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Abstract: Aim: This study aimed to investigate the protective effects of paeoniflorin (PAE) on radiation-induced he-
patic fibrosis in a rat model. Methods: Fifty healthy male Sprague-Dawley rats were randomly assigned to normal
control group, hepatic fibrosis group, and PAE treatment groups. X-ray exposure was employed to establish radia-
tion-induced hepatic fibrosis model. PAE was administered once daily, and rats were sacrificed at week 26 after
irradiation. The liver histopathology was evaluated under a light microscope after HE staining and Masson staining.
Meanwhile, the protein expression of transforming growth factor-beta 1 (TGF-B1), Smad3/4 and Smad7 was de-
tected by immunohistochemistry. Results: Radiation-induced liver damage and collagen deposition were observed
in the model group as compared to normal control group, but PAE treatment significantly attenuated the liver injury
and reduce collagen deposition (P<0.05 or 0.01). The hepatic hydroxyproline content and serum levels of TGF-$1,
hyaluronic acid, ro-collagen type Ill and laminin markedly increased in model group as compared to control group
(P<0.01), but they decreased dramatically after PAE treatment. The expression of TGF-1, Smad3/4 and Smad7 in
the liver increased significantly in model group as compared to control group (P<0.01), and PAE could down-regulate
the expression of Smad3/4 and up-regulate Smad7 expression (P<0.05 or 0.01). The activities of serum amino-
transferase and aspartate aminotransferase were significantly higher in hepatic fibrosis group than in normal con-
trol group, but PAE treatment markedly reduced them (P<0.05). Conclusion: PAE can inhibit the radiation induced
hepatic fibrosis via regulating TGF-B1/Smads signaling pathway.
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Introduction parenchymal cells and a marked increase in
_ _ _ fibrotic tissues in the central vein and periduc-
Radiotherapy is an important strategy for the tal regions [2]. The pronounced radiosensitivity

treatment of malignant abdominal diseases,
such as malignant lymphoma, hepatocellular
carcinoma, cholangiocarcinoma, and stomach
cancer. However, it may inevitably cause dam-
age to organs (such as radiation induced liver
fibrosis, RILF) and sometimes it will be lethal
[1], which significantly limits the total radiation

of hepatic tissue sometimes limits the use of
radiotherapy. With the increasing introduction
of radioactive resources to our daily life and
medical interventions, there is a great demand
for understanding the detailed mechanism of
radiation-induced injury and developing possi-
dose that can be safely administered to pa- ble preventive strategies. Recent studies re-
tients. Radiation related liver injury is a poten- vealed that hepatic fibrosis was reversible.
tial sequela of radiotherapy and radiation ac- Interrupting and reversing liver fibrosis may be
cidents. Late sequelae of radiation induced another way to treat hepatic fibrosis or prevent
damage to the liver include severe depletion of against hepatocellular carcinoma.
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naling pathway was further explor-
ed, which may provide theoretical
evidence for the treatment of RIHF
with PAE.

Materials and methods

Animals

Table 1. Pathological staging of hepatic fibrosis

fi';arg:i;f Changes of Histopatholgy

0 No fibrosis, normal liver and absence of fibrosis;

1 Confined to portal tracts

2 Portal tracts plus spurs radiating into parenchyma

3 Linkage of some portal tracts but intact architecture

4 Linkage of most portal tracts with architechural distortion
5 Cirrhosis

This study was approved by the

Hepatic fibrosis is a common characteristic of
some chronic liver diseases and its pathogen-
esis has involvement of excess accumulation
of extracellular matrix (ECM). Hepatic stellate
cells (HSCs) are major targets of transforming
growth factor-beta (TGF-B), a profibrogenic ag-
ent. TGF-B is well known as an inducer of apop-
tosis, and it can inhibit hepatocyte regenera-
tion and activate HSCs, which are the principal
cellular source of excess ECM, during hepatic
fibrosis though TGF-B/Smad signaling pathway
[3-5]. TGF-B signaling pathway has become a
new target in the prevention and treatment of
hepatic fibrosis. Studies have confirmed that
fibrosis is a dynamic process and may be bidi-
rectional. However, no effective therapies or
medicines are available yet for the treatment of
hepatic fibrosis. Therefore, it is imperative to
develop effective strategies for the prevention
and treatment of hepatic fibrosis.

Traditional Chinese medicine is effective in the
treatment of some chronic diseases and some
Chinese herbs are proven to possess the ability
to prevent fibrogenesis [6]. Paeoniflorin (PAE,
C23H28011), a monoterpene glucoside, is one
of the main bioactive components of total glu-
cosides of paeony extracted from the root of
Paeonia lactiflora [7]. Many studies have sug-
gested that PAE contributes to the main bioac-
tivity of Moutan cortex and has anti-inflamma-
tory, sedation, analgesic, anti-allergic, immuno-
regulatory and hepatoprotective effects [8].
PAE may protect cells from radiation-induced
damage and suppresses the production of
inflammatory mediators [9, 10]. Our previous
studies demonstrated that PAE significantly
ameliorated hepatic fibrosis through regulating
TGF-B1 signaling pathway in HSCs in a rat
model [11]. In this study, a rat model of radia-
tion-induced hepatic fibrosis (RIHF) was estab-
lished, the effects of PAE on the RIHF was
investigated and of the role of TGF-B/Smad sig-
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Anhui Medical University Animal
Care Committee and all the proce-
dures were conducted according to The Guide
for the Care and Use of Laboratory Animals
published by the US National Institute of Health
(NIH publication No.85-23, revised 1996). Rats
were purchased from the Experimental Animal
Center of Anhui Medical University. Fifty spe-
cific pathogen free Sprague-Dawley (SD) adult
male rats were used in the present study.
Animals were housed in a temperature-con-
trolled (20-24°C) room on a 12 h light/dark
cycle.

Drugs and reagents

Paeoniflorin was purchased from Xuancheng
Baicao Plants Industry and Trade Co., Ltd.
Commercial kits used for the detection of
aspartate aminotransferase (AST), alanine ami-
no-transferase (ALT) and hydroxyproline (HYP)
were from Nanjing Jiancheng Institute of Bio-
technology (China). The hyaluronic acid (HA),
TGF-B1, laminin (LN) and pro-collagen type Il
(PC Ill) ELASA kits were purchased from BPB,
USA. Masson staining and brilliant green stain-
ing Kits used for immunohistochemistry for
TGF-B1 and Smad3/4/7 1l were from Beijing
Boisynthesis Biotechnology Co., Ltd. Primary
antibodies to Smad3/4 and Smad7 were ob-
tained from Abcam Co., Ltd..

Animal treatments

Rats were randomly divided into five groups
(n=10 per group): normal control group, hepatic
fibrosis group, and PAE treatment groups (20
mg/kg, 40 mg/kg and 80 mg/kg). Rats in all
groups, except the normal control group were
intraperitoneally anesthetized with 10% chloral
hydrate at 3 ml/kg, and the right lobe of the
liver (2.5x2.5 cm) was exposed to a single-dose
of 30 Gy X-ray irradiation (600 cGy/min) [12].
The remaining part of the body was protected
using customized lead shielding.
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Figure 1. Effect of PAE on the activities of AST and
ALT in RIHF Rats. Note: PAE: paeoniflorin. Data are
presented as mean * standard deviation. ##P<0.01
vs normal group. *P<0.05 vs model group. **P<0.01
vs model group.
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Figure 2. Effect of PAE on the contents of TGF-B1,
TNF-a and IL-6 in RIHF Rats. Note: PAE: paeoniflorin.
Data are presented as the mean +* standard devia-
tion. ##P<0.01 vs normal group. *P<0.05 vs model
group. **P<0.01 vs model group.

Table 2. Effects of PAE on collagen deposition
in RIHF rats

Group n + ++ 4+
Normal 10 10 O 0 0
Model 8 o 1 2 5
PAE 20mg/kg 9 1 2 4 2
40 mg/kg 10 1 4 3 2#

8Omg/kg 10 1 6 2 1%

Note: Mean + standard deviation **P<0.01 vs normal
group; *P<0.05, #P<0.01 vs model group.

During one week before exposure, PAE treat-
ment groups (20, 40, 80 mg/kg) were adminis-
tered by intragastrically once daily until the
experiment was over. Rats in the control group
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and the hepatic fibrosis group were adminis-
tered equal volume (0.5 ml/100 g body weight)
of normal saline by intragastrically.

Sample collection

After 26-week treatment, blood was harvested
for analysis. The right lobe of liver were rapidly
collected, fixed immediately in 10% formalin for
24 h and processed for histological and immu-
nohistochemical examinations.

Biochemical examinations

Serum contents of TGF-B41, HA, PC-lll and LN
were assessed by using ELASA kits (BPB, USA).
Serum activities of ALT and AST were measured
by spectrophotometry using commercially avail-
able kits (Nanjing Jiancheng Institute of Bio-
technology, China). The content of HYP in the
liver was assayed by using commercially avail-
able kit (Nanjing Jiancheng Institute of Bio-
technology, China).

Histopathological examination

The liver tissues were collected, fixed in 10%
formalinand embedded in paraffin. Hematoxylin
and Eosin (HE) staining was performed for the
evaluation of liver injury and Masson staining
was done to assess the collagen deposition
according to the standard procedure. The de-
gree of liver fibrosis was categorized according
to a scoring system [13] (Table 1).

Immunohistochemistry

Immunohistochemistry was performed using
avidin-biotin-complex method. Briefly, 4-mm
sections were deparaffinized and rehydrated.
Sections were then incubated with 0.01 M
phosphate-buffered saline (PBS; pH=6.0), fol-
lowed by antigen retrieval in a microwave oven.
After blocking with 3% hydrogen peroxide, sec-
tions were washed with 0.01 M PBS, and blo-
cked with normal goat serum. Then, sections
were incubated overnight with primary antibody
(50 ul, 1:200). After rinsing in PBS, they were
incubated with biotinylated goat anti-rabbit IgG.
Finally, the sections were incubated with avidin-
biotin complex kit and visualization was done
with the diaminobenzidine (DAB) reagent for
5-10 minutes, followed by counterstaining with
hematoxylin. Sections were examined under a
light microscope at a magnification of 400. In
negative control, primary antibody was replaced
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Table 3. Effects of PAE on the serum HA, LN, PCIIl and Hyp levels of RIHF

one-way analysis of
variance (ANOVA). A

value of P less than

0.05 was consider-
ed statistically si-

rats

Group n HA (pg/ml) PC-lll (ng/ml) LN (ng/ml)  Hyp (ug/mg)
Normal 10 902.2+165.9 9.7+2.0 53.0+18.4 0.48+0.14
Model 8 1784.5+214.9" 18.1+2.1" 103.1+22.0" 1.36+0.29""

PAE 20mg/kg 9 1483.0+271.1* 15.0+3.1*
40 mg/kg 10 1691.5+320.5 15.5+4.2*
80 mg/kg 10 1304.4+209.7* 14.5+3.1*

69.2 +18.0"* 1.05+0.35*
79.3+15.5%  0.96+0.24%
61.6+7.6" 0.77+0.23"

gnificant. Statistical
analysis was per-
formed with SPSS
version 17.0.

Note: Mean + standard deviation; **P<0.01 vs normal group; *P<0.05, #P<0.01 vs model

group.

with PBS. The expression of TGF-B1, Smad3/4,
and Smad7 was graded according to the extent
and intensity of staining [14]. The integral opti-
cal density (OD) of each image was determined,
and the relative protein expression was quan-
tified densitometrically and presented in the
mean optical density (MOD) units.

Western blotting

The liver tissues were harvested, washed with
ice-cold normal saline (NS) (4°C), cut into piec-
es, followed by homogenization in lysis buffer
containing: [Hepes 20 (pH 7.7), MgCl, 2.5,
dithiothreitol (DTT) 0.5, EDTA 0.1, (-glycero-
phosphate 20, Sodium orthovanadate 0.1,
NaCl 75 and leupeptin 4 (g/ml, phenyl-methyl-
sulfonyl fluoride (PMSF) 20 (g/ml, TritonX-100
0.05% (v/v)] on ice for 30 minutes. After cen-
trifugation at 12,000 rpm for 5 min at 4°C,
the supernatant (200 pl) was collected. The
protein concentration of each sample was
determined using a BCA protein assay kit. For
the detection of protein expression of detect
p-Smad3/Smad3, Smad4 and Smad?7, proteins
of equal amount (40 ug) were loaded and sepa-
rated on 12% SDS-PAGE. Then, proteins were
transferred onto polyvinylidene difluoride mem-
branes for 120 min at 100 mA. The membranes
were blocked overnight at 4°C in 5% non-fat
milk to block nonspecific binding. After incuba-
tion for 2 h at room temperature with primary
antibodies at 1:1,000, the membranes were
then washed and treated with secondary anti-
bodies (goat anti-mouse or goat anti-rabbit
immunoglobulin G) conjugated with horserad-
ish peroxidase for 2 h. Proteins were visualized
using enhanced chemiluminescence ECL kit.

Statistical analysis

All data are presented as mean % standard
deviation. Differences among groups were
assessed using unpaired Student’s t test and
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Results

Effect of PAE on the
activities of ALT and AST

Compared with normal control group, the
serum activities of ALT and AST markedly
increased in model group (P<0.01). However,
PAE treatment significantly decreased the ALT
and AST activities of the serum as compared to
model group (P<0.01 or P<0.05). These sug-
gest that PAE may inhibit the elevation of tra-
nsaminases in response to liver injury (Figure
1).

Effect of PAE on the serum contents of TGF-31,
TNF-ot and IL-6

There were significant increases in the serum
contents of TGF-1, TNF-a and IL-6 in model
group as compared to normal control group
(P<0.01). However, PAE treatment significantly
lowered the serum contents of TGF-B1, TNF-a
and IL-6 as compared to model group (P<0.05).
These indicate that PAE is able to decrease the
serum contents of TGF-B1, TNF-a and IL-6 in
RIHF rats (Figure 2).

Effect of PAE on the Serum levels of HA, LN
and PC Il and the liver content of Hyp

As shown in Table 2, the serum levels of HA, LN
and PC lll, three markers of hepatic fibrosis,
increased markedly in model group (P<0.01).
Administration with PAE effectively and dramat-
ically decreased the serum levels of HA, LN and
PC 11l (P<0.05 or P<0.01) as compared to model
group. These suggest that PAE is able to de-
crease the serum levels of HA, PC-Ill and LN,
which contributes to its anti-fibrotic effects on
RIHF. And radiation markedly increased the
liver content of hydroxyproline as compared to
normal control group, but treatment with PAE
significantly reduced the content of hydroxypro-
line in liver tissues as compared to model group
(P<0.05 or P<0.01) (Table 3).

Am J Transl Res 2018;10(3):1012-1021
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Table 4. Effect of PAE on the fibrosis score of
RIHF rats
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Group n Fibrosis score
Normal 10 0.13+0.35
Model 8 3.88+1.13™
PAE 20 mg/kg 9 2.50+1.07*
40 mg/kg 10 2.43+1.03*
80 mg/kg 10 2.13+0.99%

Note: Mean + standard deviation “*P<0.01 vs normal
group; “P<0.05, #P<0.01 vs model group.

Effect of PAE on the liver histology of RIHF rat
(HE staining)

HE staining (Figure 3) indicated that the radia-
tion exposure caused significant damage to the
liver morphology, which was characterized by
marked fatty degeneration, necrosis, balloon-
ing degeneration of hepatocytes and infiltration
of inflammatory cells in the interstitium while
the liver in normal control group showed normal
lobular architecture with clear central veins and
radial hepatic cords (P<0.01). PAE treatment
markedly alleviated the degree of liver injury
and inflammation (P<0.05 or P<0.01) (Table 4).

Effect of PAE on collagen deposition in RIHF
Rats by Masson staining

As shown in Figure 4, as compared to normal
group, the normal hepatic lobules in model
group disappeared, collagen deposition in-
creased significantly and the pseudolobule
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Figure 3. Effect of PAE on the
liver histology of RIHF rats (HE
staining, 200x). A. Normal con-
trol group; B. Model group; C.
20 mg/kg PAE group; D. 40 mg/
kg PAE group; E. 80 mg/kg PAE
group. Note: Pae: paeoniflorin.
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formed. However, PAE treatment markedly
alleviated the degree of hepatic fibrosis and
improved the histological scores (Table 2).

Effect of PAE on TGF-B1 production, and ex-
pression of Smad3/4 and Smad7 in RIHF rats

As shown in Figure 5, the expression of TGF-1,
Smad3/4 and Smad7 was observed in the cy-
toplasm of hepatocytes in all groups. In normal
control livers, Smad3/4 expression was rarely
observed, but Smad7 expression was widely
distributed in hepatocytes. In the liver of model
group, Smad7 expression reduced significantly
in hepatocytes (P<0.01). After PAE treatment,
the expression of Smad3/4 decreased mark-
edly and the smad7 expression increased dra-
matically as compared to model group (P<0.05
or P<0.01).

As shown in Figure 6, in model group, the pro-
tein expression of phosphorylated Smad3 and
Smad4 increased in hepatic fibrosis rats, but
PAE significantly suppressed the phosphoryla-
tion of Smad3, and decreased the expression
of Smad4 in hepatic fibrosis rats as compar-
ed to model group. Moreover, PAE treatment
significantly elevated the expression of smad7
in the liver as compared to model group (P<0.05
or P<0.01).

Discussion

Radiation of normal tissues may result in their
fibrosis, which is perhaps the most common

Am J Transl Res 2018;10(3):1012-1021
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sequelae of radiation. In the liver, radiation-
induced late injury is histologically character-
ized by the loss of parenchymal hepatocytes,
the distortion of lobular architecture and the
pericentral and periportal fibrosis [15]. Hepatic
fibrosis is present in various chronic hepatic
diseases. It is well known that persistent he-
patic fibrosis can lead to the development of
hepatocellular carcinoma [16]. Thus, interrupt-
ing and/or reversing hepatic fibrosis may be a
new approach to block its progression to hepa-
tocellular carcinoma [17]. However, the patho-
genesis of RIHF remains unclear and no effec-
tive strategies have been developed for the
prevention and treatment of hepatic fibrosis so
far. Recently, studies on the development of
new drugs have refocused on natural products.
Traditional Chinese medicine has been prac-
ticed widely in China for thousands of years and
is a potential source of pharmaceutical reme-
dies [18]. In this study, the protective effects
of PAE were investigated in the rat model of
RIHF, and the potential mechanism was further
explored.

Hepatocyte necrosis may lead to the elevation
of some serum enzymes due to their release
from the liver. The increases in ALT and AST are
the most common indicators of liver injury [19].
Our study demonstrated that the serum activi-
ties of ALT and AST in model group were signifi-
cantly higher than in normal control group, but
treatment with PAE (20, 40 or 80 mg/kg) could
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Figure 4. Effect of PAE on the liver
collagen deposition of RIHF rats
(Masson staining, 400x%). A. Normal
control group; B. Model group; C.
20 mg/kg PAE group; D. 40 mg/kg
PAE group; E. 80 mg/kg PAE group.
Note: Pae: paeoniflorin.

significantly reduce the activities of ALT and
AST, implying the hepatoprotective effect of
PAE.

The products and related enzymes of ECM can
serve as markers of hepatic fibrosis after they
are released to the serum, and thus the circu-
lating ECM components can indirectly reflect
the degree of hepatic fibrosis. It has been con-
firmed that HA, LN and PC Il are important bio-
markers of hepatic fibrogenesis [20, 21]. HA is
a glycosaminoglycan, mainly synthesized in
HSCs and degraded by sinusoidal endothelial
cells. HA has been an important biomarker of
hepatic fibrogenesis in the liver [22], and there
is a significant correlation between serum HA
level and degree of hepatic fibrosis. LN is one of
the main glycoproteins of the basement mem-
brane and mainly synthesized by hepatocytes
and sinusoidal cells. Castera et al report that
serum LN content increased in early stages of
chronic liver diseases and the highest serum
LN content was observed in active cirrhosis
and chronic active hepatitis [23]. In addition,
serum levels of HA, LN and PC-IIl showed posi-
tive correlations with the degree of hepatic
fibrosis. HYP in liver is an important factor relat-
ed to the degree of hepatic fibrosis, and hepat-
ic fibrosis can be quantified by measuring HYP
content of the liver [13]. In this study, the serum
levels of TGF-B1, HA, PC-lll and LN, and the liver
content of HYP were significantly higher in
model group than in normal control group, sug-
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Figure 5. Effect of PAE on the expression of TGF-B1 (1), Smad3 (Il), Smad4 (lll) and Smad7 (IV) in the liver of RIHF
Rats. (A) Normal control group; (B) Model group; (C) 20 mg/kg PAE group; (D) 40 mg/kg PAE group; (E) 80 mg/kg PAE
group. Note: PAE: paeoniflorin. Data are presented as the mean + standard deviation. ##P<0.01 vs normal group.

*P<0.05 vs model group.

gesting the liver injury after radiation exposure.
However, after treatment with PAE (20, 40 or
80 mg/kg), the serum levels of HA, PCIll and LN
and liver content of HYP reduced dramatically
in RIHF rats, suggesting the attenuation of
hepatic fibrosis.

1018

Currently, histopathological examination is a
gold standard for the evaluation of hepatic
fibrosis. In the present study, histological exam-
ination showed that the normal structure of lob-
ules was significantly destroyed, and pseudol-
obule formed in the liver. HE and Masson

Am J Transl Res 2018;10(3):1012-1021
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Figure 6. Effects of PAE on the protein expression of p-Smad3/Smad3, Smad4 and Smad7 in the liver of RIHF Rats
(Western blotting). Protein expression of p-Smad3/Smad3 (A), Smad4 (B) and Smad7 (C) in the liver was deter-
mined by Western blotting. B-actin served as a loading control. The protein expression of p-Smad3/Smad3, Smad4
and Smad7 was normalized to that of B-actin. Protein bands were quantified densitometrically and expressed as
MOD. Data are presented as mean + standard deviation #P<0.01 vs normal group. “"P<0.01 vs model group.

staining showed that PAE (20, 40 or 80 mg/kg)
could significantly reduce the contents of col-
lagens in the liver of hepatic fibrosis rats. After
PAE treatment, the hepatic pathology was sig-
nificantly improved, and the collagen content
was also reduced in the liver of RIHF rats. These
also suggest the hepatoprotective effect of PAE
in RIHF rats.

Cytokines have been demonstrated to play vital
roles in the development of RIHF. TGF-B1 is one
of the most important cytokines involved in
hepatic fibrosis. At different stages of hepatic
fibrosis, TGF-B1 may stimulate and activate
HSCs to proliferate, and the activated HSCs
may synthesize and secrete ECM constantly by
autocrine and paracrine mechanisms, which
subsequently activate adjacent HSCs, leading
to a sustained fibrosis [24]. Numerous studies
have revealed that TGF-B1/Smads signaling
pathway plays a central role in the pathogene-
sis of hepatic fibrosis. TGF-B1 mainly activates
HSCs through TGFB1/Smad signaling pathway,
causing hepatic fibrosis [25-27]. After binding
to its receptors on cell membrane, TGF-B1 may
activate transmembrane receptor serine/thre-
onine kinases Smad proteins, which modulate
the transcription of target genes, exerting bio-
logical effects[5, 28]. It has been reported that
the activation of TGF-B1 receptors (TBR) I and Il
can increase the expression of phosphorylated
Smad3. Then, phosphorylated Smad3 binds to
Smad4, forming a complex which then translo-
cates into the nucleus [29], resulting in the
increased expression of intracellular and extra-
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cellular fibrogenic proteins. Smad7 may anta-
gonize the TGF-B1/Smads signaling pathway
by interacting with activated TBRI, preventing
Smad3 phosphorylation. Recent studies show
that Smad7 expression is significantly reduced
in liver fibroblasts [30, 31]. Latella et al also
reported that the worse the hepatic fibrosis
and the higher the expression of TGF-B1 and
Smad3, the lower the Smad7 protein expres-
sion is [32]. Smad7 can inhibit the signal trans-
duction of TGFB1 through combining with TRRI
[5, 33, 34].

Our results indicated that the serum TGF-B1
level and the liver TGF-B1 expression signifi-
cantly increased in model group (P<0.01) as
compared to normal control group, but PAE
treatment decreased them markedly (P<0.05
or P<0.01). In addition, the expression of
Smad3/4 increased significantly in model
group when compared with normal control
group (P<0.01), and PAE down-regulated their
expression. The Smad7 expression was mark-
edly decreased in model group when compared
with control group (P<0.01), but PAE treatment
significantly increased Smad7 expression.
These findings suggest that PAE (20, 40 or 80
mg/kg) is effective to prevent against RIHF
in rats, which may be ascribed to the suppres-
sion of TGF-B1 expression and regulation of
TGF-B1/Smads signaling pathway.

In conclusion, PAE has protective effects on
liver injury and can inhibit the progression of
hepatic fibrosis induced by radiation, which

Am J Transl Res 2018;10(3):1012-1021
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may be associated with its regulation of TGF-
B1/Smads signaling pathway. Additional stud-
ies are needed to investigate the pathogenesis
of hepatic fibrosis and the mechanism underly-
ing the hepatoprotective effects of PAE in
detail, which may provide evidence on the treat-
ment of RIHF.
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