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Abstract

Purpose: To investigate the mechanism underlying the ameliorative effect of albiflorin (AF) on
ulcerative colitis (UC) in dextran sulphate sodium (DSS)-induced mice model.

Method: Female C57BL/6 mice were administered DSS to establish a mice model of UC. After one
week, the mice received AF, and the body weight and length of colon were measured. The
histopathological features of colon tissues treated with hematoxylin-eosin (H & E) stain were examined
by microscopy. Expression of inflammatory cytokines and apoptosis-related proteins were determined
using enzyme-linked immunosorbent assay (ELISA) and western blotting.

Results: The relative abundance of goblet cells and crypts of mice were significantly reduced in DSS-
induced UC mice model; furthermore, focal ulcers and mucosal damage were apparent. Moreover,
treatment with DSS decreased body weight and colon length, downregulated Bcl-2 and AMPK pathway-
related proteins, increased inflammatory cytokines levels, and upregulated Bax and cleaved caspase-3.
In contrast, treatment with AF completely ameliorated DSS-induced effects.

Conclusion: AF treatment attenuated DSS-induced inflammation response and apoptosis via AMPK
pathway and modulation of CDX2 expression in UC mice model.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic non-specific
inflammatory disease characterized by
inflammation and ulcers of rectum and colonic
mucosa [1]. It is characterized by recurrent
abdominal pain, diarrhea, and mucopurulent

bloody stool [1]. The age of UC onset has been
steadily decreased and its incidence has recently
increased. Though previous studies have
focused on infection, immunity, genetics, and
environmental factors, the etiology and
pathogenesis of UC have not been fully defined
[2]. It is found that immune dysfunction is a main
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cause of UC via the involvement of intestinal
hyperfunction [2]. Neutrophils, mast cells,
macrophages, B lymphocytes cells, T cells and
natural killer cells are involved in the
pathogenesis of UCby releasing antibodies,
cytokines and inflammatory mediators to destroy
and damage tissues[1,3]. Albiflorin (AF), also
known as 9-((benzoyl) methyl) -1- (B-D-
glucopyranosyloxy) - 4 -hydroxy-6-methyl-7-
oxotricyclononane-8-ketone, is a monoterpene
glycoside component extracted from the root of
Paeonia tacti lora Pall [4]. It has been recently
found that AF has pharmacodynamic
characteristics that are unique from paeoniflorin,
another compound isolated from the same plant
[4]. Albiflorin has also been shown to have
potential benefits in the treatment of blood
pressure, depression, and diabetes [4].

A previous study reported that AF reduced
weight through modulation of adenosine 5'-
monophosphate activated protein kinase (AMPK)
and phosphatidylinositol 3-kinase (PI3K)/protein
kinase B (AKT) pathways [5]. However, there are
few researches considering the effects of AF on
UC. Although AF could alleviate UC by regulating
signaling through toll-like receptor 4 (TLR4), the
detailed molecular mechanisms remain unclear
[6]. Here, DSS was used to establish UC mice
model and to study the mechanisms underlying
the functional role of AF on UC, providing a solid
foundation for the use of AF as a new treatment
method for UC.

EXPERIMENTAL
Animal model

Female C57BL/6 mice (n = 18, 8 weeks, 18 - 24
g) were purchased from Guangdong Medical
Laboratory Animal Center (Foshan, China) and
randomly grouped: sham group, DSS group, and
DSS + AF group (n=6 per group). Briefly, DSS
mice were received 10 mL distiled water
containing 4 % DSS (MW: 36000 - 50000 Da,
Seebio, Shanghai, China). DSS + AF mice were
given 10 mL distilled water with 4 % DSS, and
then intraperitoneally injected with AF (1.0 g/kg
body weight, Wako, Osaka, Japan). Sham mice
were given 10 mL distilled water. These
administrations were last for 7days, and the body
weight was measured daily. Subsequently, all
mice were sacrificed and colons were removed
for observation and measurements. All animal
experiments were approved by the institutional
ethics committee (protocol no. ZSLL-2016-101)
and performed in accordance with the guidelines
of the National Institutes of Health Guide for the
Care and Use of Laboratory Animals [7].

Hematoxylin eosin (H & E) staining

Colon tissues from DSS-induced UC mice model
were embedded in paraffin, sectioned into
histology slides, and washed in ethanol, and
finally stained with H & E. The slides were then
dehydrated in ethanol and photographed under a
light microscope (Zhaoyi, Shanghai, China).

Enzyme-linked immunosorbent assay (ELISA)

Colon tissues were washed with PBS, and then
homogenized, and the supernatant was kept for
subsequent steps. The concentrations of tumor
necrosis factor-a (TNF-a), interferon-y (IFN-y),
and interleukin 6 (IL-6) were measured using
ELISA Kits (Thermo Fisher Scientific, Waltham,
USA).

Western blotting

Total protein from the colon tissues was isolated,
quantified on the basis of molecular weight using
SDS-PAGE, and then transferred to
nitrocellulose membranes (Sigma-Aldrich, St.
Louis, USA). Then, the membranes were blocked
with 5 % milk in PBS for 2 h and then incubated
with primary antibodies (Abcam, Cambridge,
USA). against B-cell lymphoma-2 (Bcl-2,
ab196495), Bcl-2-associated X (Bax, ab182374),
cleaved caspase-3 (ab2302), B-actin (ab8227),
AMPK (ab32047), p-AMPK (ab131357), caudal-
type homeobox transcription factor-2 (CDX2,
ab76541), zonula occludens 1 (ZO-1, ab96587)
and villin (ab130751, all 1:1000) at 4 °C for 16 h.
The primary antibodies. The membranes were
incubated with secondary antibody (anti-rabbit
IgG; ab6721, 1:2,000) for 2 h at room
temperature. The immunoblots were visualized
and analyzed.

Statistical analysis

Data presented as mean t standard deviation
(SD) obtained from replicate experiments and
analyzed by SPSS 21.0 software (SPSS Inc,
Chicago, USA). Analysis of variance (ANOVA)
and Student's f-test were used to assess
significant difference. P < 0.05 was considered
statistically significant.

RESULTS

Treatment of AF alleviated DSS-induced
damage in mice

To study the functional effect of AF on UC mice,
DSS was used to establish the mice model. The
body weight of DSS mice was lower than that of
Sham mice (p < 0.01). However, AF treatment
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led to increased body weight when compared to
DSS group (Figure 1A; p < 0.05). Figure 1 B
showed that the length of the colon was shorter
in DSS-treated mice than Sham mice, however,
AF treatment reversed it (p < 0.01).

As expected, H&E staining showed that the colon
tissue structure of Sham mice was regular, and
the goblet cells and crypts appeared healthy
(Figure 1 C). In DSS group, the goblet cells and
crypts of mice were significantly reduced, and
focal ulcers and mucosal damage were obvious.
However, co-treatment of DSS + AF led to a
recovery in the number of goblet cells and crypts
and caused a reduction in the degree of focal
ulcers and mucosal damage compared to DSS
group (Figure 1C). These results revealed that
AF alleviated DSS-induced gastrointestinal injury
in mice.
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Figure 1: Effect of AF treatment on DSS-induced
injury in UC mice model. (A) Treatment of AF
alleviated the reduction of the body weights in DSS-
treated mice. (B) Treatment of AF alleviated the
reduction of colon length in DSS-treated mice.
(C)Treatment of AF restored the number of goblet
cells and crypts, reduced the degree of local ulcers
and mucosal damage. *P < 0.05 and **p < 0.01

Effect of AF treatment reduced inflammatory
cytokine expression and inhibited apoptosis

In order to further investigate the mechanism, the
levels of inflammatory cytokines and apoptosis-
related proteins were examined in UC mice.
Figures 2 A - C showed that the concentrations
of TNF-a, IFN-y, and IL-6 were increased in the
DSS group when compared with the Sham
group, but the increased concentrations of
inflammatory cytokine was attenuated by AF
treatment (p < 0.01), indicating that AF alleviated
inflammation in DSS-induced UC mice model.
Moreover, western blotting showed that, in DSS
group, Bcl-2 expression was lower, but the
protein expression of Bax and cleaved caspase-3
were higher than that in Sham group (p < 0.01,
Figure 3). In contrast, these expression levels

were reversed by AF treatment (p < 0.01, Figure
3). These data suggest that AF might inhibit cell
apoptosis in DSS-induced UC mice model.

A B C

1L - -

[ I
ow
. T

ncent st

FaTa.

L4
£
[,

- o cerbralion
[

T

IFRy ansenmoun

L5
|

y sam [ [b-dF dham 055 DEdesF Amm o D33 DEGeAF
Figure 2: Effect of AF treatment on the levels of
inflammatory cytokines, (A) IFN-y, (B) IL-6 and (C)
TNF-a in the colon of DSS-induced UC mice model. **
P<0.01
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Figure 3: Treatment with AF inhibited apoptosis of
enterocytes in DSS-induced UC mice model.
Expression of apoptosis-related proteins was analyzed
by western blotting; **p < 0.01

Treatment with AF alleviated DSS-induced
injury by activating AMPK pathway

To study the specific pathways important in the
action of AF in the DSS-induced mouse model of
UC, western blotting was used to analyze
pathway-related protein expressions. The results
found that p-AMPK/AMPK, CDX2, ZO-1, and
villin levels were downregulated in DSS-treated
mice. However, the expression of these proteins
was recovered by AF treatment.
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Figure 4: Treatment with AF activated AMPK pathway
in DSS-induced UC mice model. The protein
expression was analyzed by western blotting; **p <
0.01
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DISCUSSION

Ulcerative colitis, a common disease of digestive
system, is recurrent and difficult for cure [1]. The
World Health Organization (WHO) has listed UC
as a modern refractory disease [1]. At present,
the etiology of UC has not been fully elucidated,
but evidences have suggested that the
occurrence of UC is caused by a combination of
diverse factors [2]. Particularly, dysregulated
immune activity plays a primary role [2].

Common treatments for UC are intended to
regulate  immune function and reduce
inflammatory responses [8]. Indeed, many
cytokines play important roles in regulating the
occurrence of UC. For example, IFN-y, TNF-q,
IL-1B, and IL-12 activate T cells or B cells and
induce the production of other inflammatory
factors, leading to the accumulation of
neutrophils or macrophages at the site of
inflammatory area, finally resulting in the damage
to intestinal mucosa [9,10]. In particular, TNF-a
and IL-6 are thought to be main inflammatory
factors that mediate intestinal mucosal injury in
ucC.

Dextran sulphate sodium (DSS) is a sulfated
polysaccharide synthesized from sucrose, which
has anti-hemostatic and anti-coagulant effects
[111.

Treatment with DSS induces animal models of
UC and have been widely used in mechanistic
and therapeutic studies. In line with those prior
studies, this work used a solution of 4 % DSS to
establish UC mice model. This study found that
DSS treatment increased the concentrations of
IFN-y, TNF-a, IL-6, and the expression of pro-
apoptotic protein Bax, confirming that UC
increased inflammatory activity and apoptosis in
the colon from UC mice model. A previous report
pointed out that inflammatory activation in vivo is
an important pathological and biological basis for
intestinal mucosal injury [12]. In this study, H&E
staining confirmed that UC caused colonic
mucosal damage and focal ulcers.

Treatment of AF suppress the apoptosis of
colonic mucosal epithelial cells, promote the
repair of colon injury, and accelerate the healing
of ulcers. Fang et al reported that AF alleviates
the progression of UC through the TLR4
signaling pathway [6]. The results from the
present study indicate that AF attenuated DSS-
induced alterations in apoptosis, inflammatory
factors, and ulcer injury. These results suggested
that AF might exert a functional role in slowing
the progression of UC.

Increasing evidence has suggested that AMPK
plays an important role in the inflammatory
process and improves intestinal endothelial cell
differentiation and barrier function [13].
Moreover, lipopolysaccharide (LPS)-induced
acute lung injury is significantly worse in AMPK
knockout mice [13]. Macrophage [-arrestin-1
elevates the expression of inflammatory factors
by activating the intracellular AMPK pathway,
thereby exacerbating colitis [14]. Hence, it is
likely that the occurrence of UC might be related
to the AMPK pathway. The results of this study
showed that DSS inhibited the activation of
AMPK, but treatment with AF re-activated AMPK.

Relatedly, Sun et al reported that AMPK
improves the differentiation of intestinal epithelial
cell and enhances the function of barrier by
regulation of CDX2 expression [15]. This study
found that AF increased the expression level of
CDX2, indicating that AF caused UC by
regulating CDX2. However, AF-mediated
regulation of CDX2 is likely not the only way to
relieve UC. This study found that the changes in
epithelial cell function-related proteins (ZO-1 and
villin) caused by DSS are opposite to those of
CDX2. However, the expressions of ZO-1 and
villin represent a functional improvement of
intestinal epithelial cells [13]. Therefore, these
results suggest that AF may relieve the
symptoms of UC by upregulating CDX2;
however, AF did not completely cure UC. The
activation of AMPK pathway may be one of the
mechanisms responsible for the therapeutic
action of AF on UC.

CONCLUSION

AF attenuates DSS-induced inflammatory
damage and apoptosis via AMPK pathway and
by regulating CDX2 expression in UC mice, thus
indicating that AF is a potential natural therapy
for UC. However, it is necessary to further clarify
the relationship between inflammatory factors,
such as TNF-a and IL-1 3, and AMPK pathway in
order to better understand the pathogenesis and
molecular mechanism of UC.
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