have also shown that a water solution of
eHCP (wHCP) exhibits antimicrobial and antibiofilm effects
on oral microorganisms and anti-inflammatory effects on
oral keratinocytes [36]. A decoction of dried HC leaves
(dHC), commonly consumed as a health-promoting herbal
tea in Japan, is simpler to prepare than wHCP. We therefore
examined the antimicrobial and antibiofilm effects of dHC on
several important infectious oral pathogens and investigated
the anti-inflammatory effects of dHC on P. gingivalis LPSstimulated human oral keratinocytes.

2. Material and Methods
2.1. Plant Materials and Sample Preparation. HC used in
this study was collected in Kochi City and identified by
Dr. K. Fujikawa (the Kochi Prefectural Makino Botanical
Garden, Kochi, Japan). Voucher specimens (FOS-007536,
FOS-007537, and FOS-010389) were also deposited here.
2.2. Preparation of dHC. dHC was prepared as follows: 3 g of
dried HC leaves was decocted with 130 mL of sterile purified
water at 90–95∘ C for 30 min (EK-SA 10, ZOJIRUSHI, Osaka,
Japan). The decoction was then centrifuged for 15 min at
1,500 ×g. After centrifugation, the clear supernatant layer was
filtered through a 0.45-𝜇m filter and stored at 4∘ C until being
assayed.
2.3. Flavonoid Glycosides. Quercitrin and rutin were purchased from Sigma-Aldrich (St. Louis, MO) and Tokyo
Chemical Industry Co., Ltd. (Tokyo, Japan), respectively.
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Table 1: Bacterial strains.
Strain
Methicillin-resistant Staphylococcus aureus T31
Methicillin-resistant Staphylococcus aureus COL
Streptococcus mutans MT8148
Streptococcus mutans UA159
Streptococcus sobrinus 1310
Streptococcus gordonii ATCC10558
Streptococcus oralis ATCC10557
Streptococcus constellatus 4528
Streptococcus intermedius 40138
Streptococcus mitis JCM 12971
Aggregatibacter actinomycetemcomitans Y4
Fusobacterium nucleatum JCM8532
Porphyromonas gingivalis ATCC33277
Pseudomonas aeruginosa PAO1
Candida albicans CAD1

Source
Clinical isolate
Wild type
Clinical isolate
Clinical isolate
Clinical isolate
Type strain
Type strain
Clinical isolate
Clinical isolate
Wild type
Wild type
Wild type
Type strain
Wild type
Clinical isolate

Isoquercitrin and hyperin were isolated from the aerial parts
of Hypericum sikokumountanum [37]. Flavonoid glycosides
were dissolved in dimethyl sulfoxide (DMSO, nacalai tesque,
Kyoto, Japan).
2.4. Bacterial Strains and Growth Conditions. The bacterial strains used in this study are shown in Table 1. P.
aeruginosa was grown in Muller-Hinton broth (Becton
Dickinson, Sparks, MD, USA) that was supplemented with
50 𝜇g/mL CaCl2 and 25 𝜇g/mL MgCl2 . Methicillin-resistant
Staphylococcus aureus (MRSA) strains were grown in MullerHinton broth supplemented with 25 𝜇g/mL CaCl2 , 12.5 𝜇g/
mL MgCl2 , and 2% NaCl [38]. Streptococcus spp. were grown
anaerobically in brain heart infusion (Becton Dickinson).
Fusobacterium nucleatum and P. gingivalis were grown anaerobically in brain heart infusion supplemented with 5 𝜇g/mL
hemin and 0.5 𝜇g/mL menadione. Aggregatibacter actinomycetemcomitans was grown anaerobically in Todd Hewitt
Broth (OXOID Ltd., Hampshire, UK). C. albicans was grown
in Sabouraud dextrose medium composed of 10 g/L peptone
and 40 g/L glucose. For biofilm formation assays, trypticase
soy broth (Becton Dickinson) supplemented with 5 𝜇g/mL
hemin and 0.5 𝜇g/mL menadione, trypticase soy broth
supplemented with 0.3% glucose, and yeast nitrogen base
medium at pH 7 containing 2.5 mmol/L N-acetylglucosamine
[39] were used for F. nucleatum, MRSA-T31, and C. albicans,
respectively.
2.5. Susceptibility Assay. The minimum inhibitory concentration (MIC) of dHC was assessed using a microbial broth
dilution method. Approximately 106 colony-forming units
(CFU)/mL of each bacterial culture were inoculated into
100 𝜇L of medium containing a twofold serial dilution of
dHC in 96-well plates (TPP, Trasadingen, Switzerland) and
incubated either anaerobically (for Streptococcus spp., A.
actinomycetemcomitans, F. nucleatum, and P. gingivalis) or
aerobically (for MRSA T31, MRSA COL, P. aeruginosa,
and C. albicans) at 37∘ C for 20 or 48 h. The MIC was
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defined as the lowest concentration that showed no bacterial
growth.

Table 2: MIC of dHC.
Bacterial strain

2.6. Biofilm Formation Assay. A crystal violet biofilm assay
was performed to quantify the biofilm mass as previously
described [40]. A 2-𝜇L (107 CFU/mL) sample of MRSA
T31 or C. albicans CAD1 in the stationary phase or a 5𝜇L (107 CFU/mL) sample of F. nucleatum JCM8532 in the
stationary phase was transferred into a 96-well plate (Cellstar, Greiner Bio-One, Frickenhausen, Germany) from the
primary 150 𝜇L suspensions of broth or media. dHC was
then added to a final concentration of 10%. Quercitrin, isoquercitrin, hyperin, and rutin were added to a final concentration of 200 𝜇g/mL. Bacterial suspensions were incubated
either anaerobically (for F. nucleatum) at 37∘ C for 24 h or
aerobically (for MRSA T31 and C. albicans) at 37∘ C for 6 and
24 h. For the positive control, 2 or 1 𝜇g/mL of cetylpyridinium
chloride (CPC) (Tokyo Chemical Industry Co., Ltd., Tokyo,
Japan) was used [41]. For the negative control, 10% distilled
H2 O was used. After incubation, any biofilms that formed
were washed with purified water twice without disturbing
the adherent biofilm. They were then stained with 150 𝜇L of
0.1% crystal violet at 25∘ C for 10 min. Excess staining was
removed by gentle washing with purified water. After drying,
stained biofilms were extracted from each well by adding
150 𝜇L of ethanol, and the absorbance of the extract from the
stained biofilm was measured at 595 nm using a microplate
reader (model 680; Bio-Rad Laboratories, Hercules, CA,
USA).
2.7. Cell Culture. RT-7 cells, an immortalized human keratinocyte cell line kindly provided by Dr. Kamata (Hiroshima
University, Hiroshima, Japan) [42], were cultured in Keratinocyte-SFM (Gibco BRL, Gaithersburg, MD, USA) supplemented with 100 U/mL penicillin and 100 𝜇g/mL streptomycin (Gibco BRL), at 37∘ C in a water-saturated atmosphere
of 95% air and 5% CO2 . Confluent monolayers were cultured
with 1 𝜇g/mL P. gingivalis LPS (InvivoGen, San Diego, CA,
USA), with and without the addition of 1% dHC or 50 𝜇g/mL
of quercitrin, isoquercitrin, hyperin, or rutin.
2.8. Lactate Dehydrogenase (LDH) Cytotoxicity Assay. The
effects of dHC on cell cytotoxicity were assessed using a
LDH assay. Confluent RT-7 cell monolayers in a 24-well plate
were cultured in Keratinocyte-SFM medium supplemented
with 10% and 1% dHC at 37∘ C for 24 h in a water-saturated
atmosphere of 95% air and 5% CO2 . As a positive control,
RT-7 cells were treated with 0.1% Triton X-100 at 25∘ C for
10 min. In the cytotoxicity assay, the levels of LDH released
into the recovered cell culture supernatants were measured
using an LDH cytotoxicity assay kit (Cayman Chemical, Ann
Arbor, MI, USA) following the manufacturer’s instructions.
Absorbance was measured at 490 nm using a microplate
reader (Bio-Rad Laboratories).
2.9. Enzyme-Linked Immunosorbent Assay. Enzyme-linked
immunosorbent assay (ELISA) kits were used to quantify
the levels of IL-8, CCL20, IP-10, and GRO𝛼 (R&D Systems,
Minneapolis, MN, USA) in cell culture supernatants.

(%)∗
Methicillin-resistant Staphylococcus aureus T31
5
Methicillin-resistant Staphylococcus aureus COL 10
Streptococcus mutans MT8148
>10
Streptococcus mutans UA159
>10
Streptococcus sobrinus 1310
>10
Streptococcus gordonii ATCC10558
>10
Streptococcus oralis ATCC10557
>10
Streptococcus constellatus 4528
>10
Streptococcus intermedius 40138
10
Streptococcus mitis JCM 12921
10
Aggregatibacter actinomycetemcomitans Y4
>10
Fusobacterium nucleatum JCM8532
2.5
Porphyromonas gingivalis ATCC33277
10
Pseudomonas aeruginosa PAO1
>10
Candida albicans CAD1
>10
∗

MIC
(𝜇g/mL)
750
1500
>1500
>1500
>1500
>1500
>1500
>1500
1500
1500
>1500
375
1500
>1500
>1500

Concentration of dHC in medium v/v.

2.10. Statistical Analysis. All statistical analyses were performed using an unpaired Student’s 𝑡-test. Differences were
considered significant when the probability value was less
than 5% (∗ 𝑃 < 0.05).

3. Results
3.1. Moderate Antimicrobial Effects of dHC. We examined the
antimicrobial effects of dHC against several oral microorganisms. As shown in Table 2, dHC exerted a moderate
antimicrobial effect against MRSA T31, MRSA COL, S.
intermedius, S. mitis, F. nucleatum, and P. gingivalis (MIC;
375–1500 𝜇g/mL).
3.2. Antibiofilm Effects of dHC. We next investigated whether
dHC had any antibiofilm effects. In this experiment, we
used a culture of the MRSA T31 clinical isolate. This strain
was selected because MRSA T31 exhibits increased biofilm
formation compared to MRSA COL (data not shown). We
also examined F. nucleatum and C. albicans. Both of these
species form biofilms in the human oral cavity, including
on denture surfaces [43, 44]. A biofilm formation assay at 6
and 24 h revealed that 10% dHC significantly inhibited biofilm formation by MRSA T31 (Figure 1(a)) and C. albicans
(Figure 1(b)). We also showed that 10% dHC significantly
inhibited 24-h biofilm formation by F. nucleatum (Figure 1(c)). In each experiment, 10% dHC did not affect the
growth of these microorganisms (data not shown). These
results revealed that dHC exhibits an antibiofilm effect
against MRSA T31, F. nucleatum, and C. albicans. However,
dHC did not exert any antibiofilm effects against S. mutans
MT8148, a cause of dental caries (data not shown). The
MICs of dHC against MRSA T31, F. nucleatum, and C.
albicans were 5% (750 𝜇g/mL), 2.5% (375 𝜇g/mL), and >10%
(>1500 𝜇g/mL), respectively. In the biofilm formation assay,
bacterial abundance was approximately 100-fold higher than
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Figure 1: Antibiofilm effects of dHC on MRSA T31, C. albicans, and F. nucleatum. Antibiofilm effects of a water decoction of Houttuynia cordata
(dHC) on biofilm formation by MRSA T31 (a) and CAD1 (b) at 6 or 24 h. Antibiofilm effects of dHC on biofilm formation by F. nucleatum
JCM8532 (c) at 24 h. As a positive control, 2 𝜇g/mL (for MRSA T31, F. nucleatum) or 1 𝜇g/mL (for CAD1) of cetylpyridinium chloride (CPC)
was used. A negative control of 10% distilled H2 O was used. ∗∗∗ Significant differences between the indicated groups at 𝑝 < 0.001. ∗∗ Significant
differences between the indicated groups at 𝑝 < 0.01 using a Student’s 𝑡-test (𝑛 = 8).
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Table 3: MIC of flavonoid glycosides.
Bacterial strain
Methicillin-resistant Staphylococcus aureus T31
Candida albicans CAD1
Fusobacterium nucleatum JCM8532

Quercitrin
>512
>512
256

∗∗∗
70,000
LDH (U/mL)

60,000
50,000
40,000
30,000
20,000
10,000
Control

1% dHC

Hyperin
>512
>512
512

Rutin
>512
>512
256

This suggests that dHC may be clinically useful as an oral care
product to prevent the infectious oral inflammation that is
observed during periodontal disease.

80,000

0

MIC (𝜇g/mL)
Isoquercitrin
>512
>512
512

10% dHC

0.1%
Triton X-100

Figure 2: No cytotoxic effects of dHC on oral keratinocytes. The
cytotoxic effects of dHC on RT-7 cells were assessed by a lactate
dehydrogenase (LDH) cytotoxicity assay. 0.1% Triton X-100 treatment and gentle agitation at 25∘ C for 10 min were used as a positive
control. ∗∗∗ Significant differences between the indicated groups at
𝑝 < 0.001 using a Student’s 𝑡-test (𝑛 = 4).

that in the MIC assay. We also observed that bacteria grew
despite high concentrations of dHC.
3.3. No Cytotoxic Effects of dHC on Oral Keratinocytes. To
investigate the cytotoxicity of dHC on oral keratinocytes, we
measured the levels of LDH released from RT-7 cells. As
shown in Figure 2, dHC did not exert any cytotoxic effects,
up to a concentration of 10%. These results suggest that dHC
could be applied to oral care.
3.4. Inhibitory Effects of dHC on Chemokine Production by
Oral Keratinocytes. We have previously demonstrated that
CCL20 produced by inflamed gingival epithelial cells appears
to be closely connected to the proinflammatory response
of the gingiva. This is due to an important regulatory role
in specific lymphocyte migration into diseased periodontal
tissue [15]. In addition, TLR2, a pattern recognition receptor
for LPS from Gram-negative bacteria such as P. gingivalis, is
strongly expressed in the pocket epithelium of periodontal
tissues with chronic periodontitis. This participates in a
signaling cascade that upregulates the production of IL-8,
IP-10, and GRO𝛼 [12, 14, 16–22, 45]. We therefore examined
whether dHC inhibits the production of IL-8, CCL20, IP-10,
and GRO𝛼 in RT-7 cells stimulated by P. gingivalis LPS. We
found that 1% dHC significantly inhibited IL-8, CCL20, IP10, and GRO𝛼 productions by RT-7 cells stimulated with P.
gingivalis LPS after 24 h (Figures 3(a), 3(b), 3(c), and 3(d)).

3.5. Antibiofilm and Anti-Inflammatory Effects of Flavonoid
Glycosides. Previous reports have shown that the leaves
of HC contain flavonoid glycosides such as quercitrin,
isoquercitrin, hyperin, and rutin [46, 47]. In this study,
antibacterial, antibiofilm, and anti-inflammatory assays of
four flavonoid glycosides (quercitrin, isoquercitrin, hyperin,
and rutin) were performed. As shown in Table 3, these
flavonoid glycosides had little antibacterial activities. However, 200 𝜇g/mL of quercitrin, isoquercitrin, and hyperin
significantly inhibited 24-h biofilm formation by MRSA T31
and F. nucleatum but rutin showed inhibitory effect of biofilm
formation only by MRSA T31 (Figures 4(a) and 4(c)). In
biofilm formation by C. albicans, we could not observe
antibiofilm effects by these flavonoid glycosides (Figure 4(b)).
Moreover, 50 𝜇g/mL of quercitrin, isoquercitrin, hyperin,
and rutin significantly inhibited CCL20, IP-10, and GRO𝛼
productions by RT-7 cells stimulated with P. gingivalis LPS
(Figures 5(b), 5(c), and 5(d)). In IL-8 production, suppressive
effect was observed only in rutin (Figure 5(a)).

4. Discussion
Our study has successfully demonstrated that dHC exerts a
moderate antimicrobial effect against microorganisms that
normally colonize the oral cavity (Table 2). We have also
shown that dHC exhibits antibiofilm effects against MRSA,
F. nucleatum, and C. albicans (Figures 1(a), 1(b), and 1(c)).
Finally, we have shown that dHC can inhibit IL-8 and
CCL20 production by P. gingivalis LPS-stimulated human
oral keratinocytes, with no apparent cytotoxic effects (Figures
2, 3(a), 3(b), 3(c), and 3(d)).
Previous studies have reported that medicinal plant
extracts can exert moderate antimicrobial effects against
oral microorganisms. These include a crude aqueous extract
of ripe Morinda citrifolia fruit (Indian noni), a methanol
extract of Polygonum cuspidatum, and a methanol extract of
Syzygium aromaticum (clove) [23–26]. However, it has been
suggested that the use of organic extracts that include ethanol
for oral care increases the risks of adverse reactions [35].
Therefore, a water solution of HC poultice ethanol extract
(wHCP) used in our study may be safer than the ethanol
based extract (eHCP) [36]. Our study has examined the
properties of dHC, which is simpler to prepare than wHCP
and has been used as health-promoting herbal tea without
any reported adverse reactions from our interview survey
[34, 36]. Previous studies have demonstrated that medicinal
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Figure 3: Inhibitory effects of dHC on chemokine production by P. gingivalis LPS-stimulated oral keratinocytes. Inhibitory effects of a water
decoction of Houttuynia cordata (dHC) on IL-8 (a), CCL20 (b), IP-10 (c), and GRO𝛼 (d) production by oral keratinocytes stimulated with
P. gingivalis LPS for 24 h. ∗∗ Significant differences between the indicated groups at 𝑝 < 0.01. ∗ Significant differences between the indicated
groups at 𝑝 < 0.05 using a Student’s 𝑡-test (𝑛 = 6).

plants also exert antiadherence effects against oral microorganisms [27–29]. In addition to a moderate antimicrobial
effect, our results have shown that dHC significantly inhibits
adherence after 6 h (Figures 1(a) and 1(b)) and biofilm formation by MRSA and C. albicans at 24 h (Figures 1(a) and 1(b)). It
also inhibited biofilm formation by F. nucleatum (Figure 1(c)).
Finally, HC has also been shown to have an effect on host
responses, with previous studies reporting that a 70% ethanol
extract of HC dried aerial parts inhibits the production of
several inflammatory biomarkers by lung epithelial cells,
including IL-6 and nitric oxide (NO), and HC also inhibited
lung inflammatory responses in a mouse model of LPSinduced acute lung injury [32]. Furthermore, a HC ethanol

extract reduced the production of proinflammatory cytokines
through the NF-𝜅B signaling pathway in human mast cells
[31]. A water extract of HC has also been shown to exert
strong anti-inflammatory effects against S. aureus lipoteichoic acid-induced inflammatory responses that are partly
attributed to the inhibition of tumor necrosis factor (TNF)
expression in dermal fibroblasts [30]. Finally, a powdered
extract of HC was recently found to modulate innate oral
immune mediators in oral epithelial cells [33], and the mRNA
abundance of IL-8 and CCL20 (used as inflammatory mediators) was upregulated in a dose-dependent manner. However,
our results demonstrated that dHC inhibited IL-8, CCL20,
IP-10, and GRO𝛼 production by P. gingivalis LPS-stimulated
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Figure 4: Antibiofilm effects of flavonoid glycosides on MRSA T31, C. albicans, and F. nucleatum. Antibiofilm effects of flavonoid glycosides
on biofilm formation by MRSA T31 (a), CAD1 (b), and F. nucleatum (c) at 24-h. A negative control of 2% DMSO was used. ∗∗∗ Significant
differences between the indicated groups at 𝑝 < 0.001. ∗∗ Significant differences between the indicated groups at 𝑝 < 0.01. ∗ Significant
differences between the indicated groups at 𝑝 < 0.05 using a Student’s 𝑡-test (𝑛 = 4).

human oral keratinocytes. This indicates that dHC can exhibit
multiple different activities against microorganisms and host
cells and may be useful as an oral care product to prevent
infectious oral diseases.
Previous reports have shown that HC contains aldehydes,
such as capric aldehyde (decanal), lauryl aldehyde (dodecanal), and decanoyl acetaldehyde (3-oxo-dodecanal, houttuynin), and flavonoid glycosides, such as quercitrin, isoquercitrin, hyperin, and rutin [46–49]. Aldehydes have antibacterial activity; however, the dried leaves of HC could not
contain aldehydes because of their instability and volatility.
This will be why the antimicrobial effects of dHC were weaker
than those of wHCP. Conversely, the antibiofilm and antiinflammatory effects demonstrated by dHC were similar to
those of wHCP. This suggests that the antibiofilm and antiinflammatory constituents of dHC and wHCP would be
flavonoid glycosides. These effects of each flavonoid glycoside
are different with bacterial species and cytokines. The use
of dHC containing flavonoid glycosides represents a simpler
preparation method than wHCP for self-medication.
In Japan, aspiration pneumonia is a serious medical issue
in immunocompromised patients, particularly the elderly.

We have previously reported a higher prevalence of Candida
spp., P. aeruginosa, and Staphylococcus spp. in the oropharyngeal microflora of patients with cerebrovascular infarction and dysphagia [6]. Reducing adherence and biofilm
formation by oral microorganisms can contribute to the
prevention of chronic oral infections and potentially severe,
systematic opportunistic diseases, particularly in the elderly
[9, 10]. Therefore, the use of dHC as herbal tea may strongly
contribute to the prevention of aspiration pneumonia.
Povidone iodine, chlorhexidine, and benzethonium chloride are typically used as antiseptic mouthwashes or rinses
to prevent oral infections including dental caries and periodontal diseases [50–55]. However, these antiseptics exhibit
mucosal cytotoxicity, have a bad flavor, and can cause anaphylactic reactions [54, 56–58]. Therefore, dHC prepared as
herbal tea is likely a safer mouthwash than these antiseptics.
It also has a milder taste, without odor or cytotoxicity.
The results of our study contribute to the evaluation of
dHC as an effective herbal tea that may help prevent infectious oral diseases. Further studies are needed to fully characterize the constituents of dHC and identify the specific factors
that exhibit the antibiofilm and anti-inflammatory activities.
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Figure 5: Anti-inflammatory effects of flavonoid glycosides on chemokine production by P. gingivalis LPS-stimulated oral keratinocytes.
Inhibitory effects of flavonoid glycosides on IL-8 (a), CCL20 (b), IP-10 (c), and GRO𝛼 (d) productions by oral keratinocytes stimulated
with P. gingivalis LPS for 24 h. ∗∗∗ Significant differences between the indicated groups at 𝑝 < 0.001. ∗∗ Significant differences between the
indicated groups at 𝑝 < 0.01. ∗ Significant differences between the indicated groups at 𝑝 < 0.05 using a Student’s 𝑡-test (𝑛 = 3).

5. Conclusion
This study demonstrated that dHC exerts a moderate antibacterial effect against MRSA and other microorganisms. It also
exhibited antibiofilm effects against MRSA, F. nucleatum, and
C. albicans. We have shown that dHC exerts inhibitory effects
on IL-8 and CCL20 production by P. gingivalis LPS-stimulated human oral keratinocytes, without cytotoxicity. Our
results suggest that dHC has multiple activities in microorganisms and host cells and a herbal tea preparation may be
effective in preventing infectious oral diseases.
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Obesity is a very common global health problem, and it is known to be linked to cardiovascular and cerebrovascular diseases.
Western medical treatments for obesity have many drawbacks, including effects on monoamine neurotransmitters and the potential
for drug abuse and dependency. The safety of these medications requires improvement. Herbal medicine has been used for treatment
of disease for more than 2000 years, and it has proven efficacy. Many studies have confirmed that herbal medicine is effective in
the treatment of obesity, but the mechanisms are not clear. This article will discuss the possible effects and mechanisms of herbal
medicine treatments for obesity that have been reported in the past decade.

1. Introduction
Obesity is a metabolic disorder characterized by an excess
accumulation of fat in the body due to energy intake exceeding energy expenditure [1]. Obesity is an increasingly common phenomenon all over the world. Body mass index (BMI)
is the most commonly used measure to evaluate the degree
of obesity. In 2016, the AACE (the American Association of
Clinical Endocrinologists) released new diagnostic criteria of
obesity based on BMI combined with obesity-related complications (see Table 1) [2]. The latest study, which analyzed data
from 68.5 million persons between 1980 and 2015, found that
a total of 107.7 million children and 603.7 million adults were
obese in 2015 [3]. Obesity has become a worldwide epidemic,
and the trend is becoming increasingly serious. Obesity is
an independent risk factor for metabolic syndrome; major
medical problems associated with the development of hypertension, type 2 diabetes (T2DM), dyslipidemia, sleep apnea,
and respiratory disorders; and ultimately life-threatening
cardiovascular disease (CVD), stroke, and certain types of
cancer [4–6].
The number of obese patients is increasing globally [7].
Reducing body weight by lifestyle alteration is advisable,

but sometimes drug intervention is necessary [8]. Obesity
drugs can be divided into five categories: central appetite
suppressants, digestion and absorption blockers, metabolic
promoters, obesity gene product inhibitors, and other drugs
for the treatment of obesity [9]. However, the weight loss
drugs prescribed in conventional medicine induce many
adverse reactions, primarily effecting monoamine neurotransmitters, and causing drug abuse or dependence [10].
For example, sibutramine has been reported to commonly
cause adverse events, including dry mouth, insomnia,
anorexia, constipation, formation of thrombi, and neurological symptoms [11, 12]. Surgery is commonly used in
morbidly obese patients (BMI ≥ 40 kg/m2 ) or in patients
with comorbidities, such as hypertension, diabetes, and
obstructive sleep apnea [13]. Common surgical complications include infection, postoperative anastomotic fistula,
deep vein thrombosis, and long-term complications such as
anemia and malnutrition [14, 15]. Given the dangers of obesity
and the shortcomings of western medicine, alternative treatments should be further investigated. This article examines
the potential role of herbal medicines in the treatment of
obesity and summarizes the scientific evidence reported from
2007 to 2017.
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Table 1: The new definition of obesity from the AACE∗ [2].
Body mass
index (BMI)

Clinical component
(complications)

Overweight
Obesity stage 0

≥25–29.9
≥30

Obesity stage 1

≥25

Obesity stage 2

≥25

No complications
No complications
One or more mild-to-moderate
complications
One or more severe
complications

Diagnosis

∗

AACE: American Association of Clinical Endocrinologists.

2. Methods
The PubMed and Web of Science were searched for studies
published from 2007 to 2017 on humans or animals. The
search terms were “obesity,” “obese,” or “antiobesity” and
“herbal medicine,” “plant,” “plant medicine,” or “Chinese
medicine” without narrowing or limiting search items. Relevant publications with available abstracts and titles were
reviewed by two reviewers.
The Clinical Trials (https://clinicaltrials.gov/) and Chinese Clinical Trial Registry (http://www.chictr.org.cn/)
databases were searched for registered clinical trials of herbal
medicine and obesity. The search terms were “obesity” or
“obese” and “herbal medicine,” “plant,” “plant medicine,” or
“Chinese medicine.”

cassiae), pistachio, Satiereal, Monoselect Camellia (containing green tea extract: GreenSelect Phytosome), or Nigella
sativa; (2) BMI: a significant decrease in body fat occurred
following treatment with xin-ju-xiao-gao-fang, bofu-tsushosan, RCM-104, Linggui Zhugan Decoction (compound of
poria, Macrocephalae, Radix Glycyrrhizae, Ramulus Cinnamomi, and Radix Atractylodis), Pu’er tea, pistachio, or
Monoselect Camellia; (3) waist or hip circumference: there
was a significant decrease in waist or hip circumferences treat
with the following herbal medicine from six studies: xin-juxiao-gao-fang, Pu’er tea, Satiereal, Catechin enriched green
tea, West African Plant (Irvingia gabonensis), and Cissus
quadrangularis (Irvingia gabonensis); (4) food intake: two
studies, of RCM-104 and yellow pea fiber, referred to the
influence of traditional Chinese medicine on food intake,
but data were not provided; (5) other effects: homeostatic
model assessment-insulin resistance (HOMA-IR), homeostatic model assessment-𝛽 cell function (HOMA-𝛽), glycated
hemoglobin (HbA1c), blood pressure (BP), quality of life,
fasting insulin (FINS), and fasting plasma glucose (FPG) were
detected in these trials; (6) evaluating these eighteen clinical
studies based on Jadad score: it was found that the overall
quality of these clinical studies is low. Of three studies, the
Jadad score was 4, and the remaining studies scored below 4
scores. We found 16 registered clinical trials (see Table 3) from
https://clinicaltrials.gov/ and http://www.chictr.org.cn/, and
the recruiting locations vary from China and Korea to United
States and Portugal, which will provide greater scientific
insight into the treatment of obesity by herbal medicine all
over the world.

3. Results
3.1. The Role of Herbal Medicine in Treating Obesity: Evidence
from Human Studies. Eighteen randomized controlled trials
(RCTs) (sample size > 50 cases) [16–33] published from 2007
to 2017 were included. Studies of herbal medicine interventions for obesity that had no obvious effects were excluded.
The contents of the included 18 published RCTs are shown
in Table 2. Analysis of these studies found that the maximum
number of subjects was only 182, and the sample size is small.
The age of the subjects ranged from 18 to 79 years. The studies
were performed in many different populations. Eleven studies
[16–18, 20, 21, 23, 25, 28–30, 33] mentioned complications,
including hypertension, impaired glucose tolerance, spleen
hypofunction, excessive sweating, nonalcoholic fatty liver
disease, hyperlipidemia, and metabolic syndrome. Of the
18 studies, 6 were completed by Chinese researchers, and
the remaining 12 were from Japan, Australia, Canada, USA,
Russia, France, Indonesia, Korea, Indian, Thailand, and Italy.
Thus, herbal medicine interventions for obesity are being
studied in more countries than China. The outcome of each
study varied and could be roughly divided into the following
categories: (1) change in body weight: a significant decrease
in body weight occurred following treatment with xin-juxiao-gao-fang (XJXGF, compound of rhubarb, Coptis, semen
cassiae, and Citrus aurantium), yellow pea fiber, bofu-tsushosan (compound of Radix Platycodi, Gypsum Fibrosum,
talcum, Paeoniae, Scutellariae, and Glycyrrhizae), RCM-104
(compound of Camellia sinensis, flos sophorae, and semen

3.2. The Role of Herbal Medicine in Treating Obesity: Evidence
from Animal Studies. In this section, we will summarize the
known effects and mechanisms of action of single herbs and
their components or extracts in animal models of obesity (see
Table 4 and Figure 1).
3.2.1. Rhizoma Coptidis (Huang Lian). Rhizoma coptidis is
derived from the root of Coptis chinensis Franch., Coptis
deltoidea C. Y. Cheng et Hsiao, or Coptis teeta Wall [55].
Its main components include alkaloids and lignans. Among
the alkaloids, berberine is a main active component of
Rhizoma coptidis [34]. The studies found that Rhizoma
coptidis can reduce weight, lower lipids [56], reduce lipid
synthesis [57], and inhibit adipogenesis [58]. Xie et al. [35]
found that Rhizoma coptidis (RC) (200 mg/kg) and berberine
(200 mg/kg) significantly lowered body and visceral adipose
weight, reduced blood glucose and lipid levels, and decreased
degradation of dietary polysaccharides in high-fat diet (HFD)
mice. Both the ex vivo and in vitro trials confirmed that RC
and berberine can regulate gut microbes to reduce weight.
The antiobesity mechanisms of RC and berberine involve
decreasing degradation of dietary polysaccharides, lowering
caloric intake, and systemically activating fasting-induced
adipose factor (FIAF) protein and expression of genes related
to mitochondrial energy metabolism. Zhang et al. [59] found
that when 3T3-L1 preadipocytes were cultured with various
concentrations of berberine (0, 0.5, 1, 5, or 10 𝜇M) for 7

18–60

25–70

𝑛 = 53

𝑛 = 106

𝑛 = 140

𝑛 = 117

𝑛 = 95

𝑛 = 90

Lambert et al.
(2016) [16]

Azushima et al,
(2015) [17]

Zhou et al. (2014)
[18]

Lenon et al. (2012)
[19]

Ke et al. (2012) [20]

Chu et al. (2011)
[21]

(1)

(2)

(3)

(4)

(5)

(6)

18–70

18–60

20–79

18–70

Targets

Authors/year

Number

Age
(years)

3

Xin-ju-xiao-gaofang (rhubarb,
Coptis, semen
cassia, Citrus
aurantium)

Pu’er tea

3

2

4

2

Bofu-tsusho-san
(Platycodi,
Gypsum
Fibrosum,
talcum, Paeoniae,
Scutellariae,
Glycyrrhizae)

RCM-104
(Camellia
sinensis, flos
sophorae, semen
cassiae)
Linggui Zhugan
Decoction (poria
Macrocephalae,
Radix
Glycyrrhizae,
Ramulus
Cinnamomi,
Radix
Atractylodis)

4

Jadad
score

Yellow pea fiber

Name of herb or
formula

4 cap/day, 12
weeks

Main outcomes

I: compound
C: placebo

I: full-dose
C: low-dose

I: compound
C: placebo

I: extract
C: placebo

99.5 ± 15.1

/

BMI↓, SBP↓
DBP↓, FPG↓
2hPG↓, TC↓
TG↓

BMI↓
Waist-hip ratio↓
TC↓
TG↓
FBG↓
PG2h↓

99.5 ± 15.1

91.8 ± 13.4

Body weight↓
BMI↓
Waist
Circumference↓
Fasting insulin↓
HOMA-IR↓
HOMA-𝛽 ↓
Body weight↓
BMI↓
Body fat↓
Food intake↓

82.5 ± 16.4

92.3 ± 4.1

Weight (kg)
before
treatment

Body weight↓
BMI↓
HbA1c↓ BP↓

Body weight↓
HbAlc↓
Food intake↓
I: yellow pea fiber
Plasma glucose↓
C: placebo
Satiety↑, regulating
gut microbiota

Groups

I: Linggui Zhugan
Decoction
combined with
Dose is unknown
short-term very
twice a day,
low calorie diets
24 weeks
C: basic
weight-reduction
treatment

500 mg granule
extract/day,
12 weeks

170 mL/day,
24 weeks

7.5 g/day,
24 weeks

15 g/day,
12 weeks

Dose/duration

Table 2: Published randomized controlled trials of herbal medicines for treatment of obesity in humans from 2007 to 2017.

/

/

98 ± 15.4

Reduce 3.6 ±
0.5

78.3 ± 17.9

91.5 ± 4.0

Diarrhea

Fatigue,
hunger,
dizziness

Nausea,
headache

Skin rash

Gastric
irritation,
constipation,
elevation of
serum hepatic
enzyme level

No reports

Weight (kg)
after
Adverse events
treatment
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Abidov et al. (2010)
𝑛 = 151
[23]

𝑛 = 60

𝑛 = 50

𝑛 = 100

𝑛 = 182

𝑛 = 102

𝑛 = 102

𝑛 = 72

Gout et al. (2010)
[24]

Datau et al. (2010)
[25]

Di Pierro et al.
(2009) [26]

Wang et al. (2009)
[27]

He et al. (2009)
[28]

Ngondi et al.
(2009) [29]

Oben et al. (2008)
[30]

(9)

(10)

(11)

(12)

(13)

(14)

(15)

21–44

19–50

18–65

18–55

25–60

30–45

25–45

/

20–65

𝑛 = 59

(8)

Age
(years)

Targets

Li et al. (2010) [22]

Authors/year

(7)

Number

1

2

2

West African
Plant (Irvingia
gabonensis)

Cissus
quadrangularis,
Irvingia
gabonensis

2

Catechin
enriched green
tea

Oolong tea

1

2

Green tea extract

Nigella sativa

1

4

Xanthigen
(brown marine
algae
fucoxanthin,
pomegranate seed
oil)
Satiereal, (Crocus
sativus L. extract)

3

Jadad
score

Pistachio

Name of herb or
formula

I: extract
C: placebo

I: extract
C: control

I: extract
C: Placebo

I: extract
C: flour
I: hypocaloric
diet + extract
C: hypocaloric
diet

I: extract
C: placebo

I: Cissus
quadrangularis or
Cissus
Unknown/twice quadrangularisIrvingia
daily/10 weeks
gabonensis
combination; C:
placebo

150 mg/10 weeks

8 g/6 weeks

458 mg, 468 mg,
886 mg/day, 90
days

50 mg/day
90 days

750 mg twice
daily, 12 weeks

176.5 mg/day, 8
weeks

I: extract
C: control

I: pistachio
C: pretzels

53 g/day
12 weeks

2.4 mg/day, 16
weeks

Groups

Dose/duration

Table 2: Continued.

Body weight↓,
body fat↓, waist
size↓, FBG↓,
LDL-C↓
TC↓

Body weight↓
Waist
circumference↓
Total body fat↓
Body weight↓
Subcutaneous fat
content↓, TC↓,
TG↓
Body weight↓,
body fat↓
Waist
circumference↓
TC↓, LDL-C↓
Leptin levels↑

Body weight↓
BMI↓

Body weight↓
BMI↓
Waist
circumference↓
Body weight↓
SBP↓

Body weight↓
Body liver fat
content↓

Body weight↓
BMI↓

Main outcomes

69.9 ± 12.1

82.3 ± 15.3

72.6 ± 5.4

72.2 ± 1.2

88.2 ± 1.9

82.4 ± 1.6

99.8 ± 13.5

97.9 ± 9.1

88.0 ± 3.2

85.1 ± 3.1

Headache, lack
of sleep, gas

Headache,
sleep difficulty,
intestinal
flatulence

No adverse
events

No adverse
events

No reports

No reports

Nausea,
diarrhea, reflux

No adverse
effects

No reports

Weight (kg)
Adverse events
after
treatment

Men: 79.7 ± Women: 67.8
± 6.7
6.7
Women: 70.2 Men: 70.2 ±
6.8
± 6.8

71.1 ± 11.9

96.1 ± 18.0

77.1 ± 4.9

73.2 ± 1.1

92.5 ± 1.5

86.1 ± 1.4

Weight (kg)
before
treatment
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Targets

𝑛 = 50

𝑛 = 50

𝑛 = 168

Authors/year

Roongpisuthipong
et al. (2007) [31]

Kuriyan et al.
(2007) [32]

Oben et al. (2007)
[33]

(16)

(17)

(18)

Number

19–54

28–53

18–75

Age
(years)

Cissus
quadrangularis

Caralluma
fimbriata

Garcinia
atroviridis

Name of herb or
formula

2

3

2

Jadad
score

300, 1028 mg/8
weeks

I: two-extract
Body weight↓
formulation:
Body fat↓ glucose↓
CQR-300, CORE;
HDL-C↑
C: placebo

118.6 ± 3.8

79.5 ± 16.9

Hunger levels
Body weight↓
BMI↓, body fat↓
energy intake↓

I: weight loss
program +
extract; C: weight
loss program

1 g/60 days

69 ± 1

Body weight↓
BMI, ↓ triceps skin
fold thickness↓

I: diet + extract
C: diet

Weight (kg)
before
treatment

1.15 grams of
Garcinia
atroviridis/day/8
weeks

Main outcomes

Groups

Dose/duration

Table 2: Continued.

113.8 ± 2.5

77.2 ± 8.6

Reduce 2.8 ±
0.1

No reports

Abdominal
distention,
flatulence,
constipation,
gastritis

No adverse
events

Weight (kg)
Adverse events
after
treatment

Evidence-Based Complementary and Alternative Medicine
5

NCT00383058
(completed)

NCT02605655
(completed)

NCT01142076
(completed)

NCT02651454
(recruiting)

NCT02337933
(completed)

NCT01724099
(recruiting)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Trial number status

ChiCTR-IOR-15007587
(pending)

Number

Objectives

Interventions

Obesity (3 times
per day, 12 weeks)

To evaluate the effect of
Euiiyin-tang on obese
patients

I: Euiiyin-tang; C:
placebo

To evaluate the
effectiveness and safety
of the empirical
formula—Xiere
I: Xiere Huazhuo
Obesity
Huazhuo Formula of
granule; C: orlistat
(/)
Chinese Medicine
Professor—Ding
Xueping in obesity
treatment
To examine whether
extract of the green tea is I: the extract of green
Obesity
tea; C: placebo
effective on obese
(/)
women
To determine whether
I: AMP-1915
Metabolic
the Chinese formula
(Astragalus, Radix
syndrome X
AMP-1915 has effect on
Puerariae, Cortex
(1 g/day for 3
metabolic syndrome
Mori); C: placebo
months)
(MS) in MS patients
To examine the
I: Xinju Xiaogao
Overweight
treatment of adiposity
Prescription; C:
(170 mL/day, 24
(stagnation of QI causing
placebo
weeks)
phlegm retention)
To investigate the
efficacy and safety of
I: Daesiho-tang:
Daesiho-tang and
Obesity (6 g, three
JowiseungcheungTaeeumjowi-tang on
times a day, 12
tang; C:
Korean obese women
weeks)
placebo
with metabolic
syndrome risk factors
To evaluate the effect of
Metabolic
I: ursolic acid; C:
ursolic acid on the
syndrome X
placebo
insulin sensitivity and
(150 mg, once a
metabolic syndrome
day, 12 weeks)

Conditions and
dosage

Total insulin sensitivity,
waist circumference,
fasting glucose levels,
body weight, BMI
Weight, C-reactive
protein, blood pressure,
blood glucose, waist/hip
ratio

160 (18–65/F)

24 (30–60/F-M)

120 (18–65/F)

Body weight, body fat
percentage, fat mass,
waist circumference,
body mass index, lipid
profile

60 (40–65/F-M)

FBG, plasma lipid levels,
plasma insulin
concentration, body
weight, HbA1c

140 (16–80/F-M)

100 (16–60/F)

Body mass index, body
weight, glucose,
cholesterol, LDL, HDL,
triglyceride

Waistline, BMI

48 (18–65/F-M)

Number of subjects
(age/sex∗ )

1: weight, body fat
distribution, blood lipid,
insulin resistance
HOMA-2, adipokines

Outcomes

Table 3: The registered clinical trials of herbal medicines for the treatment of obesity from 2007 to 2017.

November 2, 2012

September 1, 2015

January 5, 2016

March 1, 2011

April 1, 2015

September 29, 2009

December 14, 2015

Date∗

Korea

Mexico

Korea

China

China

China

China

Recruiting
study
locations
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Conditions and
dosage

Obesity (300 mg,
500 mg/day)

Obesity (mate
extract
(3150 mg/day), 12
weeks)

Obesity (750 mg of
Glucomannan in
capsule form)

Overweight,
obesity (dose is
unknown, 12
weeks)

Obesity, metabolic
syndrome (75 mg
once a day)

Overweight and
obesity (250 mL of
blackberry juice)

Trial number status

NCT02929849
(ongoing)

NCT01778257
(completed)

NCT01709955
(completed)

NCT00502658
(completed)

NCT00823381
(completed)

NCT02613715
(completed)

(8)

(9)

(10)

(11)

(12)

(13)

Number
To determine whether
an herb with known
alpha-glucosidase
inhibitor properties
(Salacia chinensis, SC),
affecting postprandial
appetite ratings and
glucose indices in
overweight/obese
individuals
To evaluate efficacy and
safety of mate extracts
on decrement of body
and abdominal fat in
obese subjects
To determine if the herb,
Glucomannan, is an
effective
nonpharmacological
appetite suppressant for
overweight or class I
obese patients
To evaluate the effect of
dietary supplements
(shakes and
supplements) and
personal energy tracking
device to promote and
maintain healthy weight
To evaluate the effects of
the antioxidant
“resveratrol” to a diet
intervention (calorie
restriction)
To evaluate the
bioavailability of
blackberry juice
anthocyanins in normal
weight and
overweight/obese adults

Objectives

Outcomes

120 (18–65/F-M)

58 (35–70/F)

18 (18–40/M-F)

Body weight,
biophotonic scanner

Insulin sensitivity, body
composition, blood lipid
levels

Plasma concentrations
of anthocyanins and
anthocyanin metabolites

I: dietary supplement
containing vitamins,
minerals, and herbs;
C: dietary supplement

I: resveratrol, C:
placebo

I: blackberry juice
C: blackberry juice
with 12% ethanol

43 (21–60/F-M)

30 (19–65/F-M)

Weight

Body and abdominal fat,
weight, BMI, waist and
hip circumference

59 (20–59/F-M)

Number of subjects
(age/sex∗ )

I: Glucomannan, C:
placebo

I: mate extract; C:
placebo

I: Salacia chinensis; C: Appetite ratings, glucose
placebo
indices, gut hormones

Interventions

Table 3: Continued.

June 2015

December 1, 2013

December 1, 2007

July 1, 2011

March 1, 2012

August 16, 2016

Date∗

Portugal

United
States

United
States

United
States

Korea

United
States

Recruiting
study
locations
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(16)

Objectives

Interventions

Childhood obesity; To verify if strawberry
I: flavonoid-rich
intake can lead to
cardiovascular
freeze-dried
improvements in select
disease (50 g of
strawberry powder
measures of
flavonoid-rich
C: macronutrientcardiovascular function
freeze-dried
matched control
in overweight and obese
strawberry
powder
adolescent males
powder)
To examine the effect of
berberine metabolic and
Polycystic ovary
hormonal parameters
I: berberine; C:
syndrome; obesity
and insulin resistance in
placebo
(1.5 g daily for 3
obese patients with
months)
polycystic ovary
syndrome
Evaluate the safety and
Type 2 diabetes
efficacy of Jiang Tang
mellitus; obesity;
I: Jiang Tang Tiao Zhi
Tiao Zhi decoction in
high triglycerides
decoction; C:
(15 g each time, treatment of obesity with
metformin
type 2 diabetes,
twice a day, with
dyslipidemia
boiled water)

Conditions and
dosage

If the status is completed, the date is completion date; others are registration date; F = female; M = men.

NCT01471275
(unknown)

(15)

∗

NCT01138930
(unknown)

(14)

Trial number status

NCT01705093
(unknown)

Number

Table 3: Continued.

25 (14–18/M)

120 (18–35/F)

450 (30–65/F-M)

Body insulin action,
Weight, waist/hip
circumference, OGTT

Glycosylated
hemoglobin, waistline,
triglycerides, liver
function

Number of subjects
(age/sex∗ )

Vascular
functionmeasured by
peripheralarterial
tonometry

Outcomes

November 14, 2011

June 7, 2010

August 2012

Date∗

China

China

United
States

Recruiting
study
locations
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High-fat diet-fed

Male ICR
mice
Mice

Mice

Mice

Rat

Mice

Mice

Ephedra sinica Stapf.

Rheum palmatum L.

Green tea

Astragalus membranaceus (Fisch.) Bunge

Carthamus tinctorius L

Ganoderma lucidum (Leyss. ex Fr.) Karst

Tripterygium wilfordii Hook. f

High-fat diet-induced
obese db/db or ob/ob mice

ob/ob mice

High-fat diet-induced
obese rats

Celastrol (100 𝜇g/kg)/
intraperitoneally injection/3
weeks

Radix Astragali
(2 g/kg/day)/oral gavage/12
weeks
Saffron extract and crocin at
concentrations of 40 and
80 mg/kg/day oral/8 weeks
100 𝜇L water extract of G.
lucidum
mycelium/intragastric
gavage/8 weeks

0.25% (w/w) GT extract/oral
gavage/12 weeks

Diet-induced obese male
C57BL/6J mice

db/db diabetic mice

Mice: chrysophanic acid
(5 mg/kg/day)/oral gavage/16
weeks

Obese mice

Diet containing 5%
Ephedra/oral gavage/6 weeks

High-fat diet-fed db/db
mice

Rat

Radix Lithospermi

Acetylshikonin extract (100,
300, or
900 mg/kg)/intragastric
administration/6 weeks; db/db
mice: acetylshikonin
(540 mg/kg/day) oral/8 weeks

Berberine (200 mg/kg) oral
gavage/6 weeks

High-fat diet-fed C57BL/6J
mice

20 mg/kg/intragastric
administration/3 weeks

Mice

Panax ginseng C. A. Mey

Dose/administration/time

Model

High-fat diet-fed mice

Mice

Animal

Rhizoma coptidis

Herb

Inflammation endotoxemia ↓
Insulin resistance ↓
Regulated lipogenic gene
expression.
HFD: food intake ↓
Energy expenditure ↑
Body weight↓
db/db or ob/ob mice: body
weights, lean mass, and fat
percentage were not affected

Food intake, relative liver
weight

Body weight ↓
Fasting glucose↓
HDL-C↑
Body weight↓
TG↓ HDL-↑, TC↓
Food intake↓
Body weight↓
Energy intake
HOMA-IR↓, TG ↓, TC↓
FFA↓
Body weight ↓
Food intake ↓
HDL-C↑

Body weight↓ FFA↓
TG↓ inhibited
Differentiation
Fat accumulation,
Food intake↓

Effects
Visceral adipose↓
Weight↓
Blood glucose↓
Lipid levels↓
Body weight↓
Food intake↓
Blood glucose↓
TC↓ TG↓

Table 4: The antiobesity effects of single herbs and their components or extracts in animal models.

Celastrol

Saffron

Saffron, crocin

Astragalosides I
Astragalosides II

Catechin

Chrysophanic acid

Ephedra

[54]

[53]

[51, 52]

[49, 50]

[27, 48]

[45–47]

[43, 44]

[39–42]

[36–38]

Ginsenoside Rg1
Ginsenoside Rb1
Ginsenoside Rg3

Acetylshikonin;
shikonin

[34, 35]

Reference

Berberine

Components
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Figure 1: Molecular structures of the compounds described in this review.

days, berberine inhibited their differentiation. Significant
inhibition of intracellular lipid accumulation was observed
when 3T3-L1-derived adipocytes were exposed to berberine
on days 3–5 and days 5–7, and this effect was marked
at 5 𝜇M berberine. The authors concluded that berberine
suppresses adipocyte differentiation mainly by suppressing
cAMP response element-binding protein (CREB) activity,
which leads to a decrease in CCAAT/enhancer-binding
protein beta- (C/EBP𝛽-) triggered transcriptional cascades.
3.2.2. Panax ginseng C. A. Mey (Ren Shen). Ren Shen is
derived from the dried root and rhizome of Panax ginseng
C. A. Mey. (Araliaceae) [55]. Ginseng saponins and polysaccharides are the main active components of Panax ginseng
C. A. Mey [60]. Ginseng saponins can be subdivided based
on structure into Rb1, Rb2, Rc, Rd, Re, and Rl [36, 37].
Panax ginseng C. A. Mey can reduce body weight [61],
attenuate fat accumulation [62], suppress lipid accumulation
and reactive oxygen species (ROS) production [63], and
improve insulin resistance [64]. Li et al. [65] found that
administration of ginseng (0.5 g/kg diet) to HFD-induced
obese mice for 15 weeks significantly decreased body fat
mass gain, improved glucose tolerance and insulin sensitivity,
and prevented hypertension. Koh et al. [63] investigated
the treatment of 3T3-L1 cells with Rg1 (0, 25, 50, 100,

and 200 𝜇M). They observed that administration of 100 𝜇M
Rg1 for 24 h greatly reduced lipid accumulation and ROS
production; treatment with 100 𝜇M Rg1 in the early stages
of 3T3-L1 differentiation (days 0–2) significantly decreased
adipocyte formation. Rg1 reduces lipid accumulation and
ROS production via the activation of C/EBP-homologous
protein 10 (CHOP10), which attenuates fat accumulation and
downregulates protein levels of NADPH oxidase 4 (NOX4).
Lin et al. [66] found that when daily injections of 20 mg/kg
Rb1 were administered to diet-induced obese mice for 3
weeks, body weight, food intake, blood glucose, and lipid
levels decreased significantly. The ginsenoside, Rb1, may
treat obesity by modifying the serum content and mRNA
expressions of neuropeptide Y (NPY), NPY Y2 receptor, and
peptide YY (PYY).
3.2.3. Radix Lithospermi (Zicao). Radix Lithospermi is
derived from the root of Arnebia euchroma (Royle) Johnst.,
Lithospermum erythrorhizon Sieb. et Zucc, or Arnebia guttata
Bunge [55]. Studies have shown that Radix Lithospermi can
reduce weight, inhibit lipid accumulation, induce lipolysis,
and regulate lipid metabolism. The main active ingredients
of Radix Lithospermi are shikonin and acetylshikonin [38, 39,
67, 68]. Su et al. [40] found that intragastric administration of
100, 300, or 900 mg/kg acetylshikonin extract for 6 weeks in
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obese rats significantly decreased weight, serum free fatty acid
(FFA), and serum triglyceride (TG) levels. Acetylshikonin is
effective in the treatment of obesity by suppressing the expression of adipogenic differentiation transcription factors and
adipocyte-specific proteins, and by increasing the activity of
cAMP-dependent protein kinase (PKA) and phosphorylation
of hormone-sensitive lipase (HSL). Su et al. [41] found that
oral gavage of 540 mg/kg/day of acetylshikonin for 8 weeks
in db/db mice significantly decreased body weight, food
efficiency ratio, serum TG, and FFA levels. The mechanism
of acetylshikonin activity in the treatment of obesity and
nonalcoholic fatty liver disease involves the regulation of
lipid metabolism and anti-inflammatory effects. Bettaieb et
al. [42] found that administration of shikonin (2 mg/kg/day)
to HFD mice for 5 days at an injected volume of 1% of their
body weight could improve glucose tolerance and decrease
body weight, adiposity, and hepatic dyslipidemia over 18
weeks. Shikonin acts by enhancing hepatic insulin signaling,
increasing tyrosine phosphorylation of the insulin receptor,
and enhancing downstream signaling.
3.2.4. Ephedra sinica Stapf. (Ma Huang). The dried rhizome
of Ephedra sinica Stapf. is used as the main ingredient of the
herbal medicine, Ma Huang [69]. It has been used in recent
years to treat obesity [43]. Other species that are used include
Ephedra intermedia Schrenk et C. A. Mey. and Ephedra
equisetina Bge [55]. Ephedra sinica Stapf. can modulate gut
microbiota, reduce weight, and improve glucose intolerance.
Song et al. [70] found that oral gavage of 5% Ephedra and
0.5% acarbose for 6 weeks in HFD-fed mice could reduce
weight gain and epididymal fat accumulation, decrease fasting blood glucose, and improve lipid profiles and glucose
intolerance. The main mechanism of Ephedra sinica’s ability
to reduce obesity and hyperglycemia involves increasing
peroxisome proliferator-activated receptor alpha (PPAR-𝛼)
and adiponectin activity and reducing tumor necrosis factoralpha (TNF-𝛼) activity. The study published by Wang et
al. [44] showed that administration of Ephedra sinica to
HFD-induced obese rats by oral gavage over three weeks
led to significant loss of body weight, epididymal fat, and
perirenal fat, but no remarkable changes were observed
in abdominal fat, liver weights, cecum weights, or food
efficiency ratios.
3.2.5. Rheum palmatum L. (Da-Huang). Da-Huang is derived
from the dried root and rhizome of Rheum palmatum L.,
Rheum tanguticum Maxim. ex Balf, or Rheum officinale
Baill [55]. Emodin and chrysophanic acid are the active
compounds of Rheum palmatum L. [71]. Lim et al. [45]
found that, following administration of chrysophanic acid
(5 mg/kg/day) for 16 weeks to HFD mice, body weight,
food intake, total cholesterol, low density lipoprotein (LDL)
cholesterol, TG, and blood glucose decreased. In in vitro
experiments, cells were cultured in medium containing
chrysophanic acid for 48 h, and the results suggested that
chrysophanic acid could suppresses lipid accumulation and
downregulate adipogenic factors. Chrysophanic acid can
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ameliorate obesity by activating 5 -AMP-activated protein
kinase alpha (the catalytic subunit of AMPK) to control the
adipogenic and thermogenic pathway. Li et al. [46] found
that administration of emodin (80 mg/kg/day) for 6 weeks to
HFD-induced obese mice reduced body weights and fasting
blood glucose levels, while improving insulin intolerance
and serum and hepatic lipid levels. Emodin likely exerts its
antiobesity effect by regulating the sterol regulatory elementbinding protein (SREBP) pathway.
3.2.6. Green Tea (Lvcha). Green tea, one of the most popular
teas in China, contains tea polyphenols, catechins, caffeine,
and amino acids; it is frequently used to ensure weight loss
[47]. Green tea induces weight loss in a variety of ways,
such as activating the nuclear factor erythroid-2-relatedfactor-2 (Nrf2) pathway [72], upregulation of neprilysin [73],
prevention of gut dysbiosis [74], regulating metabolic balance
in the body, inhibiting fat accumulation and cholesterol
synthesis, and reducing abdominal fat. Choi et al. [48] found
that administration of an HFD plus 0.25% (w/w) green tea
extract for 12 weeks in diet-induced obesity (DIO) mice ameliorated obesity, hepatic steatosis, dyslipidemia, and insulin
resistance. Green tea extract contributed to the regulation of
systemic metabolic homeostasis via transcriptional responses
to lipid, glucose, and amino acid metabolism. Zhu et al.
[75] treated 3T3-L1 cells with catechins and caffeine in
various concentrations and combinations for 8 or 12 days.
Combination therapy with catechins and caffeine markedly
reduced intracellular fat accumulation by regulating the
gene and protein expression levels of lipid metabolismrelated enzymes. Yamashita et al. [76] found that, following
supplementation with green tea extract powder and eriodictyol for 8 weeks, body weight, food intake, cholesterol levels, and LDL levels were decreased, accompanied
by the suppression of two kinds of cholesterol synthesis
enzymes, 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMGCR), and 3-hydroxy-3-methylglutaryl-coenzyme
A synthase (HMGCS).
3.2.7. Astragalus membranaceus (Fisch.) Bunge (Huang Qi or
Radix Astragali). Huang qi is derived from the dried root
of Astragalus membranaceus (Fisch.) Bunge var. mongholicus or Astragalus membranaceus (Fisch.) Bunge [55]. The
main active components of Astragalus membranaceus (Fisch.)
Bunge are astragaloside, campanulin, ononin, kaempferol,
and astragalus polysaccharides [77]. Xu et al. [49] found that
when cells were incubated with isoastragaloside I (HQ1) and
astragalosides II (HQ2), extracts of Radix Astragali, for 72 h,
insulin resistance, and glucose intolerance were improved.
Oral gavage with HQ1 and HQ2 (50 mg of each compound/kg
body weight, twice a day) for 6 weeks in db/db mice increased
serum levels of total adiponectin, possibly via activation of
AMPK. The study published by Hoo et al. [78] suggested
that daily oral gavage with Radix Astragali (2 g/kg/day)
in db/db diabetic mice for 12 weeks reduces body weight
and food intake and alleviates glucose intolerance/insulin
resistance. The main mechanism may be the suppression of
inflammatory pathways.
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3.2.8. Carthamus tinctorius L. (Hong Hua). Carthamus tinctorius L. is derived from the dried flower of Crocus sativus
L. The main active component of Carthamus tinctorius L. is
saffron [50]. The study published by Zhu et al. [52] showed
that HFD-induced obese male ICR mice, intraperitoneally
injected with safflower yellow (120 mg/kg) daily for eight
weeks, had significant reductions in body fat mass, fasting
blood glucose, and improvements in insulin sensitivity. A
possible mechanism is the promotion of the browning of
subcutaneous white adipose tissue (WAT) and activating the
insulin receptor substrate 1/Akt/glycogen synthase kinase 3𝛽
pathway in visceral WAT. Mashmoul et al. [79] used saffron
(dried stigma of Crocus sativus L. flowers) to treat obesityrelated fatty liver. They were administered saffron extract and
crocin at concentrations of 40 and 80 mg/kg/day for 8 weeks
in HFD-induced obese rats. Levels of liver enzymes, relative
liver weights, and food intake were decreased. Saffron had a
curative effect in the treatment of obesity-related fatty liver
disease, but more definitive evidence of the protective effects
of saffron and crocin needs to be found.
3.2.9. Ganoderma lucidum (Leyss. ex Fr.) Karst. (Lingzhi).
Lingzhi is derived from the dried fruiting body of Ganoderma
lucidum (Leyss. ex Fr.) [55]. Chang et al. [80] found that
daily treatments for 2 months with 100 𝜇L of the water
extract of Ganoderma lucidum mycelium at 2, 4, or 8%
(w/v) by intragastric gavage in obese mice decreased weight
gain and fat accumulation and decreased proinflammatory
cytokine expression in the liver and adipose tissues in a
dose-dependent manner. The 8% water extract of Ganoderma
lucidum mycelium was the most effective treatment for
modulating gut microbiota. The results indicate that Ganoderma lucidum reduces obesity in mice by modulating the
composition of the gut microbiota, reducing endotoxemia,
and preventing insulin resistance. Thyagarajan-Sahu et al. [81]
found that treatment of 3T3-L1 preadipocytes with ReishiMax
(RM, containing Ganoderma lucidum) (0–300 𝜇g/mL) for 9
days decreased lipid accumulation, triglyceride uptake, and
glycerol accumulation in a concentration-dependent manner. RM can control adipocyte differentiation and glucose
uptake, possibly via suppressed expression of the adipogenic
transcription factor, PPAR-𝛾, and enzymes and proteins
responsible for lipid synthesis.
3.2.10. Tripterygium wilfordii Hook. f (Lei Gong Teng or
Thunder God Vine). Lei Gong Teng is derived from the dried
roots, leaves, and flowers of Tripterygium wilfordii Hook. f
[55]. Celastrol is the main active ingredient of Tripterygium
wilfordii Hook. f [82]. Liu et al. [53] administered Celastrol (100 𝜇g/kg) intraperitoneally for three weeks to HFDinduced obese mice and found that Celastrol suppressed food
intake, improved energy expenditure, and leads up to 45%
weight loss in hyperleptinemic diet-induced obese mice by
increasing leptin sensitivity. Following treatment with vehicle
or Celastrol (100 𝜇g/kg) (daily, intraperitoneal) in db/db or
ob/ob mice, food intake slightly decreased during the first
week, and body weight, lean mass, and fat percentage were
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not affected by Celastrol treatment. Celastrol is a leptin sensitizer, and its main mechanism of weight reduction is relief
of endoplasmic reticulum (ER) stress and increased leptin
sensitivity. In another study [83], Hu et al. identified Nur77
as a critical intracellular target of Celastrol, which induces
apoptosis by targeting mitochondria. Hu et al. used their
findings to develop a safe and effective drug to reduce weight.
Thunder god vine should be used cautiously because of its
complex composition [54] and potential adverse reactions
[84].

4. Conclusions and Perspectives
The effect and the relevant mechanisms behind how herbal
medicine work as an antiobesity treatment are still controversial. During the past decade, much recent progress
has been made in the study of weight loss therapy with
herbal medicine. Clinical investigations of herbal medicine
have been shown to be effective in the treatment of obesity,
and animal experiments have begun to reveal the potential
mechanisms of the various herbal medicine. However, there
are some limitations as follows: (1) Obesity is associated with
oxidative stress, but there have been fewer reports in this
area. Flos carthami has been shown to be effective against
oxidative stress and further study of oxidative stress and
weight loss using safflower is warranted. (2) Some herbal
treatments also show some toxicity and should be used with
caution. For example, the drug composition of thunder god
vine is complex, and when it is used to treat obesity, liver
and kidney function should be closely monitored. There
are many herbal medicines that have adverse effects if used
on long-term or at the incorrect dosages, so the long-term
application of herbal medicine for obesity should focus on
the safety evaluation; for example, in one case [18], a skin
rash was reported in the XJXGF formula group, but the
rash was transient and disappeared without treatment. (3)
Clinical reports indicate that herbal medicines for obesity
produce few adverse reactions, and their level of safety is
acceptable. However, some cases of adverse reactions have
been reported, such as a case of sudden death due to the
use of green tea. Therefore, the use of traditional Chinese
medicines should be regulated. (4) The drug composition of
herbal medicine is complex, making it difficult to determine
the mechanism(s) of action, unlike in western medicine.
There was also a case report [85] of a 19-year-old obese man
(120 kg) who drank large amounts of green tea (15 cups per
day) with a strict diet regimen, over 2 months; he lost 30 kg
of body weight. However, after his usual exercise, he died
of left ventricular fibrillation. His most prevalent symptoms
were gastrointestinal problems, such as dyspepsia, epigastric
pain, and nausea, as well as headache. Only a small number
of the studies included herein have reported that the use of
herbal medicine preparations caused adverse reactions. The
safety of long-term use of herbal medicine needs to be further
explored.
Use of herbal medicine to treat obesity is currently
garnering much attention. Only a small number of the active
ingredients available in herbs have been identified, and if
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↓ SNS

−

+

Energy expenditure

Food intake
Herbal medicine

FA

FA

Insulin secretion ↑

Infammation ↓
Hepatoprotection ↑

Glucose intolerance ↑

Lipolysis ↑
Lipogenesis ↓

Figure 2: Potential mechanisms of herbal medicine for obesity. Herbal medicine such as Celastrol, its main mechanism of weight reduction
is inhibiting endoplasmic reticulum (ER) stress and increased leptin sensitivity. Ganoderma lucidum mycelium decreased proinflammatory
cytokine expression in the liver and adipose tissues in a dose-dependent manner; Acetylshikonin covers the treatment of obesity which involves
the regulation of lipid metabolism and anti-inflammatory effects and decreased serum free fatty acid. Radix Astragali reduces body weight
and food intake, and alleviates glucose intolerance/insulin resistance. SNS: sympathetic nervous system; FA: fatty acid.

the composition of the herbs is more and more identified
in the future, the target and definite mechanism of action
can be determined. As mentioned above, herbal medicine
has some beneficial effects on the treatment of patients
with obesity and has fewer adverse effects than chemical
agents; potential mechanisms of herbal medicine for obesity were presented in Figure 2. Extensive preclinical and
clinical researches [86] have highlighted the pharmaceutical
uses of herbal medicine as antidiabetic, antihyperlipidemic,
antiobesity, anti-inflammatory, and antioxidant. In clinical
practice, herbal medicines are usually used in a compound
form. With the development of modern pharmacological
science, it is easier to identify the active agents in herbal
medicine compounds, facilitating scientific study of their
effectiveness. In addition, more and more clinical trials
and a standardized procedure of herbal medicine producing
are needed to confirm the safety and antiobesity effect of
herbal medicine and finally prevent/reduce obesity by herbal
medicine consumption in human.

BW:
CVD:
DBP:
FBG:
FFA:
FINS:
FPG:
HDL:
HFD:
HOMA:
IAF:
IR:
HbAlc:
OGTT:
RCT:
SBP:
T2DM:
TC:
TG:
WC:

Body weight
Cardiovascular disease
Diastolic blood pressure
Fasting blood glucose
Free fatty acid
Fasting insulin
Fasting plasma glucose
High density lipoprotein
High-fat diet
Homeostasis model assessment
Intraabdominal fat
Insulin resistance
Glycated hemoglobin
Oral glucose tolerance test
Randomized controlled trial
Systolic blood pressure
Type 2 diabetes mellitus
Total cholesterol
Triglyceride
Waist circumference.

Abbreviation
2hPG: 2 hours of postprandial blood glucose
BMI: Body mass index
BP:
Blood pressure
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Astilbin, a flavonoid compound, was isolated from the rhizome of Smilax glabra Roxb. (with red cross-section) grown in Guizhou
Province, China. We accessed its effect and potential mechanism on attenuation of the inflammatory response in CFA-induced AA
rats. Our results showed that daily oral administration of astilbin at 5.3 mg/kg reduced joint damage in the hind paw of AA rats.
Accordingly, astilbin exhibited remarkable inhibitory effects on TNF-𝛼, IL-1𝛽, and IL-6 mRNA expression. Significant decrease of
serum cytokine levels of TNF-𝛼, IL-1𝛽, and IL-6 was also observed in astilbin-treated AA rats compared to the vehicle-treated AA
rats. The reduced expression of these cytokines was associated with protein activity suppression of three key molecular targets in the
pathogenesis of RA, including IKK𝛽, NF-𝜅B p65 subunit, and TLR adaptor MyD88. Furthermore, the therapeutic effects of astilbin
on the inhibition of cytokines production as well as the reduction of inflammatory response in AA rats are close to a commonly
used antirheumatic drug, leflunomide. Collectively, our data suggest that the action mechanism of astilbin, as an anti-inflammatory
agent for RA treatment, is associated with modulating the production of proinflammatory cytokines and inhibiting the expression
of key elements in NF-𝜅B signaling pathway mediated by TLR.

1. Introduction
Rheumatoid arthritis (RA) is an autoimmune disease characterized by chronic inflammation in joints, associated with
inflammatory infiltration of the synovia, and cartilage/bone
destruction. It affects nearly 1% of the population worldwide
[1]. Pathogenic investigations of bone erosion in RA have
reflected the primary involvement of cellular and soluble
mediators of the immune system, such as cytokines, adhesion
molecules, and prostaglandins [2]. The main triggers of bone
erosion are synovitis, including the production of proinflammatory cytokines and receptor activator of nuclear factor
kappa B ligand, which cause the destruction of cartilage,

bone, and periarticular structures [3]. Inflamed synovial
tissues are infiltrated by monocyte/macrophage, synovial
fibroblast, T cells, and B cells, which are considered as key
players in the mammalian immune system [4]. In response
to such immune/inflammatory stimuli, proinflammatory
cytokines, including but not limited to tumor necrosis factor𝛼 (TNF-𝛼), interleukin-1 (IL-1), and IL-6, are subsequently
released by these cells [5]. An increasing body of data
has shown that cytokines are implicated in each phase of
progressive joint destruction, by autoimmunity promotion,
maintenance of chronic inflammatory synovitis, and driving
the destruction of adjacent joint tissue [6]. Due to their
important roles in the pathogenesis of RA, cytokines have
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provided a whole new range of targets for drug development,
and many of them are already being targeted in the clinic for
clinical intervention [7]. Accordingly, new therapies targeting the modulation of cytokine release during RA therapy
have been investigated [8]. In addition, emerging evidence
suggests that transcription factor nuclear factor kappa B (NF𝜅B) is essential for the expression of inflammatory cytokines.
Toll-like receptors (TLRs), as major activators of the NF-𝜅B
pathway, are also involved in triggering the inflammatory and
joint destructive process in RA [7]. Therefore, blockade of
NF-𝜅B signaling serves as a potential therapeutic strategy for
RA treatment [9].
Smilax glabra Roxb. (SRG, genus: Smilax), the dried
rhizome of Sarsaparilla, also called Tu-Fuling in Chinese
medicine, is commonly used as the complementary therapy
in the Orient for various chronic diseases, including RA,
diabetes, liver deficiency, coronary heart, and syphilis [10]. It
is officially included in the Chinese Pharmacopeia and has
been investigated for its antivirus, antioxidant, anticancer,
and anti-inflammation properties [11–13]. SRG is classified
into two categories based on its cross-sectional color, red
SGR or white SGR, and the investigation of their chemical
composition indicates significant difference in the quality
correlating to their color metrics [10, 14]. The aqueous SGR
extract is known to modulate cellular immune responses [15].
Our previous studies have shown that the anti-inflammatory
effects of red-SRG, a species from Guizhou Province of
Southwestern China (GZ-SGR), are better than white SGR
for reducing chronic inflammation in the adjuvant arthritis
(AA) rat model, suggesting the therapeutic potential of
GZ-SGR in the treatment of chronic autoimmune disease
[14]. Astilbin, 3,3,4 ,5,7-pentahydroxyflavanone 3–6[-deoxy([alpha]-L-mannopyranoside)], is one of the major active
components in the rhizome of SGR. This flavonoid shows
multiple pharmacological functions, such as migration of
ear contact dermatitis and liver injury induced by delayedtype hypersensitivity associated with selective immunosuppression of activated T lymphocytes or dysfunction of liverinfiltrating cells [13, 16, 17]. Nevertheless, the direct role
of astilbin, isolated from GZ-SGR extract, in the treatment
of inflammatory disease such as RA, is still unclear and
the mechanistic basis is lacking. In the present study, we
used the CFA-induced arthritic rat model to evaluate the
therapeutic effects of astilbin on the prevention of joint
damage associated with RA and further explored the possible
molecular mechanism.

2. Material and Methods
2.1. Plant Material and Astilbin Isolation. GZ-SGR was
obtained from Shuitian Town of Wudang County in Guizhou
Province, China. The voucher specimens were deposited at
Key Pharmacognosy Laboratory, Guiyang Collage of Traditional Chinese Medicine (Figure 1(a)). The procedures for
preparation of aqueous extract from the rhizome of GZSGR and the methods for astilbin isolation were described
previously with a few modifications [18, 19]. Briefly, the
dried and cut rhizome of GZ-SGR was extracted with
60% ethanol under reflux (2 h each, ×3). After removal of
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the solvent by evaporation, the ethanol extract was suspended in water and successively partitioned with ethyl
acetate (EtOAc). A portion of EtOAc-soluble fraction (70 g)
was subjected to a silica gel column and eluted with a
gradient of chloroform-EtOAc-MeOH to give 3 fractions.
Astilbin detected in the second fraction was further purified
via preparative high performance liquid chromatography
(HPLC). Isolated astilbin showed the purity more than 99%
analysis (Figure 1(b)), followed by characterization using an
ultra-performance liquid chromatography/quadrupole timeof-flight mass spectrometry (UPLC/QTOF MS) system [10].
The UPLC chromatogram and mass spectrum of isolated
astilbin from GZ-SGR were shown in Figure 1(d). Astilbin
(Cat# 30-2007) standard was purchased from Shanghai R&D
Center for Standardization of Traditional Chinese Medicines
(Shanghai, China). Leflunomide (LEF) was obtained from
Changzheng-Cinkate Pharmaceutical Co., Ltd. (Cat# 140304,
Suzhou, China).
2.2. Rats and Treatment. Male Sprague-Dawley rats weighing
180 ± 20 g were purchased from the Chongqing Animal
Center of the Third Military Medical University, China (certification no. SCXK-YU-20120005). All rats were provided
a standard diet and housed in an approved facility with
climate control and a 12 h light/12 h dark cycle. This study was
performed in strict accordance with the recommendations
in the Guide for the Care and Use of Laboratory Animals of
the National Institutes of Health. The protocol was approved
by the local animal ethics committee at the Third Military
Medical University, China. All surgery was performed under
urethane anesthesia with effort to minimize suffering. Forty
rats were randomly grouped into control and three treatment
groups (𝑛 = 10 in each): model, astilbin (GZ-SRG), and
LEF. The vehicle alone (0.5% CMC-Na) was administered via
gavage to the control group. Adjuvant arthritis was elicited by
injecting complete Freund’s adjuvant (CFA, 0.1 ml, 10 mg/ml)
into the base of the tail every day for 7 days. In the following
treatment regimen, rats in astilbin and LEF groups were orally
administered with astilbin in 0.5% CMC-Na at 5.7 mg/kg or
2.3 mg/kg/day for 21 days, respectively. In parallel, the vehicle
was administered via oral gavage to the model group and
control group. At the end of treatment, rats were sacrificed
and radiographs of tibiotarsal joint of the hind paw were
taken with an X-ray instrument (40 kV, 100 mA, 6/100 s) and
X-OMAT TL films.
2.3. Histopathology Evaluation. Synovial tissues with patella
but without menisci were obtained from the knee joint of
rats. The specimens were postfixed overnight in buffered
10% formalin, dehydrated through a series of ethanol, and
embedded in paraffin wax. They were serially sectioned
onto microscope slides at a thickness of 5 𝜇m and then
deparaffinized, stained with hematoxylin and eosin, and
evaluated for morphological changes and cellular infiltration,
as previously described [20].
2.4. Quantitative Real-Time PCR. Total RNA from synovial
tissues of rats was extracted using TRIzol Reagent (Life
Tech., Carlsbad, CA). mRNAs were reverse-transcribed using
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Figure 1: Astilbin isolation and identification. (a) Rhizome cross-section of Guizhou Smilax glabra Roxb. (GZ-SGR). (b) Crystallized astilbin
powder isolated from GZ-SGR. (c) Chemical structure of astilbin. (d) UPLC chromatogram of isolated astilbin from GZ-SGR (II), in
comparison with standard astilbin (I). Mass spectrum for the peak of GZ-SGR astilbin is shown in (III).

Table 1: Primers used for quantitative real-time PCR.

TNF-𝛼
IL-1𝛽
IL6
GAPDH

Forward
CTACTGAACTTCGGGGTGATCG
CCCAACTGGTACATCAGCACCTCTC
GATTGTATGAACAGCGATGATGC
TGGAGTCTACTGGCGTCTT

a PrimeScript RT Reagent Kit (Takara, Dalian, China).
Gene expression of TNF-𝛼, IL-1𝛽, and IL6 in rats was
measured via quantitative real-time PCR using primers listed
in Table 1. Real-time PCR was performed using Bio-Rad
CFX96 Touch Real-Time PCR Detection System and a
SYBR Green Supermix Kit (Bio-Rad Laboratories, Hercules,
CA). The PCR efficiency was examined by serially diluting
template cDNA and the melting curve data were collected to
check the PCR specificity. Results were calculated using the
comparative CT (2−ΔΔCT ) method normalizing to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) expression for
each sample.
2.5. Analysis of Serum Cytokines. Serum was separated from
whole blood samples after centrifugation (2,500 ×g for 10
minutes at 4∘ C) and stored in −80∘ C until analysis. Analysis
of serum cytokines was measured by PicoKine ELISA Kit
(BosterBio, Wuhan, China) according to the manufacturer’s

Reverse
GTTGTCTTTGAGATCCATGCCATTG
CTATGTCCCGACCATTGCTG
AGAAACGGAACTCCAGAAGACC
TGTCATATTTCTCGTGGTTCA

protocol (rat TNF-𝛼, 2401122312; rat IL-1𝛽, 11510123312; rat IL6, 13310123312), as previously described [21].
2.6. Western Blot. After the rats were killed, knee synovium
of rat was collected, and total proteins were extracted from
synovial tissue and quantified by the BCA assay (Cwbiotech,
Beijing, China). Protein expression was detected by Western
blot. Equal protein amounts were resolved by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE),
transferred onto PVDF membranes, and immunoblotted for
MyD88 (Cat# RLT2928, Ruiying Bio, Suzhou, China), p65
(Cat# B0442), and IKK𝛽 (Cat# B7169, Assay Biotech, USA).
Each measured protein was normalized to GAPDH (Cat#
CW0100, Cwbiotech, Beijing, China) and quantified using
ImageJ software (NIH, Bethesda, USA).
2.7. Statistical Analysis. Data are expressed as means ±
SD from at least three independent experiments. Statistical
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Figure 2: Radiological assessment of astilbin’s effect on tibiotarsal joint destruction in rats with adjuvant-induced arthritis (AA). ((a)–(d))
Demonstrating typical representative photographs of rat ankle joints. (a) Control group; (b) AA rats group; (c) astilbin-treated AA rats group;
(d) LEF-treated AA rats group. The swelling in the hind paw of rats was assessed by soft tissue X-ray examination on day 21 following astilbin
or LEF treatment as described in “Materials and Methods.”

Table 2: Effects of astilbin (GZ-SRG) on paw thickness in CFA-induced arthritic rats (𝑛 = 10).
Day
d1
d7
d10
d13
d16
d19
d22
d25
d28

Paw thickness (mm)
Control
3.58 ± 0.09
3.69 ± 0.04
3.70 ± 0.12
3.73 ± 0.09
3.66 ± 0.04
3.70 ± 0.09
3.71 ± 0.07
3.68 ± 0.12
3.68 ± 0.14

Model
3.72 ± 0.20
4.16 ± 0.17##
5.41 ± 1.21##
5.98 ± 1.07##
6.29 ± 1.55##
6.42 ± 1.47##
6.32 ± 2.96##𝛿
6.81 ± 2.42##
6.79 ± 2.70##

Astilbin
3.72 ± 0.06
3.99 ± 0.24
4.01 ± 0.30∗
4.10 ± 0.26∗
4.03 ± 0.32∗∗
4.14 ± 0.33∗∗
3.97 ± 0.23∗
4.19 ± 0.62∗
3.84 ± 0.14∗

LEF
3.73 ± 0.06
3.98 ± 0.16∗
4.03 ± 0.27∗∗
3.98 ± 0.20∗∗
3.98 ± 0.15∗∗
3.94 ± 0.09∗∗
3.92 ± 0.14∗
3.96 ± 0.18∗
3.83 ± 0.13∗

Notes: the development of arthritis was monitored by measuring the paw thickness using a vernier scale. Data represent the mean values of three experiments
±SD. ## 𝑝 < 0.01, versus control group; ∗ 𝑝 < 0.05, ∗∗ 𝑝 < 0.01, versus CFA-induced arthritic rat model group; 𝛿 data from 9 rats after removing one anomalous
value.

significance between groups was measured using one-way
analysis of variance (ANOVA) followed by Student’s twotailed t-test. Data analysis was achieved with SPSS 20.0
statistical package (Chicago SPSS Inc., IL, USA). Significance
was noted in corresponding figure legends (∗ 𝑝 < 0.05; ∗∗ 𝑝 <
0.01; and ## 𝑝 < 0.01).

3. Results
3.1. Treatment of Astilbin Mitigated Joint Damage in CFAInduced Arthritic Rats. To examine astilbin’s effects on the
of RA disease development, we established a CFA-induced
arthritis rat model. Under the dose used, no animal died, and
body weight gain was comparable to the control group and no
obvious behavioral changes were observed (data not shown).
CFA injection into the rat tail induced a monoarthritic
process characterized by severe radiological joint damage.
Seven days after administration of the adjuvant CFA, the

signs of joint inflammation became apparent, suggesting
that arthritis was clearly developed (Figure 2(b)). Repeated
injections of CFA significantly and progressively increased
the paw edema (Table 2). Astilbin was then administered once
daily by gavage to AA rats at dose level of 5.7 mg/kg/day for
21 days. Examination of the radiographs in astilbin-treated
rats revealed a clear lesion decrease that was also observed in
LEF-treated rats when compared to CMC-Na treated controls
(Figures 2(c) and 2(d)). In the soft X-ray examination, a
marked reduction of swelling in the hind paw was seen
in the astilbin-treated AA rats. Though cartilage erosion
was not prevented completely in this treatment cycle, the
antirheumatic effects of astilbin are close to LEF. The decrease
of joint lesions was confirmed by histological examination
on day 21 after astilbin administration (Figure 3): treatment
with astilbin led to a significant inhibition of inflammatory
cell infiltration against adjuvant-induced arthritis in rats.
In addition, astilbin administered groups showed significant
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Figure 3: Photomicrographs of the synovial membrane of the ankle joint in rats. ((a)–(d)) Demonstrating typical representative H & E stain of
rat synovial tissue. (a) Control group; (b) AA rats group; (c) astilbin-treated AA rats group; (d) LEF-treated AA rats group. Magnification,
400x; scale bar = 100 𝜇m.

reduction in paw volume when compared with the arthritic
model group (Table 2).

joint TNF-𝛼, IL-1𝛽, and IL-6 expression (mRNA) and serum
TNF-𝛼, IL-1𝛽, and IL-6 levels.

3.2. Treatment of Astilbin Reduced Inflammatory Cytokine
Levels in Adjuvant Arthritic Rats. To investigate the effects
of astilbin on modulating inflammatory response induced
by CFA in adjuvant arthritic rats, the proinflammatory
cytokines, namely, TNF-𝛼, IL-1𝛽, and IL-6, were chosen
based on their reported association with RA [22]. By quantitative real-time PCR, mRNA levels of TNF-𝛼, IL-1𝛽, and IL-6
in synovium of AA rats turned out to be dramatically elevated
with arthritis development in our CFA-induced arthritic rat
model, while astilbin treatment caused a significant reduction
of such cytokine profiles, especially with substantial effects
on TNF-𝛼 and IL-6 (Figure 4(a)). Remarkably, there is
no significant difference between astilbin-treated group and
LEF-treated group, suggesting the therapeutic potential of
astilbin as an antirheumatic drug for inflammatory modulation. Meanwhile, serum cytokine levels were measured using
ELISA assay on day 21 after oral administration of astilbin
to AA rats. As shown in Figure 4(b), at dose of 5.7 mg/kg,
astilbin significantly reduced serum cytokine levels of TNF𝛼, IL-1𝛽, and IL-6, compared to vehicle-treated AA rats. Of
note, these cytokines decreased to the levels of those in LEF
treatment group. These results clearly showed that astilbin
administration attenuated inflammation and inhibited both

3.3. Astilbin Negatively Regulated TLR-Mediated NF-𝜅B Signaling by Targeting MyD88, p65, and IKK𝛽. To determine the
mechanisms by which astilbin suppresses adjuvant arthritis
in rats, we next examined the effect of astilbin extract from
GZ-SRG on TLR-mediated NF-𝜅B signaling, with special
focus on the protein expression patterns of MyD88, p65, and
IKK𝛽. These target molecules were chosen because most TLR
use MyD88 as the adaptor protein for downstream signal
transduction to NF-𝜅B, while both I𝜅B kinase molecule IKK𝛽
and p65 subunit are core elements of the NF-𝜅B cascade
and serve as pivotal regulators in inflammatory arthritis [23,
24]. As expected, expression levels of protein MyD88, p65,
and IKK𝛽 were all increased in the synovial tissue of AA
rats compared to vehicle controls, suggesting that NF-𝜅B
activation via TLR is required for inflammatory induction
in RA (Figure 5). In contrast, treatment of astilbin resulted
in a significant downregulation of Myd88 activity, as shown
in Figure 5(a). In addition, the protein levels of NF-𝜅B p65
and IKK𝛽 were found to be decreased (Figures 5(b) and
5(c)). Accordingly, the levels of MyD88, p65, and IKK𝛽 were
reduced to a similar degree upon LEF treatment in AA rats.
These results indicated astilbin’s therapeutic potential for the
blockade of TLR-mediated NF-𝜅B signaling in the treatment
of chronic inflammation.
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Figure 4: Astilbin treatment reduced proinflammatory cytokine production. (a) The mRNA expression of TNF-𝛼, IL-1𝛽, and IL-6 in the
synovium from rats was examined by real-time PCR. (b) Serum cytokine levels of TNF-𝛼, IL-1𝛽, and IL-6 in rats were determined by PicoKine
ELISA Kit (BosterBio, Wuhan, China). Data shown represent the mean ± SD of three independent experiments, 𝑛 = 10 rats per group as
described in Materials and Methods. ## 𝑝 < 0.01, versus control group; ∗ 𝑝 < 0.05, ∗∗ 𝑝 < 0.01, versus CFA-induced arthritic rat model group.

4. Discussion
With the growing interest in herbal medicines for RA
treatment, there exists a need for investigation into their
safety, efficacy, and mechanism. As a member of the Smilacaceae family, SGR is traditionally used to treat rheumatism, swelling, and pain in China [14]. SGR contains many
bioactive components, such as flavonoids, terpenoids, and

mannose-binding lectin, which are responsible for its clinical
utilization in the treatment of leptospirosis, bacterial dysentery, nephritis, mercury poisoning, and so forth [25, 26].
Previous research has indicated that the aqueous extract from
the rhizome of SGR possesses notable immunomodulatory
effects for RA treatment by suppressing specific cellular
inflammatory activities, while the underlying mechanism has
not yet been fully elucidated [15]. Astilbin, a dihydroflavonol
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Figure 5: Astilbin (GZ-SGR) negatively regulated TLRs-mediated NF-𝜅B signaling. Representative immunoblots and quantitative analysis
showed a significant increase protein levels of (a) MyD88, (b) p65, and (c) IKK𝛽 in CFA-induced AA rats, while astilbin treatment alleviated
the increase. Data shown represent the mean ± SD of three independent experiments, 𝑛 = 10 rats per group as described in Materials and
Methods. ## 𝑝 < 0.01, versus control group; ∗ 𝑝 < 0.05, ∗∗ 𝑝 < 0.01, versus CFA-induced arthritic rat model group.

derivative isolated from SGR, exhibits multiple pharmacological aspects, including antioxidant, anti-inflammatory,
and antidiabetic nephropathy properties [27, 28]. Evidence
has shown that astilbin can inhibit contact hypersensitivity
through altering the in vivo cytokine profiles of lymphocytes
[29], reduce collagen-induced arthritis via the dysfunction
of lymphocytes [30], and mitigate disease development in
lupus-prone mice by suppressing the functional activated T
and B cells [31]. Although the use of SGR in folk medicine
to treat arthritis was reported, the antiarthritic effects of its
major bioactive compound astilbin have not yet been examined. Moreover, astilbin’s direct molecular targets and the
underlying mechanisms that explain its anti-inflammatory
activities in RA treatment remain to be elucidated. The
current study represents the first report of anti-inflammatory

effect of astilbin, isolated from GZ-SRG with red crosssection, in CFA-induced arthritic rats.
In our arthritic rat model, the development of arthritis
was observed as edema of the hind paw due to severe soft
tissue injuries around the joint. Astilbin administered groups
showed a significant reduction in paw volume as well as
decreased inflammatory cell infiltration when compared with
the arthritic model group (Table 2, Figures 2 and 3). It is
worth mentioning that the antirheumatic effects of astilbin
are pretty close to LEF, an anti-inflammatory agent clinically
used to treat RA and other inflammatory conditions [32].
In the present study, repeated administration of astilbin
at 5.7 mg/kg/day for 21 days did not result in significant
weight loss (data not shown). We next demonstrated that
astilbin significantly decreased serum levels of cytokines
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TNF-𝛼, IL-1𝛽, and IL-6 after long-term oral injection in
AA rats (Figure 4). Meanwhile, the mRNA expression levels
of TNF-𝛼, IL-1𝛽, and IL-6 were greatly downregulated in
the synovial tissue from astilbin-treated AA rats, indicative
of an inhibition of inflammatory response. Reduction in
these cytokine profiles provides a favorable benefit for the
migration of joint damage in the rehabilitation management
of RA.
As a symmetric peripheral polyarthritis, RA is often
associated with chronic inflammation of the synovium of
small joints [33]. Although the etiology of RA is not
yet fully clear, exaggerated inflammatory mechanisms of
cytokines contribute significantly to joint tissue damage in
RA [6, 22]. Over the past decade, there have been major
advances in the specific immunomodulation of RA as a
straightforward therapeutic approach, including the treatments by herbal complementary and alternative medicine
(CAM), targeted to molecular messengers important in the
immune-pathogenesis of RA [34]. Patients with active RA
have increased secretion of multiple cytokines along with
macrophage activation, including but not limited to TNF-𝛼,
IL-1𝛽, and IL-6 [22, 35]. These cytokines stimulate synovial
fibroblasts and chondrocytes in the nearby articular cartilage
to secrete enzymes that degrade proteoglycans and collagen,
leading to tissue destruction [22]. It is well established that
TNF and IL-1 are the key proinflammatory cytokines in the
process of chronic joint inflammation and the concomitant
erosive changes in cartilage and bone. Regulation of these
cytokines is of crucial importance in the pathogenesis of
RA [22]. IL-6 is a pleiotropic cytokine found in abundance
in the synovial fluid and serum of subjects suffering from
RA, with a correlation to the level of joint destruction [36].
IL-6 can also promote synovitis by upregulating expression
of certain chemokines and adhesion molecules. Excess production of IL-6 contributes to inducing hepcidin production
and thrombocytosis, which lead to anemia common in
active RA [37]. Blocking aforementioned cytokines produces
significant improvement in RA and therefore is considered
as an important therapeutic goal [38, 39]. Targeting TNF,
for example, has shown great efficacy in controlling both
the inflammation and structural damage of the joints [7].
New TNF-𝛼 blockers, IL-1 receptor antagonist, and IL-6
inhibitors are currently being explored for their potential as
new immune therapies [39].
Finally, our results indicated that astilbin had an obvious
inhibitory effect on the expression of three key molecular
targets, MyD88, p65, and IKK𝛽, which are associated with
NF-𝜅B signaling and all play important roles in the development of RA. As illustrated in Figure 6, we believe that
astilbin’s effects on the inflammatory modulation of cytokine
production as well as the prevention of RA process are mainly
mediated by TLRs-NF-𝜅B pathway. In accordance with the
inhibition of the secretion of cytokines TNF-𝛼, IL-1, and IL6, astilbin negatively regulates MyD88, p65, and IKK𝛽 protein
expression, subsequently leading to the inhibition of the
NF-𝜅B pathway for the treatment of chronic inflammation
associated with RA.
TLRs are a family of integral glycoproteins, well known
for their role in the initiation of the inflammatory and
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Figure 6: Schematic diagram of alleviation of rheumatoid arthritis (RA) by astilbin (GZ-SGR). The canonical pathway NF-𝜅B is
involved in the pathogenesis of RA. In the cytoplasm, NF-𝜅B
proteins are usually associated with inhibitors of NF-𝜅B (I𝜅Bs).
External stimuli, including ligation of receptors of proinflammatory
cytokines, activate the TLR adaptor MyD88 and subsequently
stimulate the I𝜅B kinase (IKK) molecules, including IKK𝛽. IKK
phosphorylates I𝜅Bs, leading to their degradation, thereby allowing
NF-𝜅B to enter the nucleus and activate genes that contribute to
chronic inflammation, such as cytokines, chemokines, and tumor
necrosis factor receptors (TNFR). Astilbin, isolated from GZ-SGR,
can reduce proinflammatory cytokines production, including TNF𝛼, IL-1𝛽, and IL-6, and decrease the protein expression of MyD88,
IKK𝛽, and p65, the key components that play important roles in
TLRs-NF-𝜅B pathway in RA development.

immune response [40]. As the potent activators of the NF-𝜅B
pathway, TLRs are involved in triggering the inflammatory
and joint destructive process in RA [41]. Activation of TLRs
results in the rapid expression of inflammatory cytokines
including those for proinflammatory mediators including
TNF-𝛼, IL-1, and IL-6, as well as chemokines, such as
IL-8. These mediators thus initiate an immune response
that recruits neutrophils, monocytes, and lymphocytes [7].
MyD88 is an adaptor protein shared by all the known
TLRs. It is known that TLRs induce cytokine production in
response to inflammatory stimuli targeting at MyD88 [42].
The MyD88-dependent pathway also leads to the activation of
NF-𝜅B and consequently mediates proinflammatory cytokine
gene expression [43]. Furthermore, there is a complex regulatory loop which amplifies and perpetuates inflammatory
response. NF-𝜅B is one of the key regulators in this amplifying
loop, which sustains chronic inflammation in RA [24].
Proinflammatory stimuli, such as lipopolysaccharide and
TNF-𝛼, lead to phosphorylation of the inhibitory complex
(I𝜅B), subsequently inducing the activation of the NF-𝜅B
pathway. IKK𝛽 is one of the subunits of I𝜅B and has become
a particularly appealing target for therapeutic intervention in
RA due to its crucial role in the canonical NF-𝜅B pathway
activation [44]. Inhibitors of the kinase activity of IKK𝛽 offer
opportunities for RA intervention [45]. p65 (RelA) subunit is
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one of the most prevalent activated forms of NF-𝜅B family.
Expression of activated NF-𝜅B p65 was found abound in
the synovial lining layer of RA synovial tissue [46]. siRNA
targeting of NF-𝜅B p65 subunit has shown promising effects
by suppressing the IL-1𝛽/TNF-𝛼 induced gene expression of
cyclooxygenase-2 (COX-2), nitric oxide synthase-2 (NOS-2),
and matrix metalloproteinase-9 (MMP-9), which is paralleled with the initiation and progression of cartilage lesions
in osteoarthritis [47]. Given these evidences, MyD88, p65,
and IKK𝛽 are all considered as pivotal molecules in the
development of chronic inflammation in RA.
In summary, our results demonstrated that, similar to
the present immunosuppressant drug leflunomide, astilbin,
isolated from GZ-SRG, significantly mitigated RA disease
development in CFA-induced arthritic rats by effectively
suppressing functionally activated cytokines and the key
molecules that are associated with TLRs-NF-𝜅B signaling of
the inflammatory response pathway in RA disease process.
This potent, orally active, natural immunosuppressant would
take advantage to treat the clinic-pathological manifestations
of RA.

5. Conclusion
In conclusion, astilbin, a natural product isolated from
GZ-SGR, showed anti-inflammatory effects through negative cytokine regulation in adjuvant-induced arthritic rats.
Further investigation supported that astilbin may offer
antiarthritis benefits by inhibiting the TLRs-mediated NF𝜅B signaling. Overall findings suggest that astilbin modulates
inflammatory mediators by which GZ-SRG exhibits its therapeutic potential in the treatment of RA disease.
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Psoriasis is a chronic inflammatory and immune-mediated skin disease. The pathogenesis involves T cells activation via the IL23/Th17 axis. Conventional treatments of psoriasis have adverse events influencing patients’ adherence. Wannachawee Recipe
(WCR) has been effectively used as Thai folk remedy for psoriasis patients; however, preclinical evidence defining how WCR works
is still lacking. This study defined mechanisms for its antiproliferation and anti-inflammatory effects in HaCaT cells. The cytotoxicity
and antiproliferation results from SRB and CCK-8 assays showed that WCR inhibited the growth and viability of HaCaT cells in a
concentration-dependent manner. The distribution of cell cycle phases determined by flow cytometry showed that WCR did not
interrupt cell cycle progression. Interestingly, RT-qPCR revealed that WCR significantly decreased the mRNA expression of IL-1𝛽,
IL-6, IL-8, IL-17A, IL-22, IL-23, and TNF-𝛼 but induced IL-10 expression in TNF-𝛼- and IFN-𝛾-induced HaCaT cells. At the protein
level determined by ELISA, WCR significantly reduced the secretion of IL-17A, IL-22, and IL-23. The WCR at low concentrations
was proved to possess anti-inflammatory effect without cytotoxicity and it did not interfere with cell cycle of keratinocytes. This is
the first study to provide convincing evidence that WCR is a potential candidate for development of effective psoriasis therapies.

1. Introduction
Psoriasis is a chronic immune-mediated skin disease manifesting as focal formation of inflamed and scaly plaques
derived from excessive proliferation of keratinocytes [1].
Interleukin 23 (IL-23) and interleukin 17 (IL-17), which are
cytokines belonging to a subset of T-helper 17 (Th 17), play
a major role in pathogenesis of psoriasis [2]. IL-23 functions
as a key cytokine for stimulating survival and expansion of
Th17 cells [3]. After this stimulation, the downstream effector
molecules of Th17 cells, including IL-17A, IL-22, TNF-𝛼,
and IL-6 are produced in response to certain stimuli [2, 4]

and subsequently induce keratinocyte proliferation and other
hallmark features of psoriasis [5].
Choice of psoriatic treatment depends on many factors
such as severity of the disease and its impact on patient’s life
[6]. For mild psoriasis, corticosteroids, vitamin D3 analogues,
and calcineurin inhibitors have been currently used as topical
therapies. For severe psoriasis, phototherapy or conventional systemic agents including methotrexate, cyclosporine,
acitretin, and, in some countries, fumaric acid esters are
chosen depending on the patient’s condition [7]. Recently,
biological therapies, which are proteins or antibodies targeting specific inflammatory mediators and T cells, have been
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Table 1: Plants used in WCR.
Thai name

Scientific name

Family name

Part used

Original source

1
2
3
4

Kha
Khao Yen Tai
Khao Yen Nuea
Khao Yen Jeen

Alpinia galanga (L.) Willd.
Smilax glabra Wall.ex Roxb.
Smilax corbularia Kunth.
Smilax sp.

Zingiberaceae
Smilacaceae
Smilacaceae
Smilacaceae

Rhizomes
Rhizomes
Rhizomes
Rhizomes

Chanthaburi
Province,
Thailand

5

Hua Ta Pead

Stemona involuta Inthachub.

Stemonaceae

Roots

6

Non Tai Yak

Stemona collinsae Craib.

Stemonaceae

Roots

7

Thong Pan Chang

Rhinacanthus nasutus (L.) Kurz.

Acanthaceae

Aerial part

8

Ngueak plaamo

Acanthus ilicifolius L.

Acanthaceae

Aerial part

developed and approved for effective psoriasis treatment [8].
However, as a great concern about these therapies, the effect
of long-term chronic immunosuppression has potential to
increase the risks of infection and cancer [6]. In addition, the
well-documented arrays of adverse effects result in decrease
of patient’s adherence. Therefore, there is a need for novel
antipsoriatic drug that would provide improved effectiveness
but with fewer side effects and lower costs. One of possible solutions is traditional medicine because it provides
front-line pharmacotherapy for billions of people worldwide.
However, its efficacy related to sufficient preclinical and
clinical evidence is often skeptical by the Western medical
establishment [9].
Thai traditional medicine employs many different plants
for the folk remedy of dermatological conditions [10]. Wannachawee Recipe (WCR) has been enlisted in the Hospital
Traditional Medicine Formulary and has been used for
the treatment of psoriasis in the Thai Traditional Medicine
Clinic of Prapokklao Hospital since 2006. An observational
study (2006–2011) indicates that psoriasis accounted for the
highest amount of patient attendance at this clinic. There
were psoriasis patients (between 13 and 97 years old) with
different severity of psoriasis (severe 16.9%, moderate 45.6%,
and mild 37.5%). For the treatment regimen, patients were
prescribed to take 10.77 g of WCR per day for 6-7 months,
and the severity of psoriasis was determined again by certified
dermatologists. The results revealed that 93% of 136 Thai
psoriasis patients had good response with WCR, whereas
7% of them showed less improvement. The factors associated
with aggravation of psoriasis among these patients were suggested to be related to particular diet, sleep deprivation, stress,
and ultraviolet light and chemical exposure [11]. Although
the WCR has been successfully used as a clinical therapy at
the Thai Traditional Medicine Clinic for many years, there
is still a lack of supporting preclinical evidence supporting
the mechanism of pharmacological action of the WCR in
psoriasis treatment. The present study aimed to investigate
specific mechanism underlying the therapeutic potential of
WCR on antiproliferation and anti-inflammatory effects in
HaCaT human keratinocytes.

2. Materials and Methods
2.1. Chemicals and Reagents. Unless stated, all chemicals and
reagents were purchased from Sigma Aldrich Co. (Merck

Chachoengsao
Province,
Thailand
Chanthaburi
Province,
Thailand

KGaA, Darmstadt, Germany,). Acitretin 25 mg was obtained
from Silom Medical Co., Ltd. (Thailand), and dimethyl
sulfoxide (DMSO) from AMRESCO LLC (OH, USA).
2.2. Cell Line. An immortalized human epidermal keratinocyte cell line, HaCaT cell, was purchased from Cell Lines
Service GmbH (Eppelheim, Baden-Württemberg, Germany).
They were cultured in Dulbecco’s modified Eagle’s medium
(DMEM/high glucose, Gibco Inc., Grand Island, NY), supplemented with 10% heat-inactivated fetal bovine serum
(FBS) and antibiotics (100 U/mL penicillin and 100 𝜇g/mL
streptomycin) (all from Gibco Inc.) and maintained at 37∘ C
in a humidified atmosphere at 5% CO2 .
2.3. Plant Materials. WCR is composed of 8 Thai herbs as
shown in Table 1. Roots of S. involuta and S. collinsae were
purchased from Chachoengsao Province, Thailand, whereas
the other seven herbal plants were from Chanthaburi contract
farming of Thai Traditional Medicine Clinic of Prapokklao
Hospital. All herbal plants were primarily verified by qualified
Thai traditional doctors. The qualitative and quantitative
analyses for both herbal plants and WCR were performed
according to the methods in Thai Herbal Pharmacopoeias
and WHO guideline [12, 13], by Assoc. Professor Dr. Noppamas Soonthornchareonnon, Mahidol University, Bangkok,
Thailand.
Each crude herb was dried in a hot air oven (60∘ C) for
3 hours; then it was grounded and sieved. All crude components of WCR were mixed in distilled water and refluxed at
80–100∘ C for 1 hour. The first extract was percolated through
a filter cloth, while fresh distilled water was added repeatedly
to the crude residual. This second extract was percolated
through a filter cloth. The mixtures of the first and second
extracts were concentrated by a rotary evaporator under
reduced pressure until the water had evaporated and dried
by spray apparatus. The yield of WCR was 11.77% of the
fresh weight. The final concentration of WCR crude extract
(100 mg/mL) was prepared by dissolving in DMSO.
2.4. Sulforhodamine B (SRB) Assay. HaCaT cells were seeded
in 96-well microtiter plates at a density of 10,000 cells/well
and incubated at 37∘ C for 24 h. Control cells were cultured in
fresh medium containing no drug. Acitretin and methotrexate were used as positive controls for further experiments;
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therefore the cytotoxic effects of these two drugs were determined. Cells were treated in pentaplicate with 8 concentrations of either methotrexate (0–25 𝜇M), acitretin (0–100 𝜇M),
or WCR (0–1000 𝜇g/mL) and incubated for 24 h. SRB colorimetric assay was performed as previously described by
Skehan et al. (1990) [14] and Vichai and Kirtikara (2006)
[15]. Briefly, cells were fixed with 100 𝜇L of cold 10% (wt/vol)
trichloroacetic acid (TCA) at 4∘ C for 1 h. The plates were
washed and dried four times and then stained with 100 𝜇L
of 0.057% (wt/vol) SRB dissolved in 1% acetic acid for
30 min. The plates were subsequently rinsed four times
with 1% (vol/vol) acetic acid to remove unbound dye. The
protein-bound dye was solubilized with 200 𝜇L of 10 mM
Tris base solution (pH 10.5) and the absorbance at 510 nm
was determined using the Synergy H4 Hybrid Multi-Mode
microplate reader (BioTek Instruments, Inc., Vermont, USA).
The percentage of growth inhibition was calculated using the
equation shown below. Day 0 means the day that treatment
was initiated and cells were fixed after treatment for a nogrowth control.
% control cell growth
=

mean ODsample − mean ODday 0
mean ODneg control − mean ODday 0

× 100,

(1)

% growth inhibition
= 100 − % of control cell growth.
For IC50 determination, a dose-response curve between
test compound concentrations and percent growth inhibition
was plotted. IC50 values were derived using curve-fitting
methods.
2.5. CCK-8 Assay. Cell viability of HaCaT cells was measured
with Cell Counting Kit-8 assay (CCK-8 from Dojindo,
Kumamoto, Japan) according to the manufacturer’s instruction. HaCaT cells were seeded at a density of 10,000 cells/well
in 96-well plates and incubated at 37∘ C for 24 h. Twentyfour hours after the treatment with methotrexate (0–25 𝜇M),
acitretin (0–100 𝜇M), or WCR (0–1000 𝜇g/mL), 10 𝜇L of
CCK-8 was added to each well of the 96-well plates and
incubated for 3 h in a CO2 incubator. The absorbance of
the reaction was measured at 450 nm with the Synergy H4
Hybrid Multi-Mode microplate reader (BioTek Instruments,
Inc., Vermont, USA). The absorbance read from each well was
calculated using the equation below to obtain the percentage
of cell viability.
% cell viability
=

mean ODsample − mean ODblank
mean ODneg control − mean ODblank

× 100.

(2)

2.6. Cell Cycle. HaCaT cells with a density of 3 × 105
cells/well were cultured in 6-well plates for 24 h prior to the
experiment. The cells were serum-starved for 24 h before
the treatment. After 48 h of methotrexate (0.2 𝜇M), acitretin

3
(20 𝜇M), or WCR (25, 50, and 75 𝜇g/mL) treatment, cells
were harvested by trypsinization. The cells were washed
twice with phosphate-buffered saline (PBS) prior to fixation
with cold 70% ethanol. The fixed cells were refrigerated for
at least 4 h at 4∘ C before being stained with Guava Cell
Cycle Reagent (Merck Millipore, CA, USA), which was a
fluorogenic compound containing propidium iodide (PI).
The stained cells were incubated for 30 min, shielded from
the light, and measured for the distribution of the cell cycle
phases by using Guava easyCyte Flow Cytometers (Merck
Millipore, CA, USA). Data were analyzed using Guava
Cytosoft version 4.2 software (Millipore) according to the
manufacturer’s instructions.
2.7. Real-Time Reverse Transcription Polymerase Chain Reaction (RT-qPCR). HaCaT cells (3 × 105 cells/well) were seeded
into 6-well plates and incubated 24 h. The cells were pretreated with 20 𝜇M of acitretin or 50–100 𝜇g/mL of WCR for
1 h and inflammation was stimulated with the addition of
TNF-𝛼 and IFN-𝛾 (10 ng/mL each) (PEPROTECH, USA) for
12 h before harvesting cells.
To detect the mRNA expression, total RNA was extracted
by using FavorPrep Total RNA Purification Mini Kit
(Favorgen Biotech Corp., Taiwan). The quantity of total RNA
was estimated using Nano-Drop spectrophotometer (Thermo
Fisher Scientific, USA). RNA was reverse transcribed using
ReverTra Ace qPCR RT Master mix with gDNA Remover
(TOYOBO, Japan), following the manufacturer’s instruction.
Six microliters of RNA template (1.5 𝜇g/𝜇L) was gently
added to 6 𝜇L of 4x DN Master Mix (containing gDNA
remover) and 12 𝜇L nuclease-free water, and the mixture was
incubated for 5 min at 37∘ C. The solution was added with
6 𝜇L of 5x RT Master Mix II, and reverse transcription was
performed (37∘ C for 15 min, 50∘ C for 5 min, and 98∘ C for
5 min). The resulting complementary (c)DNA was used as a
template for quantitative PCR using the PCRmax Eco 48 realtime PCR system (PCRmax Limited, UK) with PerfeCTa
SYBR Green FastMix, Low Rox (Quanta Biosciences,
USA), in accordance with the manufacturer’s protocol. The
reaction mixture consisted of 2 𝜇L cDNA, 1 𝜇L nuclease-free
water, 5 𝜇L PerfeCTa SYBR Green FastMix, Low Rox, and
1 𝜇L (100 nM) of each specific primer (Table 2). PCR was
performed under the following conditions: 95∘ C for 3 min, 45
cycles of 95∘ C for 10 s, 56∘ C for 15 s, 72∘ C for 30 s, 95∘ C for 15 s
to detect the melting curve, 55∘ C for 15 s, and 95∘ C for 15 s.
2.8. Enzyme-Linked Immunosorbent Assay (ELISA). TNF-𝛼
and IFN-𝛾 can induce production and secretion of several
inflammatory cytokines in HaCaT cells. The concentration
of IL-17A, IL-22, and IL-23 in the supernatant of HaCaT
cells was measured using human IL-17A, IL-22, and IL23 ELISA MAX Deluxe (BioLegend, USA). ELISA was
performed as recommended by the manufacturer. Briefly, the
ELISA plate was coated with 100 𝜇L of 1x capture antibody
in coating buffer and incubated overnight at 4∘ C. The plate
was washed with wash buffer (0.05% Tween-20 in PBS) four
times and then blocked with 200 𝜇L of blocking buffer for 1 h
at room temperature. After blocking, the plate was washed
with wash buffer for four times. Human IL-17A, IL-22, and
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Table 2: Primer sequences.

Gene name
Forward GAPDH
Reverse GAPDH
Forward IL-1𝛽
Reverse IL-1𝛽
Forward IL-6
Reverse IL-6
Forward IL-8
Reverse IL-8
Forward IL-10
Reverse IL-10
Forward IL-17A
Reverse IL-17A
Forward IL-22
Reverse IL-22
Forward IL-23
Reverse IL-23
Forward TNF-𝛼
Reverse TNF-𝛼

Sequence
ACCACAGTCCATGCCATCAC
TCCACCACCCTGTTGCTGTA
AGCTCGCCAGTGAAATGATG
TGGTGGTCGGAGATTCGTAG
CCACTCACCTCTTCAGAACG
CATCTTTGGAAGGTTCAGGTTG
GGTGCAGTTTTGCCAAGGAG
TTCCTTGGGGTCCAGACAGA
TGTTCTTTGGGGAGCCAACA
GGCTCCCTGGTTTCTCTTCC
GCTGATGGGAACGTGGACTA
TAGGCCACATGGTGGACAATC
CCAGCCTTATATGCAGGAGG
TTTCAGCTTTGCTCTGGTCA
AAACCAGAGACGCGCTGAA
GCAGCAACAGCAGCATTACA
TGGGATCATTGCCCTGTGAG
CCAGGTTTCGAAGTGGTGGT

IL-23 standards were diluted to reach the concentrations
of 0–1000 pg/mL. One hundred microliters of the standards
or samples was added to each well in triplicate for 2 h at
room temperature. The ELISA plate was washed four times,
added with 100 𝜇L of the specific detection antibody for
1 h at room temperature, and washed four times. AvidinHRP conjugated (1 : 1000) (100 𝜇L) was added and incubated
for 30 min followed by washing for five times. Finally, the
freshly mixed TMB substrate solution (100 𝜇L) was added
into each well and incubated in the dark for 30 min. The
stop solution (2N H2 SO4 ) (100 𝜇L) was added to each well
and the absorbance at 450 nm and 570 nm was measured
within 15 min by using the Synergy H4 Hybrid Multi-Mode
microplate reader (BioTek Instruments, Inc., Vermont, USA).
2.9. Statistical Analysis. Data were analyzed by one-way
analysis of variance (one-way ANOVA), followed by post hoc
Fisher’s least significant difference (LSD) test using the SPSS
for Windows (version 20.0). Differences were considered
significant at 𝑝 < 0.05. All experiments were performed in
triplicate using a minimum of three experiment trials. All
values are expressed as mean ± standard error of mean (SEM).

3. Results
3.1. Cytotoxicity of the WCR on HaCaT Cells. To examine
their cytotoxicity, HaCaT cells were treated with different
concentrations of WCR, acitretin, and methotrexate for 24 h.
The cell growth and viability were determined by SRB and
CCK-8 assays, respectively. As shown in Figure 1(a), WCR
inhibited the growth of keratinocytes in a concentrationdependent manner, with a maximum inhibition around
60% for the highest concentration tested (1000 𝜇g/mL).
Likewise, CCK-8 assay showed that the cell viability was

reduced in a concentration-dependent manner. The IC50
values from SRB and CCK-8 assays after the 24 h treatment of WCR were approximately 643.90 ± 73 𝜇g/mL and
575 ± 35.96 𝜇g/mL, respectively. Acitretin (Figure 1(b)) and
methotrexate (Figure 1(c)) were used as a positive control
which undoubtedly showed effective inhibition of cell growth
and cell viability at low concentrations. The nontoxic concentrations of drugs and WCR were chosen to further evaluate
changes in molecular events.
3.2. Flow Cytometric Analysis of HaCaT Cells. For better
understanding the mechanism of inhibition of cell proliferation, possible cell arrest at specific phases of the cell cycle was
analyzed following treatment of HaCaT with methotrexate,
acitretin, or WCR for 48 h. Cell viability and cytotoxicity tests
at 48 h were also performed and the trend was similar to that
in cells treated with methotrexate, acitretin, or WCR for 24 h
(data not shown). The amount of living cells was measured
through stoichiometric detection of nucleic acid bound with
PI and sent off fluorescent emission proportional to the DNA
content of a cell [16]. The flow cytometric data on PI-stained
HaCaT cells are shown in Figure 2. The treatment of WCR
(25, 50, and 75 𝜇g/mL) and acitretin (20 𝜇M) at nontoxic concentrations had no effect on cell cycle distribution compared
with the control group. However, methotrexate treatment
significantly increased the percentage of cells at the S-phase.
3.3. Inhibitory Effects of WCR on mRNA Expression of
Cytokines in TNF-𝛼- and IFN-𝛾-Stimulated HaCaT Cells.
To investigate the effect of WCR on suppressing the production of proinflammatory cytokines in the keratinocytes,
HaCaT cells were exposed to TNF-𝛼 (10 ng/mL) and IFN-𝛾
(10 ng/mL) with or without the presence of WCR. As shown
in Figure 3, the upregulation of IL-1𝛽, IL-6, IL-8, IL-17A, IL22, IL-23, and TNF-𝛼 expression was markedly decreased in
the groups treated with acitretin and WCR. In contrast, the
presence of acitretin and WCR significantly potentiated TNF𝛼- and IFN-𝛾-induced IL-10 gene expression (Figure 3(h)).
Specifically, the inhibitory activities of 20 𝜇M acitretin,
50 𝜇g/mL WCR, and 100 𝜇g/mL WCR on IL-1𝛽, IL-17A,
and IL-22 expression in HaCaT cells were approximately 3fold, 2-fold, and 3-fold, respectively, greater than the cells
stimulated with TNF-𝛼 and IFN-𝛾 alone (Figures 3(a), 3(d),
and 3(e)). Moreover, in comparison to HaCaT cells with
TNF-𝛼 and IFN-𝛾 stimulation alone, approximately a 2-fold
decrease in IL-6 and IL-8 expression and a 3-fold decrease in
TNF-𝛼 expression were observed in the groups treated with
both 20 𝜇M of acitretin and 50–100 𝜇g/mL of WCR (Figures
3(b), 3(c), and 3(g)). Furthermore, the presence of acitretin
20 𝜇M, WCR 50 𝜇g/mL, and WCR 100 𝜇g/mL suppressed the
expression of IL-23 for 2-fold, 2-fold, and 19-fold, respectively,
as compared with HaCaT cells stimulated with TNF-𝛼 and
IFN-𝛾 alone (Figure 3(f)). Interestingly, we discovered that
the induction of HaCaT cells by TNF-𝛼 and IFN-𝛾 decreased
IL-10 expression three times lower than the negative control
cells. However, after the treatment with 20 𝜇M of acitretin,
50 𝜇g/mL of WCR, and 100 𝜇g/mL of WCR, IL-10 expression
was 2-fold, 3-fold, and 3-fold higher than cells treated with
TNF-𝛼 and IFN-𝛾 alone (Figure 3(h)).
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Figure 1: Growth inhibition and cell viability of HaCaT cells treated with WCR. (a) Cells treated with WCR (0–1000 𝜇g/mL), (b) cells treated
with acitretin (0–100 𝜇M), and (c) cells treated with methotrexate (0–25 𝜇M). Data are presented as mean ± SEM (𝑛 = 4). ∗ 𝑝 < 0.05 compared
with untreated cells.

3.4. Inhibitory Effects of WCR on Cytokine Secretion in TNF𝛼- and IFN-𝛾-Stimulated HaCaT Cells. Focusing on three
major proinflammatory cytokines (IL-17A, IL-22, and IL23) responsible for development of psoriasis, the secretion
of IL-17A, IL-22, and IL-23 in the culture supernatants of
cells stimulated with TNF-𝛼 and IFN-𝛾, with or without the
presence of WCR, was quantitatively evaluated by ELISA. As
shown in Figure 4, cells stimulated with TNF-𝛼 and IFN-𝛾
significantly increased the levels of IL-17A, IL-22, and IL-23 in
the culture supernatants of HaCaT cells to 2-fold, 2-fold, and
3-fold, respectively, compared with the nonstimulated cells
(𝑝 < 0.001). Although the production levels of IL-17A, IL-22,
and IL-23 in the stimulated cells were not statistically different
from the cells treated with the 50 𝜇g/mL WCR, treatment
with 100 𝜇g/mL of WCR, and 20 𝜇M of acitretin significantly
reduced the TNF-𝛼- and IFN-𝛾-stimulated IL-17A and IL22 production for 1.5-fold (𝑝 < 0.05) (Figures 4(a) and
4(b)). In addition, the presence of 20 𝜇M acitretin, 50 𝜇g/mL
WCR, and 100 𝜇g/mL WCR inhibited the production of IL23 for 1.8-fold, 1.3-fold, and 7-fold, respectively, compared
with the HaCaT cells stimulated with TNF-𝛼 and IFN-𝛾 alone
(Figure 4(c)).

4. Discussion
Traditional herbal medicines are clearly attractive drug candidates in health maintenance for Asian people and becoming
more frequently used in the western countries [17]. Only one
system of folk remedy officially accepted by Thai Ministry
of Public Health is a traditional herbal medicine based
on the element theory, consisting of earth (solidity), water
(fluidity), fire (heat), and wind (motion). Psoriasis is caused
by an imbalance among these four elements [18]. WCR is
composed of 8 different crude plant extracts and has been
shown to be effective for alleviating psoriasis of patients
at Thai Traditional Medicine Clinic of Prapokklao Hospital
since 2006. A previous study has shown that WCR has
a clinical effect of 93% on blood-heat type psoriasis [11].
However, preclinical evidence defining how WCR works
is still lacking. The present study investigated a specific
mechanism underlying the therapeutic potential of WCR
to be certain whether WCR has antiproliferation and antiinflammatory effects.
As a primary bioassay screening of the potential drugs
for psoriasis treatment, the inhibition of keratinocyte
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Figure 2: Percentage of cell cycle distribution (G0/G1, S, and G2/M phases) of cells treated with methotrexate, WCR, and acitretin. (a) Typical
histogram from flow cytometry with PI staining. (b) Histogram representing cell cycle distribution of HaCaT cells treated with medium alone
(control), 0.2 𝜇M of methotrexate (MTX), 20 𝜇M of acitretin, 75 𝜇g/mL of WCR, 50 𝜇g/mL of WCR, or 25 𝜇g/mL of WCR. Data are expressed
as mean ± SEM (𝑛 = 3). ∗ 𝑝 < 0.0001 compared with control cells.

proliferation is considered as a crucial parameter. At the
tested concentrations of 0–1000 𝜇g/mL, WCR had cytotoxicity effect on HaCaT cells as measured by SRB assay. Consistent
with the SRB assay result, the cell viability was examined by

CCK-8 assay, which determined mitochondrial dehydrogenase activities in the living cells [19]. WCR had a significant cytotoxicity effect on HaCaT cells in a concentrationdependent manner, with IC50 approximately 600 𝜇g/mL.
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Figure 3: Effects of WCR on cytokine expression in TNF-𝛼- and IFN-𝛾-stimulated HaCaT cells. Relative expression levels of IL-1𝛽 (a), IL-6
(b), IL-8 (c), IL-17A (d), IL-22 (e), IL-23 (f), TNF-𝛼 (g), and IL-10 (h). Data are expressed as mean ± SEM of three independent experiments;
n.s., not significant. ∗ 𝑝 < 0.05, ∗∗ 𝑝 < 0.005, and ∗∗∗ 𝑝 < 0.001 compared with TNF-𝛼 and IFN-𝛾 treated cells.

The results strongly suggest that WCR contains active constituents that suppress growth of the cell and stimulate cell
death. Unsurprisingly, acitretin and methotrexate, which are
the drug of choice for the conventional psoriasis treatment,
exhibited strong inhibitory effect on the cells. Previous
studies have been reported about the effect of S. glabra on
HaCaT cell lines, showing IC50 more than 200 𝜇g/mL [20].
It is therefore reasonable that S. glabra may be considered
to be a major active ingredient of WCR that plays a crucial
role in inducing cytotoxicity. In the present study, exposure
of cells with WCR at concentrations over 100 𝜇g/mL resulted
in dramatic inhibition of HaCaT cell growth, whereas treating
HaCaT cells for 24 h with less than 100 𝜇g/mL WCR resulted
in a 90% survival rate. Although these concentrations of WCR
do not kill cells, they may play significant roles in suppressing
some important signal transductions such as cell cycle and
inflammation pathways.
Cell cycle analysis was performed to elucidate whether
WCR interferes with a normal cycle of cell division. Therefore, three nontoxic concentrations of WCR (25, 50, and
75 𝜇g/mL) were examined for its effect on each phase of
cell cycle compared with the positive controls, including
methotrexate and acitretin. The results indicated that WCR
and acitretin had no effect on the induction of cell cycle arrest,
while methotrexate significantly induced S-phase arrest. In
line with these results, previous evidence demonstrated
that methotrexate acts specifically on the process of DNA
synthesis (S-phase) by means of its irreversibly binding to
the enzyme dihydrofolate reductase [21, 22]. The binding of
methotrexate to dihydrofolate reductase results in a depletion
of intracellular tetrahydrofolate pools and leads to a reduction
of DNA synthesis and, therefore, exerts its cytotoxic activity
in a cell-cycle-specific manner [21, 22]. The methotrexate toxicity, ranging from the unpleasant to the fatal, has
severely limited its dose and duration of treatment [21, 22].

Moreover, in accordance with Lin et al., acitretin did not
affect the viability of normal keratinocytes, but it was able
to induce apoptosis in skin squamous cell carcinoma (SCL1) cells [23]. In contrast, Liwei et al. revealed that retinoids
altered cell cycle distribution of tongue squamous cell carcinoma (Tca8113) cells by increasing G0/G-phase population,
decreasing in S-phase population, and inhibiting of G1/S
switching [24]. In the present study, WCR did not cause any
difference in the cell cycle profile, indicating that particular
concentrations of WCR do not interfere with normal function
of molecular executors in cell cycle signaling and, therefore,
do not interrupt the cell cycle.
Extensive evidence has shown the involvement and role
of T cells with a mixed proinflammatory Th1/Th17 cytokine
in pathogenesis of psoriasis through causing inflammation,
neovascularization, and hyperproliferation of keratinocytes
[25, 26]. Herein, we found that HaCaT cells treated with
TNF-𝛼 and IFN-𝛾 alone markedly decreased the expression of IL-10 but increased that of various cytokine genes,
including IL-1𝛽, IL-6, IL-8, IL-17A, IL-22, IL-23, and TNF𝛼 in HaCaT cells. This finding is also consistent with that of
previous studies [27–29]. In contrast, the level of IL-10 gene
expression after TNF-𝛼 and IFN-𝛾 exposure was significantly
potentiated by both 50 𝜇g/mL and 100 𝜇g/mL of WCR. It
should be noted that IL-10 produced by regulatory T cells
has been characterized as an anti-inflammatory cytokine
and shown to suppress proinflammatory T cell production
and keratinocyte inflammatory markers [26, 30]. As IL-10
has demonstrated promise in a phase II trial for cutaneous
disorders [30], therefore, our observation that IL-10 gene
was drastically upregulated suggests that WCR may have
antipsoriatic properties.
WCR exerts anti-inflammatory activity since the extract
at 50 𝜇g/mL and 100 𝜇g/mL significant decreases the expression of various inflammatory cytokines (IL-1𝛽, IL-6, IL-8,
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Figure 4: Effects of WCR on cytokine secretion in TNF-𝛼- and IFN-𝛾-stimulated HaCaT cells. ELISA was performed to determine the
concentration of IL-17A, IL-22, and IL-23 in the culture supernatants of cells treated with TNF-𝛼 and IFN-𝛾 (each 10 ng/mL) for 24 h with or
without the presence of WCR (50 and 100 𝜇g/mL). Acitretin (20 𝜇M) was used as a positive control; n.s., not significant. Data are expressed
as mean ± SEM of three independent experiments. ∗ 𝑝 < 0.05, ∗∗ 𝑝 < 0.005, and ∗∗∗ 𝑝 < 0.001 compared with TNF-𝛼 and IFN-𝛾 treated cells.

IL-17A, IL-22, IL-23, and TNF-𝛼) in HaCaT cells stimulated
with TNF-𝛼 and IFN-𝛾. In agreement with our findings,
previous reports do suggest that terpenes and flavonoids
found in A. galanga, which is one of major active components
of WCR, have strong antioxidant and anti-inflammatory
activities [31]. A. galanga can also reduce the expression of
NF-𝜅B signaling biomarkers via an increased expression of
a molecule inhibiting NF-𝜅B (TNFAIP3) [10], leading to a
decrease in cytokine production by T cells [31]. Other studies
reported that the flavonoid astilbin isolated from the rhizome
of S. glabra, another major active component of WCR, has
an inhibitory effect on Jak/Stat3 signaling in Th17 cells [32]
and inhibits production of nitric oxide, TNF-𝛼, and IL-6
production [33] through p65, ERK1/2, and JNK pathways
[34]. Astilbin also downregulates T cell function by suppressing activated T cell migration and adhesion and stimulating
negative regulatory interleukin 10 (IL-10) production [35,
36]. In addition, anti-inflammatory, antiproliferative, and

antioxidant activities have been well-documented for other
components of WCR, including S. corbularia [37], R. nasutus
[38, 39], A. ebracteatus [40], S. involute, S. collinsae [41], and
Smilax sp. [42].
At the protein level, we found a large difference in the
production of IL-17A, IL-22, and IL-23 between the WCRtreated and untreated groups. While only TNF-𝛼 and IFN𝛾 treated HaCaT cells secreted large amounts of IL-17A, IL22, and IL-23, 20 𝜇M of acitretin and 100 𝜇g/mL of WCR
significantly inhibited the TNF-𝛼- and IFN-𝛾-stimulated IL17A, IL-22, and IL-23 secretion. Although 50 𝜇g/mL of WCR
did not show statistically significant reduction of IL-17A,
IL-22, and IL-23 levels, it had the tendency to reduce the
production of these inflammatory cytokines. Herein, the
effect of WCR on inhibition of TNF-𝛼- and IFN-𝛾-induced
cytokine production highlighted a remarkable correlation
between mRNA expression and protein secretion for IL17A, IL-22, and IL-23 biomarkers. A previous study has
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demonstrated that myeloid cell-produced IL-23 stimulates
the differentiation of Th17 cells, leading to expansion and
survival of these T cells [43]. Once Th17 cells are activated,
they produce many mediators, including IL-17A and IL-22
which consequently induce proliferation of keratinocytes and
other clinical symptoms of psoriasis [3, 44]. Recently, the
novel biologic agents that specifically target IL-17A and the
p40 subunit of IL-12 and IL-23 have been used effectively in
the treatment of psoriasis [45, 46]. Unfortunately, the limitations of these biologic drugs are ten-times higher direct costs
than conventional systemic drugs [3], as well as other main
concerns regarding the potential to increase infection and the
risk of cancer from long-term chronic immunosuppression
[6]. Thus, this study suggests that WCR, which is an affordable
traditional medicine formulation, likely exerts antipsoriatic
inflammation by inhibiting the expression of IL-17A, IL-22,
and IL-23.

5. Conclusion
As part of our effort to develop an alternative treatment of
antipsoriasis from natural products, the formulation of WCR
crude extract at low concentrations was successfully proved
to have potent anti-inflammatory effects, without having
cytotoxicity or inducing cell cycle arrest, on the HaCaT cells.
This indicates that WCR could be a promising candidate for
further investigation and development for psoriasis therapy.
To our knowledge, the current study is the first report to
demonstrate the effect of WCR at the molecular level. This
is a valuable information for developing reliable therapies.
However, more accumulated evidence is needed to reveal all
aspects of antipsoriatic properties of WCR to be ensured that
WCR is effective and safe for use in psoriasis patients.
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