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Abstract: Objective: This study aimed to investigate the effects and mechanisms of deoxyschizandrin (DSD) on 
treatment of ulcerative colitis (UC). Methods: The models of mice with UC were established through dextran sulfate 
sodium (DSS) administration, and the successful models were treated with DSD. The therapeutic effects of DSD on 
UC mice were evaluated and its behind mechanisms were analyzed. Results: After DSS induction, the mice showed 
increased body weight and colon length, worse disease activity index (DAI) and body inflammation, oxidative stress 
injury and increased apoptosis of colonic epithelial cells, which were remarkably relieved after DSD intervention. Be-
sides, the levels of TLR4, MyD88 and NF-κB in the colon tissues were elevated in UC mouse models, while DSD treat-
ment reduced the levels of these markers. Conclusion: DSD can alleviate the symptoms of mice with DSS-induced 
UC via inhibiting body inflammation, improving oxidative stress and reducing the apoptosis of colonic epithelial cells, 
which may be attributed to DSD inhibition of the TLR4/NF-κB signaling pathway.
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Introduction

As an inflammatory disease of the large intes-
tine, ulcerative colitis (UC) is characterized by 
abdominal pain, bloody diarrhea and fecal 
urgency [1]. Compared with general population, 
patients with the disease are more likely to 
undergo colectomy and suffer from colorectal 
cancer [2]. At present, there is no radical cure 
for UC, so drugs are mainly used to relieve 
symptoms and to prevent recurrence in clinical 
practice [3]. There are many drugs such as 
5-aminosalicylic acids, glucocorticoids and im- 
munosuppressants, all of which have certain 
side effects that would limit their clinical appli-
cation [4]. Therefore, it is of significant clinical 
relevance to find potential therapeutic drugs 
that are safer and more effective.

Deoxyschizandrin (DSD) is a bioactive lignan 
that is mainly derived from the dried and ma- 
ture fruits of Magnoliaceae, Schisandra chi- 
nensis. In addition to many positive medicinal 
values, such as anti-inflammatory, anti-oxida-
tive and anti-tumor effects [5, 6], DSD has also 

shown certain therapeutic effects on UC mice 
[7], but its potential mechanism in UC treat-
ment has not been explored. TLR4/NF-κB, a 
classical signaling pathway, is known to play a 
pivotal function during the pathogenesis of  
various inflammatory diseases [8, 9]. For ins- 
tance, through inhibition of the TLR4/NF-κB 
pathway, baicalin may protect people from 
developing colitis [10], while lycium barbarum 
polysaccharide is able to reduce lipopolysac-
charide-induced inflammation [11]. Therefore, 
we speculate that the therapeutic effects of 
DSD on UC mice may also be correlated with 
inhibition of the TLR4/NF-κB signal transduc- 
tion.

Material and methods

Animal sources

After purchased from Hunan Slack Jingda 
Experimental Animal Co., Ltd., male Sprague 
Dawley (SD) mice free to food and water were 
cultured in an animal house with a room tem-
perature of 21-26°C, a relative humidity of 
51-57% and natural light. The animal experi-
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ments have been approved by the Ethics Com- 
mittee of our hospital.

Mice grouping and treatment

Grouping and modeling: Fifty mice were evenly 
divided into a normal group, a model group, a 
low dose group, a middle dose group and a high 
dose group based on random number tables. 
The first group was given normal drinking water, 
while the other groups were given natural drink-
ing water that contained 3% dextran sulfate 
sodium (DSS) every day. The modeling was con-
sidered successful if the mice had loose stools 
and mucopurulent bloody stools. Drug treat-
ment: At the same time of modeling, the last 
three groups were respectively given 20, 40 
and 80 mg/kg of DSD daily for 14 days, while 
the first two groups were intragastrically admin-
istered with the same amount of distilled water.

Physical conditions of mice

The body mass, stool property and hematoche-
zia of the mice were recorded daily, so as to cal-
culate the scores of the Disease Activity Index 
(DAI) (Table 1).

Collecting materials and observing pathologi-
cal changes of colon tissues

At 14 days after the experiments, the mice 
were injected intraperitoneally with 1% pento-
barbital sodium (20 mg/kg) for anesthesia, and 
then dissected for collecting the whole colon 
and measuring its length. After the colon tis-
sues were put on ice, the severity of the dam-
age to the colonic mucosa was observed with 
naked eyes and then marked. Next, a section  
of the colon close to the anus was clipped, and 
then fixed with 4% formaldehyde, embedded in 
paraffin, frozen section and subjected to HE 
staining. Finally, the pathological changes of 
the colon tissues such as inflammatory cell 
infiltration and tissue damage were observed 
under the microscope. The remaining part of 

and finally centrifuged at 12000×g (10 min, 
4°C) to obtain the supernatant. One part of the 
supernatant was used for detection of TNF-α, 
IL-1β and IL-6 (Abcam, USA), while the other 
part was used for measurement of CAT, SOD 
and MDA (Nanjing Jiancheng Bioengineering 
Institute), according to protocols as described 
in respective kits.

Western blot

After culture, the cells were cleaved with RIPA 
lysis buffer (Thermo Fisher Scientific, USA), 
with BCA protein assay kits (Thermo Fisher 
Scientific, USA) used for determining protein 
concentration. The loading quantity of sample 
(40 μg) was taken out for 10% polyacrylamide 
gel electrophoresis (100 V) and PVDF mem-
brane transfer. After sealed in 5% skimmed 
milk powder for 2 hours, the membrane was 
cleaned with TBST buffer solution, and then 
added with caspase-3, Bax, Bcl-2, TLR4, 
MyD88, NF-κB and β-catenin (1:1000; Abcam, 
USA) for sealing all night at 4°C. After washed 
to remove the antibodies, it was added with 
goat anti-mouse IgG (1:4000; Sigma, USA), 
incubated at 37°C for 1 hour, and finally rin- 
sed with PBS over 5 min for 3 times. After 
unnecessary liquid on the membrane was 
removed, ECL (Millipore, USA) was used for 
luminescence and developing. The protein 
bands were scanned to analyze their gray val-
ues in the software Quantity One.

Statistical analysis

In this study, SPSS21.0 (IBM Corp, Armonk,  
NY, USA) was used to statistically analyze the 
collected data. GraphPad 7 was used to plot 
the required figures. The comparison of mea-
surement data between two groups was con-
ducted by an independent samples t test, and 
the comparison between multiple groups was 
conducted by one-way analysis of variance, 

Table 1. DAI scores
Scores Weight loss (%) Fecal consistency Occult blood
0 No No No
1 1-5 Pasty and semi-formed No
2 5-10 Pasty and semi-formed Occult blood positive
3 10-15 Diarrhea Occult blood positive
4 15-20 Diarrhea Lots of blood

the colon was placed in freezing 
tubes and then stored at a refrig-
erator (-80°C) for later testing.

Inflammatory cytokines and their 
detection

The colon tissues were taken 
out, prepared in 10% tissue ho- 
mogenate with a PBS solution, 
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with Tukey HSD method used for verification. 
When P<0.05, the difference was statistically 
significant.

Results

DSD could relieve clinical symptoms of UC 
mice

Changes in the physical conditions and colon 
morphology of the mice were observed and 
compared. Compared with those in the normal 
group, the mice in the model group suffered 
from weight loss, shortened colon length and 
increased DAI scores. Compared with those in 
the model group, the mice in the treatment 
groups showed increased body weight and 
colon length and decreased DAI scores, sug-
gesting that DSD can relieve the clinical symp-
toms of UC mice (Figure 1).

DSD could improve pathological morphology of 
UC mice

It could be visualized that mice in the normal 
group showed unthickened intestinal wall, clear 
texture of the wrinkled wall, no adhesion in the 
intestine, smooth mucosa, intact epithelium, 
no inflammatory cell infiltration, and no conges-
tion, edema or ulcer in each layer. Meanwhile, 
those mice in the model group showed obvious 
ulcers, adhesions in the intestinal wall, thick-
ened intestine, necrosis of the submucosal tis-
sue or loss of the mucosal layer, with a large 
number of inflammatory cells infiltrated (includ-
ing neutropenia and the loss of glands) and 
occasional intestinal tympanites. Those in the 
low and middle dose groups showed certain 

necrotic substances, ulcers and lymph nodes 
in the colon, but were obviously better com-
pared with those in the model group. Whereas 
those in the high dose group showed no obvi-
ous ulcers, obviously repaired intestinal muco-
sa, with occasional inflammatory cell infiltra- 
tion (Figure 2).

DSD could reduce body inflammation in UC 
mice

UC is an inflammatory disease and its major 
therapeutic pathways include reducing body 
inflammation, so we analyzed its anti-inflam- 
matory effect in this part. The levels of TNF-α, 
IL-1β and IL-6 in the serum of the mice were 
detected and compared. The levels of these 
factors increased in the model group compar- 
ed with the normal group, but reduced in the 
treatment groups compared with the model 
group (Figure 3).

DSD could reduce oxidative stress injury in UC 
mice

The levels of CAT, SOD and MDA in the serum  
of the mice were examined and compared. 
Compared with those in the normal group,  
MDA levels increased but SOD and CAT levels 
decreased in the model group. Compared with 
those in the model group, MDA levels decrea- 
sed but SOD and CAT levels increased in the 
treatment groups (Figure 4).

DSD could reduce apoptosis of colonic epithe-
lial cells in UC mice

Apoptosis marker proteins in the colonic epi-
thelial cells and tissues of the mice were 

Figure 1. DSD could relieve clinical symptoms of UC mice. A: The mice in the model group had weight loss compared 
with the normal group, but those in the treatment groups had increased body weight compared with the model 
group. B: The mice in the model group had increased DAI scores compared with the normal group, but those in the 
treatment groups had decreased DAI scores compared with the model group. C: The mice in the model group had 
shortened colon length compared with the normal group, but those in the treatment groups had increased colon 
length compared with the model group. Note: * indicates P<0.05 compared with the normal group. # indicates 
P<0.05 compared with the model group.
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Figure 2. DSD could improve patho-
logical morphology of UC mice. A: The 
pathological morphology of mice in 
the normal group. B: The pathologi-
cal morphology of mice in the model 
group. C: The pathological morphol-
ogy of mice in the low dose group. 
D: The pathological morphology of 
mice in the middle dose group. E: The 
pathological morphology of mice in 
the high dose group.

Figure 3. DSD could reduce body inflammation in UC mice. A: TNF-α levels increased in the model group compared 
with the normal group, but they decreased in the treatment groups compared with the model group. B: IL-1β levels 
increased in the model group compared with the normal group, but they decreased in the treatment groups com-
pared with the model group. C: IL-6 levels increased in the model group compared with the normal group, but they 
decreased in the treatment groups compared with the model group. Note: * indicates P<0.05 compared with the 
normal group. # indicates P<0.05 compared with the model group.

Figure 4. DSD could reduce oxidative stress injury in UC mice. A: SOD levels decreased in the model group compared 
with the normal group, but they increased in the treatment groups compared with the model group. B: MDA levels in-
creased in the model group compared with the normal group, but decreased in the treatment groups compared with 
the model group. C: CAT levels decreased in the model group compared with the normal group, but they increased in 
the treatment groups compared with the model group. Note: * indicates P<0.05 compared with the normal group. 
# indicates P<0.05 compared with the model group.
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detected. After DSS induction, caspase-3 and 
Bax contents rose while Bcl-2 contents reduc- 
ed in the colonic epithelial tissues. After DSD 
treatment, levels of caspase-3 and Bax de- 
creased while Bcl-2 contents increased in the 
tissues examined (Figure 5).

DSD could reduce levels of TLR4, MyD88 and 
NF-κB in colon tissues of UC mice

The TLR4/NF-κB signaling pathway is activated 
in inflammatory diseases and considered as an 
important participant in their pathogenesis. To 
investigate whether this pathway plays a role in 
DSD treated UC mice, we analyzed the changes 
of TLR4, MyD88 and NF-κB levels in the colon 
tissues of UC mice after DSD intervention. The 
results showed that the levels increased in the 
model group compared with the normal group, 
but reduced in the treatment groups compared 
with the model group (Figure 6).

Discussion

It is currently believed that the causes involving 
UC pathogenesis are complex, but are mostly 
related to the interaction of genetic, immune, 
microbiological and environmental factors [12]. 
There are a variety of drugs that can be used 
for UC patients, but many of them have low effi-
ciency and side effects [13]. Therefore, UC is 
difficult to cure in clinical practice. Given its 
high risk of getting colon cancer, it is of signifi-
cant clinical relevance to find new therapeutic 
drugs for UC.

The major cause of UC recurring and worsening 
is uncontrolled inflammation, so the effective 
control of inflammation is the main strategy of 
treating the disease [14]. It has been confirmed 
that DSD has an excellent anti-inflammatory 
effect [15, 16]. IL-1β, TNF-α and IL-6 are pro-
inflammatory cytokines, which play an impor-

Figure 5. DSD could reduce apoptosis of colonic epithelial cells in UC mice. A: Caspase-3 levels increased in the 
model group compared with the normal group, but decreased in the treatment groups compared with the model 
group. B: Bax levels increased in the model group compared with the normal group, but decreased in the treatment 
groups compared with the model group. C: Bcl-2 levels decreased in the model group compared with the normal 
group, but increased in the treatment groups compared with the model group. Note: * indicates P<0.05 compared 
with the normal group. # indicates P<0.05 compared with the model group.
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tant role in the development and progression  
of UC and other inflammatory diseases [17, 18]. 
In our study, the three cytokines increased in 
the colon tissues of the mice with DSS-induced 
UC, but the increase could be inhibited by DSD. 
This suggests that this drug can relieve body 
inflammation via inhibition of the excessive 
release of inflammatory cytokines. Oxidative 
stress is another important factor for the patho-
genesis of UC, as it produces a large number of 
oxygen free radicals that would cause certain 
damage to human tissues [19]. As an end prod-
uct of lipid peroxidation, MDA results in the 
polymerization and crosslinking of membrane 
components, and finally causes serious cell 
damage [20]. SOD, a main endogenous antioxi-
dant enzyme, may neutralize free radicals and 
protect tissues from the harmful effects of the 
free radicals and other reactive oxygen species 
[21]. As an important component of the enzyme 
system in the antioxidant system, CAT usually 
exists in cells’ peroxisome, and mainly removes 

H2O2 and protects the body from damage [22]. 
According to previous studies, DSD can reduce 
the oxidative stress-induced damage in some 
tissues and cells [23, 24]. In this study, after 
DSS induction, MDA levels increased but SOD 
and CAT levels decreased in mouse serum, 
while the effects of DSS on the three levels 
could be reduced by DSD. This indicates that 
DSD may inhibit the oxidative stress of mice 
with DSS-induced UC and thus protect their 
colon tissues.

It has been reported that the excessive apopto-
sis of colonic epithelial cells is part of the 
causes of UC colon injury [25, 26], so we ana-
lyzed the effects of DSD on the cell apoptosis. 
Bcl-2 homodimers can inhibit cell apoptosis, 
and caspase-3 and Bax are important partici-
pants in promoting this behavior, so the three 
proteins are considered as effective markers  
of apoptosis [27]. In our study, levels of cas-
pase-3 and Bax increased while level of Bcl-2 

Figure 6. DSD could reduce levels of TLR4, MyD88 and NF-κB in colon tissues of UC mice. A: TLR4 levels increased 
in the model group compared with the normal group, but decreased in the treatment groups compared with the 
model group. B: MyD88 levels increased in the model group compared with the normal group, but decreased in the 
treatment groups compared with the model group. C: NF-κB levels increased in the model group compared with the 
normal group, but decreased in the treatment groups compared with the model group. Note: * indicates P<0.05 
compared with the normal group. # indicates P<0.05 compared with the model group.
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decreased in the colonic epithelial tissues af- 
ter DSS induction, while DSD administration 
could prevent the changes. This demonstrates 
that this drug can enhance the anti-apoptotic 
ability of colonic epithelial cells. This result is 
similar to a previous research which showed 
that DSD can inhibit cell apoptosis in the colon 
tissues of mice with DSS-induced UC [7].

Our study confirmed that DSD has a certain 
therapeutic value for UC, but the exact molecu-
lar mechanism involved was not fully under-
stood. TLR4/NF-κB is a common inflammatory 
signaling pathway. TLR4 activates the down-
stream nuclear transcription factor NF-κB; the 
activated NF-κB causes the abnormal expres-
sion of relevant inflammatory cytokines and 
then imbalance of pro-/anti-inflammatory cyto-
kines, thus resulting in a variety of damaged 
biological effects [28, 29]. More evidence has 
confirmed that the TLR4/NF-κB signaling path-
way is activated in various inflammatory dis- 
eases (including UC) and involved in their 
pathogenesis [30, 31]. Therefore, inhibiting the 
over-activation of this pathway is considered  
as an important direction of treating these 
inflammatory diseases. In our study, we ana-
lyzed the correlation of DSD with this pathway, 
and found that TLR4, MyD88 and NF-κB rose  
in the colon tissues of mice with DSS-induced 
UC, while DSD could inhibit the increase. This 
suggests an involvement of the TLR4/NF-κB 
signaling pathway in DSD treated UC mice.

In summary, DSD can alleviate the symptoms 
of mice with DSS-induced UC by inhibiting  
body inflammation, decreasing oxidative stress 
and reducing the apoptosis of colonic epithelial 
cells, possibly via inhibition of the TLR4/NF-κB 
signaling pathway.
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