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Total glucosides of paeony ameliorates TNBS-induced colitis
by modulating differentiation of Th17/Treg cells
and the secretion of cytokines
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Abstract. The imbalance between effector CD4* T helper 17
(Th17) and regulatory CD4* T cells (Treg) cells and their
associated cytokines, have been associated with the pathogen-
esis of inflammatory bowel disease (IBD). Total glycosides
of paeony (TGP) is an alternative immunomodulatory agent
that is widely used for the treatment of autoimmune diseases.
The present study aimed to evaluate the modulatory effect of
TGP in a rat model of colitis induced by 2.,4,6-trinitrobenzene
sulfonic acid (TNBS). TGP was administered intragastrically
24 h after the TNBS intrarectal instillation for 7 days. TGP
treatment ameliorated the clinical status and reversed the
histopathologic severity of acute TNBS colitis. Furthermore,
TGP inhibited the levels of Thl7-associated cytokines
interleukin (IL)-17, IL-6, tumor necrosis factor-a, whereas
the expression levels of Treg-associated cytokines IL-10,
transforming growth factor-f3 in the plasma, colon, spleen and
mesenteric lymph nodes (MLN). Additionally, TGP reduced

Correspondence to: Professor Zhiming Huang, Department of
Gastroenterology, The First Affiliated Hospital of Wenzhou Medical
University, Building 1, South Baixiang Street, Shangcai Village,
Ouhai, Wenzhou, Zhejiang 325035, P.R. China

E-mail: wzhospitalhzm@126.com

Abbreviations: 1BD, inflammatory bowel disease; Treg,
regulatory CD4* T cells; IL-17, interleukin-17; Thl7, effector
CD4* T helper 17, TNBS, trinitrobenzene sulfonic acid; CD,
Crohn's disease; UC, ulcerative colitis; TNF-a, tumor necrosis
factor-a; PVDF, polyvinylidene fluoride; PF, paloniflorin; Foxp3,
forkhead boxp3; TGP, total glycosides of paeony; RA, rheumatoid
arthritis; SLE, systemic lupus erythematosus; AS, ankylosing
spondylitis; T-bet, T-box expressed in T cells; SD, Sprague-Dawley;
SASP, sulfasalazine; MLN, mesenteric lymph nodes; TNF-f3,
transforming growth factor-f3; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase; ROR-vt, retinoic acid related orphan receptor-yt;
ELISA, enzyme-linked immunosorbent assay; PMA, phorbol
12-myristate 13-acetate

Key words: total glucosides of paeony, inflammatory bowel
disease, regulatory T cells, Th17 effector cells

the percentage of Th17 cells; however, the proportion of Treg
cells in the spleen and MLN was increased. The present study
also observed a suppression of Thl7-associated transcription
factor, termed retinoid-related orphan receptor-yt (ROR-vyt).
However, expression of the Treg-associated transcription
factor forkhead boxp3 was increased in the TGP treatment
group. Therefore, the present findings suggest that TGP has
a regulatory role in modulating the balance of Th17 and Treg
cells to ameliorate the TNBS-induced colitis and support the
strategy of using TGP to treat IBD.

Introduction

Inflammatory bowel disease (IBD), encompassing Crohn's
disease (CD) and ulcerative colitis (UC), is an inflammatory
disorder affecting the gastrointestinal tract. Clinical symptoms
include abdominal pain, diarrhea, rectal bleeding, anemia,
fatigue and malnutrition, all conditions associated with
reduced in quality of life (1-3). Although the exact etiology is
complex and remains to be elucidated, the available evidence
suggests that various factors, such as heredity, defective epithe-
lial barrier, increased intestinal permeability, antimicrobial
peptide production, innate microbial sensing and autophagy
may be involved in pathogenesis of IBD (2,4). In particular, an
excess of inflammatory mediators and an inadequate function
or number of components that downregulate mucosal immune
response may have an important role in IBD (5,6). The normal
intestinal immune system has two tasks: To combat pathogens
and to maintain tolerance towards the commensal bacterial
flora (2,5,7,8). However, not achieving these tasks leads to the
pathological inflammation of the gut system.

There are various inflammatory cells in the gut and along with
T helper (Th) 1 and Th2 cells, effector CD4* T helper 17 (Th17)
and regulatory CD4* T cells (Treg) are also important in IBD.
The loss of homeostasis between Th17 and Treg cells is believed
to lead to an aberrant immune response of IBD (1,5,9). Th17
cells have a critical role in clarifying extracellular pathogens,
the inappropriate expression of pro-inflammatory cytokines by
those cells, such as interleukin (IL)-17A, IL-17F, IL-21,1L-22, is
believed to favor the occurrence of inflammatory diseases (9,10).
Previous studies have revealed an increased number of Th17
cells expressing retinoid-related orphan receptor-yt (ROR-yt),
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the master transcription factor guiding Th17 differentiation, in
the lamina propria of IBD patients, which suggests that Th17
cells may contribute to the pathology of IBD (11-13). Th17
cells facilitate intestinal inflammation in both forms of IBD;
however, Treg cells have anti-inflammatory properties (7). Treg
cells are necessary for the maintenance of mucosal tolerance
and preserve homeostasis in the gut by suppressing the prolif-
eration and effector functions of effector T cells (9). Treg cells
exhibit their anti-inflammatory function by producing the effec-
tive cytokines, such as IL-10 and transforming growth factor-f3
(TNF-p) (2,14). The transcription factor forkhead box p3
(Foxp3), which is crucial for their differentiation and function,
has been confirmed to be expressed in intestinal mucosa in
order to inhibit abnormal immune responses toward the dietary
antigens or commensal flora. Previous studies have determined
that Treg cells are involved in the anti-inflammatory action in
IBD patients (9,14-16). Additionally, there is evidence that Treg
cells are capable of controlling experimental colitis in animal
models (17,18).

Th17 and Treg cells may control the development of one
another to maintain immune homeostasis and achieve pathogen
clearance. TNF-f has been identified as an anti-inflammatory
cytokine produced by Treg cells and the critical common factor
for the proliferation of Th17 and Treg cells (19,20). It has been
previously reported that TNF-f3 promotes the differentiation of
Treg cells by inducing Foxp3 expression, whereas it favors the
differentiation of Th17 cells in the concurrent administration
of IL-6 and TNF-f3 (21-24).

Total glucosides of paeony (TGP), extracted from the root
of Paeonia lactiflora Pall., contains 96.2% of paloniflorin
(PF) and traces of hydroxyl-paconiflorin, abbiflorin, paeonin,
benzoylpaeoniflorin (25). According to the dispensatory of
TGP, paeoniflorin is the monomer which has an effective role
and accounts for 90% of TGP. As a traditional Chinese herbal
medicine, TGP has been identified to exhibit a wide range of
pharmacological activities, including anti-inflammatory, anti-
oxidative, antihepatic, analgesic activity without evident toxic
or side effects (26-30). TGP has been used for dysmenorrhea,
muscle cramping and spasms, giddiness and fever in China for
over 1,500 years. TGP was approved to enter the Chinese market
in 1998, and has been used for the treatment of rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE), ankylosing
spondylitis (AS) and hepatitis (31,32). Previous studies revealed
that TGP may inhibit Th1/Th17 immune response by downregu-
lating the expression of transcriptional factor T-box expressed in
T cells (T-bet) and RORgt. Meanwhile, TGP may increase the
CD4*CD25" Treg differentiation by activating the transcription
factor Foxp3 (30,33-36). A previous study revealed that TGP
effectively attenuated inflammation in 2,4,6-trinitrobezence
sulfonic acid (TNBS)/ethanol-induced colitis in rats (37). This
evidence supported the hypothesis that TGP may be a promising
candidate Chinese drug for treatment of IBD. However, whether
TGP reduces inflammation of IBD via regulating Th17/Treg
balance remains to be elucidated. Therefore, the present study
measured the expression of Th17 and Treg-associated cytokines
and transcription factors, and the proportion of Th17 and Treg
cells in the TNBS-induced colitis model. The purpose of the
present study was to further elucidate the regulatory effects and
underlying mechanism of TGP in a rat model of TNBS-induced
colitis via Th17/Treg immune homeostasis.
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Materials and methods

Animals. A total of 32 Sprague-Dawley (SD) rats (male,
6-8-weeks old, mean weight, ~200 g) were purchased from
Shanghai SLAC Laboratory Animal Co.,Ltd. (Shanghai, China).
Animals were kept in standard cages (5 rats/cage) under specific
pathogen-free conditions in the Laboratory Animal Research
Center of Wenzhou Medical University. Rats were given free
access to autoclaved tap water and to a standard diet, maintained
under controlled conditions of light (12-h light-dark cycle),
temperature (22-24°C) and humidity (45-55%). All procedures
were ethically approved according to the Guide for the Care and
Use of the Administration Committee of Experimental Animals
of Wenzhou Medical University (Wenzhou, China).

Ethical considerations. In accordance with the Association
for the Assessment and Accreditation of Laboratory Animal
Care International, rats were maintained under specific
pathogen-free conditions and studied according to protocols
approved by the Wenzhou Medical University Animal Care
and Use Committee (approval no. wydw2013-0071).

Induction of experimental colitis in rats. Rats were weighed
and anesthetized by intraperitoneal injection of ketamine/xyla-
zine solution (80 m1/10 g body weight). TNBS (Sigma-Aldrich;
Merck Millipore, Darmstadt, Germany) was dissolved in
alcohol (50:50 vol/vol). TNBS solution (100 mg/kg body
weight) was administered intrarectally via 3.5 F-catheter to
rats maintained for 60 sec in a vertical position. The catheter
was inserted into the colon 8 cm proximal to the anus. The
normal control group received 0.9% saline intrarectally (38).

Treatment with TGP. SD rats were randomly assigned to four
groups (n=8/group): Normal control group, TNBS-treated
group, sulfasalazine (SASP)-treated group and TGP-treated
group. SASP (Shanghai Sunve Pharmaceutical Co., Ltd.,
Shanghai, China) and TGP (Ningbo Liwah Pharmaceutical
Co., Ltd., Ningbo, China) were respectively administered at the
doses of 100 mg/kg/day in the SASP-treated and TGP-treated
group by gastric gavage daily from day 1 (24 h after the induc-
tion of colitis) for 7 days prior sacrifice. Normal control group
and TNBS-treated group were treated with an equal volume of
0.9% saline alone intragastrically.

Clinical analysis of colitis. The clinical progression of colitis was
monitored daily for body weight, diarrhea and hemafecia (3).
Loss of body weight was calculated as the percentage difference
relative to initial body weight. Diarrhea was scored as follows: 0,
Normal; 2, loose stools; and 4, diarrhea that remained adhesive
to the anus. Bleeding scores were assessed as follows: 0, Negative
hemoccult; 2, positive hemoccult; and 4, obvious bleeding (39).

Assessment of colonic damage. Rats were sacrificed 7 days after
drug treatment. The colon was removed and opened longitu-
dinally. The macroscopic damage was measured by a blinded
observer with the following score system (40,41): 0, Normal; 1,
hyperemia, edema, no ulcer; 2, hyperemia, edema, small linear
ulcers or petechiae; 3, hyperemia, edema, wide ulcers, necrosis,
or adhesions; 4, hyperemia, edema, megacolon, stenosis, or perfo-
ration. For histological analysis, the colonic fragments (0.5 cm)
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Table I. Primers used for quantitative polymerase chain reaction.
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Gene Sense (5'-3") Antisense (5'-3")

GAPDH GACATGCCGCCTGGAGAAAC AGCCCAGGATGCCCTTTAGT

IL-17 TACAGTGAAGGCAGCGGTA GCTAAGGGAGTTGAGGACTTTC

IL-6 TGCCTTCCCTACTTCACA ACAACTCTTTTCTCATTTCCA

TNF-a GTCGTAGCAAACCACCAAGC GAAGAGAACCTGGGAGTAGATAAGG
ROR-yt AGGCAAATACGGTGGTGTGG ATTGCAGATGCTCCACTCTCC

TGF-p ATTCCTGGCGTTACCTTG CCCTGTATTCCGTCTCCT

IL-10 GGAGTGAAGACCAGCAAA GCAACCCAAGTAACCCTT

Foxp3 CCATAATATGCGGCCCCCTT GCGGGGTGGTTTCTGAAGTA

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL, interleukin; TNF-a, tumor necrosis factor-o; ROR-yt, retinoic acid related orphan
receptor-yt; TGF-f, transforming growth factor-3; Foxp3, forkhead boxp3.

were fixed in 4% paraformaldehyde, dehydrated, embedded in
paraffin, sectioned (4 ym thickness) and stained with 10% hema-
toxylin for 2 min and 0.5% eosin for 1 min at room temperature.
The pathological sections were observed under a light micro-
scope by two blinded pathologists and the microscopic damage
was scored as follows (42): 0, No evidence of inflammation; 1,
low level of inflammation with scattered infiltrating mononuclear
cells (1-2 foci); 2, moderate inflammation with multiple foci; 3,
high level of inflammation with increased vascular density and
marked wall thickening; 4, maximal severity of inflammation
with transmural leukocyte infiltration and loss of goblet cells.

Immunohistochemistry. The colon specimens were fixed with
4% paraformaldehyde, embedded with paraffin, and sectioned at
4 um for immunohistochemical staining for IL-17,IL-6, ROR-vt,
tumor necrosis factor-o (TNF-a), IL-10, TNF-3 and Foxp3. After
incubation with xylene and descending concentrations of ethanol,
antigens were retrieved by citrate buffer for 15 min at 100°C.
Then endogenous peroxidases were removed in 3% hydrogen
peroxidase for 15 min at room temperature followed by 5% goat
serum for 1 h at 37°C for blocking. Subsequently, sections were
incubated with polyclonal rabbit anti-rat antibodies IL-17 (cat.
no. ab79056; 1:300), ROR-vt (cat. no. ab78007; 1:50), TNF-a (cat.
no. ab6671; 1:250), IL-10 (cat. no. ab192271; 1:1,000), TNF-3
(cat. no. ab92486; 1:100) and monoclonal mouse anti-rat IL-6
(cat. no. ab9324; 1:250), Foxp3 (cat. no. ab22510; 1:50; Abcam,
Cambridge, MA, USA) in an optimum concentration overnight at
4°C and then incubated with horseradish peroxidase-conjugated
secondary antibody (cat. nos. PV.6001 and PV.6002; OriGene
Technologies, Inc., Beijing, China) for 30 min at 37°C. Antibody
bindings were counterstained with hematoxylin, dehydrated
with ascending concentrations of ethanol, cleared in xylene and
mounted. A negative control was performed according to the
same procedure. Images were acquired with a biological imaging
microscope (BX53; Olympus Corporation, Tokyo, Japan).

Western blot analysis. Total protein of colon specimens
was extracted using a radioimmunoprecipitation lysis buffer
(Solarbio Science & Technology Co., Ltd., Beijing, China) and
phenylmethylsulfonyl fluoride. The protein concentration was
analyzed using a BCA kit (Tiangen Biotech Co., Ltd., Beijing,
China). Equal amounts of protein (50 g per lane) were separated

on 12% SDS-polyacrylamide gels and transferred onto polyvi-
nylidene fluoride (PVDF) membrane (EMD Millipore, Bedford,
MA, USA). After blocking with 5% non-fat milk for 90 min at
room temperature, the membranes were incubated overnight at
4°C with anti-IL-17 (cat. no. ab79056; polyclonal, rabbit anti-rat;
1:1,000), anti-IL-6 (cat. no. ab9324; monoclonal, mouse anti-rat;
1:2,500), anti-ROR-yt (cat. no. ab78007; polyclonal, rabbit
anti-rat; 1:1,000), anti-TNF-a (cat. no. ab6671; polyclonal, rabbit
anti-rat; 1:1,000), anti-IL-10 (cat. no. ab192271; polyclonal, rabbit
anti-rat; 1:1,000), anti-TNF-f (cat. no. ab92486; polyclonal,
rabbit anti-rat; 1:1,000) and anti-Foxp3 (cat. no. ab22510; mono-
clonal, mouse anti-rat; 1:1,000; all from Abcam, Cambridge,
MA, USA) and anti-glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH; cat. no. BS60630; polyclonal, rabbit anti-rat;
1:1,000; Bioworld Technology, Inc., St. Louis Park, MN, USA)
and washed three times with TBST. Then the membranes were
incubated with secondary antibodies-conjugated to horseradish
peroxidase (cat. no. 7074; 1:5,000; Cell Signaling Technology,
Inc., Danvers, MA, USA) for 1 h at room temperature followed
by washing three times. Immunoreactive bands were visualized
by an enhanced chemiluminescence kit (Bio-Rad Laboratories,
Hercules, CA, USA).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from the colon tissue,
spleen mononuclear cells and mesenteric lymph node (MLN)
mononuclear cells using TRIzol (Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) according to the manu-
facturer's protocol. RNA (1 ug total) was reverse-transcribed
into cDNA. Reverse transcription was carried out by
RevertAid First Strand cDNA Synthesis kit (cat. no. K1622;
Thermo Scientific Inc.). The temperature conditions for the
reverse transcription were as follows: Initial cycle at 25°C
for 5 min, followed by 42°C for 60 min and 72°C for 10 min,
allowed to cool to 4°C. The mRNA expression of several
genes was quantified with SYBR-Green Real-time PCR
Master Mix Plus (Thermo Fisher Scientific, Inc.) by an ABI
7500 Sequence-Detection system (Thermo Fisher Scientific,
Inc.). The PCR cycling conditions were as follows: An initial
denaturation and activation at 95°C forl0 min, followed by
40 amplification cycles of 95°C for 15 sec and 60°C for 60 sec.
The primer sequences are presented in Table I. GAPDH was
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used as reference gene. Relative gene expression levels were
calculated by the 2-2*“4method (43).

Enzyme-linked immunosorbent assay (ELISA) analysis.
Peripheral blood of rats was drawn into EDTA-anticoagulant
tubes, then centrifuged for 15 min at 3,000 x g at 4°C. The
plasma was collected and stored at -80°C until tested. ELISA
kits were used to assess the plasma concentrations of IL-17
(cat. no. 10353-09R), IL-6 (cat. no. 10752-09R), TNF-a (cat.
no. 10917-09R), IL-10 (cat. no. 10726-09R) and TNF-f3 (cat.
no. 10973-09R; all from Shanghai Boyun Biotech Co., Ltd.,
Shanghai China) in accordance with the manufacturer's proto-
cols.

Flow cytometry analysis. The spleen and MLN were removed
from rats 7 days after drug treatment and isolated mononuclear
cells. In order to analyze Th17 cells, cells were stimulated
with phorbol 12-myristate 13-acetate (PMA) (50 ng/ml) and
ionomycin (1 xg/ml) in the presence of Brefeldin A (10 ug/ml)
and monensin (1.4 ug/ml) (Hangzhou MultiSciences Biotech
Co., Ltd., Hangzhou China) at 37°C and 5% CO, for 4 h.
Cells were washed with PBS and surface-labeled with
fluorescein isothiocyanate-(FITC-) conjugated anti-CD4
(0.5%; cat. no. 85-11-0041-81; eBioscience; Thermo Fisher
Scientific, Inc.) for 40 min at 4°C. The cells were subse-
quently fixed and permeabilized by fixation/permeabilization
buffer (BD Biosciences, San Jose, CA, USA) and labeled
with phycoerythrin-(PE-) conjugated anti-IL-17 (1%; cat.
no. 85-12-7177-81; eBioscience; Thermo Fisher Scientific, Inc.)
for 40 min at 4°C. For analysis of Treg cells, without PMA and
ionomycin stimulation, surface staining was performed with
FITC-conjugated anti-CD4 (0.5%; cat. no. 85-11-0041-81;
eBioscience; Thermo Fisher Scientific, Inc.) and allophyco-
cyanin-conjugated anti-CD25 (1.5%; cat. no. 85-17-0390-82;
eBioscience; Thermo Fisher Scientific, Inc.) for 40 min at 4°C.
Afterwards, cells were fixed and permeabilized, and intracel-
lular staining was performed with PE-conjugated anti-Foxp3
(1.25%;, cat. no. 85-12-5773-82; eBioscience; Thermo Fisher
Scientific, Inc.) for 40 min at 4°C. Appropriate isotype controls
were used in the experiments. The stained cells were detected
by a FACSCalibur flow cytometer (BD Biosciences) and the
data were analyzed with FlowJo version 7.6.1 (FlowJo LLC,
Ashland, OR, USA).

Statistical analysis. Statistical analysis was performed using
SPSS version 16.0 (SPSS, Inc., Chicago, IL, USA). Data are
presented as mean + standard error and one-way analysis
of variance was used for multiple comparisons, followed by
Dunnett's post hoc test. P<0.05 was considered to indicate a
statistically significant difference.

Results

TGP ameliorates acute inflammatory of TNBS-induced colitis
in rats. To evaluate the potential therapeutic effect of TGP in
the TNBS-induced colitis, the present study tested the clinical
symptoms and macroscopic scores in the aforementioned
groups. As expected, the rats acquired severe symptoms
characterized by weight loss, diarrhea and bleeding following
TNBS instillation compared with the normal control group.

LIN et al: TOTAL GLUCOSIDES OF PAEONY AMELIORATES TNBS-INDUCED COLITIS

However, TGP and SASP treatment rapidly reversed weight
loss and decreased bleeding and diarrhea scores compared
with the TNBS group (Fig. 1A-C). The present study observed
marked macroscopic change accompanied by hyperemia,
edema, ulcers, necrosis and adhesion in TNBS-induced group,
whereas the colons from TGP or SASP group exhibited no
or a slight macroscopic damage (Fig. 1D). Consistently, the
macroscopic scores of TNBS-induced rats were significantly
increased compared with the control group and the TGP and
SASP-treated groups (Fig. 1E). Histopathologically, the colonic
tissues of TNBS-induced rats exhibited a reduced number of
goblet cells, loss of crypts, damage of crypts, infiltration by
inflammatory cells and extensive destruction of the mucosal
layer compared with the control group (Fig. 2A). However,
histological signs of inflammatory activity were distinctly
reduced following TGP administration in TNBS-rats, similar
to the SASP-treated group (Fig. 2). Therefore, treatment
of TGP is effective in modulating the development of acute
TNBS-induced colitis and the efficacy of TGP was similar to
SASP.

TGP regulates the production of Thl7- and Treg-associated
cytokines and transcription factors in plasma and colonic
tissues of TNBS-induced colitis model. In order to inves-
tigate the effects of TGP on acute inflammation, plasma
and colonic tissue samples were collected at 7 days and the
production of signature cytokines and transcription factors
was measured by ELISA, western blotting and immunohisto-
chemistry. The current results revealed that Th17-associated
pro-inflammatory cytokines and transcription factors in
colonic tissues of TNBS-induced rats, such as IL-17, IL-6,
TNF-a and ROR-yt, were significantly reduced following
administration of TGP and SASP treatment (Figs. 3 and 4).
The TGP and SASP-treated groups also had higher levels of
IL-10, TNF-f and Foxp3 in colonic tissues compared with the
untreated TNBS and control groups (Figs. 3 and 4). Similarly,
TGP administration downregulated the expression of IL-17,
TNF-a, IL-6 and upregulated the level of IL-10 and TNF-f in
plasma of TNBS-induced rats (Fig. 5). These findings indicate
that TGP inhibits Th17 responses; however, may promote Treg
responses in TNBS-induced colitis and there was no signifi-
cant difference between treatment with TGP or SASP.

TGP modulates the mRNA levels of Th17- and Treg-associated
cytokines and transcription factors in the TNBS-induced
colitis. To determine whether TGP may adjust the mRNA
expression of transcription factors and cytokines in Th17 and
Treg cells, we tested the expression levels using RT-qPCR. TGP
administration in TNBS-rats led to lower mRNA expression
levels of TNF-a, IL-6,1L-17 and ROR-vt in the colonic tissues,
MLN and splenic lymphocytes (Figs. 6A-D, 7A-D and 8A-D).
In contrast, the mRNA expression of IL-10, TNF-f3 and Foxp3
increased in TNBS-rats treated with TGP (Figs. 6E-G, 7E-G
and 8E-G).

TGP affects the differentiation of Thil7 and Treg cells in the
TNBS-induced colitis. Previous studies have revealed that
Th17 and Treg cells play a distinct role in the control and devel-
opment of IBD and the balance between Th17 and Treg cells
proliferation levels is a critical factor in designing therapies
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Figure 1. TGP improves the symptoms of TNBS-induced colitis and repairs colonic damage in a similar manner to SASP. Colitis was induced by intrarectal
administration of 100 mg/kg TNBS with ethanol. Rats with TNBS-induced colitis were treated with 100 mg/kg TGP or 100 mg/kg SASP for 7 days. (A) Body
weight change (percentage of original body weight), (B) diarrhea and (C) bleeding were scored daily. (D) Macroscopic observation and (E) macroscopic score
were determined on day 7. ““P<0.001, n=6 per group. NC, normal control group; TGP, total glycosides of pacony; SASP, sulfasalazine; TNBS, trinitrobenzene
sulfonic acid-induced group; TNBS+SASP, TNBS-induced rats treated with SASP; TNBS+TGP, TNBS-induced rats treated with TGP.
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Figure 2. TGP alleviates histological signs of inflammatory in TNBS-induced colitis equal to SASP. (A) Representative H&E-stained colon sections were
performed 7 days after TGP or SASP treatment. Magnification, x100. (B) Histological score was calculated. ““P<0.001, n=6 per group. NC, normal control
group; TGP, total glycosides of pacony; SASP, sulfasalazine; TNBS, trinitrobenzene sulfonic acid-induced group; TNBS+SASP, TNBS-induced rats treated
with SASP; TNBS+TGP, TNBS-induced rats treated with TGP.
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Figure 3. TGP regulates the production of Th17- and Treg-associated cytokines and transcription factors in colonic tissues of TNBS-induced colitis in a
similar manner to SASP. (A) Expression of proteins ROR-vyt, IL-17, IL-6, TNF-a, Foxp3, TNF-f, IL-10 were determined by western blotting. (B) Data are
presented as the mean + standard error of the mean. "P<0.05, “'P<0.01, ““P<0.001, n=6 per group. NC, normal control group; TGP, total glycosides of pacony;
SASP, sulfasalazine; Th17, effector CD4* T helper 17; Treg, regulatory CD4* T cells; TNBS, trinitrobenzene sulfonic acid-induced group; TNBS+SASP,
TNBS-induced rats treated with SASP; TNBS+TGP, TNBS-induced rats treated with TGP; IL, interleukin; TNF-a, tumor necrosis factor-a; ROR-vyt, retinoic
acid related orphan receptor-yt; TNF-f, transforming growth factor-f; Foxp3, forkhead boxp3.

for IBD (44,45). Therefore, the present study hypothesized
that TGP may differentially contribute to the development of
Th17 and Treg cells. In order to determine this, flow cytometry
was used to quantify the frequencies of Th17 and Treg cells
separated from spleen and MLNs of all groups. As presented
in Fig. 9C and D, the percentage of CD4*IL17*(Thl17)
cells was markedly increased in the TNBS-induced rats,
whereas the administration of TGP markedly reduced the
percentage, as well as the treatment with SASP. Additionally,
the present study revealed that TGP treatment increased the
level of CD4*CD25*Foxp3* (Treg) cells (Fig. 9A and B).
Therefore, these findings indicated that TGP may be able to

ameliorate colitis, which was associated with an increased
number of Treg cells and a reduction of Thl7 cells among
spleen and MLNSs.

Discussion

The medical therapeutic strategies for patients with IBD
include corticosteroids, biological agents and immunosuppres-
sant drugs. However, efficiency of aforementioned therapies is
limited and side effects (including serious infection, myelo-
suppression and hepatic injury) are too serious to ignore (46).
Therefore, more effective and alternative treatments are
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Figure 4. TGP regulates the production of Th17- and Treg-associated cytokines and transcription factors in colonic tissues of TNBS-induced colitis in a similar
manner to SASP. Immunohistochemical detection of (A) IL-17, (B) IL-6, (C) TNF-a, (D) ROR-v, (E) IL-10, (F) TNF-f, (G) Foxp3 in the colonic tissues.
All tissue sections were counterstained with hematoxylin. Magnification, x400. n=6 per group. NC, normal control group; TGP, total glycosides of paeony;
SASP, sulfasalazine; Th17, effector CD4* T helper 17; Treg, regulatory CD4* T cells; TNBS, trinitrobenzene sulfonic acid-induced group; TNBS+SASP,
TNBS-induced rats treated with TNBS-induced rats treated with SASP; IL, interleukin; TNF-o., tumor necrosis factor-a; ROR-yt, retinoic acid related orphan
receptor-yt; TNF-f, transforming growth factor-f; Foxp3, forkhead boxp3.

urgently needed. Although, TGP has been used as a prescrip-  including RA, AS and SLE and has exhibited significant effects
tion immune-regulatory drug for treating autoimmune diseases  in the treatment of several animal models, such as experimental
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Figure 5. TGP regulates the levels of Th17- and Treg-associated cytokines
in plasma in a similar manner to SASP. Effect of drugs treatment on the
levels of (A) IL-17, (B) TNF-a, (C) IL-6, (D) IL-10, (E) TNF-f in plasma are
presented. "P<0.05, “P<0.01, “"P<0.001, n=6 per group. NC, normal control
group; TGP, total glycosides of pacony; SASP, sulfasalazine; Th17, effector
CD4* T helper 17; Treg, regulatory CD4* T cells; TNBS, trinitrobenzene
sulfonic acid-induced group; TNBS+SASP, TNBS-induced rats treated with
SASP; TNBS+TGP, TNBS-induced rats treated with TGP; IL, interleukin;
TNF-a, tumor necrosis factor-a; ROR-yt, retinoic acid related orphan
receptor-yt; TNF-f, transforming growth factor-3; Foxp3, forkhead boxp3.

D E
15
2 <
; 2
= £
14 2
o a3
5 G
=] i)
o b

Figure 6. TGP modulates the mRNA levels of Th17- and Treg-associated cyto-
kines and transcription factors in the colonic tissue of TNBS-induced colitis
in a similar manner to SASP. Total mRNA was extracted from colonic tissue
to analyze the expression of (A) TNF-a, (B) IL-6, (C) IL-17, (D) ROR-vt,
(E) IL-10, (F) TNF-B, (G) Foxp3 by quantitative polymerase chain reaction.
“P<0.05, "P<0.01, ""P<0.001, n=6 per group. NC, normal control group;
TGP, total glycosides of pacony; SASP, sulfasalazine; Th17, effector CD4*
T helper 17; Treg, regulatory CD4* T cells; TNBS, trinitrobenzene sulfonic
acid-induced group; TNBS+SASP, TNBS-induced rats treated with SASP;
TNBS+TGP, TNBS-induced rats treated with TGP; IL, interleukin; TNF-a,
tumor necrosis factor-a; ROR-vt, retinoic acid related orphan receptor-yt;
TNF-, transforming growth factor-f3; Foxp3, forkhead boxp3.
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Figure 7. TGP modulates the mRNA levels of Th17- and Treg-associated
cytokines and transcription factors in the mesenteric lymph nodes of
TNBS-induced colitis in a similar manner to SASP. Total mRNA was
extracted from mononuclear cells in the MLN to analyze the expression of
(A) TNF-a, (B) IL-6, (C) IL-17, (D) ROR-yt, (E) IL-10, (F) TGF-p, (G) Foxp3
by quantitative polymerase chain reaction. "P<0.05, “P<0.01, ""P<0.001,
n=6 per group. NC, normal control group; TGP, total glycosides of paeony;
SASP, sulfasalazine; Th17, effector CD4* T helper 17; Treg, regulatory CD4*
T cells; TNBS, trinitrobenzene sulfonic acid-induced group; TNBS+SASP,
TNBS-induced rats treated with SASP; TNBS+TGP, TNBS-induced rats
treated with TGP; IL, interleukin; TNF-a, tumor necrosis factor-a; ROR-yt,
retinoic acid related orphan receptor-yt; TNF-f, transforming growth
factor-f; Foxp3, forkhead boxp3.
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Figure 8. TGP modulates the mRNA levels of Th17- and Treg-associated
cytokines and transcription factors in the spleen of TNBS-induced colitis in a
similar manner to SASP. Total mRNA was extracted from mononuclear cells
in the spleen to analyze the expression of (A) TNF-a, (B) IL-6, (C) IL-17,
(D) ROR-vt, (E) IL-10, (F) TNF-p, (G) Foxp3 by quantitative polymerase
chain reaction. "P<0.05, “P<0.01, ““P<0.001, n=6 per group. NC, normal
control group; TGP, total glycosides of pacony; SASP, sulfasalazine; Th17,
effector CD4* T helper 17; Treg, regulatory CD4* T cells; TNBS, trinitroben-
zene sulfonic acid-induced group; TNBS+SASP, TNBS-induced rats treated
with SASP; TNBS+TGP, TNBS-induced rats treated with TGP; IL, inter-
leukin; TNF-a, tumor necrosis factor-a; ROR-yt, retinoic acid related orphan
receptor-yt; TNF-f, transforming growth factor-f3; Foxp3, forkhead boxp3.
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Figure 9. TGP regulates frequencies of Th17 and Treg cells in the TNBS-induced colitis in a similar manner to SASP. Mononuclear cells of spleen and MLN
were isolated from each group and subjected to intracellular IL-17 and Foxp3 staining. The frequency of Treg (CD4*CD25*Foxp3*) in the (A) MLN and
(B) spleen and Th17 (CD4*IL-17*) in the (C) MLN and (D) spleen were determined by flow cytometry. Quantitative analysis of the frequency was performed
simultaneously. NC, normal control group; TGP, total glycosides of paeony; SASP, sulfasalazine; Th17, effector CD4* T helper 17; Treg, regulatory CD4*
T cells; TNBS, trinitrobenzene sulfonic acid-induced group; TNBS+SASP, TNBS-induced rats treated with SASP; TNBS+TGP, TNBS-induced rats treated
with TGP; IL-17, interleukin-17; Foxp3, forkhead boxp3; MLN, mesenteric lymph nodes.

autoimmune encephalomyelitis, collagen induced arthritis and
TNBS-induced colitis (26,30,33,36), it remains to be elucidated
how TGP exerts its therapeutic effects.

Previous studies have revealed that the potential mecha-
nism of TGP in TNBS-induced colitis may be associated with
the adjustment of Th1/Th2 cytokine polarization (37,47).
However, TGP has also been reported to impair Th17 differ-
entiation by reducing the production of IL-6 and increase the
proportion of Treg cells (30,34). Additionally, perturbation
in the balance between Th17 and Treg cells may lead to
aberrant inflammation responses having a role in IBD (2).
Therefore, the present study investigated the role for TGP

in attenuating TNBS-induced colitis via regulation of the
Th17/Treg balance.

Following previous studies (38,48), the present study
selected the well-established model of TNBS-induced
experimental colitis to evaluate the effect of TGP, which
is characterized by intense weight loss, diarrhea, bleeding,
colonic injury and invasion of inflammatory cells infiltration.
In the present study, TGP-treated rats had attenuated weight
loss, clinical signs and a reduction in histological markers of
inflammation.

Additionally, the present study demonstrated that TGP
significantly reduced levels of Thl7-associated cytokines



(IL-17) and TNF-a, whereas increased levels of Treg-associated
cytokines (TNF-f and IL-10) were observed in the colon.
Similar to colonic tissue, a decreased secretion of IL-17 and
TNF-a and increased secretion of TNF-f3 and IL-10 was
observed in peripheral blood, MLNs and spleen. The changes
of TNF-a and IL-10 were in line with a previous study (37).
It is evident that the inappropriate production of IL-17
contributes to the pathology of IBD and the anti-inflammatory
cytokines IL-10 and TNF-3 may prevent the established colitis
in animal models of IBD (6,9,12). These data indicated that
TGP was able to shift the pro-inflammatory environment
to anti-inflammatory status leading to ameliorate colitis.
Previous studies have highlighted that IBD is associated with
imbalance between Th17 and Treg cells and TNF-f drives the
differentiation of Treg cells, whereas Th17 cells are induced
by a combination of IL-6 and TNF-f (1,9,21,24,49). Therefore,
TNF-f is an effector molecule of Treg cells and has a dual role
in the differentiation of Th17 and Treg cells. TNF-f§ promotes
the production of Treg by inducing Foxp3 expression.
However, in the presence of IL-6, it induces the expression
of ROR-yt and IL-23R to promote the Th17 phenotype (19).
In the TGP-treated TNBS-induced rat group, the present
study identified downregulation of IL-6 and upregulation of
TNF-B in the colon, plasma, MLNs and spleen. Concordant
with these results, the present study revealed that TGP treat-
ment significantly reduced percentages of Th17 cells and
increased percentages of Treg cells in the MLNs and spleen of
TNBS-induced rats. Overall, these data supported the hypoth-
esis that TGP-regulated Th17 and Treg subset differentiation
to control inflammation of experimental colitis. Additionally,
transcription factors have a crucial role in T-cell differen-
tiation; therefore, the present study tested lineage-specific
transcriptional regulators ROR-yt and Foxp3. ROR-yt domi-
nated Th17 differentiation and favored the occurrence of
immune response by producing IL-17 cytokines (50). Foxp3
directed Treg formation and confer their regulatory activity by
production of TNF-f and IL-10 cytokines (15,51). Therefore,
the marked reduction of ROR-yt mRNA and protein levels and
the increased Foxp3 expression in the colon, MLNs and spleen
were regarded as another mechanism that TGP contributed
towards establishing the homeostasis of Th17 and Treg cells in
the response to TNBS-induced damage.

SASP is a commonly prescribed drug with proven efficacy
in the treatment of IBD (52). The present study compared the
effects of TGP and SASP in experimental colitis. Subsequently,
treatment with TGP daily resulted in a therapeutic effect equal
to that of SASP.

In summary, the present study indicated that TGP may
improve symptoms of TNBS-induced colitis by regulating
cytokine production, inhibiting effector phenotype of Thl17
cells and facilitating Treg responses. These anti-inflammatory
properties of TGP may offer an opportunity to use it as a novel
candidate for the treatment of IBD. However, further mecha-
nism studies are required to prove its immunomodulatory
effect in other models of colitis.
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