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Abstract. The present study investigated the effects of the Sijunzi 
decoction (SJZD) at various dosages on the immunological 
function of rats with 3% dextran sulfate sodium (DSS; molecular 
weight 5,000)-induced ulcerative colitis (UC). A total of 40 male 
Wistar rats were randomly divided into 5 groups: Normal, 
model, low-dose SJZD, moderate-dose SJZD and high-dose 
SJZD groups. The 3% DSS was intragastrically administered 
for 7 consecutive days in order to induce the UC model. The 
normal group consumed distilled water. Subsequently, SJZD 
(5.0, 10.0 and 30.0 g/kg) was intragastrically administered, and 
scores of the disease activity index (DAI) were calculated. After 
2 weeks, all the rats were sacrificed. Scores of the colon mucosa 
damage index (CMDI) were evaluated; and secretory immu-
noglobulin A (sIgA) and interleukin-2 (IL-2) were measured 
in intestinal tissue by ELISA assays. The model group rats had 
ulcers, hyperemia and interstitial edema and infiltrated inflam-
matory cells. SJZD attenuated the severity of the gross lesions 
and reduced the histopathological injuries. Compared with the 
normal group, DAI and CMDI were significantly increased 
(P<0.01), and levels of determined sIgA in the intestinal mucosa 
and IL‑2 in the intestinal tissue were significantly decreased 
(P<0.05) in the model group. Compared with the model group, 
moderate and high doses of SJZD showed a restoration effect on 
all the aforementioned indexes, and the high dose was the most 
effective. In conclusion, SJZD can ameliorate inflammation in 
DSS-induced UC rats. The mechanism is most likely due to 
enhancing intestinal local immunity.

Introduction

Ulcerative colitis (UC) is a significant type of inflammatory 
bowel diseases (IBD), which is formed in the intestinal mucosa 
of ulcer and chronic nonspecific inflammation as a disease of 

the digestive tract. Abdominal pain, diarrhea, mucus, pus and 
blood stool, and tenesmus are the main clinical manifestations. 
The course of the disease is long, as it is difficult to cure, and it 
is apparent that relapse is easy and canceration may occur (1-3). 
Epidemiological data suggest that the incidence of UC, both 
domestic and abroad, increases each year (4,5). Immune, genetic, 
environmental and free radical damage factors are involved in 
the pathogenesis of UC, and in particular, the intestinal immune 
system has an important role (6). The Sijunzi decoction (SJZD) 
is the basic prescription for strengthening the spleen and replen-
ishing qi, which has numerous pharmacological effects such as 
promoting digestion and absorption, regulating gastrointestinal 
motility, causing resistance to gastrointestinal mucosal injury 
and enhancing intestinal mucosal immunity (7,8). However, the 
study of SJZD on the therapeutic effect of experimental colitis 
and intestinal immune function of the local effects remains 
to be elucidated. In the present study, dextran sulfate sodium 
(DSS; molecular weight 5,000)-induced rat models of experi-
mental colitis were first exposed to several doses of SJZD, and 
subsequently the therapeutic effect of three different doses of 
SJZD were observed in UC rats, including the effect on the 
intestinal mucosa of secretory immunoglobulin A (slgA) and 
interleukin-2 (IL-2), in order to provide a theoretical basis for 
clinical practice.

Materials and methods

Materials. In total, 40 adult male specific-pathogen free 
Wistar rats (weight, 250±10 g) were obtained from the Hubei 
Provincial Experimental Animal Research Center (Hubei 
China; Animal Center license no. SCDXK2008-005; animal 
qualified certificate no. 00003033). DSS was purchased from 
the Shanghai Bao Biotechnology Co., Ltd. (Shanghai, China). 
SJZD was composed of ginseng, atractylodes, tuckahoe and 
liquorice following a 10:9:9:6 ratio. The IL-2 ELISA kit was 
from Wuhan Biological Engineering Co., Ltd. (Wuhan, China) 
and the sIgA ELISA kit was from Beijing Sunbio Biological 
Medical Technology Co., Ltd. (Beijing, China). The Ethics 
Committee of Yangtze University (Jingzhou, Hubei, China) 
approved our study protocol.

Methods
Grouping and administration. The 40 Wistar rats were 
randomly divided into 5 groups: Normal, model, low-dose 
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SJZD, moderate-dose SJZD and high-dose SJZD groups, with 
8 rats in each group. The normal group consumed distilled 
water ad libitum, and the other groups consumed distilled 
water containing 3% DSS ad libitum for 7 days to induce 
the rat model of UC. Subsequently, the normal and model 
groups were administered 5 ml saline daily; and the low, 
moderate and high-dose SJZD groups were administered 5.0, 
10.0 and 30.0 SJZD g/kg, respectively, as the treatment, once 
a day for 2 weeks.

Disease activity index (DAI) and colon mucosa damage index 
(CMDI) scores. All the rats were closely monitored during 
the course of the experiment, including the weight and the 
stool character, according to the standard (9), and the DAI 

score (Table I). All the animals were euthanized by intraperi-
toneal injection of 10% chloral hydrate. The distal 8 cm of the 
colon was excised, opened by longitudinal incision and rinsed 
with saline. Sections of the colon were fixed in 4% polyform-
aldehyde for histopathological evaluation of the CMDI score 
(Table II) (10). The remaining samples were stored at ‑80˚C for 
subsequent analyses.

ELISA. Rat intestine tissues (100 mg) were removed and mixed 
with 0.5 ml phosphate-buffered saline (pH 7.4), centrifuged at 
6,000 x g for 40 min, and the supernatants was removed for 
ELISA analysis to detect the levels of IL-2 and sIgA, as previ-
ously described (11).

Statistical analysis. Data are reported as the mean ± standard 
deviation. Differences between treatment and control groups 
were analyzed by Student's unpaired t-test or analysis of vari-
ance followed by Tukey's post hoc test. P<0.05 was considered 
to indicate a statistically significant difference. Statistics soft-
ware SPSS 18.0 was used for statistical analyses (SPSS, Inc., 
Chicago, IL, USA).

Results

DAI and CMDI. The rats in the normal group had a normal 
diet and no apparent changes to body weight or defecation. 
The colonic mucosa was smooth with no adhesion, and the 
mucosal integrity was complete. There was no erosion or 
ulceration. Following the ingestion of 3% DSS, the rats in the 
other groups were listless with a shaggy appearance. There 
was a change in character of the stool, which was dark yellow 
dilute or semi dilute, and occult blood was positive on day 5. 
By day 7, there was evident gross blood stool, movements were 
creeping or motionless, the rats ate less and there was weight 
loss. In the model group, mucosal congestion and edema of 
the colon were observed, and the ulcers were identified in the 
lesions. The ulcer surface epithelium was absent, the epithe-
lium was damaged, there was inflammatory cell infiltration 
and the granulation tissue had formed. The epithelial repair 
was inadequate in the low-dose SJZD group, congestion 
remained and there was edema. In the moderate- or high-dose 
SJZD groups, the symptoms were relieved to different extents; 

Table I. Disease activity index scoring criteria.

 Decreased Stool
Score weight, % property Hematochezia

  0 0 Normal Normal
  1 1-5  
  2   6-10 Loose Positive fecal occult blood
  3 11-15  
  4 >15 Diarrhea Gross blood stool

Table II. Colon mucosa damage index scoring criteria.

Score Macroscopic observation of colon characteristics

  0 No damage
  1 Mucosal congestion, edema, mucosal erosion or
 ulceration
  2 Mucosal congestion, edema, mucous membrane
 rough, mild erosion or intestinal adhesion
  3 Mucosal congestion, edema, moderate erosion and
 ulcer formation, but the ulcer diameter was <1 cm
  4 Mucosal congestion, edema, moderate erosion and
 ulcer formation, but the ulcer diameter was >1 cm

Table III. Effect of SJZD on sIgA and IL-2 in intestinal mucosa 
of rats.

Group SJZD, g/kg sIgA, ng/ml IL-2, pg/ml

Normal   0 131.51±11.83 147.35±22.16
Model   0 78.35±14.26a 67.73±11.37a

Low dose   5 83.74±15.97b 88.48±12.61b,c

Moderate dose 10 108.57±14.74b,c 119.26±21.38d

High dose 30 121.53±11.59b,c 133.51±20.98d

aP<0.01 and bP<0.05 vs. normal group; cP<0.05 and dP<0.01 vs. model 
group. Data are mean ± standard deviation, n=8. SJZD, Sijunzi decoc-
tion; sIgA, secretory immunoglobulin A; IL-2, interleukin-2.

Figure 1. Effect of SJZD doses on the DAI and CMDI scores in rats. aP<0.05 
and bP<0.01 vs. normal group; cP<0.05 vs. model group. SJZD, Sijunzi decoc-
tion; DAI, disease activity index; CMDI, colon mucosa damage index.
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diet and body weight were restored, and there were significant 
reductions in the number of cases of blood in the stool. After 
2 weeks, mucous bloody stool was significantly reduced, feces 
were forming, ulcers were healing, and hyperemia and edema 
were significantly relieved. Compared with the normal group, 
DAI and CMDI were significantly higher in the model and 
low-dose SJZD groups compared to those in the normal group 
(P<0.01); however, in the moderate or high-dose SJZD groups 
the scores were significantly increased (P<0.05). Compared 
with the model group, the DAI and CMDI in the high-dose 
SJZD group were significantly decreased (P<0.05). No signifi-
cant difference was observed between the low-dose SJZD and 
model groups (P>0.05). The changes of the DAI and CMDI 
scores in each group are shown in Fig. 1, and the changes to 
the structures are shown in Fig. 2.

sIgA content of intestinal mucosa. Compared with the 
normal group, the sIgA content in the intestinal mucosa of 
the model and SJZD groups were significantly decreased 
(P<0.01 and P<0.05, respectively). Compared with the model 
group, the sIgA content in the moderate- or high-dose SJZD 
groups were increased (P<0.05), and the level in the low-dose 
group was not significantly  increased (P>0.05), as shown 
in Table III.

IL‑2 content of intestinal mucosa. Compared with the normal 
group, the IL-2 level in the colonic homogenate of rats in the 
model and low-dose SJZD groups decreased significantly 
(P<0.01 and P<0.05, respectively). No significant difference in 
IL-2 level was observed for the moderate- and high-dose SJZD 
groups when compared to the normal group (P>0.05). When 
compared to the model group, the IL-2 level in the low-dose 
SJZD group and the moderate‑ and high‑dose groups signifi-
cantly increased (P<0.05 and P<0.01, respectively), as shown 
in Table III.

Discussion

DSS is one of the most common methods of the experi-
mental UC model; the other drugs for the UC model include 
acetic acid, oxazolone and 2,4,6-trinitrobenzene sulfonic 
acid (12-14). DSS can damage the intestinal mucosal 
barrier function by inhibiting the proliferation of intestinal 
epithelial cells and injuring the immune dysfunction in the 
intestinal cavity,  resulting  in microflora disorders and  the 

formation of UC (15,16). The experimental process is simple 
and convenient, and the success rate is high. The present 
study established the UC model by DSS, and subsequently 
checked the success by the symptoms of the rats. DAI and 
CDMI indexes were significantly increased compared with 
the normal group, and colon pathological lesions and micro-
scopic morphological changes were similar to the human UC. 
Following SJZD treatment, the DAI and CMDI indexes were 
decreased significantly, indicating that SJZD can effectively 
relieve the clinical symptoms of patients with UC, and reduce 
colon mucosal injury.

IBD are characterized by wasting and chronic intestinal 
inflammation triggered by various cytokine‑mediated path-
ways (17,18). sIgA has an important role in the intestinal 
mucosal immunity, which can neutralize viruses, toxins and 
enzymes and other biological active antigens, and produce a 
protective effect (19). IL-2 is an important immune regulatory 
factor, can promote T-cell growth and clone expansion, can 
induce or enhance the killing activity of cytotoxic cells, and 
also promotes B-cell proliferation, differentiation and anti-
body formation of biological activity (20,21).

SJDZ is the basic prescription for strengthening the spleen 
and replenishing qi. Modern medical research has confirmed 
that this Chinese herbal medicine has the effect of reducing 
the inflammatory reaction of the intestinal mucosa, promoting 
the healing of an ulcer and repairing the tissue. Astragalus 
and ginseng improve the spleen qi, improve the immune func-
tion and increase the vitality of superoxide dismutase (22). 
Atractylodes can protect the spleen and reduce dampness, 
can enhance the reticuloendothelial system phagocytic func-
tion, can increase the rate of lymphocyte transformation, can 
enhance the cellular immune function, can elevate white blood 
cells and can evidently increase IgG content (23). The present 
study showed that SJZD can improve the content of slgA in 
intestinal mucosa and the IL-2 level in the intestinal tissue.

In conclusion, SJZD can significantly improve the 
DSS‑induced inflammatory response in rats with UC and its 
mechanism may be associated with the enhancement of the 
local immune response in the intestine.
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Figure 2. Pathological changes of the colon tissues. (A) Normal, (B) model, (C) low-dose, (D) moderate-dose and (E) high-dose SJZD groups.
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