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Ulcerative colitis (UC) is a chronic nonspecific inflammatory 
bowel disease (IBD) with unknown causes. The lesions are 
mainly concentrated in the mucous layer and submucosa, 
with ulceration and crypt abscesses as the main features. 
UC shows wide range of lesions and a long illness, leading 
to difficulty in treatment and recovery. Moreover, it is 
prone to recurrence after treatment and can be associated 
with the risk of concurrent colon cancer, seriously affecting 
the quality of life of the patients and their families. Thus, 
the World Health Organization delimits UC as one of the 
most difficult and complicated modern diseases in terms of 
treatment.[1,2] In recent years, the incidence of UC in China 
is in a trend of slow increase,[3,4] yet the pathogenesis of UC 
remains unclear. With extensive research, it is generally 
believed that there are multiple causes for UC, including 

genetic, environmental, infectious, microbiological, and 
immunological factors.[5,6] In addition, excessive activation 
and disregulation of the adaptive immune response may 
be the most direct and important factor.[7] Therefore, 
understanding the immune‑related mechanism underlying 
the pathogenesis of UC is of great significance for improving 
cure rate, shortening disease duration, and reducing 
complications.

Schisandra chinensis (Turcz.) Baill. has been widely used as 
traditional Chinese medicine for thousands of years owing 
to its diverse pharmacological effects.[8,9] Deoxyschizandrin, 
as one of the most important lignans, is a major active 
compound of S. chinensis.[10,11] Recent studies have reported 
that deoxyschizandrin possesses beneficial pharmacological 
effects including anti‑inflammatory,[11,12] anti‑oxidation,[13] 
anti‑tumor,[14] and provides hepatoprotection activities.[15] 
However, whether deoxyschizandrin could improve the 
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Background/Aims: Deoxyschizandrin as one of the most important component of Schisandra chinensis 
(Turcz.) Baill plays an immunomodulatory role in a variety of diseases, yet its role in ulcerative colitis 
remains to be elucidated. We aimed to investigate the role of deoxyschizandrin in DSS‑induced ulcerative 
colitis in mice. Patients and Methods: In the present study, an inflammation model of cells was constructed 
to confirm the anti‑inflammatory effect of deoxyschizandrin. Then a mouse model with Dextran sulfate 
sodium sulfate (DSS)‑induced ulcerative colitis was constructed, and the effects of deoxyschizandrin on 
mouse colon inflammation, apoptosis, and CD4 T lymphocyte infiltration in ulcerative colitis were examined. 
Result: Deoxyschizandrin could improve the symptoms of ulcerative colitis, determined by hematoxylin‑eosin 
(HE) staining and histopathological scores. Moreover, deoxyschizandrin reduced the levels of inflammatory 
cytokines, suppressed CD4 T cell infiltration, and effectively inhibited apoptosis in the colon of DSS‑induced 
ulcerative colitis mice. Conclusion: In summary, deoxyschizandrin can effectively rescue the symptoms of 
DSS‑induced ulcerative colitis in mice by inhibiting inflammation. T cell infiltration and apoptosis in the 
colon, suggesting that deoxyschizandrin could be a potential drug in treating ulcerative colitis.
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symptoms of UC underlying these biological activities has 
not been elucidated. Investigation of these mechanisms 
could contribute to the development of novel and effective 
approaches to treating UC.

In this study, a cell model of inflammation and a mouse model 
of UC were established. Deoxyschizandrin was significantly 
inhibiting inflammation in cells and improved the symptoms 
of DSS‑induced UC by inhibiting inflammation, T cell 
infiltration, and apoptosis of the colon tissue. These results 
provide theoretical evidence for the development of novel 
UC treatment in the clinical practice.

MATERIALS AND METHODS

Cell culture
Mouse monocyte macrophage leukemia cells RAM264.7 
was purchased from the Shanghai Cell Bank of Chinese 
Academy of Sciences (Shanghai, China), cells were 
cultured in Dulbecco’s Modified Eagle Medium (Gibco, 
Grand Island, NY, USA) supplemented with 10% fetal 
bovine serum (FBS). The cells were maintained at 37°C 
in a humidified atmosphere of 95% air and 5% CO2. 
Experiments were divided into four groups as DMSO 
group, lipopolysaccharide (LPS) (1.1 × 10−2 mmol/L) 
group, dexamethasone (Dex) (1 × 10−3 mmol/L) group, and 
DSD (5 × 10−6 mmol/L) group.[16]

Animal model construction
Six–eight‑week‑old female C57BL/6 mice were purchased 
from the Shanghai experimental animal center, Chinese 
Academy of Sciences. Prior to the experiment, the mice 
were housed in a pathogen‑free grade animal room and 
rested for 1 week with access to food and water ad libitum. 
The experiments were conducted with the approval of 
Experimental Animal Ethics Committee of China Medical 
University.

The mice were randomly divided into four groups, namely, 
Control, DSS, deoxyschizandrin (DSD), and DSS + DSD, 
with 8 mice in each group. Acute DSS colitis was induced 
in mice by administering 3% (w/v) dextran sulfate sodium 
sulfate (DSS) (molecular mass, 36–50 kDa; Bitebo, Beijin, 
China) in drinking water ad libitum for 9 days. Following, 
DSD 6 μmol/kg/day were administered for 4 weeks. Then the 
mice were weighted and euthanized, and the colon tissues 
were dissected. Some tissues were frozen in liquid nitrogen 
and stored at −70°C for future applications, and others were 
fixed in 4% paraformaldehyde and embedded in paraffin for 
subsequent experiments.

Western blot
Cells were lysed by NP‑40 Lysate (Beyotime Institute of 
Biotechnology, Haimen, China), and the total protein 

from the colon tissues of each group was extracted using 
radio‑immunoprecipitation assay (RIPA) (Beyotime) lysis 
buffer, and protein concentrations were determined using 
the bicinchoninic acid (BCA) (Beyotime) method. Forty 
micrograms of total protein from each sample was subjected 
to sodium dodecyl sulfate–polyacrylamide gel electrophoresis 
electrophoresis, followed by transfer to a polyvinylidene 
difluoride membrane (Millipore, Bedford, MA, USA). 
The membrane was incubated with primary antibodies 
anti‑IL‑1β, anti‑NF‑κB, anti‑cleaved caspase‑3, anti‑Bax, and 
anti‑Bcl‑2 (1:1000 dilution, bioss, Beijing, China) overnight 
at 4°C. Subsequently, the membrane was incubated with 
goat anti‑rabbit IgG‑HRP (1:5000, Beyotime) at room 
temperature for 1 h, followed by chromogenic detection 
using the enhanced chemiluminescence method. The film 
was scanned and analyzed by Gel‑Pro‑Analyzer software to 
determine the optical density value of the target bands using 
β‑actin as the internal control.

Histopathological analysis
The paraffin‑embedded mouse colon tissue was sliced 
into 5‑μm thick sections, followed by conventional 
hematoxylin‑eosin (HE) staining. The tissue sections were 
examined under an optical microscope, and histopathological 
scores were evaluated according to the methods reported by 
Xiong et al.[17] The scoring consisted of 5 grades with the 
following criteria: 0: No inflammation; 1: Low leukocyte 
infiltration and no structural changes; 2: Moderate leukocyte 
infiltration, extension, and disfiguration of gland ducts in 
the mucosa layer with no ulcer; 3: A high degree of leukocyte 
infiltration, increased vascular density, and bowel wall 
thickening; and 4: Massive leukocyte infiltration, high vascular 
density, gland duct extension and disfiguration, obvious goblet 
cell loss, bowel wall thickening, and associated ulcers.

Enzyme‑linked immunosorbent assay
Enzyme‑linked immunosorbent assay (ELISA) kits (USCN, 
Wuhan, China) were used to detect TNF‑α, NO, INF‑γ, 
and IL‑6 levels in mouse colon tissues and cells. 
Procedures were conducted in strict accordance with the 
kit instructions.

Immunofluorescence staining
Paraffin sections of mouse colon tissues with a thickness 
of 5 μm were generated. The sections were incubated 
with 1:100 diluted CD4+ antibody (Sigma‑Aldrich, 
St. Louis, MO, USA) overnight at 4°C, and then with 
1:200 diluted Cy3‑labeled goat anti‑rabbit secondary 
antibody (Beyotime). After secondary incubation at room 
temperature for 1 h, the nuclei were counter‑stained with 
4’,6‑diamidino‑2‑phenylindole. The sections were mounted 
with anti‑fading reagent, observed under a fluorescence 
microscope (BX53, Olympus, Tokyo, Japan), and imaged 
under 400× magnification lens.
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TUNEL
Apoptotic cells were detected using In Situ Cell Death 
Detection Kit (Roche, Mannheim, Germany) according to 
the manufacturer’s instructions. Paraffin sections of mouse 
colon tissues were inactivated by H2O2. Fifty microliter 
TUNEL reaction mixture was added drop‑wise to the sections, 
followed by incubation in a dark and humidified chamber for 
60 min at 37°C. Thereafter, tissue sections were incubated 
with 50 μl Converter‑POD for 30 min. Subsequently, 50 μl 
DAB chromogenic substrate was added, the reaction was 
terminated with H2O, and the cells were counter‑stained 
with hematoxylin, followed by conventional dehydration, 
clarification, and mounting. The staining effect was observed 
under a microscope and photographed at 400× magnification.

Statistical analysis
Data are expressed as mean ± standard deviation. Comparisons 
between groups were performed using one‑way analysis of 
variance, and Bonferroni post‑hoc test was used for multiple 
comparisons. Graphpad Prism 5.0 software (GraphPad 
Software, Inc., CA, USA) was used to process data and images. 
P < 0.05 indicates statistically significant difference.

RESULTS

Deoxyschizandrin downregulated inflammatory 
cytokines TNF‑α, IL‑6, IL‑1β and NO, NF‑κB in cells 
RAM264.7
To investigate the role of deoxyschizandrin in cells 
RAM264.7, we constructed a monocyte macrophage 

inflammatory model, and a group of cells were received 
deoxyschizandrin treated. ELISA and Western blot results 
showed that the expression of inflammatory cytokines 
TNF‑α, IL‑6, IL‑1β, and nitric oxide synthase (NOS), NF‑κB 
in cells RAM264.7 of monocyte macrophage inflammatory 
model (LPS) group were all increased compared with the 
dimethyl sulfoxide (DMSO) group, TNF‑α was increased 
by 169% [Figure 1a; P < 0.001], IL‑6 was increased by 
132% (Figure 1b; P < 0.001], NOS was increased by 
144% [Figure 1c; P < 0.001], and NF‑κB and IL‑1β 
were increased by 1.74 folds and 1.44 folds, respectively, 
[Figure 1d and e; P < 0.001 and P < 0.01]. Deoxyschizandrin 
significantly reduced the levels of these factors [Figure 1a‑e; 
P < 0.001, P < 0.001, P < 0.001, P < 0.001, P < 0.001]. 
The effects were similar to the positive Dex group. The 
results indicated that deoxyschizandrin effectively inhibited 
inflammation in cells.

Deoxyschizandrin attenuated Dextran sulfate 
sodium‑induced ulcerative colitis in mice
HE staining results and histological scores showed 
that DSS‑induced weight loss in mice was relieved by 
deoxyschizandrin [Figure 2a]. Meanwhile, deoxyschizandrin 
effectively protected colon tissue and attenuated 
DSS‑induced tissue morphological changes, such as bowel 
wall thickening, numerous inflammatory cell infiltration, 
and reduction of goblet cells [Figure 2b and c]. Furthermore, 
the results were better in the DSS + DSD group. In 
summary, deoxyschizandrin in the colon tissue attenuated 
DSS‑induced UC symptoms.

Figure 1: Deoxyschizandrin downregulated inflammatory cytokines TNF‑α, IL-6, IL-1β and NO, NF-κB in cells RAM264.7. ELISA detection of the 
levels of TNF-α (a), IL-6 (b), and NO (c) in cells. (c-e) Western blot detection of the levels of cleaved NF-κB and NO in cells. The figure shows the 
representative result from repeated experiments (n = 6). Data are expressed as mean ± standard deviation. Compared with the DMSO group, 
**P < 0.01, ***P < 0.001; compared with the LPS group, ###P < 0.001
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Deoxyschizandrin downregulated inflammatory 
cytokines and inhibited T cell infiltration in the 
colonic tissue of Dextran sulfate sodium‑induced 
ulcerative colitis mice
The levels of TNF‑α, INF‑γ, and IL‑6 in mouse colon 
tissues were detected by ELISA to investigate the effects 
of deoxyschizandrin on the inflammatory response in 
DSS‑induced UC. Our results showed that DSS induction 
led to 136% [Figure 3a; P < 0.001], 183% [Figure 3b; 
P < 0.001], and 158% [Figure 3c; P < 0.001] increases in 
the TNF‑α, INF‑γ, and IL‑6 levels, respectively, in the mouse 
colon tissues. Deoxyschizandrin in the colon significantly 
reduced the levels of these inflammatory factors [Figure 3a‑c; 
P < 0.001, P < 0.001, P < 0.001]. Furthermore, Colonic 
CD4

 + cells, that were mostly T lymphocytes, were examined 
by immunofluorescence staining, and the results revealed that 
colonic CD4

 + cells increased dramatically in DSS‑induced 
UC, which was attenuated by deoxyschizandrin [Figure 3d]. 
These results suggest that deoxyschizandrin effectively 
inhibited inflammation in the colon tissue of DSS‑induced 
UC mice and the results were better in the DSS + DSD group.

Deoxyschizandrin inhibited apoptosis in the colon 
tissue of Dextran sulfate sodium‑induced ulcerative 
colitis mice
To investigate the effect of deoxyschizandrin on apoptosis 
in mouse colon tissues in UC, TUNEL assay was performed 
to stain the mouse colon tissue for apoptotic cells. DSS 
induction led to significant apoptosis in mouse colon tissues, 

concurrently with loose and irregular arrangement of cells, 
which was attenuated by deoxyschizandrin to a significant 
extent [Figure 4a]. Furthermore, expression levels of 
apoptotic genes such as cleaved caspase‑3, Bax, and Bcl‑2 in 
mouse colon tissues were examined by Western blot analysis. 
The results showed that the expression levels of cleaved 
caspase‑3 and Bax were increased by 2.98 folds [Figure 4b; 
P < 0.001] and 2.81 folds [Figure 4c; P < 0.01], respectively, 
in DSS‑induced colon tissues; whereas Bcl‑2 was reduced 
by 0.44 folds [Figure 4d; P < 0.001]. Compared with 
the DSS group, deoxyschizandrin led to a significant 
reversal of the expression profile of these apoptosis 
indicators [Figure 4b‑d; P < 0.001, P < 0.001, P < 0.001]. 
In summary, deoxyschizandrin could inhibit DSS‑induced 
apoptosis in mouse colon tissues and the results were better 
in the DSS + DSD group.

DISCUSSION

The diverse biological functions of traditional Chinese 
medicine have gained much attention in modern disease 
research. Deoxyschizandrin has been shown to be associated 
with a variety of diseases such as chronic cough,[18] 
hepatoprotective,[19] and cardiovascular disease.[20] It has 
also been reported that deoxyschizandrin have diverse 
effects, such as anti‑proliferative effects on tumor cells and 
pretreatment on physical exercise‑induced muscle damage. 
This is in addition to their well‑studied influence on UC.[21‑25] 
In this study, we established an inflammation model of cells 

Figure 2: Deoxyschizandrin attenuated DSS-induced UC in mice. (a) Changes in the body weight of various groups of mice before and after the 
experiment. Histopathological scores (b) and HE staining (c) were used to evaluate the morphological changes in mouse colon tissues after DSS 
induction with and without deoxyschizandrin. The figure shows the representative results from repeated experiments (n = 6). Data are expressed 
as mean ± standard deviation. Compared with the Control group, ***P < 0.001; compared with the DSS group, ###P < 0.001
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and a mouse model of DSS‑induced UC, and investigated 
the regulatory roles of deoxyschizandrin in UC, as well as the 
therapeutic potential of deoxyschizandrin in treating UC.

Pro‑inflammatory cytokines such as IL‑6, TNF‑α IL‑1β, and 
IFN‑γ play important roles in the occurrence and development 
of UC.[26,27] IL‑6, IL‑1β, and TNF‑α act synergistically in 
regulating inflammatory and immune processes in the body 
by promoting T cell proliferation and enhancing the activity 
of cytotoxic T cells.[28] IL‑6, IL‑1β, and TNF‑α also work in 
concert with IFN‑γ to promote inflammation.[29] Studies 
have shown that IL‑6, IL‑1β, TNF‑α, and IFN‑γ levels 

are upregulated in the intestinal mucosa of UC patients 
and that these pro‑inflammatory cytokines can further 
induce inflammation and aggravate UC mucosal injury.[17] 
Deoxyschizandrin showed the strongest anti‑inflammarory 
activity and was able to reduce inflammation and inhibit 
the expression of inflammatory cytokines.[30,31] which led 
to the hypothesis that deoxyschizandrin may regulate 
UC by modulating the expression of inflammatory 
cytokines. Here, we show that deoxyschizandrin can 
reduce the levels of inflammatory cytokines IL‑6, IL‑1β, 
TNF‑α, and IFN‑γ [Figures 1a‑e and 3a‑c]. NF‑κB could 
be activated by pro‑inflammatory cytokines and plays a 

Figure 3: Deoxyschizandrin downregulated inflammatory cytokines and inhibited T cell infiltration in the colonic tissue of DSS‑induced UC mice. 
ELISA detection of the levels of TNF-α (a), INF-γ (b), and IL-6 (c) in the colon tissue of various groups of mice. (d) CD4 + cells were detected by 
immunofluorescence: CD4 expression appeared red under a fluorescence microscope, while the nucleus was stained blue. The figure shows the 
representative results from repeated experiments (n = 6). Data are expressed as mean ± standard deviation. Compared with the Control group, 
***P < 0.001; compared with the DSS group, ###P < 0.001
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critical role in UC.[32‑34] NOS, which is secreted by iNOS, 
could combine with inflammatory mediators and can be 
detrimental to the integrity of the colon, contributing to the 
development of the intestinal damage that characterizes the 
inflammatory reaction.[35] In the present study, we showed 
that deoxyschizandrin can reduce the levels of NF‑κB and 
NOS through inhibition of inflammation [Figure 1c‑e], 
thereby suppressing colon inflammation and improving UC 
symptoms. These results suggest that deoxyschizandrin may 
be critical to maintaining colon homeostasis and inhibiting 
UC by suppressing the levels of inflammatory cytokines.

T lymphocytes are the core of immune responses. The 
number of mucosal activated CD4 T cells is closely 
related to the structural integrity of intestinal mucosa 
because activated T cells can interact with the intestinal 
epithelial cells and damage the structure of intestinal 
mucosa.[36] High levels of CD4 T cell aggregation and 
T cell infiltration have been observed in the intestinal tract 
of UC mice.[37] Deoxyschizandrin significantly reduced 
the level of DSS‑induced mucosal T cell infiltration 
in the colon [Figure 3d], suggesting an inhibitory role 
of deoxyschizandrin in T lymphocyte aggregation and 
mucosal infiltration in UC. These results indicate that 
deoxyschizandrin plays a critical role in T cell infiltration 
and mucosal homeostasis.

The apoptosis suppressor Bcl‑2 is an important player in 
apoptosis together with the pro‑apoptotic protein Bax. The 
ratio of Bax/Bcl‑2 determines whether apoptosis can occur.[38] 
As one of the caspase family members, caspase‑3 plays a 
pivotal role in the apoptosis pathway.[39] Studies have shown 
that UC patients present significant apoptosis of intestinal 
mucosal cells, with significantly increased Bax and caspase‑3 
levels and reduced Bcl‑2 level in the mucosa cells.[40] Moreover, 
deoxyschizandrin has been demonstrated to inhibit apoptosis 
by exerting cell‑protective effects.[41] Here, we show that 
deoxyschizandrin inhibited apoptosis in the colon tissue of 
DSS‑induced UC mice [Figure 4a] by increasing the expression 
level of anti‑apoptotic Bcl‑2 and reducing the levels of the 
pro‑apoptotic Bax and cleaved caspase‑3 [Figure 4b‑d]. The 
results indicate that deoxyschizandrin plays an anti‑apoptotic 
and protective role in the colon by modulating the levels of 
the apoptosis regulatory proteins.

CONCLUSION

In summary, deoxyschizandrin could inhibit inflammation in 
cells and improve the pathological symptoms of DSS‑induced 
UC in mice by inhibiting inflammation, T cell infiltration, 
and apoptosis of the colon tissue. The results demonstrate 
a positive role of deoxyschizandrin in the pathogenesis of 
UC, and suggest that deoxyschizandrin might be a promising 
potential drug for UC treatment.

Figure 4: Deoxyschizandrin inhibited apoptosis in the colon tissue of DSS-induced UC mice. (a) TUNEL assay detection of apoptosis in the colon 
tissue of mice, with cells stained blue. (b-d) Western blot detection of the protein levels of cleaved caspase-3, Bax, and Bcl-2 in the mouse colon 
tissues. Grayscale analysis was conducted using β‑actin as an internal reference. The figure shows the representative results from repeated 
experiments (n = 6). Data are expressed as mean ± standard deviation. Compared with the Control group, ***P < 0.001; compared with the DSS 
group, ###P < 0.001
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