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Background: Ginsenoside Rg1, a major bioactive ingredient of Panax notoginseng, has been shown to 
reduce gut inflammation and ameliorate experimental colitis in mice. However, it is not yet known whether 
it affects the intestinal barrier injury of colitis. 
Methods: This study explored the effect of ginsenoside Rg1 on intestinal barrier injury in dextran sulfate 
sodium (DSS)-induced colitis mice through an ultrastructure observation of the colonic mucosa and analysis 
of the expression of colonic cytoplasmatic zonula occludens-1 (ZO-1) protein. 
Results: Treatment with ginsenoside Rg1, especially high-dose use, significantly ameliorated colonic 
histopathologic features and the severity of the colitis and reduced colonic tumor necrosis factor-α (TNF-α), 
interferon-γ (IFN-γ) levels and increase IL-4 levels in a mouse model of DSS-induced colitis. Its observed 
efficacy was comparable to that of 5-Aminosalicylic acid (5-ASA), a first-line therapeutic agent for ulcerative 
colitis. Notably, ginsenoside Rg1 administration was shown to up-regulate the expression of colonic ZO-1 
protein, and it repaired the intestinal barrier structure in DSS-induced colitis mice. 
Conclusions: Taken together, our findings demonstrated that ginsenoside Rg1 treatment can significantly 
ameliorate the severity of DSS-induced colitis in mice, which involves intestinal barrier structure remodeling 
through lowering the levels of the colonic pro-inflammatory cytokines TNF-α and IFN-γ and increasing the 
anti-inflammatory cytokine IL-4. These results suggest the potential therapeutic use of ginsenoside Rg1 as a 
promising approach for the treatment of inflammatory bowel disease (IBD).
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Introduction

Inflammatory bowel disease (IBD), including Crohn’s 
disease and ulcerative colitis, involves chronic inflammation 
of the gastrointestinal tract, and is the most common clinical 
refractory disease. The pathogenesis of IBD has been widely 
studied. Chronic inflammation from a pathologic activation 

of the intestinal immune system is understood to be central 
to the pathogenesis (1). Moreover, loss of intestinal barrier 
integrity or an increased permeability of the intestinal 
epithelial cells (IECs) has been documented to play a 
fundamental role in the pathogenesis of IBD; the increased 
permeability of the IECs is pivotal to the inflammatory 
process and may be the primary defect in IBD (2).

https://crossmark.crossref.org/dialog/?doi=10.21037/atm-22-5467
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Over the past decade, the pharmaceutical treatment of 
IBD has evolved alongside the increased understanding of 
the underlying mechanism of IBD. However, the lack of 
safety and efficacy of standard therapies is a major challenge 
for IBD treatment. Currently the aim of treatment for IBD 
is to suppress inflammation and restore intestinal barrier 
properties (3). An international consensus panel recently 
also proposed mucosal healing as an important therapeutic 
goal for Crohn’s disease and ulcerative colitis (4). Many 
substances and therapies have been under investigation (3).

Natural products derived from plants and herbs have 
been considered an attractive approach for IBD treatment 
due to their low toxicity and high patient compliance (5). 
Ginseng is the root of Panax ginseng, which belongs to 
the Araliaceae family.. Its main pharmacologically active 
ingredients are protopanaxadiol-type ginsenosides Rb1 
and Rb2, and protopanaxatriol-type ginsenosides Re 
and Rg1, of which ginsenoside Rg1 is one of the most 
abundant and important components of pharmaceutical 
actions (6,7). To date, a wide range of roles have been 
reported for ginsenoside Rg1, including neuroprotection, 
immune-regulatory activity, progenitor cell proliferation, 
detumescence, analgesia, and anti-inflammation (8). Yousuf 
et al. find the immuno-modulatory and gut microbiota-
reshaping effects of ginsenoside Rg1 were evaluated. 
Ginsenoside Rg1 metabolites of Lachnospiraceae 

bacterium enhanced the proliferation of CD4+ T cells and 
T regulatory (Treg) cells. This study suggested that Rg1 
strengthens immunity with regulating the homeostasis of 
intestinal microbiota in mice (9).

It has been reported that ginsenoside Rg1 can inhibit 
the production of the pro-inflammatory cytokines tumor 
necrosis factor-α (TNF-α) and nitric oxide, and that it 
ameliorates the inflammatory response in colitis model 
mice (7,10,11). However, it is not yet known whether 
ginsenoside Rg1 affects the intestinal mucosal epithelial 
barrier. The present study was designed to investigate the 
effect of ginsenoside Rg1 on intestinal barrier disruption in 
dextran sulfate sodium (DSS)-induced colitis mice, the most 
popular model that mimics human ulcerative colitis due to 
its simplicity, high degree of uniformity, and reproducibility. 
This study may shed light on the therapeutic potential 
of ginsenoside Rg1 in human colitis. We present the 
following article in accordance with the ARRIVE reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-5467/rc).

Methods

Animals 

Specific-pathogen-free male BALB/c mice (6–8 weeks 
old) were purchased from Shanghai SLAC Laboratory 
Animal Co. (Shanghai, China), and were group-housed 
in stainless steel cages, 5 mice per cage, in a temperature-
controlled room (22±2 ℃) with 55%±10% humidity and a 
12-hour light/dark cycle. Food and water were available ad 
libitum. All procedures involving animals were approved 
by the Ethics Committee on Animal Experiments of 
Cangzhou Hospital of Integrated Traditional Chinese and 
Western Medicine (No. 201704) and were in compliance 
with national guidelines for the care and use of animals. A 
protocol was prepared before the study without registration. 
All efforts were made to minimize animal suffering.

Induction of DSS colitis 

DSS with a molecular weight of 40 kilodaltons (Pharmacia 
Industries, Rockville, MD, USA) was dissolved in tap water 
in a final concentration of 5% (wt/vol) and provided to 
experimental group mice for 7 days, as described by Yoon 
et al. (12). A fresh DSS solution was prepared daily. Control 
group mice received normal drinking water only. Mice with 
colitis were supplied with 6% sucrose in drinking water to 
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prevent dehydration (Table 1).

Drug treatment

After administering 5% DSS for 7 days, the pharmacological 
treatments were initiated. Colitis model mice were divided 
into three groups (n=10 in each group) and were administered 
by gavage with ginsenoside Rg1 (Chengdu Scholar Bio-Tech, 
Chengdu, China) at dosages of 50 mg/kg (low-dose group), 
100 mg/kg (middle-dose group), and 200 mg/kg (high-dose 
group), suspended in 0.5% sodium carboxymethyl cellulose 
(CMC; Kayon, Shanghai, China), respectively, for 7 days, 
as described by Fan et al. (13). 5-aminosalicylic acid (5-
ASA) group (n=10) of mice was treated with 5-ASA (Jiamusi 
pharmaceutical Co., Heilongjiang, China) by gavage at doses 
of 200 mg/kg, suspended in 0.5% CMC, as described by 
Zhou et al. (14). Control group mice received 0.5% CMC by 
gavage (Table 1).

Characterization of inflammation

The disease activity index (DAI) was calculated using 
a clinical scoring system for DSS colitis, described by 
Gong et al. (15), including body weight loss (0, none; 
1, decreased 1–5%; 2, decreased 5–10%; 3, decreased 
11–15%; 4, decreased >15%), stool consistency (0, normal; 
2, loose stool; 4, watery diarrhea); and bloody stools (0, 
normal; 2, slight bleeding; 4, gross bleeding). At the end 
of experiments, mice were sacrificed by decapitation, and 
the colonic tissue was obtained for further analysis of tissue 
morphology, cytokines, as well as ZO-1protein expression. 

Assay of cytokines

Colonic tissue was homogenized in phosphate-buffered 
saline (PBS) solution containing protease inhibitor, 
and centrifuged at 1,000 ×g for 15 minutes at 4 ℃. 
The supernatant was collected for analysis of TNF-α, 
interferon-γ (IFN-γ) and interleukin-4 (IL-4) using an 
enzyme-linked immunosorbent assay (ELISA) commercial 
kit (Epitope Diagnostics, Inc., San Diego, CA, USA) 
in accordance with manufacturer’s protocols. Protein 
concentrations were quantified using a micro-bicinchoninic 
acid (BCA) protein assay (Solarbio, Beijing, China).

Histological evaluation and electron microscopy observation 
of the ultrastructure of the colonic mucosa

Distal segments of the colon were cut into 1 cm portions 
and fixed, and 5 µm-thick histological sections were 
mounted on gelatinized glass slides, dewaxed in xylene, 
dehydrated using graded concentrations of alcohol, and 
finally stained with hematoxylin and eosin (H&E). 

Samples were immediately fixed with 2.5% glutaraldehyde 
in 0.1 mol/L sodium cacodylate buffer (pH 7.4) for 2 hours 
at 22 ℃, then rinsed for 18 hours at 4 ℃ with 0.05 M Tris 
buffer (pH 7.6) and washed 3 times for 5 minutes each time. 
The ultrastructure of the colonic mucosa was observed by 
H-6600 transmission electron microscopy (Philips Tecnai-12, 
Amsterdam, Netherlands). 

Immunohistochemical analysis 

Paraffin sections were baked at 60 ℃ for 1 hour, then 
conventional xylene dewaxed to water, washed twice 
with distilled water, and then heated in a water bath for 
15 minutes in citrate buffer solution for antigen repair. 
After being naturally brought to room temperature, 
rabbit serum working solution was added and incubated 
at room temperature for 10 minutes. Rabbit anti-mouse 
ZO-1 (CD117) polyclonal antibody (1:100) was added to 
the slides. The slides were incubated overnight at 4 ℃, 
washed with PBS 3 times the next day, for 3 minutes each 
time. Then, IgG II antibody was added, incubated at room 
temperature for 15 minutes, and washed 3 times with 
PBS, for 3 minutes each time. Horseradish enzyme-labeled 
streptomyces ovalbumin working solution (S-A/HRP) was 
added, incubated at room temperature for 15 minutes, and 

Table 1 Drug treatment

Group N Colitis (yes/no) Dose

Normal 10 No –

Colitis 10 Yes –

Control 10 Yes –

Rg1 LD 10 Yes 50 mg/kg/d

Rg1 MD 10 Yes 100 mg/kg/d

Rg1 HD 10 Yes 200 mg/kg/d

5-ASA 10 Yes 200 mg/kg/d

5-ASA, 5-aminosalicylic acid; LD, low dose; MD, middle dose; 
HD, high dose.
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washed 3 times with PBS, for 3 minutes each time. Then, 
fresh DAB color solution was used to dye the sections for  
3 minutes, after which the color was stopped. After washing 
fully with distilled water, the sections were re-stained with 
hematoxylin for 1 minute. The slides were then washed in 
water, dehydrated, and sealed in transparent and neutral 
tree film. The immunohistochemical staining results were 
observed under the microscope and photographed. The 
medical image analysis (MIA) system was used to detect 
the area density of positive cells (area density = positive cell 
area/positive cell area + negative cell area) in each high field 
of vision (200 times), and the area density of positive cells 
was analyzed by immunohistochemical staining. Image Pro 
Plus 6.0 was used to convert the surface density of positive 
cells into optical density (OD) for statistical analysis.

Western blotting analysis

After sacrificing the mice, 200 mg of intestinal tissues were 
collected and homogenized in cell lysis buffer (50 mmol/L  
Tris-HCl, pH 8.0, 150 mmol/L NaCl, 0.1% dodecyl 
sodium sulfate (SDS), 1% Nonidet P-40, 0.5% sodium 
deoxycholate, and 100 mg/mL phenylmethylsulfonyl). 
The homogenate was then centrifuged at 12,000 g for  
5 minutes at 4 ℃, and the supernatant was collected. Proteins 
were quantified with micro-BCA protein assay (Solarbio, 
China), separated with 12% sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE), and 
transferred to polyvinylidene fluoride (PVDF) membranes. 
The membranes were blocked with 5% skim milk in Tris-
buffered saline (TBS) for 2 hours at room temperature, 
and then were incubated with primary antisera (rabbit 
anti-mouse ZO-1 1:200 and anti-mouse tubulin 1:5,000, 
respectively; Santa Cruz Biotechnology, Santa Cruz, CA, 
USA) at 4 ℃ overnight, followed by incubation with a 
secondary antibody (goat anti-rabbit IgG-HRP 1:3,000, 
Santa Cruz Biotech) at 4 ℃ overnight. After a final wash 
in TBS + tween (TBST), chemiluminescent signals were 
detected on an autoradiographic film using an enhanced 
chemiluminescence (ECL) kit (Pierce, Rockford, IL, 
USA). Finally, band intensities were analyzed using gel 
electrophoresis and the imaging analysis system (PowerPac 
200; Bio-Rad, Hercules, CA, USA). The results were 
expressed as the ratio between the relative intensity of the 
target protein and that of the internal standard tubulin.

Statistical analysis

All results were expressed as the mean ± SEM. Statistical 
analysis was performed by 2-way analysis of variance (ANOVA) 
and least significant difference-t (LSD-t) test, with SigmaStat 
statistical software (SPSS 11.5, IBM Corp., Chicago, IL, USA). 
A P value <0.05 was considered significant.

Results

Ginsenoside Rg1 ameliorated the severity of DSS-induced 
colitis

The DAI score, an indicator of the severity of intestinal 
inflammation, was first used to observe the severity of 
DSS-induced colitis. Mice treated with DSS for 7 days 
developed marked symptoms of acute colitis, with a DAI 
score of 7.3±1.06. Ginsenoside Rg1 treatment for 7 days 
dose-dependently reduced the DAI score in mice with 
colitis (Figure 1A), and there were significant differences 
between middle-dose or high-dose treated mice and control 
mice, P<0.05. Notably, as a first-line therapeutic agent 
for controlling inflammation in ulcerative colitis (16), our 
experimental results showed that the efficacy of high-dose 
of ginsenoside Rg1 is comparable to the 5-ASA treatment 
(Figure 1A). 

The morphology of distal segments of the colon was next 
observed with H&E straining under the optical microscope. 
Compared with normal mice (Figure 1B), mice with DSS-
induced colitis exhibited a marked erosion of the lamina 
propria mucosae, disappearance of the glandular epithelium, 
and infiltration of inflammatory cells (Figure 1C). However, 
the administration of ginsenoside Rg1, particularly at a 
high-dose, significantly improved histopathologic features 
of colon tissue (Figure 1D). The erosion of the glandular 
epithelium disappeared, and the infiltration of inflammatory 
cells and other abnormalities tended to be less severe than 
that observed in control mice (Figure 1E), which were 
similar effects to those of the 5-ASA treatment (Figure 1F). 
These results indicated that ginsenoside Rg1, similar to 
5-ASA, can significantly ameliorate the severity of DSS-
induced colitis in a dose-dependent manner. 

Ginsenoside Rg1 improved intestinal barrier disruption 

Intercellular junctions in epithelial cells play a pivotal role 
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in regulating mucosal barrier properties, which consist 
of adhesive structures known as tight junctions (TJ) and 
adherens junctions (AJ) (17). TJ proteins play an important 
role in maintaining the gut barrier (2). Therefore, we 
observed the effect of ginsenoside Rg1 on the ultrastructure 
of the colonic mucosa for morphological analysis of TJ 
using electron microscopy. Compared to that of normal 
mice (Figure 2A), the intestinal mucosa in mice with 
colitis exhibited a decrease in the number of microvilli, 
widened the intercellular space between epithelial cells, 
shorted the structure of TJ, and obscured or disappeared 
the dotted crystal structures (Figure 2B). However, the 

intestinal epithelium structure in mice treated with high-
dose ginsenoside Rg1 appeared to have been repaired, and 
showed regularly aligned microvilli and distinct junction 
complexes (Figure 2C), compared to that of control mice 
(Figure 2D). The intestinal epithelium repaired by high-
dose ginsenoside Rg1 was superior to that of 5-ASA-treated 
mice (Figure 2E). 

Cytoplasmatic plaque proteins ZO-1 play a crucial 
role in maintaining the structure of TJ and the epithelial 
barrier function (18). We also observed the effect of 
ginsenoside Rg1 on the expression of ZO-1 protein by 
immunohistochemistry and western blot analysis. As shown 
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Figure 1 Ginsenoside Rg1 ameliorates the severity of DSS-induced colitis. Mice with DSS-induced colitis were administrated with 
ginsenoside low-, middle-, high-dose Rg1 (Rg1 LD, Rg1 MD, and Rg1 HD), 5-ASA and 0.5% carboxymethyl cellulose (as control), 
respectively, for 7 days. At end of the treatment, the severity of DSS-induced colitis was observed by DAI score (A). Subsequently, mice were 
sacrificed, and the intestine was obtained for histological features observation through H&E staining ×400 (B: Normal, C: Colitis, D: high-
dose ginsenoside Rg1 treatment, E: Control, F: 5-ASA treatment). Values are mean ± SEM. n=10 in each group. *P<0.05 vs. control mice. 
DSS, dextran sulfate sodium; LD, low dose; MD, middle dose; HD, high dose; 5-ASA, 5-aminosalicylic acid; DAI, disease activity index; 
H&E, hematoxylin and eosin; SEM, standard error of the mean.
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Figure 2 Ginsenoside Rg1 improved intestinal barrier disruption. Mice with DSS-induced colitis were administrated with ginsenoside Rg1 (low-, 
middle-, and high-dose) (Rg1 LD, Rg1 MD, and Rg1 HD), 5-ASA and 0.5% carboxymethyl cellulose (as control), respectively, for 7 days. At 
end of the treatment, mice were sacrificed, and intestine was obtained for an ultrastructure observation of the colonic mucosa (A: Normal, B: 
Colitis, C: Rg1 HD treatment, D: Control, E: 5-ASA treatment), and the assay of the expression of the ZO-1 protein (F,G) in colonic tissue 
(F). *P<0.05 vs. control mice. DSS, dextran sulfate sodium; 5-ASA, 5-aminosalicylic acid; LD, low dose; MD, middle dose; HD, high dose.
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Figure 3 Ginsenoside Rg1 treatment decreased colonic TNF-α and IFN-γ levels. Mice with DSS-induced colitis were administrated with 
ginsenoside Rg1 (low-, middle-, and high-dose) (Rg1 LD, Rg1 MD, and Rg1 HD), 5-ASA and 0.5% carboxymethyl cellulose (as control), 
respectively, for 7 days. At end of the treatment, mice were sacrificed, and intestine was obtained for assay of colonic TNF-α (A), IFN-γ 
(B) and IL-4 (C) levels. Values are mean ± SEM. n=10 in each group. *P<0.05 vs. control mice. TNF-α, tumor necrosis factor-α; IFN-γ, 
interferon-γ; LD, low dose; MD, middle dose; HD, high dose; IL-4, interleukin-4; DSS, dextran sulfate sodium; 5-ASA, 5-aminosalicylic 
acid; SEM, standard error of the mean.

in Figures 2F,2G, mice with DSS-induced colitis exhibited 
significant down-regulation of ZO-1 protein compared 
with the normal mice (P<0.05). High- and middle-dose 
ginsenoside Rg1 treatment for 7 days significantly up-
regulated the expression of ZO-1 protein in mice with DSS-
induced colitis (P<0.05), which were higher than that of 
5-ASA treatment. These results suggested that ginsenoside 
Rg1 can repair intestinal barrier disruption in DSS-induced 
colitis mice. 

Ginsenoside Rg1 decreased colonic TNF-α and IFN-γ 
levels, while increased colonic IL-4 levels

Chronic inflammation is central to the pathogenesis of 
ulcerative colitis. In particular, TNF-α and IFN-γ can 
affect intestinal barrier function (19). To understand the 
mechanism of the effect of ginsenoside Rg1, we further 
analyzed the change of colonic TNF-α and IFN-γ levels 
before and after the treatment. Mice with DSS-induced 
colitis exhibited significantly higher levels of colonic TNF-α 
and IFN-γ than normal mice (Figure 3A,3B) (P<0.05), 
while the level of colonic IL-4 is decreased (Figure 3C). All 
ginsenoside Rg1-treated mice showed a dose-dependent 
reduction in TNF-α and IFN-γ levels (Figure 3A,3B) and 
increase in IL-4. In particular, high-dose ginsenoside Rg1 
versus the control significantly reduced colonic TNF-α and 
IFN-γ levels (P<0.05), while the level of IL-4 significantly 
increases (P<0.05), which is consistent with that of 5-ASA 
treatment (Figure 3A-3C). These results indicated that the 
effect of ginsenoside Rg1 may be mediated by reducing 

colonic proinflammatory cytokines levels, at least those 
of TNF-α and IFN-γ, increasing the release of anti-
inflammatory cytokine IL-4. 

Discussion

Currently, IBD treatment mainly focuses on unspecific 
medications exerting anti-inflammatory or suppressive 
effects on the intestinal immune system (3), although 
mucosal healing is considered an important therapeutic 
approach in the management of IBD. Unfortunately, many 
of the medications have failed in clinical studies or had 
beneficial effects in subgroups of patients only (20). Although 
manipulation of intestinal permeability is a promising 
therapeutic approach, less is known about agents routinely 
used in IBD treatment in terms of restoring epithelial 
integrity and permeability (21). Some fatty acids, amino 
acids, oligoelements, and probiotics, when supplemented 
in IBD animal models, can decrease inflammation and 
restore mucosal permeability, but their therapeutic efficacy 
in IBD remains debatable (19). Je et al. found that ID-
JPL934 down-regulates the expression of pro-inflammatory 
cytokines (including TNF-α, interleukin IL-1β, and IL-6), 
inhibits mucosal and submucosal immune cell infiltration, 
severe crypt damage, and goblet and epithelial cell loss, 
thereby improving enteritis symptoms (22). Kim et al. 
found that Moringa (Moringa oleifera Lam.) seed extract 
(MSE) rich in Moringa isothiocyanate-1 (MIC-1) (its 
specific biological activity) has a therapeutic effect on 
ulcerative colitis (UC), and its mechanism is related to the 
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regulation of Nrf2 signaling pathway (23). In addition, 
more and more studies have been conducted on the effects 
of intestinal immunity and microflora on IBD. SCFA is 
an important fuel for intestinal epithelial cells and can 
strengthen intestinal barrier function. Recent studies have 
shown that SCFAs, especially butyrate, also have important 
immunomodulatory functions. SCFAs work by signaling 
through cell surface G-protein-coupled receptors (GPCRs), 
such as GPR41, GPR43, and GPR109A, which trigger 
an immune cascade (24). Liu et al. designed and prepared 
colon-targeted core-shell hydrogel microspheres, which 
could gather in colon tissues and regulate intestinal immune 
microenvironment to treat IBD. Probiotics are currently 
used as a treatment regimen for patients with IBD (25). 
Degirolamo et al. proposed that the use of VSL#3 enhances 
excretion of faecal BA and synthesis of BA in the liver, 
and the FXR-FGF15-BA-intestinal microbiota-intestinal 
epithelial barrier signaling pathway may be the mechanism 
of action (26).

The treatment of colitis with traditional Chinese 
medicine has a history of more than 100 years. In recent 
years, some scholars have done relevant research on the 
treatment of colitis by traditional Chinese medicine. Studies 
have shown that Moringa seed extract has anti-inflammatory 
and antioxidant activities, which can be used to prevent and 
treat UC (27). Moringa seed extract QYSXD can improve 
colitis /RIP3/NLRP3 pathway related proteins and reverse 
mitochondrial dysfunction to control inflammation by 
inhibiting the expression of RIP1 (28). In addition, a study 
has shown that Xianglian pills can inhibit inflammation and 
improve the intestinal epithelial barrier, and Quyu Shengxin 
Decoction can inhibit enteritis by inhibiting the expression 
of proteins related to the RIP1/RIP3/NLRP3 signaling 
pathway (29).

 In the present study, we demonstrated that ginsenoside 
Rg1 can ameliorate the severity of colitis, reduce intestinal 
inflammation, and particularly also improve intestinal 
barrier disruption in DSS-induced colitis mice, as shown by 
ZO-1 protein expression and ultrastructure of the intestinal 
mucosa. To the best of our knowledge, this study is the first 
to demonstrate that ginsenoside Rg1 can repair intestinal 
mucosal barrier disruption. DSS-induced colitis is a well-
established experimental model of intestinal inflammation, 
which has histological, physiologic, and biochemical features 
that mimic human disease (30). In the present study, DSS-
treated mice exhibited predominant symptoms of colitis that 
were referred to as the DAI score, and high levels of pro-
inflammatory cytokines and epithelial barrier dysfunction. 

Ginsenoside Rg1 administration (100 and 200 mg/kg) 
significantly ameliorated the symptoms of colitis, as 
demonstrated by DAI scores, and its efficacy is comparable 
to that of 5-ASA. 5-ASA is widely used as a first-line 
therapeutic agent for inducing remission and preventing 
relapse of ulcerative colitis through specifically reducing 
intestinal inflammation (16). 

Intercellular junctions in the gut barrier consist of TJ and 
AJ (31). The TJ of epithelial cells are the most important 
component of the junction complex and constitute a 
network of continuous and anastomosing filaments between 
adjacent epithelial cells, which regulate the mucosal 
barrier capability (32). Altered TJ structure and epithelial 
permeability have been observed in IBD (33). In the present 
study, ultrastructure observation of the colonic mucosa 
demonstrated TJ structure destruction in DSS-induced 
colitis, and ginsenoside Rg1 administration, particularly 
when administered at a high dose (200 mg/kg), can repair 
the structure of intestinal epithelium and TJ in mice with 
colitis. 

Little is known about the mechanisms by which 
ginsenoside Rg1 repairs intestinal barrier structure. TJ 
consist of an array of membrane-spanning proteins such as 
claudins and cytoplasmatic plaque proteins ZO-1 and ZO-2, 
which bind to the cytoskeleton (20,34). ZO-1 plays a crucial 
regulative role in maintaining the intestinal permeability 
barrier (18). Several studies have demonstrated that 
inflammatory cytokines induce the removal of TJ proteins 
from the membrane, resulting in a reduction in barrier 
function (21) and that IFN-γ and TNF-α induce selective 
endocytosis of the TJ proteins occludin in the intestinal 
epithelium (19,20), and decrease protein levels of ZO-1 in 
epithelial cells and the level of anti-inflammatory cytokine 
IL-4 (35-37). 

 Impaired intestinal barrier function leads to intestinal 
microbial translocation, promotes the production of pro-
inflammatory cytokines, and further promotes the high 
activation of mucosal immune system, thus leading to 
inflammation in IBD patients (38,39). Previous works 
have shown the anti-inflammatory effect of ginsenoside 
Rg1 in mice with DSS-induced colitis (7). In our work, 
the anti-inflammatory effect of ginsenoside Rg1 also was 
observed. Ginsenoside Rg1 dose-dependently reduced 
colonic TNF-α, IFN-γ levels and increased IL-4, and 
particularly at the high dose, it significantly regulated 
colonic cytokine levels in mice with DSS-induced colitis. 
Its anti-inflammatory pathway has been demonstrated to 
inhibit NF-κB activation, phosphorylation of transforming 
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growth factor beta-activated kinase 1, the binding of 
lipopolysaccharide (LPS) to toll-like receptor 4 on 
macrophages, pro-inflammatory cytokines expression and 
release, and so on (7,10). The mechanism of ginsenoside 
Rg1 repairing intestinal barrier structure may be associated 
with its effect of reducing pro-inflammatory cytokines and 
increasing anti-inflammatory cytokines. Indeed, in the 
present study, ginsenoside Rg1 administration, particularly 
high dose, significantly up-regulated the expression of ZO-1 
protein in DSS-induced colitis mice. However, as not all 
anti-inflammatory therapeutics can repair intestinal barrier 
disruption, there may be other mechanisms by which 
ginsenoside Rg1 repairs intestinal barrier disruption.

Conclusions

This study demonstrated that ginsenoside Rg1 therapy can 
significantly ameliorate the severity of DSS-induced colitis 
in mice, and its efficacy is comparable to that of 5-ASA. 
Treatment with ginsenoside Rg1 can repair intestinal 
barrier structure by reducing colonic pro-inflammatory 
cytokine TNF-α and IFN-γ levels and increasing the anti-
inflammatory cytokine IL-4 level, eliminate intestinal 
inflammation and further regulate mucosal immune 
function in DSS-induced colitis mice. We propose that 
ginsenoside Rg1 may provide a promising and novel 
approach to the treatment of IBD. 
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