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Abstract
Severe in�ammatory damage and permeability changes in colon are the main features of in�ammatory
bowel disease (IBD) which is a serious digestive system disease. SiNi San (SNS) originated from Treatise
on Febrile Diseases, is usually used to treat gastrointestinal diseases. In this study, we explored the
protective effect of SNS on IBD. IBD rats were induced by trinitrobenzene sulfonic acid. 125, 250 and 500
mg/kg of oral SNS signi�cantly alleviated weight loss and diarrhea, reduced colitis in�ammatory cell
in�ltration and inhibited pro-in�ammatory cytokine production. SNS also revealed anti-in�ammatory
effects on lipopolysaccharide (LPS)-induced RAW cells. The mechanism may be related to the inhibition
of tumor necrosis factor- α (TNF-α)-induced nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-κB) pathway to suppress cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase(iNOS)
expressions. Also colons were collected for immuno�uorescence assay and LPS-induced cell-co-culture
system of Caco-2 and RAW264.7 cells were used to determine protective effect on intestinal epithelial
monolayers damage. Our results showed SNS enhanced expression of claudin-2 and zona occludens-1
(ZO-1), elevated trans epithelial electric resistance, decreased the permeability in LPS-damaged epithelial
monolayers system. SNS showed regulatory effect on IBD by anti-in�ammatory and protecting intestinal
mucosal barrier. It is suggested SNS may be new supplements against IBD.

1. Introduction
In�ammatory Bowel Disease (IBD) is a chronic in�ammatory bowel disease that mainly affects the
digestive system. Crohn's disease (CD) and ulcerative colitis disease (UC) are the main types.
Epidemiological data indicate that IBD is a common gastrointestinal disease in North America, Europe
and Australia, with high morbidity and prevalence in western developed countries [1]. The incidence rate
of UC ranged from 2.4–294/100,000 and that of CD ranged from 1.5–213/100,000 and an East-West
gradient in IBD incidence exists in Europe [2]. According to the latest statistics in 2018, over the past 20
years, the incidence and prevalence of IBD in western developed countries have leveled off and reached a
plateau. However, the incidence and prevalence of IBD in non-western countries have shown a signi�cant
increase, especially in South America and East Asia [3]. The existing epidemiological data in China show
that the prevalence and incidence of IBD are increasing year by year, and it has become a common and
frequently occurring disease in China, which greatly endangers people's health. According to 2014 data
from the Chinese Center for Disease Control and Prevention, the total number of IBD cases in China from
2005 to 2014 was about 350,000, which is expected to reach 1.5 million in 2025 [4]. The increasing
number of patients with IBD will cause serious economic pressure and medical burden to patients'
families and society. At present, IBD has become a major social health problem that needs to be solved
urgently.

Abdominal pain, diarrhea and even blood are the main clinical symptoms of IBD patients, seriously
affecting the quality of patient’s life. Clinical biopsy showed that severe in�ammatory damage and
permeability changes in the colon were the main pathological features of IBD patients [5–6].
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The complicated clinical manifestations of IBD and the lack of speci�city of endoscopic and pathological
manifestations make the diagnosis of IBD very di�cult, and even misdiagnosis or missed diagnosis.
Biological agents such as amino salicylic acid, hormone, azathioprine, cyclosporin, thalidomide
In�iximab, Adalimumab, Vedolizumab and other biological agents are commonly used in the treatment of
IBD [7–8]. Selective leukocyte adsorption therapy and faecal bacteria transplantation have also been
shown to be effective, but so far, there is no cure for IBD. At present, it is believed that the pathogenesis of
IBD is mainly related to genetic factors, living factors and psychological factors, but the speci�c
pathogenesis needs to be further clari�ed [9–12].

SiNi San (SNS) originated from Treatise on Febrile Diseases, and is composed of Bupleurum, Citrus
aurantii, Paeonia, Roasted licorice. Bupleurum is the most important medicine in the prescription, which
can produce a marked effect in liver and gallbladder meridian, make body generate Yang Qi, and soothing
liver-qi stagnation, expel pathogenic factors from the body. Paeonia gathers Yin, nourishes blood and
softens the liver, can nourish liver blood, and balance the Yang which is generated by Bupleurum. Citrus
aurantiumin regulate qi and relieve depression of the liver, used with Bupleurum, balance the operation of
the Qi, which make it more comfortable and smoother. Roasted licorice can be used for reconciling
various medicines. The whole prescription plays the role of soothing the liver and regulating the spleen,
dispel pathogenic factors and relieving pain, can effectively improve abdominal pain, bloating, diarrhea,
constipation and other symptoms. It is often used clinically to treat chronic hepatitis and gallbladder,
cholelithiasis, gastric ulcer, gastritis, gastrointestinal neurosis, etc. [13–14].

In order to clarify the therapeutic effect of SNS on IBD, we used 2,4,6-trinitrobenzene sulfonic acid (TNBS)
to induce SD rats to form an IBD model and explore the effect of SNS on colon in�ammation and
mucosal barrier protection in rats after intervention. In this paper, we found 70% ethanol (EtOH) extract of
SNS had an amelioratory effect on TNBS induced IBD rats. The underlying molecular mechanisms of
anti-in�ammation and intestinal mucosal barrier protection were elucidated, which indicated that SNS
may be bene�cial for treating IBD.

2 Materials And Methods

2.1 Materials
SNS was composed of Bupleurum, Citrus aurantii, Paeonia, Roasted licorice and these four drugs were in
same ratio as described in Pharmacopoeia. Dried herbs were provided by Zhangjiakou Zhenxin
Pharmaceutical Group Co., Ltd (Zhangjiakou, Hebei, China), and were identi�ed as eligible medicinal
material. Balsalazide (H20041706) was purchased from Shanxi Zhendong Ante Biopharmaceutical Co.,
Ltd. (Shanxi, China). Cell culture reagents and supplies were purchased from Hyclone Laboratories, Inc.
(Logan, UT, USA). The RT-PCR primer was synthesized by Beijing Dingguo Biology Co., Ltd. TNBS, acacia,
dimethyl sulfoxide (DMSO), dexamethasone, and LPS were purchased from Sigma Chemical Co., (St.
Louis, MO, USA). NO and MPO detection kits were purchased from Nanjing Jiancheng Bioengineering
Institute (Nanjing, China).
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2.2 Animals
Healthy male Sprague/Dawley (SD) rats (6–8 weeks old, 180–200 g) were obtained from Sibeifu
(Beijing) Biotechnology Co.,Ltd. (Beijing, China; Certi�cate of Conformity: No. 110324210106095731). All
animals were housed in cages in a room with controlled temperature (22 ± 2℃), relative humidity (40–
60%), and a 12-h light/dark cycle throughout the study. All rats were fed on a standard diet (crude protein
16%, crude fat 4%, crude �ber 12%, and ash 8%), had free access to water. All experiments were approved
by the Animal Welfare and Ethics Branch of the Biomedical Ethics Committee of Hebei North University.

2.3 Preparation of SiNi San (SNS)
The preparation of SNS was as follows: The herbs (composed of Bupleurum, Citrus aurantii, Paeonia,
Roasted licorice, the ratio of four herbs was 1: 1: 1: 1 and the total quantity was 500g) were placed in a
container, and soaked in 70% ethanol (EtOH) of about 7 times the amount of herbs for 2 h; the herbs were
boiled for 1 h and then �ltered. Next, the herbal drugs were added with 70% EtOH of about 5 times the
amount of the drugs, then decocted and boiled for 1 h and �ltered again. At last, the two �ltrates were
mixed together, concentrated and dried to get 117.5g of SNS, and then stored at 4°C. The major
components of SNS were saikosaponins A, naringin, peoni�orin and glycyrrhizic acid, the content
respectively were 2.16%, 3.05%, 2.33%, 2.41%, as determined by HPLC/UV [15].

2.4 TNBS-induced IBD
After one week of adaption, 48 rats were randomly divided into six groups, each consisting of eight rats.
The groups were as follows: normal group (N), control group (C), Balsalazide group (BST), and SNS
groups (H, M and L). Oral administration volumes were 10ml/kg body weight. Balsalazide, SNS were
suspended in 5% acacia, and the �nal dose respectively were 1g/kg (BST), 500mg/kg(H), 250mg/kg(M)
and 125mg/kg(L). The normal and control groups rats were given 5% acacia with the same volume. All
the groups were treated with the same gavage once a day for three days.

IBD was induced by the TNBS, as described previously with slight modi�cations [16–17]. On the third day,
rats were fasted for 24 h and had free access to water. On the fourth day, they were slightly anesthetized
with 10% chloral hydrate and a catheter was inserted through the anus approximately 8cm proximal to
the anal verge, so that the TNBS (5% TNBS solution was mixed with equal volume of 50% ethanol
solution) at a dose of 100mg/kg were injected into the colon, and the normal group was injected the
same volume saline. Then the rats were sustained a head-up position for 10 min. All the groups were
administrated with corresponding compounds starting from 24 hours after TNBS administration, for
another 5 days. During the experiment, diet and water status, body movement, body weight, diarrhea
incidence, and bloody stool were recorded daily.

2.5 Disease activity index and analysis of colon injury
Body weight, stool character and incidence of bloody stools were recorded daily after modeling. The
disease activity index (DAI) was determined by previously established scoring system [18] (Table 1). On
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the nineth day, the blood of rats was collected from orbit, and then, rats were sacri�ced under 10% chloral
hydrate by cervical dislocation. The colon segments were removed for the assessment of colon damage,
and the colon macroscopically damage was scored based on the literature-reported method [19, 20]
(Table 2). Routine hematoxylin and eosin (H&E)-stained colon sections according to previously described
morphological criteria and the damages were both assessed blindly by two investigators according to a
modi�ed histological grading scale, which takes both in�ammatory cell in�ltration and tissue damage
into consideration [21] (Table 3).

2.6 Detection the expression of in�ammatory factors and
mediators in serum and colon tissues of rats
Blood samples of the rats were centrifuged at 3500 × g for 10 min, and the serum was transferred into
new Eppendorf tubes for use. Colon samples (40–50 mg) of the rats were homogenized with ice saline
(1:9 w/v) in a digital homogenizer. After centrifugation at 3500 × g for 10 min, the supernatant was
collected for further detection. All the samples were stored at low temperature.

Commercial kits were used to detect the levels of NO and MPO in both serum and colon tissue.
In�ammatory-related cytokines and mediators included tumor necrosis factor-α(TNF-α), cyclooxygenase-
2 (COX-2), inducible nitric oxide synthase (iNOS), and nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-κB) were analyzed using the methods of RT-PCR as described below.

2.7 Immuno�uorescence detection
We used the following method to detect the expression of ZO-1 and claudin-2 in the colon tissue of rats,
so as to determine the effect of SNS on the colon permeability of TNBS-induced IBD rats. Firstly, the
colon segments were partly post-�xed with 4% paraformaldehyde for 12h. Then the colon was sliced into
10 µm thick, and was incubated in rabbit anti-claudin-2 (1:100, ab53032, Abcam, USA) and rabbit anti-ZO-
1 (1:100, ab96587, Abcam, USA) overnight at 4°C. After washing with PBS for 3 times (5 min each time),
�uorescein isothiocyanate (FITC)-conjugated goat anti-rabbit IgG (Santa Cruz, CA) was applied for 1 h in
the dark, and then washed three times with PBS. DAPI was used to counterstain Nuclei. Images of ZO-1
and claudin-2stain were acquired by Axio Imager 2 (Zeiss, Oberkochen, Germany) at a 200×
magni�cation.

2.8 Detection the in�ammatory damage of LPS induced on
RAW264.7 cells
RAW264.7 cells obtained from the cell center at the Chinese Academy of Medical Science and Peking
Union Medical College (Beijing, China) were cultured in Dulbecco’s modi�ed Eagle medium (DMEM),
supplemented with 10% fetal bovine serum (FBS), penicillin (100 units/ml), streptomycin (100 mg/ml), L-
glutamine (4.5 mg/ml), and glucose (4.5 mg/ml), and incubated at 37℃ in a humidi�ed atmosphere
containing 5% CO2 and 95% air. The media were refreshed every other day.
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2×106 cells/ml RAW264.7 cells were seeded on a 24-well plate and incubated overnight. The second day,
the media were changed, which contained LPS (0.5µg/ml) with or without SNS (200 µg/ml, 100 µg/ml, 50
µg/ml), and the positive drug dexamethasone (1 µg/ml), and then, the cells were incubated for 24 h. The
cell supernatant was collected to detect NO levels, and cells were harvested for RT-PCR analysis.

2.9 Evaluation of trans epithelial electric resistance (TEER)
and cell permeability to FD-4
Caco-2 and RAW264.7 cells were obtained from cell center at the Chinese Academy of Medical Science
and Peking Union Medical College (Beijing, China). The cells were cultured in Dulbecco's modi�ed
Eaglemedium (DMEM) medium containing 10% fetal bovine serum (FBS) and were incubated at 37°C in a
humidi�ed atmosphere containing 5% CO2 and 95% air. The media were refreshed every two days.

As the previously published protocols with slight modi�cation [22], 1.5×105 cells/ml Caco-2 cells were
seeded in transwell cell cultured chambers (6.5 mm diameter inserts, 3.0 µm pore size) (Corning Costar,
Cambridge, MA), and the growth medium were changed every two days. Caco-2 cell monolayer was
formed after cultured for ten days. Then, 2×106 cells/ml RAW264.7 cells were seeded in the bottom of the
transwell. Two days later, the RAW264.7 cells were administrated with SNS (200 µg/ml 100 µg/ml 50
µg/ml), and with or without LPS (0.5µg/ml) for 24h. The cell culture was replaced with serum free
medium and incubated for another 30min, then the TEER (Ω/cm2) was evaluated.

After the detection of TEER, 100 µl of 1 mg/ml FD-4 was added into each well of the transwell upper
chambers, then the cells were incubated in 37°C for 30min. After that, 100µl of medium from the bottom
of the transwell was added into a black well to detect the �uorescence content at an excitation
wavelength of 480 nm and emission wavelength of 520 nm using SpectraMax M5as previous literature
reported [23].

2.10 RT-PCR analysis
Total RNA was extracted from colon tissues and Caco-2 cells using TRIzol reagent (Sigma, USA) in
accordance with the manufacturer's instructions. After RNA concentration was determined by
spectrophotometer, complementary DNA (cDNA) was generated using RT-PCR reagent (Thermo Fisher
Sci. Inc., Vilnius, Lithuania). Then RT-PCR was conducted using the SYBR Green Quanti Tect RT-PCR kit
(Thermo Fisher Sci. Inc., St. Austin, TX, USA) through Light Cycler 96 qPCR system (Roche, Basel,
Switzerland). The glyceraldehyde 3-phosphate dehydrogenase (GAPDH) acted as a control for total
mRNA amount. The results were detected using the 2− △△CT method. The PCR primer sequences were
shown in Table 4.

2.11 Statistic Analysis
Values were expressed as means ± SEM. All the grouped data were statistically analyzed with the SPSS
11.0 software. Signi�cant differences between the normal group or control group were evaluated by one-
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way analysis of variance (ANOVA), and Tukey’s studentized range test was used for post hoc evaluations.
A p-value < 0.05 was considered to indicate statistical signi�cance.

3. Results

3.1 SNS ameliorates clinical symptoms of IBD in TNBS-
induced rats
To determine whether oral administration of SNS could ameliorate the intestinal damage in IBD rats, we
induced IBD by administration of TNBS (Fig. 1), and then a series of indicators were tested, such as body
weight, diarrhea, bloody-stool incidence and colon length, etc. In this study, compared to normal group,
TNBS-treated group rats had signi�cantly decrease in body weight (Fig. 2A) and colon length (Fig. 2B),
and obviously increase in disease activity index (DAI; Fig. 2D) and macroscopic injury score (Fig. 2E). The
results indicated that SNS had protective effect on TNBS-induced IBD.

Then we measured the effects of SNS on colorectal histology in rats with TNBS-induced IBD (Fig. 3).
Compared to normal group, TNBS group rats had serious colon in�ammation and epithelial cells
disruption, and numerous neutrophils and granulocytes, erosion of mucosal layers were present in the
colon of the TNBS treated group. However, SNS treated groups demonstrated a signi�cant reduction in
colon in�ammation and epithelial cells disruption after administration of the drug, and also a
signi�cantly reduced in�ux of in�ammatory cells and intact architecture of the crypts were observed in
the SNS and BST treated rats.

3.2 SNS inhibits in�ammation in TNBS-induced IBD
Severe in�ammation was usually accompanied by an increase in myeloperoxidase (MPO) and nitric
oxide (NO). To further explore the effect of SNS on TNBS-induced IBD, we detected the levels of MPO and
NO in both colon tissues and sera. As shown in Fig. 4A, compared to normal group, a signi�cant increase
of MPO and NO was observed in TNBS treated rats. In general, SNS treatment inhibited TNBS-induced
MPO and NO activity. TNF-α, COX-2, iNOS, and NF-κB are the major in�ammatory cytokines in IBD, and
during the in�ammatory response period, these markers are signi�cantly elevated. RT-PCR results showed
that TNF-α, COX-2, iNOS and NF-κB signi�cantly increased in TNBS treated rat’s colon tissues, while SNS
reduced the levels of these in�ammatory factors after intervention (Fig. 4B).

3.3 SNS reduces in�ammation in Lipopolysaccharide (LPS)-
Induced RAW264.7 Cells
In order to further explore the protective effect of IBD targeted at anti-in�ammatory, we detected the
content of NO, TNF-α, COX-2, iNOS and NF- κB in LPS-induced RAW264.7 cells after SNS intervened. As
showed in Fig. 5A, compared to normal group, LPS induced NO mass production, while SNS treatment
dramatically inhibit LPS-stimulated NO production. Also, LPS stimulated signi�cantly increase of TNF-α,
COX-2, iNOS and NF- κB in RAW264.7 cells compared to normal group. SNS inhibited the increase of TNF-
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α, COX-2, iNOS and NF- κB in RT-PCR detection (Fig. 5B). Taken together, the results suggest SNS have
bene�cial anti-in�ammatory effects in LPS-induced RAW264.7 cells.

3.4 SNS relieved LPS-induced mucosal permeability injury
in RAW 264.7 and Caco-2 cells-co-culture system
Patients with IBD usually have high intestinal permeability, and LPS can disrupt the integrity of epithelial
cells, resulting in increased permeability of epithelial cells. A decrease TEER is an indicator of defective
mucosal barrier. To further explore the mucosal protective effect, we simulated the intestinal
physiological environment by co-culturing Caco-2 and RAW264.7 cells in a trans-well plate. Caco-2 cell
monolayer was formed after cultured for ten days, and the TEER value reached 989.7 Ω/cm2. SNS(200
µg/ml, 100 µg/ml, 50 µg/ml) had no signi�cant change with none added group. While there was a
signi�cant decline in Caco-2 monolayer after LPS stimulation, indicating the integrity of cell monolayer
was damaged. After SNS intervention, TEER increased signi�cantly compared with the only added LPS
group (Fig. 6A).

To further con�rm the protective effect of SNS on epithelial cell integrity, FD-4 was added into the upper
compartments of the transwell after TEER measurement. As shown in Fig. 6B, the LPS-induced
accumulation of FD4 was nearly 2.6-fold higher than that of none added group. Compared with none
added group, SNS without LPS showed a slight increase on the volume of FD4, which may be related to
the compounds with �uorescence signal in SNS. SNS intervention could signi�cantly reduce the volume
of FD4, especially the 200 µg/ml, the permeability was reduced to 70.4% compared with only added LPS
group. In general, these results showed protective effect in LPS-induced epithelial barrier injury in the co-
culture of RAW264.7 and Caco-2 cells.

3.5 SNS relieved TNBS-induced tight junction protein
reduction and disarrangement
The integrity of intestinal epithelial barrier is critical for IBD. Intestinal epithelial barrier is composed of
mucosa, antimicrobial peptide and tight junction protein, in which the tight junction protein is the most
important component. To evaluate the protective effect of SNS on intestinal barrier function, colon
tissues of TNBS-treated and untreated rats were analyzed by immuno�uorescence staining of two tight
junction proteins claudin-2 and ZO-1. The images showed that normal group had abundant and well
organized claudin-2 and ZO-1 in the colonic epithelial cells. Compared to normal group, TNBS treatment
disrupted the tight junction structure, and decreased expression of claudin-2 and ZO-1 in the colonic
epithelial cells, while SNS alleviated the damage triggered by TNBS to a certain extent (Fig. 7).

4. Discussion
IBD is a chronic, non-speci�c in�ammatory disease of the gastrointestinal tract, mainly involves colon
and rectum with common symptoms such as abdominal pain, diarrhea and blood stool [24].Current
medications, such as sulfa drugs, corticosteroids, immunosuppressive agents, can rapidly ease
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symptoms of IBD, but most patients are prone to recurrence, and the effect is not signi�cant. In this paper,
we �rstly investigated the protective effects of SNS on TNBS-induced IBD rats, and partially explained the
possible mechanism of anti-in�ammatory and protective effects on intestinal mucosal barrier.

SNS originated from the theory of febrile disease, is often used in the treatment of chronic hepatitis,
cholecystitis, cholelithiasis, gastric ulcer, gastritis, gastrointestinal neurosis, etc., but its therapeutic effect
on IBD is not clear. In the present study, pre-treatment with SNS in TNBS-induced IBD model showed
signi�cant improvement in weight loss, diarrhea, bloody stool, colon length, colon DAI, and macroscopic
scores. These results suggest that SNS can relieve the abdominal discomfort associated with IBD.

Severe in�ammatory response is the main clinical manifestation of IBD, and in�ammatory response has
always existed in the occurrence and development of IBD [25–26]. Anti-in�ammatory effect is the basic
method of drug for symptomatic treatment of IBD. The colon pathological results showed that SNS
signi�cantly improved TNBS-induced lamina propria hyperemia and edema, numbers of neutrophil and
lymphocyte in�ltration, extensive mucosal epithelial necrosis and exfoliation, crypt in�ammation and
abscess formation, gland damage and structural disorder, decreased formation of ulcer, granuloma and
�brous hyperplasia. Further detection showed that SNS decreased the level of NO and MPO in both serum
and colon tissue, and reduced the expression of TNF-α, NF-κB, COX-2 and iNOS in colon tissue. The
possible mechanism was related to the inhibition of TNF-α-induced NF-κB activation pathway for
reducing the expressions of COX-2 and iNOS.

To fully explain SNS protective effect of IBD target at anti-in�ammation, the level of NO in the cell
supernatant and the expression of TNF-α, NF-κB, COX-2 and iNOS in RAW264.7 cell were detected. In
accordance with SNS extract in TNBS-induced rats, SNS signi�cantly decreased the level of NO, TNF-α,
NF-κB, COX-2 and iNOS in LPS-induced RAW264.7 cell. The possible mechanism was also related to the
inhibition of TNF-α-induced NF-κB activation pathway for reducing the expressions of COX-2 and iNOS.

Previous studies have shown that intestinal epithelial barrier injury is recognized as the main reason in
IBD, but the mechanism of intestinal permeability in the development of IBD is still need to be fully
elucidated [27–28]. Intestinal Mucosal epithelial barrier may be affected by intestinal stasis, toxin and
cytokines, impaired intestinal barrier may lead to increased intestinal permeability, providing a channel for
the transcellular transport of bacteria and toxins into the intestinal tract. And when bacteria and their
toxins enter the intestinal tract, in�ammatory reaction will occur, and lead to plenty of diseases, among
which IBD is the most common [29]. We con�rmed the effects of SNS on impaired mucosal barrier
integrity by TEER value associated with the �ux of FD-4 across endothelial cell monolayers. SNS showed
signi�cantly protective effect of mucosal barrier in cell-co-culture system of Caco-2 and RAW264.7 cells,
up-regulated TEER, decreased permeability, revealed signi�cant effects on improving LPS-induced
mucosal barrier damage.

Intestinal epithelial barrier is mainly composed of mucosal layer, antimicrobial peptides and tight junction
protein, among which tight junction protein is the most important component of intestinal epithelial
barrier skeleton. Tight binding proteins are composed of a variety of proteins, including transmembrane
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proteins of Claudin family and intracellular plaque proteins, namely adaptor protein ZO family. The
interaction between adaptor proteins and transmembrane proteins controls the polarity and morphology
of epithelial cells, thus affecting the integrity of epithelial cells and intestinal permeability [30–31]. In this
study, transmembrane proteins claudin-2 and adapter protein ZO-1 were detected to evaluate the
protective effect of SNS on TNBS-induced colonic mucosal injury in rats. The results showed SNS up-
regulated tight junction proteins in colon tissues of TNBS-induced IBD rats, which were con�rmed by
immuno�uorescence. Overall, the protective effect of SNS on IBD was strongly correlated with the
protection of the damaged intestinal mucosal barrier, the underlyed mechanism may be to increase tight
junction protein ZO-1 and claudin-2 expression.

In summary, our study demonstrated that SNS showed signi�cant regulatory effects on TNBS-induced
IBD rats through anti-in�ammation and mucosal barrier protection. These results partly elucidated the
anti-in�ammatory and mucosal barrier protection mechanism of SNS in TNBS induced IBD, but the more
detailed mechanism remained to be clari�ed. Our results provide a new potential therapeutic drug for the
treatment and control of IBD in clinic.
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Tables
Table 1 Evaluation of disease activity index(DAI) scores.

DAI Score Weight Loss(%) Stool Consistency Occult/gross Bleeding

0 None None None

1 1-5 Loose Hem occult positive

2 5-10 Loose Hem occult positive

3 10-15 Diarrhea Gross bleeding

4 15 Diarrhea Gross bleeding

Table 2 Evaluation of macroscopic scores.
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Colon Damage Score

No damage 0

Hyperemia with ulcers 1

Hyperemia and wall thickening without ulcers 2

One ulceration site without wall thickening 3

Two or more ulceration sites 4

0.5-cm extension of in�ammation or major damage 5

1-cm extension of in�ammation or severe damage 6-10

Table 3 Evaluation of histological scores.

In�ammatory Cell In�ltration   Tissue Damage  

No in�ltration 0 No mucosal damage 0

Increased number of in�ammatory
cells in the lamina propria

1 Discrete epithelial lesions 1

In�ammatory cells extending into the
submucosa

2 Erosions or focal ulcerations 2

Transmural in�ammatory cell
in�ltration

3 Severe mucosal damage with extensive ulceration
extending into the bowel wall

3

Table 4. Primers used for RT-PCR analysis. COX-2—cyclooxygenase 2; 

TNF- α —tumor necrosis factor alpha; iNOS—inducible nitric oxide synthase; 

NF- κ B—nuclear factor kappa-light-chain-enhancer of activated B cells;  

GAPDH—glyceraldehyde 3-phosphate dehydrogenase;

F—forward; R—reverse.
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Species Gene Primer Sequence

Rat COX-2 F: TCGGAGGAGAAGTGGGTTTTAG R: TTGATGGTGGCTGTCTTGGTAGG

  TNF-α F: GATGTGGAACTGGCAGAGGAG R: CACGAGCAGGAATGAGAAGAG

  iNOS F: TTGGAGCGAGTTGTGGATTGTT R: TAGGTGAGGGCTTGCCTGAGTG

  NF-κB F: AACACTGCCGACCTCAAGAT R: CATCGGCTTGAGAAAAGGAG

  GAPDH F: TGAGGCCGGTGCTGAGTATGT R: CAGTCTTCTGGGTGGCAGTGA

Mice COX-2 F: ATGGCCTACC R: CATTCCAACT

  TNF-α F: AGCAGAAGCT R: CCCTCAGCGA

  iNOS F: GGGGATTCAT R: TTGCTGAAA

  NF-κB F: GTCCGTCTGT R: CTGCTCTCT

  GAPDH F: AACCCTTAAG R: AGGGATGCTG

Figures

Figure 1

Experimental design of SNS protective effect on TNBS-induced IBD rats. 
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Figure 2

SNS alleviates trinitrobenzene sulfonic acid (TNBS)-induced in�ammatory bowel disease (IBD).

(a) Body weight changes on day 4 after TNBS-induced IBD; (b) Colon length; (c) Representative
photograph showing the shortening of the colon in rats treated with TNBS; (d) DAI score; (e) Macroscopic
injury score. N: normal group; C: TNBS alone group; H: SNS 500 mg/kg + TNBS group; M: SNS 250 mg/kg
+ TNBS group; L: SNS 125 mg/kg + TNBS group; BST: Balsalazide 1 g/kg + TNBS group; Data are mean
± S.E.M. (n = 8). #p < 0.05, ## p < 0.01, ### p < 0.01 vs. normal group, *p< 0.05, ** p < 0.01, *** p < 0.001
vs. TNBS group. 
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Figure 3

SNS suppresses histological injury in TNBS-induced IBD rats.

(a) Representative images of HE staining of colon tissue from different groups (a1-a6). Bar =100 μm. The
area within the rectangle in each picture is enlarged and presented below, correspondingly, displaying the
submucosa(b1-b6) and mucosa(c1-c6) in each group. Bar =10 μm. (b) Colonic histological score. N:
normal group; C: TNBS alone group; H: SNS 500mg/kg+TNBS group; M: SNS 250mg/kg +TNBS group; L:
SNS 125mg/kg+TNBS group; BST: Balsalazide 1g/kg+TNBS group. Data are mean ± SEM (N = 8). #p <
0.05, ## p < 0.01, ### p < 0.01 vs. normal group, *p< 0.05, ** p < 0.01, *** p < 0.001 vs. TNBS group. 
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Figure 4

Anti-in�ammatory effects of SNS on the pro-in�ammatory cytokine production of TNBS induced IBD
rats. 

(a) NO and MPO content in serum and colon tissue. (b) The mRNA expression of pro-in�ammatory
cytokine in colon tissue. N: normal group; C: TNBS alone group; H: SNS 500mg/kg+TNBS group; M: SNS
250mg/kg +TNBS group; L: SNS 125mg/kg+TNBS group; BST: Balsalazide 1g/kg+TNBS group. Data are
mean ± SEM (N = 8). #p < 0.05, ## p < 0.01, ### p < 0.01 vs. normal group, ∗p< 0.05, ∗∗ p < 0.01, ∗∗∗ p
< 0.001 vs. TNBS group.

Figure 5
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Anti-in�ammatory effects of SNS on the pro-in�ammatory cytokine production of LPS stimulated
RAW264.7 Cells. 

(a) No content of LPS induced RAW264.7 cell. (b) The mRNA expression of pro-in�ammatory cytokine in
RAW264.7 cell. N: normal group; C: LPS alone group; H: SNS 200µg/ml +LPS group; M: SNS 100µg/ml
+LPS group; L: SNS 50µg/ml +LPS group; DEX: dexamethasone (1 µg/ml) +LPS group. Data are mean ±
SEM (N = 8). #p < 0.05, ## p < 0.01, ### p < 0.01 vs. normal group, ∗p< 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
vs. TNBS group.

Figure 6

Protective effect of SNS on intestinal epithelium barrier. 

(a) TEER of various treatments of the Caco-2 monolayer. (b) Permeability of various treatments of the
Caco-2 monolayer; H: SNS 200µg/ml; M: SNS 100µg/ml; L: SNS 50µg/ml; Data are mean ± SEM (N = 3).
#p < 0.05, ## p < 0.01, ### p < 0.01 vs. normal group, ∗p< 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001 vs. TNBS
group. 
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Figure 7

SNS ameliorate tight junction protein disarrangement and decrease in TNBS-challenged colon.

(a) Immuno�uorescence confocal images of colon tissues. (b) Density analysis of ZO-1 and claudin-2. N:
normal group; C: TNBS alone group; H: SNS 500mg/kg+TNBS group; M: SNS 250mg/kg+TNBS group; L:
SNS 125mg/kg+TNBS group; BST: Balsalazide 1g/kg+TNBS group; Data are mean ± SEM (N = 8). #p <
0.05, ## p < 0.01, ### p < 0.01 vs. normal group, ∗p< 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001 vs. TNBS group. 


