
Am J Transl Res 2020;12(2):592-601
www.ajtr.org /ISSN:1943-8141/AJTR0091889

Original Article 
Fugan Wan alleviates hepatic fibrosis  
by inhibiting ACE/Ang II/AT-1R signaling  
pathway and enhancing ACE2/Ang 1-7/Mas  
signaling pathway in hepatic fibrosis rat models
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Abstract: Hepatic fibrosis is a repair and healing reaction for chronic injuries of liver. This study aimed to investigate 
protective effects of Fugan Wan (FGW) on hepatic fibrosis and clarify associated mechanisms. Hepatic fibrosis mod-
el was established by administrating dimethyl nitrosamine (DMN) to rats. Rats were divided into control, DMN and 
FGW groups. Haematoxylin and eosin (HE) staining was conducted to evaluate inflammatory response in hepatic 
fibrosis tissues. Sirius red staining was used to assess collagen disposition. Quantitative real-time PCR (qRT-PCR) 
was employed to detect antiotensin-converting enzyme homologue 2 (ACE2), Mas, transforming growth factor β1 
(TGF-β1) mRNA. Western blot was used to examine collagen I, smooth muscle actin α (α-SMA), angiotensin type 1 
receptor (AT-1R), extra-cellular regulated protein kinase (ERK), phosphorylated ERK (p-ERK), c-Jun and phosphor-
ylated-c-Jun (p-c-Jun) expression. The results indicated that FGW significantly reduced inflammatory response of 
hepatic fibrosis tissues. FGW significantly decreased collagen deposition compared to that of DMN group (P < 0.01). 
FGW significantly down-regulated α-SMA expression compared to that of DMN group (P < 0.01). FGW significantly de-
creased AT-1R levels compared to that of DMN group (P < 0.01). Comparing with DMN group, ACE2 and Mas mRNA 
levels were significantly increased in FGW group (P < 0.01). FGW significantly down-regulated p-c-Jun and p-ERK1/2 
compared to DMN group (P < 0.01). GFW significantly inhibited compared to DMN group (P < 0.01). In conclusion, 
FGW alleviated hepatic fibrosis by inhibiting ACE/Ang II/AT-1R signaling and enhancing ACE2/Ang 1-7/Mas signaling 
pathway in hepatic fibrosis rat models.
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Introduction

Hepatic fibrosis is a kind of repair and healing 
reaction for the chronic injuries which caused 
by chronic alcoholic non-alcoholic fatty liver dis-
order, liver disease, chronic viral hepatitis [1, 
2]. Hepatic fibrosis mainly characterizes by the 
over production and excessive accumulation  
of the extra-cellular matrix (ECM) [3]. Hepatic 
fibrosis develops from the chronic liver diseas-
es, eventually progresses to the hepatic cirr- 
hosis and even to the liver tumors [4]. Interes- 
tingly, unlike to the cirrhosis, the hepatic fibro-
sis is a reversible process [5, 6]. Therefore, dis-

covering the therapeutic strategies that reverse 
formation of fibrosis are critical for the hepatic 
fibrosis treatment.

The hepatic satellite cells (HSCs) are the most 
important source of the ECM [7], which could 
be stimulated by the fibrogenic cytokines, such 
as angiotensin II (Ang II) [8]. Post the activation 
of HSCs, degradation of ECM is reduced and 
production of ECM is enhanced, finally inducing 
the hepatic fibrosis [9]. Meanwhile, the Ang II is 
an effective effector hormone for renin angio-
tensin system (RAS), the pro-fibrogenic effects 
of which correlate to many growth factors, such 
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as transforming growth factor β1 (TGF-β1) [10]. 
Recently, Ang II and RAS have been verified  
to participate into hepatic fibrosis processes. 
Actually, plenty functions of RAS are mediat- 
ed by the Ang II and it’s associated angiotens- 
in type 1 receptor (AT1R) [11]. However, Lubel 
et al. [12] reported that angiotensin-convert- 
ing enzyme 2/angiotensin-/angiotensin-(1-7) 
receptor (ACE2/Ang-(1-7)/Mas) receptor axis, 
considered as another critical RAS signaling 
branch, represents a promising target for the 
hepatic fibrosis treatment. Polizio et al. [13] 
reported that Ang-(1-7) could obviously inhibit 
cell proliferation caused by the Ang II or other 
cytokines and suppress deposition of ECM, and 
eventually inhibit the fibrogenesis of tissues. 
Normally, the RAS is critical for keeping the 
homeostasis, such as electrolyte balance and 
blood pressure, of cells undergoing multiple 
factors. However, when the liver is damaged, 
various factors cause the expression changes 
of RAS signaling molecules. In certain degree, 
RAS could self-modulate and finally maintain 
the homeostasis. Following with processes for 
stimuli of pathogenic factors and the feedback 
of the HSCs, the self-modulation is damaged 
and homeostasis is out of balance, and finally 
induces further deterioration of hepatic fibrosis 
[14]. Therefore, the modulation of RAS signal-
ing molecules and improvement of balance 
between ACE/Ang II-AT1R axis and ACE2/Ang-
(1-7)/Mas are critical processes for inhibiting 
the progression of hepatic fibrosis [15].

Fugan Wan (FGW) is a novel drug-formula in 
Traditional Chinese Medicine that derives from 
medicine-textbook named as “Compilation of 
Chinese Herbal preparations in Heilongjiang 
province”. FGW is mainly composed of Radix 
Gentianae, Astragalus mongholicus, Lignum 
millettiae, Red flower, Angelica sinensis, Refine 
honey, and commonly used in clinical in China. 
FGW plays the role of benefiting Qi, activating 
blood circulation, removing heat and eliminat-
ing dampness according to the traditional 
Chinese medical theory [16]. In clinical prac-
tice, the effects on hepatic fibrosis caused Qi 
deficiency and blood stasis, have been con-
firmed according to the previous clinical experi-
ence. Therefore, the FGW might possess the 
anti-fibrosis effects when administered. 

In this study, the hepatic fibrosis model was 
established by administrating dimethyl nitrosa-
mine (DMN). Then, the protective effects of 
FGW on the formation of hepatic fibrosis were 

evaluated and the associated mechanisms 
were clarified. The conduction of this study 
would provide a promising drug-selection for 
hepatic fibrosis therapy for clinical practice.

Materials and methods

Animals

Forty-five specific pathogen free (SPF) Waster 
rats (6-8 weeks old, weighting from 200 to 
250 g) were purchased from the Shanghai 
Laboratory Animal Center of the Chinese Aca- 
demy of Sciences, and were maintained in a 
room under temperature control at 23°C ± 2°C 
and a 12-hour light/dark cycle. The protocol 
was approved by the Committee on the Ethics 
of Animal Experiments of Shanghai University 
of Traditional Chinese Medicine, People’s Re- 
public of China. All animals received humane 
care during the study with unlimited access to 
chow and water.

Hepatic fibrosis rat model

Waster rats were divided into control group 
(Con group, n = 15), hepatic fibrosis group 
(DMN group, n = 15) and FGW treatment group 
(FGW group, n = 15). For establishment of 
hepatic fibrosis rat model [17], the DMN (Sig- 
ma-Aldrich, St. Louis, Missouri, USA) was intra-
peritonealy injected to the rats at the final con-
centration of 10 mg/kg body weight/day for 3 
consecutive days per week and 4 weeks. From 
the 3rd week, the rats in DMN and FGW groups 
were intragastricly administrated with distilled 
water or FGW (6.43 g/kg body weight/day) for 4 
weeks, respectively. For the Con group, the rats 
were intraperitonealy injected with the same 
dosage of saline at the identical site. Then, the 
rats were intragastricly administrated with dis-
tilled water. 

Samples preparation

The rats were anaesthetized using 3% pento-
barbital sodium (Beyotime Biotech. Shanghai, 
China) and then sacrificed to isolate the liver 
tissues. The liver tissues were cut into slices at 
size of 0.8 cm × 0.8 cm × 0.3 cm, and the slices 
were divided into three parts. One part was 
treated with 10% formaldehyde solution (Sig- 
ma-Aldrich, St. Louis, Missouri, USA) and a part 
was embedded with optimal cutting tempera-
ture compound (OCT), and stored at -70°C. The 
other part was sliced in a further step and filled 
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in 1.5 ml eppendorf (EP) tube and stored at 
-70°C for western blot assay and real-time PCR 
(RT-PCR) assay.

Haematoxylin and eosin (HE) staining

The liver tissues slices were fixed with 10% 
formaldehyde solution (Sigma-Aldrich, St. Lo- 
uis, Missouri, USA), embedded in the paraffin 
(Biyotime Biotech. Shanghai, China) and cut 
into sections with thickness of 4 μm. The sec-
tions were mounted on glass slides and baked 
for 45 min at 80°C. The sections were treated 
with xylene I and xylene II (Tiangen Biotech Co. 
Ltd., Beijing, China) for 20 min and incubated 
with 95%, 85% and 75% alcohol (Biyotime 
Biotech. Shanghai, China) to rehydrate (3 min 
for each concentration). Then, the sections 
were stained by using the haematoxylin (Sigma-
Aldrich, St. Louis, Missouri, USA) for 60 s and 
stained with eosin (Sigma-Aldrich.) for 300 s. 
Finally, the histology of the sections were ob- 
served by using inverted microscope (Mode: 
IX70, Olympus, Tokyo, Japan) and the images 
were analyzed by using image-pro plus 6.0 
imaging analysis software (Media Cybernetics, 
Inc., Bethesda, MD, USA).

Sirius red staining

Post the dehydration, liver tissues were embed-
ded as the above introduced and cut into 4 μm 
thickness sections. The sections were mount-
ed on the glass slides and baked for 45 min at 
80°C. Then, the hyperplastic states of the col-
lagen fibers were assessed by using the Sirius 
Red/Fast Green Collagen Staining Kit (Cat. No. 
9046, Chondrex Inc., Redmond, WA, USA) acc- 
ording to the manufacturer’s instruction. The 
images were captured with inverted micro-
scope (Mode: IX70, Olympus, Tokyo, Japan) and 
analyzed with image-pro plus 6.0 imaging an- 

USA) to synthesize the complementary DNAs 
(cDNAs). The primers for ACE2, Mas, TGF-β 
were listed in Table 1. The genes were ampli-
fied by using the SYBR Green I real-time PCR  
kit (Cat. No. QPK-201, Takara, Dalian, China) 
due to the manufacturer’s instructions. The 
conditions for amplification were conducted as 
35 cycles of 30 s at 95°C, 20 s at 60°C and  
60 s at 72°C. All of the tests or experiments 
were repeated at least for 6 times. The method 
of 2-ΔΔCt was utilized to evaluate the qRT-PCR 
findings.

Western blot assay

The liver tissues were lysed with the radioi- 
mmunoprecipitation assay solution (RIPA, Bi- 
yotime Biotech. Shanghai, China) according to 
manufacturer’s instructions. Extracted prote- 
ins were separated with the 15% sodium do- 
decyl sulphate-polyAcrylamide gel electropho-
resis (SDS-PAGE, Beyotime Biotech. Shanghai, 
China) and electrotransferred onto the com-
mercial polyvinylidene fluoride (PVDF, Amer- 
sham Biosciences, Little Chalfont, Bucking- 
hamshire, England). Then, the PVDF mem-
branes were blocked using 5% skimmed milk 
(Hyclone, Gibco BRL. Co. Ltd., Grand Island, 
New York, USA) dissolving in phosphate buff-
ered saline (PBS, Beyotime Biotech. Shanghai, 
China). PVDF membranes were then treated 
with rabbit anti-rat collagen protein I ployclonal 
antibody (1:3000; Cat. No. ab34710, Abcam 
Biotech., Cambridge, Massachusetts, USA), 
rabbit anti-rat smooth muscle actin α (α-SMA) 
polyclonal antibody (Cat. No. ab5694, Abcam 
Biotech.), rabbit anti-rat AT1R polyclonal anti-
body (Cat. No. ab18801, Abcam Biotech), rab-
bit anti-extracellular regulated protein kinase 
(ERK) polyclonal antibody (Cat. No. ab17942, 
Abcam Biotech), rabbit anti-rat phosphorylated 
ERK polyclonal antibody (Cat. No. ab201015, 

Table 1. Primers for the quantitative real-time PCR (qRT-
PCR) assay
Genes Sequences Length (bp)
ACE2 Forwards 5’-CGCTGTCACCAGACAAGAA-3’ 129

Reverse 5’-CGTCCAATCCTGGTTCAAG-3’
Mas Forwards 5’-CAGAGCTGGGTTTACCTGGA-3’ 132

Reverse 5’-ATGGCTTTCTCCTCAGCAAA-3’
TGF-β Forwards 5’-GGGACTATCCACCTGCAAGA-3’ 217

Reverse 5’-CCTCCTTGGCGTAGTAGTCG-3’
GAPDH Forwards 5’-TCCCTCAAGATTGTCAGCAA-3’ 308

Reverse 5’-AGATCCACAACGGATACATT-3’

alysis software (Media Cybernetics, 
Inc., Bethesda, MD, USA).

Quantitative RT-PCR (qRT-PCR)

Liver tissues were lysed by using ra- 
dioimmunoprecipitation assay soluti- 
on (RIPA, Beyotime Biotech. Shanghai, 
China) according to the instructions  
of manufacturer. The extracted RNAs 
were transcribed reversely by utilizing 
the SuperScript II reverse transcripti- 
on kit (Cat. No. 18064-014, Invitro- 
gen/Life Technologies, Carlsbad, CA, 
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Abcam Biotech.), rabbit anti-rat c-Jun monoclo-
nal antibody (Cat. No. ab32137, Abcam Bio- 
tech.), rabbit anti-rat phosphorylated-c-Jun 
polyclonal antibody (Cat. No. ab32385, Abcam 
Biotech.) and rabbit anti-rat glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) poly-
clonal antibody (Cat. No. ab181602, Abcam 
Biotech.) at room temperature for 2 h. The 
above antibodies treated PVDF membranes 
were continuously incubated with horse radish 
peroxidase (HRP)-labeled goat anti-rabbit IgG 
(Cat. No. ab6721, Abcam Biotech., Cambridge, 
Massachusetts, USA). Finally, the signals of 
proteins were visualized with enhanced che- 
miluminescence kit (ECL, Tiangen Biotech Co. 
Ltd., Beijing, China) and images of bands we- 
re captured and analyzed by using a Li-Cor 
Odyssey Application software (version: 2.1, 
Li-Cor Bioscience, Lincoln, NE, USA).

Statistical analysis

Data are represented as mean ± standard devi-
ation (SD) in this study. All of the data or param-
eters were analyzed with the SPSS software 
12.0 (SPSS Inc., Chicago, Ull, USA). The Tukey’s 
post-hoc test was employed to validate analysis 
of variance (ANOVA) for comparing data among 
multiple groups. A p value less than 0.05 was 
considered as significant difference. 

Results

FGW reduced the inflammatory response of 
hepatic fibrosis tissues

In order to confirm the effects of FGW on inflam-
matory response, HE staining was used in this 
experiment. In the Con group, the architecture 
of hepatic lobule was clear and the hepatocyte 
illustrated a distribution of radial pattern fr- 
om central vein, without obvious inflammatory 
responses and necrosis (Figure 1A). However, 

in the DMN group, which indicated the expan-
sion of hepatic portal area and hepatic sinus 
stenosis. Meanwhile, the hepatocyte exhibit- 
ed the dis-ordered arrangement, degeneration, 
inflammation, swelling and necrosis (Figure 
1B). Interestingly, comparing with the DMN gr- 
oup, the pathological inflammations were im- 
proved, by decreasing inflammation and reduc-
ing necrosis hepatocyte, in the FGW group 
(Figure 1C).

FGW decreased collagen deposition in hepatic 
fibrosis tissues

The results of the Sirius red staining demon-
strated that there were even no collagen fibers 
in live tissues of Con group, and only a few col-
lagen fibers appeared in the central vein wall 
and the hepatic portal area (Figure 2A). How- 
ever, compared with the Con group, there were 
plenty of segmented collagen fibers deposited 
surrounding the portal area and the structure 
of hepatic lobule was seriously damaged, in the 
DMN group (Figure 2A). Meanwhile, the patho-
logical collagen deposition of DMN group was 
significantly ameliorated in the FGW group 
(Figure 2A).

Moreover, the expression of collagen I (a bio-
marker for collagen formation) [18] was also 
examined by western blot (Figure 2B). The 
results showed that the collagen I expression in 
DMN group was increased significantly com-
pared to that in Con group (P < 0.01; Figure 2C). 
However, FGW treatment significantly inhibited 
the collagen I expression compared to that of 
DMN group (P < 0.01; Figure 2C).

FGW down-regulated α-SMA expression in he-
patic fibrosis tissues

α-SMA is a specific biomarker for the fibrosis 
formation [19] (Figure 3A). Comparing with Con 

Figure 1. FGW alleviated the inflammatory responses in liver tissues of hepatic fibrosis rats. A. HE staining image 
for inflammatory response in Control group. B. HE staining image for inflammatory response in DMN group. C. HE 
staining image for inflammatory response in FGW group. Magnification, 100 ×.
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group, the α-SMA expression in DMN group  
was significantly increased (P < 0.01; Figure 
3B). However, FGW significantly down-regulat- 
ed the α-SMA expression compared to that of 
DMN group (P < 0.01; Figure 3B).

FGW modulated specific molecules of RAS sig-
naling system

To observe the effects of FGW on hepatic fibro-
sis, the molecules in ACE/Ang II-AT1R axis and 
ACE2/Ang-(1-7) axis of RAS signaling system 
[20] were analyzed by qRT-PCR or western blot. 
The levels of AT-1R (Figure 4A and 4B) in DMN 
group were significantly increased compared to 

Con group (P < 0.01). However, FGW treatment 
significantly decreased AT-1R (Figure 4B) le- 
vels compared to that of DMN group (P < 0.01). 
Meanwhile, the qRT-PCR results also exhibited 
that comparing with DMN group, the ACE2 and 
Mas mRNA levels were significantly increased 
in FGW group (P < 0.01, Figure 4C).

FGW inhibited fibrotic stimulating factor ex-
pression

In this experiment, the fibrotic stimulating fac-
tor, TGF-β [21], was also evaluated using qRT-
PCR. The results showed that TGF-β mRNA ex- 
pression was significantly increased in DMN 

Figure 2. Evaluation for the collagen deposition in liver tissues of hepatic fibrosis rat. A. Sirius red staining for the 
hepatic fibrosis. B. Western blot bands for the collagen I expression. C. Statistical analysis for the collagen I expres-
sion. ##P < 0.01 vs. Control group. **P < 0.01 vs. DMN group.

Figure 3. FGW inhibited the α-SMA expression in liver tissues of hepatic fibrosis rat. A. Western blot bands for α-SMA 
expression. B. Statistical analysis for α-SMA expression. ##P < 0.01 vs. Control group. **P < 0.01 vs. DMN group.
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Figure 4. FGW modulated expressions 
of AT1R, ERK and c-jun in liver tissues of 
hepatic fibrosis rat. A. Western blot bands 
for AT-1R expression. B. Statistical analy-
sis for AT-1R expression. C. Statistical 
analysis for ACE2 and Mas mRNA expres-
sion. D. Statistical analysis for TGF-β1 
mRNA expression. E. Western blot bands 
for p-ERK, ERK, p-c-Jun and c-Jun expres-
sion. F. Statistical analysis for p-c-Jun ex-
pression. G. Statistical analysis for p-ERK 
expression. ##P < 0.01 vs. Control group. 
**P < 0.01 vs. DMN group.

group compared to that of Con group (P < 
0.01; Figure 4D). However, FGW significantly 

inhibited TGF-β mRNA expression (P < 0.01; 
Figure 4D).



Fugan wan alleviates hepatic fibrosis

598 Am J Transl Res 2020;12(2):592-601

FGW regulated ERK/JNK signaling pathway

In this part, the ERK signaling molecules, 
ERK1/2, p-ERK1/2 and JNK signaling mole-
cules, Jun and p-Jun [22], were examined using 
western blot (Figure 4E). The results indicated 
that the p-c-Jun expression was significantly 
increased in DMN group compared to Con gr- 
oup (P < 0.01; Figure 4F). The FGW treatment 
significantly down-regulated the p-c-Jun expr- 
ession compared to that of DMN group (P < 
0.01; Figure 4F). Furthermore, the p-ERK1 and 
p-ERK2 levels in DMN group were significantly 
up-regulated compared to that of Con group  
(P < 0.01; Figure 4G). While, the p-ERK1 and 
p-ERK2 levels were significantly decreased in 
FGW group compared to DMN group (P < 0.01; 
Figure 4G). 

Discussion

DMN is a potential hepatic toxin which could 
induce the hepatic fibrosis by targeting the 
metabolism associated enzymes [23]. Actually, 
DMN caused hepatic fibrosis mainly character-
izes by obvious collagen fibers deposition, seri-
ous inflammatory response and plenty of hepa-
tocyte necrosis. Therefore, we employed DMN 
to establish the hepatic fibrosis rat model ac- 
cording to the procedure described in previous 
study [17]. In our study, the established rat 
models exhibited typical pathological changes 
of hepatic fibrosis. Therefore, this rat model 
was available to be applied for investigating the 
effects of drugs on the hepatic fibrosis.

In the recent years, the renin-angiotensin-aldo-
sterone (RAA) system targeted drug-research 
and development strategy has been extensive-
ly applied in clinical practice [24]. Especially for 
the renin angiotensin system (RAS), which not 
only distributes in circulation system [25], but 
also in tissues that are prone to form fibrosis, 
such as liver, kidney [26]. A previous study [27] 
reported that the plasma Ang II levels in hepat-
ic cirrhosis patients were significantly incre- 
ased, which suggests that plasma Ang II is  
correlated with severity of hepatic fibrosis. The- 
refore, the drugs that could inhibit the activities 
of Ang II or its associated molecules are the 
promising candidates for liver diseases.

FGW could benefit Qi, activate blood circula-
tion, remove heat and eliminate dampness 
[16]. Our pre-experiments also proved that  
FGW is characterized by better anti-fibrosis 

function. Therefore, the present study further 
investigated the effects of FGW on the hepatic 
fibrosis rat models. The present results indicat-
ed that FGW can not only improve the hepatic 
functions, alleviate inflammation (HE staining), 
decrease collagen disposition (Sirius red sta- 
ining), but also inhibit the α-SMA and collagen  
I expression of hepatic fibrosis rat models. 
Actually, both of the α-SMA and collagen I are 
biomarkers of fibrosis and reflect the severity of 
hepatic fibrosis [28]. Therefore, our results sug-
gest that FGW may exhibit favorable anti-fibro-
sis effects by modulating the α-SMA and colla-
gen I levels.

RAS not only regulates the physiological bal-
ance of human body, but also modulates al- 
most all aspects of cell physiology functions, 
including embryonic development, cell prolifer-
ation, cell apoptosis and differentiation [29, 
30]. The modulation of RAS associated signal-
ing pathway is critical in the tissue remodeling 
of multiple-organs and scar formation. The- 
refore, RAS plays extremely important roles in 
hepatic fibrosis occurrence and development 
[31, 32]. The results of this study exhibited that 
FGW could inhibit the expression of AT-1 recep-
tor and decrease phosphorylated ERK levels. 
Therefore, FGW not only plays the role of anti-
fibrosis, but also regulates the Ang II-associat- 
ed signaling pathways.

The most recent studies discovered that there 
are two mutually restrictive RAS signaling axes, 
including ACE/Ang II/AT-1R axis and ACE2/Ang 
1-7/Mas axis [33, 34]. The key molecule in ACE/
Ang II/AT-1R axis is the Ang II, which could pro-
mote proliferation and activity of hepatic stel-
late cells and further induce the hepatic fibro-
sis. Ang II interacts with AT-1R, activates the G 
protein coupled receptor and stimulate prolif-
eration of stellate cells [35]. FGW could inhibit 
the activity of ACE/Ang II/AT-1R axis, significant-
ly suppress AT-1R expression, and finally inhibit 
Ang II- mediated hepatic fibrosis. For the ACE2/
Ang 1-7/Mas axis, the ACE2 could digest Ang II 
into Ang 1-7 [36], thus reduce the Ang II levels, 
inhibit the activation of down-stream signaling 
and play anti-fibrosis roles. Our results show- 
ed that FGW can not only inhibit ACE/Ang II/
AT-1R signaling transduction, but also signifi-
cantly enhanced ACE2 expression, increased 
Mas expression and promoted ACE2/Ang 1-7/
Mas signaling transduction.
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The previous study [37] also reported that Ang 
1-7 could effectively inhibit the activation of 
c-Jun N-terminal kinase (JNK) in the renal tubu-
lar epithelial cells. Meanwhile, Ang 1-7 also sig-
nificantly suppresses the phosphorylation of 
ERK and p38, and inhibits the expression of 
TGF-β1, which is the most stronger fibrosis-
stimulating factor [38]. In this study, our results 
demonstrated that FGW could decrease the 
levels of phosphorylated ERK and c-Jun, redu- 
ce the expression of fibrosis-stimulating factor, 
TGF-β1, and suppress α-SMA and collagen I 
expression. Totally, the FGW eventually played 
the anti-fibrosis role in the hepatic fibrosis rat 
models.

Although this study found some interesting 
results, there were also a few limitations. Fir- 
stly, this study only observed the expression of 
the target proteins in the FGW administrated 
animals, but not in the gene over-expression or 
silencing animals, which could further confirm 
the effects of FGW. Secondarily, the present 
study has not directly illustrated the effects of 
different dosages of FGW on the inflammation, 
collagen deposition and SMA expression, all of 
which only evaluated in the preliminary ex- 
periments. 

In conclusion, FGW significantly inhibited DMN-
induced hepatic fibrosis by decreasing AT-1R 
expression and inhibiting ACE/Ang II/AT-1R sig-
naling pathway activity, as well as promoting 
ACE2 and Mas expression and enhancing 
ACE2/Ang 1-7/Mas signaling pathway activity. 
Moreover, due to modulation of above signal- 
ing molecules, FGW inhibited the phosphoryla-
tion of ERK in MAPK signaling pathway, and 
eventually suppressed intracellular gene tran-
scription. Therefore, FGW regulates two RAS 
signaling pathways in liver and plays an anti-
fibrosis role in rat models.
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