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Puerarin alleviates liver fibrosis via inhibition of the ERK1/2
signaling pathway in thioacetamide-induced hepatic fibrosis in rats
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Abstract. Liver fibrosis is a complex pathological process and
an early step in the progression of liver cirrhosis, which can
eventually develop into hepatocellular carcinoma. Currently,
there is no effective treatment for liver fibrosis. Puerarin is a
traditional Chinese herb, which is commonly used in the treat-
ment of various diseases. In addition, it is also believed to have
a therapeutic effect in liver fibrosis. However, whether puerarin
reduces liver fibrosis via the ERK1/2 signaling pathway to
inhibit the activation of hepatic stellate cell (HSC) and exces-
sive collagen deposition in liver fibrosis remains unknown. The
aim of the current study was to establish a liver fibrosis in vivo
model by intraperitoneal injection of thioacetamide (TAA)
and investigate the effect of puerarin in the treatment of liver
fibrosis. Hematoxylin and eosin and Van Gieson's staining
were used to examine histopathological changes associated
with liver fibrosis. Liver hydroxyproline content was exam-
ined to determine the total amount of collagen in the liver.
The relative protein expression levels of transforming growth
factor p1 (TGFf1), a-smooth muscle actin (a-SMA), collagen
type I, fibronectin, ERK1/2 and p-ERK1/2 were determined
by western blot analysis. In the TAA group, histopathological
changes and collagen fiber content in rat liver tissue samples
were significantly increased compared with the control group
(P<0.05). In addition, treatment with puerarin significantly
decreased histopathological changes and collagen fiber content
in rat liver tissue samples (P<0.05). The relative protein expres-
sion levels of TGFp1, a-SMA, collagen type I, fibronectin and
p-ERK1/2 were significantly upregulated in the TAA group
compared with the control group (P<0.05), whereas puerarin
treatment reversed these changes. These findings suggest
that treatment with puerarin may reduce HSC activation and
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alleviate extracellular matrix protein expression levels by
inhibiting the TGF-B/ERK1/2 pathway in liver fibrosis.

Introduction

Various forms of chronic hepatic disease can cause hepatic
stellate cell (HSC) activation and induce liver fibrosis, an early
step in the progression of liver cirrhosis, which can eventu-
ally develop into hepatocellular carcinoma. Notably, these
types of hepatic disease are considered a major global health
concern (1). Liver fibrosis is a common pathological process,
which can eventually lead to liver failure (2). Liver fibrosis is
defined as the remodeling and excessive deposition of extra-
cellular matrix (ECM) proteins in the liver (3). The activation
of HSC is an important event in the process of liver fibrosis (4).
Activated HSCs are commonly regarded as major producers
of fibrotic ECM proteins (5), which include collagen type I
and fibronectin. Transforming growth factor fl1 (TGFf1) is
known as the strongest effector in liver fibrosis, which acts as a
major pro-fibrotic cytokine, promoting fibroblast recruitment,
proliferation and differentiation into ECM-producing myofi-
broblasts (6). There are several known signaling pathways
involved in the progression of liver fibrosis. TGFP1 induces
liver fibrosis through Smad-dependent and Smad-independent
pathways (7), which includes the TGFB1/ERK1/2 signaling
pathway (8). The ERK1/2 pathway has been reported to be
important in HSC proliferation and activation via crosstalk
with other signaling pathways (9). Notably, a previous study
indicated that inhibition of the ERK1/2 signaling pathway
enhanced liver fibrosis in rats (10). In addition, it has been
demonstrated that the progression of liver fibrosis is revers-
ible (11-14). There are several therapeutic agents, including
Orlistat, Metformin and Candesartan, typically used for
anti-fibrotic therapy (15,16). However, the major limitation is
the lack of effective treatment strategies for liver fibrosis (17,18).
Therefore, novel and effective therapeutic targets are required
for the treatment of liver fibrosis.

Puerarin is a Chinese herb, which is known to possess
several physiological activities, including anti-oxidative and
anti-inflammatory activity (19,20). Puerarin has been widely
used in the treatment of various diseases, including ischemic
stroke (21), renal fibrosis (22), myocardial ischemia and
hypertension (23). In addition, puerarin is also considered
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to have a therapeutic effect in liver fibrosis. Previous studies
have demonstrated that puerarin can attenuate liver fibrosis
by regulating the expression of TGFf1 and inhibiting tumor
necrosis factor-a (TNF-a)/nuclear factor kB subunit 1
(NF-«B) (24), phosphatidylinositol-4,5-bisphosphate 3-kinase
(PI3K)/Akt (25) and TGFB1/Smad (26) signaling pathways.
However, whether puerarin reduces liver fibrosis via the
ERK1/2 signaling pathway to inhibit the activation of HSCs
and excessive collagen deposition in liver fibrosis remains
unknown.

Thioacetamide (TAA) is a thiono-sulfur containing
compound, which is widely used to induce liver fibrosis in
rats to investigate the underlying mechanisms and therapeutic
effects of potential anti-fibrotic drugs (27). Therefore, the aim of
the current study was to examine the anti-fibrotic efficacy and
underlying mechanism of puerarin in TA A-induced liver fibrosis
in rats. In addition, changes to the relative protein expression
levels of TGFp1, a-smooth muscle actin (a-SMA), collagen type
I, fibronectin, p-ERK1/2 and ERK1/2 were analyzed.

Materials and methods

Experimental animals and treatments. A total of 36 male
Sprague-Dawley rats (age, 6-8 weeks; weight, 180~200 g)
were obtained from Shanxi Medical University Laboratory
Animal Center (Taiyuan, China) and used to establish the liver
fibrosis in vivo model by intraperitoneal injection of 200 mg/kg
thioacetamide (TAA: Sigma-Aldrich; Merck KGaA). Rats
were housed in an environmentally controlled breeding
room (12-h dark/light cycle; temperature, 25+1°C; humidity,
55+5%) and fed rodent laboratory chow and sterile water. Rats
were randomly divided into three groups: Control, TAA and
puerarin/TAA group. Rats in the control group received the
same dose of PBS once daily (n=12). Rats in the TAA group
were injected with 200 mg/kg TAA three times/week for
8 weeks (n=12). Rats in the puerarin/TAA group were injected
with TAA like those in the TAA group, but they also received
a daily dose of 0.1 ml/10 g puerarin during week 5 at the same
time as TAA administration (n=12). All rats were anesthetized
by intraperitoneal injection of chloral hydrate (400 mg/kg) and
sacrificed at week 8. Liver tissues were harvested and stored at
-80°C for further analysis. All animal experiment protocols
used in the present study followed internationally accepted
principles and were approved by The Institutional Animal
Care and Use Committee of Shanxi Medical University
(Taiyuan, China).

Immunohistochemistry. Liver tissue was fixed in 10% neutral
buffered formalin for one week at 25-27°C, dehydrated in a
70-100% gradient of ethyl alcohol, washed in xylene and
embedded in paraffin. Paraffin-embedded liver tissue samples
were cut into 4-5 ym thick sections. For general histology,
tissue sections were subsequently stained with hematoxylin
for 5 min at room temperature followed by eosin staining
for 5 min at room temperature. Morphological changes were
observed via Van Gieson's (VG) staining for 2 min at room
temperature. Pathological changes were observed under a
light microscope (magnification, x200). Collagen content was
analyzed using the Image-Pro Plus analysis software (version
6.0; Media Cybernetics, Inc., Rockville, MD, USA).
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Liver hydroxyproline content analysis. The hydroxyproline
content in the liver, as an indirect index of collagen content,
was determined using a hydroxyproline testing kit (cat.
no. 02140R1; Nanjing Jiancheng Bioengineering Institute,
Nanjing, China), according to the manufacturer's protocol.
Briefly, liver tissue samples were hydrolyzed, lyophilized
and hydroxyproline content was measured at a wavelength
of 550 nm on a spectrophotometer (Molecular Devices, LLC,
Sunnyvale, CA, USA).

Western blot analysis. Liver tissue samples were homogenized
and total protein was extracted using HEPES extraction buffer
(Sangon Biotech, Co., Ltd.). Total protein was quantified
using a bicinchoninic acid assay (Santa Cruz Biotechnology,
Inc., Dallas, TX, USA) and equal amounts of total protein
(40 pg protein/lane) was separated via SDS-PAGE on a 10%
gel. The separated proteins were subsequently transferred onto
polyvinyl difluoride membranes and blocked with 3% skimmed
milk for 2 h at room temperature. The membranes were incu-
bated with primary antibodies against TGFf1 (1:1,000; cat.
no. ab92486), a-SMA (1:1,000; cat. no. ab5694), collagen type I
(1:1,000; cat. no. ab34710), fibronectin (1:1,000; cat. no. ab2413),
phosphorylated (p-) ERK1/2 (1:1000; cat. no. ab214362),
ERK1/2 (1:1,000; cat. no. ab17942) and (-actin (1:1,000; cat.
no. ab8227; all Abcam) overnight at 4°C. Following primary
incubation, membranes were incubated with horseradish
peroxidase-conjugated goat anti-rabbit secondary antibody
(1:5,000; cat. no. D110066; Sangon Biotech, Co., Ltd.) for 2 h
at room temperature. Protein bands were visualized using the
Super ECL detection kit (Bio-Rad Laboratories, Inc., Hercules,
CA, USA). Protein expression was quantified using Bio-Rad
Quantity One software (version 4.6.2; Bio-Rad Laboratories,
Inc.) with B-actin as the loading control.

Statistical analysis.Data were presented as the mean + standard
deviation. All statistical analyses were performed using SPSS
software (version 16.0; SPSS, Inc., Chicago,IL, USA). One-way
analysis of variance followed by Student-Newman-Keuls test
was used to analyze differences among treatment groups.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Puerarin alleviates inflammation and fibrosis in TAA-induced
liver fibrosis in rats. All rats survived the experimental
procedure. Liver tissue samples from rats in each experi-
mental group were stained using H&E and VG to examine
the histopathological changes associated with liver fibrosis.
H&E staining demonstrated that in the TAA group, there was
marked degeneration and necrosis of liver cells, as well as
infiltration of inflammatory cells compared with the control
group. In addition, the normal structure of the liver was
altered, with marked formation of fibrous septum tissue in the
TAA group compared with the control group. However, patho-
logical changes in the puerarin/TAA group were less severe
compared with the TAA group (Fig. 1A). The presence of
collagen type I in the liver tissue was observed by VG staining.
In the TAA group, the level of collagen fibers were markedly
increased with the formation of fibrous septa surrounding the
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Figure 1. Histopathological changes in the liver fibrosis in vivo model. (A) Hematoxylin and eosin staining was used to examine pathological changes in the rat
liver tissue samples of the control, TAA and puerarin/TAA group. The black arrows highlight degeneration and necrosis of liver cells as well as the formation of
fibrous septum tissue. (B) Van Gieson's staining was used to examine the presence of collagen type I in the rat liver tissue samples. Scale bar, 50 gm. (C) Liver
hydroxyproline content was examined. (D) Relative protein expression levels of collagen type I and fibronectin were determined by western blot analysis in rat
liver tissue samples. 3-actin was used as the loading control (n=12). “P<0.05 vs. the control group. “P<0.05 vs. the TAA group. TAA, thioacetamide.

hepatic lobules compared with the control group (Fig. 1B). In
addition, the collagen deposition in the puerarin/TAA group
was less compared with the TAA group (Fig. 1B).

Liver hydroxyproline content was significantly increased
in the TAA group compared with the control group (P<0.05;
Fig. 1C). In addition, the liver hydroxyproline content signifi-
cantly decreased in the puerarin/TAA group compared with
the TAA group (P<0.05; Fig. 1C). Similarly, western blot anal-
ysis demonstrated that the relative protein expression levels of
collagen type I and fibronectin were significantly upregulated
in the livers of rats in the TAA group compared with the
control group (P<0.05; Fig. 1D). However, the protein expres-
sion levels of collagen type I and fibronectin were significantly
downregulated in the puerarin/TAA group compared with the
TAA group (P<0.05; Fig. 1D). These results suggest that treat-
ment with puerarin may alleviate inflammation and fibrosis in
liver fibrosis.

Puerarin alleviates TGFbI expression and HSC activation in
TAA-induced liver fibrosis in rats. To further investigate the
effects of puerarin on liver fibrosis and HSC activation in vivo
following TA A-induced liver fibrosis, the relative expression
levels of TGFP1 and a-SMA were examined. TGFf1 is known
as the strongest effector for liver fibrosis, while a-SMA is a
marker of HSC activation (28,29). The relative protein expres-
sion levels of TGFB1 and a-SMA were significantly increased
in the TAA group compared with the control group, whereas

TGFP1 and a-SMA expression levels were significantly
decreased in the puerarin/TAA group compared with the TAA
group (P<0.05; Fig. 2A and B). These results indicated that
puerarin may reduce TGFf1 production and HSC activation.

Puerarin inhibits the ERKI/2 signaling pathway. The
ERK1/2 signaling pathway serves an important role in liver
fibrosis (10,30). Therefore, to examine whether puerarin is
involvedinregulating ERK1/2 in the reduction of HSC activation
and ECM deposition, the relative expression levels of ERK1/2
and the activated form, p-ERK1/2, were examined. The relative
protein expression level of p-ERK1/2 was markedly increased
in the TAA group compared with the control group (Fig. 3A).
By contrast, the relative protein expression level of p-ERK1/2
was markedly decreased in the puerarin/TAA group compared
with the TAA group (Fig. 3A). The ratio of p-ERK1/2 to
ERK1/2 was also significantly decreased in the puerarin/TAA
group compared with the TAA group (P<0.05; Fig. 3B). There
was no marked difference in the protein expression level of
ERK1/2 between the experimental groups (Fig. 3A). These
results demonstrated that ERK1/2 phosphorylation may be
suppressed by puerarin in liver fibrosis.

Discussion

Liver fibrosis is a major global public health problem (31) and
is caused by several forms of chronic liver disease (32). The
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Figure 2. TGFB1 and a-SMA protein expression. Relative protein expression levels of (A) TGFf1 and (B) a-SMA were determined by western blot analysis in
rat liver tissue samples. B-actin was used as the loading control (n=12). "P<0.05 vs. the control group. “P<0.05 vs. the TAA group. TGFpI, transforming growth

factor; a-SMA, a-smooth muscle actin; TAA, thioacetamide.
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Figure 3. ERK1/2 and p-ERK1/2 expression. (A) Relative protein expression levels of ERK1/2 and p-ERK1/2 were determined by western blot analysis in rat
liver tissue samples. (B) Quantification of ERK1/2 and p-ERK1/2 protein expression. 3-actin was used as the loading control (n=12). "P<0.05 vs. the control

group. “P<0.05 vs. the TAA group. TAA, thioacetamide.

pathogenesis of liver fibrosis is complex and is characterized
by enhanced ECM production and altered deposition of ECM
proteins. Notably, uncontrolled liver fibrosis can develop into
cirrhosis (33). Treatment options for liver fibrosis currently
available are not highly effective (34). Therefore, more
effective treatments for liver fibrosis are required.

TAA can interfere with protein synthesis and enzyme
metabolism in the liver, which can lead to chronic liver
injury (35,36). Previous studies have demonstrated that TAA
could induce hepatic fibrosis in rats (37,38). In the current
study, H&E and VG staining revealed a marked increase in the
number of necrotic hepatocytes and infiltrating inflammatory
cells, with a markedly increased deposition of collagen fibers in
the TAA group, as well as liver fibrosis were directly observed.
Furthermore, liver hydroxyproline contentin the TAA group
was significantly increased compared with the control group.
These results suggest that the liver fibrosis in vivo model was
successfully established in rats.

Chinese herbs, including puerarin, can induce favorable
effects in liver fibrosis, whereby ECM components can change

from normal basement matrix, which includes collagen
type IV, to a fibrotic basement matrix, which includes
collagen type I (39). In previous studies, puerarin significantly
reduced levels of hydroxyproline and collagen type I in liver
fibrosis (25,26). In the current study, hepatic inflammation and
the protein expression levels of collagen type I and fibronectin
were significantly alleviated following treatment with puer-
arin, which was consistent with previous reports (40,41). The
results from the current study suggest that puerarin may have
an anti-fibrotic effect in liver fibrosis. However, the underlying
mechanism of puerarin in liver fibrosis remains unknown.
HSC is widely regarded as the key fibrogenic cell that
coordinates hepatic ECM formation (5). Activation of HSCs
serve an important role in the process of liver fibrosis (4).
TGFpL1 is a potent activator of HSC (42) and a potent inducer
of collagen type I production (43). a-SMA is a widely accepted
marker of activated HSC (44). Previous studies demon-
strated that treatment with puerarin reduced the production
of TGF-fI and a-SMA (24.,45). In the current study, protein
expression levels of TGFB1 and a-SMA were significantly
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decreased following treatment with puerarin, which is
similar to previous reports (26,40,45). Taken together, these
results suggest that puerarin may reduce TGFf1 production
and HSC activation to alleviate ECM protein expression in
liver fibrosis.

Previous studies revealed that puerarin can regulate serum
enzymes, reduce the production of TGF-f1 and inhibit excessive
collagen deposition to attenuate liver fibrosis via the inhibition
of TNF-a/NF-«kB (24), PI3K/Akt (25) and TGFp1/Smad (46)
signaling pathways. However, whether puerarin alleviates liver
fibrosis via the ERK1/2 signaling pathway remains unknown.
Therefore, the current study hypothesized that puerarin may
reduce liver fibrosisvia the ERK1/2 signaling pathway. In
the current study, the ratio of p-ERK1/2 to ERK1/2 protein
expression levels were significantly downregulated in the
puerarin/TAA group compared with the TAA group, which
suggests that the anti-fibrotic effect of puerarin in liver fibrosis
may occur via the ERK1/2 signaling pathway. These results
suggest that puerarin may ameliorate liver fibrosis by inhib-
iting the ERK1/2 pathway to reduce HSC activation and ECM
deposition. Liu et al (47) reported that puerarin inhibited ERK
phosphorylation in breast cancer cells. Therefore, puerarin
may be involved in regulating ERK1/2 phosphorylation,
thereby inhibiting ERK1/2 signaling in liver fibrosis. However,
whether puerarin binds to other functional domains of ERK1/2
requires further investigation.

In conclusion, the current study demonstrated that puerarin
may inhibit the TGF-B/ERK1/2 signaling pathway to reduce
HSC activation, thereby alleviating ECM protein expression
in liver fibrosis. Therefore, puerarin may be a potential thera-
peutic candidate in the treatment of liver fibrosis. However,
further investigations are required to validate the potential
therapeutic effects of puerarin in liver fibrosis.
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