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Immune regulation is crucial for the maintenance of immune
system homeostasis. The abnormalities of immune regula-
tion are involved in many diseases and disorders. Increasing
studies show that medical plants, corresponding monomers,
and formulas exert immunomodulatory effects, such as
stimulatory effects on immune cells, immune organs, and
cytokine production, as well as inhibitory effects on inflam-
mation, allergy, and autoimmune disease. In this special
issue, we present original research articles as well as review
papers on medical plants and immunological regulation.

Plant monomers are major effective constituents of
medical plants. Studies on monomers are greatly increased
in recent years because they have specific molecular structure
and are easier to be used in mechanism and molecule target
research [1, 2]. The imbalance of T cell subsets plays an
important role in rheumatoid arthritis (RA). IFN-γ derived
from Th1 cell predominates during the induction and acute
phases of RA. S. Xu et al. investigated the antiarthritic
potential of ethyl caffeate (ECF) isolated from Elephantopus
scaber L. in collagen-induced arthritis (CIA) and found that
ECF ameliorated CIA by suppressing Th1 response and
IFN-γ signaling pathway. Acute lung injury (ALI) is closely
associated with the increased production of inflammatory
mediators including cytokines (TNF-α, IL-1β, and IL-6),
especially produced by alveolar macrophages and neutro-
phils. A. R. Pinheiro et al. assessed the anti-inflammatory
potential of the ethyl acetate fraction (EAFPg) extracted from
pomegranate leaf in a mouse model of LPS-induced acute

lung injury and proved that EAFPg could prevent inflam-
matory disorders in ALI. Matrine is a bioactive component
extracted from Sophora flavescens. H. Fan et al. explored
the therapeutic effect of matrine on CRC and found
that matrine treated CRC via inhibition of HMGB1 signal-
ing characterized by the downregulation of IL-6, TNF-α,
and HMGB1.

The study on bioactive fraction is a hotspot of medical
plant research [3]. Flavonoids from medical plants are
considered as powerful immunomodulatory agents [4].
D. Kelepouri et al. reviewed the role of flavonoids in inhibit-
ing Th17 responses in RA and experimental autoimmune
arthritis. D. Shi et al. explored the immunomodulatory effect
of flavonoids from blueberry leaves (FBL) in lipopolysaccha-
ride- (LPS-) stimulated RAW 264.7 cells and found that the
immune regulatory effects of FBL was through suppressing
TNF via the NF-κB signal pathway. Besides, immunomodu-
latory activities of single medical plant were explored in this
special issue. Ophiocordyceps lanpingensis (OL), a popular
tonifying Chinese medical plant, has been used to treat renal
inadequacy. Y. Zhang et al. investigated the protective effects
of OL in acute renal failure (ARF) and found that OL could
ameliorate renal dysfunction in glycerol-induced ARF in
mice by inhibiting oxidative stress and enhancing IgG
immune response.

Multiherbal formulas based on traditional Chinese
medicine have been scientifically verified for use in comple-
mentary and alternative therapy for the diseases resulted
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from abnormal immunomodulation, and they act on multi-
ple targets and exert synergistic therapeutic efficacies [5, 6].
The clinical application of these formulas has attracted more
and more scientific attentions. This special issue presented
some studies which explored pharmacological mechanism
of the formulas. Mahuang Fuzi Xixin decoction (MFXD), a
famous Chinese formula, has been widely used in treating
allergic rhinitis (AR). M. Ren et al. confirmed its therapeutic
effect on allergic inflammation by regulating Th1 and Th2
immune responses in a rat model of OVA-induced AR.
J. Zhou et al. investigated the effects of modified Danggui
Buxue Tang (DGBX, a Chinese formula) on the regulation
of the balance between proliferation and apoptosis of hema-
topoietic stem cells (HSCs) due to the aberrant immune
response in a mouse model of aplastic anemia. The results
indicated that DGBX could attenuate IFN-γ production
through interfering in SLAM/SAP signaling and distribution
of T-bet in T cells, exert immunosuppressive effects by
modulating the activation of the Stat/JAK/IRF-1 pathway,
restrain cell apoptosis by intervening Fas-dependent path-
way, and eventually attenuate immune-mediated destruction
of HSCs. Pien Tze Huang (PZH), a classical Chinese patent
formula, has been proved to have anti-inflammatory,
neuroprotective, and immune regulatory effects. X. Qiu
et al. investigated its therapeutic effects on experimental
autoimmune encephalomyelitis (EAE) rats and found that
PZH not only ameliorated the clinical severity of EAE rats
but also remarkably reduced inflammatory cell infiltration
in the central nervous system (CNS) of EAE rats, as well as
significantly decreased the levels of IL-17A, IL-23, CCL3,
and CCL5 in serum and the levels of p-P65 and p-STAT3
in the CNS. Gen Tong Ping (GTP) granule, another Chinese
patent formula, has been widely used in curing cervical
spondylotic radiculopathy (CSR). W. Sun et al. predicted
the mechanism of GTP treating CSR using network pharma-
cology approach firstly and found that PPAR-γ pathway
might be involved in it. Then, the rat model of CSR induced
by spinal cord injury (SCI) was used to verify the prediction.
The results demonstrated that GTP modulated the PPAR-γ
pathway by inhibiting the immune inflammatory response
and apoptosis as well as by protecting the cytoskeletal integ-
rity of the spinal cord, ultimately played a neuroprotective
role in CSR.

This special issue also presents constructive reviews
about using medical plants to treat common and frequently
occurring immune inflammatory diseases. Atherosclerosis is
a chronic inflammatory disease caused by dyslipidemia and
mediated by both innate and adaptive immune responses.
Y. Ren et al. systematically reviewed medical plants that
act as immunomodulatory agents of suppressive function
on cytokine production in atherogenesis. The immune fac-
tors play important regulatory roles in the occurrence of
osteoporosis. H. Zhao et al. provided a general overview
on the immune regulation mechanisms of medical plants
and corresponding monomers in the prevention and treat-
ment of osteoporosis. Medical plants have been widely
used to treat diabetes. Z. Gao et al. reviewed the pharmaco-
logical mechanisms of representative medical plants, mono-
mers, and formulas treating diabetes and proposed that

these remedies improve glucose homeostasis through the
“Bacteria-Mucosal Immunity-Inflammation-Diabetes” Axis.
This axis was considered a “line” to string most antidiabetic
agents together and might provide new perspectives and
strategies for future research on diabetes and the develop-
ment of hypoglycemic drugs.

Taken together, the articles in this special issue provide
insights into medical plants and immunological regulation.
In the future, an extensive investigation is required with
respect to their precise mechanisms at the systemic, cellular,
and molecular levels and extension to a large-scale clinical
trial. Given the identified immunomodulatory effects of
medical plants, it is interesting to design future therapeutic
strategies for immune inflammatory diseases with a syner-
gistic combination of medical plants and conventional
therapies. We hope that researchers enjoy the articles of
this special issue.

Acknowledgments

We would like to thank the authors for their cutting-edge
research data and thought-provoking reviews. We also
express our gratitude to all the reviewers for their generously
devoted time and highly valuable insights.

Cheng Xiao
Qingdong Guan

Yong Tan
Lifei Hou

Wuxiang Xie

References

[1] M. Ganzera and S. Sturm, “Recent advances on HPLC/MS
in medicinal plant analysis-an update covering 2011-2016,”
Journal of Pharmaceutical and Biomedical Analysis, vol. 147,
pp. 211–233, 2018.

[2] M. L. Wu, Q. Li, J. Xu, and X. W. Li, “Complete chloroplast
genome of the medicinal plant Amomum compactum: gene
organization, comparative analysis, and phylogenetic relation-
ships within Zingiberales,” Chinese Medicine, vol. 13, no. 1,
p. 10, 2018.

[3] H. H. Xiao, Y. Dai, M. S. Wong, and X. S. Yao, “Two new
phenylpropanoids and one new sesquiterpenoid from the
bioactive fraction of Sambucus williamsii,” Journal of Asian
Natural Products Research, vol. 17, no. 6, pp. 625–632, 2015.

[4] L. Wen, Y. Jiang, J. Yang, Y. Zhao, M. Tian, and B. Yang,
“Structure, bioactivity, and synthesis of methylated flavonoids,”
Annals of the New York Academy of Sciences, vol. 1398, no. 1,
pp. 120–129, 2017.

[5] W. Fan, P. Zheng, Y. Wang, P. Hao, J. Liu, and X. Zhao,
“Analysis of immunostimulatory activity of polysaccharide
extracted from Yu-Ping-Feng in vitro and in vivo,” Biomedi-
cine & Pharmacotherapy, vol. 93, pp. 146–155, 2017.

[6] F. Qin, J. Huang, X. Qiu, S. Hu, and X. Huang, “Quality control
of modified xiaoyao san through the determination of 22 active
components by ultra-performance liquid chromatography,”
Journal of AOAC International, vol. 94, no. 6, pp. 1778–
1784, 2011.

2 Journal of Immunology Research



Research Article
Hei-Gu-Teng Zhuifenghuoluo Granule Modulates IL-12
Signal Pathway to Inhibit the Inflammatory Response in
Rheumatoid Arthritis

Kang Zheng ,1,2 Zexu Chen,1,3Wen Sun,1,4 Bin Liu ,1Danping Fan ,1Qingqing Guo ,1,2

Hui Luo ,1,5 Jiawen Shen,1,5 Li Li ,1 Xiaojuan He ,1 Shuang Kou,1 Xiaoya Li,6

Guoming Pang,7 Hongchuan Zhao ,8 and Cheng Lu 1

1Institute of Basic Research in Clinical Medicine, China Academy of Chinese Medical Sciences, Beijing 100700, China
2Institute for Advancing Translational Medicine in Bone & Joint Diseases, School of Chinese Medicine, Hong Kong Baptist University,
Kowloon Tong 00852, Hong Kong
3College of the Second Clinical Medical, Guangzhou University of Chinese Medicine, Guangzhou 510000, China
4College of Chemical and Biological Engineering, Yichun University, Yichun 336000, China
5School of Life Science and Engineering, Southwest Jiaotong University, Chengdu 610000, China
6Chinese Academy of Medical Sciences/Peking Union Medical College, Beijing 100193, China
7Department of Diabetes, Kaifeng Hospital of TCM, Kaifeng 475000, China
8Department of Gastroenterology, China-Japan Friendship Hospital, Beijing 100029, China

Correspondence should be addressed to Hongchuan Zhao; zhaohongchuan2000@163.com and Cheng Lu; lv_cheng0816@163.com

Received 26 October 2017; Revised 15 February 2018; Accepted 25 March 2018; Published 29 May 2018

Academic Editor: Lifei Hou

Copyright © 2018 Kang Zheng et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Rheumatoid arthritis (RA) is a type of chronic systemic inflammatory disease; it has a very complicated pathogenesis, and multiple
pathological changes are implicated. Traditional Chinese medicine (TCM) like Tripterygium wilfordii Hook. F. or Sinomenium
acutum (Thunb.) Rehd et Wils. has been extensively used for centuries in the treatment of arthritic diseases and been reported
effective for relieving the severity of RA. Hei-Gu-Teng Zhuifenghuoluo granule (HGT) which contains Periploca forrestii Schltr.,
Sinomenium acutum (Thunb.) Rehd et Wils., and Lysimachia paridiformis Franch. var. stenophylla Franch. was a representative
natural rattan herb formula for the treatment of RA in China, but the mechanism has not been elucidated. This study aimed at
exploring the mechanism of HGT on RA using the bioinformatics analysis with in vivo and in vitro experiment validation. The
potential action mechanism was first investigated by bioinformatics analysis via Ingenuity Pathway Analysis (IPA) software.
After that, we use experimental validation such as collagen-induced arthritis (CIA) mice model in vivo and U937 cell model
in vitro. The bioinformatics results suggested that HGT may have anti-inflammatory characteristic on RA and IL-12 signaling
pathway could be the potential key trigger. In vivo experiments demonstrated that HGT ameliorated the symptoms in CIA mice
and decreased the production of inflammatory cytokines in both mice ankle joints and serum. Furthermore, HGT effectively
inhibited the activation of IL-12R and STAT4 on IL-12 signaling pathway. In vitro experiments showed that HGT inhibited the
production of IL-12R and STAT4 induced by IL-12 in lipopolysaccharide- (LPS-) stimulated U937 cells. Moreover, IL-12R
knockdown was able to interfere with the inhibition effects of HGT on the production of these cytokines. Our results confirmed
the anti-inflammatory property of HGT, which was attributed to its inhibition on IL-12 signaling pathway.
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1. Introduction

Rheumatoid arthritis (RA) which manifests as persistent and
progressive joint destruction is a common chronic autoim-
mune diseasewith inflammationwhich leads to pain, stiffness,
and the final result functional disability [1, 2]. Cartilage
destruction, bone fusions and erosion, chronic granulation,
and scar tissue result in the joints including hands and feet
[3]. Traditional Chinese medicine (TCM) including herbals
and herbal formulas or extracts, such as Qingfuguanjieshu,
Wu Tou Tang, and extracts of the herb Tripterygiumwilfordii
Hook. F., is valid for alleviating the inflammation severity of
RA by demonstration [4, 5]. Some natural rattan herbals can
provide good therapeutic effect in RA such as Tripterygium
wilfordii Hook. F. [6] and Sinomenium acutum (Thunb.)
Rehd et Wils. [7]; their active compounds or underlying
mechanisms have always been a research trend as their main
bioactive ingredient pharmacological efficacy may account
for analgesic and anti-inflammatory activities [8].

Hei-Gu-Teng Zhuifenghuoluo granule (HGT) was an
antiarthritic Chinese herbal formula in China [9], which is
identified as the over-the-counter (OTC) drug for treatment
of arthritis by the Chinese State Food and Drug Adminis-
tration (CFDA), composed of Periploca forrestii Schltr.,
Sinomenium acutum (Thunb.) Rehd etWils., and Lysimachia
paridiformis Franch. var. stenophylla Franch. Nowadays,
investigators have not elucidated underlying molecular
mechanism adequately.

Bioinformatics analysis technology, as a common way
used for integrating multiple data, has become an essential
way to help people understand organic life about biological
relevant processes [10, 11]. Moreover, bioinformatics analysis
method enables our required searching for the information of
drugs, related genes, or proteins; constructs the interactional
experimental systemmodels; then makes underlying molecu-
lar interaction networks visualized. HGT consists of three
herbals which were characterized by multicomponent and
multitarget like other formulas. Based on abundantly existing
databases, bioinformatics analysis can help better understand
potential action mechanisms in the previous studies of our
group [12, 13]. Therefore, in our study, we investigated the
mechanism of HGT treatment on RA by bioinformatics
analysis and in vivo and in vitro experimental validations.

2. Materials and Methods

2.1. Analysis of Molecular Networks and Signaling Pathways
of HGT and RA. The human target proteins of HGT were
found in PubChem platform (https://pubchem.ncbi.nlm
.nih.gov/), and the keywordwas searched for in the PubChem
Compound. The human target genes related with RA were
found in the National Center for Biotechnology Information
(NCBI) Gene database (http://www.ncbi.nlm.nih.gov/gene).
“Rheumatoid arthritis” was used as a key word in Gene data-
base searching. The obtained data were saved in an excel
form for the next study [11, 13].

The human target protein and gene data acquired in the
first step were imported into the IPA platform. Themolecules
being imputed to the IPAwere termed “focusmolecules.” IPA

generated a set of networks based on different biofunctions.
The molecules were showed as nodes, and the biological rela-
tionship between two nodes was showed as an edge (line). All
edges were supported by at least one reference from a text-
book, from the literature, or from canonical information
stored in the IPKB. The nodes were showed with diverse
shapes that represented the functional class of the gene
product. The networks were sorted depending on the scores
enumerated by IPA and represented the significance of the
molecules for the network. The target protein networks of
HGT and RA could be established. Some major information,
such as top biological pathway network information, bio-
logical functions, canonical pathways, and other related bioa-
nalytical information, was included. In order to study the
mechanism of HGT on RA, the canonical pathway analysis
in IPA was accomplished by using the compare module. In
addition, IPA determined the significance of the association
between the focus molecules and the canonical pathways
using Fisher’s exact test.

2.2. Cell Culture and Viability Assay. The human monocytic
cell U937 (American Type Culture Collection, USA), as a
classic cell model for RA research, was applied to the
in vitro experiment [11]. They were placed in the fresh RPMI
1640 medium (GIBCO Chemical, USA) for 7-day cultivation
at 37°C, accompanied by 10% FBS in it. For viability assay,
the monocytic cells were planted at the surface of each well
with an appropriate concentration of 1.0× 105 cells/mL in a
96-well plate, incubated with PMA (Sigma Aldrich Co.,
USA) at 37°C for stimulation. After 2-day stimulation, the
cells were rinsed with PBS and then administrated with dif-
ferent concentrations of HGT (Beijing Handian Pharmaceu-
tical Co., China) (0, 6.25, 12.5, 25, 50, 100, and 200 nM) for
another 2 days. Then, 10μL of CCK-8 reagent (Dojindo
Inc., Japan) was added and incubated for the last 3 h. The
plate in an ELISA reader (Bio-Tek Instruments, USA) was
placed, and the absorbance of each well at 450 nm was
measured in the end.

2.3. Cell Administration. The U937 cells were planted at
the surface of each well with a concentration of 1.0× 106
cells/mL in a 6-well plate and then treated with PMA for an
incubation of 2 days at room temperature. After being rinsed
with PBS for three times, the cells were harvested and then
treated them or not with 100ng/mL LPS (Sigma Aldrich
Co., USA) for 2 h. Afterwards, the cells were administrated
with a medium concentration (12.5 nM) of HGT for 2 days.
At last, the supernatant and cells were collected for ELISA
and western blot analysis, respectively.

2.4. Animals and Experimental Procedures

2.4.1. Animals. Twenty-eight male DBA/1 mice (18–22 g)
were kept in an appropriate environment on a light/dark
cycle for 7 days. The animal experiments were complied with
the Research Ethics Committee of the Institute of Basic
Research in Clinical Medicine, China Academy of Chinese
Medical Sciences, China. All the mice were supplied by
the Laboratory Animal Center of the Academy of Military
Medical Sciences, China.
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2.4.2. Induction of Arthritis Model. The mice collagen-
induced arthritis (CIA) model was implemented on the basis
of a previous study introduced by Smolen et al. [1]. Twenty-
one mice were immunized through intradermal injection of
100μg bovine type II collagen (Chondrex, USA) into the base
of the tail andmeantime emulsified through supplementation
with 100μL complete Freund’s adjuvant (CFA) (Chondrex,
USA). The day of the first immunization was determined on
day 0 and the second immunization was on day 21; the ani-
mals received evaluation of severity degree two times every
week. The degree was represented by the mean arthritic index
on a 0–4 scale following the criterion below [2]: 0 =no swell-
ing; 1 = slight swelling emerged on the foot and/or ankle;
2 =mild swelling emerged around the ankle and the tarsal;
3 =moderate swelling emerged around the ankle and the tar-
sal, accompanied by some erythema; and 4= severe swelling
emerged on the whole limb, accompanied bymuch erythema.
Each limb was assessed, and the accumulated score was the
final score. The mouse with a final score more than one score
was judged to be a successful model.

2.4.3. Administration. On day 35, the CIA mice were ran-
domly divided into three groups: model group, HGT group,
and MTX group and the other 7 healthy mice as a normal
group. In the HGT group and MTX group, the mice received
oral administration once a day. The mice in the normal
group and model group received the same volume of saline.
All the animals were sacrificed after 35-day administration.
The serum and ankle joints were collected and stored
at −80°C for the next studies.

2.4.4. Histology and Immunohistochemistry. The ankle joints
were first put into 4% paraformaldehyde for 48h fixation,
then immersed in 10% EDTA for 1 month decalcification,
and at last embedded in paraffin for the next experiments.
The tissues of each mouse were sectioned to 7 pieces, with a
thickness of 6μm. For histology examination, the sections
were stained with hematoxylin and eosin (HE). Synovial
inflammation was evaluated with a three-point scale ranging
from 0 to 3 as previous research described by Guo et al. [5].

For immunohistochemistry, the sections of the ankle
joints were first deparaffinized and rehydrated and incubated
with polyclonal rabbit anti-IL-12 (Abcam, UK) in a humidity
cabinet overnight at 4°C. Then, a secondary peroxidase anti-
body was supplemented and reacted for 2 h. Finally, the sec-
tions were treated with DAB substrate solution. Each section
was imaged under a light microscope (Carl Zeiss, Germany).

2.5. Enzyme-Linked Immunosorbent Assay (ELISA). The
levels of TNF-α, IL-1β, IL-4, IL-5, IL-6, IL-12, and IL-13 in cell
culture supernatant and the levels of TNF-α, IL-1β, IL-6, and
IL-12 in serum of the mice were measured by ELISA using
unified ELISA kits (San Diego, USA) in the basis of the
manufacturer’s instructions.

2.6. Real-Time PCR. Frozen ankle tissues and monocytic cells
were homogenized in nuclear lysis buffer (Trizol, Invitrogen,
USA) for total RNA extraction, with a concentration of
5× 106 cells/mL. The lysate was collected and then centrifu-
gated at room temperature with appropriate chloroform,

isopropanol, and 75% ethanol, respectively. Afterwards, the
precipitate was harvested, and some RNase-free water was
added. The reverse transcriptions were performed using
QuantiTect Reverse Transcription Kit (Qiagen K.K., Japan).
The expressions of these cytokine mRNAs were quantified
by defining the levels of each cytokine mRNA, and the
mRNA levels of TNF-α, IL-1β, IL-6, and IL-12 were quanti-
fied by 7500 real-time PCR system (Applied Biosystems,
USA). The data were figured out by the ΔΔCt algorithm
and were unified based on the expression of GAPDH.

2.7. Western Blot Analysis. Cytosolic extracts of the U937
cells administrated with HGT and the ankle joints were
prepared and homogenized or lysed in RIPA lysis buffer.
The level of IL-12Rβ1 and STAT4 was quantified with anti-
IL-12Rβ1 (Abcam, UK) and anti-STAT4 (Abcam, UK) in
the cytosolic fraction from ankle joint tissues. Protein con-
centrations were quantified by the assay kit (Biotime Biotech-
nology, China) and were unified based on the expression of
GAPDH. The gray value of each protein band was calculated
by ImageJ.

2.8. Statistical Analysis. GraphPad Prism 7.0 and Student’s
t-test were used for statistical analysis. All experimental
results were represented as the mean± SD. p value less
than 0.05 was judged as statistically significant.

3. Results

3.1. Results of Bioinformatics Analysis. Eight hundred and
thirty-two genes related with RA were found from Gene
database in NCBI. The top fifteen signaling pathways were
focused on cellular immune response, cytokine signaling,
humoral immune response, and intercellular and second-
messenger signaling. Then, human target proteins of HGT
were found from PubChem database. The details are shown
in Table S1. After that, the molecular networks of HGT
target proteins were obtained and shown in Figure 1(a),
which included IL-12 signaling. We listed the top 12 shared
signaling pathways of HGT and RA related to cell immune
response (Figure 1(b)). Further comparative analysis
showed that IL-12 signal pathway was measured to be the
top one shared signaling pathway.

3.2. Effect of HGT on Paw Swelling in CIA Mice. After CIA
establishment, paw swelling in immunized mice on about
day 42 reduced accordingly. As illustrated in Figure 2, treat-
ment with HGT significantly suppressed inflammation. HGT
could conspicuously inhibit paw swelling from after treat-
ment (Figure 2(a)); the arthritis scores treated with HGT
and MTX were decreased (Figure 2(b)).

3.3. Effect of HGT on Histopathological Changes in CIA Mice.
To evaluate inflammation induced by CIA, hematoxylin
and eosin (H&E) staining was subsequently performed.
As the results shown in Figure 3(a), there was no inflamma-
tory cell infiltration in normal mice, but in CIA mice, there
were clear slices exhibited. After treatment with HGT and
MTX, inflammatory cell infiltration was noticeably decreased
(Figure 3(b)).
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3.4. Effect of HGT on Expression of Inflammatory Cytokines in
Serum and CIA Mice Joints. As summarized in Figure 4, the
expression of cytokines of TNF-α (Figure 4(a)), IL-1β
(Figure 4(b)), and IL-6 (Figure 4(c)) in CIA mice serum
was higher; HGT and MTX treatment both can significantly
downregulate the levels. And then, the TNF-α mRNA

(Figure 4(d)), IL-1β mRNA (Figure 4(e)), and IL-6 mRNA
(Figure 4(f)) expression in CIA mice treated with HGT and
MTX could also significantly decrease.

3.5. The Effect of the Expression of IL-12 and STAT4 in CIA
Mice. To observe the effect of HGT on production of IL-12
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Figure 1: Bioinformatics analysis results. (a) The relationship between compound-related genes and RA disease-related genes; (b) shared
signaling pathways between gene molecular networks related with rheumatoid arthritis (RA) and protein target molecular network of
HGT performed using the Ingenuity Pathway Analysis (IPA) compare module. The signaling pathways of HGT were represented as dark
blue, while the signaling pathways of RA were represented as light blue. The results showed that IL-12 signaling pathway was the top one
shared signaling pathway.
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and STAT4, we examined the expression of IL-12 and STAT4
in serum and ankle joints of CIA mice. The result indicated
that HGT could decrease the production in both immunohis-
tochemistry (Figure 5(a)) and serum (Figure 5(d)) and also
mRNA expression (Figure 5(b)) in the ankle joints. Further,
the protein levels of IL-12Rβ1 and STAT4 in mice ankle
joints (Figure 5(c)) also markedly decreased after the treat-
ment of HGT.

3.6. Effects of HGT on Inflammatory Cytokine Expression in
Cell Model. U937 cells were first used to stimulate with LPS,
and then IL-1β, TNF-α, and IL-6 were measured. The results
showed that the TNF-α levels, IL-1β levels, and IL-6 levels
in the supernatant of U937 cells treated with HGT were

inhibited both with ELISA measurement on secretion
(Figures 6(a)–6(c)) and RT-PCR measurement of mRNA
(Figures 6(d)–6(f)).

3.7. Effects of Expression of Cytokines of HGT after IL-12Rβ1
Knockdown. To determine the role in how the IL-12 signal
pathway plays in the regulation of the effect HGT on LPS-
induced inflammatory cytokine production, IL-12Rβ1 siRNA
was used to knock down the expression of IL-12Rβ1. The
results showed that IL-12 expression was significantly
decreased in the U937 cells transfected with IL-12Rβ1 siRNA
(Figure 7(a)). And also, the IL-12Rβ1 and STAT4 protein
expression significantly decreased (Figure 7(b)). IL-12Rβ1
knockdown could decrease the levels of IFN-γ (Figure 7(c))
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Figure 2: Effects of HGT on CIA mice. (a) The morphological characteristics of the representative of the CIA mice joint; (b) arthritic score in
different days after the treatment of HGT; MTX represented the methotrexate group; HGT represented the HGT group. Date are represented
as the mean± SD (n = 7); ∗∗p < 0 01, comparison with model group.

HGTMTX

ModelNormal

(a)

Normal Model MTX HGT

4

3

2

1

0

Sc
or

e f
or

 in
fla

m
m

at
io

n

⁎⁎

⁎⁎

(b)

Figure 3: Effects of HGT on histopathological of CIA mice joints. (a) Histopathological characteristics of representative CIA mice joints;
(b) inflammation score in the different group after treatment with HGT; MTX represented the methotrexate group, HGT represented the
HGT group. Date are represented as the mean± SD (n = 7); ∗∗p < 0 01, comparison with the model group.
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Figure 4: The effect of the expression of cytokines in mice. (a–c) IL-6, IL-1β, and TNF-α in the CIAmice with the treatment of HGT and also
the mRNA expression in CIA mice joints with treatment. The data are represented as the mean± SD (n = 7); ∗∗p < 0 01, when compared with
the model group.
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Figure 5: The effects of HGT on IL-12 and STAT4 expression in mice. (a) Immunohistochemistry of IL-12 in joints of mice with the
treatment of HGT; (b) the levels of IL-12 mRNA in mouse joints after the treatment of HGT; (c) the expression of IL-12Rβ1 and
STAT4 protein in CIA mice joints; (d) IL-12 in serum of CIA mice with the treatment of HGT. The data are represented as the
mean± SD (n = 7); ∗∗p < 0 01, when compared with the model group.
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and upregulate the levels of IL-4 (Figure 7(d)), IL-5
(Figure 7(e)), and IL-13 (Figure 7(f)). And also, no significant
difference was found between the cells transfected with
IL-12Rβ1 siRNA and the cells transfected with IL-12Rβ1
siRNA in the presence of HGT.

3.8. Schematic Diagram Depicting How HGT Modulates the
IL-12 Signaling Pathway to Inhibit the Inflammatory
Response in Rheumatoid Arthritis. By inhibiting IL-12R,
Figure 8 shows how HGT could inhibit STAT4 and then
inhibit the inflammation, meanwhile, decreasing TNF-α
and IFN-γ.

4. Discussion

Traditional Chinese medicine (TCM) has been used for
arthritic diseases in China for hundreds of years exten-
sively. Hei-Gu-Teng Zhuifenghuoluo granule (HGT) com-
posed of Periploca forrestii Schltr., Sinomenium acutum
(Thunb.) Rehd et Wils., and Lysimachia paridiformis
Franch. var. stenophylla Franch, was an antiarthritic Chi-
nese herbal formula that was often used for treatment of

joint pain and RA by Chinese doctors. In this herbal for-
mula, certain bioactive chemicals such as sinomenine and
Periploca forrestii Schltr. saponin have been previously
identified [10, 11]. Sinomenine is a natural alkaloid iso-
lated from the roots of Sinomenium acutum (Thunb.)
Rehd et Wils and a variety of bioactivities have been
reported such as anti-inflammatory and antirheumatic.
Based on these effects, sinomenine has been widely
applied in clinical treatment of RA in China. The dry root
or whole vine of Sinomenium acutum (Thunb.) Rehd et
Wils. was effective in clinical prescription for the treat-
ment of rheumatoid diseases. Saponins are the characteris-
tic components and also the main active ingredients of
Periploca forrestii Schltr. saponin which was extracted from
Periploca forrestii Schltr. that could prophylactically treat
autoimmune arthritis by controlling the systemic autoim-
mune responses, local inflammation, and bone destruction
of the joints [12].

Nevertheless, the progress of RA is very complicated, so
more and more mechanisms should be elucidated. Bioinfor-
matics is a method which could provide important avenues
in organic life for biological relevant processes. Therefore,
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Figure 6: Effects of HGT on the expression of cytokines in U937 cells. (a–c) IL-6 levels, TNF-α levels, and IL-1β levels in LPS-induced U937
cells after the treatment of IL-12 siRNA and HGT; (d–f) IL-6, TNF-α, and IL-1βmRNA levels in LPS-induced U937 cells after treatment with
IL-12 siRNA and HGT. The data are represented as the mean± SD (n = 7); ∗p < 0 05 and ∗∗p < 0 01, when compared with the LPS group.
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in order to investigate the potential mechanisms of HGT
acting on RA, we employed an integrating network analysis
of bioinformatics technology.

This bioinformatics analysis exposed that IL-12 signal
pathway and IL-12 productions were related to RA and
HGT, and this was consistent with some other previous

studies [8, 13]. And the other analysis also indicated that
IL-12 signal pathway was involved in the signaling pathway
of cytokine and cellular immune in RA. Interleukin-12
(IL-12) is a heterodimeric cytokine which is produced primar-
ily by antigen-presenting cells [14, 15]. It has many immuno-
regulatory effects on T cells and natural killer (NK) cells [16].
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Figure 7: The effects of HGT on cytokine expression after IL-12Rβ1 knockdown. Firstly, the U937 cells were first treated with LPS and
the other without LPS, and then all cells were transfected with IL-12Rβ1 siRNA. 48 h later, the U937 cells were then treated with HGT
or without HGT for 48 h. (b) Western blot of the protein of IL-12Rβ1 and STAT4; (a, c, d, e, f) IL-12, IFN-γ, IL-4, IL-13, and IL-5
productions were determined by ELISA. The data are represented as the mean± SD (n = 7); ∗∗p < 0 01, when compared with the
LPS group.
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In this experiment, we verify that IL-12 levels in serum and
CIAmice joints were increased, and HGT could also decrease
the IL-12 expression both in mRNA and protein. Then, our
experiment showed that LPS increased the IL-12 mRNA and
IL-12 protein and the inflammation framework of U937 cells.
As IL-12 is required for the promotion of Th1 development as
well as IFN-γ expression [17, 18], IL-1β, IL-6, and TNF-α can
be effected by STAT4. Our experiment showed both IL-12
knockdown and HGT could inhibit the production of IL-
1β,TNF-α, and IL-6. And, the effects were retained after IL-
12 knockdown, but there was no difference between cells
transfected with IL-12 siRNA and cells transfected with IL-
12 siRNA but treated with HGT simultaneously. IL-12Rβ1
plays an important role in IL-12 signaling pathway [19].
In this study, our bioinformatics analysis results showed that
IL-12 signaling was involved in the inflammation regulation
in HGT treatment of RA. STAT proteins like STAT1 or
STAT4 are implicated in IL-12 signaling in T cells [20].
STAT4 is essential in mediating IL-12 function in T and
NK cells [21, 22]. All major functions of IL-12 are
abrogated in STAT4-deficient mice, including production
of IFN-γ and NK cell cytotoxic activity [23, 24]. This
suggests that regulating the expression of STAT4 may also
be an important control point in modulating IL-12
function in NK and T cells [25, 26]. Therefore, our results
suggested that HGT might modulate IL-12/STAT4 signal
pathway in inhibiting inflammatory response. In sum, we
confirmed the anti-inflammatory property of HGT, which
was attributed to its inhibition on IL-12 signaling. Our
finding also suggested that we can search the target of
TCM and the possible mechanisms.

5. Conclusions

In conclusion, we confirmed the anti-inflammatory prop-
erty of HGT, which was attributed to its inhibition on
IL-12 signaling. Our finding also suggested that we can
search the target of TCM and the possible mechanisms.
Meanwhile, the consensus between the results analyzed
by bioinformatics method and previous studies suggesting
bioinformatics analysis method was reliable.
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Flavonoids have been considered powerful anti-inflammatory agents, and their exact immunomodulatory action as therapeutic
agents in autoimmune diseases has started to emerge. Their role in the manipulation of immunoregulation is less understood.
Several studies attempted to investigate the role of various flavonoids mainly in experimental models of autoimmune diseases,
especially in the context of their potential effect on the increase of regulatory T cells (Tregs) and their ability to stimulate
an overexpression of anti-inflammatory cytokines, in particular that of IL-10. The emergence of IL-17, a cytokine largely
produced by Th17 cells, as a powerful proinflammatory stimulus which attenuates the induction of Tregs has prompted a
series of studies investigating the role of flavonoids on Th17 cells in experimental models as well as human autoimmune
diseases. This review thoroughly discusses accumulated data on the role of flavonoids on Th17 in rheumatoid arthritis and
experimental autoimmune arthritis.

1. Introduction

Rheumatoid arthritis (RA) is the prototype of inflammatory
chronic polyarthritis and is characterized by infiltration of
T cells, B cells, macrophages, and fibroblasts in the synovial
membrane, culminating in joint destruction and loss of func-
tion [1, 2]. The serological hallmark of the disease is the
presence of high-titre rheumatoid factor (RF) and anticitrul-
linated peptide/antigen antibodies (ACPAs) [3–5].

2. The Role of Th17 Immune Response in
RA Pathogenesis

The etiology of RA remains elusive; however, it is well recog-
nized that CD4 T cells play a critical role in its pathogenesis
as they heavily infiltrate the synovial membrane during RA
synovitis [6]. This “T cell-centric theory” of RA pathogenesis
has been challenged in the recent years as CD4 T cell

depletion therapy failed to improve RA in clinical trials and
the lack of T helper 1- (Th1-) related cytokines paradoxically
exacerbated arthritis in some animal models (the “Th1
paradox”). As a result, a new proposition emerged where
the key mediators of RA are the proinflammatory cytokines
derived from macrophages and fibroblast-like synoviocytes,
like TNF-α, IL-1, and IL-6 [7]. This resulted in the successful
application of “anticytokine therapy,” such as the anti-TNF-
α therapy or the anti-IL-6 therapy, which has revolutionized
current RA treatment [8].

From 2005 onwards, the discovery of Th17 cells added
significant insight into how T cells participate in the initia-
tion and perpetuation of RA [9, 10]. This led to the proposal
of a new “Th17 cell-centric theory” and revived the interest
on CD4 T cells, which were found to produce IL-17 in the
RA synovium. Elegant studies in animal models (see below)
revealed that Th17 cells are a lineage of CD4 T cells distinct
from classical Th1 or Th2 cells and play significant roles in
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autoimmune and inflammatory diseases [11]. The Th17 cells
express the master transcription factor RORγt, are differenti-
ated in vitro by TGF-β and IL-6, and can expand in the
presence of IL-23, IL-1, and TNF-α [12]. Th17 differentiation
may be cross-regulated by Th1, and, hence, the deficiency of
Th1 cytokines led to the excessive differentiation of Th17
cells and paradoxically exacerbated RA in the animal models
[13]. The advent of Th17 cells shed significant light in
understanding the pathogenesis of RA.

Th17 cells are potent mediators of arthritis, which
coordinate tissue inflammation, cartilage damage, and bone
erosion. The arthritogenic potential of Th17 cells is mainly
due to the pleiotropic effects of IL-17A (IL-17), which is
produced by Th17 cells and acts on a variety of cells that
constitute the synovial tissue [14, 15]. IL-17 synergistically
enhances the production of TNF-α, IL-1, and IL-6 by macro-
phages and synovial fibroblasts. Additionally, IL-17 recruits
neutrophils to the site of inflammation and promotes
osteoclast differentiation, which leads to bone erosion and
cartilage destruction. Two other cytokines produced by
Th17 cells, IL-22 and IL-21, can alter the glycosylation of
autoantibodies and grant them with inflammatory properties
[16]. Th17 cells exhibit plasticity, that is, can shift to Th17/
Th1 cells (producing both IL-17 and IFN-γ) and to Th1 cells
(producing IFN-γ, so-called nonclassic Th1 cells) [17, 18].
These Th17-derived Th1 cells (transdifferentiated, nonclassic
Th1 cells) appear to be more pathogenic than Th17 cells [19].

The activation of highly inflammatory Th17 cells is con-
trolled under physiological conditions by regulatory T cells
(Tregs) in order to prevent the development of autoimmune
diseases [20, 21]. Tregs express the master transcription
factor Foxp3 and upregulate the expression of CD25 and
CTLA-4 on their surfaces in order to suppress the activation
of effector CD4 T cells in a cell contact-dependent manner.
There are two types of Tregs: naturally occurring Tregs
(nTregs), which are derived from the thymus, and induced
Tregs (iTregs), which are induced to differentiate from naïve
T cells in the periphery and express the potent immunomod-
ulatory cytokine IL-10 [22].

3. Animal Models of Experimental Arthritis and
Th17 Cells

Most work on experimental models of inflammatory arthritis
has been performed using type II collagen-induced arthri-
tis (CIA) mice, SKG mice, and TNF-α transgenic mice
[23–26]. These studies confirm the significant role of IL-17
in inflammatory arthritis.

3.1. Type II Collagen-Induced Arthritis Mice. Genetically
susceptible strains of mice, such as C57BL/6 and DBA/1
mice, when injected with type II collagen in complete
Freund’s adjuvant, induced synovitis and erosion that histo-
logically resembled RA [27, 28].

Sera of these mice contain antibodies against type II
collagen, which can induce arthritis in other mice (CAIA,
anti-type II collagen antibody-induced arthritis). IL-23-
driven CD4 T cells, but not IL-12-driven Th1 cells, are the
key mediators of CIA. The IL-23-driven CD4 T cells secreted

IL-17 (Th17 cells) [29, 30]. Th17 cells contributed not only to
joint inflammation but also to osteoclast differentiation and
bone destruction.

3.2. SKGMice. These mice are generated on a BALB/c genetic
background and spontaneously develop autoimmune arthri-
tis that resembles human RA [24, 31]. Similar to CIA, SKG
arthritis is dependent on proinflammatory cytokines such
as IL-6 and particularly IL-17 [32–35]. SKG CD4 T cells that
were deficient in IL-17 failed to induce arthritis upon
adoptive transfer into RAG2-deficient mice, while the
induction of arthritis was accelerated by the transfer of
IFN-γ-deficient CD4 T cells [35].

3.3. K/BxN Mice. These mice express both the T cell receptor
(TCR) transgene KRN and the MHC class II molecule
A(g7) (K/BxN mice) and develop severe inflammatory
arthritis [15, 36–38].

3.4. TNF-α Transgenic Mice. DBA/1 mice expressing a
human TNF-α transgene develop a severe form of erosive
arthritis [39–41]. Although anti-IL-17 therapy had only
minor effects on joint inflammation induced by TNF-α, it
effectively reduced bone erosion in TNF-α transgenic mice
[42, 43]. This result suggested that although arthritis in
TNF-α transgenic mice can develop in a T cell-independent
manner, IL-17 may also contribute to bone destruction,
which is mediated by TNF-α [44].

3.5. gp130 F759/F759 Knock-In Mice. Glycoprotein 130
(gp130) mediates signal transduction by IL-6 family
cytokines such as IL-6, IL-27, and IL-35, through the signal
transducer and activator of transcription 3 (STAT3) and/or
Src homology region 2 domain-containing phosphatase
2 (SHP2) signaling. In this mouse model [45], Th17 cells
are expanded as IL-6/gp130 signaling promotes Th17
differentiation [46].

3.6. IL-1 Receptor-Antagonist Knockout Mice. IL-1RA-defi-
cient mice on a BALB/c background spontaneously
developed chronic inflammatory polyarthritis [47, 48]. Over-
expression of IL-1 leads to expansion of Th17 cells. As a
result, the expression of IL-17 or IL-23 is greatly enhanced
in IL-1RA KO mice, whereas arthritis development is inhib-
ited during IL-17 deficiency or IL-23 blockade [49–51].

Studies of the impact of novel treatment/regimen, includ-
ing diet complements, are usually studied in animal models,
such as those mentioned above, the great majority of those
conducted using the CIA model. Elegant reviews have been
published discussing the current animal models of RA which
summarize the pros and cons of each model as well as the
role played by Th17 in the induction and perpetuation of
inflammatory arthritis [11] (Table 1).

4. Flavonoids: An Overview

By the term flavonoids, we refer to a broad class of com-
pounds that are defined by color (pigment). Literally, the
term originates from the Latin word flavus, which means yel-
low. Flavonoids are a group of secondary plant metabolites
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present in the diet with cholesterol-lowering, antioxidant,
and other health-beneficial biological activities [52–54]. They
are also commonly found in seeds, nuts, grains, and spices
and in some beverages, such as wine, tea, and beer [55].

Chemically, flavonoids are polyphenols conjugated to
sugars (as a glycosylated form) although some can exist as
free aglycones. The basic flavonoid structure is the flavan
nucleus consisting of a 15-carbon skeleton arranged in two
phenyl rings bound by a three-carbon bridge commonly
encircled by oxygen, then forming three rings (Figure 1)
[56]. The main classes of flavonoids are flavonols, flavones,
flavanones, flavanols, isoflavones, and anthocyanidins [57].

Traditional Chinese medicine used over the last 3000
years to treat, manage, or prevent human diseases has largely
been based on the beneficial role of natural bioactive com-
pounds from herbs containing flavonoids [58]. A typical
example is that of licorice, also called Gancao in China,
derived from the dried roots and rhizomes of the Glycyrrhiza
species, which is used to treat diabetes, tuberculosis, and
other inflammatory disorders not only in China but also in
Korea, Japan, and India [59]. Licorice is probably the most
frequently used herbal medicine worldwide, as Gancao
appears in over 50% of traditional Chinese medicine
prescriptions and confectionery products [60]. The large
number of natural compounds containing flavonoids and
the wide range of cell signaling pathways involved make it
extremely difficult to simplify the anti-inflammatory role of
flavonoids in various inflammatory diseases. Such studies
are elegantly reviewed elsewhere [61].

The anti-inflammatory activity of flavonoids is exerted
through various mechanisms, mostly shared by most flavo-
noid compounds, and these largely include the direct or
indirect inhibition of proinflammatory cytokines through
the immunomodulation of key inflammatory signaling
cascades, the diminished recruitment of proinflammatory
cell subsets, their increased antioxidant properties, and their
beneficial effect on immunoregulatory functions.

Recent evidence has suggested that flavonoids can be
potential modifiers of innate and adaptive immunity
[62–64]. Immune system impairment accounts for the
increased risk of infections, inflammatory chronic disease,
and autoimmunity. Flavonoids and polyphenols can target
multiple inflammatory components and reinforce anti-
inflammatory mechanisms with antioxidant potential [52,
54, 65]. Certain flavonoids, namely, quercetin, apigenin,
and luteolin, reduce cytokine expression and secretion [66].
In this regard, flavonoids may have therapeutic potential

in the treatment of inflammation-related diseases as cyto-
kine modulators. TLR suppression, PI3K/Akt inhibition,
IKK/MAPK inhibition, mTORC1 inhibition, NFκΒ, and
JAK/STAT inhibition have been attributed as targets of
flavonoid-mediated suppression of inflammation [67–69].

Although the immunomodulatory potential of flavo-
noids has been investigated to some extent, an established
effect of these compounds in clinical trials has been con-
troversial [70]. This is due to the diversity in their sub-
classes, as well as the unresolved problems related to the
purity and the selected doses of these compounds. Never-
theless, current research in animal models and preclinical
studies are promising and warrant further investigation
of these compounds. However, very little is known about
the impact of flavonoids on Th17-related immune modu-
lation and their potential effect on autoimmune rheumatic
disorders, such as RA. Some principal nutraceuticals that
can modify the Th17 immune response and have shown
some effects in animal models of RA are illustrated in
Table 2.

4.1. Oroxylin A. Oroxylin A is one of the many flavonoid
glycosides extracted from the plant Scutellaria baicalensis
radix and the Oroxylum indicum tree bark but the only O-
methylated flavone [71, 72]. Methylation provides flavonoids
with increased metabolic stability and delays their hepatic
metabolism. It also improves their intestinal absorption,
ensuring better bioavailability.

In mice with induced arthritis, oroxylin A inhibited the
production of inflammatory cytokines IL-1β, IL-6, TNF-α,
and IL-17. TNF-α-induced p38 MAPK, ERK1/2, and NF-κB
signaling pathways were also suppressed [73, 74]. Oroxylin
A also increased the production of Tregs and reduced Th17
cells in the lymph nodes draining arthritis joints in mice with
CIA [73] (Table 2). Oroxylin A suppressed the secretion of
IL-1β and IL-6 from TNF-α-stimulated fibroblast-like syno-
vial cells from RA patients. In TNF-α-stimulated RA
fibroblast-like synovial cells, it also suppressed p38 MAPK
and ERK-1/2 and prevented the nuclear translocation of
NF-κB p65 [73].

Oroxylin A inhibits NO, cytokines, chemokines, and
growth factors in induced macrophages via the calcium-
STAT pathway and exerts an anti-inflammatory activity on
lipopolysaccharide-induced mouse macrophages via Nrf2/
ARE activation [75]. Inhibition of lipopolysaccharide-
induced iNOS and COX-2 gene expression was also mediated
via suppression of NF-κB [76].

Table 1: Main features of animal models of rheumatoid arthritis regarding proinflammatory cytokines, including IL-17.

Animal models IL-17 IL-23 IFN-γ TNF-α IL-6 References

CIA mice + + ++ +++ ++ [27, 29, 30, 105]

SKG mice ++ ++ + + + [32–35]

K/BxN mice ++ +/− ++ + +/− [15, 37, 38]

TNF-α transgenic mice + + + +++ + [39, 40, 43, 44]

gp130 F759/F759 knock-in mice ++ + + + ++ [45, 46]

IL-1 RA knockout mice ++ ++ + + + [47, 49–51]
+Low expression, ++moderate expression, and +++high expression.
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4.2. Baicalin. Baicalin is a flavonoid compound isolated from
the dry root of Scutellaria baicalensis Georgi (Huang-Qin), a
medicinal plant. Baicalin is a flavone glycoside, glycosylated
in the 7-position, glucuronide of baicalein. Baicalin inhibits
Th17 cell differentiation in vitro and upregulates Foxp3+

Tregs [77]. It also inhibits Th17 cell differentiation in vivo
in lupus-prone MRL/lpr mice [77]. Baicalin reduced splenic
Th17 cells and ameliorated murine adjuvant-induced arthri-
tis without affecting Tregs. Furthermore, it significantly

blocked IL-17-stimulated synoviocyte gene expression of
ICAM-1, VCAM1, IL-6, and TNF-α [78]. Baicalin blocked
CIA in rats and inhibited the secretion of IL-1β and TNF-α
in rat synovium [79]. Baicalin also prevented Th1 and Th17
cell differentiation via STAT/NF-κB signaling pathways and
ameliorated clinical disease severity in experimental
autoimmune encephalomyelitis (EAE) [80]. Furthermore, it
suppressed Th17 development by upregulating the suppres-
sor of cytokine signaling 3 (SOCS3) [80].
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UP446, a composition consisting primarily of baicalin
from Scutellaria baicalensis Georgi and catechin from the
heartwoods of Acacia catechu, has been previously shown
to reduce the production of eicosanoids and leukotrienes
through dual inhibition of COX and lipo-oxygenase (LOX)
enzymes and to decrease mRNA and protein levels of
IL-1β, IL-6, and TNF-α, suggesting a potential benefit of
UP446 in alleviating symptoms of RA and support further
assessment of this botanical composition in patients with
RA [81].

A combination of flavonoids from the Scutellaria root has
been found to inhibit PGE2 production more potently than
individual flavonoids do. The synergistic effect of the flavo-
noid mixture of baicalin and oroxylin A reflected a broad
action in inhibiting multiple steps in the NF-κB signaling
pathway [71].

4.3. Icariin. Icariin is a prenylated flavonol glycoside, a
subclass of flavonoids. Prenylated flavonoids occur when
the flavonoid ring is substituted by prenyl groups. This pro-
vides them a stronger adherence to cell membranes and
enhances lipophilicity. From the various flavonoid glycosides
of the genus Epimedium, icariin is the most metabolically
active constituent and is obtained from the aerial part of
the plant [82]. The difference between flavonols and fla-
vones (oroxylin, baicalin) is that the former possess a
hydroxyl group in the 3 position and can be regarded as
3-hydroxyflavones.

Icariin can suppress cartilage and bone degradation in
mice with CIA [83]. It appears that icariin can exert its effects
through a profound reduction of Th17 cells and IL-17
production, through inhibition of the STAT3 pathway
[84]. Icariin inhibited the progression of the disease in a
dose-dependent manner.

The effect of icariin on CIA is not unexpected. It has been
reported that icariin has antiosteoporotic, anti-inflamma-
tory, and antidepressant-like activities [85]. Its role on
Th17/Treg balance was also reported in airway inflammation
of an ovalbumin- (OVA-) induced murine asthma model
[86]. Icariin decreased the inflammatory cells infiltrating
the peribronchial tissues and mucus hyperproduction. This
was associated with reduction in CD4+RORγt+ T cells and
increase in CD4+Foxp3+ T cells in bronchial-alveolar lavage
fluid (BALF). Furthermore, icariin caused a significant
reduction in IL-6, IL-17, and TGF-β levels in BALF. Also,
icariin inhibited Th1 and Th17 cell differentiation and ame-
liorated EAE [87]. Finally, in mice with dextran sulfate
sodium-induced colitis, icariin attenuated disease and inhib-
ited the activation of STAT1 and STAT3, transcription fac-
tors of Th1 and Th17, respectively [88].

4.4. Procyanidins B1, B2, and C1 from Apples. Apples contain
high concentrations of phytochemicals, phenolic com-
pounds, and condensed tannins, including procyanidins B1,
B2, and C1 [89]. Procyanidins are members of the proantho-
cyanidin (or condensed tannins) class of flavonoids. In fact,
the most common subclass of proanthocyanidins are procya-
nidins, which are made of elementary flavan-3-ol (epi)cate-
chin units.

Procyanidin B2 (PCB2) inhibits the production of
proinflammatory cytokines in macrophages. PCB2 gallates
inhibited the activation and proliferation of T cells after stim-
ulation with anti-CD3 mAb and reduced the production of
interferon- (IFN-) γ, IL-12p40, and IL-17 in splenocytes,
but not IL-10 production [90]. DBA1/J mice with CIA fed
with apple-condensed tannins exhibited a significant delay
in the appearance of arthritic symptoms. Apple-condensed
tannins reduced the production of the proinflammatory IL-
17 and IFN-γ cytokines [91].

4.5. Grape Seed Proanthocyanidins. Proanthocyanidins are
polyphenolic compounds that can be found in the plant
physiology of several plant species, mainly concentrated in
tree barks and outer skins of seeds. Proanthocyanidins, com-
monly referred to as condensed tannins, are a class of flava-
nols, which belong to a larger group of polyphenolic
compounds. Grape seed contains many polyphenolic
compounds that have potential health-promoting benefits
and is one of the richest sources of proanthocyanidins [92].

Grape seed proanthocyanidin extract (GSPE) treatment,
in a dose-dependent manner, significantly reduced the
severity of CIA and reduced the numbers of IL-17- and
TNF-α-producing cells in the arthritic tissue and the sponta-
neous production of IL-17 and TNF-α by splenocytes.
Furthermore, GSPE suppressed osteoclastogenesis in vitro
in a dose-dependent manner [93]. GSPE from Vitis vinifera
has potent antiarthritic effects on CIA bymodifying the T cell
homeostasis. Treg cells, which are important inhibitors of
inflammation and mediators of self-tolerance, are deficient
in RA. Park et al. showed that grape seed proanthocyanidins
induce the development of Foxp3+ Tregs [94]. GSPE-treated
mice had significantly increased CD4+CD25+Foxp3+ Tregs
in vivo. The concomitant suppression of IL-17 production
and the enhancement of Foxp3 expression by the GSPE in
T cells of joints and splenocytes was associated with allevia-
tion of established CIA. Furthermore, GSPE induced Foxp3+

Tregs and suppressed IL-17-, IL-21-, and IL-22-producing T
cells in human T cell culture, and this was associated with the
abrogation of STAT3 [94]. In another study, Ahmad et al.
demonstrated that the administration of GSPE in mice with
adjuvant-induced arthritis alleviated arthritis, and this was
associated with an increase in Foxp3+ Tregs and decrease in
Th17 and Th1 cells in peripheral blood and a decrease in
IL-17A, IFN-γ, and TNF-α in the arthritic tissue [95].

In other models, proanthocyanidins from the bark of
Metasequoia glyptostroboides (MGEB) ameliorated allergic
contact dermatitis through direct inhibition of T cell
activation and Th1/Th17 responses. More specifically, the
anti-inflammatory activity of MGEB was evaluated using
2,4-dinitrofluorobenzene- (DNFB-) induced allergic contact
dermatitis (ACD) in mice [96]. MGEB inhibited Con A-
induced proliferation and the expression of cell surface
CD69 and CD25 in T cells in vitro. MGEB also significantly
decreased the production of Th1/Th17 cytokines (IL-2,
IFN-γ, and IL-17) in activated T cells.

4.6. Licorice. Licorice is the root of Glycyrrhiza glabra, a
medicinal plant famous for its sweet flavor. The licorice plant
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is perennial, native to southern Europe and parts of Asia,
such as India. It is known as a potent medicine, effective
against peptic ulcer, constipation, cough, and viral infection.
The various pharmacological properties of licorice are attrib-
uted to triterpene saponins, such as glycyrrhizin, and flavo-
noids, such as liquiritin, isoliquiritin, and their aglycones.
The plant’s roots contain significant amounts of phenolic
and flavonoid compounds.

Guo et al. showed that two flavonoids isolated from
licorice, isoliquiritigenin and naringenin, have the capacity
to increase the number of Tregs [97]. They can also promote
Treg cell differentiation and enhance Treg cell function.
Naringenin can promote Treg cell differentiation, as an aryl
hydrocarbon agonist expressed in both Th17 and Treg cells,
whereas isoliquiritigenin cannot. Licorice Gly1 promoted
Treg differentiation in vitro [97]. In addition, licorice
decreased the production of IL-2, an inflammatory cytokine
produced by Th1 cells that promotes T cell proliferation
and survival.

The ability of licorice-related flavonoids to exert anti-
inflammatory responses through the inhibition of Th17 cells
is well established in other models of autoimmune diseases.
Glycyrrhizin, a component of Chinese medicine licorice root,
has the ability to inhibit the functions of high-mobility group
box 1 (HMGB1). Glycyrrhizin treatment of TNBS-induced
murine colitis model decreased the production of proinflam-
matory mediators HMGB1, IFN-γ, IL-6, TNF-α, and IL-17.
Furthermore, glycyrrhizin regulated the responses of
dendritic cells (DCs) and macrophages and suppressed the
proliferation of Th17 cells [98].

Naringenin is a flavanone glycoside found in grapes and
citrus fruits (Citrus paradisi). The bitter flavor of grapefruit
is attributed to this particular flavanone. Two rhamnose units
are attached to its aglycon portion, naringenin, at the 7-
carbon position. Both naringenin and naringin are strong
antioxidants, with naringin being more potent. Both flavo-
noids block several inflammatory pathways, inhibiting
inflammation and reducing oxidative stress [99]. Naringin
is moderately soluble in water. Of interest, gut microflora
breaks down naringin to its aglycon naringenin, which is
then absorbed from the gut. In mice, naringenin reduced
inflammatory pain by blocking the NF-κB pathway. It also
interferes with enzymatic activity in the intestines and, thus,
with the breakdown of certain drugs. Drugs affected by
naringin are calcium channel blockers, estrogen, sedatives,
medications for high blood pressure, and cholesterol-
lowering drugs. No data currently exist on the role of this
compound on experimental or human arthritis in relation
to Th17/Treg imbalance.

Isoliquiritigenin (ISL) is a flavonoid with a chalcone
structure. It shows various biologic properties, including
anti-inflammatory and antioxidative actions, as well as vasor-
elaxant and estrogenic effects. Of relevance, chalcones are
considered to be important intermediates in flavonoids’
synthesis. Their biological activities include those that are
antiallergic, antiangiogenesis, and antitumor growth. At the
cellular level, ISL inhibits various steps of angiogenesis,
including VEGF-induced endothelial cell proliferation, tube
formation, migration, and aortic ring sprout formation. ISL

suppresses adipose tissue inflammation by affecting the
paracrine loop containing saturated fatty acids and TNF-α
in cocultures on adipocytes and macrophages [100] through
inhibition of NF-κB activation.

Whether ISL exerts any anti-inflammatory effect on RA
or experimental arthritis remains unclear. Licochalcone A.,
derived from Glycyrrhiza inflata, reduced the clinical severity
of EAE mice and inhibited IFN-γ, IL-17, and TNF-α produc-
tion in peritoneal cells [101].

Glycine max, commonly known as soybean in North
America or soya bean, is a species of legume native in Asia.
Soybean is a valuable and popular crop globally and is used
to produce a variety of products such as soy paste, soybean
sprouts, soy curd, soy milk, tofu, and oil.

Isoflavones and anthocyanins, both of which are bene-
ficial for human health, are found in soybean. Several
major anthocyanins (cyanidin-3-glucoside, delphinidin 3-
glucoside, and petunidin 3-glucoside) have been isolated
from the seed coat of black soybeans. The effect of soya
bean in RA via Th17 inhibition has not been thoroughly
studied so far.

4.7. Anthocyanins. Anthocyanins are water-soluble members
of the flavonoid group, which, depending on their pH, may
appear red, purple, or blue. Food plants rich in anthocyanins
include the blueberry, raspberry, black rice, and black
soybean [102]. Anthocyanin is a representative antioxidant
of the flavonoid family found in plants [57].

Black soybean seed coats are an excellent source of
anthocyanin. Anthocyanins are synthesized via the phenyl-
propanoid pathway and can be found in all parts of the plant,
including leaves, stems, roots, flowers, and fruits. Anthocya-
nins are derived from anthocyanidins by adding sugars.
Anthocyanins are very unstable compared to other flavo-
noids, particularly at neutral or alkaline pH. They are
detected mainly as unmetabolized glycosides in plasma and
in urine, rather than as aglycones.

Anthocyanins can interfere with and inhibit the process
of carcinogenesis; thus, they are often described as natural
antioxidants. The chemical structure of flavonoids is also
important in determining their bioactive properties [103].

Min et al. described the potent antiarthritic activity of
anthocyanins from black soybeans in vivo [104]. Anthocya-
nins extracted from black soybeans (AEBS) exerted
therapeutic effects in a RA mouse model both in vivo and
in vitro and in humans in vitro. AEBS decreased Th17 cells
both in vitro and in vivo and inhibited the expression of
proinflammatory cytokines (TNF-α, IL-6, IL-17, IL-21) in
mice with CIA by blocking the NF-κB pathway. Finally, oste-
oclastogenesis was suppressed by AEBS in both DBA/1J mice
and human cells in vitro.

5. Conclusion

In autoimmune arthritis, inflammatory Th17 cells producing
IL-17 are inversely associated with anti-inflammatory
regulatory T cells (Tregs). Flavonoids encompass various
compounds present in traditional medicines, long used as
therapeutic agents in autoimmune inflammatory diseases.
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The anti-inflammatory properties of flavonoids are increas-
ingly elucidated in vitro and in animal models of arthritis,
as flavonoids have been shown to inhibit cyclooxygenase, to
reduce the production of inflammatory cytokines, to sup-
press p38 MAPK, to inhibit Th17 cells, and to increase Tregs.
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Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the central nervous system (CNS). There is still lack of
commercially viable treatment currently. Pien Tze Huang (PZH), a traditional Chinese medicine, has been proved to have anti-
inflammatory, neuroprotective, and immunoregulatory effects. This study investigated the possible therapeutic effects of PZH on
experimental autoimmune encephalomyelitis (EAE) rats, a classic animal model of MS. Male Lewis rats were immunized with
myelin basic protein (MBP) peptide to establish an EAE model and then treated with three doses of PZH. Clinical symptoms,
organ coefficient, histopathological features, levels of proinflammatory cytokines, and chemokines as well as MBP and Olig2
were analyzed. The results indicated that PZH ameliorated the clinical severity of EAE rats. It also remarkably reduced
inflammatory cell infiltration in the CNS of EAE rats. Furthermore, the levels of IL-17A, IL-23, CCL3, and CCL5 in serum and
the CNS were significantly decreased; the p-P65 and p-STAT3 levels were also downregulated in the CNS, while MBP and Olig2
in the CNS of EAE rats had a distinct improvement after PZH treatment. In addition, PZH has no obvious toxicity at the
concentration of 0.486 g/kg/d. This study demonstrated that PZH could be used to treat MS.

1. Introduction

Multiple sclerosis (MS) is the most frequent chronic
inflammatory autoimmune neurodegenerative disorder of
the central nervous system (CNS) with the hallmarks of focal
demyelination and inflammatory cell infiltration in the brain
and the spinal cord [1]. It is a debilitating disease with high
disability and recurrence rates, endangering over one million
people worldwide [2]. The etiology and pathogenesis of MS
are still complicated and elusive [3]. Cytokines play essential
roles in mediating and regulating the inflammatory response
in the CNS during MS. A key player is interleukin- (IL-) 17
which was thought to modulate neuroinflammatory and
demyelinating process [4, 5]. Suppression of IL-17 signaling
could alleviate EAE [6]. In addition, increasing evidence

demonstrates that IL-23 induces IL-17 expression and allow
the crucial role of the IL-23/IL17 pathway in MS to be
recognized [7, 8]. Besides proinflammatory cytokines, some
chemokines also play important roles in inflammatory
process by mediating immune cells trafficking across the
blood-brain barrier and modulating their transfer to lesion
sites [9].

At present, the treatment of MS is limited to chemically
synthesized drugs and several biological reagents, such as
IFN-β, glatiramer acetate, and natalizumab [10], which are
not always effective and are often associated with severe side
effects [11]. Thus, the identification of more effective and safe
agents is urgently required.

Pien Tze Huang (PZH), a well-known traditional Chinese
formulation, has been widely used in various inflammatory
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diseases. Its main ingredients such as musk, calculus bovis
(Niuhuang or ox’s gallstone), Shedan (snake’s gall), and
Notoginseng Radix et Rhizoma (Tianqi or Sanqi) have been
shown to exert anti-inflammatory, immunoregulatory, and
neuroprotective functions [12–14]. Emerging evidences
demonstrated that PZH could affect the expression of several
inflammation-related factors. It showed a regulatory effect
on NF-κB which is closely related to the expression of
inflammatory factors [15]. And it could also inhibit STAT3
signaling which plays important roles in the pathogenesis
of MS/EAE [16, 17]. Moreover, recent studies showed that
ginsenoside Rg1 and Rd, the main active ingredients in
Notoginseng Radix et Rhizoma, exerted a good effect on the
EAE model [18, 19].

Considering these findings, we hypothesized that PZH
might be used for MS treatment. Experimental autoim-
mune encephalomyelitis (EAE) is the most commonly
used experimental model for MS. Guinea pig myelin basic
protein- (MBP-) induced EAE in rats showed severe CNS
inflammation, which is usually used for the study of acute
CNS inflammation [20, 21]. Therefore, in the present study,
we used the EAE rat model to investigate the potential
therapeutic effects of PZH on MS. An earlier version of this
work was presented as an abstract at the 15th Meeting of
the Consortium for Globalization of Chinese Medicine
(CGCM), 2016. We further investigated the therapeutic
effects and explore the action mechanism of PZH on EAE
rat in the present study.

2. Materials and Methods

2.1. Animals. Male Lewis rats (8–10 weeks old) weighing
between 250 g and 300 g used in this study were purchased
from Beijing Vital River Laboratories (Beijing, China). They
were housed in a room maintained at a 12-hour light/dark
cycle (temperature 22–25°C and relative humidity 40–60%).
All rats had access to food pellets and filtered water ad
libitum and were given one week to adapt to the new envi-
ronment. All protocols used here received approval from
the Ethical Animal Care and Use Committee in China
Academy of Chinese Medical Sciences and Hong Kong
Baptist University.

2.2. Induction of EAE. An active EAE model was established
following a published protocol [22]. Male Lewis rats
were inoculated subcutaneously (sc) in the pad of the
left hind paw with 100μL antigenic emulsion containing
equal volumes of saline with 20μg of guinea pig myelin
basic protein (MBP) (Sigma-Aldrich, St. Louis, MO) and
complete Freund’s adjuvant (CFA) (Chondrex, Redmond,
WA, USA) with Mycobacterium tuberculosis (2mg/mL).
Daily weight was recorded, and clinical signs were evaluated,
using the following 5-grade scale [23]: 0, no clinical signs;
1, limp tail; 2, hind leg weakness; 3, paraplegia and incon-
tinence; 4, quadriplegia; and 5, moribundity or death.

2.3. Treatment. Pien Tze Huang (PZH) was produced by
Zhangzhou Pien Tze Huang Pharmaceutical Co. Ltd.
(Zhangzhou, China; FDA approval no. Z35020243). Stock

solution of PZH was prepared by dissolving the PZH powder
in saline, and the sample was fully blended again prior to use.
Six groups were set up including the normal group, model
group, prednisone acetate (PA) group (5mg/kg/d), PZH
low dose (PZH-L) group (0.054 g/kg/d), PZH middle dose
(PZH-M) group (0.162 g/kg/d, equal to the clinical dose),
and PZH high dose (PZH-H) group (0.486 g/kg/d). Rats for
the drug groups were given daily different drugs for three
weeks from day 10 (at the disease onset) after immunization,
while the same volume of normal saline was given to rats
for normal and model groups daily. All agents were intra-
gastrically administered in a volume of 1mL/100 g. After
treatment, the heart, liver, spleen, lungs, and kidneys were
removed and weighed for organ coefficients after washing
off the blood. The sera were collected for ELISA analysis
and blood biochemical determination. The whole brain and
spinal cord were separated for hematoxylin-eosin (H&E)
and immunohistochemical (IHC) analysis.

2.4. Histopathology. The brain and spinal cord were dissected
after fixed in 10% neutral formalin for 48 h and embedded in
paraffin after being embathed successively with different gra-
dient ethanol and xylene. The paraffin sections of 6μm thick
were obtained for H&E staining. The sections were observed
with a LEICA DFC300 FX (Leica Microsystems Ltd.).

2.5. Immunohistochemistry. The sections (6μm thick) were
dewaxed and hydrated by xylene and a graded series of
alcohols after being incubated at 60°C for one hour.
Heat-induced epitope retrieval was done in sodium citrate
buffer. The activity of endogenous peroxidase was quenched
with 3% hydrogen peroxide (H2O2). Sections were firstly
incubated with antibodies against IL-17 (dilution 1 : 1500,
Bioss, Beijing, China), IL-23 (dilution 1 : 1000, Bioss, Beijing,
China), CCL3 (dilution 1 : 1000, Bioss, Beijing, China), CCL5
(dilution 1 : 1000, Santa Cruz Biotechnology, Dallas, Texas,
USA), NF-κB p65 (phospho S276) (dilution 1 : 1000, Abcam,
Cambridge, UK), p-STAT3 (dilution 1 : 50, Cell Signaling
Technology, Danvers, MA, USA), oligodendrocyte transcrip-
tion factor (Olig2) (rabbit monoclonal antibody, dilution
1 : 200, Abcam, Cambridge, UK, 1 : 1000), or MBP (rabbit
monoclonal antibody, dilution 1 : 1000, Cell Signaling Tech-
nology Inc., Danvers, MA, USA) overnight at 4°C, followed
by incubation with Signal Stain® Boost IHC Detection
Reagent (HRP, Rabbit) (Cell Signaling Technology, Danvers,
MA, USA) according to the instructions from the manu-
facturers. The final color was detected using DAB Kit
(ZSGB-BIO, Beijing, China) according to the manufac-
turer’s instructions and counterstained with hematoxylin
(Leagene, Beijing, China). PBS buffer was used instead of
primary antibody as negative control. Images were captured
at ×200 magnification by a LEICA DM6000B with a LEICA
DFC300 FX (Leica Microsystems Ltd., Solms, Germany).
Integral optical density (IOD) values of each image were
calculated with an “Image-Pro Plus 6.0” software (Media
Cybernetics, Rockville, MD, USA) [24].

2.6. ELISA. Commercial kits for IL-17A (eBioscience, San
Diego, CA, USA), IL-23 (eBioscience, San Diego, CA,
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USA), CCL3 (USCN LIFE, Wuhan, China), and CCL5
(USCN LIFE, Wuhan, China) were used for measuring the
concentration of cytokines in the serum of rats. The assays
were performed following the manufacturer’s protocol.

2.7. Blood Biochemical Determination. For the detection of
hematological biochemical parameters, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), creatinine
(CREA), and UREA nitrogen (UREA) were tested with
blood biochemical commercial kits by a Japan’s Hitachi
7160 automatic biochemical analyzer.

2.8. Statistical Analysis. Statistical analyses were performed
by using SPSS 18.0 software. The experimental values were
presented as the means± SD. Comparisons of numerical
data between the two groups were performed by Student’s
t-tests. Differences in the mean values of various groups
were analyzed by using ANOVA. The p value < 0.05 was
considered significant.

3. Results

3.1. PZH Ameliorated Clinical Symptoms of EAE Rats. To
examine the effect of PZH on an acute EAE model, PZH
was orally administered to rats daily on day 10 post immuni-
zation. As shown in Figure 1(a), PZH effectively reduced the
clinical score in remission phase, especially in the PZH-M
and PZH-H groups. In addition, PZH slightly increased body
weight compared with the model group, although there was
no significant difference between the PZH group and the
model group (Figure 1(b)). Interestingly, PZH exerted a sim-
ilar effect to PA in terms of ameliorating clinical symptoms
and increasing body weight, and there was no significant
difference between the two groups.

3.2. PZH Ameliorated CNS Inflammation in EAE Rats. To
explore the anti-inflammatory effect of PZH in EAE rats,

we observed the inflammation changes in different parts of
the CNS including the brain, brainstem, and spinal cord by
H&E staining. As shown in Figure 2, compared with the nor-
mal group, the model group showed significant vascular cuff-
like changes and diffused inflammatory cell infiltration
among the above three tissues. PZH treatment can dramati-
cally reduce the degree of inflammatory lesions in the brain,
brainstem, and spinal cord, which was a coincidence with
the PA treatment.

3.3. PZH Reduced Proinflammatory Cytokine and Chemokine
Production in the CNS of EAE Rats. Proinflammatory
cytokines such as IL-23/IL-17 axis and chemokines play
important roles in MS inflammation progression. To further
investigate the anti-inflammatory effect of PZH in EAE rats,
we therefore detected IL-17A, IL-23, CCL3, and CCL5 levels
in the spinal cord of EAE rats. As shown in Figure 3, com-
pared with the normal group, the levels of IL-17A, IL-23,
CCL3, and CCL5 in the spinal cord of EAE rats were
remarkably increased. PZH-M and PZH-H treatment could
significantly decrease the levels of these factors.

3.4. PZH Decreased Proinflammatory Cytokine and
Chemokine Expression in Serum of EAE Rats. To observe
whether the levels of IL-17A, IL-23, CCL3, and CCL5 in the
serum of EAE rats had also changed, we performed ELISA
analysis. As shown in Figure 4, the levels of IL-17A, IL-23,
CCL3, and CCL5 were significantly increased in the model
group compared with the normal group, whereas PZH could
remarkably decrease these proinflammatory cytokine and
chemokine levels in the serum of EAE rats, especially in the
PZH-M and PZH-H groups.

3.5. PZH Downregulated NF-κB and STAT3 in CNS of EAE
Rats. To further investigate the anti-inflammatory mecha-
nism of PZH, we detected the levels of p-P65 and p-STAT3
in the spinal cord of EAE rats by immunohistochemistry.
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Figure 1: PZH ameliorated clinical symptoms of EAE rats. (a) Time course changes of the mean clinical score in rats from the respective
group. (b) Time course changes of body weight in rats from the respective group. Results are shown as mean± SD. ∗P < 0 05 and
∗∗P < 0 01; PA group versus model group. #P < 0 05 and ##P < 0 01; PZH-M group versus model group. &P < 0 05 and &&P < 0 01;
PZH-H group versus model group.
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The results in Figure 5 showed that p-P65 and p-STAT3
levels were remarkably increased compared with those in
normal rats. PZH treatment could significantly decrease their
levels, in particular of the PZH-M and PZH-H groups.

3.6. PZH Increased the Expression of Olig2 and MBP in EAE
Rats. Because demyelination plays a crucial role in the course
of disease, we wonder whether PZH has the potential in
inhibiting demyelination. We then detected the levels of
Olig2 and MBP in the CNS of EAE rats, two important pro-
teins in the process of myelination of nerves. As shown in
Figure 6, while the levels of Olig2 and MBP in the brain were
significantly decreased in the model group compared with
the normal group, PZH treatment could remarkably increase
the Olig2 and MBP levels. It is worth noting that PZH may
have a better effect than PA.

3.7. PZH Had No Significant Toxicity in EAE Rats. To
investigate whether PZH had toxicity in EAE rats, organ
coefficients as well as hepatotoxicity and nephrotoxicity were
detected. As shown in Figure 7(a), organ coefficients of the
heart, liver, spleen, lung, and kidney in the PZH group have
no significant difference compared with the normal group.
Further, as shown in Figures 7(b)–7(d), PZH treatment did
not significantly change the levels of ALT and AST. More-
over, the levels of CREA and UREA in the PZH group had
no obvious change either.

4. Discussion

MS is the prototypical inflammatory demyelinating disease
of the CNS. EAE is regarded as a good model for studying
MS mechanisms and developing drugs [25, 26]. It can be
induced in a multitude of species and strains [20]. Rats of
the inbred Lewis strain are commonly used due to its high
susceptibility to EAE [27]. Lewis rats develop a monophasic
EAE disease course associated with an acute onset and a
spontaneous recovery, which bears resemblance to the

relapse of clinical signs seen in MS. This allows the investiga-
tion of one complete episode of symptom exacerbation and
remission and therefore makes this animal model a fre-
quently utilized tool for investigating immunological and
pathological characteristics of MS [28, 29]. In this study,
the disease in rats became clinically evident on day 10 after
immunization, and neurological signs peak on day 15
followed by complete recovery by day 28, which was consis-
tent with previous reports [30]. According to our data, PZH
effectively reduced the clinical score on remission phase in
EAE rats. Moreover, it remarkably inhibited the vascular
cuff-like changes and diffused inflammatory cell infiltration
in the brain, brainstem, and spinal cord. Collectively, PZH
exerted an obvious therapeutic effect on EAE rats.

The IL-23/IL-17 axis performs important functions in
MS pathogenesis. IL-23 is predominantly secreted from
activated macrophages/microglia and dendritic cells [31],
driving polarization of Th17 cells, which is characterized
by the production of IL-17, IL-6, and tumor necrosis factor
[32]. This type of shift facilitates CNS inflammation and
the development of EAE. Consistent with this, IL-23 and
IL-17 in the serum and CNS have been reported to serve
an important role in the pathology and immunotherapy
of MS [33]. In the present study, we found that PZH effec-
tively reduced the levels of IL-17A and IL-23 in the serum
and CNS of EAE rats. Furthermore, chemokines such as
CCL3 and CCL5, which are already identified to be
involved in MS and EAE, are responsible for the recruit-
ment of leukocytes to the sites of inflammation [34, 35].
In the present study, our data firstly showed that PZH
significantly decreased the levels of CCL3 and CCL5 in
the serum and CNS of EAE rats, suggesting that PZH
may prevent inflammatory cell recruitment so as to alleviate
the CNS inflammation.

In order to further explore the action mechanism of
PZH remitting CNS inflammation, we detected the levels
of p-STAT3 and p-P65 in the CNS of EAE rats by
immunohistochemistry. As reported in previous literatures,
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Figure 2: PZH ameliorated CNS inflammation in EAE rats. Rats were sacrificed at day 31, and the brain, brainstem, and spinal cord were
harvested. Inflammation of the brain, brainstem, and spinal cord was analyzed by H&E staining.
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Figure 3: PZH decreased the levels of IL-23, IL-17A, CCL3, and CCL5 in the CNS of EAE rats. Representative immunohistochemistry images
(left) and IOD means (right) of IL-23 (a), IL-17A (b), CCL3 (c), and CCL5 (d) in the spinal cord of rats from each group. Original
magnification 200x. All data were shown as the mean± SD. ∗P < 0 05 and ∗∗P < 0 01.
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Figure 4: PZH reduced proinflammatory cytokine and chemokine expression in serum of EAE rats. Rats were sacrificed, and the serum was
collected for ELISA analysis. The levels of IL-17A (a), IL-23 (b), CCL3 (c), and CCL5 (d) were shown, respectively. Data are shown as the
mean± SD. ∗P < 0 05 and ∗∗P < 0 01.
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Figure 5: PZH downregulated the levels of p-P65 and p-STAT3 in the CNS of EAE rats. Representative immunohistochemistry images (left)
and IOD means (right) of p-P65 (a) and p-STAT3 (b) in the spinal cord of rats from each group. Original magnification 200x. All data were
shown as the mean± SD. ∗P < 0 05, ∗∗P < 0 01, and ∗∗∗P < 0 001.
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STAT3 signaling and NF-κB signaling are both proinflam-
matory pathways that can facilitate the expression of cyto-
kines and chemokines [36, 37]. The severity of EAE can be
alleviated by inhibiting the phosphorylation of STAT3 and/
or NF-κB [38, 39]. In addition, PZH was reported to suppress
STAT3 signaling and NF-κB signaling in other diseases
[15, 16]. Similarly, we proved that PZH could also modulate
these two pathways in EAE rats. To be more specific, the
levels of p-STAT3 and p-P65 in the CNS of EAE rats were
significantly reduced by PZH. Thus, it can be concluded that
PZH inhibits the CNS inflammation in EAE rats through
downregulating the STAT3 pathway and NF-κB pathway.

Besides the inflammation in the CNS, demyelination is
also the typical characteristics in MS. Interestingly, several
studies have indicated that PZH had a neuroprotective effect
[40, 41], which makes us speculate whether it also exerts the
similar effect in EAE rats. Unfortunately, due to the slight
demyelination in an MBP-induced rat model [20], we did
not find marked remyelination in PZH-treated EAE rats
(data not shown). Therefore, we further detected the changes
of MBP and Olig2, two important indicators to the detection
of myelin loss and regeneration, in PZH-treated EAE rats.
MBP, the second most abundant protein in the central
nervous system myelin, is important in the process of

myelination of nerves and has already been used as the index
of active demyelination [42, 43]. Olig2, restrictedly expressed
in the CNS, is well known for promoting oligodendrocyte
differentiation [44, 45]. Increasing evidence showed that
inducible expression of Olig2 could enhance myelination
and remyelination in the CNS [46]. In the present study,
we indicated that PZH treatment obviously promoted the
expression of MBP and Olig2 in the CNS of EAE rats,
implying that PZH could facilitate the remyelination. Cer-
tainly, more EAE animal models with typical demyelin-
ation should be used to further confirm PZH’s function
in neural repair.

It is well known that drug safety is a key point to discover
and develop new drugs, and drug safety plays a decisive role
in the application of a certain drug [47]. Taking this into
account, we evaluated the safety of PZH in the treatment of
EAE rats. Organ coefficient is a nonspecific indicator, which
can reflect the toxic effects on a target organ [48, 49]. In the
present study, we found that PZH treatment did not change
the organ coefficient of the heart, liver, spleen, lung, and
kidney. To further confirm the safety of PZH, the levels of
functional indicators of ALT and AST for the liver as well
as CREA and UREA for the kidney were detected in the
serum of EAE rats. Consistent with the results of organ
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Figure 6: PZH increased the expression of Olig2 and MBP in EAE rats. Representative immunohistochemistry images (left) and IOD means
(right) of Olig2 (a) and MBP (b) in the brain of rats from each group. Original magnification 200x. All data were shown as the mean± SD.
∗P < 0 05 and ∗∗P < 0 01.

7Journal of Immunology Research



coefficient, PZH did not show significant liver and kidney
functional impairment.

In conclusion, this study demonstrated that PZH exerted
a good therapeutic effect on an acute model of EAE rats,

which was partly through relieving the infiltration of
inflammatory cells in the CNS, suppressing the production
of proinflammatory cytokines and chemokines, as well as
promoting the expression of Olig2 and MBP.
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Figure 7: PZH has no significant toxicity in EAE rats. (a) The organ coefficient of several organs from the respective group was detected. The
levels of ALT (b) and AST (c) for hepatotoxicity as well as CREA (d) and UREA (e) for nephrotoxicity were shown, respectively.
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The hydroalcoholic extract of Punica granatum (pomegranate) leaves was previously demonstrated to be anti-inflammatory in a rat
model of lipopolysaccharide- (LPS-) induced acute peritonitis. Here, we investigated the anti-inflammatory effects of the ethyl
acetate fraction obtained from the pomegranate leaf hydroalcoholic extract (EAFPg) on the LPS-induced acute lung injury (ALI)
mouse model. Male Swiss mice received either EAFPg at different doses or dexamethasone (per os) prior to LPS intranasal
instillation. Vehicle-treated mice were used as controls. Animals were culled at 4 h after LPS challenge, and the bronchoalveolar
lavage fluid (BALF) and lung samples were collected for analysis. EAFPg and kaempferol effects on NO and cytokine production
by LPS-stimulated RAW 264.7 macrophages were also investigated. Pretreatment with EAFPg (100–300mg/kg) markedly
reduced cell accumulation (specially neutrophils) and collagen deposition in the lungs of ALI mice. The same animals presented
with reduced lung and BALF TNF-α and IL-1β expression in comparison with vehicle controls (p < 0 05). Additionally,
incubation with either EAFPg or kaempferol (100 μg/ml) reduced NO production and cytokine gene expression in cultured
LPS-treated RAW 264.7 macrophages. Overall, these results demonstrate that the prophylactic treatment with EAFPg attenuates
acute lung inflammation. We suggest this fraction may be useful in treating ALI.

1. Introduction

Acute lung injury (ALI) is a clinical condition that causes dis-
ruption of the lung endothelial tissue and epithelial barrier
and loss of lung function [1, 2]. ALI incidence remains high,

and it is associated with high rates of mortality and morbidity
worldwide, especially in developing countries [3]. ALI is
characterized by intense transepithelial leukocyte infiltration,
exudate accumulation in the lungs, loss of integrity of the
alveolar-capillary membrane, and tissue damage [4]. This
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response has been suggested to be due to the increased pro-
duction of inflammatory mediators including cytokines
(TNF-α, IL-1β, and IL-6), especially by alveolar macrophages
and neutrophils [5].

Punica granatum L. (pomegranate) has been shown to
possess wound healing, antimicrobial, antioxidant, and anti-
inflammatory properties [6–8]. Especially due to its anti-
inflammatory activities, pomegranate is traditionally used to
treat infections. In this context, we recently demonstrated
that the leaf hydroalcoholic extract obtained from pomegran-
ate is anti-inflammatory as it inhibits TNF-α production and
decreases neutrophil migration in a rat model of lipopolysac-
charide- (LPS-) induced acute peritonitis [8]. Furthermore,
Haseeb et al. showed that the pomegranate fruit extract
attenuates IL-6 production, reactive oxygen species, IL-1β-
mediated phosphorylation of the inhibitor of nuclear factor
kappa-B kinase subunit beta (IKKβ), expression of IKKβ
mRNA, degradation of IκBα, and the activation and nuclear
translocation of NF-κB/p65 in human chondrocytes [9].

To date, pomegranate effects on acute lung inflammation
have not been yet investigated. Here, we assessed the anti-
inflammatory potential of the ethyl acetate fraction (EAFPg)
obtained from a pomegranate leaf hydroalcoholic extract in a
mouse model of LPS-induced acute lung injury.

2. Material and Methods

2.1. Plant Material and Preparation of EAFPg. Fresh leaves
of Punica granatum L. were collected at the Ático Seabra
Herbarium of the Universidade Federal do Maranhão in
Sao Luis, Maranhão, Brazil [8], and a voucher specimen
was deposited (voucher number 01002). The leaf hydroal-
coholic extract was prepared, and the EAFPg was obtained
as previously described [8].

2.2. HPLC-DAD-ESI-IT/MS Analysis. The chemical constitu-
ents of EAFPg were analyzed in a high-performance liquid
chromatography (HPLC) system (LC-10AD, Shimadzu)
equipped with a photodiode array detector coupled to an
Esquire 3000 Plus ion trap mass spectrometer (Bruker Dal-
tonics, Bremen, Germany), using electrospray ionization
(ESI) as previously described [10]. Separation was performed
using a Phenomenex Kinetex C-18 column (250× 4.6mm,
5μm; Torrance, CA, USA). The column oven was main-
tained at room temperature. The HPLC was set up with an
elution gradient as follows: 0–2 min, 5% B; 2–10min,
5–25% B; 10–20min, 25–40% B; 20–30min, 40–50% B; 30–
40min, 50–60% B; and 40–50min, 70–100% B. Acetic acid
(2%) in Milli-Q water was used as mobile phase A, and meth-
anol was used as mobile phase B. The injection volume con-
sisted of 25μl of the reconstituted sample at 5mg/ml, with a
flow rate of 0.6ml/min. Detection was achieved in a diode
array detector (DAD) at 200–500 nm and with direct mass
spectrometry/mass spectrometry, a method in negative elec-
trospray (-ESI) mode with a detector voltage maintained at
4.0 kV, ion source at 40V, and capillary temperature at
320°C. The nebulizing gas was nitrogen (N2) flowing at
7ml/min, a sheath gas provided at a pressure of 27 psi, while
helium was used as the collision gas. Analyses were carried

out using full-scan mass spectra and data-dependent MS2

scans from m/z 100 to 2000. The compounds were identi-
fied on the basis of their molecular ion mass fragmenta-
tion. The obtained mass spectrum was compared with that
of the literature.

2.3. In Vivo Assays

2.3.1. Animals. Sixty-six nonfasted male outbred Swiss mice
(20–30 g) were used. Mice were obtained from the animal
facility of Universidade CEUMA (UNICEUMA) and were
kept in a climatically controlled environment (room tempera-
ture of 22± 2°C and humidity of around 60%) under 12 : 12 h
light-dark cycle (lights on 07:00 a.m.). All procedures were
approved by the Ethics Committee of UNICEUMA (April
24, 2014; #107/2014) and carried out in accordance with
the Brazilian Society for Animal Welfare (SBCAL).

2.3.2. Induction of LPS-Induced ALI and Pharmacological
Treatments. Animals were randomly distributed into six
groups (n = 6/group) for lung analysis and five groups (n =
6/group) for bronchoalveolar lavage fluid (BALF) analysis.
Mice received a single oral administration (p.o.) of vehicle
(saline, 10ml/kg), EAFPg (30–300mg/kg), or dexameth-
asone (5mg/kg) 30min prior to LPS challenge. ALI was
induced by a single intranasal (i.n.) instillation of LPS
(30,000EU in 50μl/animal and 25μl/narine). Vehicle-
treated mice were used as controls. Four hours after the chal-
lenge, mice were culled by anesthetic overdose with ketamine
(120mg/kg, i.p.) and xylazine (10mg/kg, i.p.), and the bron-
choalveolar lavage fluid (BALF) was collected. For this, the
trachea of each mouse was cannulated and the alveoli were
washed three times with 0.5ml of ice-cold phosphate buff-
ered saline (PBS) containing 0.5% sodium citrate. An aliquot
of the BALF was separated and used for quantification of
leukocyte counts and the rest centrifuged at 400×g for
10min at 4°C. The supernatant was immediately frozen
and stored at −80°C for further analysis. In a separate series
of experiments, the lungs were collected from animals that
did not undergo BALF collection and were processed for
histological analysis.

2.3.3. Total and Differential Leukocyte Counts in BALF
Samples. Total cell counts were performed in a Neubauer
chamber and microscope (Zeiss Axio Imager Z2 upright
microscope, Carl Zeiss, Göttingen, Germany) after diluting
an aliquot of the BALF with Türk solution (1 : 20). Another
aliquot (50μl) was used for differential cell counts. For this,
the slides were stained with May-Grünwald Giemsa and then
analyzed by microscopy in an immersion objective. A mini-
mum of 200 leukocytes was considered. Two independent
researchers performed blinded analyses; if there was discor-
dance, a third researcher performed the analysis.

2.3.4. RT-qPCR Assays in the Lung Tissue. TNF-α, IL-6, IL1-
β, and IL-10 mRNA expression in lung samples was deter-
mined by RT-qPCR. Total RNA was extracted by using a
RNAeasy Mini Kit (Qiagen, Hilden, Germany) according to
the manufacturer’s instructions in a QIAcube automatic
DNA extractor (Qiagen, Hilden, Germany). Samples were
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treated with DNase (Qiagen, Hilden, Germany) and then
reverse-transcribed using 200U of SuperScript II reverse
transcriptase (Thermo Fisher Scientific) to obtain cDNA.
The qPCR assays were carried out in 96-well plates using a
double-stranded DNA dye (GoTaq® real-time PCR Master
Mix from Promega) in a QuantStudio™ 6 flex real-time
PCR instrument as previously described. GAPDH mRNA
was used as an endogenous reference gene. mRNA relative
expression was calculated using the 2−ΔCt method [11].
Results represent the mean values obtained from two inde-
pendent experiments, with assays performed in triplicate.

2.3.5. Cytokine Levels in BALF Samples. BALF TNF-α and
IL-10 protein levels were analyzed in enzyme-linked immu-
nosorbent assay kits according to the manufacturer’s
instructions (R&D Systems). Sample readings for each
cytokine were compared with those of a standard curve
(0–800 pg/ml). Results are expressed as protein levels in
pg/ml. All experiments were performed in triplicate.

2.3.6. Albumin Levels in BALF Samples. Albumin levels in
BALF samples were measured by the Bradford method using
the standard Quick Start Bradford Protein Assay Kit from
Bio-Rad (Hercules, California) according to the manufac-
turer‘s instructions. Albumin was measured as it is an indica-
tor of plasma extravasation. Absorbance was measured in an
automated spectrophotometer at 650nm. Readings obtained
were compared with those of a standard curve of albumin
(0–2.0mg/ml). Results are expressed as mg of albumin per ml
of BALF. All experiments were performed in triplicate.

2.3.7. Histological Analysis. The collected lungs were fixed
in 10% neutral formalin for 24 h and then embedded in
paraffin. After deparaffinization and dehydration as previ-
ously described [10], sections (4μm) were stained with
hematoxylin and eosin or Masson’s trichrome and ana-
lyzed by microscopy under 100x and 400x magnification.
The density of leukocytes/unit area (130μm2) was deter-
mined by counting the number of cells on the integrating
eyepiece that fell into areas of the bronchioli and distal
lung parenchyma using the ImageJ Program. Using the
same program, the collagen area was measured also in
areas of the bronchioli and distal lung parenchyma. All
measurements were performed in ten random sections of
130μm2 per animal at 200x (for collagen area) and 400x
magnification (for leukocyte count), and the researcher who
performed the analysis was unaware of the experimental
group designation. Two independent researchers performed
blinded analyses; if there was discordance, a third researcher
performed the analysis.

2.4. In Vitro Assays

2.4.1. RAW 264.7 Macrophage Culture and Pharmacological
Treatments. RAW 264.7 cells were cultured and maintained
in DMEM medium (Thermo Fisher Scientific, Waltham,
Massachusetts, USA) containing 10% fetal bovine serum
and 1% antibiotic solution—1000U/ml penicillin G and
100U/ml streptomycin sulfate (Thermo Fisher Scientific,
Waltham, Massachusetts, USA). Cells (1× 105 cells/well)

were treated with EAFPg (50–100μg/ml), kaempferol
(25–100μg/ml), or dexamethasone (2–4μg/ml) and stimu-
lated with LPS (10μg/ml; 30,000 EU/well/100μl; Sigma,
St. Louis, MI, USA), at noncytotoxic concentrations. Then,
cells were incubated for 48 h at 37°C and 5% CO2. Vehicle-
(1% DMSO in PBS) treated cells were used as controls.

2.4.2. RT-qPCR Assays in RAW 264.7 Murine Macrophages.
TNF-α, IL-6, IL1-β, and IL-10 mRNA expression was
evaluated in RAW 264.7 cells by RT-qPCR as described
in Section 2.3.4.

2.4.3. NO Levels in Cell Culture Supernatants. The pro-
duction of NO was determined by measuring nitrite as
previously described [7]. Briefly, cell supernatants were
incubated with an equal volume of a Griess reagent
(Sigma, St. Louis, MI, USA), and the absorbance was deter-
mined at 540nm and compared with that obtained from a
NO2 standard curve (0–300μM). Results are expressed as
μM of NO2.

2.5. Statistical Analysis. Data are expressed as mean± stan-
dard deviation (SD). Differences between groups were ana-
lyzed by one-way analysis of variance (ANOVA), followed
by the Newman-Keuls multiple comparison test. Percentages
of inhibition were calculated as the mean of the inhibitions
obtained for each individual experiment. p values < 0.05 were
considered statistically significant.

3. Results

3.1. Phytochemical Analysis of EAFPg. Figure 1 shows the
HPLC analytical plot for EAFPg at 327 nm (a) and the
detected components (b). These included punicalin (peak 1;
retention time: 11.2min), ellagic acid derivative (peak 2;
retention time: 12.3min), galloyl-HHDP-glucose (peak 3;
retention time: 17.4min), castalagin derivative (peaks 4 and
5; retention times: 23.6 and 26.6min, resp.), granatin B (peak
6; retention time: 26.7min), ellagic acid rhamnoside (peak 7;
retention time: 32.2min), kaempferol-3-O-glucoside (peak 8;
retention time: 32.7min), kaempferol derivative (peak 9;
retention time: 34.9min), and kaempferol-arabinoside (peak
10; retention time: 38.3min).

3.2. EAFPg Reduces Leukocyte Accumulation and Collagen
Deposition into the Lungs of Mice with ALI. Figures 2 and 3
show the effects of EAFPg (30–300mg/kg) and dexametha-
sone (5mg/kg) on the lung tissue of mice with LPS-induced
ALI. Animals with ALI exhibited an intense inflammatory
cell influx surrounding the bronchi (Figure 2(b)). The same
mice also presented multifocal areas of collagen deposition
(Figure 3(b)) in comparison with those which received i.n.
saline (Figure 3(a)). LPS-induced pathological changes were
not affected by the pretreatment with EAFPg at 30mg/kg.
On the other hand, pretreatment with EAFPg at 100–
300mg/kg markedly reduced the collagen deposition with
leukocyte infiltration, with respect to LPS mice treated with
vehicle (Figures 2(d), 2(e), 3(d), and 3(e)). Animals pre-
treated with dexamethasone also displayed attenuated lung
inflammation (Figures 2(f) and 3(f)). In addition, EAFPg
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(100–300mg/kg) and dexamethasone markedly diminished
the numbers of leukocytes in the bronchial area (12.0±
1.0, 13.0± 1.0, and 10.3± 1.5 leukocytes/130μm2, resp.)
(Figure 2(g)) and in the alveolar parenchyma area
(109.7± 4.7, 66.3± 2.5, and 41.3± 1.5 leukocytes/130μm2,
resp.) when compared with those of the vehicle-treated
ALI mice (83.3± 1.5 leukocytes/130μm2 and 384.3± 3.5 leu-
kocytes/130μm2). Moreover, EAFPg (100–300mg/kg) and
dexamethasone markedly reduced the bronchial (7.5%±
0.6%, 7.0%± 0.1%, and 6.7%± 0.3%, resp.; Figure 2(g)) and
the alveolar parenchyma collagen deposition (3.7%±
0.5%, 3.3%± 0.7%, and 2.2%± 0.2%, resp.) when compared
with that of the ALI control group (33.3%± 10.8% and
11.9%± 2.7%, resp.).

3.3. EAFPg Reduces TNF-α and IL-1β but Not IL-6 mRNA
Expression in the Lungs. LPS instillation significantly
increased TNF-α, IL-1β, and IL-6 mRNA expression in the
lungs (Figures 4(a)–4(c)). When tested at 30mg/kg, EAFPg
did not affect TNF-α, IL-1β, and IL-6 mRNA expression.
On the other hand, 100 and 300mg/kg EAFPG

significantly downregulated lung TNF-α and IL-1β but
not IL-6 expression in mice with ALI. Likewise, dexametha-
sone treatment significantly inhibited the expression of all
evaluated cytokines, and the effects of the dexamethasone
were significantly higher than those observed for EAFPg.

3.4. Plasma Extravasation and BALF TNF-α Levels Are
Reduced in Mice with ALI Treated with EAFPg. Albumin
and TNF-α protein levels were augmented in BALF samples
obtained from mice with ALI (Figures 5(a) and 5(c)) while
IL-10 was reduced (Figure 5(b)). On the other hand, IL-10
was reduced in the BALF from the same animals. Both
EAFPg (100mg/kg) and dexamethasone diminished the
levels of TNF-α (219.8± 6.4 pg/ml) and albumin (120.6±
42.8 pg/ml) in the BALF when compared with those of LPS-
challenged mice pretreated with vehicle (397± 109.6 and
228.6± 41.6 pg/ml, resp.; Figures 5(a) and 5(c)). No effects
were observed for either EAFPg or dexamethasone on IL-10
levels in the tested doses (Figure 5(b)).

3.5. EAFPg Prevents Leukocyte Accumulation into the Alveoli.
Mice with LPS-induced ALI had increased numbers of total
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Figure 1: HPLC/DAD chromatogram of the acetyl acetate extract of pomegranate leaves (EAFPg) monitored at 327 nm (a). Structure of
constituents identified by HPLC-DAD-ESI-IT/MS (b). ID: identification; RT: retention time; MS: mass spectrometer.
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Figure 2: Effect of the pretreatment with EAFPg on leukocyte accumulation into the lungs obtained frommice treated with saline (a), LPS (b),
30mg/kg EAFPg plus LPS (c), 100mg/kg EAFPg plus LPS (d), 300mg/kg EAFPg plus LPS (e), or 5mg/kg dexamethasone plus LPS (f).
Leukocyte counts in the bronchial (g) and alveolar parenchyma areas (h). Data is expressed as mean± SD. Significances were calculated by
one-way ANOVA followed by the Newman-Keuls multiple comparison test analysis. ∗p < 0 05 differs from saline-treated mice; #p < 0 05
differs from vehicle-treated LPS-stimulated mice. Bronchiolar inflammatory cell infiltrates are shown as black arrows. Sections (4 μm)
were stained with hematoxylin and eosin. Magnification of 100x and 400x.
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Figure 3: Effect of the pretreatment with EAFPg and dexamethasone on the collagen deposition in lung samples obtained from mice treated
with saline (a), LPS (b), 30mg/kg EAFPg plus LPS (c), 100mg/kg EAFPg plus LPS (d), 300mg/kg EAFPg plus LPS (e), or 5mg/kg
dexamethasone plus LPS (f). Quantitative analysis of the collagen area (percentage area) in the bronchial (g) and alveolar parenchyma
areas (h). Data is expressed as mean± SD. Significances were calculated by one-way ANOVA followed by the Newman-Keuls multiple
comparison test analysis. ∗p < 0 05 differs from saline-treated mice; #p < 0 05 differs from vehicle-treated LPS-stimulated mice. Collagen
areas with leukocyte infiltration are shown as red arrows. Sections (4 μm) were stained with Masson’s trichrome. Magnification of 100x
and 400x.
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and differential leukocytes in their BALF in comparison with
the saline group (Figures 6(a), 6(b), and 6(c)). In contrast,
EAFPg- (100mg/kg) pretreated mice with ALI had signifi-
cantly lower numbers of leukocytes (35,814± 12,005 cells/
mm3) in their BALF in comparison with vehicle-treated mice
(58,733± 13,629 cells/mm3, p < 0 0001, see Figure 6(a)). A
similar effect was noted for LPS-challenged mice pretreated
with dexamethasone (Figure 6(a)). In addition, the number
of neutrophils was significantly reduced in LPS-challenged
mice pretreated with 100mg/kg of EAFPg (32,878± 11,116
cells/mm3) when compared with vehicle-treated mice
(54,813± 12,678 cells/mm3, p < 0 0001, see Figure 6(b)). No
differences were observed in the number of macrophages
between groups (Figure 6(c)).

3.6. EAFPg, Kaempferol, and Dexamethasone Reduce
Cytokine mRNA Expression in Cultured RAW 264.7
Macrophages. IL-1β, IL-6, and IL-10 mRNA levels were
downregulated by EAFPg (100μg/ml), kaempferol (25–
100μg/ml), and dexamethasone (2–4μg/ml) in macrophages
activated by LPS (Figures 7(a), 7(b), and 7(c)).

3.7. EAFPg and Kaempferol Reduce NO Release by
Macrophages. NO production was reduced in LPS-activated

macrophages incubated with EAFPg (100μg/ml) and
kaempferol (25–100μg/ml) (Figures 8(a) and 8(b), resp.).

4. Discussion

Extracts prepared from pomegranate peels and seeds were
described previously to possess anti-inflammatory proper-
ties [12, 13]. However, very little is known about the effects
of pomegranate leaf extracts or fractions on inflammation.
We recently demonstrated that the pomegranate leaf hydro-
alcoholic extract attenuates LPS-induced peritonitis by
decreasing the accumulation of leukocytes and the release
of proinflammatory mediators in the peritoneum [8]. We
now show that EAFPg protects mice from ALI by reducing
lung inflammation.

The phytochemical analysis of EAFPg demonstrated
the presence of kaempferol, ellagic acid derivative, and
other bioactive molecules, a similar composition to that
previously observed for the leaf hydroalcoholic extract
[8]. Chen et al. [14] showed that kaempferol significantly
blocks LPS-induced activation of mitogen-activated protein
kinases (MAPKs) and nuclear factor-kappa B (NF-κB). In
addition, Cornelio Favarin et al. demonstrated that ellagic
acid reduces cyclooxygenase-2- (COX-2-) induced exacer-
bation of inflammation, vascular permeability changes,
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Figure 4: Effects of the pretreatment with EAFPg on TNF-α (a), IL-1β (b), IL-6 (c), and IL-10 gene expression in the lungs of the animals
divided into six groups. Animals were randomly distributed into six groups (n = 6/group). Mice received in the prophylactic scheme
EAFPg (30mg/kg, 100mg/kg, and 300mg/kg, p.o.), dexamethasone (DEXA, 5mg/kg, p.o.), or vehicle (PBS, p.o.). The values are
presented as the median and interquartile range. Significances were calculated by one-way ANOVA followed by the Newman-Keuls
multiple comparison test analysis. Groups versus nonpretreated saline-injected mice (∗p < 0 05) and versus nonpretreated LPS-installed
mice (#p < 0 05).
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Figure 6: Effects of the pretreatment with EAFPg on the numbers of total leukocytes (a), neutrophils (b), or macrophages (c) in BALF and
total leukocytes in the lungs. Animals were randomly distributed into five groups (n = 6/group). Mice received in the prophylactic scheme
EAFPg (30mg/kg and 100mg/kg, p.o.), dexamethasone (DEXA, 10mg/kg, p.o.), or vehicle (PBS, p.o.). The values are presented as the
mean± SD. Significances were calculated by one-way ANOVA followed by the Newman-Keuls multiple comparison test analysis versus
nonpretreated saline-injected mice (∗p < 0 05) and versus nonpretreated LPS-installed mice (#p < 0 05).
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Figure 5: Effects of the pretreatment with EAFPg on TNF-α (a), IL-10 (b), and albumin (c) levels in BALF of the animals divided into six
groups. Animals were randomly distributed into five groups (n = 6/group). Mice received in the prophylactic scheme EAFPg (30mg/kg
and 100mg/kg, p.o.), dexamethasone (DEXA, 5mg/kg, p.o.), or vehicle (PBS, p.o.). The values are presented as the mean± SD.
Significances were calculated by one-way ANOVA followed by the Newman-Keuls multiple comparison test analysis versus nonpretreated
saline-injected mice (∗p < 0 05) and versus nonpretreated LPS-installed mice (#p < 0 05).
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Figure 7: Effect of the pretreatment with EAFPg (50–100 μg/ml) or kaempferol (25–100 μg/ml) on IL-6 (a), IL-1β (b), and IL-10 (c) mRNA
expression in RAW 264.7 macrophages. Data is expressed as mean± SD. Significances were calculated by one-way ANOVA followed by the
Newman-Keuls multiple comparison test analysis. ∗p < 0 05 differs from saline-treated cells; #p < 0 05 differs from vehicle-treated LPS-
stimulated cells.
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Figure 8: Effect of the pretreatment with EAFPg (50–100 μg/ml) (a) or kaempferol (25–100 μg/ml) (b) on NO release by RAW 264.7
macrophages. Data is expressed as mean± SD. Significances were calculated by one-way ANOVA followed by the Newman-Keuls multiple
comparison test analysis. ∗p < 0 05 differs from saline-treated cells; #p < 0 05 differs from vehicle-treated LPS-stimulated cells.
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and neutrophil recruitment to the BALF of mice with ALI
induced by acid [15]. However, kaempferol was found to be
the major compound in EAFPg. Thus, we hypothesized that
EAFPg is anti-inflammatory probably due to the content of
kaempferol in its composition.

In patients with ALI, one of the main pathological
changes observed in their lungs is an intense inflammatory
infiltrate as a consequence of the increased permeability of
the alveolar-capillary barrier and epithelial damage. In our
study, it was observed that EAFPg suppresses lung inflamma-
tion and collagen deposition in the airways of mice intrana-
sally challenged with LPS. Corroborating these findings, de
Oliveira et al. [10] showed that the crude extract obtained
from pomegranate leaves inhibits the pathological changes
induced by ovalbumin in the lung tissue.

The inflammatory infiltrate observed in ALI results
from intense and persistent inflammation. Initially, the
inflammation is provoked by lung-resident macrophages
that activate intracellular mediators after interacting with
pathogen-associated molecular patterns, such as LPS. It
was not observed that increased migration of monocyte-
derived macrophages to the lung suggested that 4 hours
is not enough for its migration. Large amounts of cyto-
kines were primarily produced and released by lung-
resident macrophages in response to LPS [16]. Therefore,
to further evaluate the effects of the EAFPg on lung
inflammation, we measured the inflammatory markers
TNF-α, IL1-β, and IL-6. We found that the pretreatment
with EAFPg reduces the gene expression of these mediators
in the lung tissue. TNF-α protein levels were also attenuated
in the same mice. Additionally, cytokine mRNA expression
was potently attenuated in LPS-stimulated macrophages
treated with EAFPg or kaempferol. It was previously demon-
strated that the hydroalcoholic extract from pomegranate
leaves reduces TNF-αmRNA expression in peritoneal leuko-
cytes obtained from rats with LPS-induced peritonitis [8].

TNF-α induces the expression of adhesion molecules on
endothelial cells, thus contributing to neutrophil migration.
In ALI, neutrophils are the first cells to be recruited into the
lungs [17]. In the present study, we demonstrated that
EAFPg reduces neutrophil migration into the alveoli.
Accordingly, Bachoual et al. [18] showed that an aqueous
extract of P. granatum peel inhibits neutrophil-mediated
myeloperoxidase activity and attenuates LPS-induced lung
inflammation in mice. In addition, Marques et al. [8] showed
that the numbers of peritoneal leukocytes, especially neutro-
phils, are reduced in hydroalcoholic extract-treated rats with
acute peritonitis.

Taken together, our data demonstrate that EAFPg may
be used as food supplements, like tea, to prevent inflamma-
tory disorders in which neutrophils play an essential role,
such as ALI. However, further studies are necessary in order
to address the effects of EAFPg in later time points of ALI.
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Numerous studies have examined the pathogenesis of osteoporosis. The causes of osteoporosis include endocrine factors,
nutritional status, genetic factors, physical factors, and immune factors. Recent osteoimmunology studies demonstrated that the
immune system and immune factors play important regulatory roles in the occurrence of osteoporosis, and people should pay
more attention to the relationship between immunity and osteoporosis. Immune and bone cells are located in the bone marrow
and share numerous regulatory molecules, signaling molecules, and transcription factors. Abnormal activation of the immune
system alters the balance between osteoblasts and osteoclasts, which results in an imbalance of bone remodeling and
osteoporosis. The incidence of osteoporosis is also increasing with the aging of China’s population, and traditional Chinese
medicine has played a vital role in the prevention and treatment of osteoporosis for centuries. Chinese medicinal plants possess
unique advantages in the regulation of the immune system and the relationships between osteoporosis and the immune system.
In this review, we provide a general overview of Chinese medicinal plants in the prevention and treatment of osteoporosis,
focusing on immunological aspects.

1. Introduction

Osteoporosis is a systemic skeletal disease characterized by a
decrease in bone mass and microstructural degradation,
which may increase bone fragility and fracture danger and
consequently cause serious complications [1]. The etiology
of osteoporosis is primarily concentrated in endocrine and
metabolic disorders. However, osteoimmunology demon-
strated that the immune system and immune factors may
be involved in the development of osteoporosis and play
important regulatory roles [2, 3]. The microenvironment cre-
ated by bone cells provides conditions for development of the
immune system, which regulates bone metabolism via B cells,

T cells, dendritic cells, and many cytokines [2–5]. Abnormal
activation of the immune system alters the balance between
osteoblasts and osteoclasts, which results in an imbalance in
bone remodeling and causes osteoporosis [6–8].

Osteoporosis seriously affects human health, and there is
no safe and effective method to restore lost bone. However,
Chinese medicinal plants reduce bone loss and treat osteopo-
rosis [9, 10]. Chinese medicinal plants possess unique advan-
tages in the regulation of the immune system [11–18] and
alter the relationships between osteoporosis and the immune
system [3, 4, 7]. This review summarizes the progress of
Chinese medicinal plants in the prevention and treatment
of osteoporosis, focusing on the immunological aspects.
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2. Immune System and Osteoporosis

The immune system is an important regulator of bone turn-
over. Therefore, the relationship between the immune sys-
tem and bone is generally defined as “osteoimmunology.”
Osteoimmunology is a new interdisciplinary research field
that focuses on the interactions between the immune system
and bone at the anatomical, vascular, cellular, and molecular
levels [19–21]. Osteoimmunology provides new pathoge-
netic and clinical interpretations for osteoporosis [6]. Many
signaling factors and cytokines are involved in this field
[22]. However, osteoprotegerin (OPG)/the receptor activa-
tor of nuclear factor-kappa B (RANK)/RANK ligand
(RANKL) signaling is a key vinculum that is essential for
osteoclastogenesis and immune regulation [4, 23]. Proin-
flammatory cytokines, such as tumor necrosis factor-
(TNF-) α, interleukin- (IL-) 1, and IL-17, also play pivotal
roles in osteoimmunology [24]. Therefore, abnormalities of
the immune system may cause bone diseases, such as osteo-
porosis and inflammatory bone loss [25]. Balancing the
immune response promotes the formation of bone tissue,
so as to improve osteoporosis.

2.1. RANK/RANKL/OPG Signaling Pathway. A functional
imbalance between osteoblasts and osteoclasts causes osteo-
porosis. As a hallmark of osteoporosis, the increased activa-
tion of osteoclasts results in the progressive loss of bone
mass and an increased susceptibility to bone fractures.
RANKL is a TNF family cytokine that is primarily expressed
by osteoblasts and also secreted by bonemarrow stromal cells
(BMSCs), preosteoblasts, osteocytes, fibroblasts, and cells of
the immune system, including antigen-stimulated T cells
and mature dendritic cells. Osteoclast differentiation is initi-
ated via the binding of RANKL to RANK [26]. RANKL-
RANK interaction activates the master transcription factor
for osteoclastogenesis; nuclear factor of activated T cells,
cytoplasmic 1 (NFATc1); tartrate-resistant acid phospha-
tase; calcitonin receptor; and cathepsin K [27]. OPG is
produced by osteoblasts, BMSCs, B cells, and dendritic
cells, is a soluble decoy receptor for RANKL, and prevents
RANKL from binding to RANK on the surface of osteo-
clastic lineage cells [28, 29]. The relative ratio of RANKL
to OPG is the critical determinant and the final step in
the regulation of osteoclast biology and bone resorption.
Therefore, dysregulation of the immune system may affect
bone remodeling, and the immune system regulates bone
metabolism primarily via the RANK/RANKL/OPG signaling
pathway [30–33]. Various osteotropic hormones, cytokines,
and drugs modulate the RANKL-to-OPG ratio [32, 34, 35].

2.2. Immune Cell

2.2.1. T Cells. The primary pathological process of osteoporo-
sis is the imbalance of bone resorption and bone formation
during bone remodeling. T cells regulate bone cells and
hematopoiesis in the immune system, and these cells secrete
inflammatory factors and Wnt ligands to promote bone
formation and absorption [2, 3, 36]. T cells also regulate the
dynamic balance of metabolism between bone mesenchymal
cells and osteoblasts via CD40 ligands and costimulatory

molecules [37]. However, the stimulating and inhibiting
effects of T cells are related to their subsets, cytokines, and
local factors.

T cells may be generally classified as effector-cytotoxic T
cells (CD8+ cells) and T helper (Th) cells (CD4+ cells). CD4+

T cells develop into diverse Th cell subsets on activation and
expansion and secrete signature cytokine profiles and medi-
ate distinct effector functions [38]. T cells were divided into
Th1 or Th2 cells depending on the cytokines produced, with
Th1 producing IFN-γ and IL-2 and Th2 producing primarily
IL-4/IL-5/IL-10, until recently. Regulatory T cells (Tregs,
CD4+CD25+Foxp3+) exhibit immune suppressive effects in
the immune system, regulate bone remodeling, and are
closely linked to skeletal-related disease, such as osteopo-
rosis and rheumatoid arthritis (RA) [39, 40]. Tregs sup-
press osteoclastogenesis via the production of transforming
growth factor- (TGF-) β, IL-10, and IL-4 [41, 42] and also
regulate osteoclast differentiation via the cytotoxic T lym-
phocyte antigen (CTLA-4) [43, 44].

A third subset of IL-17-producing effector Th cells, called
Th17 cells, was more recently discovered and characterized.
Th17 cells play an important role in the pathogenesis of
osteoporosis and directly produce high levels of IL-17,
RANKL, and TNF to promote the formation and activa-
tion of osteoclasts [38, 45, 46]. Th17 cell populations
and IL-17 levels were obviously increased in an osteoporo-
sis model of ovariectomized (OVX) animals. Transcription
factors related to Th17 cell differentiation are highly
expressed [47]. IL-17 significantly promotes the production
of RANKL, IL-6, and TNF, which promote bone resorption
via upregulation of osteoclast formation [48, 49]. Th17 cells
are responsible for regulating osteoclastogenesis, especially
in autoimmune arthritis.

2.2.2. B Cells. The role of B cells in osteoimmunological inter-
actions has been a matter of great concern. To our knowl-
edge, B cells are active regulators of the RANK/RANKL/
OPG system [23]. Bone-forming osteoblasts and BMSCs
have historically been considered an important source of
OPG under conditions of physiological bone remodeling.
However, some studies demonstrated that B cells and plasma
cells in the bone microenvironment are significant sources of
OPG [50–52], which is a neutralizing soluble decoy receptor
that competes with RANKL, thus blocking the binding of
RANKL and RANK, which eliminates the effect of RANKL
on osteoclasts [53]. However, other studies also demon-
strated that activated B cells contributed to joint destruction
via RANKL expression [54–57]. Xu et al. further demon-
strated that mechanistic target of rapamycin complex 1
activation-stimulated RANKL expression in B cells suffi-
ciently induced bone loss and osteoporosis [58].

2.3. Cytokines. A variety of cytokines are involved in the
pathogenic process of osteoporosis. Recent studies showed
that women with low bone mineral density (BMD) exhibited
a proresorptive cytokine bias [59]. The proresorptive cyto-
kines TNF, IL-6, IL-12, and IL-17 were higher in women with
low BMD compared to women with normal BMD, and the
antiresorptive cytokines IL-4, IL-10, and IL-23 were lower
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in peripheral blood mononuclear cells (PBMCs). Estrogen
decrease after menopause exerts the same stimulating effect,
which increases osteoclastic activity via IL-1, IL-6, and
TNF-α [60, 61]. IL-1 is a very important cytokine in osteoim-
munological processes, and it acts as the primary stimulus of
osteoclast-activating factor. TNF-α and IL-6 possess the
same bone resorbing stimulating activity, and these three
cytokines increase the osteoclast response to RANKL, which
leads to osteolysis. OPG/RANK/RANKL signaling is the
most important vinculum for osteoclastogenesis, and most
cytokines exert effects via this pathway. RANKL and macro-
phage colony-stimulating factor (M-CSF) are the minimal
necessary cytokines required for osteoclast formation [61].
M-CSF induces the proliferation and differentiation of osteo-
clast precursors and improves the survival of mature osteo-
clasts. Other inflammatory cytokines, such as IL-4, IL-10,
IL-12, IL-13, IL-18, and interferon-γ, strongly inhibit osteo-
clastogenesis and reduce bone loss [62–65].

2.4. Autoimmune Diseases. Autoimmune diseases, such as
RA, ankylosing spondylitis (AS), systemic lupus erythema-
tous, and acquired immune deficiency syndrome, involve
the damage to joints and bone. RA is characterized by syno-
vial inflammation that results in severe juxta-articular bone
erosions and systemic osteoporosis. Previous research
showed a greater risk of osteoporotic fractures in RA patients
across all age groups, sex, and various anatomic sites com-
pared to non-RA patients [66]. Lower BMD of the lumbar
spine and hip was reported in AS patients compared to a
control group [67], and 21% of AS patients exhibited osteo-
porotic vertebral compression fractures, which was 5 times
greater than the control population [68].

Associations between osteoclast and proinflammatory
cytokines may partially explain the cause of osteoporosis
in autoimmune diseases. Active immune cells at sites of
inflammation produce proinflammatory and osteoclasto-
genic cytokines, which lead to bone erosions and peri-
inflammatory and systemic bone loss. Proinflammatory cyto-
kines, such as TNF-α, IL-1, IL-6, and IL-17, are higher in RA
patients, which increase RANKL expression and cause bone
loss [69]. Peri-inflammatory bone formation is impaired,
which results in nonhealing of erosions and a local vicious
circle of inflammation between synovitis, osteitis, and local
bone loss.

3. Immunoregulation Mechanisms of Chinese
Medicinal Plants in the Prevention and
Treatment of Osteoporosis

Many plants in China are used for the prevention and
treatment of bone and joint diseases, such as bone pain,
osteoporosis, osteoarthritis, and RA. Compounds consist-
ing primarily of these plants, such as Liuwei Dihuang pills
(LWDHP) and Zuo-Gui-Wan (ZGW), play important
roles in clinical treatment. Many studies investigated the
important role in prevention and treatment of osteoporosis
[70], and rapid progress has been made in delineating the
mechanisms. Therefore, we discuss and summarize the

mechanism of some representative Chinese medicinal plants
and compounds, especially immunoregulation (Table 1).

3.1. Chinese Medical Plants and Its Monomer

3.1.1. Sinomenium acutum (Thunb.) Rehd. et Wils. and SIN.
Sinomenium acutum (Thunb.) Rehd. et Wils. has been used
as a natural drug to treat rheumatic diseases in China for cen-
turies. SIN was isolated from the root and stem of Sinome-
nium acutum (Thunb.) Rehd. et Wils. in the 1920s [71], and
it exhibited good anti-inflammatory and immunoregulatory
properties [72].

Liu et al. [73] found that SIN significantly inhibited [3H]-
thymidine incorporation into mouse spleen cells activated
with concanavalin A. The Th1-specific transcription factor
T-bet is selectively expressed in Th1 cells and plays an impor-
tant role in the development of Th1 cells via initiation of Th1
genetic processes and inhibition of the synthesis of Th2 cyto-
kines. GATA-3 is a Th2 cell-specific transcription factor that
is directly involved in the regulation of the differentiation of
T lymphocytes, induces the generation of Th2 cells, eosino-
phil differentiation, and the regulation of eosinophil and
natural killer cells; GATA-3 also inhibits the CD8+ T lymph
cell differentiation and maturation. One clinical trial dem-
onstrated that SIN decreased the expression of T-bet
mRNA and IFN-γ and regulated the ratio of T-bet and
GATA-3 and Th1/Th2 cytokine balance in mesangial pro-
liferative nephritis [74]. The novel derivatives of SIN
directly inhibited Th17 cell differentiation and alleviated
the inflammatory symptoms of experimental autoimmune
encephalomyelitis [75].

SIN is widely used in the treatment of inflammatory dis-
eases, especially RA. SIN significantly improved arthritis in
rats via inhibition of synovial fibroblast proliferation and
anti-type II collagen antibody levels [76, 77] and regulation
of Th1/Th2 and the ratio of MMPs and their endogenous
inhibitors, called TIMPs [77, 78]. Recent studies demon-
strated that SIN modulated bone metabolism via suppression
of osteoclastogenesis and related transduction signals. Li
et al. demonstrated that SIN suppressed osteoclast formation
and bone loss via modulation of RANKL signaling pathways
[79] and Zhou et al. [80] revealed that SIN was a proinflam-
matory mediator that regulated the immunosuppressive
effects of marrow stromal cells and inhibited osteoclast dif-
ferentiation via inhibition of the PGE2-induced OPG/
RANKL ratio. Further studies revealed that SIN inhibited
the activation and relative gene expression of NF-κB, AP-1,
and NFAT and downregulated phosphorylation of MAPK
p38 in osteoclastogenesis via reduction of Toll-like receptor
4/TRAF6 expression [81]. Therefore, SIN may be a promis-
ing agent for the treatment of osteoporosis.

3.1.2. Davallia mariesii Moore ex Bak. and Naringin. Narin-
gin is widely distributed in various types of plants, and it is
a major component extracted from the Chinese medicinal
herb Davallia mariesii Moore ex Bak. This herb exhibits
inhibitory effects on inflammatory responses and bone
destruction and anabolic effects on bone in clinical treatment.
The experimental results confirmed that naringin inhibited
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inflammation via reduction of inflammatory cytokine and
NF-κB expression [82].

Naringin exhibited some therapeutic effects on osteopo-
rosis in animal experiments. Naringin inhibited tartrate-
resistant acid phosphatase activity, decreased RANKL
expression, inhibited osteoclast activity, reduced bone loss,
and decreased BMD, which altered bone resorption. Fur-
ther study demonstrated that naringin inhibited osteoclast
activity via inhibition of RANK-mediated NF-kappaB and
extracellular regulated protein kinase signaling [83]. Narin-
gin increased osteoblast proliferation by increasing BMP-2
expression via PI3K, Akt, c-Fos/c-Jun, and the AP-1 pathway
[84]. Wong et al. and Pang et al. also found that naringin
increased osteopontin and osteoprotegerin expression and
osteocalcin [85, 86]. Naringin promoted the osteogenic dif-
ferentiation of BMSCs by upregulating Foxc2 expression via
the IHH signaling pathway [87].

3.1.3. Epimedium davidii Franch., Icariin, and Icaritin. Epi-
medium davidii Franch. has been used for centuries to treat
osteoporosis, based on the function of “strengthening”
bones. Icariin is the primary active flavonoid glucoside iso-
lated from Epimedium davidii Franch., and it is highly
related to the therapeutic effects of this herb. However,
its bone-strengthening activity attracted much more atten-
tion in recent years. Icariin enhances antiosteoporotic
activity by initiating osteoblastic differentiation and miner-
alization, inhibiting adipogenesis, preventing osteoclast dif-
ferentiation, and inducing apoptosis of osteoclasts, which
decrease bone resorption and bone loss [88–92]. Liu
et al.’s research indicated that icariin suppressed the differ-
entiation of mesenchymal stem cells into adipocytes via
inhibition of peroxisome proliferator-activated receptor
gamma, CCAAT/enhancer binding protein α, fatty acid-
binding protein 4 mRNA, N1ICD, and jagged1 protein
expression and increasing Notch2 mRNA in OVX rats,
which improved osteoporosis [93]. Further research indi-
cated that icariin also promoted bone fracture healing in
OVX osteoporotic rats [94, 95]. Icariin could increase the
proliferation and matrix mineralization of osteoblasts and
promote NO synthesis. Further study showed that with
icariin treatment, the BMP-2, SMAD4, Cbfa1/Runx2, and
OPG gene expressions were upregulated; the RANKL gene
expression was however downregulated. This effect may
contribute to its action on the induction of osteoblast pro-
liferation and differentiation, resulting in bone formation
[96]. Liang’s results also indicated that icariin could pro-
mote bone formation via the BMP-2/Smad4 signal path-
way in hFOB 1.19 cells then promote bone formation [97].

Icaritin, an internal metabolite of icariin, possesses
similar function with icariin. Icaritin inhibited osteoclast
formation via the downregulation of TRAF6 and coordinated
inhibition of NF-κB, MAPK/AP-1, and reactive oxygen spe-
cies signaling pathways to reduce NFATc1 expression and
activity in vitro and in an OVX rat [98]. Wu et al. and Sheng
et al. indicated that icaritin enhanced the osteogenic differen-
tiation of derived mesenchymal stem cells and human adi-
pose tissue-derived stem cells by increasing the protein
levels of BMPs, Runx2, and osteocalcin [99] and inhibiting

adipogenesis of marrow mesenchymal stem cells via sup-
pression of glycogen synthase kinase-3β and peroxisome
proliferator-activated receptor gamma [100].

3.1.4. Eucommia ulmoides and Quercetin. Eucommia
ulmoides is a kidney-tonifying herbal medicine in China with
a long history for treatment of bone and joint diseases, such
as osteoporosis, osteoarthritis, and RA. Eucommia ulmoides
and its extracts participate in bone metabolism via activation
of osteoblasts to facilitate osteogenesis and suppression of
osteoclast activity to inhibit osteolysis [101]. In vivo studies
showed that extracts of Eucommia ulmoides improve bone
biomechanical quality via modification of BMD and trabecu-
lar microarchitecture in OVX rats [102–105]. In vitro
evidence suggests that extracts of Eucommia ulmoides could
induce primary osteoblastic cell proliferation and differentia-
tion and inhibit osteoclastogenesis via an increase in OPG
and decrease in RANKL expression [106].

An ethanol extract of Eucommia ulmoides relieved arthri-
tis degradation via inhibition of the key proinflammatory
cytokines TNF-α, IL17, and IL-1β and increases the anti-
inflammatory effects of IL-10 [107]. The PI3K/Akt pathway
may play an important role in this process. Eucommia
ulmoides also inhibited the progression of osteoarthritis via
inhibition of the PI3K/Akt pathway to reduce inflammatory
cytokines, bone destruction, and bone loss [108, 109].

The flavonol glycoside quercetin was isolated from the
leaves of Eucommia ulmoides, and its structure was identified
using NMR and ESIMS analyses [110]. Quercetin exhibited
soluble epoxide hydrolase inhibitory activity and anti-
inflammatory properties, partially because of its capacity to
downmodulate the NF-κB signal transduction pathway
[111–114]. Quercetin suppressed osteoclastogenesis in vitro
and prevented bone loss in OVX mice in vivo [115, 116].
Yamaguchi and Weitzmann found that quercetin potently
suppressed osteoclastogenesis and RANKL-induced NF-κB
activation in osteoclast precursors [117]. Guo et al. also found
that quercetin inhibited RANK, TRAF6, and COX-2 expres-
sion, induced apoptosis, and inhibited bone resorptive activ-
ity in LPS-induced mature osteoclasts. Quercetin promoted
the apoptotic signaling pathway, including increasing the
phosphorylation of p38-MAPK, c-Jun N-terminal kinases/
stress-activated protein kinases (JNK/SAPK), and Bax and
inhibited Bcl-2 expression [118]. Some studies demonstrated
that quercetin exerted a stimulatory effect on bone formation
and reversed the inhibition of osteoblast differentiation
induced by LPS via MAPK signaling in vitro [119, 120].

3.1.5. Other Chinese Medicinal Plants and Monomers. Many
Chinese medicinal plants and monomers effectively treat
osteoporosis. Echinacoside is isolated from Cistanchetubu-
losa (Schrenk) R. Wight stems, and it exhibited notable anti-
osteoporotic effects in an OVX rat model of osteoporosis and
enhanced bone regeneration in MC3T3-E1 cells in vitro
[121]. Radix Dipsaci has long been used as an antiosteoporo-
tic drug. Radix Dipsaci total saponins are the main active
ingredient of Radix Dipsaci, and this component effectively
suppressed the loss of bone mass in OVX rats [122]. Achyr-
anthes bidentata Blume. improved bone biomechanical
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quality via modifications of BMD6 and trabecular micro-
architecture, which prevented OVX-induced osteoporosis
in rats [123]. Achyranthes bidentata Blume. and Panax noto-
ginseng saponin are the main active components of Panax
notoginseng that prevent OVX-induced osteoporosis via
enhancement of BMD, bone strength, and prevention of the
deterioration of trabecular microarchitecture in OVX osteo-
porosis rats [124]. Diarylheptanoid from Curcuma comosa
Roxb. decreased NFATc1 and c-Fos expression via the
MAPK pathway and inhibited RANKL-induced osteoclast
differentiation [125]. The natural compound Polygonatum
sibiricum polysaccharide promoted osteoblastic differentia-
tion and mineralization via the ERK/GSK-3β/β-catenin
signaling pathways [126]. These studies provide a therapeu-
tic approach for the use of Chinese plants in the prevention
of osteoporosis.

3.2. Compound Recipes of Medicinal Plants

3.2.1. LWDHP. As a classic formula of traditional Chinese
medicine, LWDHP has been used to prevent and treat
various diseases with characteristic features of kidney yin
deficiency in China for more than 1000 years. LWDHP is
widely prescribed as therapy or adjuvant therapy for various
diseases, such as menopause, osteoporosis, and diabetes.
LWDHP exhibits a wide range of pharmacological effects
via regulation of the balance of the neuroendocrine immuno-
modulation network [127].

LWDHP exhibits bidirectional regulation to the immune
system. LWDHP exerted its pharmacological action via
immunomodulation rather than immunosuppression, which
differs from Cy and CsA [128]. Jian et al. demonstrated that
LWDHP significantly inhibited the mRNA expression of
IL-1 (Th1 cytokines) and promoted the expression of IFN-γ
(Th1 cytokines), IL-4 (Th2 cytokines), and IL-10 (Th2
cytokines) in splenocytes of AA rats. These results indi-
cated that LWDHP enhanced the function of splenic Th
cells via restoration of Th1 and Th2 cytokine levels and
modulation of the balance of the Th1/Th2 [129]. LWDHP
also significantly improved the function of T and B lympho-
cytes in aging mice and corrected the imbalance of CD4+/
CD8+ T cells in the spleen.

The mechanism of LWDHP treatment of osteoporosis is
also related to its immunomodulatory function. The JAK/
STAT signaling pathway plays a vital role in bone metabo-
lism. LWDHP regulates immune function by increasing the
expression of the immune-related gene cardiotrophin-like
cytokine factor 1 and activation of the JAK/STAT signaling
pathway to treat postmenopausal osteoporosis with kidney
yin deficiency [130]. Xia et al. suggested that LWDHP could
alleviate osteoporosis partially via a significant enhancement
in the levels of Lrp-5, β-catenin, Runx2, and Osx, which were
involved in the canonical Wnt/β-catenin signaling pathway
of osteoblasts, in osteoporosis model induced by ovariectomy
and in vitro experiments [131].

3.2.2. ZGW.The ZGW is another classical traditional Chinese
medicine (TCM) herbal prescription for tonifying kidney

yin. This prescription was recorded in Jing yue Quan shu,
which is a famous TCM book, in 1624A.D.

Our results showed that the ZGW significantly increased
the expression levels of Wnt1, low-density lipoprotein
receptor-related protein 5, and beta-catenin proteins in oste-
oblasts and BMSCs of glucocorticoid-induced osteoporosis
rats after eight weeks of administration [132]. These results
indicated that the ZGW prevented and treated osteoporosis,
and the Wnt signal transduction pathway played an impor-
tant role in this progress. The Th17/Treg paradigm plays a
vital role in the regulation of bone metabolism. Lai et al.
found that the ratio of Th17 and Treg shifted to Th17 in
estrogen-deficient OVX and aged mice. Treatment with
ZGW markedly enhanced BMD, decreased IL-6 and RORγt
expression, and significantly increased the level of Foxp3.
These results indicated that the ZGW could prevent bone
loss, and the mechanism was a Th17/Treg paradigm that
skewed towards Treg [133].

4. Conclusion

Many studies investigate the pathogenesis of osteoporosis,
and the immunological regulation of osteoporosis is a new
research hotspot that provides a new mechanism of the path-
ogenesis of osteoporosis. Immune and bone cells exist
together in the microenvironment of bone cavities, and these
cells share a variety of regulatory molecules. Many cytokines
in bone metabolism play a very important role in the prolif-
eration, differentiation, and activation of osteoclasts and
osteoblasts. However, the specific mechanisms of these cyto-
kines have not reached an indisputable conclusion, and the
role of many cytokines in the process of bone metabolism is
not clear.

The clinical efficacy of Chinese medicinal plants has
shown their advantages in the treatment of osteoporosis.
An increasing number of studies demonstrated that these
plants play an important role in the treatment of osteoporosis
by regulating the immune system, but more research is
required. Notably, the mechanism of action of traditional
Chinese medicine is not a single pathway, but it is multiroute
and multitargeted. Therefore, its regulation of the immune
system cannot be the only mechanism for the treatment
of osteoporosis. Our continued improvement in understand-
ing of the immunoregulatory mechanisms of osteoporosis
will further elucidate the immunoregulatory mechanism of
Chinese medicine for the treatment of osteoporosis.
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Matrine may be protective against colorectal cancer (CRC), but how it may work is unclear. Thus, we explored the underlying
mechanisms of matrine in CRC. Matrine-related proteins and CRC-related genes and therapeutic targets of matrine in CRC
were predicted using a network pharmacology approach. Five targets, including interleukin 6 (IL-6), the 26S proteasome, tumor
necrosis factor alpha (TNF-α), transforming growth factor beta 1 (TGF-β1) and p53, and corresponding high-mobility group
box 1 (HMGB1) signaling and T helper cell differentiation were thought to be associated with matrine’s mechanism. Expression
of predicted serum targets were verified in a 1,2-dimethylhydrazine dihydrochloride-induced CRC model rats that were treated
with matrine (ip) for 18 weeks. Data show that matrine suppressed CRC growth and decreased previously elevated expression of
IL-6, TNF-α, p53, and HMGB1. Matrine may have had a therapeutic effect on CRC via inhibition of HMGB1 signaling, and this
occurred through downregulation of IL-6, TNF-α, and HMGB1.

1. Introduction

Colorectal cancer (CRC) is a malignant colon or rectal
tumor and the third most common type of cancer,
accounting for ~10% of all cancer cases and ~715,000 pre-
mature deaths annually [1, 2]. Conservative drug treat-
ment, directed toward improving the quality of life and
symptoms, is an important component of CRC therapy.
Chinese herbal medicine has been used as an adjuvant
treatment for CRC, but few reports describe mechanistic
data for these compounds [3–5]. Matrine is a bioactive
component extracted from Sophora flavescens, and a few
studies have suggested that it may have anticancer activity
and may be used as an adjuvant treatment for CRC [6–8].
How matrine exerts an effect, however, is not clear.

Network pharmacology uses systems pharmacology to
help researchers to understand drug mechanisms of action
[9]. Network pharmacology approaches have been used for
drug discovery and design, and the development of bio-
markers for disease detection [9, 10]. In Chinese medicine,
the approach has been used to elucidate mechanisms of bio-
active components of some Chinese herbs [11, 12]. Thus, we
suggest that we can understand how matrine effects CRC
using a predicted component-target network [13].

Using predicted targets of matrine for treating CRC
and a network pharmacology approach, we treated 1,2-
dimethylhydrazine dihydrochloride- (DMH-) induced
CRC rats with matrine and measured target expression
in serum to better understand how matrine may be
applied clinically.
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2. Materials and Methods

2.1. Matrine-Related Proteins. PubChem (http://pubchem.
ncbi.nlm.nih.gov/) was searched for matrine-related
proteins (until November 16, 2015). Because the proteins
could be cross-referenced to other National Center for
Biotechnology Information (NCBI) databases, the proteins
that were tested in bioassays were collected [12]. Nineteen
matrine-related proteins were included in the study (Supple-
mentary Table 1).

2.2. CRC-Related Genes. CRC-related genes were searched in
the NCBI Gene database (http://www.ncbi.nlm.nih.gov/
gene) using the key words “colorectal cancer” (until
November 16, 2015) [12]. Thirty-five CRC-related genes
were included in the study (Supplementary Table 2).

2.3. Network Pharmacological Analysis Using Ingenuity
Pathways Analysis. CRC-related genes and matrine-related
proteins were uploaded into the Ingenuity Pathways Analysis
Platform (IPA, http://www.ingenuity.com), which enabled
the discovery, visualization, and exploration of molecular
interactions to identify the biological mechanisms, pathways,
and functions most relevant to genes or proteins of interest.
The “core analysis” platform in the IPA was used to assess
the uploaded genes and proteins. Scores were negative base
10 logarithms of Fisher’s exact test p value in the pathway
analysis. Significance values for biological functions were
assigned to each network by determining p values for gene
enrichment in the network by comparing these data with
the Ingenuity Pathway Knowledge Base [14].

2.4. Matrine Solution and Reagents. The matrine ampule
(5ml, 80mg) was purchased from Baiyunshan Pharmaceuti-
cal Co. Ltd. (Guangzhou, China; batch number 20151203),
and it was diluted with 10% glucose solution. DMH was
purchased from Puzhen Biological Technology Co. Ltd.
(Shanghai, China; CAS 306-37-6). ELISA kits used in this
study included rat interleukin 6 (IL-6), tumor necrosis fac-
tor alpha (TNF-α), high-mobility group box 1 (HMGB1)
and transforming growth factor beta 1 (TGF-β1) ELISA
kits (Enzyme-Linked Biotechnology Co. Ltd., Shanghai,
China), a rat 26S proteasome ELISA kit (Bio-Medical
Assay Co. Ltd., Beijing, China), and a rat tumor protein
p53 (p53) ELISA kit (BD Biosciences, CA).

2.5. Experimental Rats, Modeling, and Grouping. A total of 32
male Wistar rats (80–100 g; license number SCXK 2016-007)
were obtained from the Experimental Animal Center of the
Beijing Capital University of Medical Sciences (China). All
rats were housed in a temperature-, humidity-, and light-
controlled environment, and food and tap water were
provided ad libitum. The light-dark cycle was 12 hours (light
phase from 06:00 to 18:00). All rats were acclimated in their
cages for seven days prior to any experiments. The rodent
license for the laboratory (number SYXK 11-00-0039) was
issued by the Science and Technology Ministry of China. A
colorectal carcinogenesis model was induced in rats using
DMH once per week (30mg/kg, sc) for 18 weeks [15]. Four
experimental groups (n = 8/group) were established as

follows: healthy controls; CRC model controls; and CRC
model rats given low (LM) or high (HM) doses of matrine.
All animal experimentation was performed under the Pre-
vention of Cruelty to Animals Act (1986) of China and
the NIH Guidelines for the Care and Use of Laboratory
Animals (USA).

2.6. Treatment Schedule. Matrine doses used in the rats were
equivalent to clinically relevant human adult doses based on
an established formula for human-rat drug conversion. After
all rats were acclimatized and grouped, the LM and HM
groups received 15 and 30mg/kg (ip) injections of matrine
solution, every three days for 18 weeks. Meanwhile, all rats
except for controls underwent colorectal carcinogenesis
induction with DMH. Rats were observed daily, and at the
end of the experiment, rats were sacrificed and their periph-
eral blood and colons were collected for analysis.

2.7. ELISA. To determine whether matrine administration
affected expression of predicted target proteins (IL-6, 26S
proteasome, TNF-α, TGF-β1, p53, and HMGB1) in the
serum, protein expression was measured using commercial
rat ELISA kits according to the manufacturer’s instructions.

2.8. Statistical Analysis. Experimental results were expressed
as the means± SD. Statistical differences were analyzed by
one-way ANOVA using SPSS Statistics 23. All statistical tests
and corresponding p values were two sided, and p < 0 05 was
considered statistically significant.

3. Results

3.1. Diseases or Disorders Associated with Matrine-Related
Proteins. Based on IPA analysis, matrine-related proteins
were significantly associated with 22 diseases or disorders
(Figure 1). The top five diseases or disorders, in order,
were cancer, inflammatory responses, gastrointestinal dis-
ease, hepatic system disease, and infectious diseases. These
data suggest that matrine may be a candidate treatment
for cancer.

3.2. Networks Associated with Matrine-Related Proteins. Two
matrine molecular networks were established based on
matrine-related proteins. As shown in Figure 2(a), some
molecules in the network were linked to specific functions,
including T helper (Th) cell differentiation, cytokine com-
munication between immune cells, and crosstalk between
dendritic cells and natural killer cells. Figure 2(b) describes
other specific functions. IPA data show that overall functions
of both networks included cell-to-cell signaling and interac-
tion, inflammatory responses, cellular growth and prolifera-
tion, and free radical scavenging. Thus, matrine may assist
with immune regulation and anti-inflammatory responses.

3.3. Networks Associated with CRC-Related Genes. Two CRC
networks were established based on CRC-related genes.
Figure 3(a) shows that molecules were linked to specific
functions, such as CRC metastasis and the molecular
mechanisms of cancer. Additionally, polyamine regulation
in colon cancer was a functional characteristic of the
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CRC networks (Figure 3(b)). Two CRC networks were
associated with inflammatory and gastrointestinal diseases
and organismal injury and abnormalities. This reflects
the pathogenesis of CRC.

3.4. Merging of the Matrine and CRC Networks. To predict
targets of matrine intervention in CRC, matrine and CRC
networks were compared, network dimensions were reduced,
and the networks were merged with the IPA. As shown in

Figure 4(a), five molecules, including IL-6, 26S proteasome,
TNF-α, TGF-β1, and TP53, were identified as common
linked molecules relevant to both matrine and CRC net-
works. According to the Ingenuity Knowledge Database,
HMGB1 signaling was the most significantly related pathway
for IL-6, TNF-α, and TGF-β1, and Th cell differentiation was
the most significantly relevant function for these proteins. IL-
6, TNF-α, and TGF-β1 were involved in HMGB1 signaling
(Figure 4(b)). Thus, these five highly linked molecules and
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Figure 1: Diseases or disorders associated with matrine-related proteins. Statistical significance gradually decreases from left to right.
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HMGB1 signaling were likely associated with the mechanism
of matrine for treating CRC, and they may be potential target
proteins of matrine.

3.5. Inhibitory Effect of Matrine on CRC Growth. Tumor
number, weight, and size for each rat were recorded to eval-
uate antitumor effects of matrine. Table 1 shows that com-
pared to the model group, tumors in matrine-treated
groups decreased. Additionally, tumor number, weight, and
size in matrine-treated groups were fewer, and the HM group
had the best outcome.

3.6. Effect of Matrine on Expression of Predicted Target
Proteins. IL-6, TNF-α, HMGB1, and p53 were increased in
the model group compared to the controls. Figure 5 shows
that after matrine treatment, IL-6 and HMGB1 in the HM
group decreased, and p53 in the LM group decreased. TNF-
α decreased in both matrine-treated groups. The decrease
in TNF-α in the HM group was more significant than that
in the LM group. No significant differences were found
among groups with respect to 26S proteasome and TGF-β1.

4. Discussion

CRC is a leading cause of cancer-related deaths worldwide,
and studies suggest that matrine may have antitumor effects
and could have potential for treating CRC. However, how
this occurs is not clear. A network pharmacology approach

to understand mechanistic aspects of drugs may offer novel
approaches for studying new compounds. We studied the
effect of matrine on rats with CRC using this network phar-
macology approach, and we observed that matrine signifi-
cantly suppressed CRC growth; this was associated with
dysregulation of specific proteins (IL-6, TNF-α, HMGB1,
and p53) and a corresponding pathway (HMGB1 signaling)
and a function (Th cell differentiation). To our knowledge,
this study is the first report about the anti-CRC mechanism
of matrine using network pharmacology.

IL-6 is mainly secreted by T cells and macrophages to
stimulate an immune response and cause inflammation. IL-
6 is critical for tumor microenvironment regulation and
may be a key regulator during colorectal tumorigenesis
via regulation of tumor-promoting inflammation [16–18].
Patients with advanced/metastatic cancer had high IL-6
[19, 20], and IL-6 expression was significantly elevated in
CRC tissues compared to noncancerous tissues and was
associated with invasiveness and lymph node metastasis
[21]. Anti-IL-6 therapy was initially developed for treating
autoimmune diseases, but the role of IL-6 in chronic
inflammation suggests that IL-6 blockade may be feasible
for cancer treatment [22, 23]. TNF-α is a cell signaling pro-
tein involved in systemic inflammation produced chiefly by
activated macrophages. TNF-α plays a pivotal role in malig-
nant cellular proliferation, angiogenesis, tissue invasion,
and metastasis in CRC [24]. A previous study demonstrated
that serum TNF-α may contribute to CRC susceptibility,
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and anti-TNF therapy was considered for CRC treatment
[25]. In this study, matrine reduced elevated IL-6 and TNF-
α in CRC, which was consistent with previous studies.
TGF-β1 is a protein secreted by most immune cells, and it
contributes to immune system control and performs cellular
functions, including control of cell growth, proliferation, dif-
ferentiation, and apoptosis [26]. A study showed that TGF-
β1 promoted CRC immune escape [27]. TGF-β1 was
increased in peripheral blood of CRC patients and may be
associated with tumor size and location [28, 29]. Matrine
did not affect TGF-β1 expression.

IL-6, TNF-α, and TGF-β1 are involved in HMGB1 sig-
naling. HMGB1 is secreted by immune cells such as

macrophages, monocytes, and dendritic cells, and it acts as a
cytokine mediator of inflammation [30–33]. HMGB1 signals
through the receptor for advanced glycation end-products
(RAGE), a multiligand receptor of the immunoglobulin
superfamily. Cell activation by HMGB1 causes release of pro-
inflammatory cytokines such as IL-6, TNF-α, and TGF-β1
[34]. HMGB1 is key to cancer development, progression,
and metastasis because it activates cancer cells, enhances
tumor angiogenesis, and suppresses host anticancer immu-
nity [35]. HMGB1 targeting has been identified as a potential
therapeutic strategy against cancer development, progres-
sion, and in particular, metastasis [36]. We found that along
with decreased IL-6 and TNF-α, matrine inhibited increases

Table 1: CRC in different groups (mean± SD).

Groups (n) Incidence (%) Number Weight (g) Size (cm3)

Control (8) 0 0 0 0

Model (8) 100 2.63± 0.74 0.89± 0.86 1.09± 0.65
LM (8) 87.5 2.25± 0.71 0.17± 0.21∗ 0.45± 0.50∗

HM (8) 75.0 1.50± 0.76∗∗ 0.15± 0.17∗ 0.28± 0.27∗∗

Note: matrine-administered groups compared to the model group. ∗P < 0 05, ∗∗P < 0 01.
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Figure 4: Common highly linked molecules and their most significantly related signaling pathways and functions in the “matrine-CRC”
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in HMGB1 in CRC, suggesting that HMGB1 and HMGB1
signaling may be relevant targets for CRC treatment.

p53 is a protein encoded by the TP53 gene, which is the
most frequently mutated gene in human cancers and is a
key to preventing cancer formation [37, 38]. TP53 was
thought to be a potential predictive biomarker for CRC
development and it has been used in the targeted therapy of
CRC [39–41]. Matrine decreased expression of p53 in CRC,
suggesting that targeting p53 might explain how matrine
affects CRC. Proteasomes are critical to the function of
the adaptive immune system by regulating expression of
proinflammatory cytokine TNF-α [42]. Increased protea-
some was correlated with autoimmune disease activity
[43]. Proteasome inhibitors were effective against tumors
in cell culture, inducing apoptosis by disrupting regulated
degradation of progrowth cell cycle proteins [44]. Target-
ing the proteasome may thus be promising for treating

CRC [45, 46]. Our data suggest that targeting the 26S pro-
teasome may explain how matrine affects CRC.

5. Conclusion

Inhibition of HMGB1 signaling characterized by abnormal
expression of specific proteins (IL-6, TNF-α, and HMGB1)
relevant to Th cell differentiation was likely the underlying
mechanism of CRC treatment by matrine. This finding might
facilitate the identification of new targets for CRC treatment
as well as offer information for novel targets and purported
mechanisms for Chinese herbal medicine.
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Objective. This study aimed to explore the immunoregulatory effect of flavonoids of blueberry (Vaccinium corymbosum L.) leaves
(FBL).Methods. The flavonoids of blueberry leaves were prepared with 70% ethanol and were identified by ultraperformance liquid
chromatography/quadrupole-time-of-flight mass spectrometry (UPLC/Q-Tof-MS). The immunoregulatory effect and possible
regulatory mechanisms of FBL were investigated in lipopolysaccharide- (LPS-) induced RAW 264.7 cells. Results. According to
the results of UPLC/Q-Tof-MS, nine flavonoids of blueberry leaves were identified. FBL showed a significant reduction in the
production of TNF-α in LPS-stimulated RAW 264.7 cells. FBL significantly decreased the expression of NF-κB p65 and P-NF-κB
p65 in LPS-induced RAW 264.7 cells in a dose-dependent manner. Conclusion. Our study showed the immunoregulatory effect of
FBL through the suppression of TNF-α via the NF-κB signal pathway.

1. Introduction

Immunoregulation refers to the regulation of the immune
system, such as stimulation, expression, amplification, or
inhibition of any portion or stage of the immune response
[1]. Inflammation is also part of the immunoregulation.
Among various immune-related cells, macrophages not only
phagocytose a variety of pathogenic microorganism, apopto-
tic cells, and tumor cells but also play important roles in the
innate and adaptive immune responses [2]. Once infected
with activation factors, macrophages release various inflam-
matory cytokines, including tumor necrosis factor-alpha
(TNF-α), interleukin-1beta (IL-1β), and interleukin-6 (IL-6)
[3]. These cytokines subsequently promote the activation
and production of macrophages, then lead to macrophage
infiltration and induce a local inflammatory response [4].

Many studies of the molecular mechanism of inflammation
have shown that the nuclear factor-kappa B (NF-κB) signal
pathways [5–8], which are closely related to macrophages’
growth and proliferation, play an important role in themolec-
ularmechanism of inflammation. p65 is one of the subunits of
theNF-κB transcription factor protein family [9]. The hetero-
dimers of p65 and p50 play a major role in the NF-κB signal
pathway. p65 is associated with DNA binding, dimerization,
transcriptional activation, and nuclear translocation [9, 10].
The phosphorylation of IκBs in stimulating cells by an inducer
could lead to activating the NF-κB signal pathway. Then,
NF-kB signal pathway activation would lead to transducing
a signal from the cell surface to the nucleus [11].

Blueberry, also named cranberry, is perennial deciduous
or evergreen shrubs of Vaccinium corymbosum L. [12]. A
growing number of studies found that blueberry possesses
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several bioactivities such as antioxidation, free radical scav-
enging, anticancer, and lowering of blood pressure, plasma
lipid, and blood glucose [13–16]. It has been widely used as
health care products around the world. Blueberry leaves
mainly contain phenylpropanoid and flavonoids [17], such
as rutin, quercetin, kaempferol, and cyanidin-3-O-glu, which
are similar to those of the fruits [18]. However, there are few
studies about the bioactivities of blueberry leaves [8, 19].

In the present study, the chemical components of FBL
were analyzed and identified by UPLC/Q-Tof-MS. More-
over, TNF-α was measured by ELISA, and NF-κB p65 and
P-NF-κB p65 in LPS-induced RAW 264.7 cells were exam-
ined by Western blot. This study showed that FBL were a
potential immune-adjusting reagent of the medicinal plant.

2. Materials and Methods

2.1. Chemicals and Materials. Indometacin tablets were
obtained from Linfen Qilin Pharmaceutical Co. Ltd. (Shanxi,
China). Dulbecco’s modified Eagle’s medium (DMEM)
and fetal bovine serum (FBS) were obtained from Gibco
(CA, USA). LPS and 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2-H-tetrazolium bromide (MTT) were purchased
from Sigma-Aldrich Chemical (St. Louis, MO, USA). The
enzyme-linked immunosorbent assay (ELISA) transcriptase
kits for TNF-α were purchased from CUSABIO (Wuhan,
China). The primary antibodies anti-NF-κB p65 antibody
and anti-P-NF-κB p65 antibody were purchased from
Abcam (Cambridge Science Park, UK). Peroxidase-labeled
rabbit anti-mouse, sheep anti-rabbit immunoglobulin, and
an enhanced chemiluminescence (ECL) detection system
were obtained from Amersham (Arlington Heights, IL,
USA). All other chemicals were purchased from Sigma-
Aldrich Chemical. The dried leaves of blueberry were
purchased from Jiangsu, China.

2.2. Preparation of FBL. The dried leaves of blueberry (20 kg)
were first extracted for three times with 95% ethanol. The
obtained extract was separated by macroporous resin D101.
The 70% ethanol product was prepared into lyophilized
FBL powder (17.0 g).

2.3. UPLC/Q-Tof-MS Analysis of FBL. Lyophilized FBL
powder (0.01 g) was dissolved in 1mL 3% DMSO (v/v). The
FBL solution was solubilized by ultrasonic treatment for
5min. Then, it was centrifuged at 15,000 rpm for 10min.
The supernatant was filtered through a 0.22μm syringe filter
to be the stock solution of FBL. 50μL of the stock solution
was transferred to a 1.5mL tube, and 950μL of distilled water
was added. The resulting solution was injected into the UPLC
system for qualitative analysis.

The FBL sample was analyzed with the Waters Xevo G2
Q-Tof/UPLC system. Chromatographic separation was
performed on a reversed-phase stationary phase (Agilent
ZORBAX SB-Aq C18 column: 100mm× 2.1mm, 3.5μm)
with an injection volume of 3μL. The mobile phase consisted
of acetonitrile (A) and 0.1% formic acid (B) with a flow rate
of 0.4mL/min at 30°C. The gradient program was set as
follows: 15% to 25% A at 0.0–20.0min and 25% to 37% A

at 20.0–22.0min. The interface between UPLC and Q-Tof
was the ESI source with the electrospray inlet operated in
the negative mode. The column effluent was introduced into
Q-Tof. Detection of the ions was performed in the full-scan
mode. Data acquisition range (m/z) is 150 to 1000. Ion source
parameters were as follows: capillary voltage: 3200V, cone
hole voltage: 30V, ion source temperature: 100°C, desolvent
temperature: 350°C, volume flow rate of atomization gas
(N2): 60 L/h, volume flow rate of desolvent gas (N2): 600 L/h,
and collision energy (CE): 20 to 50V. The analytical data were
processed by the Masslynx software.

2.4. Cell Lines and Cell Culture. The murine macrophage cell
line RAW 264.7 cells were obtained from the Institute of
Biochemistry and Cell Biology (Shanghai, China). Cells were
cultured in DMEMwith 10% FBS, penicillin (100U/mL), and
streptomycin (100μg/mL) in a humidified atmosphere with
5% CO2 at 37

°C.

2.5. Determination of Cell Viability. Cell viability was mea-
sured by the MTT assay. RAW 264.7 cells were seeded at a
density of 5× 105 cells/mL in 96-well plates. Then, various
concentrations of test samples were treated for 3 h, and cells
were continued to stimulate with 1μg/mL LPS for 24 h.
Subsequently, MTT solution was given a final concentration
of 0.5mg/mL with incubation for 4 h at 37°C. After formazan
was fully dissolved in DMSO, the absorption values were
measured at 570 nm (reference, 630 nm) on a microplate
reader. The cell viability in the control group (cells were
treated by LPS) was set as 100%.

2.6. Determination of FBL Treatment Duration. RAW 264.7
cells were seeded at a density of 5× 105 cells/mL in 96-well
plates. Then, cells were divided into 4 groups which were
respectively treated with 62.50μg/mL FBL solution for 3 h,
6 h, 12 h, and 24 h. Cells were continued to stimulate with
1μg/mL LPS for 24 h. Cell viability was measured by the
MTT assay as mentioned in Section 2.5. The control group
(treated without FBL and LPS) and model group (only
treated with LPS) were treated in parallel.

2.7. Determination of TNF-α by ELISA. RAW 264.7 cells were
divided into the positive group, high-dose FBL group,
middle-dose FBL group, and low-dose FBL group, which
were treated with 44.70mg/mL indometacin solution and
62.50, 15.62, and 3.91μg/mL FBL solution dissolved in
DMEM for 6 h, respectively, and continued to stimulate with
1μg/mL LPS for 24 h. RAW 264.7 cells in the model group
were just stimulated with 1μg/mL LPS for 24 h without the
6 h of pretreatment. RAW 264.7 cells in the control group
were treated with neither LPS nor FBL. The supernatant
was collected and mixed with the same volume of Griess
reagent for 15 minutes at room temperature in the dark.
The level of TNF-α in cultured media was determined by
selective ELISA kits according to the manufacturer’s instruc-
tions. The absorbance was detected on a microplate reader.

2.8. Western Blot Analysis. The macrophages in the above six
groups were collected and resuspended in RIPA lysis buffer
for 20min at 4°C. The protein concentrations of NF-κB p65
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and P-NF-κB p65 in the cell lysate were determined using a
DC Protein Assay. Equal amounts of protein from each sam-
ple were separated by sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) at 80V for 30min and then
at 120V for 90min and transferred onto the nitrocellulose
membrane. The membranes were then incubated overnight
at 4°C with the corresponding primary antibodies, followed
by incubation with the appropriate secondary antibodies
conjugated to horseradish peroxidase at room temperature
for 2 hours. The ECL detection system was used to monitor
the immune-reactive bands.

2.9. Statistical Analysis. All data are presented as mean± SD.
The data were analyzed by the unpaired t-test. All statistical
analyses were performed using SPSS 16.0 software (SPSS,
Chicago, IL, USA), and a value of P < 0 05 was accepted as
statistically significant. All figures reflect the data obtained
from at least three independent experiments.

3. Results

3.1. Identification of the Main Constituents in FBL. The major
components of FBL were perfectly analyzed by a developed
chromatographic method. The total ion chromatogram of
FBL detected with UPLC/Q-Tof-MS in a negative mode was
shown in Figure 1. The nine main constituents were detected
as shown in Table 1. Nine peaks were identified as myricetin
(1), rutin (2), myricetin-3′-rhamnoside (3), toxicarolisoflavone
(4), 3,3′,4′,5,7-pentahydroxy-6-(4-hydroxybenzyl)-flavanone
(5), iridin (6), quercetin (7), cyanidin-3-(6′-malonylglucoside)
(8), and kaempferol (9), respectively.

3.2. Effects of FBL on Cell Viability. The viability of RAW
264.7 cells treated with FBL solutions was shown in
Table 2. The results showed that the cell viability decreased
significantly at 125.00μg/mL and higher FBL concentra-
tions (P < 0 01), but there was no difference among 62.50,
31.25, 15.63, 7.81, and 3.91μg/mL groups. Therefore,
62.50μg/mL FBL was set as the high-dose group and then
15.63 and 3.91μg/mL FBL as the middle-dose and low-dose
groups, respectively.

3.3. FBL Treatment Duration of RAW 264.7 Cells. Cell viabil-
ity was determined via the MTT assay (Figure 2). The cell
viability of model groups compared with control groups
of different FBL treatment durations significantly increased
(P < 0 01). However, the cell viability of the FBL group
compared with model groups decreased significantly among
6, 12, and 24 h FBL treatment duration groups (P < 0 01).
These data indicated RAW 264.7 cells treated with FBL for
6 h inhibited cell proliferation effectively.

3.4. Effects of FBL on TNF-α Levels. The levels of TNF-α in
the culture media were measured by ELISA. As presented
in Figure 3, the concentrations of TNF-α in the model group
were increased significantly compared with those in the con-
trol group (P < 0 01). The levels of TNF-α in the positive
group were significantly decreased compared to those in the
model group (P < 0 05). The levels of TNF-α in the medium-
dose FBL and high-dose FBL groups were significantly
decreased compared to those in the model group (P < 0 05).
The levels of TNF-α in the high-dose FBL and low-dose FBL
groups were significantly different compared to those in the
medium-dose FBL group (P < 0 01). These data indicated
FBL negatively regulated the production of TNF-α at the tran-
scriptional and translational levels in LPS-induced RAW
264.7 cells in a concentration-dependent manner.

3.5. Effects of FBL on the Expression ofNF-κBp65 andP-NF-κB
p65. To identify whether FBL mediates its anti-inflammatory
activities by modulating NF-κB activation, the expression of
NF-κB p65 and P-NF-κB p65 in LPS-activated macrophages
treated with FBL was examined by Western blot (Figure 4).
The level of NF-κB p65 and P-NF-κB p65 proteins in the
model group was increased significantly compared with that
in the control group (P < 0 01). The level of NF-κB p65 and
P-NF-κBp65 proteins of the positive groupwas decreased sig-
nificantly compared to that in the model group (P < 0 01).
The concentrations of NF-κB p65 and P-NF-κB p65 of the
middle- and high-dose groups were decreased significantly
compared to those of the model group (P < 0 05). These
findings indicated that the anti-inflammatory action of FBL
is at least partially due to the inhibition of NF-κB-dependent
gene transcription.

4. Discussion

In this experiment, different columns and mobile phase
conditions were tested and the appropriate chromato-
graphic condition was obtained. Furthermore, the Q-Tof
and MS conditions were determined after several attempts.
The negative mode was selected because of better graphs
and data compared. The parameters capillary voltage, colli-
sion energies, and ion source temperature were determined
after multiple trials. The flavonoids of blueberry leaf (FBL)
extract were identified by UPLC/Q-Tof-MS, mainly con-
taining myricetin (1), rutin (2), myricetin-3′-rhamnoside
(3), toxicarolisoflavone (4), 3,3′,4′,5,7-pentahydroxy-6-(4-
hydroxybenzyl)-flavanone (5), iridin (6), quercetin (7),
cyanidin-3-(6′-malonylglucoside) (8), and kaempferol (9).
The constituents were identified on the basis of references

0 2 4 6 8 10 12 14 16 18 20 22
−0.1

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

(t/min)

×102

1

2

3 4

5

6

7

8 9

Figure 1: Total ion chromatogram of FBL in a negative mode. Peak
attribution: myricetin (1), rutin (2), myricetin-3′-rhamnoside (3),
toxicarolisoflavone (4), 3,3′,4′,5,7-pentahydroxy-6-(4-hydroxybenzyl)-
flavanone (5), iridin (6), quercetin (7), cyanidin-3-(6′-malonyl
glucoside) (8), and kaempferol (9).
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Table 1: Identification of nine constituents of FBL by UPLC/Q-TOF-MS.

Number RT/min Constituents
Elemental
composition

MS1/MS2

(m/z)
Chemical structures

1 2.7 Myricetin C15H10O8
317.0391 [M-H]−

179.0031, 151.0121, 109.0338

OH

OH

HO
OH

OH

OH

O

O

2 4.5 Rutin C27H30O16
609.1937 [M-H]−

301.0345, 300.0273

OH

OH

O

O

O
OOH OH

OO OH

OH

OH

OH

HO

HO

3 5.2 Myricetin-3′-rhamnoside C21H20O12
463.0771 [M-H]−

301.0293, 151.0093
OH

HO

O

OH

O

OH

OH

O

O

OH

OH

OH

4 8.5 Toxicarolisoflavone C23H22O7
409.1559 [M-H]−

179.0310, 161.0223

OO

O

O

O

O

OH

5 10.9 3,3′,4′,5,7-Pentahydroxy-6-
(4-hydroxybenzyl)-flavanone

C22H18O8
409.1484 [M-H]−

179.0357, 135.0451

HO O

OOH

OH

OH

OH

6 12.4 Iridin C24H26O13

521.1553 [M-H]−

359.1210, 315.1213, 297.1056,
163.0369

O

O

O

O

O
O

O
OH

OH

OH

OH

OH

OH

7 13.2 Quercetin C15H10O7
301.0283 [M-H]−

178.9975, 151.0028 HO O

OOH

OH

OH

OH

8 16.4 Cyanidin-3-(6′-malonyl-
glucoside)

C24H23O14
533.1048 [M-H]−

357.0873, 301.0362

OH

OH

OH

OH

O

O O

O

O

O+

OH

OH

OH

HO
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and mass spectrometry data, and several constituents were
identified based on the reference standards.

The macrophage-based innate immune response plays an
important role in congenital immune response. LPS-
stimulated RAW 264.7 murine macrophage cells are gener-
ally considered a suitable model to study the immunomodu-
latory and anti-inflammatory effects of drugs [20]. In this
study, the LPS-stimulated RAW 264.7 cell was prepared as
an inflammation model. Not only the levels of TNF-α but
also those of IL-6 were determined. After being stimulated
with LPS, RAW 264.7 cells induced and released inflamma-
tory factors IL-6 and TNF-α rapidly. The level of IL-6 showed
no difference among the three FBL dose groups compared to

the model group. This illustrated that FBL had no effects on
IL-6, which is related to the STAT signal pathway [21]. The
results of TNF-α indicated that FBL could regulate in a
concentration-dependent manner. Referenced to the studies
of the NF-κB signal pathway, the production of cytokine
TNF-α could activate the NF-κB signal pathway. Thus, the
following experiment was designed to focus on the NF-κB
signal pathway.

It has been reported that the nuclear transcription factor
NF-κB is involved in the transcriptional regulation of a vari-
ety of cytokines and inflammatory mediators [22], which can
specifically bind to a specific site of gene promoters and
enhancer sequences to promote transcription and expression
[23]. NF-κB p65 located in the cytoplasm would be
inactivated after binding to its inhibitor IκB [24]. When it
is subjected to external stimuli (such as LPS), IκBα

Table 1: Continued.

Number RT/min Constituents
Elemental
composition

MS1/MS2

(m/z)
Chemical structures

9 20.2 Kaempferol C15H10O6
285.0196 [M-H]−

159.0665, 93.0676

O

HO O

OH

OH

OH

Table 2: Effects of FBL on the viability of RAW 264.7 cells.

FBL (μg/mL) 500.00 250.00 125.00 62.50 31.25 15.63 7.81 3.91

Cell viability (%)
(X± S) 74.80± 4.59∗∗ 83.15± 1.76∗∗ 88.75± 1.78∗∗ 101.50± 1.97 100.84 + 4.32 101.05± 3.68 100.58± 2.76 100.33± 3.45

Control groups were treated only with 1 μg/mL LPS; the cell viability in the control group (cells were treated by LPS) was set as 100%. FBL groups were treated
with 1 μg/mL LPS and different concentrations of FBL. ∗∗P < 0 01 versus control group treated with only LPS.
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Figure 2: FBL treatment duration of RAW 264.7 cells. Control
groups were treated without LPS and FBL, model groups were
treated with only 1μg/mL LPS, and FBL groups were treated with
1μg/mL LPS and 62.50μg/mL FBL. ∗∗P < 0 01: FBL group versus
model group during the same treating time. ##P < 0 01: model
group versus control group during the same treating time.
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Figure 3: Effects of FBL on TNF-α levels in LPS-stimulated RAW
264.7 cells. Control group treated without LPS and FBL; model
group treated with only 1 μg/mL LPS for 24 h; positive group
treated with 44.70mg/mL indometacin for 6 h and 1μg/mL LPS
for 24 h; and FBL groups treated with 62.50, 15.62, and 3.91 μg/
mL FBL for 6 h, respectively, and 1μg/mL LPS for 24 h. ∗P < 0 05
and ∗∗P < 0 01 versus model group. ##P < 0 01 versus medium-
dose FBL group.
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phosphorylates, degrades, and dissociates from the NF-κB/
IκBα complex [25, 26]. The activated NF-κB p65 following
the translocation into the cell nucleus combines with the tar-
get gene promoter or enhancer [27]. It continued to rapidly
induce the synthesis and transcription of target gene mRNA.
In our study, the level of NF-κB pathway protein p65 and its
phosphorylated protein P-p65 was decreased in the high-
and middle-dose groups compared to the model group. The
result indicated that the FBL could inhibit the transcription
of the NF-κB-dependent gene. It also illustrated that the
anti-inflammatory of FBL is partially caused by inhibition
of NF-κB-dependent gene transcription.

5. Conclusion

In summary, nine flavonoids of blueberry leaves were identi-
fied by UPLC/Q-Tof-MS which are similar to those of the
blueberry fruit. The FBL could significantly reduce the expres-
sion and release of TNF-α in LPS-induced RAW 264.7 cells in
a dose-dependent manner. Furthermore, the results of p65

and P-p65 suggested that FBL inhibits inflammation-related
factor expression by suppressing the NF-κB signal pathway.
Our findings provided some reference for the further develop-
ment and utilization of the blueberry plant.
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Cervical spondylotic radiculopathy (CSR) is the most general form of spinal degenerative disease and is characterized by pain and
numbness of the neck and arm. Gentongping (GTP) granule, as a classical Chinese patent medicine, has been widely used in curing
CSR, whereas the underlying mechanism remains unclear. Therefore, the aim of this study is to explore the pharmacological
mechanisms of GTP on CSR. The rat model of CSR was induced by spinal cord injury (SCI). Our results showed that
GTP could significantly alleviate spontaneous pain as well as ameliorate gait. The HE staining and Western blot results
showed that GTP could increase the quantity of motoneuron and enhance the activation of peroxisome proliferator-activated
receptor gamma (PPAR-γ) in the spinal cord tissues. Meanwhile, immunofluorescence staining analysis indicated that GTP
could reduce the expression of TNF-α in the spinal cord tissues. Furthermore, the protein level of Bax was decreased whereas
the protein levels of Bcl-2 and NF200 were increased after the GTP treatment. These findings demonstrated that GTP might
modulate the PPAR-γ pathway by inhibiting the inflammatory response and apoptosis as well as by protecting the cytoskeletal
integrity of the spinal cord, ultimately play a neuroprotective role in CSR.

1. Introduction

Cervical spondylotic radiculopathy (CSR) is one of the most
general form of spinal degenerative disease [1]. The clinical
manifestations of CSR focus on pain and numbness of the
neck and arm as well as restricted neck movement, which
greatly impact the patient’s life and work [2]. The orthopedic
of TCM theory holds that both the static system and the
dynamic system are critical in maintaining normal position
and function of the cervical spine. The imbalance of both
static and dynamic forces can result in a degeneration of
posterior column stability and then lead to rapid degenera-
tion of the cervical intervertebral discs, thus causing a series
of syndromes distributed along the spinal nerve roots [3, 4].
However, poor understanding of the pathobiology of CSR
has limited the therapeutic progression of neurological

dysfunction [5]. The strategies currently approved for
treatment of CSR include operative treatment and nonop-
erative treatment categories (including drugs, traction,
physical therapy, functional exercise, etc.) [6, 7], in which
Chinese herbal medicine therapy has occupied an important
position [8–10].

Gentongping (GTP) granule is a classic traditional
Chinese medicine (TCM) granule refined from several
Chinese herbal medicines, such as Radix Paeoniae Alba,
Radix Puerariae, Carthamus tinctorius, and so forth. It is
widely produced in China in accordance with the China
Pharmacopoeia standard of quality control and generally
used for the treatment of cervical and lumbar spine
disease [11, 12]. In preparation technology studies, Zhu
et al. obtained a high-efficiency formulation [13]. High-
performance liquid chromatography (HPLC) was also
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repeatedly used in the determination of principal compo-
nent analysis of GTP [14, 15]. For pharmacodynamic eval-
uation, Chen et al. and Peng et al. observed the therapeutic
efficacy in improving the symptoms and signs of patients
with cervical spondylosis radiculopathy [16, 17]. Although
the herb product has been applied generally, the scientific
basis of GTP treatment on CSR remains unclear.

Network pharmacology, a novel research field that elabo-
rates the potential mechanisms of biological systems by ana-
lyzing diverse biological networks, may have the capacities to
address the relationship between complex Chinese herbal
medicine and disease [18]. According to our previous studies
[19–21], we have obtained structural information of the com-
posite compounds of each ingredient in GTP from TCM
Database@Taiwan [22] (http://tcm.cmu.edu.tw/), which is
currently the largest noncommercial TCM database world-
wide. In total, we collected the structural information of 15
compounds for Raidix Paeoniae Alba, 22 compounds for
Radix Puerariae, and 23 compounds for Carthamus tinctor-
ius. We found that Galuteolin was the main component
of Raidix Paeoniae Alba and arachidic acid was the main
component of Radix Puerariae and Carthamus tinctorius.
According to the PubChem database [23] (https://pubchem.
ncbi.nlm.nih.gov/), we searched for an important protein
peroxisomeproliferator-activated receptor gamma(PPAR-γ),
whichwas the target protein of arachidic acid (Supplementary
Table 1 available online at https://doi.org/10.1155/2017/
9152960). PPAR-γ and its downstreammolecules are involved
in nociception [24]. PPAR-γ coactivator, a cluster of nuclear
transcriptionalcoactivators,playsanimportantrole in several
metabolism procedures including mitochondrial biogene-
sis, thermogenesis, respiration, insulin secretion, and
gluconeogenesis, as well as the regulation of inflammation
[25, 26]. The PPAR-γ agonists have potential therapeu-
tic actions on nervous disorders, including neuropathic
pain, and have been regarded as promising therapeutic
strategies for spinal cord injury patients [27, 28]. Thus,
we speculated that the PPAR-γ pathway might be involved
in the GTP treatment of CSR for effective neuropathic
pain relief.

Spinal cord injury (SCI) results in a gradually amplified
necrotic area of cavitation, due to secondary neuronal death
accelerated by acute inflammation, edema, apoptosis, and
glial scarring [29–31]. Previous studies have shown that the
rat model of SCI is a clinically relevant model [32]. Therefore,
the purpose of this study was to implement the SCI model to
investigate the basic therapeutic mechanism of GTP on CSR
concerning the PPAR-γ pathway.

2. Materials and Methods

2.1. Animals. Forty male Sprague-Dawley (SD) rats with
mean weights of 190–210 g were obtained from Beijing Vital
River Laboratory Animal Technology Co. Ltd. (China). The
animals were maintained in a specific pathogen-free environ-
ment at an appropriate temperature and humidity and were
allowed free access to standard rodent chow and water. Body
weight was recorded once every three days. Before surgery,
the rats were kept in the cages for 7 days for adaptation to

the environment and the exercise [33]. The rodent license
of the laboratory (number SYXK-2010-0032) was issued
by the National Science and Technology Ministry of
China. Animal care and experimental protocols complied
with the Research Ethics Committee of 163 Institute of Basic
Theory of Chinese Medicine, China Academy of Chinese
Medical Sciences.

2.2. Spinal Cord Compression Model.Male SD rats were anes-
thetized with intraperitoneal injection of 10% chloral hydrate
(0.30mL/100 g). Then, the surgical area was shaved and dis-
infected with 75% ethanol and betadine [5]. A 3.5 cmmidline
incision was incised at the C4-T1 area in nuchal, and the skin
and superficial muscles were retracted, followed by the expo-
sure of the C4-C6 laminas. The cervical laminas were identi-
fied by counting from T1. After that, ligamentum flavumin of
C5-C6 and C6-C7 were resected, the periosteum of C6
lamina was removed, and then a nylon suture measuring
15mm long with a 0.5mm diameter was implanted under-
neath the C6 lamina. The dura mater underneath was
carefully separated from the lamina to avoid a tear and
cerebral spinal fluid (CSF) leak. In the animals assigned
to the sham operation group, the implantation passed
through the dorsal epidural space [34]. Multilayer tissue
closure was then performed [5]. After recovery on a heating
pad, the rats were housed in individual cages and given food
and water ad libitum.

2.3. Drug Preparation and Administration. After one week of
SCI operation, all rats received drug administration. The
drug concentrations and administration profiles were
implemented based on the specification and kinetic prop-
erties. The treatment group was administered with GTP
(Beijing Handian Pharmaceutical Co. Ltd., China) at a con-
centration of 0.32 g/100 g dissolved in saline solution. The
positive control group was administered with fenbid (Glaxo
Smith Kline Investment Co. Ltd., China) at a concentration
of 4mg/100 g dissolved in saline solution. The normal group,
sham group, and model group were all given with saline with
the same volume [35]. All rats were administered once a day
for 5 weeks before sacrificed.

2.4. Neurobehavioral Assessments. Animals received a neuro-
behavioral test on the seventh day after the SCI operation.
The rats were placed in an observation box. The duration
of left forepaw leaving from the bottom was recorded over
15min divided by 3 times, and the degree of spontaneous
pain was evaluated by the duration. Meanwhile, the postures
of rest and walk were monitored. The concrete process for
evaluating gait was executed according to the previous
study performed by Kawakami et al. and Dubuisson and
Dennis [36, 37], and the rating scale was recorded as follows:
1 =normal gait without forepaw deformity; 2 =normal gait
with a marked forepaw deformity such as flexed and/or
inverted paw or slight gait instability with a paw drop when
walking; and 3= severe gait instability with motor paresis of
the ipsilateral left forepaw. The assessment was implemented
once a week for a period of 6 weeks.
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2.5. Electrophysiology. At 6 weeks postsurgery, sensory-
evoked potentials (SEPs) were recorded in each group. The
rats were immobilized on a stereotaxic board in a prone posi-
tion. After removing interlaminar ligaments between C5 and
C6, two pairs of steel needle electrodes were positioned,
respectively, at C6 ganglion and Erb’s point for recording
evoked potentials. Another pair of steel needle electrodes
was inserted into the median nerve of the left forepaw
as stimulating electrodes. A constant current stimulus of
0.1ms in duration and 3.5mA in intensity was applied
at a rate of 2Hz. At a bandwidth of 10–3000Hz, a total of
800 SEPs were averaged and replicated. The evoked potential
amplitudes were measured as the voltage difference from the
peak of the first positive peak (P1) to the peak of the first
negative peak (N1) [5].

2.6. Histopathology. The specimens were immersed into
4% paraformaldehyde in 1x phosphate-buffered saline
(4% PFA) and stored at 4°C for fixation. After being fixed
for 48h, they were removed and placed in fresh fixative.
Fixed tissue samples were disposed of paraffin embedding
and dehydration routinely. A total of 5 serial cross sections

with thickness of 5 μm were obtained from each rat and
processed with hematoxylin and eosin (HE) staining. The
images were obtained using a light microscope (Carl Zeiss,
Germany). Motoneurons were identified by the presence
of large nuclei and Nissl bodies, which densely stained
in the cytoplasm [38]. All sections were evaluated mor-
phologically by the same pathologist who was blinded to
each group.

2.7. Western Blot Analysis. Cytosolic extracts were prepared
as described previously [39], with slight modifications.
Briefly, 2 cm tissue segments containing the lesion from each
rat were processed. The level of PPAR-γ, TNF-α, Bax, Bcl-2,
and NF200 was quantified in the cytosolic fraction from spi-
nal cord tissue. Protein concentration was determined with
the assay kit (Biotime Biotechnology, China). Proteins were
separated electrophoretically and transferred to nitrocellu-
lose membranes. Membranes were blocked with 5% (w/v)
nonfat dried milk in buffered saline for 45 minutes at room
temperature and subsequently probed with the following
specific antibodies: anti-PPAR-γ (1 : 1000, v/v, Abcam, UK),
anti-TNF-α (1 : 1000, v/v, Abcam, UK), anti-Bcl-2 (1 : 500,
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Figure 1: Effects of GTP on locomotor recovery and weight in rats. (a) Spontaneous pain. (b) Gait. (c)Weight. Compared to the model group,
GTP treatment significantly reduced the duration of spontaneous pain (P < 0 05). The data are expressed as the mean± SD, n = 8. ∗P < 0 05
versus model group.
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v/v, Abcam, UK), anti-Bax (1 : 2000, v/v, Abcam, UK), and
anti-NF200 (1 : 500, v/v, Abcam, UK) in 1×TBST, 5% w/v
bovine serum albumin (BSA) at 4°C overnight. Membranes
were incubated with peroxidase-conjugated goat anti-rabbit
IgG (1 : 2000, v/v, ZSGB Bio. Co. Ltd., Beijing, China) second-
ary antibody for 2 h at room temperature [40].

To ascertain if Western blots were loaded with equal
amounts of protein lysates, they were also incubated in
the presence of the antibody anti-GAPDH protein (1 : 1000,

v/v, Abcam, UK). Signals were detected with the chemilumi-
nescence detection system (Thermo Fisher Scientific Inc.,
USA), according to the manufacturer’s instructions [40].
Gel-Pro Plus Analyzer software (Media Cybernetics) was
used for integrated optical density (OD) analysis [35].

2.8. Immunofluorescence. Tissue samples were deparaffinized
and rehydrated, and after boiling in 0.1M citrate buffer for
1min, detection of TNF-α and GFAP was carried out. In
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Figure 2: Effects of GTP on somatosensory-evoked potentials (SEPs) after SCI in rats. (a, b, c, d, e) The electrophysiological detection at C6
ganglion. The evoked potential amplitudes were measured as the voltage difference from the peak of the first positive peak (P1) to the peak of
the negative peak (N1). (f) The GTP group had significantly higher peak amplitude than themodel group (P < 0 01). The data are expressed as
the mean± SD, n = 8. ∗∗P < 0 01 versus model group.
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order to minimize nonspecific adsorption, the sections
were incubated in 1% (v/v) bovine serum albumin in
PBS for 25min and then incubated with polyclonal rabbit
anti-TNF-α (1 : 100, v/v, Abcam, UK) and goat monoclonal
anti-GFAP (1 : 1000; v/v, Abcam, UK) antibody in a humidity
cabinet overnight at 4°C. Using PBS, the sections were
washed three times for 15min, followed by incubating with
anti-rabbit Alexa Fluor-488 antibody (1 : 200, v/v, Santa
Cruz, USA) and anti-goat Alexa Fluor-594 antibody
(1 : 200, v/v, Santa Cruz, USA) secondary antibody for 2 h
at room temperature. For nuclear staining, 1 μg/mL DAPI
in PBS was added and then rinsed for three times again.
Fluorescence quenching agent was added to maintain
fluorescence sensitization. All images were captured at a
magnification of 200x on a fluorescence microscope (Carl
Zeiss, Germany) [40].

2.9. TUNEL Staining. To determine the ability of GTP treat-
ment on preventing apoptotic cell death after SCI, terminal
deoxynucleotidyl transferase-mediated dUTP nick end label-
ing (TUNEL) was performed with the in situ cell death detec-
tion kit, POD (Roche Applied Science, USA). In order to
block endogenous peroxidase activity, the sections were
immersed in 3% H2O2 for 15min in the dark. Sections were
permeated with proteinase K solution (20 μg/mL in 10mM
Tris/HCl, pH7.5) at 37°C for 15min and then rinsed in
phosphate-buffered saline (PBS) for three times, followed
by application of TUNEL reaction mixture in a humidified
chamber at 37°C for 1 h. To label apoptotic cells, the sections
were then incubated for 30min at 37°C with converter-POD.
The sections were rinsed in PBS, treated with DAB substrate
solution, and washed again with PBS. The negative control
was incubated in Label Solution without terminal transferase,
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Figure 3: Effect of GTP on histological alterations of the spinal cord tissues. (a) HE staining (200x) of the spinal cord tissues. In the normal
group, the motoneuron nuclei were densely blue stained, while in the model group, the motoneuron nuclei were stained light blue. (b)
In the model group, the number of motoneurons was dramatically decreased compared to the normal group (P < 0 001). In GTP group,
the number of motoneurons was significantly increased compared to the model group (P < 0 01). The data are expressed as the mean± SD,
n = 8. ∗∗P < 0 01 and ∗∗∗P < 0 001 versus model group.
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and as a positive control, DNase I recombinant was added
10min prior to labeling procedures to induce DNA strand
breaks. Each section was imaged under a light microscope
(Carl Zeiss, Germany), and the quantity of TUNEL positive
cells was counted [35].

2.10. Enzyme-Linked Immunosorbent Assay (ELISA). The
level of TNF-α in the serum of rats was measured by
ELISA using a commercial ELISA kit (Abcam, Germany)
according to the manufacturer’s instructions [41] (Supple-
mentary Figure 1).

2.11. Statistical Analysis. All data are represented as the
mean± SD. Statistical differences were analyzed by Student’s
t-test for paired data with GraphPad Prism 7 software (USA).
P < 0 05 was considered as statistically significant.

3. Results

3.1. Effects of GTP on Locomotor Recovery and Weight in
Rats. The scores of spontaneous pain and gait were assessed
by Kawakami et al. and Dubuisson and Dennis. In the last
week, the scores of spontaneous pain showed a significant
decrease in the GTP group compared to the model group
(P < 0 05, Figure 1(a)); meanwhile, the gait score of the
GTP group showed an obvious decrease compared to the
model group (P < 0 05, Figure 1(b)). The body weights of
all groups were not significantly different.

3.2. Effect of GTP on Somatosensory-Evoked Potentials (SEPs)
in Rats. Changes of axonal function were examined using
electrophysiology detection [35]. SEP amplitude was signif-
icantly higher in the GTP group than in the model group
(P < 0 01, Figure 2(f)). Peak latencies were not significantly
different among groups.

3.3. Effect of GTP on Histological Alterations of the Spinal
Cord Tissues. HE staining was applied to analyze histopatho-
logical alterations. The number of motoneurons in the
chronic compression site reduced progressively. In the
normal group, a portion of motoneurons were observed
with condensed nuclei and darkly stained cytoplasm, and
no histopathological changes were observed (Figure 3(a)).
In the model group, motoneurons appeared as irregular
morphologies and the number of motoneurons was signif-
icantly decreased compared to the normal group (P < 0 01,
Figure 3(b)). The treatment of GTP markedly improved
the pathological conditions.

3.4. Effects of GTP on PPAR-γ Expression in Spinal Cord
Tissues. To determine whether the expression of PPAR-γ is
associated with the protective effects of GTP against SCI-
induced neurotoxicity, the protein levels of PPAR-γ were
determined by Western blot analysis (Figure 4(a)). The level
of PPAR-γ in the model group was markedly lower com-
pared to the normal group (P < 0 01, Figure 4(b)), and the
expression of PPAR-γ was obviously increased when the rats
were treated with GTP (P < 0 05, Figure 4(b)).

3.5. Effects of GTP on TNF-α Expression in Spinal Cord
Tissues. The protein content of TNF-α in the spinal cord of

the rats was detected by Western blot. The rats in the model
group had a higher TNF-α protein level compared with the
rats in the normal group (P < 0 05, Figures 5(a) and 5(b)).
By contrast, treatment with GTP significantly reduced the
TNF-α protein level in contrast with SCI alone (P < 0 05,
Figures 5(a) and 5(b)). Our data thus indicate that GTP
inhibits TNF-α protein expression in the injured spinal cord.

Moreover, in order to confirm astrogliosis and TNF-α
expression and to localize TNF-α to certain cell types, we
implemented immunofluorescence staining. Spinal cord tis-
sues were double stained with antibodies against TNF-α
(green) and GFAP (red) (Figure 5(c)). The results revealed
increased astrogliosis (GFAP+ cells) in SCI rat such as activa-
tion of the microglia. The expression of TNF-α protein was
notably increased in SCI-treated rats (P < 0 05, Figure 5(d)),
while GFAP immunoreactivity and microglia activation were
reduced (P < 0 05, Figure 5(e)). The yellow spots represented
the colocalization between GFAP and TNF-α.

3.6. Effects of GTP on Intrinsic Apoptosis. The detection
of Bcl-2 and Bax levels in spinal cord tissues with Western
blot analysis (Figure 6(a)). The expression of Bcl-2 in
the GTP group was obviously higher than in the model
group (Figure 6(b)). A substantial increase in Bax expres-
sion was also found in spinal cord tissues from SCI; GTP
treatment significantly attenuated Bax level in the spinal
cord (Figure 6(c)).

Apoptotic cells emerged throughout the white and gray
matter of the spinal cord. SCI-induced apoptosis in the spinal
cord was detected by TUNEL staining. In the normal group,
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Figure 4: Effects of GTP on PPAR-γ expression in spinal cord
tissues. The detection of PPAR-γ level in spinal cord tissues was
assayed by Western blot analysis. The level of PPAR-γ in the
model group was markedly lower compared to the normal group
(P < 0 01). The level of PPAR-γ was obviously increased in the
GTP group (P < 0 05). The data are expressed as the mean± SD,
n = 8. ∗P < 0 05 and ∗∗P < 0 01 versus model group.
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there was almost no TUNEL-positive cell, and the neurons
presented with a normal morphology (Figure 6(d)). In
the model group, the number of TUNEL-positive cells was
significantly increased when compared to the normal group
(P < 0 01, Figure 6(e)). However, GTP treatment markedly
reduced the number of TUNEL-positive cells in contrast with
the model group (P < 0 05, Figure 6(e)).

3.7. Effect of GTP on Cytoskeletal Integrity of Axons. In
this study, the cytoskeletal integrity of the cervical (C6)
spinal cord was assessed. Homogenates of 8mm of the
spinal cord around the lesion epicenter were utilized for
Western blot analysis to detect the cytoskeletal protein
neurofilament 200 (NF200). It has been elaborated that
after SCI, calcium-mediated excitotoxicity leads to the
attenuation of NF200 [42]. Compared with the normal
group, the expression of NF200 in the GTP treatment group
was mildly lower, but far higher than in the model group
(P < 0 05, Figure 7).

4. Discussion

Cervical spondylotic radiculopathy is one of the most com-
mon type of cervical degenerative disease. In recent years,
many studies have confirmed that nonoperative therapy has
more evident effects than operative therapy on the optimized
scheme of CSR [6, 7]. Spinal cord injury, as themost common
cause of CSR, has a high prevalence and a profound impact on
patients and on society as a whole [40]. In the current study, a
compression material was used to result in a progressive
injury in rats, which then produced neurological deficits and
ultimately formed a clinically relevant model [5]. This model
is critical for screening neuroprotective agent and determin-
ing their mechanisms for the development of therapy.

Gentongping granule is one of the classical herbal prod-
ucts for treating CSR [16]. Many long-term clinical trials
have reported that this medicine exerts admirable neuropro-
tective effects on CSR patients [11, 16, 17]. However, few
pharmacological studies have been carried out on the specific
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Figure 5: Effects of GTP on TNF-α expression in spinal cord tissues. (a, b) The detection of TNF-α level in spinal cord tissues was assayed by
Western blot analysis. (c) Representative photomicrographs showing immunofluorescence staining of TNF-α (green), GFAP (red), and
merging of the photographs (200x). (d, e) Statistical analysis of the TNF-α- and GFAP-positive staining areas. In the model group, the
expression of TNF-α was obviously increased (P < 0 05) and GFAP was decreased compared to the normal group (P < 0 01). In the GTP
group, the expression of TNF-α was obviously decreased (P < 0 05) and GFAP was increased compared with the model group (P < 0 05).
The data are expressed as the mean± SD, n = 8. ∗P < 0 05 and ∗∗P < 0 01 versus model group.
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mechanism. This study demonstrated that GTP improved
behavioral function and somatosensory-evoked potentials,
such as amelioration of gait and amplitude. Behavioral
assessment is a prevalent method for accessing the degree
of neural injury [36, 37]. In the present study, compared with
the normal group, the rank of spontaneous pain and gait
exhibited an obvious deterioration in the model group.
Moreover, behavioral scores were significantly different
between the GTP group and the model group. Based on

the powerful spinal cord self-healing action, the behavioral
function of rodents following SCI gradually recovered in
the late stage of the experiment. However, the animal models
in this study were sacrificed once behavioral assessment dem-
onstrated a significant difference between the GTP group and
the model group, and the effect of the self-healing could be
ignored. Therefore, in the present study, GTP restored the
behavioral function, indicating a satisfactory improvement
on neuropathic pain.
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Figure 6: Effects of GTP on intrinsic apoptosis. (a) The detection of Bcl-2 and Bax levels in spinal cord tissues with Western blot
analysis. In the model group, the expression of Bax was significantly increased (P < 0 01) and Bcl-2 was decreased compared with
the normal group (P < 0 01). In the GTP group, the expression of Bax was obviously decreased (P < 0 05) and Bcl-2 was increased
compared with the model group (P < 0 05). (d) TUNEL (200x) staining of the spinal cord tissues. (e) In the GTP group, the number of
TUNEL-positive cells was obviously decreased compared to the model group. The data are expressed as the mean± SD, n = 8. ∗P < 0 05
and ∗∗P < 0 01 versus model group.
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Hematoxylin and eosin staining was used to determine
whether spinal cord neurons underwent pathological
changes. In normal neuronal nuclei, there are numerous
Nissl bodies that are associated with the nutritional condition
of neurons, and the quantity of Nissl bodies are often used to
indicate the neural state [43]. The smaller the quantity is, the
more severe the injury becomes. In extremely serious patho-
logical conditions, few Nissl bodies could even been observed
[44]. In the present study, spinal cord tissues stained with HE
exhibited densely dark blue nuclei in the normal group, while
in the model group, it exhibited a light blue staining in nuclei,
which meant that the Nissl bodies which existed in neuronal
nuclei were shrunken. For the GTP group, we found that the
color was deepened, which demonstrated a restored neuronal
number in the spinal cord, indicating that neuronal function
was retained.

Peroxisome proliferator-activated receptor gamma, one
of PPAR superfamily members, has been observed in mul-
tiple immunocytes, such as monocytes, macrophages, and
lymphocytes [45]. In this regard, we performed a Western
blot analysis to determine the PPAR-γ level in the spinal
cord. We found that the expression of PPAR-γ markedly
decreased in the model group, whereas in the GTP group,
the expression was significantly increased. In recent years,
many researchers have indicated that PPAR-γ-mediated
mechanisms directly or indirectly favor the neuroprotective
events [46]. The neuroprotection could also be abolished
by a PPAR-γ antagonist [47]. Furthermore, growing evi-
dence confirmed that there are intimate associations

between PPAR-γ and SCI in neuroprotection [29, 31].
Using database retrieval, we also found that PPAR-γ was a
common target protein of Radix Puerariae and Carthamus
tinctorius, which are two critical components of GTP. The
results indicated that GTP might exert its therapeutic action
on PPAR-γ.

Recent studies suggest that neuroimmune activation
involving the activation of neurons and the releasing of
inflammatory mediators contributes to neuropathic pain
[48]. The expression of proinflammatory cytokines, such as
TNF-α, has been well demonstrated in regulating the precise
cellular events including activating astrocytes in SCI [40].
PPAR-γ, being highly expressed in immunocytes, such as
monocytes, macrophages, and lymphocytes [45], holds a piv-
otal role in adjusting inflammatory responses by regulating
the activity of TNF-α in neuroprotective events [49, 50].
Furthermore, PPAR-γ agonists curtail the inflammatory
cytokines expressed in SCI models, indicating that the pre-
vention of inflammation is a contributing factor to neuropro-
tection [31]. This study exhibited that TNF-α level in the
model group was substantially augmented compared with
the GTP group. In immunofluorescence staining, we applied
GFAP, a specific marker of astrocyte, to confirm the specific
cell type in which TNF-α existed. The images further deter-
mined that the inflammatory cytokine was activated exactly
in neurons. As a consequence, the evidences suggested a ther-
apeutic potential in neuroinflammatory disorders that might
be attributed to a PPAR-γ-involved mechanism. Recently,
reduction of GFAP has been reported in major neuropathic
disease [51]. Evidence showed that the inhibition of the
astrocyte reaction and astrogliosis may be linked to the
reduction of neuronal damage [52], which is considered as
a physical barrier for neuron regeneration. Moreover, in
our future studies, consideration of the expression of GFAP
could be very appreciable.

Additionally, several researchers have suggested that the
neuronal injury induced by SCI may be intimately associated
with the activation of apoptotic proteins, such as antiapopto-
tic protein B-cell lymphoma 2(Bcl-2) and proapoptotic pro-
tein Bcl-2-associated X (Bax) [53]. In our study, GTP was
shown to have an antiapoptotic effect via increasing Bcl-2
and decreasing Bax expression in the spinal cord. In accor-
dance, the rodents in the model group were shown to have
increased Bax expression and decreased Bcl-2 expression in
the spinal cord, while in the GTP group, the expressions of
the two apoptotic proteins were reversed, which demon-
strated that the apoptotic case was attenuated after GTP
administration. This outcome was further verified by the
TUNEL assay, presented as a large quantity of TUNEL-
positive cells in the model group, while the number signifi-
cantly decreased in the GTP group. As a previous study
exposed, PPAR-γ agonists contribute to the expression of
Bcl-2 in various neurons andmight facilitate cellular survival.
In addition, the contribution was prevented by PPAR-γ
antagonist [53]. Based on this evidence, we inferred that
GTP could exert antiapoptotic action through mediating
PPAR-γ. Interestingly, previous research showed that apo-
ptotic proteins could be attributed to the production of pro-
inflammatory cytokines; meanwhile, increased inflammatory
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Figure 7: Effect of GTP on the cytoskeletal integrity of axons.
(a) The detection of NF200 level in spinal cord tissues was assayed
by Western blot analysis. (b) In the model group, the expression
of NF200 was significantly decreased compared with the normal
group (P < 0 01). In the GTP group, the expression of NF200 was
significantly increased compared with the model group (P < 0 01).
The data are expressed as the mean± SD, n = 8. ∗∗P < 0 01 versus
model group.

9Journal of Immunology Research



cytokines lead to apoptosis in a positive feedback regulation
way [54].

We also studied the cytoskeletal integrity of neurons, by
observing the expression of neurofilament protein (NF200)
in the spinal cord. NF200 is an essential component of the
neuronal and axonal cytoskeleton and is extremely important
in the maintenance of neuronal functions following SCI [55].
The degradation of NF200 in axons suggested a certain
degree of cytoskeletal breakdown in SCI [35]. This study
determined the level of NF200 through quantity analysis.
As demonstrated, the level of NF200 in the GTP group was
distinctly higher compared with the model group, indicating
that GTP treatment had a satisfactory improvement on cyto-
skeletal integrity. Due to upregulation of PPAR-γ facilitating
the remodeling of cytoskeletal integrity [56], our results
showed a potential association between GTP and cytoskeletal
integrity. The result was also consistent with the abovemen-
tioned alterations of motoneurons. Meanwhile, the results
strongly reinforced the idea that the cytoskeletal integrity
of the spinal cord could supply neuronal nutrients [55].
It was also shown that even a small number of surviving
axons may bring about dramatic improvement in functional
outcomes [57].

Nevertheless, there are a number of limitations to
the present study. The present model is based on chronic
compression of the spinal cord; however, it was unlikely to
fully reflect the progressive nature of human disease. Further
research into the mechanisms of GTP on the secondary effect
on regeneration following SCI is required.

5. Conclusions

In conclusion, our experiment pointed to the neuroprotective
effect of GTP. We demonstrated that GTP promoted motor
function recovery and decreased neuropathic pain after
SCI. A protective effect of GTP could be due in part to cur-
tailing inflammation and antiapoptosis while promoting
neuron regeneration. The potential mechanisms might be
modulated by activating PPAR-γ and subsequently inhibit-
ing the expression of TNF-α and Bax as well as enhancing
the expression of Bcl-2 and NF200 (summarized mechanistic
pathways are represented in Figure 8).
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Diabetes, especially type 2, has been rapidly increasing all over the world. Although many drugs have been developed and used to
treat diabetes, side effects and long-term efficacy are of great challenge. Therefore, natural health product and dietary supplements
have been of increasing interest alternatively. In this regard, Chinese herbs and herbal products have been considered a rich
resource of product development. Although increasing evidence has been produced from various scientific studies, the
mechanisms of action are lacking. Here, we have proposed that many herbal monomers and formulae improve glucose
homeostasis and diabetes through the BMID axis; B represents gut microbiota, M means mucosal immunity, I represents
inflammation, and D represents diabetes. Chinese herbs have been traditionally used to treat diabetes, with minimal side and
toxic effects. Here, we reviewed monomers such as berberine, ginsenoside, M. charantia extract, and curcumin and herbal
formulae such as Gegen Qinlian Decoction, Danggui Liuhuang Decoction, and Huanglian Wendan Decoction. This review was
intended to provide new perspectives and strategies for future diabetes research and product.

1. Introduction

In July 2015, the International Diabetes Federation (IDF)
released the seventh edition of “IDF diabetes map,” which
showed that China had approximately 1.096 million diabetes
cases in 2015, ranking the highest in the world. According to
the current development trend, the number of diabetes cases
in China is projected to reach 150.7 million in 2040. The inci-
dence of diabetes is estimated to increase by 69% in develop-
ing countries and 20% in developed countries from 2010 to
2030. Thus, schemes in preventing and treating diabetes are
warranted. Currently, Chinese herbs for the prevention and
treatment of diabetes and its minimal complications are
considered advantageous, and a large number of evidence-
based clinical studies have confirmed these effects [1–7].

Modern medical technology provides a new way and
direction for the prevention and treatment of diabetes.
Chinese herbs have been historically and traditionally used

in the treatment of diabetes, which dates back to the Qin
dynasty (221 to 207BC). Globalization and progress in med-
ical science rejuvenate the ancient Chinese herbs, and an
increasing number of studies have shown that various
specific monomers and Chinese formulae can be used in
the prevention and treatment of diabetes through the
“Bacteria-Mucosal Immunity-Inflammation-Diabetes” axis
(BMID axis). We retrieved the literature and screened out
more than 40 relevant Chinese herbs and its derivatives that
have been used to treat diabetes regulating multiple targets.
We have chosen some of them which have been widely
studied and characterized, including monomers and pre-
scriptions. The specific monomers include berberine, M.
charantia extract, ginsenoside, and curcumin, and prescrip-
tions include Gegen Qinlian Decoction (GGQLD), Danggui
Liuhuang Decoction (DGLHD), and Huanglian Wendan
Decoction (HLWDD). Here, we attempt to explore the possi-
ble mechanisms of action of these in diabetic treatment from
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the perspective of immunology and provide potentially
novel therapeutic strategies that may improve clinical treat-
ment on diabetes.

2. New Insights into Diabetes: “Bacteria-
Mucosal Immunity-Inflammation-Diabetes”
Axis

The gut microbiota represents a microbial community
located in the intestine, composed of over a trillion micro-
organisms with hundreds of species, which play an impor-
tant role in digestion and intestinal mucosal immunity.
There is increasing evidence that confirms that the
changes in gut microbiota are associated with insulin
resistance and diabetes.

2.1. Diabetes Is Associated with Imbalance of Gut Microbiota.
In mice and humans, there are two main bacterial phyla,
Bacteroidetes and Firmicutes, which are found in the gut
through metagenomic analysis [8]. The normal mice keep a
relative balance among these two bacterial phyla, but the
bacterial phylum Firmicutes is increased in obese mice
observably [9]. A study has shown that a high-fat diet
(HFD) can reduce the number of Bifidobacterium species
(spp.), resulting in the development of endotoxemia and
diabetes; an oligosaccharide-rich diet increases the number
of Bifidobacterium species (spp.) and subsequently reduces
the level of inflammation and improves glucose intolerance
[10]. The metagenomic analysis revealed that patients
with type 2 diabetes had moderate levels of gut microbiota
dysbiosis, characterized by the decrease in the abundance of
some universal butyrate-producing bacteria and the increase
in the abundance of some bacteria which reduce sulfate and
antioxidant stress [11]. A human study showed that the
number of Faecalibacterium prausnitzii, which was associ-
ated with the production of short-chain fatty acids and
butyrate, is increased [12]. Gut microbiota of diabetic
patients and mice changed significantly, indicating that
reversing this change may reduce the incidence of insulin
resistance and diabetes.

2.2. Disorder of Mucosal Immunity Leads to Diabetes. Gut
microbiota affects insulin resistance and type 2 diabetes
mellitus (T2DM) by altering the intestinal epithelial barrier
and intestinal mucosal immunity. The main function of the
intestinal epithelial barrier is to limit intestinal contents such
as water, chyme, and gut microbiota and also to regulate
immune responses. The epithelial barrier needs a continuous
epithelial cell layer, and the tight junctions are the major
characteristic. The tight junctions consist of a complex
network of transmembrane proteins, cytoplasmic proteins,
and regulatory proteins. There are two pathways: “pore”
and “leak”. The “pore” pathway is a high-capacity, size-
selective, and charge-selective route, and the “leak” pathway
refers to a low-capacity pathway that has limited selectivity
[13]. In HFD-induced mice, intestinal bacteria or bacterial
products cause the elevation of tumor necrosis factor (TNF)
and interleukin- (IL-) 13. These inflammatory factors
increase transcription and activity of the myosin light-chain

kinase (MLCK) and IL-13-dependent claudin-2 and subse-
quently increase permeability of “pore” and “leak” pathways
and the pass of lipopolysaccharide (LPS) [14–16]. This
change leads to an increase in chronic inflammation in the
liver, fat, and other tissues and other metabolic diseases. In
addition to the intestinal bacterial products, the gut microbi-
ota can also directly pass the intestinal barrier and translocate
to the pancreatic lymph nodes, activate NOD-like receptors 2
(NOD2), and contribute to diabetes [17].

The intestinal mucosal immunity is the most important
line of defense against intestinal infection through the func-
tions of goblet cells, intestinal epithelial cells (IEC), innate
lymphoid cells (ILC), and other rapid responsive immune
cells, such as macrophages and neutrophils. The goblet cells
and IEC can produce antimicrobial peptides (AMPs) and
mucin to prevent pathogens from penetrating the intestine
[18]. IEC can secrete anti-inflammatory mediators such as
IL-25, IL-33, and transforming growth factor-β (TGF-β).
These mediators can influence micro-associated molecular
patterns (MAMPs) by binding to Toll-like receptors 5
(TLR5) and NOD2. ILC inhibits the body’s chronic low-
level inflammation through the secretion of IL-22, IL-17A,
IL-17F, and so forth [19]. HFD can reduce the diversity and
alter the distribution balance of gut microbiota and thus
reduce the production of mucin and other antimicrobial
factors. Invasive bacteria and the associated products alter
the intestinal mucosal immunity, and that contributes to
the development of T2DM [20].

2.3. Inflammation Affects Diabetes through Multiple
Pathways. The alternation of intestinal mucosal immunity
and increased production of inflammatory factors have been
considered to be linked to the development of T2DM. The
pathophysiological processes are proposed to mainly include
three pathways: (1) The nuclear factor kappa-B (NF-κB)
pathway are activated by the inhibitor of nuclear factor
kappa-B kinase (IKK) and proinflammatory cytokines such
as TNF-α, IL-1, and IL-6. The activated IKK and proinflam-
matory cytokines phosphorylate the inhibitor of NF-κB
(IκB). When IκB is phosphorylated, IκB and NF-κB are
dissociated, resulting in NF-κB degradation. Then, NF-κB
enters the nucleus, thereby mediating the expression of a
variety of inflammatory genes [21, 22]. (2) IKK regulates
insulin receptor substrate serine/threonine phosphorylation,
interfering with normal tyrosine phosphorylation and
weakening the insulin signal transduction. IKK is currently
considered the link between inflammation and insulin resis-
tance (IR). TNF-α and free fatty acid (FFA) activate Jun
N-terminal kinase (JNK) and product insulin receptor sub-
strate number 307 serine, which interferes with the insulin
signal transduction via the IR/IRS/PI3K pathway. (3) The
SOCS family of the cytokine signaling factor (SOCS) path-
way mediates cytokine-induced IR. SOCS-1, SOCS-3, and
SOCS-6 are involved, which predominantly inhibit the
phosphorylation of IRS1 and IRS2 tyrosine residues and
accelerate the degradation of IRS1 and IRS2 [23, 24].

2.4. “Bacteria-Mucosal Immunity-Inflammation-Diabetes”
Axis. It has been shown that gut microbiota affects the
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intestinal epithelial barrier and intestinal mucosal immunity,
alters the level of inflammation, and influences insulin
resistance and diabetes. This potential pathogenesis of dia-
betes is referred to as the “BMID” axis, “B” represents gut
microbiota, “M” represents mucosal immunity, “I” repre-
sents inflammation, and of course, “D” represents diabetes.
This axis is like a “line” to string most antidiabetic agents
together and may provide new perspectives and strategies
for future research on diabetes and the development of
hypoglycemic drugs.

3. Herbal Monomers

Herbal monomers are major effective constituents of Chinese
herbs. Studies on monomers are increasing in recent years,
because they have specific molecular structure and are easier
to be used in mechanism research and observing effective
targets of Chinese herbs. Here, we screened out five represen-
tative monomers to find out their different functions based
on the BMID axis. They have been widely researched and
applied in treating diabetes for a long time.

3.1. Berberine. Rhizoma coptidis has been used for centuries
in traditional Chinese medicine (TCM) as an antipyretic
and alexipharmacons, and its main active component is
berberine (BBR, Figure 1) [25]. BBR is an isoquinoline and
found in many plants of the berberidaceae family. Recent
studies have shown that BBR and its derivatives possess a
variety of disease-fighting activities, they regulate the
immune system, inhibit inflammation, and reduce insulin
resistance [26, 27], and they have an anticancer effect like-
wise; it was reported that BBR inhibits the progression of
pancreatic, colon, and breast cancer [28–31].

3.1.1. Effect of BBR on Diabetes. Insulin resistance (IR) is a
metabolic state in which insulin inefficiently regulates the tis-
sue and cell for their uptake and utilization of glucose. Nod-
like receptor family pyrin domain containing 3 (NLRP3)
contributes to obesity-induced inflammation and insulin
resistance [32]. A recent study showed that BBR inhibited
saturated fatty acid palmitate- (PA-) induced activation of
NLRP3 and release of interleukin-1β (IL-1β) in macrophages
by activating AMPK-dependent autophagy, thus reducing
inflammation and insulin resistance [26]. An animal study
showed that BBR reduced blood TNF-α, IL-6, and MCP-1
levels of JNK and IKKβ phosphorylation in obese mice fed
with a high-fat diet, as well as indicated that BBR improves

insulin resistance possibly through inhibiting the activation
of macrophages in adipose tissue [33].

3.1.2. Effect of BBR on Gut Microbiota and Intestinal Mucosal
Immunity. Intestinal barrier integrity and immune tolerance
are associated with the pathogenesis of diabetes. Defects in
the integrity of the mucosal barriers and leakage of the gut
microbiome can contribute to the low-grade inflammation
of tissues, which is well known to be associated with glucose
metabolism in the muscle, liver, and adipose tissue and
causes glucose intolerance and T2DM [17, 34]. Recent stud-
ies have shown that BBR imparts beneficial effects on the
immune cells of the intestinal immune system and influences
the expression of intestinal immune factors. It also inhibits
the expression of IL-1β, IL-4, IL-10, MIF, and TNF-αmRNA
and reduces the low-grade inflammation [35].

Intestinal microflora is an important factor in mediating
the development of obesity-related metabolic disorders
(including type 2 diabetes). The current results suggest that
BBR can regulate the intestinal microflora, restore the intes-
tinal barrier, reduce metabolic endotoxemia and systemic
inflammation, and improve gut peptide levels in high-fat
diet-fed rats; it indicates that BBR is possibly an effective
agent for the treatment of obesity and diabetes [36]. A study
showed that BBR improved metabolic disorders induced by
high-fat diets by modulating the gut-intestinal-brain axis,
including changes in the distribution and diversity of
microbes, elevation of serum glucagon-like peptide-1 and
neuropeptide Y, decrease in orexin A, and upregulation of
glucagon-like peptide-1 receptor mRNA [37].

3.1.3. BBR Reduces Inflammatory Response in Diabetes
Mellitus. The anti-inflammatory activity of BBR has been
observed in in vitro and in vivo studies. In immunocytes
(macrophages) [26, 38], cultured metabolic cells (adipocytes
and hepatocytes) [39, 40], or pancreatic β cells [41], BBR
treatment reduces the production of TNF-α, IL-6, IL-1β,
inducible nitric oxide synthase (iNOS), cyclooxygenase-2
(COX-2), matrix metalloprotease 9 (MMP9), monocyte che-
moattractant protein-1 (MCP-1), and CRP and haptoglobin
(HP) increases the transcription of Nrf2-targeted antioxida-
tive genes [NADPH quinone oxidoreductase-1 (NQO-1),
heme oxygenase-1 (HO-1)] [37–41]. The insulin-sensitizing
effect of HepG2 cells is closely related to its anti-
inflammatory activity. BBR administration significantly
decreased serine phosphorylation and increased tyrosine
phosphorylation of IRS in HepG2 cells, which improved
insulin signaling and thus in turn ameliorated insulin resis-
tance [40]. BBR inhibited inflammation, ameliorated insulin
resistance, and reduced the production of proinflammatory
cytokines such as IL-6, IL-17, TNF-α, and interferon-γ
(IFNγ) in NOD mice [42, 43]. Furthermore, BBR increased
the ratios of anti-inflammatory/proinflammatory cytokines,
such as IL-10/IL-6, IL-10/IL-1β, and IL-10/TNF-α [43].

3.2. M. charantia. M. charantia, also known as bitter melon,
has been used for centuries in TCM as an antipyretic and
alexipharmacon herb. Recent studies have shown that M.
charantia can ameliorate oxidative stress, hyperlipidemia
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O

O

Figure 1: Molecular structure of berberine.
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[44], inflammation [45], and apoptosis [46]. It also regulates
glucose metabolism by acting as a “plant insulin” [47] and
presents antidiabetic and antioxidant activities [48].

3.2.1. Effect of M. charantia on Diabetes. Momordica charan-
tia (M. charantia) is a widely used traditional remedy for dia-
betes. It has been proven to be beneficial to insulin resistance,
prediabetes, weight losing, and glycemic control in cultured
cells, animal models, and human studies [49]. M. charantia
can repair damaged beta cells, increase insulin levels, and also
enhance insulin sensitivity. It inhibits the intestinal glucose
absorption by inhibiting glucosidase and enterotoxin activi-
ties. It also stimulates the synthesis and release of thyroid
hormones and adiponectin and enhances the activity of
AMP-activated protein kinase (AMPK) [50]. A recent study
showed that compared with metformin, the application of
M. charantia in diabetes patients had lower probability of
hypoglycemia although it is less effective than metformin in
lowering blood glucose [51]. In addition, M. charantia has
a superposition effect when taken with other hypoglycemic
agents at the same time, and thus, patients may achieve better
management of blood glucose [52].M. charantia also reduces
the obesity of rats fed with a high-fat diet [53, 54].

3.2.2. M. charantia Changes Gut Microbiota. The effect ofM.
charantia on intestinal flora and inflammation has been
reported in obese rats fed with high-fat diets. A result showed
that although the exact effect of M. charantia on intestinal
flora was not yet known, the intestinal flora is considered to
play an important role through whichM. charantia improves
obesity and metabolic diseases (including diabetes) and is
worth the sustained attention [54]. It was reported that BLSP
(a bitter melon formulation) treatment reduced the ratio of
Firmicutes and Bacteroidetes in the intestinal microflora of
diabetic rats, while the relative abundance of Ruminococca-
ceae, Bacteroides, and Ruminococcus was significantly lower
in BLSP-treated rats than in diabetic rats. These demonstrate
that BLSP can alter the proportion of specific intestinal
microflora in diabetic rats [55].

3.2.3. M. charantia Reduces Inflammatory Response in
Diabetes Mellitus. M. charantia possesses antioxidant
activities; it enhances the activity of superoxide dismutase,
catalase, and nonprotein sulfhydryls and decreases lipid per-
oxidation. Moreover,M. charantia can inhibit the expression
of proinflammatory cytokines (TNF-α, IL-6, and IL-10),
inflammatory markers (NO, inducible nitric oxide synthase,
and myeloperoxidase), and apoptotic markers (BAX and cas-
pase-3) and upregulate Bcl-2 expression [46]. By suppressing
the activation of NF-κB by inhibiting NF-κB alpha (IκBα)
degradation and phosphorylation of JNK/p38 mitogen-
activated protein kinases (JNK/p38 MAPKs), M. charantia
can inhibit inflammation and improve the insulin signaling
pathway, thereby ameliorating insulin resistance [54]. M.
charantia has been reported to inhibit inflammation and
the development of diabetes mellitus in rats and mice
[54, 56]. After weeks of treatment withM. charantia, fasting
glucose, insulin, HOMA-IR index, serum lipid levels, fat cell
size of epididymal adipose tissues, blood TNF-α, IL-6, and

IL-10 levels, and local endotoxin levels decreased in high-
fat diet-induced obese rats [54]. Further studies have shown
thatM. charantia lowers mast cell recruitment in epididymal
adipose tissues (EAT) and downregulates proinflammatory
cytokines monocyte chemotactic protein-1 (MCP-1), IL-6,
and TNF-α in EAT [56].

3.3. Curcumin.Curcumin is the active component of rhizomes
of Curcuma longa, a plant in the ginger family. The chemical
structure of curcumin is (1E,6E)-1,7-bis(4-hydroxy-3-
methoxyphenyl)hepta-1,6-diene-3,5-dione (Figure 2) [57].
Curcumin has been used as medicine for thousands of
years. Recent years, extensive research on curcumin has
found that curcumin has multiple biological activities, such
as anticancer, anti-inflammation, antioxidation, antidia-
betes, cardioprotective properties, and antiarthritis [58].

3.3.1. Effect of Curcumin on Diabetes. In different experimen-
tal animal models, such as rats with alloxan-, streptozotocin-
(STZ-), or STZ-nicotinamide-induced diabetes [59], oral
administration of curcumin resulted in a reduction in body
weight, blood glucose, and glycosylated hemoglobin levels
[60] and improvement of insulin sensitivity [61]. In diabetic
patients, curcumin treatment lowered blood levels of glycated
hemoglobin (HbA1c) and fasting plasma glucose (FPG) and
improved the pancreatic β cell function, as indicated by
homeostasis model assessment-β (HOMA-β), C-peptide,
and proinsulin/insulin ratio. Besides, curcumin can reduce
the outcome of inflammatory cytokine [62] and improve
relevant metabolic profiles in type 2 diabetic population [63].

3.3.2. Effect of Curcumin on Gut Microbiota and Mucosal
Immunity. Curcumin changes the gut microbiota. Through
high-throughput sequencing, at the phylum level, Spirochae-
tae, Tenericutes, and Elusimicrobia were decreased and Acti-
nobacteria was increased after curcumin treatment. At the
genus level, curcumin increased the abundance of Collinsella,
Streptococcus, Sutterella, Gemella, Thalassospira, Gordoni-
bacter, and Actinomyces [64].

Curcumin treatment can increase the protein expression
of occludin and zonula occluden-1 (ZO-1), which maintain
intestinal tight junction and regulate the permeability of
the intestinal epithelial barrier [16, 65]. Curcumin treat-
ment also induces differentiation of naive CD4+ T cells
into CD4+CD25+Foxp3+ Tregs and IL-10-producing Tr1
cells and increases the secretion of IL-10, TGF-β, and retinoic
acid in the intestinal lamina propria [66]. Curcumin can also
stimulate the intestinal epithelial cells and innate lymphoid
cells to increase the secretion of IL-25, IL-33, IL-22, and
IL-17 and play a role in anti-inflammatory activity [67].

3.3.3. Curcumin Reduces Inflammatory Response in Diabetes.
Curcumin suppresses inflammation through complex mecha-
nisms andmultiple targets, such as inflammatory cytokines, pro-
tein kinases, and transcription factors. Inflammatory cytokines
affected by curcumin include interleukins, TNF, IFN, and
COX-2. Protein kinases include Janus kinase 1/2 (JAK1/2),
JNK, extracellular signal-regulated kinase 1/2 (ERK1/2),
IKK, and MAPK. Transcription factors include NF-κB [58].

4 Journal of Immunology Research



Curcumin can reduce the production of inducible nitric
oxide synthase (iNOS) and cyclooxygenase- (COX-) 2 by
inhibiting LPS-induced iNOS and COX-2 gene expression
[68]. iNOS, as an inflammatory signaling factor, mediated
inflammation by multiple pathways. Excessive expression
of iNOS in cells causes the inflammation and insulin resis-
tance of metabolic organs [69]. COX-2 is a key enzyme in
the synthesis of prostaglandins, which contributes to low-
grade inflammation of tissues. It was found that curcumin
exhibited anti-inflammatory activity by inhibiting the
JNK/NF-κB activation and the gene expression of TNF-α,
IL-10, and IL-6 [70].

3.4. Ginsenoside. Panax ginseng has been used for centuries in
TCM as an herbal remedy. It is one of the best chosen med-
ical plants to replenish vitality/energy, nourish body fluid,
and calm the nerves [71]. The active components of ginseng
have been identified as a group of saponins called ginseno-
sides. According to the chemical structure, ginsenosides can
be divided into ginseng diol saponins, ginseng triol saponins,
and oleanolic acid saponins (Figure 3). Recent studies have
shown that Panax ginseng and its monomers have a variety
of pharmacologic action such as antioxidation [72, 73], anti-
tumor [74], anti-inflammation [75, 76], immune regulation
[77], antidiabetes [78, 79], and myocardial protection
[80, 81]. It can improve the immune system; inhibit inflam-
matory factors; protect cardiac function; lower blood glucose;
inhibit rectal, liver, and breast cancers [74, 82, 83]; repair
neurons; and delay the development of Parkinson’s disease
and Alzheimer’s disease [84, 85].

3.4.1. Benefits of Ginsenosides to Diabetes. Studies have
shown that ginsenoside Rg1 can improve glucose and lipid
metabolisms and reduce blood glucose levels and insulin
resistance indices in T2DM rats [86]. Ginsenoside Ge can
improve hyperglycemia by improving cholinergic and

antioxidant systems in the brain of C57BL/6 mice and
improve high-fat diet-induced insulin resistance, reducing
triglycerides and cholesterol [72]. Peroxisome proliferator-
activated receptors (PPARs) are transcription factors that
play important roles in regulating glucose and lipid metabo-
lisms and the development of atherosclerosis. A clinical study
showed that ginsenosides could improve PPARγ expression
and lipid metabolism, thereby reducing blood glucose [87].
Another study has shown that ginsenoside Rb1 activates the
insulin signaling pathway, upregulates the expression and
translocation of glucose transporters in adipose tissue, and
thus increases glucose uptake in adipocytes, thereby reducing
blood glucose levels and improving insulin resistance [88].

3.4.2. Ginsenoside Reduces the Inflammatory Response in
Diabetes Mellitus. Studies have shown that inflammatory fac-
tors such as TNF-α, IL-6, and monocyte chemoattractant
protein-1 (MCP-1) interfere with the insulin signal trans-
duction pathway and cause insulin resistance. They can
also directly damage pancreatic β cells [89–92]. It is reported
that ginsenoside Rb1 reduces the expression of TNF-α and
MCP-1 in 3T3-L1 cells through regulating the IKK/NF-κB
signaling pathway [93, 94]. In addition, ginsenoside Rb1
suppresses lipid accumulation and increases the lipolysis
in 3T3-L1 adipocytes induced by TNF-α [94, 95]. Ginse-
noside Rb1 reduced free fatty acids in the blood and fat
content, improved lipid metabolism and insulin resistance,
and inhibited TNF-α, IL-6, and other inflammatory factors
in obese mice [96–99].

3.5. Mulberry Leaf Extract (MLE). 1-Deoxynojirimycin
(DNJ, Figure 4) and Kuwanon G (KWG, Figure 5) are
the effective constituents of mulberry leaf, which belongs
to the genus Morus of the Moraceae family. The chemical
structure of DNJ is a glucose analogue with an NH group
substituting for the oxygen atom of the pyranose ring
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Figure 2: Molecular structure of curcumin.

R1O

OH
H

R2O

(a) Protopanaxadiol

OH

OH

H

OR1

H

R2O

(b) Protopanaxatriol
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[100]. Mulberry leaf, as a traditional Chinese medicine, has
been used to treat fever and inflammation for thousands of
years. Recent research revealed that MLE have multiple
biological activities, such as antidiabetes, antidyslipidemia,
and anticancer [101].

3.5.1. Benefits of MLE to Diabetes. It is reported that 1-
deoxynojirimycin (DNJ) is an important component of
MLE that is beneficial to the diabetes. In rats with STZ- or
alloxan-induced diabetes, DNJ treatment markedly reduced
blood levels of glucose and glycosylated hemoglobin and pre-
vented the dysfunction of pancreatic β cells [102, 103]. A
large number of studies have shown that DNJ is a competitive
α-glucosidase inhibitor, which is present in the intestinal
epithelial cells. The function of this enzyme is to hydrolyze
the disaccharides to monosaccharides for absorption. DNJ
inhibits the glucose absorption through competitive inhibi-
tion of α-glucosidase [104]. In db/db mice, DNJ treatment
improved insulin resistance via the activation of the insu-
lin signaling PI3K/AKT pathway in skeletal muscle [100]
and the activation of the PKB/GSK-3β signaling pathway
in the liver [105].

3.5.2. Effects of MLE on the Intestinal Epithelial Barrier
and Inflammation. Kuwanon G (KWG) which is essential
in MLE is reported to protect the intestinal epithelial
barrier. LPS can cause the disruption of the intestinal epi-
thelial barrier and decrease the expression of intercellular

junction protein. KWG treatment can increase the protein
expression levels of occludin and intercellular adhesion
molecule-1 [106].

Mulberry leaf has been used to treat fever and inflamma-
tion for thousands of years, and its extract also has anti-
inflammatory effects. A study showed that MLE inhibited
the expression of inflammatory cytokines IL-I, IL-6, and
TNF-α [107] and C-reactive protein (CRP) andMLE reduced
the production of iNOS [108]. The decrease in inflammatory
factors is indicative of reduced chronic inflammation and
results in the improvement of insulin resistance.

3.6. Other Herbal Monomers. In addition to the five mono-
mers described above, many other monomers are also found
to be closely related to the BMID axis, including tetrandrine
[109], notoginsenoside [110], Lycium barbarum polysac-
charide [111], allicin [112], astragaloside IV [113, 114],
quercetin [115], and resveratrol [116].

Among these monomers, astragaloside IV [117], querce-
tin [118], and resveratrol [119] affect gut microbiota, and
notoginsenoside [120], Lycium barbarum polysaccharide
[121], and allicin [122] affect the function of alleviating intes-
tinal mucosal immunity; the anti-inflammatory monomers
are tetrandrine [123], Lycium barbarum polysaccharide
[124], allicin [125], astragaloside IV [126, 127], quercetin
[128], resveratrol [116], and the effect and possible mecha-
nism of these monomers are summarized in Table 1.

4. Formulae

A formula consists of multiple Chinese herbs, which are
selected under the guidance of TCM theory. In the treatment
of diabetes, a formula simultaneously affects multiple targets
and regulates the homeostasis, and thus, the application of
formulae attracted more focus. But the mechanism research
of formulae is limited. The BMID axis will provide a new
perspective and make it easier for further studies.

4.1. Gegen Qinlian Decoction (GGQLD). GGQLD has a very
long history as a TCM formula, with the earliest record being
found in the book Treatise on Febrile and Miscellaneous
Diseases compiled by Zhongjing Zhang. GGQLD consists
of extracts of Gegen (Puerariae lobataeradix), Huangqin
(Scutellariae radix), Huanglian (Coptidis rhizoma), and
Zhigancao (Glycyrrhizae radix et Rhizoma Praeparata cum
Melle) [129]. In clinic, GGQLD is often used to treat
ulcerative colitis and diabetes. Studies showed that GGQLD
inhibits the inflammatory signaling pathway, enhances
antioxidant effect, and thus improves ulcerative colitis.
In addition, GGQLD improves glucose metabolism disor-
der, increases the insulin sensitivity index, and protects
pancreatic β cells, playing a positive role in the treatment of
diabetes [130–132].

4.1.1. GGQLD Improves Diabetes. In some clinical observa-
tions and animal trials, GGQLD has been reported to have
beneficial effects on diabetes. For example, in STZ- and
HFD-induced diabetic SD rats, GGQLD significantly
reduced FBG, HbA1c, and insulin resistance index. In 3T3-
L1 adipocytes, GGQLD at 4%, 8%, and 16% was found to
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increase glucose consumption and decrease triglyceride in a
dose-dependent manner [131]. In an observational study,
T2DM patients treated with a high dose of modified GGQLD
reduced blood HbA1c to 1.79% from the initial level of 9.2%
[4]. Although limited, available information has demon-
strated that GGQLD is beneficial to glucose metabolism
and homeostasis.

4.1.2. GGQLD Alters Gut Microbiota. There is an established
connection between an altered gut microbiota and metabolic
disorders such as obesity and diabetes [133, 134]. After
treatment with GGQLD, the relative abundance of intestinal
beneficial bacteria such as Lachnospiracea incertae sedis,
Gemmiger, Bifidobacterium, and Faecalibacteriumwas signif-
icantly higher while harmful bacteria such as F. prausnitzii,
Alistipes, Pseudobutyrivibrio, and Parabacteroides decreased.
GGQLD increases butyrate production and protects the
integrity of the mucosal barriers, thereby exerting anti-
inflammatory effects which are beneficial to diabetes [135].
A study showed that GGQLD induces compositional
changes in the intestinal microflora, increases beneficial
bacteria, such as Faecalibacterium spp., and thus exerts an
antidiabetic effect [135].

4.2. Danggui Liuhuang Decoction (DGLHD). DGLHD is an
old Chinese herbal formula which comes from the book
Lan Shi Mi Cang written by Gao Li 741 years ago.
DGLHD prescription consists of Dangui (Angelica sinensis),
Shengdihuang (Radix rehmanniae preparata), Huangqin
(Radix scutellariae), Huanglian (Rhizoma coptidis), Huangbo
(Cortex phellodendri), and Huangqi (Radix astragali).
Researches indicate that DGLHD decreases FBG and HbA1c
levels and protects pancreatic β cells [136].

Recent studies have demonstrated that DGLHD pos-
sesses antidiabetic and immunomodulatory effects. For
instance, DGLHD enhances glucose uptake in HepG2
cells, inhibits T lymphocyte proliferation, and suppresses
the function of dendritic cells. After 16 weeks of treatment,
DGLHD promotes insulin secretion, increases insulin sensi-
tivity, and decreases the range of lymphocyte infiltration to
inhibit insulitis as well as to protect pancreatic β cells in
NOD mice [137].

DGLHD inhibited LPS-induced production of NO and
IL-6 and the expression of iNOS and COX-2. Furthermore,
DGLHD suppressed LPS-induced phosphorylation of
ERK1/2 [138]. CD4+CD25+Foxp3+ Tregs exhibit immune
regulatory activity and protect against autoimmune diabetes
development. With oral intake of DGLHD, forkhead box
transcription factor (Foxp3) mRNA expression in the pan-
creas and spleen increased. Foxp3 is essential for the differen-
tiation and function of Tregs; thus, DGLHD increases the
percentage of CD4+CD25+Foxp3+ Tregs in spleen lym-
phocytes, therefore inhibiting the low-grade inflammation
in the pancreas. DGLHD also regulates the maturation
and function of dendritic cells, increasing the expression
of programmed death ligand-1 and decreasing the per-
centage of merocytic dendritic cell subset, which in turn
decreases T cell-mediated inflammation and ameliorates
diabetes [137].

4.3. Huanglian Wendan Decoction (HLWDD). HLWDD is a
Chinese herbal formula recorded in the book Liu Yin Tiao
Bian [139]. It consists of root and rhizome of Coptis deltoidea
C. Y. Cheng & P. K. Hsiao (family: Ranunculaceae), cortex of
Bambusa textilisMcClure (family: Poaceae), caulis of Pinellia
ternata (Thunb.) Makino (family: Araceae), fructus of Citrus
aurantium L. (family: Rutaceae), pericarpium of Citrus

Table 1: Chinese herbal products based on the BMID axis.

Category Chinese herbal products
“BMID” axis

Bacteria Mucosal immunity Inflammation Diabetes

Monomers

Berberine + + + +

M. charantia extract + + +

Curcumin + + + +

Ginsenoside + + +

1-Deoxynojirimycin + +

Kuwanon G + +

Tetrandrine + +

Notoginsenoside + +

Lycium barbarum polysaccharide + + +

Allicin + + +

Astragaloside IV + +

Quercetin + + +

Resveratrol + + +

Formulae

GGQLD + + + +

DGLHD + + +

HLWDD + +

“+”means positive effect while the “blank”means no effect. GGQLD: Gegen Qinlian Decoction; DGLHD: Danggui Liuhuang Decoction; HLWDD: Huanglian
Wendan Decoction.
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reticulata Blanco (family: Rutaceae), dried sclerotia of Poria
cocos (Schw.) Wolf (family: Polyporaceae), root and rhizome
of Glycyrrhiza uralensis Fisch (family: Leguminosae), and
root and rhizome of Zingiber officinale Roscoe (family:
Zingiberaceae). It has been used clinically to treat diabetes
and its complications [140].

A recent study showed that treatment with HLWDD
(6 g·kg−1 body weight) for 30 days increased the body weight
and decreased FBG, triglycerides, and cholesterol compared
with the diabetic model group. HLWDD decreases the
release of proinflammatory cytokines, such as TNF-α, IL-6,
and IL-1β, and inhibits the phosphorylation of IRS1 at the
Ser307 and JNK signal pathway. Through these mecha-
nisms, HLWDD inhibits inflammatory responses and thus
improves the insulin signaling pathway [141].

5. Conclusions

Diabetes and its complications seriously affect human health
and impose increasingly a heavy burden on the health care in
many countries. Chinese herbs are inexpensive, less toxic,
and tolerable than drugs. Therefore, they have been attract-
ing increased attention in the field of diabetic prevention
and treatment. Although clinical efficacy of Chinese herbs
or herbal formulae is supported by emerging evidence, the
mechanism is still lacking.

Through the analysis of a large number of studies on dia-
betic pathogenesis and treatment, we proposed the “Bacteria-
Mucosal Immunity-Inflammation-Diabetes” (BMID) axis
through which we attempted to explain how herbal mono-
mers and formulae improve diabetes. Evidence has demon-
strated that monomers and formulae improve diabetes and
insulin function via multiple targets. Moreover, the majority
of the current studies of TCM on diabetes were focused on
inflammation and limited gut microbiota and intestinal
mucosal immunity. Furthermore, most studies were aimed
to a single target.

Functional food and natural health products have been of
great interest to patients, doctors, and researchers for over a
decade. Chinese herbs and herbal products are critical and
a rich resource of information for the development of health
products and precision medicine. Although increasing sci-
entific evidence has been generated from clinical, preclini-
cal, and in vitro studies, the information is still limited
and lacks systemic evaluation. The mechanisms of action
are particularly a weak area that needs an increased attention.
BMID is our first attempt to integrate information and
results of various studies and inspire a focus of future direc-
tion at which future studies can be conducted to support
and improve it. We hope that this review will provide new
perspectives and strategies for future research on Chinese
herbal products for the prevention and treatment of diabetes
and further product development.
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Objective. Oxidative stress and immune response are associated with acute renal failure (ARF). Ophiocordyceps lanpingensis (OL)
might be an antioxidant and immunopotentiator. In this study, we explored the protective effects of OL on glycerol-induced ARF.
Methods. Male mice were randomly divided into four groups, specifically, glycerol-induced ARF model group, low-dose OL-treated
group (1.0 g/kg/d), high-dose OL-treated group (2.0 g/kg/d), and control group. Renal conditions were evaluated using kidney
index, serum creatinine (Cr), blood urea nitrogen (BUN), and histological analysis. Rhabdomyolysis was monitored using
creatine kinase (CK) level. Oxidative stress was determined using kidney tissue glutathione (GSH), malondialdehyde (MDA),
and superoxide dismutase (SOD) levels. Immune status was evaluated using immune organ indices and immunoglobulin G
(IgG) level. Results. OL could relieve renal pathological injury and decrease the abnormal levels of kidney index, serum Cr, CK,
BUN, and MDA, as well as increase the immune organ indices and the levels of IgG, GSH, and SOD. Treatment with a high
dose of OL had more positive therapeutic effects on ARF than using a low dose of OL. Conclusion. OL could ameliorate renal
dysfunction in glycerol-induced ARF in mice by inhibiting oxidative stress and enhancing immune response.

1. Introduction

Acute renal failure (ARF) is a kind of acute urinary dysfunc-
tion of kidneys caused by various reasons in a short term,
which usually leads to a serious disorder of the body’s inter-
nal environment. ARF was characterized by acute elevations
of serum creatinine (Cr) and blood urea nitrogen (BUN) in
hours to days or weeks [1]. ARF has been widely concerned
by the medical profession due to its complex pathogenesis
and high mortality. Currently, early treatment of ARF
focuses on treating the cause and correcting the imbalance
of electrolyte and diuresis. Although these treatments can
alleviate ARF to some extent, their therapeutic effect is not
stable and durable, thus motivating medical researchers to
explore new safe and effective medication.

Medicinal fungus in China is considered as one important
category of traditional Chinese herbs. Increasing evidence

indicated that these fungi and their bioactive ingredients
had been screened for antitumor, antivirus, antibacteria, and
antithrombosis, and had been helping digestion, lowering
blood pressure and sugar, relieving cough and asthma,
nourishing the lung and kidney, regulating immunity and
metabolism, and so on [2–9].

Ophiocordyceps sinensis (named Cordyceps sinensis
before), commonly known as the Chinese caterpillar fungus
[10], is the prime example of medicinal fungi, which has been
widely used in traditional Chinese medicine for the treat-
ments of renal failure, bronchitis, pneumonia, and asthma
[11]. Clinical studies have shown that O. sinensis could cure
or relieve several kidney diseases, but the mechanisms
remained unclear [9–11]. The nephroprotective (acute and
chronic) activity ofO. sinensismay work through modulating
the immune system and ameliorating renal functions and
renal oxidative stress [12, 13].
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Because of excessive collection and use, the wild resource
of O. sinensis is decreasing rapidly and the large-scale artifi-
cial culture ofO. sinensis is very hard.Ophiocordyceps lanpin-
gensis (OL) has been identified as a new species of
Ophiocordyceps genus, which belongs to the same genus of
O. sinensis and they are close relatives [14]. O. lanpingensis
has been used as an efficient herb treating the disease of
urinary systems by the local ethnic people for a long time.
Our previous study showed that the chemical composition
ofO. lanpingensis was similar to those of O. sinensis. Further-
more, O. lanpingensis is easy to be cultured artificially. Thus,
it has the potential to be the alternative of O. sinensis.

In the present study, based on an ARF mouse model, the
effects of OL on ARF were observed systematically using bio-
chemical, immunological, and histopathological indicators.
This study will contribute to better understand the mecha-
nism of treating ARF by Ophiocordyceps medicinal fungi.

2. Materials and Methods

2.1. Animals and Grouping. Male mice with C57BL/6 back-
ground (6- to 8-week old; 20–25 g body weight) were
obtained from Liaoning Changsheng Biotechnology Co.
Ltd, China. The mice were maintained in a pathogen-free
mouse facility; and clean food and water were supplied with
free access. All experiments were performed according to
the guidelines for the care of laboratory animals and were
proved by the Ethics Committee Guide of Kunming
University of Science and Technology.

2.2. Drugs. Ophiocordyceps lanpingensis (OL) powder was
provided by Yunnan Yunbaicao Biotechnology Co. Ltd.
which was suspended in 0.25% carboxymethyl cellulose
sodium (CMC).

2.3. Administration. Mice were randomly divided into four
groups, each comprising of 10 animals. The animals were
allowed free access to food but deprived of drinking water
for 24 hours before glycerol injection. Group 1 serves as
normal control group. The animals were treated with saline
(10.0mL/kg/d, intragastric [i.g.]) for 7 days, deprived of
drinking water for 24 hours on the sixth day, then were given
saline (10.0mL/kg intramuscular [i.m.]), divided equally
among the hind legs. Group 2 is ARF model group. The
animals were treated with saline (10.0mL/kg/d, i.g.) for 7
days, deprived of drinking water for 24 hours on the sixth
day, then were given 50% glycerol (10.0mL/kg, i.m.), divided
equally among the hind legs. Group 3 is low-dose OL-treated
group. The animals were treated with OL (1.0 g/kg/d, i.g.) for
7 days, deprived of drinking water for 24 hours on the sixth
day, then were given 50% glycerol (10.0mL/kg, i.m.), divided
equally among the hind legs. Group 4 is high-dose OL-
treated group. The animals were treated with OL (2.0 g/kg/
d, i.g.) for 7 days, deprived of drinking water for 24 hours
on the sixth day, then were given 50% glycerol (10.0mL/kg,
i.m.), divided equally among the hind legs. The animals were
allowed free access to food and water after the glycerol injec-
tion for 24 hours [15]. At the end of the treatment, animals
were euthanized by CO2. The blood was obtained and

centrifuged (4000×g for 10min at 4°C) to get serum which
was then stored at −80°C until assay. The kidneys, thymus,
and spleen were harvested and weighed. The left kidney
was frozen at −80°C for subsequent evaluation, while the
right kidney was fixed in 4% paraformaldehyde solution for
histological sectioning.

2.4. Renal Coefficient and Immune Organ Indices. The weight
of the mice was measured before death. Renal tissues, thymus
tissue, and spleen tissue were collected from mice, washed by
normal saline solution (0.9%), and then blotted them with
paper. Renal index, thymus index, and spleen index were
used to help evaluate renal and immune status.

Renal index mg/g = Renal weight
Mice weight ,

Thymus index mg/g =
Thymus weight
Mice weight ,

Spleen index mg/g =
Spleen weight
Mice weight

1

2.5. Serum Biochemical Analysis. The level of serum IgG
was detected using immunoglobulin G assay kit (Nanjing
Jiancheng Bioengineering Institute, China) in the form of
immunoturbidimetric assay. Serum biochemical parame-
ters of BUN and serum Cr levels were measured using
urea assay kit (Nanjing Jiancheng Bioengineering Institute,
China) and creatinine assay kit (Nanjing Jiancheng Bioen-
gineering Institute, China) in the form of urease method
and picric acid colorimetric method, respectively. The activ-
ity of serum CK was detected using creatine kinase assay kit
(Nanjing Jiancheng Bioengineering Institute, China) in the
form of a colorimetric method.

2.6. Antioxidant Indices. Kidneys were homogenized in iced
saline (0.9% sodium chloride). The homogenates were cen-
trifuged at 800×g for 5 minutes at 4°C to separate the
nuclear debris. The supernatant obtained was centrifuged
at 10,500×g for 20 minutes at 4°C to get the postmito-
chondrial supernatant which was used to assay glutathione
(GSH), malondialdehyde (MDA), and superoxide dismutase
(SOD) levels. SOD activity was assayed in the form of
hydroxylamine method by using SOD assay kit (Nanjing
Jiancheng Bioengineering Institute, China), while GSH and
MDA levels were assayed in the form of microplate test and
thiobarbituric acid (TBA) method by using GSH assay kit
(Nanjing Jiancheng Bioengineering Institute, China) and
MDA assay kit (Nanjing Jiancheng Bioengineering Institute,
China), respectively.

2.7. Renal Histopathology. Kidney tissues were embedded in
paraffin and used for histopathological examination. Four-
micrometer-thick sections were cut, deparaffinized, and
hydrated. For light microscopic purpose, paraffin sections
were stained with hematoxylin and eosin (H&E). The intact
glomeruli, hemorrhage, capillary congestion, and vacuoliza-
tion of the medullary tubular cells were evaluated.

2.8. Statistical Analysis. The results were reported as the
mean± SEM. All of the data were compared by one-way
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analysis of variance test (ANOVA) while Tukey’s multiple
comparison test was used to detect significance between all
groups. For analysis, a P < 0 05 was considered statistical
significance. Statistical analysis was performed using SPSS®
v.17.0 software.

3. Results

3.1. Evaluation of a Mouse Model of ARF. Comparing with
the control group, ARF caused by glycerol injection in mice
resulted in significant changes in immune organs and IgG.
There were statistically significant decreases in thymus index
(P < 0 01), spleen index (P < 0 05), and serum IgG (P < 0 01)
(Gly group in Figures 1(b), 1(c), and 1(d)). Levels of renal

GSH (P < 0 01) and SOD (P < 0 01) were also significantly
reduced (Gly group in Figures 2(d) and 3(a)); meanwhile,
the kidney index (P < 0 01), levels of serum Cr (P < 0 01),
serum CK (P < 0 01), BUN (P < 0 01), and renal MDA
(P < 0 01) were enhanced much more (Gly group in
Figures 1(a), 2(a), 2(b), 2(c), and 3(b)). Such results indi-
cated that ARF induced severe failure in kidney functions
and oxidative stress which suggested that the animal model
of ARF was gotten definitely and efficiently.

3.2. OL Improved Immunity of Mice in Glycerol-Induced ARF.
Intragastric administration of OL for 7 days in both doses of
1.0 g/kg/d and 2.0 g/kg/d resulted in significant improvement
in immunity compared with ARFmodel group. A statistically
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Figure 1: Kidney index, thymus index, spleen index, and serum IgG level. (a) The changes of kidney index in different groups. (b) The
changes of thymus index in different groups. (c) The changes of spleen index in different groups. (d) The changes of serum IgG content in
different groups. Notes: the statistical significance between the OL-treated groups, normal control group, and acute renal failure (ARF)
model group was determined using Tukey’s test. ∗P < 0 05 and ∗∗P < 0 01. Gly: ARF induced by glycerol; OL: Ophiocordyceps lanpingensis;
IgG: immunoglobulin G.
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significant increase in thymus index (P < 0 01), spleen index
(P < 0 05), and serum IgG level (P < 0 01) were shown in
Figures 1(b), 1(c), and 1(d). More efficient enhancement of
related immunity parameters was observed in the group
which received OL in a dose of 2.0 g/kg/d (Figures 1(b) and
1(d)). Such results indicated that the effects of OL in AFR
may depend on the dose.

3.3. OL Prevented Damage of Kidney Functions and Improved
Oxidative Stress of Kidney in Glycerol-Induced ARF. The
serum Cr and BUN were analyzed in this study, which were
two important biomarkers of renal function. In addition,
chemical- or ischemia-induced renal failure is generally
associated with a remarkable increase of MDA level and

decreases of GSH and SOD levels. Rhabdomyolysis was
monitored by creatine kinase (CK) level, which was a repre-
sentative symptom caused by glycerol. Treatments of OL in
both doses of 1.0 g/kg/d and 2.0 g/kg/d showed significant
improvements in kidney functions and oxidative stress
compared with ARF model group. There were significant
decreases in kidney index (P < 0 01), serum Cr (P < 0 01),
serum CK (P < 0 01), BUN (P < 0 01), and renal MDA (P <
0 01) (Figures 1(a), 2(a), 2(b), 2(c), and 3(b)), whereas
enhancements in renal GSH (P < 0 01) and SOD (P < 0 01)
were observed (Figures 2(d) and 3(a)). More prominent
improvements in kidney functions and oxidative stress were
shown in a dose of 2.0 g/kg/d OL group (Figures 1(a), 2(a),
2(b), 2(c), 2(d), and 3(a)).
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Figure 2: Serum Cr and BUN levels, serum CK activity and kidney tissue GSH level. (a) The effect of OL on glycerol-induced changes in
serum Cr. (b) The effect of OL on glycerol-induced changes in BUN. (c) The effect of OL on glycerol-induced changes in serum CK. (d)
The effect of OL on glycerol-induced changes in kidney tissue GSH. Notes: the statistical significance between the treated groups, normal
control group, and acute renal failure (ARF) model group was determined using Tukey’s test. ∗P < 0 05 and ∗∗P < 0 01. OL:
Ophiocordyceps lanpingensis; Gly: ARF induced by glycerol; Cr: creatinine; BUN: blood urea nitrogen; CK: creatine kinase; GSH: glutathione.
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3.4. OL Administration Caused Regression of Renal
Histopathological Changes. The horizontal section of mouse
kidney had no obvious pathological changes, showing nor-
mal structure of kidney tissue and integrality of cells in tubule
epithelium in normal control group (Figure 4(a)). In ARF
model group, many necrotic tubules with casts, tubular dila-
tion, and vacuolation were seen (Figure 4(b)). Intragastric
administration of OL in different doses resulted in significant
regression of renal histopathological changes compared with
ARF model group, especially when received OL in a dose of
2.0 g/kg/d (Figures 4(c) and 4(d)).

4. Discussion

ARF is a common clinical emergency with abrupt loss of kid-
ney function, which may lead to a number of complications
and even death. Studies have demonstrated that the patho-
genesis of ARF was associated with the oxidative stress and
a host of inflammatory mediators and cell-mediated immune
responses [15–20]. A glycerol-induced mouse model can
simulate ARF which is characterized by a significant
increase of Cr, CK, and BUN in serum. CK is the most
sensitive damage index for muscle cell damage and marks
the occurrence of rhabdomyolysis [15]. In the animal
model, significant structural changes of kidney including
tubular dilatation, vacuolation, necrosis, and cellular debris
could be observed [21–23].

The conventional treatments about ARF include the
underlying causes and supportive care; furthermore, treat-
ment with Chinese medicine has been applied widely in
clinic. In recent years, herbs and their effective compo-
nents are considered as promising therapeutic options
for ARF and many studies indicated the potential role of
them in reducing renal dysfunction after ARF [24–27].

As a famous traditional Chinese herb, the beneficial effects
of O. sinensis or its water-soluble polysaccharide on vari-
ous renal diseases have been proven [28]. So far, with
the extreme lack of the natural resource of O. sinensis,
the substitution of O. sinensis needs to be studied. O. lan-
pingensis (OL), a Chinese herb similar with O. sinensis
which could protect against ARF, has been proven to con-
tain bioactive constituents that may have pharmacological
effects such as antioxidant, anti-inflammatory, and immune
activation. In this study, we explored the protective effects
of OL on glycerol-induced ARF in mice and firstly found
that OL could enhance immunity, protect kidney func-
tions, and relieve oxidative stress as well as renal patho-
logical damage.

The possible explanation for the benefits in renal func-
tion recovery following administration of OL may be due
to its role in increasing immunity as well as reducing oxi-
dative stress. Oxidative stress is closely related to human
health and plays an important role in the pathogenesis
of glycerol-induced ARF. Normally, the production and
elimination of oxygen free radicals in the human body
are balanced. But when the body’s antioxidant system is
disordered, excessive oxygen free radicals will be produced;
thus, the oxygen free radical metabolism in the body will
be imbalanced, leading to cell damage and then even cause
heart disease, cancer, or other serious problems [29, 30].
During physiological activities, the body produces reactive
oxygen species (ROS) continuously. The biological activity
of ROS is very strong, which plays a positive role in cell divi-
sion, growth, anti-inflammation, and so on. Nevertheless,
ROS is the most significant contributing factor to oxidative
stress in complex systems and excessive ROS may cause cell
aging, body damage, inflammation, immune disorders, and
other diseases.
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Figure 3: Kidney tissue SOD activity and MDA level. (a) The effect of OL on glycerol-induced changes in kidney tissue SOD. (b) The effect of
OL on glycerol-induced changes in kidney tissue MDA. Notes: the statistical significance between the treated groups, normal control group,
and acute renal failure (ARF) model group was determined using Tukey’s test. ∗P < 0 05 and ∗∗P < 0 01. OL: Ophiocordyceps lanpingensis;
Gly: ARF induced by glycerol; SOD: superoxide dismutase; MDA: malondialdehyde.
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In order to evaluate the antioxidant capacity of the body,
the activity of SOD and the contents of renal GSH and MDA
in the mice were measured in this study. SOD is one of
the main free radical scavengers in the body, which plays
an important role in the oxidation and antioxidation
balance in the organism. SOD can remove excessive free
radicals and reduce the negative effects of free radicals
on biofilm and other tissues; meanwhile, GSH is another
important free radical scavenger with strong protective
effects [31–36]. High or low content of MDA in the tissues
indirectly reflects the severity of the cells attacked by free
radicals. The current study indicated that oral administra-
tion of OL caused significant increases in renal SOD and
GSH while decreasing the renal MDA to normal condition
compared with their levels in ARF model group. More-
over, the group received OL in a dose of 2.0 g/kg/d repre-
senting remarkable effects in all physiological parameters
which were closed to those of normal group. The effects
of renoprotection were dose dependent.

SOD and MDA are important in tissues and organs for
their functions in the body’s oxidative stress and immune
protection. Correspondingly, the immune response of body
can ameliorate oxidative stress and inflammation [37, 38].
Besides oxidative stress, another factor that plays a role in
the pathogenesis of nephrotoxicity is the process of immu-
nity. The occurrence of body damage is accompanied by an
inflammatory response which regulates multiple physiologi-
cal metabolisms. Such effects depend on the concentrations
of cytokines, chemokines, and other inflammatory mole-
cules. Very low levels of inflammatory molecules are enough

to induce immune responses. IgG is one of the critical sub-
stances in the immune system of the body, which is synthe-
sized and secreted by plasma cells in spleen and lymph
nodes. IgG plays an important role in the immune and phys-
iological adjustment [39, 40]. As the main antibody composi-
tion in the serum, IgG is widely distributed in tissues, which
possesses anti-infection function. The content of IgG is a
crucial detection index of humoral immunity while the
immune organ index is an important and intuitive parameter
to reflect the immune status as well [17–19].

To explore the effects of immune role of OL in the pres-
ent study, thymus index, spleen index, and IgG concentration
were examined. The results showed that OL could signifi-
cantly increase thymus index, spleen index, and the level of
serum IgG in mice compared with those in the ARF model.
When using the dose of 2.0 g/kg/d OL, the thymus and spleen
indices in ARF mice were almost recovered to normal (con-
trol group), suggesting that the destroyed immune system
might be established again.

5. Conclusion

In conclusion, this study showed that OL could relieve the
renal injury caused by glycerol. OL ameliorated renal dys-
function of ARF by inhibiting oxidative stress and improving
the body’s immunity. In future studies, we will explore the
definite bioactive components in OL and reveal the correla-
tion between biological effects and these components, thus
to provide strong evidence for application of OL.

(a) (b)

(c) (d)

Figure 4: Hematoxylin and eosin results in mice’s kidney tissues (magnification ×400). (a) Normal control group. (b) ARF model group. (c)
1.0 g/kg/d OL-treated group. (d) 2.0 g/kg/d OL-treated group. Notes: (a) normal architecture of kidney in the normal healthy group. (b) Many
necrotic cortical tubules with casts (arrowheads), tubular dilation, and vacuolation were seen. (c) Severe necrotic tubules with some casts
(arrowheads) were present. (d) Occasional necrotic tubules with casts (arrowheads) were seen. OL: Ophiocordyceps lanpingensis; ARF:
acute renal failure.
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Atherosclerosis is a chronic inflammatory disease caused by dyslipidemia and mediated by both innate and adaptive immune
responses. Inflammation is a critical factor at all stages of atherosclerosis progression. Proinflammatory cytokines accelerate
atherosclerosis progression, while anti-inflammatory cytokines ameliorate the disease. Accordingly, strategies to inhibit immune
activation and impede immune responses towards anti-inflammatory activity are an alternative therapeutic strategy to
conventional chemotherapy on cardiocerebrovascular outcomes. Since a number of Chinese medicinal plants have been used
traditionally to prevent and treat atherosclerosis, it is reasonable to assume that the plants used for such disease may suppress
the immune responses and the resultant inflammation. This review focuses on plants that have immunomodulatory effects
on the production of inflammatory cytokine burst and are used in Chinese traditional medicine for the prevention and
therapy of atherosclerosis.

1. Introduction

Atherosclerosis (AS), a chronic inflammatory disease char-
acterized by dyslipidemia, is the most common type of
cardiocerebrovascular disease and the leading cause of
morbidity and mortality in the world nowadays [1, 2].
The characterization of atherosclerosis as an immune-
mediated aberrance is based on evidence of immune activa-
tion and inflammatory signaling in human atherosclerotic
lesions [3], the significance of inflammatory biomarkers as
independent risk factors for cardiocerebrovascular events
[4], as well as the ability of LDL particles and their con-
tents to activate innate and adaptive immunity [5, 6].
Thus, strategies to inhibit immune activation and impede
immune responses towards anti-inflammatory activity are
an alternative therapeutic strategy to conventional chemo-
therapy on cardiocerebrovascular outcomes. In accordance
with ancient Chinese pharmacopoeias, a large amount of
medicinal plants has shown inhibitory potentials in immune
responses and some of them have been used traditionally to

prevent and treat atherosclerosis. This is partly due to their
safety and lower side effects and, in some ways, their more
effectiveness. As inflammation is a critical factor at all stages
of atherosclerosis progression, from attracting immune cells
and atherosclerotic plaque formation to its rupture, cytokines
are major mediators in all kinds of inflammation [7, 8]. In
this review, we focus on plants that are used in traditional
Chinese medicine (TCM) and have been reported to act
as immunomodulatory agents of suppressive function on
cytokine production in atherogenesis.

2. Role of Inflammatory Cytokines in the
Pathogenesis of Atherosclerosis

The concept of atherosclerosis as an inflammatory disease is
based on the evidence that inflammatory cells are abundant
in atherosclerotic lesions, which are the major source of
cytokine that was involved in all stages of atherosclerosis
and have a profound impact on the pathogenesis of this
disease [9]. Cytokines are protein mediators produced by
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monocytes, macrophages, T cells, and platelets, as well as
by ECs, smooth muscle cells (SMCs), and adipocytes, in
answering to inflammation and other stimuli [10, 11].

Recently, emphasis has been placed on the role of cyto-
kines and the way they act on a variety of objects exerting
multiple effects and are largely responsible for the crosstalk
among endothelial, smooth muscle cells, leukocytes, and
other vascular residing cells having a potentially causative
role in atherosclerosis. For example, cytokine-induced
activation of ECs can induce endothelium dysfunction
accompanied by upregulation of adhesion molecules and
chemokines, such as intercellular adhesion molecule-1
(ICAM-1), vascular cell adhesion molecule-1 (VCAM-1),
and monocyte chemoattractant protein-1 (MCP-1), which
promotes migration of immune cells (monocytes, neutro-
phils, and lymphocytes) into the atherosclerosis lesion
[12, 13]. Moreover, cytokines impress the function of SMCs
by promoting their growth, proliferation, and migration.
Studies by Cushing et al. demonstrated that minimally
ox-LDLs, but not native LDLs, give rise toMCP-1 production
in vascular wall cells such as endothelial cells and smooth
muscle cells and MCP-1 functions in the recruitment of
monocytes to atheroma [14]. Finally, at later stages of
atherosclerosis, proinflammatory cytokines accelerate desta-
bilization of atherosclerotic plaques, apoptosis of various
cells, and matrixed gradation, thereby accelerating plaque
breakage and thrombus formation. For instance, TNF-α
and IL-1β accelerate apoptosis of macrophages together
with foam cells leading to the enlargement of the lipid
core [15, 16]. Such cytokines also irritate apoptosis of SMCs
leading to thinning of the fibrous cap. Further remodeling
of the extracellular matrix (ECM) is controlled by a series
of proteases, particularly matrix metalloproteinases (MMPs),
and their inhibitors (tissue inhibitor of metalloproteinases
(TIMPs)) produced by macrophages and other vascular cells
[17]. The expression and/or activities of MMPs and TIMPs
are adjusted by cytokines [18]. Vulnerable plaques have
very few SMCs and high macrophage substance and are
susceptible to rupture leading to thrombosis in the end
[19]. What is more, key components involved in thrombosis
are also the target of regulation by cytokines [20].

To date, atherosclerosis cannot be reversed by medical
treatment, warranting the need for better understanding
of this pathology in order to develop new strategies to
struggle this deadly disease. Targeted intervention strategies
on reducing proinflammatory cytokine expression may be
of great help to improve current cardiovascular outcomes.

3. Immunosuppressive Role of Chinese
Medicinal Plants on Inflammatory Cytokines
Expression in Atherogenesis

Experimental endeavors to control atherosclerosis have
included both wide-spectrum anti-inflammatory and immu-
nomodulatory approaches, as well as specific targeting of
mechanisms [21, 22]. Given traditional Chinese medicine
is deeply rooted in the history and has been widely used
to prevent and treat cardiocerebrovascular disease; it is

reasonable to assume that these plants used for such dis-
eases may refrain the immune responses and the resultant
inflammation. Furthermore, trying to describe the potential
clinical predictive value of some TCMs on proinflammatory
cytokine expression in the progression and complications of
atherosclerosis may be of great help not only in under-
standing TCMs but also in determining the potential of
cytokine-based therapies. In consideration of the variety
of cells that participate in atherogenesis, the large number
of cytokines that is expressed by each of them and the
pleiotropic activity of each cytokine; it is almost impossible
to describe minutely all interactions taking place during
atherogenesis [23]. Herein, ICAM-1, VCAM-1, MCP-1,
TNF-α, IL-1β, and MMPs-9, which participate in initial
and later stages of atherosclerosis [24], will be more elabo-
rately discussed.

3.1. Intercellular Adhesion Molecule (ICAM-1) and Vascular
Cell Adhesion Molecule (VCAM-1). Inflammatory stimuli
result in the upregulation of adhesion molecules, which
is a critical feature in early atherosclerosis. ICAM-1 and
VCAM-1 are the main adhesion molecules which are
important for the firm adhesion of leukocytes to the endo-
thelium. These adhesion molecules in turn enable the
adhesion of mononuclear leukocytes to endothelial cells
and also their transmigration into the intima, further leading
to a series of inflammatory reactions, which finally aggravates
plaque instability [25, 26]. Accordingly, inhibiting monocyte
adhesion to the endothelium is considered a novel treatment
strategy for atherosclerosis.

Eucommia ulmoides Oliver is the only known species
of the genus Eucommia. Pharmacologically, researchers
reported that long-term Eucommia leaf extract (ELE)
intake can effectively improve vascular function by pro-
moting plasma nitric oxide (NO) levels while suppressing
the production of ICAM-1 and VCAM-1 [27]. Likewise,
Hosoo et al. examined the effects of ELE administration
on artery function and morphology in spontaneously
hypertensive rats (SHRs) and found that ELE significantly
perfected Ach-induced aortic endothelium-dependent relax-
ation as compared to animals taking a normal diet. Plasma
NO levels and media thickness were significantly increased
and decreased, respectively, in the ELE-treated SHRs, indi-
cating that ELE may exert anti-endothelial dysfunction and
antioxidant and antiatherogenic effects [28].

Polygonum multiflorum stilbene glycoside (PMS) is a
water-soluble fraction of Polygonum multiflorum Thunb.,
one of the most famous tonic traditional Chinese medicines,
that has protective effects on the cardiocerebrovascular
system [29]. Yang et al. studied the function of PMS on
macrophage-derived foam cell functions and found that
PMS could reduce the high production of intercellular
adhesion molecule- (ICAM-) 1 protein and the vascular
endothelial growth factor (VEGF) protein levels in the
medium induced by oxidized lipoprotein when analyzed by
flow cytometry, suggesting that PMS is a powerful agent
against atherosclerosis and that PMS action could possibly
be through the inhibition of the production of ICAM-1 and
VEGF in foam cells [30].
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Genistein, a major isoflavone in soy and red clover,
has won wide attention due to its potential beneficial
impacts and various biological actions [31]. Recent human
intervention researches using soy phytoestrogens proved
their beneficial effect on atherosclerosis. For instance, studies
by Jia et al. demonstrated that genistein at physiological con-
centrations (0.1μM–5μM) significantly restrained TNF-α-
induced expression of adhesion molecules and chemokines
such as ICAM-1 and VCAM-1, which play a critical role
in the firm adhesion of monocytes to activated endothelial
cells [32].

In light of the established pharmacological role of
muscone, which is a pharmacologically active component
isolated from musk, Wu et al. reported that the adminis-
tration of muscone may reduce cardiac remodeling and
improve cardiac function following MI, indicating a bene-
ficial effect on the protection against the development of
atherosclerotic lesions [33].

3.2. Monocyte Chemoattractant Protein-1 (MCP-1). MCP-1
and its receptor play key roles in monocyte recruitment
during foam cell and fatty streak formation in atherogenesis.
Studies prove that circulating blood monocytes are the
precursors of foam cells that are made up of lipid-laden
macrophages. Overexpression of MCP-1 in specific tissues
induces a localized infiltration of monocyte/macrophages.
Endothelial expression of MCP-1 is thought to cause the
subendothelial migration of monocytes in early atheroscle-
rotic lesions. Upon stimulation, macrophages are able to
produce significant loss of MCP-1 in atherosclerotic lesions.
Recent researches indicate that homocysteine stimulates
MCP-1 expression in cultured endothelial cells, giving rise
to enhanced monocyte adhesion to endothelial cells as well
as increased chemotaxis. In addition to recruiting and accu-
mulating monocyte into the inflammatory sites, such as
atherosclerotic lesions, MCP-1 also mediates the develop-
ment of medial thickening [34, 35].

Wogonin (Wog) is an active component isolated from
Scutellaria baicalensis radix, possessing antioxidant and
anti-inflammatory properties [36]. Chang et al. found the
effect of Wog on phorbol myristate acetate- (PMA-) induced
MCP-1 expression in human umbilical vein endothelial
cells (HUVECs) and measured the MCP-1 mRNA levels
and MCP-1 release in Wog-treated HUVECs and reported
that Wog inhibits MCP-1 induction in HUVECs. Further-
more, this inhibition is mediated by suppressing AP-1 tran-
scriptional activity via the attenuation of extracellular
signal-regulated kinase1/2 (ERK1/2) and c-Jun N-terminal
kinase (JNK) signal transduction pathways, indicating that
Wog has the potential therapeutic advantage for use in
anti-inflammatory and vascular disorders [37].

Tetramethylpyrazine (TMP), a pharmacologically active
component isolated from the rhizome of the Chinese herb
Rhizoma Chuanxiong (Chuanxiong), has been clinically used
in China and Southeast Asian countries for the prevention
and treatment of cardiocerebrovascular diseases for about
fifty years [38]. Recently, the function of TMP on the critical
components of atherogenesis has been intensively investi-
gated. Wang et al. reported that TMP reduces MCP-1

levels in the plasma and inhibits lectin-like oxidized LDL
receptor-1 (LOX-1) production in rabbit aortas. Likewise,
in their in vitro study, they revealed that TMP inhibits
the ox-LDL-induced activation of p-ERK, p-p38, and p-JNK
mitogen-activated protein kinase (MAPK), proving that
TMP protects the endothelium and prevents atherosclerosis
via inhibition of immunological responses [39].

Curcumin, a major active component in turmeric, has
anti-inflammatory, anti-oxidative, and anti-atherosclerotic
properties [40]. Liu et al. studied the effect of curcumin on
ox-LDL-induced MCP-1 production and cholesterol efflux
in macrophages and revealed that curcumin significantly
suppressed the MCP-1 production induced by ox-LDL
and enhanced cholesterol efflux through the inhibition of
JNK pathways, which suggest that the vascular protective
effect of Curcumin is related to anti-inflammation and
antiatherosclerosis [41].

Berberine is the main component of the traditional
Chinese medicine umbellatine, which has a widespread
property and was used to treat many diseases clinically
[42]. Chen et al. investigated the function and the mechanism
of action of berberine on the production and secretion of
MCP-1 in vitro to identify new pharmacological actions of
it and found that berberine may suppress the expression
and secretion of the MCP-1 in macrophages stimulated by
acetylated low-density lipoprotein (AcLDL), whereas the
peroxisome proliferator-activated receptor (PPARγ) inhibi-
tor could recede this effect of berberine, which reveals that
berberine may inhibit the production of MCP-1 in AcLDL-
stimulated macrophages and, at least in part, be regulated
through activation of PPARγ [43].

3.3. Tumor Necrosis Factor-α (TNF-α). TNF-α is a proinflam-
matory molecule expressed by cellular components of early
fatty streaks and late atherosclerotic lesions of humans.
Moreover, TNF-αmay be secreted by several cell types within
atherosclerotic plaques, such as endothelial cells, SMCs, and
macrophages. However, monocytes and macrophages are
the main sources of TNF. Researches indicate that circulating
levels of TNF-α are increased in advanced atherosclerosis
and in patients symptomatic for acute stroke. In mice,
TNF-α gene knockout on the ApoE−/− background results
in significantly smaller atherosclerotic plaque areas [44, 45].
Together, these data indicate that TNF-α may represent a
promising target to reduce atherosclerosis.

Paeonol is the main active component of Cortex Moutan,
which has several effects in traditional Chinese medicine,
possessing various pharmacological activities, particularly
an antiatherosclerosis effect [46]. Li et al. studied the asso-
ciation of the therapeutic effect of paeonol on atheroscle-
rotic rabbits with its anti-inflammatory function, and their
histological analysis of rabbits on the high-fat diet with
paeonol showed significant improvement in atherosclerosis
plaque. Moreover, the blood levels of TNF-α and the trans-
location of NF-κB to the nucleus were significantly inhibited
in paeonol groups, as was the suppression of lipid peroxi-
dation, which indicates that the anti-inflammatory func-
tion of paeonol may contribute to its antiatherosclerosis
effect [47].
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Tanshinone IIA (Tan IIA) as a major component to exert
therapeutic effects of danshen is a traditional Chinese
medicine commonly used in Asia for the prevention and
treatment of cardiocerebrovascular diseases, such as athero-
sclerosis [48]. Wang et al. investigated the putative protective
function of Tan IIA on endothelial progenitor cells (EPCs)
injured by tumor necrosis factor-α (TNF-α) and showed that
TNF-α impaired EPC proliferation, migration, adhesion
capacity, and vasculogenesis ability in vitro as well as pro-
moted EPC secretion of inflammatory cytokines. However,
Tan IIA was able to reverse these effects, which revealed that
Tan IIA may have the potential to protect EPCs against
damage induced by TNF-α, offering evidence for the phar-
macological basis of Tan IIA and its potential use in the
prevention and treatment of early atherosclerosis associated
with EPC and endothelial damage [49].

Catalpol, isolated from the roots of Rehmannia glutinosa,
Chinese foxglove, is an iridoid glycoside with antioxidant,
anti-inflammatory, and antihyperglycemic agent [50]. Liu
et al. investigated the function of catalpol on diabetic athero-
sclerosis in alloxan-induced diabetic rabbits and showed that
catalpol treatment ameliorated diabetic atherosclerosis in
diabetic rabbits as revealed by significantly suppressed neoin-
timal hyperplasia and macrophage recruitment. Catalpol
treatment also increased the activities of superoxide dismut-
ase and glutathione peroxidase and enhanced the plasma
levels of total antioxidant status, meanwhile decreasing the
levels of malondialdehyde, protein carbonyl groups, and
advanced glycation end product. What is more, catalpol also
reduced circulating levels of TNF-α. In a word, these data
collectively indicated supporting evidence and important
novel pharmacological function of catalpol, which may
have potential therapeutic value for the treatment and/or
prevention of atherosclerosis in diabetic patients [51].

3.4. Interleukin-1β (IL-1β). IL-1β, as a gatekeeper of inflam-
mation, is a proinflammatory cytokine produced by myeloid
cells. Secretion of IL-1β cytokine and expression of their
receptor are enhanced in atherosclerotic aortas. IL-1β is an
essential factor of Th17 cell differentiation that can facilitate
inflammation in the vascular wall. Experiments in mouse
models confirmed the proatherogenic nature of IL-1β that
is involved in the upregulation of adhesion molecule pro-
duction by endothelial cells as well as macrophage activa-
tion. Therefore, strategies for the prevention of IL-1β burst
resolves inflammation in consideration of how the cyto-
kine is released from the cell or how the precursor is
cleaved [52, 53].

Toona sinensis is well known as a traditional Chinese
medicine; Yang et al. evaluated the protective function of
noncytotoxic concentrations of aqueous leaf extracts of
Toona sinensis (TS extracts) in human umbilical vein endo-
thelial cells (HUVECs) and showed that HUVECs were
preincubated with TS extracts which resulted in enhanced
resistance to oxidative stress and cell viability in a dose-
dependent manner. In addition, IL-1 β was positively
correlated with cytotoxicity and negatively with TS extract
concentrations. Notably, TS extract treatment significantly
restrained reactive oxygen species (ROS) generation in

HUVECs, which supported the traditional use of Toona
sinensis in the treatment of free radical-related diseases and
atherosclerosis [54].

Fistular onion stalk, derived from A. fistulosum, is used
as a traditional herbal medicine, and its extract exhibits
certain beneficial advantages on cardiocerebrovascular dis-
orders [55]. He et al. examined the function of fistular
onion stalk extract on the pathological features, circulating
inflammatory cytokines in in vivo model of atherosclero-
sis, and reported that rats treated with fistular onion stalk
extract showed a significant decrease in the pathological
region compared with the vehicle-treated controls. Fur-
thermore, the extract also restrained the levels of the local
inflammatory cytokines IL-1β and IL-6, suggesting that fist-
ular onion stalk extract may be helpful for the attenuation
of atherosclerosis [56].

Andrographis paniculata (Burm.f.) Nees (Acanthaceae)
is a long-established therapeutic herb. Recently, epidemio-
logic evidence has revealed significant associations between
atherosclerosis and Porphyromonas gingivalis (Pg) [57].
Al Batran et al. examined the function of andrographolide
(AND) on atherosclerosis induced by Pg in rabbits and found
that rabbits treated with AND showed significant reduction
in TC, TG, and LDL levels and significant promotion in
HDL level in the serum. Moreover, the treated rabbits
showed reductions in interleukins (IL-1β and IL-6) as com-
pared to the atherogenic group, which could be attributed
to the anti-inflammatory effect of AND, which was involved
in the decrease of proinflammatory cytokines [58].

Scropolioside B isolated from Scrophularia dentata Royle
ex Benth is used for antiviral and anti-inflammatory treat-
ment [59]. Zhu et al. investigated whether scropolioside B
exhibits anti-inflammatory function and further analyzed
its underlying mechanism in human monocytes and showed
that scropolioside B significantly diminished the production
and secretion of IL-1β and IL-32; furthermore, their study
also revealed that this is regulated by modulating NF-κB
levels, which strengthen the previous notion of the anti-
inflammatory effects of iridoids and highlight scropolioside
B as a potential herb for the treatment of rheumatoid arthritis
and atherosclerotic disease [60].

3.5. Matrix Metalloproteinases (MMPs). Atherosclerotic
plaque rupture causes most myocardial infarctions. MMPs
are involved in the development and the progression of
atherosclerosis and are related to an enhanced factor of
cardiocerebrovascular morbidity and mortality: an increased
MMP expression has been detected in atherosclerotic
plaques, and their activity may be responsible for plaque
instability and rupture and for a strengthen platelet aggrega-
tion. MMPs, also named matrixins, are subdivided into at
least five groups based on their structure and/or substrate
specificities. MMP family members include collagenases
(MMP-1, MMP-8, MMP-13, and MMP-18), gelatinases
(MMP-2 and MMP-9), stromelysins (MMP-3, MMP-10,
and MMP-11), matrilysins (MMP-7 and MMP-26), and
membrane-type MMPs (MMP-14 and MMP-15). It has
been demonstrated that specific matrix metalloproteinases
(MMPs) such as MMP-1, MMP-2, MMP-3, MMP-9, and
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MMP-14 have been proven to enhance angiogenesis, and in
particular, an increase inMMP-9 plasma levels is related with
higher all-cause mortality and cardiocerebrovascular mor-
tality. Given MMPs have pleiotropic actions in atheroscle-
rosis, strategy on a specific adverse effect of MMPs while
leaving intact essential physiological functions, additionally,
avoiding a narrow or nonexistent therapeutic window [61].

Red yeast rice (RYR) is a traditional Chinese medicinal
agent prepared by usingMonascus purpureus fermented with
rice, which has been recorded in ancient Chinese pharmaco-
poeias since the Ming dynasty [62]. Red yeast rice extracts
contain a mixture of starch, phytocholesterols, isoflavones,
monounsaturated fatty acids, and polyketides called mona-
colins. Xie et al. used apolipoprotein E-deficient (ApoE−/−)
male mice infused with angiotensin II to promote the
development of atherosclerosis and showed that RYR extract
significantly decreased atherosclerotic lesion areas in both
the intima of aortic arches and cross sections of aortic roots.
These functions were associated with reductions of serum
total cholesterol, MMP-2, suggesting the potential interpreta-
tion that this traditional Chinese food herb may be used as a
preventive treatment of atherosclerosis [63].

Alisma decoction (AD) is a classical traditional Chinese
formula that was first prescribed in the Eastern Han dynasty,
which composed of a combination of two herbs, including
Alisma and Atractylodes [64]. Xue et al. examined the regu-
lation of lipids and the anti-inflammatory function exerted
by AD and evaluated the underlying molecular mechanisms
using ox-LDL-stimulated foam cells derived from rat perito-
neal macrophages and showed that AD markedly alleviated
lipid deposition in foam cells as it inhibited the ox-LDL-
induced expression of MMP-9. Collectively, their findings
indicate that blocking lipid deposition and inhibiting inflam-
matory response may be one of the key mechanisms through
which AD exerts its antiatherosclerotic effects [64].

Puerarin, a phytoestrogen derived from the Chinese
medicinal herb radix puerariae, has been proven practical
in the management of various cardiocerebrovascular dis-
eases [65]. Li et al. examined the clinical significance of
MMP-9 secreted by cultured monocyte-derived macro-
phages (HMDM) from patients with coronary heart disease
(CHD) in vitro and evaluated the intervenient function of
puerarin on them and revealed that the levels of MMP-9
secreted in vitro by HMDM from CHD patients could be
used as indexes for evaluating patient’s condition of ACS.
In addition, puerarin can restrain the production and the
activity of MMP-9 secreted by HMDM, stabilize the plaque,
and perfect the vulnerability of blood to a certain extent [66].

Artemisinin, derived from the sweet wormwood Artemi-
sia annua, has been used in the treatment of malaria in China
for over 2000 years. Recently, artemisinin and its derivatives
have been proven to have pharmacological actions beyond
their antimalarial effects; these other properties include
immunosuppressive and anti-inflammatory properties [67].
Wang et al. examined whether artemisinin could reduce
MMP-9 production in phorbol myristate acetate- (PMA-)
induced macrophages by regulating the protein kinase (PK)
Cd⁄JNK⁄p38⁄ERK pathway and revealed that artemisinin
significantly inhibited the induction of MMP-9 at both the

transcriptional and translational levels in a dose-dependent
manner in PMA-inducedmacrophages. In addition, artemisi-
nin strongly blocked PKCd⁄JNK⁄p38⁄ERKMAPK phosphory-
lation, indicating that artemisininmay have a potential for use
in the protection against the development of atherosclerotic
lesions [68].

4. Author’s Comments: Challenges in Exerting
Advantages of Chinese
Herb in Antiatherosclerosis

The immunopathology of atherosclerosis emphasizes the
active inflammatory, complex or multifactorial, and long-
term property of the disease. Understanding the character-
istic and interrelationship in atherosclerosis may offer new
concepts with possible impact not only on early and accurate
diagnosis but also on preventive programs and perhaps
more effective therapeutic interventions. In accordance with
ancient Chinese pharmacopoeias, a large amount of medici-
nal plants have shown inhibitory potentials in antiathero-
sclerosis from the formation of fatty streak to plaque
complications, which have been widely used to prevent and
treat atherosclerosis in China. Moreover, the evidence-based
study of TCMs in treating atherosclerosis suggested that, in
addition to anticytokine production, Chinese herb also exerts
anti-endothelial dysfunction and antioxidant and antihyper-
lipidemic effects, thus having widespread properties.

Recently, the Nobel Prize-winning discoveries of Pro-
fessor Tu related to artemisinin from the Chinese herb
Artemisia carvifolia won global interest in TCM. The
Chinese natural herbs outlined in this review are potential
targets for an immunomodulatory cardiocerebrovascular
prevention strategy mainly due to its anti-inflammatory
property. Despite encouraging results from either clinical tri-
als or experimental, researches show that TCMs and their
components or derivatives have immunomodulatory effects
and supplied the rationale for the therapeutic potential of
targeting inflammation in atherosclerosis; data from ran-
domized, controlled, and double-blind clinical trials to evalu-
ate cardiocerebrovascular outcomes for specific monomer
from these natural herbs are a few and far between. Thus,
future researches are required to explore detailed immuno-
modulatory molecular mechanisms of these medicinal herbs
to elucidate the precise function of active ingredients and
perfect their therapeutic management in atherosclerosis,
and further large randomized controlled trials (RCTs) will
shed light on the guidelines to define the appropriate target
population, treatment periods, outcomes, and prediction of
potential adverse effects.

5. Conclusions

The nature of atherosclerosis is chronic inflammation in the
aortic, caused by dyslipidemia, innate and adaptive immune
responses. Cytokines are elucidated to play a critical role in
the interrelationship of atherosclerosis, such as in the initia-
tion, progression, and even regression of atherosclerotic
lesions. Given pro-nflammatory cytokines accelerate ath-
erosclerosis progression, and anti-inflammatory cytokines
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ameliorate the disease; the balance between pro- and anti-
inflammatory cytokines is the major element that determines
the stability of atherosclerotic plaque [69, 70]. The Chinese
natural herbs outlined in this review possess a widespread
property beyond anti-endothelial dysfunction, antioxidant
and antihyperlipidemic property; anti-inflammatory prop-
erty is the most important mechanism partly in the pre-
vention and treatment of atherosclerosis. However, precise
immunomodulatory molecular mechanisms of these medici-
nal herbs and their active ingredients or derivatives in the
therapy of antiatherosclerosis are a few and far between.
Thus, there is still a long but promising journey between
these Chinese medicinal herbs and their appropriate thera-
peutic management in atherosclerosis.
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A derivative formula, DGBX, which is composed of three herbs (Radix astragali, Radix Angelicae sinensis, and Coptis chinensis
Franch), is derived from a famous Chinese herbal formula, Danggui Buxue Tang (DBT) (Radix astragali and Radix Angelicae
sinensis). We aimed to investigate the effects of DGBX on the regulation of the balance between proliferation and apoptosis of
hematopoietic stem cells (HSCs) due to the aberrant immune response in a mouse model of aplastic anemia (AA). Cyclosporine
(CsA), an immunosuppressor, was used as the positive control. Our results indicated that DGBX could downregulate the
production of IFNγ in bone marrow cells by interfering with the binding between SLAM and SAP and the expressions of Fyn
and T-bet. This herbal formula can also inhibit the activation of Fas-mediated apoptosis, interferon regulatory factor-1-induced
JAK/Stat, and eukaryotic initiation factor 2 signaling pathways and thereby induce proliferation and attenuate apoptosis of
HSCs. In conclusion, DGBX can relieve the immune-mediated destruction of HSCs, repair hematopoietic failure, and recover
the hematopoietic function of HSCs in hematogenesis. Therefore, DGBX can be used in traditional medicine against AA as a
complementary and alternative immunosuppressive therapeutic formula.

1. Introduction

Aplastic anemia (AA) is a rare acquired bone marrow failure
syndrome resulting from immune-mediated destruction of
hematopoietic stem cells (HSCs), caused largely by many
quantitative and qualitative defects in HSCs [1]. Allogeneic
stem cell transplant can cure severe AA. Nevertheless, trans-
plantation in patients who are old or lack family donors has
many challenges [2]. The molecular basis of the aberrant
immune response and deficiencies in HSC is now being
defined genetically. Immunosuppression by antithymocyte
globulins and cyclosporine A (CsA) is effective on restoring
blood cell production in the majority of AA patients.

However, the incidence of relapse and evolution of clonal
hematological diseases remain high [3].

Danggui Buxue Tang (DBT), one of the simplest tradi-
tional Chinese medicine (TCM) decoctions, has been used in
the treatment of blood deficiency syndrome for more than
800 years in China. DBT is composed of two herbs, Radix
astragali (Milkvetch Root) and Radix Angelicae sinensis
(Chinese Angelica), boiled together at a 5 : 1 ratio. Pharmaco-
logical studies indicated thatDBThas effects on bone develop-
ment [4], blood enhancement [5], and immune stimulation
[6]. Several studies have verified the hematopoietic function
of DBT in a mouse model of bone marrow suppression. It
can increase the production of peripheral blood and nucleated
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bone marrow cells (BMCs) and the colony count of hemato-
poietic stem/progenitor cells (HSPCs) in vitro; regulate the
expression of cytokines, such as erythropoietin, thrombopoie-
tin, andgranulocyte-macrophage colony-stimulating factor in
bone marrow microenvironment; and contribute to cell cycle
ofHSPCs [7]. For the bonemarrow failure syndrome resulting
from immune-mediated destruction of HSC, we modified
DBT to prepare a derivative herb formula (DGBX) by adding
Coptis chinensis Franch (Coptidis rhizoma) for reinforcing
the regulatory effect on aberrant immune response in the bone
marrow of patients with AA. Pharmacological studies
validated that Coptis chinensis Franch modulates immune
responses and controls certain inflammation-related diseases
[8]. The combination of these three herbs can contribute to
multitargeting, multichannel immunosuppressive effects in
AA treatment.

We investigated the possible mechanisms underlying the
immunosuppressive and hematopoietic functions of DGBX
in an immune-mediated AA mouse model. CsA was used
as a positive control. The aim of this study was to identify
the specific cellular targets involved in the immunosuppres-
sive and hematopoietic functions of DGBX in AA treatment.

2. Materials and Methods

2.1. Preparation of Herbal Composition of DGBX. Radix
astragali, Radix Angelicae sinensis, and Coptis chinensis
Franch (total weight, 126 g; individual ratio, 5 : 1 : 1) were
boiled together in 6× volume of water for 0.5 h. Then, residue
from the first extraction was boiled in 8× volume of water for
25min. Finally, the filtered solutions were combined and
concentrated into aqueous extracts containing 0.9 g/mL of
raw herbs.

2.2. High-Performance Liquid Chromatography-Electrospray
Ionization/Mass Spectrometry. The herbal extracts were fil-
tered using a 150μm standard test sieve and maintained in
desiccators at 4°C until use. Lyophilized flower (0.02 g) was
extracted with 5mL of methanol/water (v/v=1 : 1) in the
sonicator for 20min at room temperature. The extract was
filtered through a 0.22μm membrane. A 10μL aliquot of
the extract was injected into the analytical column for analy-
sis. The compounds were separated on a Phenomenex Kine-
tex C18 (2.6μm, 100× 2.1mm) operated at 35°C. The mobile
phase (0.1% formic acid in water (A) and acetonitrile (B) as
mobile phase) was delivered at a flow rate of 0.4mL/min
under a gradient program. The diode-array detector was set
at 254nm, and the online UV spectra were recorded in the
scanning range of 190–400nm.

The optimized parameters for negative and positive
modes were as follows: the ion spray voltage was set at 5500
(positive ion mode) and −4500V (negative ion mode); the
turbo V spray temperature at 600°C, nebulizer gas (gas 1) at
50 psi, heater gas (gas 2) at 60 psi, collision gas at medium,
the curtain gas at 30 psi, and the declustering potential at 80
(positive ion mode) and −80V (negative ion mode). The
collision energy was set at 35 (positive ion mode) and
−35V (negative ion mode), and the collision energy spread
was set at 15V for MS/MS experiments. The data was
acquired with IDA (information-dependent acquisition)
method and analyzed by Peak View Software™ 2.2 (SCIEX,
Foster City, CA, USA).

2.3. Mice. BALB/c femalemice (n = 6pergroup, 7-8weeksold)
and DBA/2 female mice (7 to 8 weeks old) were purchased
from HFK Bioscience Co. Ltd. (Beijing, China). Animal care
and use were in accordance with the institutional guidelines.
All animal experiments were approved by the Institutional
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Figure 1: High-performance liquid chromatography-electrospray ionization/mass spectrometry ion chromatograms of lyophilized boiled
aqueous extract of DGBX. Abscissa represents retention time, and ordinate represents chromatographic peak intensity.
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Animal Care and Use Committee of the National Institute of
State Scientific and Technological Commission.

2.4. Induction AA. BALB/c mice, except mice in the normal
group, received a sublethal total body irradiation dose of
3.5Gy from Model 143 137Cesium γ-irradiator one hour
before lymph node cell infusion. Inguinal, brachial, and axil-
lary infusion of lymph node cells were obtained from female
DBA/2 mice. Lymph cells (1× 106) were injected into BALB/
c mice through the tail vein for inducing AA [9].

2.5. Drug Treatment. The treatment was initiated after lymph
node cell infusion and lasted for 28 days. Mice were ran-
domly divided into four groups: normal group, mice were
fed the control diet and orally administered sterile saline;
model group, mice were fed the same as the normal group;
cyclosporine (CsA) group, CsA (batch number H10960122,
Zhongmei Huadong Pharmaceutical Co. Ltd., Hangzhou,
China) mice were fed the same control diet and orally daily
administered 25mg/kg CsA daily for 28 days; and DGBX
group, mice were fed the same control diet and orally admin-
istered 6.3 g/kg DGBX daily for 28 days. The mice were sacri-
ficed on the 29th day after treatment. Mice were anesthetized
by isoflurane anesthesia (2-3% isoflurane with oxygen sup-
ply). Peripheral blood samples were collected by removing
eyeballs, and BMCs were obtained by femoral cavity flushing.

2.6. Enzyme-Linked Immunosorbent Assay. Twenty-four
hours after the last administration, 0.8mL of peripheral
blood was collected from each mouse by eyeball extirpation.
Sera were isolated by centrifuging at 3000 rpm and 4°C
for 10min. The concentrations of interferon γ (IFNγ),
interleukin-2 (IL-2), and tumor necrosis factor α (TNFα)

were measured using ELISA kits (eBioscience, San Diego,
CA, USA), according to the instructions provided by
the manufacturer.

2.7. Fluorescence-Activated Cell Sorter Analysis. BMCs were
obtained by femoral cavity flushing and filtered through a
200-eye cell sieve mesh to obtain a single-cell suspension. To
quantify the percentage of HSCs, CD117- and sac-1-
positive cells were washed and stained with anti-mouse
CD117 (c-Kit) FITC and anti-mouse Ly-6A/E (Sca-1) PE
antibodies (eBioscience). For the detection of apoptosis
in BMCs, an Annexin V-FITC Apoptosis Detection Kit
(eBioscience) was used. BMCs were stained with FITC-
conjugated annexin V and propidium iodide (PI). Flow
cytometry was performed using a fluorescence-activated
cell sorter Calibur cytometer and analyzed with CellQuest
software (Beckman Coulter, Brea, CA, USA).

2.8. Immunofluorescence. To examine the expression and dis-
tribution of T-bet in BMCs, cells were fixed, permeabilized,
and incubated with anti-human/mouse T-bet PE (1 : 100)
(eBioscience). To identify changes in binding of signaling
lymphocyte activation molecule (SLAM) and SLAM-
associated protein (SAP), cells were stained with anti-
mouse CD150/SLAM PE antibody (1 : 50) (eBioscience).
After permeabilization, cells were incubated with SH2D1A/
SAP antibody (FITC) (1 : 100) (EterLife, Birmingham, UK).
Confocal fluorescence microscopy images were captured
using a Leitz/Leica TCSSP2 microscope (Leica Lasertechnik
GmbH, Heidelberg, Germany). The fluorescence intensity
was quantified with ImageJ. At least 50 cells from 3 different
areas of each chamber were measured.

Table 1: Chemical components identified from DGBX by high-performance liquid chromatography-electrospray ionization/mass
spectrometry.

Peak tR (min) Formula Identification

1 6.14 C11H12N2O2 L-tryptophan

2 8.61 C17H20O9 3-O-Feruloylquinic

3 10.82 C20H24NO4 Magnoflorine

4 12.5 C22H22NO10 Calycosin-7-O-β-D-glucoside

5 13.04 C10H10O4 Ferulic acid

6 13.2 C12H16O4 Senkyunolide I

7 14.17 C22H24NO4
+Cl− Tetradehydroscoulerine

8 15.22 C22H22NO10 Calycosin-7-O-β-D-glucoside-6″-O-malonate

9 15.81 C20H20NO4 Jatrorrhizine

10 16.01 C22H22O9 Ononin

11 16.08 C20H18NO4 Epiberberine

12 16.21 C19H14NO4 Coptisine

13 16.67 C24H26O10 (6aR,-11aR)-3-Hydroxy-9,10-dimethoxypterocarpan-3-O-β-D-glucoside

14 17.6 C12H12O2 Z-Butylidenephthalide

15 18.12 C21H25NO4 Palmatine

16 18.31 C20H18NO4 Berberine

17 18.47 C16H12O5 Calycosin

18 23.19 C16H12O4 Formononetin
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2.9. Western Blot Analysis. BMCs (1× 107) from each mouse
were lysed in 0.5mL of lysis buffer (Sigma, St. Louis, MO,
USA). The extracts were cleared by centrifuging at 10,000g
and 4°C for 15min and diluted with the lysis buffer to achieve
about 2mg/mL protein concentration. Protein samples were
separated on 10% SDS-PAGE and transferred onto nitrocel-
lulose membranes (Amersham Pharmacia Biotech, Uppsala,
Sweden). The membranes were incubated with primary

antibodies, including anti-T-bet/Tbx21antibody (1 : 1000),
anti-Fas antibody (1 : 1000) (Abcam, Cambridge, MA, USA),
and anti-mouse-caspase-3, anti-mouse-cleaved caspase-3
antibody, anti-mouse-eukaryotic initiation factor 2 (eIF2)
α (D7D3), anti-mouse-phospho-eIF2α (Ser51) (D9G8),
anti-mouse-Fyn, anti-mouse interferon regulatory factor-1
(IRF-1), anti-mouse-signal transducer and activator of tran-
scription (Stat) 1, and anti-mouse-Stat3 rabbit monoclonal
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Figure 2: Effects of DGBX on proliferation of hematopoietic stem cells in bone marrow of mice with aplastic anemia (AA). (a) The percentage
of CD117+Sca-1+ hematopoietic stem cells in the bone marrow cells of mice after 4 weeks of treatment. A, normal group, B, model group, C,
group treated with cyclosporine A, and D, group treated with DGBX. (b) Results are presented in the bar charts. Data are presented as mean
± SD, n = 6. ∗∗P < 0 01.
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antibodies (1 : 1000, CST, Boston, MA, USA) and incubated
with horseradish peroxidase-conjugated secondary antibody
(CST). All immunoreactive proteins were visualized with
SuperSignal West Pico Chemiluminescent Substrate
(Thermo Scientific, Rockford, IL, USA). Densitometry plots
showing protein expression were normalized to GAPDH.

2.10. Statistical Analysis. All data were presented as mean
± standard deviation (S.D.). The statistical analyses were per-
formed using SPSS13.0 (SPSS Inc., Chicago, USA). One-way

analyses of variance (ANOVA) followed by the Tukey-
Kramer test for multiple comparisons were used to compare
the treatment groups. A P value of <0.05 was considered
statistically significant.

3. Results

3.1. Characteristics of Pure Compounds from the Herbal
Formula DGBX. In this study, high-resolution MS was
performed in negative and positive ion modes to obtain
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Figure 3: DGBX suppresses apoptosis of bone morrow cells in mice with aplastic anemia (AA). (a) The percentages of annexin V+ PI+ cells in
bone marrow of mice after 4 weeks of treatment. A, normal group, B, model group, C, group treated with cyclosporin A, and D, group treated
with DGBX. (b) Results are presented in the bar charts. Data are presented as mean± SD, n = 6. ∗∗P < 0 01.
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complete information about the chemical constitution of
DGBX. The peak MS spectrum has been presented in
Figure 1. Eighteen constituents were identified based on the
accurate mass and relative ion abundance of the target peaks.
The identified compounds are shown in Table 1.

3.2. Effects of DGBX on Proliferation and Apoptosis of HSCs
in AA Mouse Model. Sca-1 and c-kit (CD117) are the major
phenotypic markers for mouse HSPC subset [10]. Therefore,
we quantified CD117+Sca-1+ cells to assess the percentages of
HSCs in total BMCs. As shown in Figure 2, the amount of
HSCs in model group significantly decreased compared with
that in normal group (P < 0 01). HSC proliferation was sig-
nificantly induced in DGBX group compared with that in
the model group (P < 0 01).

We also observed the percentage of apoptosis in BMCs
by AnnexinV-PI staining using a flow cytometer. The apo-
ptosis ratio of BMCs in model group was significantly
higher than that in normal group (P < 0 01). DGBX signif-
icantly inhibited the apoptosis of BMCs; apoptosis ratio in
DGBX group significantly lower than that in model group
(P < 0 01) (Figure 3).

3.3. Inhibition of IFNγ, TNFα, and IL-2 Production in AA
Mice by DGBX. As shown in Figure 4, the levels of IFNγ
and IL-2 in model group were significantly higher than those
in normal group (P < 0 01), and there was no significant dif-
ference in TNFα levels between the groups. After treatment
with CsA and DGBX, the abnormally high levels of IFNγ
and IL-2 significantly decreased (P < 0 01) and the levels of
TNFα also significantly decreased compared with that in
the model group (P < 0 05). These results indicated that
DGBX treatment could inhibit the production of inflamma-
tory factors and that the inhibitory effect of DGBX was equiv-
alent to that of CsA.

3.4. Effects of DGBX on Activation of SLAM/SAP Signaling
Pathway. The SLAM-SAP signaling is an important pathway
in T cell activation when engaged with ligands of T cell recep-
tor [11]. SAP/SLAM recruits Fyn (a member of the Src family
of kinases) that inhibits the expression of IFNγ [12]. As
shown in Figure 5, immunofluorescence analysis showed that
the SLAM/SAP double-stained cells in the bone marrow of

AA mice significantly decreased compared with that in
normal group (P < 0 01) and the decline was significantly
inhibited by DGBX treatment (P < 0 01) (Figure 5). How-
ever, DGBX treatment had no effect on the protein expres-
sion of Fyn.

3.5. DGBX Interferes with T-bet Expression and Distribution
in AA Mice. T-bet, a transcription factor, binds to the IFNγ
promoter region and induces gene expression [13]. As shown
in Figure 6, the T-bet+-stained cells significantly increased in
bone marrow of AA mice (P < 0 01) and T-bet expression
significantly increased (P < 0 01) compared with that in nor-
mal group. DGBX treatment significantly inhibited the levels
of T-bet+ cells and protein expression. Furthermore, the
regulatory effect of DGBX was equivalent to CsA.

3.6. Effects of DGBX on Activation of Eukaryotic Initiation
Factor 2α in BMCs of AA Mice. Phosphorylation of the
α-subunit of eIF2 is a well-documented mechanism of
downregulation of protein synthesis under various stress
conditions. Western blot analysis demonstrated that eIF2α
expression in BMCs was not different between the groups.
The phosphorylation level of total eIF2α in DGBX group
showed a decreasing trend compared with that in the
model group (P < 0 05) (Figure 7).

3.7. DGBX Regulates Expression of Key Molecules of Fas-
Mediated Apoptosis Signaling Pathway in BMCs of AA
Mice. As shown in Figure 8, the levels of Fas, caspase-3, and
cleave caspase-3 inmodel groupwere significantly higher than
those in normal group (P < 0 01). DGBX significantly down-
regulated the expression of caspase-3 and cleaved caspase-3
compared with that in the model group (P < 0 05 or
P < 0 01). Interestingly, the regulatory effects of DGBX were
superior to those of CsA. However, DGBX did not exert a reg-
ulatory effect on the expression of Fas in BMCs of AAmice.

3.8. DGBX Regulates Expression of Interferon Regulatory
Factor 1 and Signal Transducer and Activator of
Transcription 1 and 3 (Stat1 and Stat3) in BMC of AA
Mice. IRFs play an important role in the defense against path-
ogens, autoimmunity, lymphocyte development, cell growth,
and susceptibility to transformation. Some effects of IFNγ are
mediated through IRF-1, which inhibits the transcription of
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Figure 5: DGBX attenuates interferon γ (IFNγ) expression by regulating the activation of SLAM/SAP signal. (a) BMCs were stained for
CD150/SLAM (red) and SH2D1A/SAP (green) antibodies and observed by confocal immunofluorescence microscopy. The bottom
pictures were obtained in bright field. The double-stained cells (yellow) were quantified with ImageJ. (b) Results are presented in the bar
charts. The scale bar corresponds to 100μm throughout. A, normal group, B, model group, C, group treated with cyclosporin A, and D,
group treated with DGBX. (c) Fyn was assessed in whole BMC lysates by Western blot analysis. (d) The results are presented in the bar
chart. GAPDH was used as an internal control. Data are presented as mean± SD, n = 6. ∗∗P < 0 01.
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Figure 6: Expression and distribution of T-bet in bone marrow cells (BMCs) of mice with aplastic anemia (AA) after treatment. (a) Staining
for T-bet (red) in BMCs was observed by confocal immunofluorescence microscopy. The bottom pictures were obtained in bright field. The
stained cells (red) were quantitated with ImageJ. (b) Results are presented in the bar charts. The scale bar corresponds to 100 μm throughout.
A, normal group, B, model group, C, group treated with cyclosporin A, and D, group treated with DGBX. (c) The expression of T-bet was
evaluated in whole BMC lysates by Western blot analysis. (d) The results are presented in the bar chart. Data are presented as mean± SD,
n = 6. ∗∗P < 0 01.
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cellular genes and entry into the cell cycle. Stat1 and Stat3
contribute to this function [12]. The protein levels of Stat1
in the model group were significantly higher than those in
AA mice (P < 0 01). DGBX downregulated the abnormally
high expression of Stat1 (P < 0 05), but had no regulatory
effect on the expression of IRF-1 (Figure 9).

4. Discussion

In TCM, combinatory therapeutic strategies based on patient
symptoms and characteristics are often adopted to treat
several diseases [14]. The Chinese herb formulae consist of
several types of medicinal herbs or minerals, and multiple
components could act on multiple targets and exert synergis-
tic therapeutic efficacies [15]. Recently, LC-MS becomes an
essential tool for analyzing the compounds of the herbal
constituents in TCM complex formulae [16]. Eighteen
constituents were identified by high-performance liquid
chromatography-electrospray ionization/mass spectrometry
from freeze-dried boiled aqueous extract of DGBX. The
major components of DGBX-lyophilized powder were iden-
tified to be magnoflorine (3), tetradehydroscoulerine (7),
jatrorrhizine (9), ononin (10), epiberberine (11), coptisine
(12), palmatine (15), berberine (16), and calycosin (17) by
Peak View Software analysis. Magnoflorine exhibits immu-
nomodulatory effects on neutrophil and T cell-mediated

immunity [17]. Coptisine can inhibit IL-1β-induced inflam-
matory response by suppressing the nuclear factor-kappa B
(NF-κB) signaling pathway [18]. Jatrorrhizine plays a critical
cell-protective role in H2O2-induced cell apoptosis owing to
its antioxidative property [19]. Palmatine plays an important
role in osteoclast apoptosis by regulating the inducible nitric
monoxide synthase (iNOS) system [20]. Berberine can also
decrease cell apoptosis induced by LPS by suppressing iNOS
protein expression [21]. Calycosin reduces oxidative stress by
regulating the activation of the PI3K/Akt/GSK-3β signaling
pathway and suppressing osteoclastogenesis through inhibi-
tion of MAPK and NF-κB activation [22]. AA is an acquired
bone marrow failure syndrome resulting from immune-
mediated destruction of HSC. Therefore, we suggest that
the functions of these herbal constituents of DGBX contrib-
ute to interaction with multiple targets and exert synergistic
therapeutic efficacy in immunosuppression and hematopoie-
sis against AA.

Dysregulation in HSC cycling contributes to AA by
enhancing differentiation over self-renewal or inducing apo-
ptosis of HSCs [23]. Acquired AA exhibits increased levels of
circulating IFNγ. IFNs have the pathogenic functions of
impairing the proliferation of primitive HSPCs [24] and
inducing apoptosis [25]. These evidences support that IFNs
can impair hematopoiesis by attenuating HSC function.
Antigen-presenting cells present antigens to T lymphocytes
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Figure 7: Effects of DGBX on phosphorylation of eIF2α in bone marrow cells (BMCs) of mice with aplastic anemia (AA). (a) The expressive
levels of eIF2α and phospho-eIF2α were estimated in whole BMC lysates by Western blot analysis. (b) Results are presented in the bar charts.
A, normal group, B, model group, C, group treated with cylosporin A, and D, group treated with DGBX. (c) The ratio of phospho-eIF2α and
total eIF2α is presented in the bar chart. GAPDH was used as the internal control. Data are presented as mean± SD, n = 6. ∗P < 0 05.
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and trigger T cells to proliferate. The prototypical Th1 tran-
scription factor T-bet binds to the IFNγ gene promoter
region and induces gene expression [26]. CD150/SLAM is a
prototypical member of glycoprotein receptors on hemato-
poietic cells. It is unique in its binding to the signaling mole-
cule SAP [27]. The binding of SAP and Fyn modulates the
SLAM function in IFNγ expression and then decreases IFNγ
gene transcription [12]. Constitutive T-bet expression and
low SAP levels are observed in AA. Activated T cells also pro-
duce proinflammatory cytokine at abnormal levels. Increased
production of IL-2 leads to polyclonal expansion of T cells.
These immune responses initiate the immune-mediated T
cell destruction of BMCs. We observed that the levels of
circulating IFNγ, TNFα, and IL-2 in AA mice decreased to
levels similar to those of normal group after treatment with
DGBX. The quantity of SLAM/SAP double-stained cells sig-
nificantly decreased, and the expression of Fyn was sup-
pressed in BMCs by DGBX treatment. In addition, DGBX
could inhibit the expression of T-bet, decreasing the level of
T-bet-positive cells in the bone marrow. We believe that the
immunosuppressive mechanisms of DGBX include SLAM-
mediated T cell proliferation and IFNγ production for atten-
uating the immune-mediated destruction of bone marrow.

In the pathogenesis of the immune destruction of hema-
topoiesis, aberrant immune response induced IFNγ produc-
tion as well as TNFα and IL-2. IFNγ and TNFα activate the
T cell cellular receptors and Fas receptor [28]. Trimerization

of Fas receptor interacts with Fas-associated death domain,
activates caspase-3, and ultimately promotes HSC apoptosis
[29]. IFNγ can also activate the cell signaling cascade of
IRF-1, contributing to the inhibition of the transcription of
cellular genes and induction of eIF-2 phosphorylation for
suppressing protein synthesis. IFNγ induces IRF-1 binding
to IFN-stimulated response elements, subsequently activat-
ing Stat1 and Stat3, inducing gene transcription associated
with inflammation, and contributing to the immune-
mediated destruction of the bone marrow [30]. This path-
ophysiology results in hematopoietic failure in AA. In this
study, we found that the expression of phosphor-eIF2α,
Stat1, Stat3, and caspase-3 significantly decreased in AA
mice treated with DGBX. There were no regulatory effects
of DGBX on the expression of Fas and IRF-1. These
results indicated that DGBX could inhibit the aberrant
immune response and the apoptosis of HSCs by modulat-
ing the activation of Stat/JAK/IRF-1 pathway and Fas-
dependent pathway.

CsA is a calcineurin inhibitor. It has selective effect on T
cell functions by direct inhibition of the expression of nuclear
regulatory proteins, contributing to reduction of T cell prolif-
eration and activation. Severe AA can respond to CsA alone.
Allogeneic bone transplantation and immunosuppressive
treatment with antithymocyte globulin and CsA can signifi-
cantly increase the 10-year survival rate in patients with
severe AA [31]. In this study, we also assessed the significant
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Figure 8: Effect of DGBX on the expressions of key molecule of Fas-dependent apoptosis pathway in AA mice. The protein levels of Fas,
caspase-3, and cleave caspase-3 were estimated in whole BMC lysates by Western blot analysis. Results are presented in the bar charts.
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effects of CsA on the inhibition of proinflammatory cytokine
and related protein expression, which participate in the
immune response. CsA has many side effects, such as kidney
damage and hepatotoxicity. These side effects can be man-
aged by dose reduction [12]. Multiherbal formulas based on
traditional medicine have been scientifically verified for use
in complementary and alternative therapy for various dis-
eases. Formulae composed of a mixture of natural products
can target multiple sites. In our study, DGBX was verified
as an effective medicine for AA treatment. It can also avoid
kidney damage, hepatotoxicity, and other adverse reactions
of drugs including CsA. Our results indicated that the immu-
nosuppressive effects that aided recovery of the hematopoi-
etic function of HSCs in hematogenesis in AA mice were
equivalent or exceeded those of CsA.

5. Conclusions

Our data indicated that DGBX could attenuate IFNγ produc-
tion by interfering in SLAM/SAP signaling and production
and distribution of T-bet in T cells, exert immunosuppressive
effects by modulating the activation of the Stat/JAK/IRF-1
pathway, restrain cell apoptosis by intervening in Fas-
dependent pathway, and eventually attenuate immune-
mediated destruction of HSCs, repair hematopoietic failure,
and recover the hematopoietic function of HSCs in hemato-
genesis for AA therapy. DGBX can be used in traditional
medicine against AA as a complementary and alternative
immunosuppressive therapeutic formula.
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Allergic rhinitis (AR) is one of the most common allergic diseases, which adversely affect patients’ quality of life. Mahuang Fuzi
Xixin decoction (MFXD) has been widely used to treat AR in clinics in Asian countries. This study investigated the effect and
possible therapeutic mechanisms of MFXD in the treatment of AR. A Wistar rat model of ovalbumin- (OVA-) induced AR was
established and then treated with three doses of MFXD; AR symptoms, serum total immunoglobulin E, histamine,
histopathological features, and release and expression of factors related to type 1 helper T (Th1) and type 2 helper T (Th2)
responses were analyzed. Our study demonstrated that MFXD has a good therapeutic effect on OVA-induced allergic
inflammation in an AR rat model as manifested in reduced frequencies of sneezing and nasal scratching and in reduced serum
levels of total IgE and HIS. In addition, MFXD regulates imbalance in Th1/Th2 cells caused by AR by simultaneously
attenuating Th1 and Th2 responses, such as by reducing the serum levels of IFN-γ and IL-4 and mRNA expression levels of
IFN-γ, IL-4, GATA-3, and STAT-6. This study provided valuable information on the immunoregulatory effect of MFXD for the
treatment of AR in future clinical studies.

1. Introduction

Allergic rhinitis (AR) is a type I allergic disease induced by
an immunoglobulin E- (IgE-) mediated inflammation and
characterized by paroxysmal nasal obstruction, rhinorrhea,
nasal itching, and sneezing [1, 2]. As an extremely common
disease, AR has affected more than 500 million people world-
wide over the last 20 years [3]. AR is not a severe disease, but
it significantly impacts patients’ quality of life, school perfor-
mance, and work productivity and is considered an economic
burden; moreover, AR has multiple comorbidities, such as
asthma, conjunctivitis, headache, nasal polyps, sinusitis,
and otitis media [3, 4].

The allergic sensitization procedure for AR was well
established in the 1970s. When persistently exposed to cer-
tain concentrations of allergens, an antigen-presenting cell

presents the allergens to CD4+ T lymphocytes, which in turn
release cytokines that stimulate B lymphocytes to differenti-
ate into plasma cells; as a result, production of immunoglob-
ulin E (IgE) is promoted. Individuals become sensitized when
IgE antibodies bind to receptors on mast cells and eosino-
phils; when they are exposed to allergens once again,
IgE-mediated inflammation is stimulated, resulting in AR
symptoms [5–7].

The imbalance in type 1 helper T (Th1) cells and type 2
helper T (Th2) cells has been considered the main induction
factor in IgE-mediated allergic inflammation [6, 8–11].
When infected with AR, the differentiated proportion into
Th2 cells will increase significantly and interleukin-4 (IL-4)
(mainly released by Th2 cells) secretion prominently
increased to accelerate the production of IgE and simulta-
neously inhibit Th1 response such as the release of
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interferon-γ (IFN-γ), which is called the imbalance of
Th1/Th2 [9, 12–14]. However, researchers have questioned
the Th1/Th2 imbalance theory and the weakened immuno-
logical drive in the Th1 direction that leads to AR; Randolph
et al. found that the Th1 response plays a dominant role in
the early phase of ovalbumin- (OVA-) induced mouse airway
inflammation [15].

The most popular medications currently used for AR are
oral H1 antihistamines and intranasal corticosteroids, which
are constantly combined with immunotherapy; these med-
ications can control this allergic disease within either short
or long term [5, 16]. However, a series of side effects, such
as mild drowsiness, deep sleep, dizziness, lassitude, inabil-
ity to concentrate, and arrhythmia, may occur during
treatment [3]. Given these side effects, many patients have
used complementary therapies, such as Chinese herbal
medicine and acupuncture for the treatment of AR, and
these therapies are used due to their few side effects and
low toxicity [17–19].

Mahuang Fuzi Xixin decoction (MFXD) is an extract of a
classical Chinese traditional formula consisting of Ephedrae
(Mahuang in Chinese, dried herbaceous stems of Ephedra
sinica Stapf), Radix Aconiti Lateralis (Fuzi in Chinese, dried
lateral roots of Aconitum carmichaelii Debx), and Asarum
(Xixin in Chinese, dried roots and rhizomes of Asarum sie-
boldii Miq.) at a dry weight ratio of 2 : 3 : 1; MFXD is used
to treat common cold, migraine, asthma, rheumatoid arthri-
tis, and AR [20, 21]. Ephedrae has been widely used in China
to treat asthma and common cold, and alkaloids such as
ephedrine and pseudoephedrine are its main effective con-
stituents [22, 23]. Similarly, Aconitum alkaloids, especially
lowly toxic monoester alkaloids, such as benzoylaconine,
benzoylhypaconine, and benzoylmesaconine, have been
identified as the main pharmacologic components of Radix
Aconiti Lateralis, making it as an effective treatment against
rheumatoid arthritis and asthma [24, 25]. Asarum has been
generally used to treat common cold, migraine, and bron-
chitis, and its main effective components are the essential
oils methyleugenol, α-pinene, and safrole [26, 27]. MFXD
is a traditional medicine used in China, Japan, and other
Asian countries to treat AR; we previously demonstrated
that MFXD is an effective treatment for allergic inflamma-
tion in a guinea pig model of AR [28]. However, the ther-
apeutic mechanism of MFXD against allergic inflammation
remains unclear.

In this study, a rat model of OVA-induced AR was used
to investigate the effect of MFXD on allergic inflammation
and Th1 and Th2 immune responses associated with AR
were further examined to elucidate the possible therapeutic
mechanisms of MFXD.

2. Materials and Methods

2.1. Animal. Specific pathogen-free (SPF) adult male Wistar
rats (180± 20 g) were obtained from the Experimental
Animal Center of Southern Medical University (number
44002100009161), and this study was approved by the Insti-
tutional Animal Care and Use Committee of Southern
Medical University, Guangzhou, China (Approval number

L2016072). Rats were housed in the SPF Experimental
Animal Center of Southern Medical University with a rela-
tive humidity of 40–70% and at a temperature of 20–24°C
under lighting controls (12 h light/dark cycle). All rats had
free access to standard food and water and were allowed to
be acclimated for seven days before the experiment.

2.2. Preparation of Herb Extract. The preparation of
MFXD was conducted as described in Treatise on Febrile
Diseases, an ancient Chinese medical book. Ephedrae
(60 g; Guangzhou Zhixin Chinese Medicine YinPian Co.
Ltd., Guangzhou, China) was immersed in water (2700mL)
for 30min and boiled for 20min. Radix Aconiti Lateralis
(90 g; Guangzhou Zhixin Chinese Medicine YinPian Co.
Ltd., Guangzhou, China) and Asarum (30 g; Kangmei
Pharmaceuticals Co. Ltd., Puning, China) were subsequently
added and then simmered for another 90min. Filtered water
extract was concentrated to 1.52 g·mL−1 under reduced pres-
sure and then reconstituted in distilled water to achieve the
required dose for all subsequent experiments.

2.3. Fingerprint Analysis of MFXD through Ultra Performance
Liquid Chromatography-Tandem Mass Spectrometry (UPLC-
MS/MS). UPLC-MS/MS was used to analyze the chemical
composition of MFXD. Chromatographic analysis was per-
formed on an Agilent 1290 Infinity LC system (Agilent Tech-
nologies, Wilmington, Delaware, USA) and on a 6410B
Triple Quadrupole Mass Spectrometer (Agilent Technolo-
gies, USA). In brief, the analytes of MFXD were separated
on a Zorbax SB-Aq column (100mm× 2.1mm, 3.5μm;
Agilent Technologies, USA) with a mobile phase consisting
of acetonitrile (A) and 0.1% aqueous solution of formic acid
(B); the following gradient program was used: 0% A at
0–2min, 0% A–5% A at 2–5min, 5% A at 5–8min, 5%
A–20% A at 8–15min, 20% A–35% A at 15–28min, 35%
A–50% A at 28–31min, 50% A–55% A at 31–36min,
55% A–95% A at 36–45min, and 95% A–100% A at 45–
55min. The injection volume was 1μL, the flow rate is
0.4mL/min, and the column temperature was 25°C.

2.4. Preparation of AR Rat Models and Drug Administration.
AR rat models were established as described previously [29]
with minor modifications, as summarized in Figure 1. In
brief, the rats were intraperitoneally sensitized with 0.3mg
of OVA (albumin egg, Sigma, MO, USA) and 30mg of
Al(OH)3 (Damao Chemical Reagent Factory, China) dis-
solved in 1mL of physiological saline once every other day
for 2 weeks. The rats were subsequently challenged through
nasal instillation with 50μL of OVA solution (5%, dissolved
in physiological saline) into each nasal cavity once daily from
day 15 to day 21. Forty AR rats were randomly divided into
five groups (eight rats per group), namely, AR model, MFXD
(1.9 g/kg), MFXD (3.8 g/kg), MFXD (7.6 g/kg), and lorata-
dine (1mg/kg, Aobang Pharmaceuticals Co. Ltd., Sichuan,
China) groups. Rats in three MFXD groups were orally
administered daily with three doses MFXD 1h before nasal
challenge for 10 days (day 22 to day 31) according to our pre-
liminary study; rats in the loratadine and AR model groups
were simultaneously treated intragastrically with loratadine
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solution (1mg/kg) and filtered water, respectively. The rats in
the control group were sensitized with Al(OH)3, challenged
with saline, and orally administered with filtered water syn-
chronously. During the period of oral administration, all of
the AR rats were challenged through nasal instillation with
50μL of 5% OVA solution once every other day to maintain
the nasal stimulation.

2.5. Evaluation of Nasal Symptoms. On the last day (day 31),
the rats were placed in observation cages for approximately
10min for acclimatization after oral administration. The fre-
quencies of sneezing and nasal scratching in the rats were
counted for 30min immediately after the last challenge
involving nasal instillation with 50μL of 5% OVA solution.
After the evaluation of nasal symptoms, blood samples were
collected from rats by using the abdominal aortic method
under anesthesia; sera were obtained through centrifugation
(3000 rpm) for 10min and then stored at −80°C. Nasal
mucosa samples were removed for further histopathological
and qRT-PCR analyses.

2.6. Histopathological Examination. Nasal mucosa samples
were fixed in 4% paraformaldehyde (Biosharp, Hefei, Anhui,
China) for 24 h and then embedded in paraffin. Paraffin-
embedded tissue samples were cut into 4μm thick sections
and stained with hematoxylin and eosin (HE) and toluidine
blue (TB, for mast cells). Histopathological changes were
evaluated and photographed using an orthorhombic optical
photomicroscope (Eclipse Ci, Nikon, Japan).

2.7. Detection of Total IgE, HIS, IFN-γ (Th1 Cytokine), and
IL-4 (Th2 Cytokine) in Rat Serum. Serum levels of total IgE
and HIS and those of IFN-γ and IL-4 were measured via
enzyme-linked immunosorbent assay (ELISA) according to
the manuals of rat HIS and IgE Elisa Assay kits (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China) and rat
IFN-γ and IL-4 ELISA kits (CUSABIO, Wuhan, China),
respectively. The minimum detection limits of IgE, HIS,
IFN-γ, and IL-4 were 0.05U/mL, 0.5 ng/mL, 0.625 pg/mL,
and 1.56 pg/mL, respectively.

2.8. Detection of CD3+CD4+IFN-γ+ Th1 and CD3+CD4+IL-4+

Th2 Cells through Flow Cytometry. Peripheral blood mono-
nuclear cells (PBMCs) of rats were separated from the blood
sample according to the instruction provided in Rat Periph-
eral Blood Lymphocyte Separation Kit (Solarbio, Beijing,
China) and placed in a tube containing RPMI 1640 (Gibco,

CA, USA). The PBMCs were stimulated with 81ng/mL
phorbol 12-myristate 13-acetate (eBioscience, CA, USA),
1.34μg/mL ionomycin (eBioscience, CA, USA), and 3.0μg/
mL Brefeldin A (BFA) (eBioscience, CA, USA) for 6 h in
5% CO2 humidified incubator (Thermo Fisher Scientific,
Shanghai, China). Cells were subsequently surface-stained
with fluorescein isothiocyanate- (FITC-) labeled anti-rat
CD3 and allophycocyanin- (APC-) labeled anti-rat CD4
antibodies (BD Biosciences, CA, USA) at room tempera-
ture for 30min in the dark and then fixed and perme-
abilized with intracellular fixation and permeabilization
buffer (eBioscience, CA, USA), respectively, according to
the manufacturer’s instruction. After being washed in
phosphate-buffered saline (PBS) and after centrifugation,
the cells were divided equally and then incubated with
phycoerythrin- (PE-) labeled anti-rat IFN-γ, PE-labeled
anti-rat IL-4, and PE-labeled anti-rat lgG1 antibodies
(BD Biosciences, CA, USA) at room temperature for
15min in the dark. The stained cells were washed once
and detected by a FACSCalibur flow cytometer (BD Bio-
sciences, San Jose, CA, USA), and the results were ana-
lyzed with CellQuest software (BD FACSDiva, USA).

2.9. RNA Extraction and Quantitative Real-Time PCR
(qRT-PCR) Analysis of the Nasal Mucosa. Total RNA was
isolated from the nasal mucosa by using a Total RNA
Extraction Kit (Solarbio, Beijing, China). Complementary
DNA (cDNA) was synthesized through reverse transcrip-
tion reaction of the extracted RNA by using a Bestar™
qPCR RT Kit (DBI® Bioscience, Shanghai, China) according
to the manufacturer’s instruction under the following tem-
perature conditions: 37°C for 15min and 98°C for 5min.
qPCR was performed on an Applied Biosystems 7500 Real-
Time PCR System (Life Technologies, USA) by using 10μL
of qPCR MasterMix, 0.5μL of forward primer (10μM),
0.5μL of reverse primer (10μM), and 1μL of cDNA using
Bestar® SYBR Green qPCR MasterMix Reagent (DBI Biosci-
ence, Shanghai, China). The forward primer and reverse
primer sequences of IFN-γ, IL-4, T-bet, GATA-3, STAT-1,
STAT-6, and β-actin (internal reference) are listed in
Table 1. The conditions for PCR were as follows: initial
denaturation at 95°C for 5min and then denaturation at
95°C for 10 s, annealing at 55°C for 30 s, and extension
at 72°C for 20 s for 40 cycles. The mRNA levels of the six
target genes were normalized relative to β-actin by using
cycle threshold (Ct) values.

0 7 14 21 28Day(s)

Intranasal OVA challenge

Oral administrition treatment

Sacrifice

OVA + Al(OH)3 sensitization

Figure 1: Schematic diagram of preparation of AR model rats and MFXD administration. Rats were intraperitoneally sensitized with OVA
and Al(OH)3 dissolved in physiological saline once every other day for 2 weeks and then challenged through nasal instillation with 5% OVA
into each nasal cavity once daily from day 15 to day 21. Rats in MFXD, loratadine, and model groups were orally administered with three
doses of MFXD, loratadine solution, and water once daily from day 22 to day 31, respectively, and were nasally instilled with OVA
solution once every other day to maintain the nasal stimulation. Rats in the control group were sensitized with Al(OH)3, challenged with
saline, and orally administered with water. All the rats were sacrificed on day 31.
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2.10. Statistical Analysis. The results of the four experiments
were analyzed using SPSS for Windows version 16.0
(SPSS, Chicago, IL, USA) and expressed as mean± standard
deviation (SD). Between-groups comparisons were per-
formed using one-way ANOVA and analyzed by LSD t-test
(when equal variances are assumed) or Tamhane’s T2 test
(nonparametric test; when equal variances are not assumed),
and p < 0 05 indicated statistical significance.

3. Results

3.1. MFXD Fingerprint. The components of 10 groups of
MFXD consisting of different batches of Mahuang, Fuzi,
and Xixin were analyzed by UPLC-MS/MS. Figure 2(a)
shows the total ion chromatograms of the 10 groups of
MFXD, which displayed a high degree of similarity. As
shown in Figure 2(b), 25 peaks in the total ion chromato-
grams of MFXD were assigned as common peaks, and the
relative standard deviations of the relative retention time
(RRT) of these 25 common peaks were lower than 1.0%, indi-
cating that the RRTs of the 25 components are comparatively
stable. A total of 6, 4, and 5 peaks were found in Mahuang,
Fuzi, and Xixin, respectively, and eight peaks were found in
the three herbs. Nine compounds were detected based on
the reference standards shown in Table 2. Peaks 2–6 derived
fromMahuangwere identified as norephedrine, norpseudoe-
phedrine, ephedrine, pseudoephedrine, and methylephe-
drine, respectively. Peaks 10–12 derived from Fuzi were
identified as benzoylmesaconine, benzoylaconine, and ben-
zoylhypaconine, respectively. Peak 13 derived from Xixin
was identified as 3,4,5-trimethoxytoluene.

3.2. MFXD Relieved Nasal Symptoms in a Rat Model of AR.
The frequencies of sneezing and nasal scratching in rats were
counted for 30min to evaluate the therapeutic effect of
MFXD after the last nasal challenge with OVA solution. As
shown in Figure 3(a), the frequencies of sneezing and nasal
scratching of rats in the AR model group significantly
increased with an average of 17.38 and 44.00 times,

respectively, compared with those in the control group
(p < 0 01), wherein the rats did not show obvious sneez-
ing and nasal scratching. After oral administration of
MFXD, the nasal symptoms in rats of AR were relieved
evidently. The frequencies of sneezing and nasal scratching
in MFXD (3.8 g/kg) and MFXD (7.6 g/kg) groups signifi-
cantly decreased compared with those in the AR model
group (p < 0 05 and p < 0 01, resp.). The frequencies of
sneezing and nasal scratching in the MFXD (7.6 g/kg) group
were 5.38 and 16.63, respectively, demonstrating the effec-
tive therapeutic effect of MFXD on the nasal symptoms in
an AR rat model and that such effect is as good as that in
the positive group.

3.3. MFXD Reduced the Serum Levels of Total IgE and HIS in
a Rat Model of AR. AR is a type I allergic disease induced by
IgE-mediated inflammation and characterized by the release
of HIS [30]. As summarized in Figure 3(b), the total IgE levels
in rats in MFXD (7.6 g/kg) and positive groups were 2.23 and
2.13U/mL, respectively, which were significantly reduced
compared with that of 2.86U/mL in the AR model group
(p < 0 01; p < 0 01). In addition, the concentrations of serum
HIS in the high-dose MFXD group and positive group were
20.58 and 19.07 ng/mL, respectively, which were also sig-
nificantly reduced compared with that in the AR model
group (p < 0 05; p < 0 05).

3.4. MFXD Relieved the Histopathological Injuries in the
Nasal Mucosa in a Rat Model of AR. HE and TB staining
examinations were conducted to evaluate the effect of MFXD
on the histopathological changes in the nasal mucosa. The
HE (Figure 3(d)) and TB (Figure 3(e)) staining results show
that rats in the control group displayed no obvious visible
nasal lesions. However, nasal respiratory epithelium disrup-
tion, leucocyte and mast cell infiltration, and ciliated cell
reduction were observed in the nasal mucosa sections of
AR model rats. By contrast, compared with the model group,
the groups administered with MFXD and positive agent,
especially in MFXD (7.6 g/kg) and positive groups, showed
significantly alleviated nasal mucosa injuries caused by AR.

3.5. MFXD Reduced the Serum Levels of Th1 and Th2
Cytokines (IFN-γ and IL-4). IFN-γ and IL-4 are the immune
cytokines mainly released by Th1 and Th2 cells, respectively
[9]. IFN-γ and IL-4 measurements were performed to indi-
rectly indicate the status of Th1 and Th2 responses. As
depicted in Figure 4, the serum levels of IFN-γ and IL-4 in
AR model rats significantly increased compared with those
in the control group. After oral administration of MFXD
and loratadine, the serum levels of IFN-γ and IL-4 signifi-
cantly decreased (except in the low-dose MFXD group),
especially in MFXD (7.6 g/kg) rats (p < 0 01), compared with
those in the model group. The serum IFN-γ levels in control,
AR model, and MFXD (7.6 g/kg) groups were 0.94, 1.34, and
1.15 pg/mL, respectively, and the corresponding serum IL-4
levels of these groups were 5.52, 15.21, and 8.19 pg/mL,
respectively. To evaluate the status of Th1/Th2 balance, we
calculated the IFN-γ/IL-4 values in all groups (Figure 4).
Compared with the IFN-γ/IL-4 value of 0.17 in the control

Table 1: Primer sequences for quantitative real-time PCR.

Gene Primer Sequences (5′–3′)

IFN-γ
Forward CTGCTGATGGGAGGAGATGT

Reverse TTTGTCATTCGGGTGTAGTCA

IL-4
Forward GAGACTCTTTCGGGCTTTTCG

Reverse CAGGAAGTCTTTCAGTGATGTGG

T-bet
Forward CAACAACCCCTTTGCCAAAG

Reverse TCC CCCAAGCAGTTGACAGT

GATA-3
Forward CTCGGCCATTCGTACATGGAA

Reverse GGATACCTCTGCACCGTAGC

STAT-1
Forward TGACGAGGTGTCTCGGATAGT

Reverse GTAGCAGGAGGGAATCACAGA

STAT-6
Forward CTGCCAAAGACCTGTCCATT

Reverse GGTAGGCATCTGGAGCTCTG

β-Actin
Forward ACCAACTGGGACGACATGGAGAA

Reverse GTGGTGGTGAAGCTGTAGCC
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group, that in the AR model group significantly decreased to
0.09 (p < 0 01). In addition, the IFN-γ/IL-4 values in MFXD
(3.9 g/kg), MFXD (7.6 g/kg), and positive groups significantly
increased (p < 0 05, p < 0 01, and p < 0 01, resp.) compared
to that in the model group.

3.6. Effect of MFXD on the Percentages of CD3+CD4+IFN-γ+

Th1 and CD3+CD4+IL-4+ Th2 Cells in Peripheral Blood.
Th1 and Th2 cells differentiated from CD3+CD4+ lympho-
cytes and the percentages of CD3+CD4+IFN-γ+ Th1 and
CD3+CD4+IL-4+ Th2 cells were analyzed and measured in
PBMCs via flow cytometry. As shown in Figures 5(a) and
5(b), the percentage of CD3+CD4+IFN-γ+ Th1 cells was

significantly higher in the AR model group than in the nor-
mal control group (p < 0 01), whereas no obvious changes
were observed among the model, MFXD, and positive
groups. As shown in Figures 5(a) and 5(c), the percentage
of CD3+CD4+IL-4+ Th2 cells in the AR model group
was 5.16%, significantly higher than the 1.55% in the
normal control group (p < 0 01). However, the percentage
of CD3+CD4+IL-4+ Th2 cells significantly decreased after
administration with MFXD and positive reagent (p < 0 01),
and the percentages in MFXD (7.6 g/kg) and positive groups
were 2.47% and 2.53%, respectively. Moreover, the ratio of
CD3+CD4+IFN-γ+ Th1 and CD3+CD4+IL-4+ Th2 cells was
calculated (Figure 5(d)), and the ratios in MFXD (7.6 g/kg)
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Figure 2: Total ion chromatograms of MFXD. 10 groups of MFXD consisting of different batches ofMahuang, Fuzi, and Xixin were diluted
to 0.06 g/mL and precipitated with equal methanol. The supernatants were obtained by centrifugation (10000 rpm) for 10min and analyzed
by UPLC-MS/MS using a mobile phase consisting of acetonitrile (a) and 0.1% formic acid aqueous solution (b) with a gradient program. The
injection volume was 1μL, the flow rate is 0.4mL/min, and the column temperature was 25°C. (a) The total ion chromatograms of 10 groups
of MFXD. (b) The MFXD fingerprint.
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and positive groups significantly increased compared with
that in the AR model group (p < 0 01) but did not signifi-
cantly differ from that in the control group (p > 0 05).

3.7. Effect of MFXD on mRNA Expression Levels of IFN-γ, IL-
4, T-bet, GATA-3, STAT-1, and STAT-6 in the Nasal Mucosa.
T-bet and GATA-3 are important transcription factors that
directly or indirectly regulate the differentiation and

development of Th1 and Th2 cells [31]. IFN-γ activates the
T-bet gene and induces the expression of T-bet through the
Janus kinase/signal transducer and activator of transcription
1 signal transduction pathway [32, 33]. In addition, IL-4
increases the expression of GATA-3 by activating signal
transducer and activator of transcription 6 (STAT-6) and
then improves the development of Th2 cells [34]. As shown
in Figures 6(a) and 6(b), the mRNA expression levels of

Table 2: Identification of compounds of MFXD by UPLC-MS/MS.

Number RRT/min∗ Compound Positive ion (m/z) Elemental composition Chemical structures Source

1 5.67 Norephedrine 152.1 C9H13NO

OH
H

N

CH3

H

H

H
a

2 6.13 Norpseudoephedrine 152.1 C9H13NO

H
OH

N

CH3

H

H

H
a

3 6.99 Ephedrine 166.1 C10H15NO

OH
H

N

CH3

H

CH3

H
a

4 7.49 Pseudoephedrine 166.1 C10H15NO

H
OH

N

CH3

H

CH3

H
a

5 7.97 Methylephedrine 180.1 C11H17NO

OH
H

N

CH3

H

CH3

CH3
a

6 17.95 Benzoylmesaconine 590.3 C31H43NO10

OCH3
OCH3

NH3C

O

OH

H3CO OCH3

HO

C

OOH

H

H

OH

b

7 19.17 Benzoylaconine 604.3 C32H45NO10

OCH3
OCH3

NC2H5

O

OH

H3CO
OCH3

HO

C

OOH

H

H

OH

b

8 20.10 Benzoylhypaconine 574.3 C31H43NO9

OCH3
OCH3

NH3C

O

OH

H3CO OCH3

H

C

OOH

H

H

OH

b

9 23.47 3,4,5-Trimethoxytoluene 183.1 C10H14O3

OCH3

H3CO OCH3

CH3

c

∗RRT: relative retention time. aEphedrae; bRadix Aconiti Lateralis; cAsarum.

6 Journal of Immunology Research



IFN-γ, IL-4, T-bet, GATA-3, STAT-1, and STAT-6 in the
nasal mucosa were significantly higher in the AR model
group than in the control group. After intragastric adminis-
tration of MFXD and positive drug, the expression levels of
IFN-γ and STAT-6 in all groups significantly decreased and
the expression levels of IL-4 and GATA-3 in MFXD (7.6 g/
kg) and positive groups significantly decreased compared
with those in the AR model group. Figure 6(c) shows the
IFN-γ/IL-4, T-bet/GATA-3, and STAT-1/STAT-6 values,
which were calculated to evaluate Th1 and Th2 responses.
IFN-γ/IL-4, T-bet/GATA-3, and STAT-1/STAT-6 values in
the AR model group significantly decreased compared with

those in the control group, and T-bet/GATA-3 ratios were
significantly higher in MFXD and positive groups than that
in the model group. Moreover, compared with that in the
AR model group, the STAT-1/STAT-6 values in MFXD
(7.6 g/kg) and positive groups significantly increased and
the IFN-γ/IL-4 values in administered groups also tended
to increase.

4. Discussion

AR is one of the most common allergic diseases that do not
only adversely affect patients’ quality of life but also induce
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Figure 3: Effect of MFXD on OVA-induced allergic rhinitis in rat. (a) The frequencies of sneezing and nasal scratching of rats were counted
for 30min immediately after the last challenge by nasal instillation with OVA solution on day 31. Blood samples were collected and the
serums were obtained by centrifugation. The total IgE (b) and HIS (c) levels in serum were detected by ELISA. The nasal mucosa samples
were collected and stained with (d) hematoxylin and eosin (HE) and (e) toluidine blue (TB). Epithelial layer (El), ciliated cell layer (Ccl),
leucocytes (represented by black arrows), and mast cells (represented by red arrows) were marked on the images. Data are expressed as
mean± SD; N = 8 rats; ∗p < 0 05, ∗∗p < 0 01 versus model.
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multiple relevant complications [4, 5]. Researchers have suc-
cessfully established different animal models of AR by using
OVA as an allergen and Al(OH)3 as an adjuvant [35, 36].
In this study, a rat model of AR was successfully established
through intraperitoneal injection of OVA and Al(OH)3

suspension and nasal instillation with 5% OVA solution.
In the AR model group, the rats displayed extremely fre-
quent sneezing and nasal scratching and significantly
increased serum levels of total IgE and HIS; moreover,
obvious epithelial disruption, leucocyte and mast cell
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Figure 4: Effect of MFXD on serum IFN-γ and IL-4 in OVA-induced rat of allergic rhinitis. Blood samples were collected after the last nasal
challenge and the serums were obtained by centrifugation. The IFN-γ (a) and IL-4 (b) levels in serum were detected by ELISA. (c) The IFN-γ/
IL-4 values in all groups were calculated. Data are expressed as mean± SD; N = 8 rats; ∗p < 0 05, ∗∗p < 0 01 versus model.
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Figure 5: Effect of MFXD on the percentages of CD3+CD4+IFN-γ+ Th1 and CD3+CD4+IL-4+ Th2 cells in peripheral bloodmononuclear cells
(PBMCs) of AR rats. PBMCs of rats were separated from anticoagulant blood sample, stained with fluorescently labeled anti-rat antibodies,
and analyzed by flow cytometry. (a) Representative flow cytometry dot plots for each groups, and the plots in the upper right quadrant
indicate the percentage of CD3+CD4+IFN-γ+ Th1 and CD3+CD4+IL-4+ Th2 cells among PBMCs. Percentages of (b) CD3+CD4+IFN-γ+

Th1 cells and (c) CD3+CD4+IL-4+ Th2 cells in each groups. (d) Ratios of CD3+CD4+IFN-γ+ Th1 and CD3+CD4+IL-4+ Th2 cells were
calculated. Data are expressed as mean± SD; N = 6 rats; ∗∗p < 0 01 versus model.
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infiltration, and cilia cell reduction were observed in nasal
mucosa sections; these results indicated that the rat model
of AR was successfully established and presented evident
AR responses.

MFXD is a classical Chinese traditional formula that
has been widely used in clinics to treat AR in Asian countries
[20, 21]. In this study, three doses of MFXD were orally
administrated to treat AR in rats. The frequencies of sneezing
and nasal scratching in rats significantly decreased (except
those in the low-dose MFXD group), and the serum levels
of total IgE and HIS under high-dose MFXD treatment sig-
nificantly decreased relative to those in the model group. In
addition, MFXD significantly alleviated the nasal mucosa

injuries caused by AR. Therefore, MFXD obviously exerted
therapeutic effect on a rat model of AR, especially under
treatment with high dose of MFXD.

AR is a Th2-polarized allergic disease, and imbalance
of Th1/Th2 cells is speculated to be an important factor
that results in AR [8–11]. Differentiation from Th0 cell
to Th2 cell is obviously enhanced in AR; as a result, the
release of Th2 cytokines is increased, accelerating the
expression of transcription factors and signal transducers
and activators of transcription, such as GATA-3 and
STAT6, which play important roles in Th2 immune
response [31–33]. In addition, excessive Th2 cytokine
inhibits the differentiation of Th0 cell into Th1 cell,
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Figure 6: Effect of MFXD on the mRNA expression of IFN-γ, IL-4, T-bet, GATA-3, STAT-1, and STAT-6 in the nasal mucosa. Nasal mucosa
samples from rats in different groups were obtained after the last nasal challenge, and total RNA was isolated and analyzed with qRT-PCR. (a)
The mRNA expression of IFN-γ, T-bet, and STAT-1 in the nasal mucosa. (b) The mRNA expression of IL-4, GATA-3, and STAT-6 in the
nasal mucosa. (c) The ratios of IFN-γ/IL-4, T-bet/GATA-3, and STAT-1/STAT-6 are shown. Data are expressed as mean± SD; N = 6 rats;
∗p < 0 05, ∗∗p < 0 01 versus model.
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reducing the production of factors related to Th1 immune
response, such as IFN-γ, T-bet, and SATA-1, leading to
the imbalance in Th1/Th2 cells [34]. Studies have reported
that in animal models induced by OVA, Th1 response is
inhibited [37, 38] or is not obviously affected [39, 40],
whereas Th2 response is enhanced. However, the serum
IFN-γ content, the percentage of CD3+CD4+IFN-γ+ Th1
cells in PBMCs, and the mRNA expression levels of
IFN-γ, T-bet, and SATA-1 were all significantly increased
compared with those in the normal control group; the
same trend was observed for the serum IL-4 content, the
percentage of CD3+CD4+IL-4+ Th2 cells in PBMCs, and
the mRNA expression levels of IL-4, GATA-3, and
SATA-6. In this study, Th1 and Th2 responses were
simultaneously enhanced in a rat model of AR, consistent
with the results of Kim et al. who also used a mouse
model of AR [41]. Two reasons are speculated to explain
this phenomenon. First, although IgE-mediated AR is con-
sidered a disease primarily mediated by Th2, allergen-
specific Th1 also plays an important role in allergic
inflammation [42], especially in chronic allergic diseases,
such as atopic dermatitis and chronic allergic asthma;
moreover, the Th1 cytokine IFN-γ promotes allergen pen-
etration through the respiratory epithelium and aggravates
allergic inflammation [43, 44]. Second, Th1 response pos-
sibly played different roles in different periods after AR
has developed. As reported, the serum levels of the Th1
cytokine IFN-γ in a rat model of OVA-induced AR obvi-
ously increased within 24 h after induction of AR and then
decreased [45].

Although Th1 and Th2 responses were enhanced
simultaneously in a rat model of AR, the imbalance in
Th1/Th2 cells significantly changed. Compared with those
in the control group, the following ratios significantly
decreased in the AR model group: ratios of serum IFN-
γ/IL-4; CD3+CD4+IFN-γ+ Th1 (%)/CD3+CD4+IFN-γ+

Th1 (%) in PBMCs; and mRNA expression of IFN-γ/
IL-4, T-bet/GATA-3, and STAT-1/STAT-6. After oral
administration of MFXD, all of the values tended to increase
and high dose of MFXD significantly enhanced the values,
consistent with the result for the positive reagent, indicating
that MFXD can regulate the AR-induced imbalance in Th1/
Th2 cells.

In conclusion, MFXD exerts a good therapeutic effect
against OVA-induced allergic inflammation in a rat model
of AR as seen in the reduced frequencies of sneezing and
nasal scratching in rats and in the reduced serum levels of
total IgE and HIS. MFXD regulates the AR-induced imbal-
ance in Th1/Th2 cells by attenuating Th1 and Th2 responses
simultaneously, such as reducing the serum levels of IFN-γ
and IL-4 and mRNA expression levels of IFN-γ, IL-4,
GATA-3, and STAT-6. This study provides some valuable
information on the immunoregulatory effect of MFXD on
the treatment of AR in future clinical studies.
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The present study was designed to assess the antiarthritic potential of ECF in collagen-induced arthritis (CIA) and explore its
underlying mechanism. Methods. In vitro, lymphocyte proliferation assay was measured by CCK-8 kit. In vivo, the therapeutic
potential of ECF on CIA was investigated; surface marker, Treg cell, and intracellular cytokines (IL-17A and IFN-γ) were
detected by flow cytometry. Th1 cell differentiation assay was performed, and mRNA expression in interferon-γ-related
signaling was examined by q-PCR analysis. Results. In vitro, ECF markedly inhibited the proliferation of splenocytes in
response to ConA and anti-CD3. In vivo, ECF treatment reduced the severity of CIA, inhibited IFN-γ and IL-6 secretion,
and decreased the proportion of CD11b+Gr-1+ splenic neutrophil. Meanwhile, ECF treatment significantly inhibited the
IFN-γ expression in CD4+T cell without obviously influencing the development of Th17 cells and T regulatory cells. In
vitro, ECF suppressed the differentiation of naive CD4+ T cells into Th1. Furthermore, ECF intensely blocked the
transcriptional expression in interferon-γ-related signaling, including IFN-γ, T-bet, STAT1, and STAT4. Conclusion. Our
results indicated that ECF exerted antiarthritic potential in collagen-induced arthritis by suppressing Th1 immune response
and interferon-γ-related signaling.

1. Introduction

Elephantopus scaber L. (E. scaber) belonging to the Composi-
tae family is a small herb that is present in many parts of the
world with mild and warm climate [1]. In folk medicinal
practices, E. scaber have been used in many countries for
the treatment of a number of diseases. In traditional Chinese
medicine, E. scaber, popularly known as “Didancao,” is
widely used as a diuretic antifebrile, antiviral, and antibacte-
rial agent in treating hepatitis, rheumatic arthritis, bronchitis,
cough associated with pneumonia, and arthralgia [2, 3]. In a
previous study, we isolated 15 compounds from the ethanolic
extract of this plant and screened them for immunological
activities in ConA-induced murine splenocyte proliferation
assay and found that ethyl caffeate (ECF), which was isolated
from this plant for the first time, exhibited significant

immunosuppressive activities [4]. Furthermore, it was deter-
mined that ECF markedly suppressed nitric oxide (NO)
production and downregulated mRNA transcription of
iNOS, L-1β, and IL-10 in LPS-treated RAW264.7 cells via
suppressing the NF-κB pathway, suggesting that ECF also
possesses potential anti-inflammatory capabilities useful for
treating various autoimmune diseases [5].

Rheumatoid arthritis (RA) is a chronic and systemic
autoimmune disease, the main symptoms of which include
pain and stiffness of joints and the progressive destruction
of which may lead to disability [6]. RA is the most frequent
of the chronic inflammatory joint diseases, with a prevalence
of 0.5–1% in the industrialized world [7]. Although the
etiological mechanisms of RA have not been fully elucidated,
abundant evidence indicates that T cells are required for the
initiation and chronicity of RA in both human and mouse
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models [8]. In light of the fact that there is an abundance of
T cells in synovial tissues and fluids [9], recent studies
showed that the imbalance of T cell subsets plays an impor-
tant role in a variety of diseases, including RA [10]. Effector
CD4+ T cell could be divided into Th1, Th2, Th17, and
Treg subsets according to its differentiation and function
[11, 12] Th1 cells secrete a large number of IFN-γ, which
can promote cell-mediated immunity. Although the IFN-γ
prevalence in pathogenesis of RA is controversial [13–15],
IFN-γ was implicated as a major player in the pathogenesis
of RA [16, 17].

Collagen-induced arthritis in DBA/1 mice is a well-
established model of human RA [18–20]. The induction of
severe chronic arthritis in naive mice requires type II colla-
gen- (CII-) induced specific activation of T cells and B cells
and is associated with Th1-polarized immune response.
Moreover, IFN-γ derived from Th1 cell predominates during
the induction and acute phases of this disease [21]. Two
signaling pathways are known to be involved in IFN-γ
production: IFN-γ/signal transducer and activator of tran-
scription 1 (STAT1)/(T-bet)/IFN-γ signaling, and IL-12/
STAT4/IFN-γ signaling [22].

To date, both the therapeutic potential of ECF in CIA and
its mechanism of action remain unclear. This study aims to
investigate the antiarthritic potential of ECF in CIA and
explore the potential underlying mechanism of ECF for the
treatment of RA. Our data demonstrate that ECF ameliorates
collagen-induced arthritis by suppressing Th1 response and
IFN-γ signaling pathway.

2. Materials and Methods

2.1. Experimental Animals. Female BALB/c and male DBA/1
mice (6–8weeksold)wereobtained fromShanghaiLaboratory
Animal Center of the Chinese Academy of Sciences and were
housed in specific pathogen-free conditions (12 h light/12 h
dark photoperiod, 22± 1°C, and 55± 5% relative humidity).
All mice were allowed to acclimatize in our facility for 1 week
before experiments. All experiments were carried out accord-
ing to the institutional ethical guidelines on animal care and
were approved by the Institute Animal Care and Usage
Committee of theNo. 1Hospital AffiliatedYunnanUniversity
of Traditional Chinese Medicine.

2.2. Isolation of Ethyl Caffeate. E. scaber was purchased from
Juhuachun medicine market of Yunnan province in 2010,
and a voucher specimen (number DDC2010) was deposited
at the herbarium of Yunnan University of TCM. Dried and
powdered whole plants of E. scaber (10 kg) were extracted
at room temperature with 100L of 95% EtOH three times
(100 L× 3). The extract was evaporated under reduced pres-
sure to yield a dark brown residue (1.2 kg). The residue was
then suspended in water and partitioned successively with
2.5 L of EtOAc to afford an EtOAc fraction (149 g). The
EtOAc fraction was subjected to silica gel column chroma-
tography (CC) eluted with CHCl3 and a gradient of CHCl3-
MeOH to yield five fractions (Fr. 1–Fr. 5). Fraction 4 (7.9 g)
was loaded to silica gel CC, eluting with CHCl3-acetone
(9 : 1–7 : 3) in a gradient mode to yield four subfractions

(Fr. 4a–Fr. 4d). Subfraction 4a was further separated with
silica gel CC, eluted with CHCl3-acetone (8 : 2) to yield a
residue, which was then recrystallized with MeOH to finally
obtain the ethyl caffeate (210mg).

2.3. Cell Preparation. Mice were sacrificed and spleens were
removed aseptically. Splenocyte suspension was prepared as
previously described [23] and resuspended in RPMI 1640
media containing 10% FBS and supplemented with penicillin
(100U/ml) and streptomycin (100μg/ml).

2.4. Proliferation Assay In Vitro. The proliferation of
splenocytes or T cells in response to ConA, LPS, and anti-
CD3/28 was measured by CCK-8 Kit. Briefly, BALB/c
splenocyte suspension (5× 105 cells/well) was cultured with
ConA (5μg/ml), LPS (10μg/ml), and anti-CD3 (5μg/ml;
145-2C11, BD Pharmingen) in the presence of ECF at indi-
cated concentrations. The cultures were incubated for 48 h,
20μl of CCK-8 was then added to each well before the end
of culture, and OD value was read at 450nm. The MTT
method was used to measure the cytotoxicity of the sample.
Splenocytes (5× 105 cells/well) were cultured in triplicates
in the absence or presence of ECF in a 96-well flat-
bottomed plate (Costar) for 48h. MTT (5mg/ml) was pulsed
for 4 h prior to the end of the culture. Upon removal of MTT/
medium, 150μl of DMSO was added to each well, and the
plate was agitated on an oscillator for 5min to dissolve the
precipitate. The assay plate was read at 570nm using a
microplate reader. All experiments were performed in
triplicates independently.

2.5. Collagen-Induced Arthritis in DBA/1 Mice and
Administration. Collagen was dissolved in 0.1M acetic acid
at 4°C overnight. Male DBA/1 mice were immunized at the
tail base with 125 μg of collagen emulsified in complete
Freund’s adjuvant (CFA) containing Mycobacterium tuber-
culosis strain H37Rv. Each mouse was then boosted with
the same amount of collagen plus CFA 21 days later (taken
as day 0). Starting from day 9 for 10 consecutive days, the
mice were administered daily with ECF (50mg/kg) or
methotrexate (2mg/kg) by p.o.

2.6. Evaluation of Severity of Arthritis. The severity of
arthritis were assessed daily and expressed as a clinical score
according to the following scale: 0 =normal; 1 = erythema or
swelling of one or several digits; 2 = erythema and moderate
swelling extending from the ankle to the midfoot (tarsal);
3 = erythema and severe swelling extending from the ankle
to the metatarsal joints; 4 = complete erythema and swelling
encompassing the ankle, foot, and digits, resulting in
deformity and/or ankylosis. The scores of four limbs were
summed up, and maximum score for each animal was
therefore 16.

2.7. Splenocyte Proliferation Assay and Cytokines Production
in CII-Immunized Mice. Splenocytes (5× 105 cells/well)
were obtained from CII-immunized mice with or without
ECF treatment and cultured in vitro with 100μg/ml CII
stimulation. After 72 h, splenocyte proliferation assay
was performed by CCK-8 Kit. Culture supernatants were
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harvested at 48 h to measure IFN-γ, TNF-α, IL-6, IL-17A,
and IL-4 production by ELISA, in accordance with the
manufacturer’s instructions.

2.8. Flow Cytometry. Murine splenocytes were harvested
and blocked with rat-anti-mouse CD16/CD32 (2.4G2, BD
Pharmingen) and were then fluorescently labeled for
15min at 4°C with the following mAbs diluted in PBS
with 0.2% BSA: FITC-conjugated anti-mGr.1 (RB6-8C5,
BD Pharmingen), PE-conjugated anti-mCD11b (M1/7),
FITC-anti-mCD8a (53-6.7, BD Pharmingen), PE-conjugated
anti-mB220 (RA3-682, BD Pharmingen), and PE-Cy7-
conjugated anti-mCD4 (GK.1.5, BD Pharmingen).

Intracellular staining of cytokines was performed accord-
ing to the method previously described [24, 25]. Briefly,
splenocytes were restimulated for 4 h with PMA (50ng/ml)
and ionomycin (750 ng/ml) (Sigma-Aldrich) in the presence
of Brefeldin A (Sigma-Aldrich). At the end of incubation,

cells were collected and blocked with rat-anti-mouse CD16/
CD32, then those were stained with PE-Cy7-anti-mCD4
antibodies (GK.1.5, Biolegend); cells were fixed, perme-
abilized, and stained intracellularly with fluorochrome-
conjugated anti-mIL-17A (TC11-18H10.1, Biolegend) and
anti-mIFN-γ (XMG1.2, Biolegend) using Foxp3 fixation/per-
meabilization reagents and protocols from eBioscience. Sam-
ples were acquired on a flow cytometer (FACSCanto™ II; BD
Biosciences) and analyzed using FlowJo software (Tree Star).

2.9. Th1 Cell Differentiation. Purified CD4+ T cells were
prepared using immunomagnetic negative selection (Milte-
nyi Biotec). Briefly, lymphocytes were allowed to react with
CD4+ T cell biotin-antibody cocktail (biotin-conjugated
monoclonal antibodies against CD8a, CD11b, CD11c, CD19,
CD45R (B220), CD49b (DX5), CD105, anti-MHC class II,
Ter-119, and TCRγ/δ) and then incubated with antibiotin
microbeads, followed by magnetic separation. The purity of
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Figure 1: ECF inhibits lymphocyte proliferation in vitro. BALB/c splenocytes suspension (5× 105 cells/well) or purified T cells (2× 105 cells/
well) were cultured with ConA (5 μg/ml) (a), anti-CD3/CD28 (b), or LPS (10 μg/ml) (c) in the presence of ECF at indicated concentrations for
48 h. The proliferation of lymphocytes was detected using CCK-8 Kit. The MTT method was used to measure the cytotoxicity of sample (d).
Results presented are mean± s.e.m., n = 3. ∗P < 0 05, ∗∗P < 0 01 versus control group.
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the resulting CD4+ T cell populations was examined using flow
cytometry, and was consistently above 95%.

T-helper cell differentiation was conducted as previously
described [26]. Briefly, naive CD4 T cells (0.4× 106) in
24-well plates (Costar) precoated with 5μg/ml of anti-CD3
(154-2C11, BioXcell) and 2μg/ml of anti-CD28 (37.51, BioX-
cell) were cultured in RPMI containing 10% FCS and
polarizing cytokines at the various concentrations of ECF.
The cytokines used were Th1, mIL-12 (10 ng/ml, Biolegend),
and anti-mIL-4 (11B11, 2μg/ml, BioXcell). Cells stimulated
in “neutral” conditions (anti-mIL-4 and anti-mIFN-γ with-
out cytokines) were considered Th0 cells. The differentiated
cells were harvested after 3 days and restimulated for 4 h with
50 ng/ml of PMA (Sigma-Aldrich) and 750 ng/ml of ionomy-
cin (Sigma-Aldrich) in the presence or absence of Brefeldin A
for flow cytometry.

2.10. TCR Engagement-Mediated T Lymphocytes Activation
and qPCR Analysis. Purified CD4+ T cells were cultured
in 24-well flat-bottom plates coated with 5μg/ml of anti-
CD3 (145-2C11, BD Pharmingen) and 2μg/ml anti-CD28
(37.51, BD Pharmingen) in the absence or presence of
ECF at indicated concentrations. Total RNA was isolated
16 h after stimulation with anti-CD3 and anti-CD28 using
RNeasy Kit (Qiagen). 1μg of total RNA was used to syn-
thesize cDNA using PrimeScript RT Master Mix Perfect

Real Time (TaKaRa). IFN-γ, T-bet, STAT1, and STAT4
mRNA levels were detected by real-time quantitative
PCR using SYBR Premix Ex Taq II kit (TaKaRa). Sam-
ples were assayed on Stratagene MX3000P Real-Time
PCR machine (Agilent), and the relative expression level
of the respective samples to β-actin was calculated with
the delta-delta Ct. The gene-specific primers used were
as follows:

IFN-γ: (sense) 5′-ATGAACGCTACACACTGCATC-3′
(Antisense) 5′-CCATCCTTTTGCCAGTTCCTC-3′

T-bet: (sense) 5′-CCAGGAAGTTTCATTTGGGAAGC-3′
(Antisense) 5′-ACGTGTTTAGAAGCACTG-3′

STAT1: (sense) 5′-TCACAGTGGTTCGAGCTTCAG-3′
(Antisense) 5′-CGAGACATCATAGGCAGCG
TG-3′

STAT4: (sense) 5′-GCAGCCAACATGCCTATCCA-3′
(Antisense)5′-TGGCAGACACTTTGTGTTCCA-3′

β-Actin: (sense) 5′-GGCTGTATTCCCCTCCATCG-3′
(Antisense) 5′-CCAGTTGGTAACAATGCCA
TGT-3′.

2.11. Statistical Analysis. Data are expressed as mean± s.e.m.
of indicated experiments. Student’s t-test was used to deter-
mine significance between two groups where appropriate.
P < 0 05 was considered to be statistically significant.
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3. Results

3.1. ECF Inhibits the Proliferation of Lymphocytes In Vitro.
To assess the immunosuppressive effect of ECF in vitro,
lymphocyte proliferation assay was performed, in which
in vitro stimulation of T cells with anti-CD3/28 serve to
mimic the physiological crosslinking of TCR. ConA and
LPS have been considered to be T and B cell mitogens,
respectively. As shown in Figure 1, ECF significantly
inhibits ConA-induced murine splenocyte proliferation
(Figure 1(a)) as well as TCR crosslinking-mediated puri-
fied T cell proliferation (Figure 1(b)) in a concentration-
dependent manner. ECF exerts immunosuppressive effects
on LPS-induced B cell proliferation at the concentration of
10μM (Figure 1(c)). Importantly, ECF did not show obvi-
ous cell cytotoxicity on splenocytes at this concentration
(Figure 1(d)). These data indicate that ECF can potentially
serve as a promising therapeutic agent for treating autoim-
mune diseases.

3.2. ECF Attenuates Collagen-Induced Arthritis in DBA/1
Mice. To investigate the antiarthritic potential of ECF, we
adopted a well-established murine model of human

rheumatoid arthritis, that is, collagen-induced arthritis in
DBA/1 mice via immunization with bovine collagen II. The
severity of the resulting arthritis in the presence or absence
of ECF treatment was then evaluated using a clinical scoring
system. We found that the clinical score for arthritis gradu-
ally increased in the vehicle group as the disease progressed
and reached a peak at the day 13. In comparison, ECF treat-
ment group exhibited significant reduction in clinical score
from day 11 onwards, especially at the peak of arthritis
progression (Figure 2(a)). The histopathological analysis of
the joints by H&E staining indicated that the joints of CIA
developed typical pathological changes, including severe
cartilage and bone erosions, and infiltration of cells in the
joints and synovial tissues and fluids. However, the number
of infiltrated cells and the extent of bone destruction, as
reflected by the histopathological score, show reduction in
the ECF-treated group (Figure 2(b)). These data suggest that
ECF possess therapeutic effects in treating arthritis.

3.3. ECF Inhibits Cytokine Production in CII-Specific Immune
Responses. To assess the effects of ECF on cell-mediated
immune responses against CII, we investigated the secretion
of cytokine in CII-specific immune responses. Splenocytes
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Figure 3: ECF inhibits CII-specific immune responses. Splenocytes (5× 105 cells/well) from CIAmice were recalled with 100 μg/ml CII. After
72 h, splenocyte proliferation assay was performed using CCK-8 Kit. Culture supernatants were harvested at 48 h, and IFN-γ, TNF-α, IL-17A,
and IL-4 levels were measured by ELISA. Results presented are mean± s.e.m., n = 4. ∗P < 0 05, ∗∗P < 0 01 versus vehicle group.
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from CIA mice were recalled with CII for 48h or 72 h to
induce the production of cytokines and detected splenocyte
proliferation, respectively. IFN-γ, IL-6, TNF-α, and IL-4
levels in the supernatants were determined by ELISA. As
shown in Figure 3, ECF treatment significantly inhibited
splenocyte proliferation (Figure 3(a)) and reduced the
secretion of Th1-related cytokine (IFN-γ) in CII-induced
specific immune response (Figure 3(b)). Since proinflam-
mation cytokines such as IL-6 and TNF-α have a docu-
mented central role in the pathogenesis of arthritis, we
further measured the levels of IL-6 and TNF-α under
the same condition. ECF-treated CIA mice produced a
lower level of IL-6 as compared to the vehicle group
(Figure 3(d)), whereas no variation in TNF-α and IL-4

secretion levels were detected between them (Figures 3(c)
and 3(e)). These data collectively indicated that treatment
with ECF diminished the level of Th1 cytokine and some
proinflammation cytokines.

3.4. ECF Treatment Significantly Reduces Accumulation of
Neutrophils. Although the etiological mechanism of RA
remains unclear, growing evidence indicates that T cells
and B cells are involved in the pathogenesis of RA. Addition-
ally, neutrophils are crucial for the pathogenesis of RA and
other inflammatory conditions [27]. It has been reported that
neutrophils in RA patients are highly activated in the circula-
tion and synovial fluids and tissues [28]. In light of this, we
analyzed the subset constitution of mouse spleens obtained
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from vehicle group mice and the ECF-treated group by flow
cytometry (Figure 4). Surface marker staining indicated that
compared with the vehicle group, spleens from ECF-treated
mice showed lower percentage of CD11b+Gr-1+ neutrophils
but not CD4+, CD8+, or B220+ cells.

3.5. ECF TreatmentMarkedly Suppresses Th1 Cell Response in
CIA. T lymphocytes play a critical role in the pathogenesis of
arthritis. Naive T cells could differentiate into pathogenic
Th1 cells, proinflammatory T helper (Th17) cells, or tissue-
protective induced T regulatory cells [29, 30]. To investigate
whether ECF could regulate the development of Th1 and
Th17 cells, we measured the intracellular cytokines expres-
sion in CD4+ T cells from CIA mice by flow cytometry
(Figure 5). Compared to vehicle group, ECF treatment
significantly inhibited IFN-γ expression in CD4+ T cells;
the development of Th17 cells and T regulatory cells,
however, was not obviously impacted.

3.6. ECF Inhibits Th1 Cell Differentiation. In order to further
investigate whether ECF could suppress Th1 differentiation,

we stimulated murine naive T cells to induce Th1 differen-
tiation in the presence of Th1 polarized condition (mIL-12
plus anti-mIL-4) and treated these cells with ECF. Strikingly,
ECF impaired Th1 cell differentiation (Figure 6), in agreement
with in vivo results, implying that the inhibitory effect of ECF
on Th1 differentiation may contribute to its antiarthritic
potential for treating RA.

3.7. ECF Suppresses IFN-γ-Related Pathway in TCR-
Engagement-Mediated T Lymphocyte Activation. Given that
considerable evidence points to a critical pathogenic role of
IFN-γ in both CIA model and patient, ECF significantly
inhibits Th1 response and IFN-γ production in CIA model
as described above. In order to further explore the mechanis-
tic pathways of ECF on IFN-γ production, we measured the
expression of IFN-γ-related signature genes such as IFN-γ,
T-bet, STAT1, and STAT4 at the mRNA level upon TCR-
engagement-mediated T lymphocyte activation (Figure 7).
We found that transcriptional expression of IFN-γ, T-bet,
STAT1, and STAT4 was significantly downregulated in the
presence of various concentrations of ECF, suggesting that
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Figure 5: ECF treatment markedly suppresses Th1 cell response in CIA. Splenocytes from CIA mice were restimulated for 4 h with PMA and
ionomycin in the presence of Brefeldin A. At the end of incubation, cells were collected and blocked with rat-anti-mouse CD16/CD32, and
then those were stained with PE-Cy7-anti-mCD4 antibodies; cells were fixed, permeabilized, and stained intracellularly with fluorochrome-
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IFN-γ-related pathways are possibly involved in the immu-
nosuppressive effect of ECF on T cell activation.

4. Discussions

It was reported that T lymphocytes play a pivotal role in the
pathogenesis of cell-mediated autoimmune diseases and
chronic inflammatory disorders [10]. Previous studies have
indicated that ECF exhibits significant inhibitory effects on
the proliferation of murine T lymphocytes induced by ConA,
and the observed activities are not due to compound toxicity
[4]. In vitro stimulation of T cells with anti-CD3/28 serves to
mimic the physiological crosslinking of TCR. Importantly,
ECF treatment markedly suppresses TCR-triggered T cell
activation. The immunosuppressive activity of ECF on T cells
revealed by the present study implies that ECF represents a
potent therapeutic agent for the treatment of autoimmune
diseases such as rheumatic arthritis. Moreover, collagen-
induced arthritis (CIA) in DBA/1 mice is one of the
many animal models used to study the pathogenic mech-
anisms of RA [31]. There is close resemblance in histopa-
thology as well as in the production of inflammatory

mediators such as chemokines, cytokines, proteases, and
autoantibodies [13]. Surprisingly, oral administration of
ECF ameliorates collagen-induced arthritis, including
reduction in clinical score and infiltration of cells in the
joints and synovial tissues and fluids. Furthermore, bone
destruction and histopathological score are also reduced
upon ECF treatment.

Depending on functions and cytokines produced, CD4+ T
cells can be classified into four subsets, including T helper 1
(Th1), Th2, Th17, and CD4+ CD25+ T regulatory (Treg) cells.
The imbalance of cytokine production by Th1/Th2/Th17
lymphocytes doubtlessly plays a crucial role in RA patho-
genesis [10]. As Th1 cells mainly secrete interferon gamma
(IFN-γ) and IL-2, Th1 cytokines are generally defined as
cytokines that promote cell-mediated immune responses as
well as activation of macrophage and neutrophils, leading to
amplified production of proinflammatory cytokines [32].
Many studies have also provided evidence for the predom-
inance of Th1 cytokine production in the synovial fluid
from RA patients [33]. Intracellular cytokine staining
reveals that ECF treatment inhibits the expression of
IFN-γ-producing T cells compared to vehicle group when
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analyzed immediately ex vivo, whereas no difference was
observed in Th17 cells or T regulatory cell response. This
is consistent with the finding that IFN-γ production from
T cells following restimulation with CII ex vivo was signif-
icantly reduced in ECF-treated mice. This response was
antigen-specific and accompanied by reduced production
of some inflammatory cytokines in the ECF-treated group,
including reduction in the accumulation of neutrophils and
the production of proinflammatory cytokines IL-6, which is
mainly produced by activated macrophages and fibroblast-
like synoviocytes (FLS). In RA, the level of IL-6 is also found
to be elevated and correlates with radiological joint
destruction. These results revealed that the inhibition of

Th1-mediated immune response by ECF, especially the
downregulation of IFN-γ expression, consequently limits
the proinflammatory response and activation of neutro-
phils, which may contribute to the protective effect of
ECF on CIA.

In adaptive immune response, IFN-γ is secreted by
CD8+ T cells in control of infection, and by CD4+T help-
er1(Th1) subset, which promotes inflammatory response,
clearance of intracellular pathogens, and class-switching
to IgG 2a, IgG 2b, and IgG [34]. Differentiation of CD4+ T
cells to the Th1 subset is driven primarily by IL-12 in the
absence of IL-4 and TGF-β, which signal via factors such as
signal transducer and activator of transcription 1 (STAT1),
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Figure 7: ECF suppresses IFN-γ-related pathway in TCR engagement-mediated T lymphocyte activation. Purified CD4+ T cells were
stimulated with anti-CD3 (5 μg/ml) and anti-CD28 (2 μg/ml) for 16 h. Total RNA was isolated using RNeasy kits, and 1μg of total RNA
was used to synthesis cDNA. Real-time quantitative PCR assay was carried out using SYBR Premix Ex Taq II kit, and relative
quantification of mRNA expression was calculated as the fold increase using the delta-delta Ct; the housekeeping gene is β-actin. Results
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T-bet (also known as Tbx21), and STAT4 [35, 36]. Consider-
able evidence has indicated that pathogenic Th1-mediated
immune response plays a crucial role in the pathogenesis of
RA [33]. In vivo, ECF treatment markedly reduced the
expression of IFN-γ-producing T cells compared to the
vehicle group. Consistent with in vivo results, ECF also
impaired Th1 cell differentiation and IFN-γ production
in vitro, confirming that the inhibitory effect of ECF on Th1
differentiation is responsible for its antiarthritic potential.

The role of IFN-γ in the pathogenesis of RA is controver-
sial, as both disease-limiting and disease-promoting activities
of IFN-γ in the pathogenesis have been reported in the past
decade [13]. Till now, there exists no satisfactory explanation
for such dual effects in RA. It is reported that IFN-γ-deficient
mice lead to disease exacerbation in CIA via IFN-mediated
suppression of IL-17 [37]. Moreover, IFN-γ inhibits differen-
tiation of monocyte/macrophage in osteoclasts through
ubiquitin-proteasome-mediated degradation of TRAF6 [38].
Meanwhile, considerable evidence has revealed that IFN-γ
may exacerbate RA: clinically, increased expression of IFN-γ
has been detected in synovial tissues and fluids of RA
patients [39–41], and for a small group of patients, intra-
muscular injection of anti-IFN antibodies appeared to be
beneficial [42]. Administration of IFN-γ at the initial phase
accelerated the onset and increased the incidence of arthritis
[43, 44]. Furthermore, susceptible mice lacking IFN-γ of
IFN-γ R exhibited decreased incidence and severity of CIA
[45]. Many studies also suggested that the role of IFN-γ in
RA may be associated with the disease stage and the use of
CFA [46]. There are two signaling pathways involved in
IFN-γ production: IFN-γ/signal transducer and activator of
transcription 1 (STAT1)/(T-bet)/IFN-γ, signaling, and IL-
12/STAT4/IFN-γ signaling [22]. PCR results indicated that
ECF treatment downregulated the mRNA transcription of
IFN-γ, STAT1, T-bet, and STAT4, providing molecular basis
for its suppression of IFN-γ and the therapeutic effect of ECF
in CIA.

Collectively, our results showed that ECF have antiar-
thritic effect in CIA mice, and its mechanism of action is
tightly related to the blockade of IFN-γ signaling pathway.
ECF may therefore present a promising agent for treating
RA and other autoimmune diseases.
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