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Astragaloside IV reduces intestinal fibrosis
in rats with TNBS-induced colitis
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Abstract: To investigate the anti-fibrotic effects of Astragaloside IV in rats with experimental colitis, and to explore
the possible mechanisms, Sprague-Dawley Rats with colitis were induced by 2,4,6-trinitrobenzene sulphonic acid
(TNBS). Forty-eight rats were randomly divided into normal group, TNBS model group, SB203580 group and As-
tragaloside IV group. 150 mg/kg TNBS dissolved in 50% ethanol were gavaged into each rat in the three groups but
not the normal group. Rat in the normal group was gavaged with an equal volume of 0.9% NaCl solution. Rats in the
SB203580 group were intraperitoneally injected with 10 mg/kg of SB203580 daily for 4 days. Rats in the Astragalo-
side IV group were gavaged with 25, 50 or 100 mg/kg of Astragaloside IV daily for 21 days. At the end of the experi-
ment, colon tissue samples were collected, and the injury and fibrosis of the colon were detected by HE staining and
Masson collagen staining, respectively. Expression of transforming growth factor (TGF)-B1, connective tissue growth
factor (CTGF), collagen I, collagen lll, fibronectin (FN) and a-SMA was determined by western blotting. Compared with
the TNBS model group, the histological scores and fibrosis were improved significantly in the SB203580 group as
well as Astragaloside IV group. Expression of TGF-B1, CTGF, Collagen I, Collagen Ill, FN and a-SMA in colonic tissues
in the SB203580 group and Astragaloside IV group was significantly decreased compared with that in the TNBS

model group. In conclusion, Astragaloside IV reduces intestinal fibrosis in rats with TNBS-induced colitis.
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Introduction

Inflammatory bowel disease (IBD) comprises
ulcerative colitis (UC) and Crohn’s disease
(CD), which is characterized by distinct clinical,
histopathological, endoscopic, and radiological
features and chronically relapsing inflamma-
tion of the bowel of unknown origin [1, 2]. Due
to the complex etiology of human IBD genetic
heterogeneity, many of our current understand-
ing of the pathogenesis of IBD has been stud-
ied from a variety of animal models [3, 4].
Chemically induced murine models of intestinal
inflammation are the most commonly used and
best described because they have been shown
to be similar to human IBD in multiple aspects.
The hapten 2,4,6-trinitrobenzene sulfonic acid
(TNBS), administered as anenema, originally
was used in rats to induce chronic intestinal
inflammation [5] and in BALB/c mice that reiter-
ates the progression to fibrosis seen in CD [6].
Melgar et al. demonstrated that single expo-

sure to dextran sulfate sodium (DSS) makes
acute colitis progress to chronic colitis with
involvement of adaptive immunity in B6 but not
in BALB/c mice [7]. Although the histopathologi-
cal colitis lesions in murine after chemicals
administration showed chronicity, the colitis
might reflect prolonged repair of acute colitis
and it is not defined simply as chronic colitis.
Therefore, the pathophysiology of chronic coli-
tis remains enigmatic and should be investigat-
ed further.

Intestinal fibrosis is usually considered as a
common consequence of IBD and occurs in CD
[8], which invariably recurs after surgical intes-
tinal resection [9], but may develop severe com-
plications leading to intestinal obstruction and
surgery. The lack of a better understanding of
pathophysiology of intestinal fibrosis is striking
because of our current inability to diagnose
intestinal fibrosis early and accurately, treat it
properly, and take measures to prevent it.
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Animal models for intestinal fibrosis have
recently been described. Chronic TNBS admin-
istration triggers intestinal fibrosis [10], and
after stopping TNBS, the expression of genes
related to inflammation, acute phase response,
and cell proliferation declines, but the fibrosis-
related proteins remains elevated [11]. Aden-
ovirus-induced expression of TGF-B leads to
the differentiation of fibroblasts into smooth
muscle cells, thickening of the intestinal wall,
and massive ECM deposition with obstruction
as well as colonic inflammation [12]. The bal-
ance between the onset of an inflammatory
process and the potential for tissue repair and
fibrosis may depend on the synthesis and deg-
radation of extracellular matrix (ECM) [13, 14].
Of the several molecules (cytokines, growth
factors) regulating the development, prolifera-
tion, differentiation and activation of myofibro-
blasts, TGF-$ appears to play a pivotal role [15,
16]. TGF-B intracellular effects are mediated
mainly by Smad proteins, including activation
of myofibroblasts, stimulation of a-SMA, colla-
gens, CTGF, TIMPs and PAI-1, and inhibition of
MMPs [8, 17]. Important other Smad-indepen-
dent intracellular signal transduction pathway
involving profibrotic effects of TGF-$ has not yet
been defined.

Several antifibrotic drugs (chemical and biologi-
cal) have been tested in experimental models
of tissue fibrosis being able to inhibit, mitigate
or even reverse the fibrogenesis/fibrosis pro-
cess [18]. Astragaloside IV is the main com-
pound of Astragalus saponins, in which more
than 40 constituents have been identified from
the astragalus root. Astragaloside IV can
improve the cardiac function of the ischemic
myocardium and myocardial infarction in rats
[19]. Astragaloside IV can promote the prolifer-
ation of human umbilical vein endothelial cells
and angiogenesis and keep blood vessels from
reducing in vivo [20]. Astragaloside IV has pro-
tective effects on ultraviolet A-induced photo-
aging in human fibroblasts [21] and ischemia-
reperfusion injury after liver transplantation in
rats [22]. However, there is little information
about the therapeutic effect of Astragaloside IV
on animal models of intestinal fibrosis in TNBS-
induced colitis.

Basing ourselves upon these data there is no

doubt that Astragaloside IV may play a central
role in anti-fibrosis in the organ. Nevertheless,
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there are many interesting questions regard-
ing the molecular mechanisms for action and
signaling pathways in colitis. On the other hand,
the novelty of this study is that the effects of
the Astragaloside IV in colonic mucosa under
TNBS-induced colitis in rats were tested for the
first time as well as the involvement of the
signaling pathways implicated in experimental
intestinal fibrosis development. The TNBS-
induced colonic injury was measured by histo-
logical and biochemical analysis. TGF-31, CTGF,
Collagen I, Collagen lll, FN and o-SMA expres-
sion were analyzed in order to gain a better
insight into the action mechanism(s) of the
observed protective effects of Astragaloside IV.

Materials and methods

Experimental animals

Male Wistar rats supplied by Super-B&K labora-
tory animal Co. Ltd. (Shanghai, China) and
weighing 200 + 15 g, were placed in a con-
trolled room (temperature 24-25°C, humidity
70-75%, lighting regimen of 12L/12D) and fed
with a normal laboratory diet. Rats were
deprived of food for 24 h prior to the induction
of colitis, but allowed free access to tap water
throughout. 8 animals were randomly assigned
to each group. Experiments followed a proto-
col approved by the local animal Ethics
Committee and Shanghai Jiao Tong University
Affiliated Sixth People’s Hospital.

Induction of colitis

Colitis was induced according to the procedure
described by Morris et al. Briefly, rats were
slightly anaesthetized with ether following a 24
h fast, and then a medical-grade polyurethane
canal for enteral feeding (external diameter 2
mm) was inserted into the anus and the tip
was advanced to 8 cm proximal to the anus
verge. 1 ml TNBS (150 mg/kg, Sigma-Aldrich
Company Ltd., Spain) dissolved in 50% ethanol
was instilled into the colon through the cannu-
la. Following the instillation of the TNBS/etha-
nol, the animals were maintained in a head-
down position for a few minutes to prevent
leakage of the intracolonic instillation. Rats in
the control group received an equal volume of
0.9% physiological saline instead of the TNBS
solution. Rats in the SB203580 group were
intraperitoneally injected with 10 mg/kg of
SB203580 daily for 4 days after day 4 induc-
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tion of colitis. Rats in the Astragaloside IV group
were gavaged with 25, 50 or 100 mg/kg of
Astragaloside IV daily for 21 days after day 4
induction of colitis. The animals were sacri-
ficed, using an overdose of anaesthetic, 22
days after induction of colitis.

Histological studies

Specimens were dehydrated and embedded in
paraffin and 4 um tissue sections were cut
using a Leica Biosystem Rotary Microtome
(Leica Microsystem Nussloch GmbH, Wetzlar,
Germany). Next, sections of the tissues were
placed on slides, deparaffinized and sequen-
tially stained with hematoxylin and eosin
(Richard-Allan Scientific, Kalamazoo, MI, USA)
or Massonn trichrome. Under an identical light
microscope, the stained tissue sections on
slides were analyzed at magnification x200.

Biochemical measurements

Colon tissues were hydrolyzed and then centri-
fuged at 1,000x% g for 10 min, and the superna-
tant was collected in order to determine the
content of hydroxyproline using Hydroxyproline
assay kit (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China).

Real-time PCR

Total RNA was extracted from colon specimens
with Trizol (Invitrogen) according to the stan-
dard protocol then reverse transcribed. Ther-
eafter, cDNA was amplified using the ABI7700
sequence-detector system (Applied Biosys-
tems, Foster City, CA, USA). The primers of gen-
es were as follow: TGF-B1, F: 5-AAGGACCTGG-
GTTGGAAGTG-3’, R: 5-TGGTTGTAGAGGGCAAG-
GAC-3’; CTGF, F: 5-CGTAGACGGTAAAGCAAT-
GG-3’, R: 5-AGCAGCAAACACTTCCTC-3’; a-SMA,
F: 5-AACACGGCATCATCACCAAC-3’, R: 5-CACA-
GCCTGAATAGCCACATAC-3’; FN, F: 5-GCCGTGG-
TCCTAACAAATCTC-3, R: 5-GGCGGTGACATCA-
GAAGAATC-3’; Collagen |, F: 5-TCAAGATGTGC-
CACTCTG-3, R: 5-ACCTTCGCTTCCATACTC-3’;
Collagen I, F: 5-GTCCACAGCCTTCTACAC-3’, R:
5-TCCGACTCCAGACTTGAC-3’; GAPDH, F: 5-GT-
CGGTGTGAACGGATTTG-3’, R: 5-TCCCATTCTC-
AGCCTTGAC-3'. Relative quantification of the
gene expression was performed by normaliza-
tion of the signals of different genes with the
GAPDH signal. The AACt method for relative
quantification of gene expression was used to
determine mRNA expression levels.
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Protein extraction and western blotting

Western blotting was performed as previously
described [23]. Colon tissues were harvested
and lysed on ice for 30 min in radioimmunopre-
cipitation assay buffer (Beyotime Institute of
Biotechnology, Haimen, China) and separated
by 10% SDS-polyacrylamide gel electrophore-
sis and transferred onto nitrocellulose mem-
branes (Amersham Inc., Arlington Heights, IL)
by electroblotting. In the next step, the mem-
branes were incubated with specific primary
antibodies for TGF-B1, CTGF, «-SMA, FN,
Collagen |, Collagen lll, p-p38, p38 and GAPDH.
Each filter was washed three times for 15 min
and incubated with the secondary horseradish
peroxidase-linked anti-goat, anti-rabbit or anti-
donkey IgG antibodies. The antibody-antigen
binding was visualized via the Super-Signal
West Pico ECL Substrates (Pierce). Band inten-
sity (total gray) was quantified via the Image J
software.

Statistical analysis

The statistical differences were determined
using One-way ANOVA and Student’s t test in
GraphPad Prism software, version 5.0 (Graph-
Pad Software, Inc., La Jolla, CA, USA). Differ-
ences among groups were analyzed using
Student’s two-tailed. All values are expressed
as a mean + S.D. P<0.05 was considered to
indicate a statistically significant difference.

Results

Protective effects of Astragaloside IV in TNBS-
induced colitis in rats

On histological examination of the colon from
control rats, the histological features were typi-
cal of a normal structure (Figure 1A). The histo-
pathological features included transmural ne-
crosis, edema and diffuse inflammatory cells
(polymorphonuclear leukocytes, lymphocytes,
and eosinophils) infiltration in the mucosa.
Mucosal injury was produced after TNBS
administration, characterized by necrosis of
epithelium, focal ulceration of the mucosa and
diffuse infiltration of inflammatory cells in the
mucosa and submucosa (Figure 1A). Treatment
with Astragaloside IV or p38 inhibitor SB203-
580 reduced the morphological alterations
associated with TNBS administration protect-
ing the mucosal architecture (Figure 1A). The
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Figure 1. Effect of Astragaloside IV on colon injury in TNBS-induced colitis model. A. Histological appearance of rat
colonic mucosa after haematoxylin andeosin stain (HE). B. Masson trichromic staining of rat colonic mucosa.

expression of collagen fibers in the mucosa,
submucosa and muscularis was enhanced by
Masson staining in TNBS-induced rats (Figure
1B). In TNBS rats, the affected colonic wall area
consisted of granulomatous tissue in which
fibroblasts and fibrosis were evident both in the
submucosa and serosa together with regenera-
tive changes in the overlying epithelium. Due to
collagen deposition, in this group of rats a
severe disarrangement of colonic architecture
was often present. The colon of TNBS/SB20-
3580 or TNBS/Astragaloside [V-treated rats
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showed nearly normal mucosal architecture
and mild fibrosis. Compared to TNBS rats,
colonic fibrosis was slightly reduced in TNBS
rats treated with SB203580 or Astragaloside
IV. The destruction of the glands and the prolif-
eration of fibrous tissue were significantly
reduced than those in the TNBS model group
(Figure 1B). The expression of collagen fibers in
the mucosa, submucosa and muscularis was
significant decreased in Astragaloside IV- or
SB203580-treated rats compared with that in
TNBS-induced rats.
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Figure 2. Effects of Astragaloside IV on hydroxypro-
line levels in TNBS-induced colitis model. Control
groups, TNBS and SB203580 or Astragaloside IV-
treated animals after 22 days. **P<0.01 compared
with control; #P<0.01 compared with TNBS.

Hydroxyproline level is significantly decreased
after Astragaloside IV administration

Our data also showed that hydroxyproline con-
tent increased significantly in colonic mucosa
of TNBS group compared with control rats. In
addition, under our experimental conditions,
the tested doses of Astragaloside IV or SB20-
3580 significantly reduced the rise in the
hydroxyproline generation compared with TNBS
group (Figure 2).

Effect of Astragaloside IV on protein expres-
sion and p38 activity

The expression levels of TGF-B1, CTGF, a-SMA,
FN, Collagen | and Collagen Ill were measured
by Real-time PCR and western blotting of co-
lonic mucosa. As shown in Figure 3A and 3D,
the expression of TGF-B1 and CTGF was signifi-
cantly increased in TNBS-induced rats at both
MRNA and protein levels. Moreover, Astraga-
loside IV or SB203580 treatment significant
decreased mRNA and protein expression of
TGF-B1. While, only SB203580 or high dose of
Astragaloside IV can decrease CTGF expres-
sion (Figure 3A, 3D, 3G). mRNA and protein
expression of a-SMA and FN mRNA expression
were significantly increased in response to
TNBS, but decreased in Astragaloside IV or
SB203580-treated rats. However, only high
dose of Astragaloside IV can correct TNBS-in-
duced FN expression in rats (Figure 3B, 3E,
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3G). Collagen | and Collagen Il mMRNA and pro-
tein expression was increased by TNBS treat-
ment and decreased in SB203580 or high dose
of Astragaloside IV-treated rats (Figure 3C, 3F,
3G). Finally, we also determined the activity of
p38 in TNBS-induced rats. As shown in Figure
3G and 3H, p-p38/p-38 fold change was signifi-
cantly increased in TNBS-induced rats, while
SB203580 or Astragaloside IV can decrease
p-38 activation induced by TNBS.

Discussion

Disruption of any one of a number of specific
immune defense mechanisms may lead to the
development of chronic intestinal inflammation
such as inflammatory bowel disease (IBD),
which includes ulcerative colitis (UC) and
Crohn’s disease (CD). Transmural inflammation
of Crohn’s disease (CD) is associated with the
phenotypic transition of the mesenchymal
cells, which results in cell proliferation and col-
lagen deposition, and then leads to the distor-
tion of tissue architecture, fibrosis, stenosis
and obstruction [24, 25]. Patients with CD
often showed excessive deposition of ECM,
thickening of all layers of the gut wall, over-
growth of muscular layers of the intestine, pro-
liferation of profibrogenic mesenchymal cells in
the colon and overexpression of profibrogenic
cytokines and growth factors, which are the key
factors for intestinal fibrosis and prerequisites
for ideal animal models of intestinal fibrosis
[26, 27]. In the present study, we have demon-
strated for the first time that Astragaloside IV
attenuated intestinal fibrosis in rats with TNBS-
induced colitis.

In fibrotic intestinal diseases, marked thicken-
ing of all layers of the intestinal wall is observ-
ed. In this report, we showed morphological
signs of cell damage, the colon wall of rats
with TNBS-induced colitis showed thickening.
SB203580 or Astragaloside IV administration
with anti-fibrotic effects significantly improved
the course and macroscopic finding of TNBS-
induced colonic colitis, as well as the histologi-
cal severity of the fibrosis of the colonic wall,
compared to the rats treated with TNBS. These
observations suggest that SB203580 or
Astragaloside IV with anti-fibrotic properties
could be an effective therapeutic strategy for
the cure and the prevention of intestinal fibro-
sis. In the TNBS model, SB203580 or Astra-
galoside IV caused a reduction in the damage

Int J Clin Exp Med 2017;10(5):7940-7948
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Figure 3. Effects of Astragaloside IV on TFG-B1 and p38 expression in TNBS-induced colitis model. The expression of TGF-B1, CTGF, a-SMA

lagen Il was measured by Real-time PCR (A-C) and western blot assay (D-G). (G, H) The expression of p38 and p-p38 was measured by western blot assay. “"P<0.01

compared with control; #P<0.05, #P<0.01 compared with TNBS.
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score also accompanied by attenuation in hy-
droxyproline production, an indicator of fibro-
sis. Hydroxyproline is a major component of
the protein collagen and plays key roles for
collagen stability, this therefore may be of spe-
cial interest because fibrosis is a major compli-
cation of IBD, which is mediated by intestinal
fibroblasts [28, 29]. In line with our finding, in
an experimental acute and chronic model of
TNBS-induced colitis, the hydroxyproline deter-
mination, used as indicator of collagen produc-
tion and fibrosis, showed a marker increase
[30]. Moreover, Liu et al. reported that Astra-
galoside IV delayed the formation of liver fibro-
sis and decreased the serum levels of hydroxy-
proline content in liver [31].

Astragaloside IV is one of the main active in-
gredients in Astragalus membranaceus and
exhibits various activities, including vasodilat-
ing effect, preventing endothelial dysfunction,
improving cardiac cell energy metabolism, anti-
inflammatory effect, and antioxidant effects
[32, 33]. Similar to our results for the first time
that Astragaloside IV inhibited TNBS-induced
intestinal fibrosis in rats was observed, previ-
ous studies showed that Astragaloside IV pro-
tects against the progression of renal fibrosis
by inhibiting inflammation via the TLR4/NF-«kB
signaling pathway [34] and suppresses bleomy-
cin-induced pulmonary fibrosis in rats via atten-
uation of oxidative Stress and inflammation
[35]. The effects of Astragaloside IV on the cel-
lular and molecular mechanisms underlying
intestinal fibrosis have never been evaluated.

Intestinal fibrosis is related to abnormal accu-
mulation of ECM proteins produced by activat-
ed intestinal mesenchymal cells [36]. Several
evidence suggest that different molecules
control of intestinal fibrosis, including stem cell
factor (SCF), platelet-derived growth factor
(PDGF), epidermal growth factor (EGF), insulin-
like growth factor-1 and -2 (IGF-1 and -2), con-
nective tissue growth factor (CTGF), interleu-
kin-1 and -13 (IL-1 and -13), endothelins (ET-1,
ET-2, ET-3), angiotensin Il, transforming growth
factor-a (TGF-), basic fibroblast growth factor
(bFGF), peroxisome proliferator-activated rece-
ptor-y (PPAR-y), and TGF-B superfamily mem-
bers [8, 37]. In the present study, we found that
the expression of TGF-B1, CTGF, a-SMA, FN,
Collagen | and Collagen lll was significantly
increased in response to TNBS treatment, while
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SB203580 or Astragaloside IV inhibited the
expression of these protein. Thus, the model
showed enhanced abnormal collagen deposi-
tion which mimics the fibrosis of the intestine of
CD, and could become a beneficial tool for the
analysis of the pathophysiology of intestinal
fibrosis. Consistently, the increased colonic
expression of Collagen |, Collagen lll, a-SMA,
CTGF and TGF-Bf1 was also found in TNBS-
induced chronic colitis in rats [37]. Meng et al.
reported that Astragaloside IV inhibits renal
tubulointerstitial fibrosis in rats and also inhi-
bit expression of a-SMA and TGF-1 in NRK-49F
and HK-2 cells in vitro [38]. Therefore, intesti-
nal fibrosis in chronic colitis could be explained
at least in part via TGF-B-dependent transition
of mesenchymal progenitor fibroblasts into pro-
fibrogenic fibroblasts and myofibroblasts with
increased production of collagens [39]. The
precise mechanism including the role of CTGF,
IGF-I as well as TGF-B1 should be further
investigated.

We also examined the expression and activa-
tion of the p38 MAPK by western blot analy-
sis. Intracolonic administration of TNBS result-
ed in a significant increase in the phosphoryla-
tion of p38 MAPK protein, indicating that the
p38 MAPK protein activation could be caused
by TNBS. Interestingly, administration of SB20-
3580 or Astragaloside IV was able to diminish
the activation of p38 MAPK. p38 MAPK is a key
modulator of several target genes that ulti-
mately control infiltration of monocytic cells,
acute intestinal inflammation and intestinal
electrolyte and water secretion. Our results are
in agreement with a previous study by Camacho-
Barquero et al. [40] in which it has been shown
that p38 MAPK was activation in acute experi-
mental colitis. Abrogation of p38 MAPK by
SB203580 evidently eliminates the inhibitory
effects of Astragaloside IV on genes relevant to
the activation of hepatic stellate cells (HSC),
the key effectors in hepatic fibrogenesis, sug-
gesting that Astragaloside IV inhibits fibrogen-
esis by inhibiting p38 MAPK activation [41].

In conclusion, the results of this study demon-
strated that the association of Astragaloside IV
prevents the development of colonic fibrosis in
an experimental model of TNBS-induced colitis
in rats. The antifibrotic properties were in part
related to their effects on the modulation of the
p38 MAPK signaling pathway. The results of

Int J Clin Exp Med 2017;10(5):7940-7948
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this study provide new insights into reversing
colonic fibrosis through the inactivated p38
effects of Astragaloside 1V, and further studies
are needed to clarify the underlying mechanism
and enhance the performance of Astragaloside
IV in colitis.

Acknowledgements

This work was funded by hospital level project
fund (NO. 1585).

Disclosure of conflict of interest
None.

Address correspondence to: Niwei Chen, Depart-
ment of Digestive Endoscopy, Shanghai Jiao Tong
University Affiliated Sixth People’s Hospital, 600
Yishan Road, Xuhui District, Shanghai 200233, PR
China. Tel: +86-21-64369181-58471; Fax: +86-21-
64369181-58471; E-mail: 18930174477@163.
com

References

[1]  Lashner B, Cominelli F. Our vision for the future
of inflammatory bowel diseases: research, in-
novations, and controversies. Infamm Bowel
Dis 2017; 23: 1.

[2] Romkens TE, Gijsbers K, Kievit W, Hoentjen F,
Drenth JP. Treatment targets in inflammatory
bowel disease: current status in daily practice.
J Gastrointestin Liver Dis 2016; 25: 465-471.

[3] Wirtz S, Neufert C, Weigmann B, Neurath MF.
Chemically induced mouse models of intesti-
nal infammation. Nat Protoc 2007; 2: 541-
546.

[4] Mizoguchi A, Mizoguchi E. Inflammatory bowel
disease, past, present and future: lessons
from animal models. J Gastroenterol 2008;
43: 1-17.

[6] Fitzpatrick LR, Meirelles K, Small JS, Puleo FJ,
Koltun WA, Cooney RN. A new model of chronic
hapten-induced colitis in young rats. J Pediatr
Gastroenterol Nutr 2010; 50: 240-250.

[6] HeQ,LiX LiuC,Sul,Xiaz LiXLiY,LiL Yan
T, Feng Q, Xiao L. Dysbiosis of the fecal micro-
biota in the TNBS-induced Crohn’s disease
mouse model. Appl Microbiol Biotechnol 2016;
100: 4485-4494.

[71 Melgar S, Karlsson A, Michaelsson E. Acute
colitis induced by dextran sulfate sodium pro-
gresses to chronicity in C57BL/6 but not in
BALB/c mice: correlation between symptoms
and inflammation. Am J Physiol Gastrointest
Liver Physiol 2005; 288: G1328-1338.

7947

(10]

(11]

[12]

[17]

[22]

Rieder F, Brenmoehl J, Leeb S, Scholmerich J,
Rogler G. Wound healing and fibrosis in intesti-
nal disease. Gut 2007; 56: 130-139.

Burke JP, Mulsow JJ, O’Keane C, Docherty NG,
Watson RW, O’Connell PR. Fibrogenesis in
Crohn’s disease. Am J Gastroenterol 2007;
102: 439-448.

Lawrance IC, Wu F, Leite AZ, Willis J, West GA,
Fiocchi C, Chakravarti S. A murine model of
chronic inflammation-induced intestinal fibro-
sis down-regulated by antisense NF-kappa B.
Gastroenterology 2003; 125: 1750-1761.

Wu F, Chakravarti S. Differential expression of
inflammatory and fibrogenic genes and their
regulation by NF-kappaB inhibition in a mouse
model of chronic colitis. J Immunol 2007; 179:
6988-7000.

Vallance BA, Gunawan MI, Hewlett B, Bercik P,
Van Kampen C, Galeazzi F, Sime PJ, Gauldie J,
Collins SM. TGF-betal gene transfer to the
mouse colon leads to intestinal fibrosis. Am J
Physiol Gastrointest Liver Physiol 2005; 289:
G116-128.

Maloy KJ, Powrie F. Intestinal homeostasis and
its breakdown in inflammatory bowel disease.
Nature 2011; 474: 298-306.

Rieder F, Fiocchi C. Intestinal fibrosis in inflam-
matory bowel disease: progress in basic and
clinical science. Curr Opin Gastroenterol 2008;
24: 462-468.

Seki E, De Minicis S, Osterreicher CH, Kluwe J,
Osawa Y, Brenner DA, Schwabe RF. TLR4 en-
hances TGF-beta signaling and hepatic fibro-
sis. Nat Med 2007; 13: 1324-1332.
Fichtner-Feigl S, Fuss IJ, Young CA, Watanabe
T, Geissler EK, Schlitt HJ, Kitani A, Strober W.
Induction of IL-13 triggers TGF-betal-depen-
dent tissue fibrosis in chronic 2,4,6-trinitroben-
zene sulfonic acid colitis. J Immunol 2007;
178: 5859-5870.

Inagaki Y, Okazaki |. Emerging insights into
transforming growth factor beta Smad signal
in hepatic fibrogenesis. Gut 2007; 56: 284-
292.

Pinzani M, Rombouts K, Colagrande S. Fibrosis
in chronic liver diseases: diagnosis and man-
agement. J Hepatol 2005; 42 Suppl: S22-36.
Li ZP, Cao Q. Effects of astragaloside IV on
myocardial calcium transport and cardiac
function in ischemic rats. Acta Pharmacol Sin
2002; 23: 898-904.

Ren S, Zhang H, Mu Y, Sun M, Liu P. Pharmaco-
logical effects of Astragaloside IV: a literature
review. J Tradit Chin Med 2013; 33: 413-416.
Liu X, Min W. Protective effects of astragalo-
side against ultraviolet A-induced photoaging
in human fibroblasts. Zhong Xi Yi Jie He Xue
Bao 2011; 9: 328-332.

Cheng MX, Chen ZZ, Cai YL, Liu CA, Tu B. As-
tragaloside IV protects against ischemia reper-

Int J Clin Exp Med 2017;10(5):7940-7948


mailto:18930174477@163.com
mailto:18930174477@163.com

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Astragaloside IV inhibits intestinal fibrosis

fusion in a murine model of orthotopic liver
transplantation. Transplant Proc 2011; 43:
1456-1461.

Sanchez-Hidalgo M, Martin AR, Villegas |, de la
Lastra CA. Rosiglitazone, a PPARgamma li-
gand, modulates signal transduction pathways
during the development of acute TNBS-in-
duced colitis in rats. Eur J Pharmacol 2007;
562: 247-258.

Van Assche G, Geboes K, Rutgeerts P. Medical
therapy for Crohn’s disease strictures. Inflamm
Bowel Dis 2004; 10: 55-60.

Sahebally SM, Burke JP, Chang KH, Kiernan
MG, O’Connell PR, Coffey JC. Circulating fibro-
cytes and Crohn’s disease. Brit J Surg 2013;
100: 1549-1556.

McCormick BA. Using Salmonella enterica se-
rotype typhimurium to model intestinal fibro-
sis. Gastroenterology 2008; 134: 872-875.
Grassl GA, Valdez Y, Bergstrom KS, Vallance
BA, Finlay BB. Chronic enteric salmonella in-
fection in mice leads to severe and persistent
intestinal fibrosis. Gastroenterology 2008;
134: 768-780.

di Mola FF, Di Sebastiano P, Gardini A, Inno-
centi P, Zimmermann A, Buchler MW, Friess H.
Differential expression of connective tissue
growth factor in inflammatory bowel disease.
Digestion 2004; 69: 245-253.

Lawrance IC, Maxwell L, Doe W. Altered re-
sponse of intestinal mucosal fibroblasts to pro-
fibrogenic cytokines in inflammatory bowel dis-
ease. Inflamm Bowel Dis 2001; 7: 226-236.
Marquez E, Sanchez-Fidalgo S, Calvo JR, la de
Lastra CA, Motilva V. Acutely administered mel-
atonin is beneficial while chronic melatonin
treatment aggravates the evolution of TNBS-
induced colitis. J Pineal Res 2006; 40: 48-55.
Liu H, Wei W, Sun WY, Li X. Protective effects of
astragaloside IV on porcine-serum-induced he-
patic fibrosis in rats and in vitro effects on he-
patic stellate cells. J Ethnopharmacol 2009;
122: 502-508.

Huang P, Lu X, Yuan B, Liu T, Dai L, Liu Y, Yin H.
Astragaloside IV alleviates E. coli-caused peri-
tonitis via upregulation of neutrophil influx to
the site of infection. Int Immunopharmacol
2016; 39: 377-382.

Bao KF, Yu X, Wei X, Gui LL, Liu HL, Wang XY,
TaoY, Jiang GR, Hong M. Astragaloside IV ame-
liorates allergic inflammation by inhibiting key
initiating factors in the initial stage of sensiti-
zation. Sci Rep 2016; 6: 38241.

7948

(34]

(35]

[36]

(37]

(38]

(39]

[40]

[41]

Zhou X, Sun X, Gong X, Yang Y, Chen C, Shan G,
Yao Q. Astragaloside IV from Astragalus mem-
branaceus ameliorates renal interstitial fibro-
sis by inhibiting inflammation via TLR4/NF-
small ka, CyrillicB in vivo and in vitro. Int
Immunopharmacol 2017; 42: 18-24.

Yu WN, Sun LF, Yang H. Inhibitory effects of as-
tragaloside IV on bleomycin-induced pulmo-
nary fibrosis in rats via attenuation of oxidative
stress and inflammation. Inflammation 2016;
39: 1835-1841.

Pucilowska JB, Williams KL, Lund PK. Fibro-
genesis. IV. Fibrosis and inflammatory bowel
disease: cellular mediators and animal mod-
els. Am J Physiol Gastrointest Liver Physiol
2000; 279: G653-659.

Latella G, Sferra R, Vetuschi A, Zanninelli G,
D’Angelo A, Catitti V, Caprilli R, Gaudio E. Pre-
vention of colonic fibrosis by boswellia and
scutellaria extracts in rats with colitis induced
by 2,4,5-trinitrobenzene sulphonic acid. Eur J
Clin Invest 2008; 38: 410-420.

Meng LQ, Tang JW, Wang Y, Zhao JR, Shang
MY, Zhang M, Liu SY, Qu L, Cai SQ, Li XM. As-
tragaloside IV synergizes with ferulic acid to
inhibit renal tubulointerstitial fibrosis in rats
with obstructive nephropathy. Br J Pharmacol
2011; 162: 1805-1818.

Suzuki K, Sun X, Nagata M, Kawase T, Yamagu-
chi H, Sukumaran V, Kawauchi Y, Kawachi H,
Nishino T, Watanabe K, Yoneyama H, Asakura
H. Analysis of intestinal fibrosis in chronic coli-
tis in mice induced by dextran sulfate sodium.
Pathol Int 2011; 61: 228-238.
Camacho-Barquero L, Villegas |, Sanchez-Cal-
vo JM, Talero E, Sanchez-Fidalgo S, Motilva V,
Alarcon de la Lastra C. Curcumin, a curcuma
longa constituent, acts on MAPK p38 pathway
modulating COX-2 and iNOS expression in
chronic experimental colitis. Int Immunophar-
macol 2007; 7: 333-342.

Li X, Wang X, Han C, Wang X, Xing G, Zhou L, Li
G, Niu Y. Astragaloside IV suppresses collagen
production of activated hepatic stellate cells
via oxidative stress-mediated p38 MAPK path-
way. Free Radic Biol Med 2013; 60: 168-176.

Int J Clin Exp Med 2017;10(5):7940-7948



