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A B S T R A C T

Ulcerative colitis, one of the most important inflammatory bowel diseases, affects millions of people worldwide.
The aim of this study was to investigate the effects of Saikosaponin A on dextran sulfate sodium (DSS)-induced
colitis in mice. The mice were treated with 2.5% DSS for 5 d to induce acute colitis. Saikosaponin A was given 3 d
before and during DSS treatment by intragastric administration. The results showed that Saikosaponin A sig-
nificantly inhibited DSS-induced body weight loss and shortening of colon length. DSS-induced colonic histo-
logical changes and MPO activity were also prevented by treatment of Saikosaponin A. The levels of TNF-α and
IL-1ß were increased by DSS and dose-dependently inhibited by Saikosaponin A. Furthermore, Saikosaponin A
significantly inhibited DSS-induced NF-κB activation and up-regulated the expression of LXRα. Taken together,
our results indicated that Saikosaponin A had protective effects against DSS-induced colitis. Saikosaponin A
protected DSS-induced colitis through inhibiting inflammatory response.

1. Introduction

Ulcerative colitis is a lifelong disease that characterized by an ex-
aggerated mucosal immune response in the colon [1]. It is pre-
dominantly occurred in the developed countries of the world, such as
United Kingdom and North America [2]. The mechanism of ulcerative
colitis is complex and studies showed that inflammatory response was
involved the pathogenesis of ulcerative colitis [3]. During the devel-
opment of ulcerative colitis, inflammatory cytokines such as TNF-α and
IL-1ß were increased and these inflammatory mediators could induce
inflammatory activation of the mucosal immune system [4]. Nowadays,
the treatment of ulcerative colitis mainly relies on traditional drugs,
such as corticosteroids and immunosuppressive agents [5]. However, in
long-term treatment, these drugs may have side effects [6]. In recent
years, natural herbal medicines have been developed as an important
complementary treatment for ulcerative colitis [7].

Saikosaponin A (SKA), a triterpene saponin derived from Radix
bupleuri, has been reported to have anti-inflammatory and anti-oxida-
tive effects [8]. SKA has been reported to suppress LPS-induced in-
flammatory cytokines production mouse macrophages [9]. SKA also
protected traumatic brain injury (TBI) rats after controlled cortical
impact [10]. Furthermore, SKA was found to inhibit LPS-induced in-
flammatory response in human umbilical vein endothelial cells [11].

SKA also had protective effects against LPS-induced acute lung injury in
mice [12]. In addition, SKA could protect mice against experimental
sepsis [13]. However, the protective effects of SKA on DSS-induced
colitis remain unclear. The present study was to investigate the pro-
tective effects and clarify the mechanism of SKA on DSS-induced colitis.

2. Materials and methods

2.1. Materials

Saikosaponin A and DMSO were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Dextran sodium sulfate was purchased from MP
Biomedicals (Solon, OH). TNF-α and IL-1β ELISA kits were purchased
from BD (Minneapolis, MN, USA). MPO determination kit was provided
by the Nanjing Jiancheng Bioengineering Institute (Nanjing, China). All
the antibodies were purchased from Cell Signaling Technology Inc.
(Beverly, MA).

2.2. Animals and experimental design

Male C57BL/6 mice (6–8week old) were purchased from Medical
Experimental Animal Center of Xinxiang Medical University. The mice
were housed in the room with a temperature of 23∘C ± 1 °C and a
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relative humidity of 50% ± 10%. The mice were fed with food and
water ad libitum.

The experimental protocol was approved by the Institutional
Animal Ethics Committee of Xinxiang Medical University. All mice were

randomly divided into five groups: control group, DSS group,
DSS+ SKA (5, 10, 20mg/kg) groups. The mice of DSS group were
administrated 2.5% (wt/vol) DSS for 7 day. The mice of DSS+ SKA
groups were received SKA (5, 10, 20mg/kg) oral once a day for 14 day

Fig. 1. Effects of SKA on histopathological changes in colon tissues in DSS-induced colitis. Representative histological changes of colon tissues obtained from mice of
different groups. A: Control group, B: DSS group, C: DSS+ SKA (5mg/kg) group, D: DSS+ SKA (10mg/kg) group, E: DSS+ SKA (20mg/kg) group (hematoxylin
and eosin staining, magnification 200×).

Fig. 2. Effects of SKA on DSS-induced colitis. (A) Body weight change of each group. (B) Disease activity index. (C) The lengths of colons of each group. The values
presented are the mean ± SEM (n=12 in each group) of three parallel measurements. p# < 0.01 vs. control group, p* < 0.05, p** < 0.01 vs. DSS group.
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before and during DSS treatment. The body weight was recorded once a
day and the clinical disease activity index (DAI) was the sum of the
clinical score. On the last day, the mice were sacrificed and the length
of colon was measured and the colon was collected for subsequent
experiments.

2.3. Histological analysis

The colonic tissues were fixed with 10% paraformaldehyde, dehy-
drated, and embedded in paraffin. Then, the tissues were cut into 5mm
sections and stained with H&E staining. The sections were observed
using a light microscope (Nikon Eclipse TE2000-U, NIKON, Japan) at
400×magnification. Histological scores were assessed by using a
previously described method [14].

2.4. ELISA assay

The colonic tissues were homogenized and the supernatant were
collected. After the above treatment, the levels of TNF-α and IL-1ß in
the supernatant were detected by ELISA according to the manufacturer
provided instruction (BD, Minneapolis, MN, USA).

2.5. MPO assay

The colonic tissues were homogenized and the supernatants were
collected. The MPO activity in the supernatant was detected using MPO
assay kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, China)
according to the manufacturer's protocol.

2.6. Western blot analysis

The proteins of colonic tissues were prepared using the T-PER Tissue
Protein Extraction Reagent (Thermo, USA) and quantified by the BCA
methods. The proteins were separated by 12% SDS-PAGE and trans-
ferred to PVDF membranes for 2 h at 100 V. After blocking with 5%
nonfat dried milk, the membranes were probed with primary antibodies
and secondary antibodies. Proteins were visualized by chemilumines-
cence with an ECL kit (Millipore Corp., Billerica, MA).

2.7. Statistical analysis

All results are represented as mean ± SEM. Differences between
groups were analyzed by using one-way ANOVA coupled with a post
hoc test. A statistically significant difference was defined as p < 0.05.

3. Results

3.1. Saikosaponin A protects DSS-induced colitis in mice

In this study, the protective effects of Saikosaponin A on colitis were
detected by measuring colonic histopathological changes, body weight
loss, disease activity index (DAI), and colonic length shortening. As
shown in Fig. 1, massive epithelial destruction, severe crypt destruc-
tion, and inflammatory cell infiltration were observed in the colonic
tissues of DSS treated group. Treatment of Saikosaponin A dose-de-
pendently attenuated these histopathological changes induced by DSS.

As shown in Fig. 2, compared with the control group, the levels of
body weight and colonic length were found significantly decreased by
DSS treatment. Conversely, the levels of body weight and colonic length
of the Saikosaponin A treatment groups were markedly decreased when
compared with DSS group. Furthermore, the level of DAI of DSS-treated
mice increased significantly when compared with the control mice.
However, Saikosaponin A dose-dependently inhibited the levels of DAI.

3.2. Saikosaponin A attenuates DSS-induced MPO activity in colonic tissues

MPO activity was measured in this study to investigate the effects of
Saikosaponin A on neutrophil infiltration. As shown in Fig. 3, compared
with the control group, the level of MPO activity in colonic tissues were
found significantly increased by DSS treatment. Conversely, the level of
MPO activity in colonic tissues of the Saikosaponin A treatment groups
were markedly decreased when compared with DSS group.

Fig. 3. Effects of SKA on DSS-induced MPO activity. 7 days after DSS treatment,
the colonic tissues were collected and the MPO activity was measured. The
values presented are the mean ± SEM (n=12 in each group) of three parallel
measurements. p# < 0.01 vs. control group, p* < 0.05, p** < 0.01 vs. DSS
group.

Fig. 4. Effects of SKA on DSS-induced TNF-α and IL-1β in the colonic tissues.
7 days after DSS treatment, the colonic tissues were collected and the levels of
TNF-α and IL-1β in the colonic tissues were measured by ELISA. The values
presented are the mean ± SEM (n=12 in each group) of three parallel mea-
surements. p# < 0.01 vs. control group, p* < 0.05, p** < 0.01 vs. DSS
group.
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3.3. Saikosaponin A attenuates DSS-induced TNF-α and IL-1β production
in colonic tissues

In order to investigate the anti-inflammatory activities of
Saikosaponin A, the levels of TNF-α and IL-1β in colonic tissues were
measured in this study. As shown in Fig. 4, compared with the control
group, the levels of TNF-α and IL-1β in colonic tissues were found
significantly increased by DSS treatment. Conversely, the levels of TNF-
α and IL-1β in colonic tissues of the Saikosaponin A treatment groups
were markedly decreased when compared with DSS group.

3.4. Effects of Saikosaponin A on DSS-induced NF-κB activation

The effects of Saikosaponin A on DSS-induced NF-κB activation
were detected in this study. As shown in Fig. 5, compared with the
control group, the levels of phosphorylated NF-κB and IκBα in colonic
tissues were found significantly increased by DSS treatment. Con-
versely, the levels of phosphorylated NF-κB and IκBα in colonic tissues
of the Saikosaponin A treatment groups were markedly decreased when
compared with DSS group. These results suggested that Saikosaponin A
could inhibit DSS-induced NF-κB activation.

3.5. Effects of Saikosaponin A on LXRα expression in colonic tissues

To investigate the anti-inflammatory mechanism of Saikosaponin A,
the effects of Saikosaponin A on LXRα expression were detected in this
study. As shown in Fig. 6, compared with the control group, the ex-
pression of LXRα in colonic tissues were found significantly increased
by DSS treatment. Conversely, the expression of LXRα in colonic tissues
of the Saikosaponin A treatment groups were markedly decreased when
compared with DSS group.

4. Discussion

Herbal products have been widely used in the treatment of many
diseases, such as colitis [15]. Saikosaponin A (SKA), a triterpene sa-
ponin derived from Radix bupleuri, has been known to have anti-in-
flammatory activity. In the present study, Saikosaponin A significantly
attenuated DSS-induced colitis in mice. Saikosaponin A may be used as
an agent for the treatment of colitis.

DSS-induced colitis is characterized by the accumulation of neu-
trophils in colonic tissues [16]. The activation of neutrophils could
release the inflammatory cytokines, such as TNF-α and IL-1β. Over-
activation of neutrophils could lead to the injury of colonic tissues
[17,18]. Furthermore, the production of inflammatory cytokines have
been known to be involved in the pathogenesis of colitis [19]. In the
present study, our results showed that the accumulation of neutrophils
in colonic tissues were inhibited by the treatment of Saikosaponin A, as
confirmed by the decreased MPO activity in colonic tissues. Previous
studies showed that inhibition of inflammatory mediators could at-
tenuate DSS-induced colitis [20]. In this study, our results showed that

Fig. 5. Effects of SKA on DSS-induced NF-κB activation in the colonic tissues. 7 days after DSS treatment, the colonic tissues were collected and the NF-κB activation
in the colonic tissues was measured by western blot analysis. The values presented are the mean ± SEM (n=12 in each group) of three parallel measurements.
p# < 0.01 vs. control group, p* < 0.05, p** < 0.01 vs. DSS group.

Fig. 6. Effects of SKA on LXRα expression in the colonic tissues. 7 days after
DSS treatment, the colonic tissues were collected and the expression of LXRα in
the colonic tissues was measured by western blot analysis. The values presented
are the mean ± SEM (n=12 in each group) of three parallel measurements.
p# < 0.01 vs. control group, p* < 0.05, p** < 0.01 vs. DSS group.
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Saikosaponin A protected against DSS-induced colitis through in-
hibiting inflammatory cytokines TNF-α and IL-1β production. These
results indicated that Saikosaponin A protected against DSS-induced
colitis via suppressing inflammatory response.

Previous studies showed that activation of NF-κB signaling pathway
promoted the injury of colonic tissues. NF-κB activation was involved in
the development of colitis [21]. Given the fact that NF-κB could reg-
ulate the expression of inflammatory cytokines [22], we investigated
the effects of Saikosaponin A on DSS-induced NF-κB activation to clarify
the mechanism of Saikosaponin A. Our results showed that Saikosa-
ponin A significantly suppressed DSS-induced NF-κB activation. This
was consistent with previous published articles, which showed Saiko-
saponin A could inhibit NF-κB activation. LXRα, the members of the
nuclear hormone receptor superfamily, have the ability to regulate the
metabolic conversion of cholesterol to bile acids [23]. Also, LXRα has
been involved in the regulation of inflammatory response [24]. A pre-
vious study demonstrated activation of LXR could protect mice against
DSS- and TNBS-induced colitis [25]. Furthermore, activation of LXRα
could attenuate the activation of NF-κB [26]. And a large body of
natural herbal compounds exhibited anti-inflammatory effects through
activating LXRα [27]. Therefore, to clarify the mechanism of Saikosa-
ponin A, the expression of LXRα were measured. Our results showed
that Saikosaponin A could increase the expression of LXRα.

In conclusion, our research discovered that Saikosaponin A pro-
tected DSS-induced colitis in mice. Saikosaponin A inhibited DSS-in-
duced colitis through suppressing inflammatory response via activation
of LXRα. Saikosaponin A has the potential to be used as a agent for the
treatment of intestinal inflammatory diseases.
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