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Abstract. Previously, we demonstrated that Rhizoma Paridis 
saponins (RPS), the major active component of Rhizoma Paridis, 
may exhibit hepatoprotective effects. The present study aimed 
to identify the potential mechanism of RPS on hepatic injury 
and improvement in hepatic fibrosis (HF). A HF model was 
created in Sprague-Dawley rats by administration of carbon 
tetrachloride. RPS was administered for treatment following 
creation of the HF model. The protein and mRNA expression 
of vascular endothelial growth factor (VEGF), platelet‑derived 
growth factor (PDGF), extracellular signal‑regulated kinase 
(ERK)1/2 and α-smooth muscle actin (SMA) was detected by 
reverse transcription quantitative polymerase chain reaction 
and western blot analysis. RPS was demonstrated to improve 
hepatic inflammation and decrease HF severity according 
to hematoxylin and eosin and Masson trichrome staining. 
Following RPS treatment, the level of alanine aminotrans-
ferase, aspartate aminotransferase and malondialdehyde, and 
expression levels of the mRNA and protein of VEGF, ERK1/2, 
PDGF and α-SMA in the model group was decreased. By 
contrast, the content of glutathione-PX and superoxide 
dismutase was increased. These data suggest that RPS may 
treat HF primarily through downregulation of the expression 

levels of the mRNA and phosphorylated VEGF, ERK1/2, 
PDGF and α-SMA proteins.

Introduction

Hepatic fibrosis (HF) is a chronic injury to the liver charac-
terized by excess production of extracellular matrix (ECM) 
proteins. This chronic process undermines the architecture 
and normal function of the liver, and leads to fibrosis, cirrhosis 
and eventually hepatocellular carcinoma. Chronic fibrosis, 
however, is pathological change that may induce organ failure, 
formation of scar tissue and even result in mortality (1). 
Previous data has indicated that fibrosis accounts for almost 
50% of all‑cause mortality in industrialized countries, making 
this an urgent problem to be solved by clinicians (2).

The pathogenesis of fibrosis is broadly similar, but the 
regeneration capacity of the liver is remarkable. Therefore, 
early HF is not readily detected. Angiogenesis is the forma-
tion of new blood vessels from pre-existing ones, and it is the 
stress response of an organism to injury. Hepatic angiogenesis 
has been observed in different inflammatory, fibrotic and 
ischemic conditions. Hepatic angiogenesis and overexpression 
of moieties in hepatic stellate cells (HSCs) are key factors 
in HF pathogenesis (3). Experimental studies have demon-
strated that appropriate anti-angiogenic therapy may lead to 
significant inhibition of HF progression, decreases in inflam-
matory infiltrates and α-smooth muscle actin (SMA)-positive 
myofibroblasts, and a decrease in portal pressure (4,5).

Hepatic angiogenesis is regulated by growth factors 
expressed by hepatocytes. These growth factors include trans-
forming growth factor (TGF)‑β, vascular endothelial growth 
factor (VEGF), epidermal growth factor, insulin‑like growth 
factor‑1, fibroblast growth factor (FGF) and platelet‑derived 
growth factor (PDGF). Levels of these growth factors have 
been identified to be increased significantly in cases of fibrosis 
and cirrhosis of the liver.

Among these growth factors, VEGF is the best character-
ized, due to its mitogenic properties for endothelial cells. Also, 
its association with angiogenesis and HF has been confirmed. 
VEGF may induce growth of new blood vessels as a response 
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to hepatic injury, which is essential for HF (6). In addition, 
the Ras/Rapidly accelerated fibrosarcoma/mitogen‑activated 
protein kinase kinase/extracellular signal‑regulated kinase 
(ERK) signaling pathway, also known as the ERK pathway, 
is the most representative of mitogen‑activated protein kinase 
(MAPK) pathways (7), and serves an important part in 
angiogenesis (8).

HF is the early and only reversible stage of cirrhosis and 
cancer of the liver (9). Delaying or reversing HF may prevent 
the development of these pathologies. Therefore, identifying 
novel drugs that may prevent HF is important.

Rhizoma Paridis grows primarily in Southwest China and, 
as a traditional Chinese medicine, has been used widely in 
the treatment of chronic liver disease (10). In certain ethnic 
groups in China, Rhizoma Paridis is used for the treatment of 
fractures, snake bites and abscesses, due to its heat‑clearing 
and detoxifying properties (11). Rhizoma Paridis also exhibits 
marked anti‑tumor activity (12).

Previously, we demonstrated that Rhizoma Paridis protects 
the liver and exhibits anti‑HF effects (13). We suggested that 
the primary active components of Rhizoma Paridis that protect 
against liver injury are Rhizoma Paridis saponins (RPS). One 
of the mechanisms by which RPS is active against HF is the 
regulation of expression of the RasGAP‑activating‑like protein 
1/ERK1/2 signaling pathway. RPS may inhibit the prolifera-
tion and activation of HSCs by inhibiting the ERK pathway 
and, ultimately, inhibiting or reversing HF (14).

However, the association between VEGF, PDGF and 
ERKI/2 in HF has not been conclusively demonstrated. 
The present study aimed to ascertain the effect of RPS on 
angiogenesis‑associated factors including VEGF, PDGF and 
ERK1/2, and whether RPS exerts anti‑HF effects through 
affecting the VEGF/ERK1/2 pathway, by creating a HF model 
in rats using carbon tetrachloride (CCl4).

Materials and methods

RPS preparation. The dried rhizomes of Rhizoma Paridis 
were purchased from the Chinese Herbal Medicine Pharmacy 
of The First Affiliated Hospital, Anhui University of Chinese 
Medicine (Hefei, China) following identification by Professor 
Hua‑sheng Pen (Anhui University of Chinese Medicine).

RPS was prepared as described previously (14) and 
its yield was 1.15%. The content of steroidal saponins in 
RPS was high when absorbance was measured at 408 nm 
(53.22 g steroidal saponins/100 g RPS). Ultra-performance 
liquid chromatography-evaporative light-scattering detection 
(UPLC-ELSD) was used to determine the contents of the 
saponins polyphyllin-VII, -VI, -II and -I in RPS in comparison 
with reference substances as described below, and the contents 
were identified to be 2.41, 3.15, 2.49 and 9.92%, respectively.

Analyses of RPS by UPLC‑ELSD. UPLC-ELSD was 
performed using an Acquity UPLC H‑Class system (Waters 
Corporation, Milford, MA, USA) consisting of an autosam-
pler and a quaternary pump coupled with an Acquity ELSD 
detector. An Acquity UPLC BEH C18 column (100 mm x 
2.1 mm, 1.7 µm, Waters China, Ltd., Shantin, Hong Kong, 
China) was used for all separations, column temperature was 
30˚C and the analysis time was 8 min. UPLC conditions were: 

Solvent A, acetonitrile; solvent B, water; gradient, 0-2.5 min 
(40-45% A), 2.5-3.5 min (45-55% A), 3.5-4.5 min (55-60% A), 
4.5‑6.5 min (65‑40% A). The flow rate was 0.45 ml/min, and 
the injection volume was 2 µl. ELSD conditions were: Gain, 
500; nebulizer model, heated; drift tube temperature was 
70˚C; gas pressure was 275.8 kPa. The internal standards were 
saponins polyphyllin-VII (133.6 µg/ml), -VI (84.0 µg/ml), -II 
(1,1804 µg/ml) and -I (99.6 µg/ml). The UPLC chromatograph 
of mixed standard compounds and PRS were processed by 
the Similarity Evaluation Software of Traditional Chinese 
Medicine Injection (National Pharmacopoeia Commission of 
China. Edition A, 2004).

Chemicals. CCl4 was purchased from Sigma‑Aldrich; Merck 
KGaA (Darmstadt, Germany). TRIzol™ was obtained from 
Invitrogen; Thermo Fisher Scientific, Inc. (Waltham, MA, 
USA). PCR MasterMix™ was from Thermo Fisher Scientific, 
Inc. A chemistry analyzer (7600) was purchased from Hitachi, 
Ltd., (Tokyo, Japan).

Rabbit anti-phosphorylated (p)-ERK1/2 polyclonal anti-
body was obtained from Cell Signaling Technology, Inc. (cat. 
no. 4370S, Danvers, MA, USA). VEGF (ab19645), PDGF 
(aab55160) and α-SMA (ab20979) polyclonal antibodies 
were purchased from Abcam (Cambridge, UK). ERK1/2 
rat anti-human monoclonal antibody (cat. no. 1544S) was 
purchased from Beijing Biosynthesis Biotechnology Co., 
Ltd. (Beijing, China). Alanine aminotransferase (ALT; cat. 
no. c009-2), aspartate aminotransferase (AST; cat. no. c010-2), 
glutathione (GSH; cat. no. a006‑2), malondialdehyde (MDA; 
cat. no. a003-4) and superoxide dismutase (SOD; cat. 
no. a001‑1‑1) kits were obtained from the Nanjing Jiancheng 
Institute of Biotechnology (Nanjing, China).

Animal experimental model. All experiments were performed 
in accordance with national legislations and local guidelines. 
The study protocol was approved by the Committee on the 
Ethics of Animal Experiments of Anhui University of Chinese 
Medicine (approval no. 2012AH‑036‑03).

A total of 40 male Sprague-Dawley rats (180-200 g) were 
purchased from the Laboratory Animal Center, Medical 
University of Anhui Province (Hefei, China). Rats were 
housed in a room with a controlled environment (25˚C and 
12 h light‑dark cycle) and specific pathogen‑free conditions.

After 1 week of acclimation, rats were divided randomly 
and equally into four groups: Control; model; RPS high dose 
(RPS‑H); and RPS low dose (RPS‑L). With the exception of the 
rats in the control group, rats in each group were injected with 
50% CCl4

 dissolved in olive oil (2.0 ml/kg body weight/rat) 
twice a week for 16 consecutive weeks to induce HF (15,16).

A total of 12 weeks after modeling, the control group was 
administered the same amount of physiologic (0.9%) saline as 
gavage; no additional processing was performed in the model 
group, whereas the RPS‑H and RPS‑L groups were treated 
with RPS (300 and 150 mg/10 ml/kg body weight/rat, respec-
tively) once a day as gavage. The optimal dose of PRS was 
determined in our previous studies, and it was confirmed that 
the toxicity would not cause harm to the experimental animals 
at this dose (13,17).

Rats were sacrificed via exsanguination and cervical 
dislocation at the end of treatment. For 12 h prior to sacrifice, 
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rats were not fed and anesthetized [2% pentobarbital sodium 
(40 mg/kg body weight/rat), i.v.], A total of ~10 ml blood 
was extracted from each rat from the abdominal aorta for 
measurement of serum biochemical parameters, and liver 
biopsies from each animal were collected for histology and 
immunohistochemical (IHC) analyses. The remaining liver 
samples were snap-frozen to extract total RNA and proteins 
for molecular analyses.

Liver pathology. Pathological changes in liver tissues were 
observed by hematoxylin and eosin (H&E; 1%) staining of 
paraffin sections for 30‑60 sec at 25˚C. Tissues were fixed in 
4% paraformaldehyde at 55˚C for 1 h. HF extent was deter-
mined by Masson trichrome (1%) staining for 5-10 min at 
55˚C. Analysis was conducted with an optical light microscope 
(magnification, x400).

Reverse transcription quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from liver samples using 
TRIzol® (Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol, and stored at ‑80˚C until use. Then, 
3 µg RNA was placed in a 0.2 ml Eppendorf tube for PCR 
analysis according to the manufacturer's instructions. For RT, 
an RNA Extraction kit was used, and qPCR was conducted 
using a Fluorescence Qauntitative PCR kit (both from Sangon 
Biotech Co., Ltd., Shanghai, China). The thermocycler condi-
tions for RT‑qPCR were: Initial denaturation: 95˚C for 5 min, 
followed by 30 cycles of 95˚C for 10 sec and 60˚C for 30 sec, 
and final extension was 72˚C for 10 min. The primer for each 
indicator is summarized in Table I (18).

Western blot analysis. Liver tissues (100 mg) were lysed with 
1 ml cell extraction buffer, which was prepared according to 
methods described previously (14). Lysates were centrifuged 
at 12,000 x g for 10 min at 4˚C, and the supernatant was 
collected. Protein samples were separated by SDS-PAGE 
on 8% gels, transferred to polyvinylidene fluoride (PVDF) 
membranes and blocked in TBST (TBS buffer with 0.24% 
Tween‑20, pH 7.4, plus 5% skimmed milk powder) for 14‑16 h 
at 4˚C. PVDF membranes were incubated overnight at 4˚C 
with primary antibodies against VEGF (1:1,000), PDGF 
(1:1,000), phosphorylated (p)-ERK1/2 (1:2,000), α-SMA 
(1:1,000) and β‑actin (1:800). Following washing 5 times for 
10 min each in TBST, bound proteins were detected with 
a secondary antibody (1:10,000; cat. no. 140829, Tiangen 
Biochemical Technology (Beijing) Co., Ltd., (Beijing, China) 
according to manufacturer's instructions. β-actin values were 
used to normalize expression of VEGF, p‑PDGF, p‑ERK1/2 
and α‑SMA. Protein expression was analyzed using ImageJ 
software (National Institutes of Health, Bethesda, MD, USA).

Measurement of serum biochemical parameters. Blood was 
collected and centrifuged at 3,000 x g for 10 min at room 
temperature. The serum was separated and stored at ‑70˚C. 
A chemistry analyzer (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA) was used to determine serum levels of ALT and 
AST. The thiobarbituric acid reactive substances method (19) 
was used to measure MDA formation, to determine levels of 
lipid peroxidation in the liver. Commercial kits were utilized 
to analyze the activities of SOD and GSH‑peroxidase (Px).

Statistical analyses. Data are the mean ± standard deviation. 
Statistical significance was determined by one‑way analysis 
of variance followed by the Tukey multiple comparisons test. 
P<0.05 was considered to indicate a statistically significant 
difference. Statistical analyses were performed using SPSS 
v21.0 (IBM Corp., Armonk, NY, USA).

Results

UPLC‑ELSD. Fig. 1 demonstrates that UPLC-ELSD detected 
12 peaks within 15 min. Compared with authentic reference 
substances at individual peak retention times, 4 compounds 
[polyphyllin-VII (5), polyphyllin-VI (8), polyphyllin-II (9) and 
polyphyllin-I (11)] were verified in mixed standard compounds; 
the others were not identified.

Histopathology. The effects of RPS on CCl4-induced liver 
injury as evaluated by H&E and Masson's trichrome staining 
are demonstrated in Fig. 2. There were no significant altera-
tions in the liver tissue of rats in the control group. The 
hepatic lobular architecture was normal, and little prolif-
eration of connective tissue was noted (Fig. 2A). However, 
there was massive hepatocellular necrosis in rats of the 
model group, with alterations in adipose tissue and massive 
infiltration of lymphocytes causing a severe inflammatory 
reaction in the portal tract (Fig. 2B). However, the patho-
logical changes induced by CCl4 treatment were attenuated 
considerably in RPS‑H and RPS‑L groups, with decreases 
in HF, severe steatosis, necrosis and collagen deposition 
(Fig. 2C and D).

Masson's trichrome staining of liver sections is presented in 
Fig. 3. The central veins and radiating hepatic cords exhibited 
an intact lobular architecture in the control group (Fig. 3A). 
In the model group, hepatic lobules were observed but hepatic 
cords were irregular. Ballooning degeneration was present, 
and inflammation was observed in portal areas with prolifera-
tion of the small bile ducts. Hyperplasia of collagen fibers was 
marked and intersected at multiple portal areas. Bridging of 
collagen fibers connected portal areas with central veins and, 
as a result, pseudolobuli were formed (Fig. 3B). Compared with 
the model group, RPS‑H and RPS‑L groups also exhibited 
ballooning degeneration, and proliferation of fibrous connec-
tive tissue in the portal area. Hepatic lobules were divided by 
collagen fibers. Pseudolobuli formation was not marked, and 
hepatic cords were essentially normal (Fig. 3C and D). The 
RPS‑H group was improved compared with the RPS‑L group 
in terms of treatment effect, but the levels of blue staining of 
the thick fibers in these two groups were markedly decreased 
compared with the model group following Masson's trichrome 
staining.

Biochemical parameters. As indicated in Table II, compared 
with the control group, expression of ALT and AST in the 
model group was upregulated significantly (4‑fold and 2.37‑fold 
higher, respectively, compared with that in the control group). 
The MDA content was increased compared with that in the 
control group. These data suggested the successful establish-
ment of a HF model in rats using CCl4.

The content of SOD and GSH‑Px in the model group was 
decreased compared with that in the control group, with the 
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GSH‑Px content exhibiting a significant decrease. However, 
a significant decrease in expression of ALT and AST in the 
RPS‑H and RPS‑L groups was observed compared with the 
model group. The MDA content also decreased in RPS‑H and 

RPS-L groups compared with the model group. Expression of 
SOD and GSH‑Px in the RPS‑H and RPS‑L groups exhibited 
marked upregulation compared with the model group and 
was close to that observed in the control group. These results 

Table I. Primer sequences and the length of VEGF, PDGF, ERK1/2 and α-SMA genes.

Gene Primer sequences (5'‑3') Fragment length, bp Tm, ˚C

ERK1 F: 5'‑CCATCCCAAGAGGACCTAAA‑3' 273 55
 R: 5'-ATCATCCAGCTCCATGTCAA-3'
ERK2 F: 5'‑CGCGCTACACTAATCTCTCG‑3' 470 58
 R: 5'-ATCATGGTCTGGATCTGCAA-3'
VEGF F: 5'‑GTCTACCAGCGCAGCTATTG‑3' 491 97
 R: 5'-AGTCGAGTCGGAAAGCTCAT-3'
PDGF F: 5'‑CACAGGACGGCTTGAAGATA‑3' 355 101
 R: 5'-ACACCTCTGTACGCGTCTTG-3'
GAPDH F: 5'‑CAAGGTCATCCATGACAACTTTG‑3' 496 55
 R: 5'-GTCCACCACCCTGTTGCTGTAG-3'

ERK1/2, extracellular signal‑regulated kinase 1/2; VEGF, vascular endothelial growth factor; PDGF, platelet‑derived growth factor; F, forward; 
R, reverse.

Figure 2. Effects of RPS against CCl4‑induced hepatic fibrosis in rats based 
on hematoxylin and eosin staining. (A) Control group. (B) Model group. 
(C) RPS‑High dose (300 mg/kg). (D) RPS‑Low dose (150 mg/kg). Images are 
at magnification, x400. Scale bar=50 µm. RPS, Rhizoma Paridis saponins.

Figure 1. Ultra‑performance liquid chromatography‑evaporative light‑scattering detection chromatograms of (S1) mixed standard compounds and (S2) 
Rhizoma Paridis saponins sample.

Figure 3. Effects of RPS against CCl4-induced hepatic fibrosis in rats 
based on Masson trichrome staining. (A) Control group. (B) Model group. 
(C) RPS‑High dose (300 mg/kg). (D) RPS‑Low dose (150 mg/kg). Images are 
at magnification, x400. RPS, Rhizoma Paridis saponins.



MOLECULAR MEDICINE REPORTS  19:  3548-3554,  20193552

demonstrated the robust anti‑HF effects of RPS: It was able 
to increase the activity of SOD and GSH‑Px and inhibit lipid 
peroxidation in liver tissue simultaneously. Therefore, RPS 
may protect the liver from oxygen free radicals and peroxides.

mRNA expression of VEGF, PDGF, ERK1/2 and α‑SMA. 
mRNA expression of VEGF, PDGF, ERK1/2 and α-SMA in 
the model group was 2.33-, 2.20-, 2.31-, 2.43- and 2.45-fold 
increased, respectively, compared with that in the control group 
(Fig. 4). Compared with the model group, relative mRNA 
expression of VEGF, PDGF, ERK1/2 and α-SMA in the RPS 
groups was decreased significantly (P<0.01). The decrease in 
the RPS‑H group was even more significant compared with 
that observed in the RPS-L group. These results suggested that 
RPS treatment of HF in rats may be through down regulation 
of expression of angiogenic growth factors in liver tissue, 
thereby improving liver microcirculation.

Protein expression of VEGF, PDGF, p‑ERK1/2 and α‑SMA. 
Protein expression of VEGF, PDGF, p‑ERK1/2 and α-SMA 
in the model group was markedly increased compared with 
that in the control group (Fig. 5). Following RPS treatment, 
the protein expression levels of VEGF, PDGF, p‑ERK1/2 and 
α‑SMA were decreased significantly (P<0.01) compared with 
the model group. The results suggested that the decrease of 

VEGF, PDGF, p‑ERK1/2 and α-SMA expression may be one 
of the mechanisms by which PRS improves liver fibrosis.

Discussion

HF is the result of abnormal proliferation of connective tissue, 
and proliferation of connective tissue is a wound-healing 
response to various types of chronic injury to the liver, for 
example viral infection and exposure to chemicals (20). At 
the molecular level, HF pathogenesis is closely associated 
with HSCs. The latter may undergo trans‑differentiation into 
fibrogenic, proliferative and contractile myofibroblasts (21). 
Apoptosis and soluble growth factors may lead to HSC 
stimulation. Specific lymphocyte subsets may induce HF. A 
signaling cascade and transcription are the basis of fibrogenic 
effects in HSCs, and each factor in the cascade may be a target 
for anti‑HF therapy (22). Several vitamins are stored in HSCs. 

Figure 4. mRNA expression for VEGF, PDGF, ERK1/2 and α-SMA using 
reverse transcription quantitative polymerase chain reaction. **P<0.01 
vs. the model group. VEGF, vascular endothelial growth factor; PDGF, 
platelet‑derived growth factor; ERK1/2, extracellular signal‑regulated kinase 
1/2; α-SMA, α smooth muscle actin; RPS, Rhizoma Paridis saponins; H, 
high dose; L, low dose.

Table II. Alterations in serum biochemical parameters and activity of antioxidant enzymes.

    MDA SOD GSH
Groups n ALT (U/l) AST (U/l) (nmol/mg protein) (U/mg protein) (U/mg protein)

Control 10 20.64±4.38 47.30±6.41 0.82±0.09 98.45±17.50 273.26±44.37
Model 10 80.91±18.93a 112.50±19.23a 1.20±0.18a 70.34±14.74a 165.65±49.21a

RPS H 10 51.14±14.70b 80.80±22.60b 0.90±0.12b 84.70±15.31c 244.21±55.62b

RPS L 10 60.52±10.29b 92.50±19.76c 1.03±0.15c 79.10±12.90 220.91±66.08c

Values are presented as means ± standard deviation. Statistical analysis was performed by one-way analysis of variance. aP<0.01 vs. the Control 
group; bP<0.01 and cP<0.05 vs. Model group. RPS, Rhizoma Paridis saponins; H, high dose; L, low dose; ALT, Alanine aminotransferase; AST, 
aspartate aminotransferase; MDA, malondialdehyde; SOD, superoxide dismutase; GSH, glutathione.

Figure 5. Western blot analysis of protein expression of VEGF, PDGF, 
ERK1/2 and α-SMA. **P<0.01 vs. the model group. VEGF, vascular 
endothelial growth factor; PDGF, platelet‑derived growth factor; ERK1/2, 
extracellular signal‑regulated kinase 1/2; α-SMA, α smooth muscle actin; 
RPS, Rhizoma Paridis saponins; H, high dose; L, low dose.
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If the liver is damaged, release of vitamin A is decreased in 
HSCs, but increased expression of α‑SMA promotes HF (23). 
VEGF, PDGF, ERK and TGF‑β may also activate HSCs.

Abnormal expression of VEGF occurs under pathological 
conditions. In ischemic disease, hypoxia may stimulate VEGF 
expression. The resulting marked induction of mitosis of 
endothelial cells promotes formation of new blood vessels and 
improves the blood supply to tissue. VEGF is a key factor for 
ocular neovascularization, and promotes the formation and 
development of new blood vessels directly; its expression is 
closely associated with disease severity (24).

ERK1/2 belongs to the family of MAPKs which are 
involved in the regulation of the proliferation, differentia-
tion, growth and apoptosis of cells. The term ERK1/2 refers 
to two closely associated kinase isoforms (25). ERK enters 
the nucleus subsequent to activation, causing changes in the 
expression of genes for the substrate, and affecting the growth 
and proliferation of cells. The present study identified that 
ERK was phosphorylated in the MAPK and VEGF pathways. 
It has also been identified that upregulation of p‑ERK1/2 was 
induced by CCl4 in previous studies (26,27). Injury primarily 
affects the post‑translational modification of ERK1/2. The 
effects of injury on ERK1/2 was demonstrated by drug treat-
ment, indicating the reversal of liver fibrosis; that is, whether 
the regulation of p-ERK exists. Therefore, ERK expression is 
closely associated with HF. In addition, a previous study (14), 
ERK1/2 protein has been determined by immunohistochem-
istry. Therefore, the present study selected to detect p-ERK1/2.

The VEGF/ERK1/2 signaling pathway has been demon-
strated to serve a key role in the proliferation of endothelial 
cells (28). In bovine retinal microvascular endothelial cells 
in vitro, VEGF stimulated ERK1/2 phosphorylation in a 
dose-dependent manner to promote the formation and prolif-
eration of endothelial cells (29). VEGF and other growth 
factors affect cellular functions through the ERK pathway. 
They promote the transcription and expression of selected 
genes, and thereby initiate the proliferation and differentiation 
of cells. This signaling pathway has an important role in the 
growth, development and proliferation of cells (30). In the 
present study, expression levels of VEGF and p‑ERK1/2 in the 
model group were high; in the RPS treatment groups, expres-
sion of VEGF and p‑ERK1/2 was decreased accordingly. 
Therefore, we hypothesized that the VEGF/ERK1/2 pathway 
has a prominent role in HF.

Traditionally, PDGF has been considered to be an important 
fibrogenic and proliferative stimulus to HSCs (31). The PDGF 
family of ligands and receptors regulate multiple processes. 
They are also involved in several pathologic events, including 
cancer and fibrotic diseases (32). During the pathogenesis 
of fibrotic diseases, PDGF serves a major role in stimulating 
the replication, survival and migration of myofibroblasts, and 
several pro‑inflammatory cytokines mediate their mitogenic 
effects via autocrine release of PDGF. PDGF is a potent mitogen 
that may aid fibroblast proliferation and secrete fibronectin in 
liver fibroblasts (33,34). Large amounts of PDGF stimulate the 
ERK1/2 pathway and promote HSC proliferation.

An additional important fibrogenic mediator, TGF‑β, 
induces secretion of VEGF, FGF and endothelin‑1, thereby 
resulting in HF. VEGF and FGF‑2 induce hepatic vascular 
proliferation during HF, and VEGF has an important role 

in the angiogenesis of HF. VEGF may also activate HSCs 
via autocrine or paracrine pathways (35,36). VEGF induces 
expression of different proteases by endothelial cells, and 
stimulation of endothelial cells and pro-coagulant activity in 
monocytes may induce microvascular remodeling in the liver 
indirectly; the final stage involves HF development.

α-SMA expression is upregulated together with an 
increased ECM during HSC activation in HF. α-SMA is an 
important symbol of HSC activation (37,38). Therefore, under-
standing which growth factors are expressed aberrantly in the 
signaling cascade and transcription for HSCs is paramount for 
developing treatment strategies for HF.

Previously, we demonstrated that RPS exhibits hepatoprotec-
tive and antifibrotic effects in vivo against HF induced by CCl4 (14). 
The anti‑HF action of RPS may involve the RAS/ERK1/2 
signaling pathway. In the present study, the expression levels of 
VEGF, PDGF, ERK1/2, and α-SMA were measured to explore 
the mechanism of action of RPS against HF.

It was identified that CCl4 intoxication damaged liver 
function, caused hepatocyte necrosis, and upregulated the 
expression levels of the mRNA and phosphorylated proteins 
of VEGF, PDGF, ERK1/2 and α-SMA. By contrast, following 
oral administration of RPS the severity of HF was relieved 
significantly, according to histopathology. Furthermore, the 
expression levels of the mRNA and phosphorylated protein 
of VEGF, PDGF, ERK1/2 and α-SMA were decreased. The 
results suggested that RPS exhibited anti‑HF effects in rat 
livers in vivo. Therefore, downregulation of the VEGF/ERK 
pathway and improvement of angiogenesis may be associated 
with the anti‑HF action of RPS.
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