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Abstract
Introduction. Liver fibrosis is caused by continuous wound healing responses to various harmful stimuli, includ-
ing viral infection, drugs, alcohol, and autoimmune liver disease. The purpose of this study was to examine the 
effects of extracts of Periplaneta americana (EPA) in rats with pig serum-induced liver fibrosis to preliminarily 
assess the antifibrotic effect of EPA. 
Material and methods. Seventy rats were randomly divided into 7 groups (10 rats in each group): HC, the healthy 
control group; FC, the fibrotic control group; TL, low-dose EPA treatment group group; TM, medium-dose EPA 
group; TH, high-dose EPA treatment group; TC1, Panax notoginseng/Salvia mitiorrhiza treatment control group 1;  
TC2, colchicine treatment control group 2. TC1 and TC2 were used as the positive control to demonstrate the 
difference between EPA and the effects of other compounds. The liver fibrosis model was induced by intraperi-
toneal injection of 0.5 mL pig serum twice a week for 13 weeks in all groups except for the HC group. The hepatic 
fibrosis model was established at the 7th week, and followingly, the corresponding compounds were administered 
once a day in all groups for 6 weeks. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) 
activity was determined in rat blood serum. We also measured liver fibrosis-related serum markers, including 
hyaluronic acid (HA), laminin (LN), type III pre-collagen (PC-III) and type IV collagen (IV-C). Hematoxylin 
and eosin (H&E) and Masson stainings were used to assess liver morphology and determine the stage of fibrosis. 
Immunohistochemistry was used to detect the protein expression of NF-κB, α-smooth muscle actin (α-SMA), 
transforming growth factor-β1 (TGF-β1) and tissue inhibitor of metalloproteinase-1 (TIMP-1) in rat liver tissue. 
Results. Compared with that of the HC group, the liver tissue of the FC group presented obvious liver dam-
age and collagen deposition. The serum levels of ALT, AST, HA, LN, PC-III and IV-C and the expression of  
NF-κB, α-SMA, TGF-β1 and TIMP-1 in the FC group were significantly higher than those in the HC group, the 
EPA treatment groups, the TC1 group and the TC2 group (P < 0.01). The levels of serum ALT, AST, HA, LN, 
PC-III and IV-C and the expression of α-SMA, NF-κB, TGF-β1 and TIMP-1 in the TL, TC1 and TC2 groups 
were significantly higher than those TM and TH groups (P < 0.05). EPA treatment significantly improved liver 
function, decreased collagen deposition and reversed the pathological changes related to liver fibrosis. 
Conclusions. We found that EPA could reduce liver inflammation, suppress liver cell degeneration and necrosis, 
and reduce the formation of liver fibrous tissue. Its mechanism might be associated with inhibiting the expression of 
TGF-β1, TIMP-1, NF-κB and α-SMA to block signal transduction pathways in the hepatic fibrosis process. There-
fore, EPA, as a traditional Chinese medicine, might be potentially used to prevent and treat hepatic fibrosis in the 
future. However, further more experiments are necessary to verify its effectiveness and possible signaling pathways. 
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Introduction

China is the country with the heaviest burden of 
chronic liver disease in the world, and the incidence 
of various chronic liver diseases is increasing year by 
year. Nowadays, about 250 million people live with 
chronic hepatitis B virus (HBV) infection around 
the world, of which about 70 million are in China [1]. 
In addition, there are about 10 million patients with 
chronic hepatitis C (CHC), about 408 million patients 
with fatty liver disease, about 330 000 cases with acute 
liver injury caused by medicine, and about 37 million 
cases with other liver diseases in China [2–4].
Hepatic fibrosis is caused by wound healing reactions 
to liver injuries of different etiologies, and it is an im-
portant pathological sign in chronic liver disease and 
a key event in the development of liver cirrhosis [5]. 
Without timely and effective treatment, hepatic fibrosis 
easily develops into liver cirrhosis, eventually resulting 
in liver failure and malignant tumor. Therefore, an in-
depth study of the etiology and pathogenesis of liver 
fibrosis is of great significance for the prevention and 
treatment of liver fibrosis-related diseases. Although 
major breakthroughs in the treatment of hepatic fibrosis 
have been made in experimental research, the potential 
mechanism of hepatic fibrosis is still being intensively 
studied. The activation, proliferation, shrinkage, and 
conversion to fibroblasts of hepatic stellate cells (HSCs) 
in the progression of liver fibrosis are still primarily 
studied [6]. With the in-depth study of cell biology and 
molecular biology research, the traditional view that 
liver fibrosis in chronic liver disease is irreversible has 
been gradually changed. Liver fibrosis, even in early 
liver cirrhosis, was shown to be reversible [7]. Various 
cytokines and signal pathways are involved in the occur-
rence and development of liver fibrosis. Transforming 
growth factor-β (TGF-β) is one of the most important 
cytokines to promote the development of liver fibrosis 
[8]. Nuclear factor-κB (NF-κB) plays an important role 
in the development of liver fibrosis through promoting 
directly or indirectly the expression of some inflam-
matory factors (IL-1, TNF-α, IL-6), chemokines, and 
TGF-β, which could activate HSCs [9]. 

Our early research showed that extracts from 
Periplaneta americana (EPA, its main components 
are sugars and amino acids) were beneficial to mice 
with hepatic fibrosis induced by carbon tetrachlo-
ride (CCl4); we also confirmed that P. notoginseng/ 
/S. miltiorrhiza tablets and colchicine had an anti-fi-
brotic effect in rat liver [10–12]. In this study, a hepatic 
fibrosis model was induced by pig serum and was used 
to further explore the anti-fibrotic effect of the EPA; 
we preliminarily clarified the mechanism underlying 
the anti-liver fibrosis effect of EPA and provided an 

experimental and theoretical basis for the use of EPA 
to prevent and treat hepatic fibrosis.

Material and methods

Ethics statement. This study was conducted in accordance 
with the declaration of Helsinki. This study was conducted 
with approval from the Ethics Committee of First Affiliated 
Hospital of Kunming Medical University, Kunming, China.

Animal group and treatment. Five-to-six-week-old male 
Sprague-Dawley rats weighing 120–150 g were purchased 
from the Laboratory Animal Care Center of Kunming 
Medical University. These animals received sufficient food 
and water and were kept under the same conditions in 
a temperature-controlled room. They were allowed to accli-
mate to the environment for one week in the animal cages 
before the experiments. The seventy rats were randomly 
divided into 7 groups: HC, the healthy control group; FC, 
the fibrotic control group; TL, treatment group 1: the low-
dose EPA group; TM, treatment group 2: the medium-dose 
EPA group; TH, treatment group 3: the high-dose EPA 
group; TC1, treatment control group 1: the Panax notogin-
seng/Salvia mitiorrhiza group; and TC2, treatment control 
group 2: the colchicine group. TC1 and TC2 were used as 
the positive control to demonstrate the difference between 
EPA and them. The liver fibrosis model was induced by 
intraperitoneal injection of 0.5 mL pig serum twice a week 
for 13 weeks in the animals in all groups except the HC 
group. The rats in the HC group were injected with an 
equal amount of normal saline. The hepatic fibrosis model 
was established in the seventh week, and followingly, the 
corresponding compounds were administered once a day 
by intragastric gavage in all groups for 6 weeks. The details 
of the time course of the experiment were shown in Table 1.
During the experiment, the weight, activities, and general 
condition of all rats were recorded regularly. One day after 
the final gavage, all rats were sacrificed after anesthesia with 
ether inhalation. Blood samples were collected from the 
orbit and were kept at 4°C for further analysis. Then, liver 
tissue was harvested, fixed with formalin, processed into 
paraffin blocks, and kept for histopathological examination 
and immunohistochemical staining.

Experimental materials. Pig serum used in the experiment 
was purchased from Shanghai Leihao Co., Ltd., preserved 
in a –20°C refrigerator, and thawed at 4°C before use. The 
EPA was provided by Kunming SaiNuo Pharmaceutical 
Co. (Kunming, China) and suspensions were prepared with 
concentrations of 2.5%, 1.25%, and 0.5% with distilled 
water, and shaken vigorously before use. P. notoginseng/ 
/S. miltiorrhiza tablets were provided by the Preparation 
Room of the First Affiliated Hospital of Kunming Medical 
College. An appropriate amount of the tablets was used each 
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time, ground in a mortar and mixed with distilled water to 
make a suspension of the required concentration, and stored 
in the refrigerator for later use. Colchicine was provided 
by Yunnan Botanical Pharmaceutical Co., Ltd., and 1 mg 
was dissolved in 100 mL distilled water and stored in the 
refrigerator. Hyaluronic acid (HA), laminin (LN), type III  
pre-collagen (PC-III), and type IV collagen (IV-C) were 
assessed with kits for hepatic fibrosis provided by Beijing 
North Biotechnology Research Institute (Beijing, China). 

Serum biochemical analysis. Hepatic fibrosis-related se-
rum markers, including PC-III, IV-C, LN, and HA, were 
determined by radioimmunoassays with the corresponding 
reagents provided by Beijing North Biotechnology Research 
Institute. Liver functional indicators, including alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST), were detected using blood biochemical test kits ac-
cording to the manufacturer’s instructions for the automatic 
biochemical analyzer.

Liver histology. After blood was drawn from the rat for 
later use in biochemical and radioimmunoassay tests, the 
animal was immediately sacrificed by cervical dislocation 
and dissected, and the middle of the left lobe, the left lobe, 
and the front of the right upper lobe of the liver was taken. 
Liver tissue was fixed in formalin, embedded in paraffin, 
and routinely cut with microtome into 5 μm-thick slices. The 
changes in liver pathology, inflammatory activity, collagen 
fiber proliferation, and liver fibrotic stage were examined 
and evaluated under a light microscope after hematoxylin 
and eosin (H&E) staining and Masson staining [2, 13]. The 
stages of hepatic fibrosis were classified according to the 
Metavir scoring system [14]. If the stage of liver fibrosis 
was above the second level, it was assumed that the hepatic 
fibrosis model was established successfully.

Immunohistochemistry. TGFβ1 antibody (3C11): sc-130348, 
TIMP-1 antibody (2A5): sc-21734, Smooth Muscle Actin 
antibody (B4): sc-53142, and NFκB p65 (F-6): sc-8008 were 
purchased from Santa Cruz Co. (USA), and Masson tri-
chrome staining kit (product ID: MST-8004) was purchased 
from Fuzhou MXB Biologies Co., Ltd (Fuzhou, China). All 
the above antibodies were used at 1:100 dilution. According 
to the operating instructions of the kit, the liver sections were 
dewaxed, hydrated, treated with hydrogen peroxide, added 
with primary antibody, secondary antibody, SP solution, 
developed with DAB stain, counterstained with hematox-
ylin; dehydrated, mounted, and other steps and observed 
under a microscope, each field of view contains a portal 
area plus a hepatic lobule or a fibrous septum. The results 
were judged by reference to the immunohistochemical color 
development standard. The positive cells were distributed 
in brown-yellow cytoplasmic type, and 4 corners and central 
areas of each section were selected (excluding edge effects) 
and observed under a 400× field of view; the color rendering 
index (the percentage of positive cells in the total number 
of cells) was calculated.

Semiquantitative determination of immunohistochemical 
staining. The expression of TGF-β1, TIMP, α-SMA, and 
NF-κB in liver tissue was evaluated under a light micro-
scope after immunohistochemical staining. The deposition 
of brown granules in the portal region, peripheral central 
vein, cytoplasm, and interstitial structure indicated positive 
staining. We observed the color rendering and the range of 
color development under a high-power microscope until 
good color rendering for each protein and recorded the 
degree and range of the color rendering. The mean was 
the final color rendering index for the expression of each 
protein [15].

Table 1. Animal groups and treatment

Groups
Animal treatment

The 1st week to the 7th week The 8th week to the 13th week

HC Normal saline (0.5 mL, twice a week) Normal saline (0.2 mL/10 g body weight, once a day)

FC Pig serum (0.5 mL, twice a week) Pig serum (0.5 mL, twice a week), and normal saline  
(0.2 mL/10 g body weight, once a day)

TL Pig serum (0.5 mL, twice a week) Pig serum (0.5 mL, twice a week), and the low-dose EPA  
(0.2 mL/10 g body weight, 0.5% concentration, once a day)

TM Pig serum (0.5 mL, twice a week) Pig serum (0.5 mL, twice a week), and the medium-dose EPA  
(0.2 mL/10 g body weight, 1.25% concentration, once a day)

TH Pig serum (0.5 mL, twice a week) Pig serum (0.5 mL, twice a week), and the high-dose EPA  
(0.2 mL/10 g body weight, 2.5% concentration, once a day)

TC1 Pig serum (0.5 mL, twice a week) Pig serum (0.5 mL, twice a week), and P. notoginseng/S. mitiorrhiza  
(1 g/kg body weight, once a day)

TC2 Pig serum (0.5 mL, twice a week) Pig serum (0.5 mL, twice a week), and colchicine  
(0.1 mg/kg body weight, once a day)
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Figure 1. The levels of ALT (A) and AST (B) in the blood serum of the rats in all experimental groups; FC — the fibrotic 
control group; HC — the healthy control group; TC1 — the Panax notoginseng/Salvia mitiorrhiza group; TC2 — the colchi-
cine group; TH — the EPA high-dose group; TL — the EPA low-dose group; TM — the EPA medium-dose group Data 
are presented as the mean ± SD. a P < 0.01, compared with the HC group; b P < 0.01, compared with the FC; c P < 0.01, 
compared with the TC1, TC2 and TL groups. Abbreviations: ALT — alanine aminotransferase; AST — aspartate transam-
inase; EPA — extracts from Periplaneta americana).

Statistical analysis. Statistical analysis was performed using 
SPSS 24.0 software. Experimental data were shown as the 
mean ± SD. Rank data were tested by rank-sum tests, and 
comparisons between groups were performed by one-way 
analysis of variance. Α = 0.05 and P < 0.05 were considered 
statistically significant.

Results

General condition of the rats
During the experiment, the hair color, mental state, 
behavior, water and food intake, other general condi-
tions, and death of the rats were recorded every day, 
and their weights were recorded weekly. Throughout 
the whole experiment, the rats in the HC group were 
lively and responsive, had a good appetite, their body 
weights increased gradually, and their fur was thick 
and shiny. In the third week, the rats in the modeling 
groups showed depressive symptoms, loss of appetite, 
unkempt hair, reduced activity, reduced water, and 
food intake, and loss of body weight. In the 6th week, 
it was found that the rats in the modeling groups were 
easily irritated and weakened, their nails were prone 
to bleeding, and some of them had abnormal feces. 
In the 7th week, the rats in the modeling groups suf-
fered dull and easily shed hair, low activities, loss of 
appetite, malnutrition, and lethargy, which indicated 
that the model was established. From the 5th week of 
treatment on, the general condition of the rats in the 
TH and TM groups was better than those in the other 
modeling groups. After the 6-week treatment of the 
corresponding compounds in all modeling groups, the 
symptoms mentioned above were alleviated to varying 
degrees except for the FC group. Among the modeling 
groups with alleviated symptoms, the TH group per-

formed best, and the TC2 group performed worst. In 
addition, two rats died in the FC group, one rat died 
in the TC1 group, one rat died in the TC2 group, and 
no rats died in the other groups.

Effects of EPA on serum biochemical parameters 
affected by chronic pig serum exposure
As shown in Fig. 1, compared with those in the HC 
group, the serum biochemical indexes (ALT and AST) 
of rats in the modeling groups significantly increased 
(P < 0.01), compared to those in the FC group. How-
ever, the levels of ALT and AST decreased significant-
ly after treatment with P. notoginseng/S. mitiorrhiza, 
colchicine, and different doses of EPA (P < 0.01), 
and the levels of ALT and AST in the TM and TH 
groups were significantly lower than those in the TL, 
TC1, and TC2 groups (P < 0.01). The comparison of 
the levels of ALT and AST between the TM group 
and the TH group showed no statistically significant 
differences, which suggested that liver injury was 
obviously improved after the treatment with P. noto-
ginseng/S. mitiorrhiza, colchicine and different doses 
of EPA, and the anti-fibrotic effects of medium- and 
high-dose EPA were the best. 

Effects of EPA on pig serum-induced hepatic  
fibrosis in rats
As shown in Fig. 2, compared with those in the HC 
group, the serum HA, LN, PC-III and IV-C levels (se-
rological indicators of liver fibrosis) in the modeling 
group significantly increased (P < 0.01), compared 
with those in the FC group. Of note, the levels of HA, 
LN, PC-III, and IV-C decreased significantly after 
treatment with P. notoginseng/S. mitiorrhiza, colchi-
cine, and different doses of EPA (P < 0.01), and the 
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Figure 2. The levels of HA (A), LN (B), PC-III (C) and IV-C (D) in the blood serum of the rats in all groups. Experimental 
groups’ designation as in the legend to Figure 1. Data are presented as the mean ± SD aP < 0.01, compared with the HC 
group; bP < 0.01, compared with the FC; cP < 0.01, compared with the TC1, TC2 and TL groups. Abbreviations: HA — 
hyaluronic acid; IV-C — type IV collagen; LN — laminin; PC-III — type III pro-collagen.

Figure 3. Representative photographs of the liver gross morphology and stained liver sections in all rat experimental groups. 
Experimental groups’ designation as in the legend to Figure 1. Magnifications: H&E and Masson staining — 200×.

levels of HA, LN, PC-III, and IV-C in the TM and TH 
groups were significantly lower than those in the TL, 
TC1, and TC2 groups (P < 0.01). The comparison of 
the levels of HA, LN, PC-III, and IV-C between the 
TM group and the TH group showed no statistically 
significant differences, which suggested that liver fi-
brosis was obviously improved after the treatment of 
P. notoginseng/S. mitiorrhiza, colchicine, and different 
doses of EPA, and the therapeutic effects of medium- 
and high-dose EPA were the best.

Macroscopic observations of liver specimens 
At the gross dissection, we found that the rats in the 
HC group had a normal size of the liver, the contour 
and color of their livers were normal, and their hepatic 
surface was smooth. Compared with the HC group, 
the rats in the FC group had a significantly increased 
liver size, the liver color was pale, the liver textures 
were harder, and the surface of the liver was bumpy 
and full of nodules. In addition, the livers of some 
rats in the FC group were smaller in size. The rats in 
the TC1, TC2, and TL groups had the above general 

manifestations of the FC group, but these manifes-
tations of the TC1, TC2, and TL groups were not as 
clearly pronounced as those of the FC group. Most of 
the rats in the TM and TH groups had a normal liver 
size, the texture was soft, the color was slightly gray, 
and there were no nodular changes on the hepatic 
surface. The liver samples are shown in Fig. 3.

Effects of EPA on the pathological manifestations 
of hepatic fibrosis
Under a light microscope, H&E staining and Mas-
son staining of liver sections from the HC group 
showed the typical structure of the hepatic lobules 
with hepatocytes arranged in typical plates (Fig. 3). 
The hepatocytes were uniform in size without signs 
of degeneration, necrosis, or inflammatory cell infil-
tration. There were only a few collagen fibers in the 
vascular wall and portal areas. There was no fibrous 
tissue hyperplasia between the hepatic lobules, and 
a false flocculus was not observed.

In the FC group, the liver tissue was seriously dam-
aged, liver cells showed swelling and degeneration, 
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the liver lobules were necrotic, and the majority of 
the portal tracts were expanded and full of collagen 
fibers and fibrous septa encircled the hepatic lobule. 
Moreover, the fibrous septa destroyed the structure 
of the hepatic lobules, and some of them formed 
pseudolobules (Fig. 3). Compared with that in the 
FC group, the liver tissue in the TC1, TC2, and TL 
groups showed less inflammatory cell infiltration, 
degeneration, and necrosis of hepatocytes and re-
duced fibrous hyperplasia. The lobular structure was 
approximately normal, and the liver tissue in the TM 
and TH groups showed few inflammatory cells and 
mild fibrous hyperplasia limited to the portal areas. 
The pathological features of the liver tissues in the 
TM and TH groups were less expressed than those 
in the TL, TC1, and TC2 groups (Fig. 3).

Effects of EPA on liver inflammation and the stage 
of fibrosis 

We performed pathological staging of liver tissue 
based on the Scheuer score [16]. The results are shown 
in Table 2. We performed the comparison of inflam-
matory activity grade (G) and liver fibrosis stage (S) 
between the HC group and the modeling groups, and 
the rank-sum test showed that there were significant 
differences (P < 0.01). Compared with that of the FC 
group, the degree of histological activity and fibrosis 
stages were reduced significantly after the treatment 
of rats with EPA, P. notoginseng/S. mitiorrhiza and col-
chicine (P < 0.01). Compared with those in the TC1, 
TC2, and TL groups, the signs of liver inflammation 
and fibrosis in the TM and TH groups were improved, 
while the comparison of the liver inflammation and 
fibrosis between the TM group and the TH group 
showed no statistically significant differences.

Effects of EPA on the expression of TGF-β1, 
TIMP-1, NF-κB, and a-SMA in liver tissue
As shown in Fig. 4, the expression of α-SMA, NF-
-κB, TGF-β1, and TIMP-1  was the weakest in the 
HC group. A small amount of α-SMA was expressed 
in the arterial and venous walls of the portal areas. 
There was a low level of NF-κB expression around the 
hepatocyte circumference, wall of interlobular blood 
vessels, and stromal cells around the wall of the bile 
duct. Only a few TGF-β1-immunoreactive sites were 
found in the intercellular spaces between hepatocytes, 
and the expression of TIMP-1 was only occasional in 
the HC group. As shown in Table 3, the proportion of 
α-SMA, NF-κB, TGF-β1, and TIMP-1 positive cells in 
the rat liver tissues of the FC group was significantly 
higher than that of the HC group (P < 0.01). 

In the FC group, α-SMA was highly expressed in 
the portal areas, inflammatory cells’ infiltration are-
as, and hepatocytes near the fibrous septum (Fig. 4),  
which strongly suggested the activation of HSCs.  
NF-κB was also strongly expressed, and deposited in 
these areas, including the hepatic lobule, around the 
hepatic sinusoids and hepatocytes, the confluence 
area, and the fibrous septum area. The intensely 
stained areas were observed in the hepatic lobules 
around the hepatic sinusoids, and hepatocytes. There 
were also sheet-like fusion areas in the portal area 
and fibrous septum area. The blood vessel walls were 
strongly stained. The expression of NF-κB in the TH 
and TM groups decreased. Only moderately stained 
cells were observed around the hepatic sinuses, some 
of which were in small flakes. A small number of light-
ly and yellow-stained cells were observed in the liver 
cells and the portal area. TGF-β1 was highly expressed 
in hepatocytes and mainly distributed around the por-
tal vein, portal area, fibrous septa, and other fibrotic 

Table 2. The liver inflammation activity grades (G) and fibrosis stages (S) of the rats in all groups

Groups N
G S

G0 G1 G2 G3 G4 S0 S1 S2 S3 S4

HC 10 10 0 0 0 0b 10 0 0 0 0b

FC 8 0 2 3 3 0a 0 0 1 3 4a

TH 10 2 5 3 0 0abc 0 3 5 2 0abc

TM 10 2 6 2 0 0abc 0 3 6 1 0abc

TL 9 1 3 3 2 0ab 0 1 4 3 1ab

TC1 9 1 3 4 1 0ab 0 1 4 4 0ab

TC2 10 0 3 5 2 0ab 0 2 4 4 0ab

FC — the Fibrotic Control group; HC — the Healthy Control group; TL — the low-dose EPA group; TC1 — the Panax notoginseng/Salvia mitior-
rhiza group; TC2 — the colchicine group. (TC2); TH — the high-dose EPA group; TM — the medium-dose EPA group. G — Histological activity, 
G0–G4; S — fibrosis stage, S0–S4; aP < 0.01, compared with the healthy control group (HC); bP < 0.01, compared with the fibrotic control group 
(FC); cP < 0.01, compared with the TC1, TC2 and TL groups.
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areas, as well as in periportal parts of hepatic lobules 
(Fig. 4). The proportion of TIMP-1-positive cells 
(Fig. 4) in the rat liver tissues was high as compared 
to normal liver tissue and was mainly concentrated in 
the epithelial cells of the vascular wall and bile ducts, 
the surrounding stromal cells, and the cytoplasm of 
some hepatocytes.

Compared with those in the FC group, the expres-
sion of α-SMA, NF-κB, TGF-β1, and TIMP-1 in liver 
tissue significantly decreased after treatment of rats 
with EPA, P. notoginseng/S. mitiorrhiza and colchicine 
(P < 0.01) (Table 3). Compared with those in the TL, 
TC1, and TC2 groups, the expression of α-SMA, NF-
κB, TGF-β1, and TIMP-1 in the TM and TH groups 
showed a significant decrease (P < 0.05) (Table 3), 

while there was no significant statistical difference 
in the expressions of α-SMA, NF-κB, TGF-β1 and 
TIMP-1 between the TM group and the TH group 
(P > 0.05).

Discussion

Liver fibrosis is a serious health problem worldwide, 
resulting from a sustained wound healing response 
to various chronic liver injuries caused by different 
stimuli, including viral infections, drugs, alcohol con-
sumption, cholestasis, autoimmune hepatopathy, and 
genetic metabolic diseases [17]. Liver fibrosis leads to 
the destruction of the normal liver structure and im-
paired organ function, causes liver failure, and subse-

Table 3. The expression levels of TGF-β1, TIMP-1, α-SMA and NF-κB in the liver tissue of rats in all groups

Groups N The color rendering index

TGF-β1 TIMP-1 NF-κB α-SMA

HC 10 0.69 ± 0.07b 0.36 ± 0.04b 1.38 ± 0.90b 2.06 ± 0.20b

FC 8 6.53 ± 0.57a 8.19 ± 0.33a 9.04 ± 1.30a 8.69 ± 1.69a

TH 10 2.04 ± 0.23abc 1.77 ± 0.18abc 3.24 ± 0.80abc 4.04 ± 0.66abc

TM 10 2.02 ± 0.30abc 2.09 ± 0.22abc 3.29 ± 0.76abc 4.16 ± 0.76abc

TL 9 4.82 ± 0.60ab 5.49 ± 0.34ab 6.53 ± 0.85ab 6.81 ± 0.82ab

TC1 9 3.76 ± 0.30ab 3.58 ± 0.32ab 5.87 ± 0.82ab 5.81 ± 0.77ab

TC2 10 3.14 ± 0.25ab 2.93 ± 0.27ab 5.34 ± 0.87ab 5.33 ± 0.80ab

FC — the Fibrotic Control group; HC — the Healthy Control group; TC1 — the Panax notoginseng/Salvia mitiorrhiza group; TC2 — the colchicine 
group (TC2); TH — the EPA high-dose group; TL — the EPA low-dose group; TM — the EPA medium-dose group. aP < 0.01, compared with 
the healthy control group (HC); bP < 0.01, compared with the fibrotic control group (FC); cP < 0.01, compared with the TC1, TC2 and TL groups.

Figure 4. The expression of NF-κB, α-SMA, TGF-β1 and TIMP-1 in the liver sections in all rat experimental groups was 
determined by immunohistochemistry. Experimental groups’ designation as in the legend to Figure 1. Magnification: 400×.
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quently results in cirrhosis [18], and its persistence can 
result in the progression of hepatocellular carcinoma 
[19]. This condition is characterized by the excessive 
accumulation of the extracellular matrix (ECM) [20, 
21]. HSCs have important roles in the regulation of 
liver function and hepatic fibrosis [22–24]. 

Traditional Chinese medicine is effective in the 
treatment of some chronic diseases, and some Chinese 
herbs have been proven to prevent fibrogenesis [25]. 
EPA is a traditional Chinese medicine component ex-
tracted from P. americana using modern technologies. 
The preliminary results in our previous studies [11, 
12] showed that EPA could significantly reduce the 
serum levels of ALT and AST and decrease the levels 
of serum HA, LN, PC-III, and IV-C in a CCl4-induced 
hepatic fibrosis model. Moreover, EPA could reduce 
the degeneration and necrosis of liver cells, reduce 
the deposition of collagen fibers in liver tissue, and 
reshape the ultrastructure of the liver tissue [10–12, 
26–28]. These results showed that this therapy could 
improve the degree of liver fibrosis in rats and might 
promote the prevention and treatment of liver fibrosis 
[11]. However, whether these effects can be repeated 
in other models and the underlying mechanism are 
necessary to do further study in the future.

In our present study, the immune hepatic fibrosis 
model was induced by pig serum administration to 
explore the antifibrotic effect of EPA and perform 
further research on its mechanism by detecting liver 
fibrosis-related factors. Our results showed that the 
general condition and macroscopic characteristics of 
the liver specimens of the rats in the EPA treatment 
groups were significantly better than those in the FC 
group, and the TM and TH groups had improved pa-
rameters compared with the TL, TC1 and TC2 groups. 
The levels of ALT and AST in the TH and TM groups 
were significantly lower than those in the TL, TC1, 
and TC2 groups. The levels of HA, LN, PC-III, and 
IV-C in serum of the EPA treatment groups, the 
TC1  group, and the TC2  group were significantly 
lower than those of the FC group. The levels of HA, 
LN, PC-III, and IV-C in the TH and TM groups were 
lower than those in the TL, TC1, and TC2 groups. 
These results suggested medium- and high-dose EPA 
might significantly improve liver functions and reduce 
live fibrosis. HE staining and Masson staining results 
showed that the damage to liver tissues was more 
serious in the FC group. Compared with the other 
modeling groups, there were fewer inflammatory cells 
and fibrous hyperplasia in hepatocytes in the TH and 
TM groups, in which hepatic fibrosis was confined to 
the portal area. 

These parameters in the TH and TM groups were 
significantly better than those in the FC, TL, TC1, 

and TC2 groups. There were significant differences 
in G and S compared between the treatment (EPA, 
P. notoginseng/S. mitiorrhiza, and colchicine) groups 
and the FC group. The degree of G and S in the TH 
and TM groups was less severe than that in the TL, 
TC1, and TC2 groups.

Our results demonstrated that EPA also reduced 
serum levels of ALT and AST and decreased hepatic 
fibrosis-related indexes in rats with immune fibrosis of 
the liver. Histopathological HE and Masson staining 
showed that EPA could significantly improve liver 
injury and decrease the grade of hepatic fibrosis. The 
therapeutic effects in rats in the TH and TM groups 
were better than those in the TL group. This finding 
is consistent with our previous research results in 
a CCl4-induced liver fibrosis model in rats, confirming 
that EPA has a therapeutic effect on hepatic fibrosis 
in rats [10–12]. However, the difference between 
the previous and current experimental model was 
that previously rats were given EPA or other control 
drugs during establishing the CCl4-induced liver 
fibrosis model, which was a preventive intervention, 
while currently rats were given EPA or other con-
trol drugs after the successful establishment of pig  
serum-induced immune liver fibrosis model, which 
was a therapeutic intervention. The successful treat-
ment by EPA in the pig serum-induced hepatic fibrosis 
model demonstrated that EPA could help reverse 
experimental liver fibrosis. Thus, EPA is effective 
in the prevention and treatment of hepatic fibrosis.

Many studies have shown that activated HSCs are 
the main cells that promote the synthesis of ECM 
and play an important role in the development of 
liver fibrosis in the advanced stages. The activation of 
HSCs, the production and activation of matrix metal-
loproteinases (MMPs), and the expression of TIMPs 
are the key factors in determining the progression and 
reversion of liver fibrosis [29, 30]. 

TGF-β1  is one of the strongest liver fibrosis- 
-promoting factors [31, 32]. During the development 
of fibrosis, TGF-β1 stimulates the positive feedback 
mechanism of TGF-β1 secreted by HSCs through an 
autocrine mechanism [33]. Collagen synthesis of HSCs 
is strongly stimulated by TGF-β1  and leads to the 
continuous development of liver fibrosis [34]. TIMPs 
are the most important family members of enzymes 
that regulate the activity of extracellular MMPs [35, 
36]. During liver fibrosis, TIMP-1 is mainly secreted 
by the activated HSCs and can be induced by a variety 
of cytokines [37]. With the development of this condi-
tion, TIMP-1 increases progressively, and the specific 
combination of MMP-1  and TIMP-1  can decrease 
the activity of TIMP-1 and inhibit the degradation of 
ECM components, such as collagen I and III, resulting 
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in excessive deposition in the liver and acceleration of 
liver fibrosis [38]. In this present study, the expression 
of TGF-β1 and TIMP-1 in the liver tissue of the FC 
group significantly increased, this result is consist-
ent with the positive feedback mechanism between 
HSC activation and TGF-β1 secretion, this positive 
feedback promotes the formation and development 
of immune hepatic fibrosis in rats after pig serum 
stimulation, and continuously activated HSCs secrete 
a large amount of TIMP-1, further aggravating liver 
fibrosis [22, 39]. The color rendering index (CRI) of 
TGF-β1 and TIMP-1 in the EPA treatment groups 
was lower than those in the FC group, especially in the 
TH and TM groups. These results suggested that EPA 
might inhibit the activation of HSCs and decrease 
the levels of TIMP-1 through the TGF-β1 signaling 
pathway.

α-SMA is a marker of the activation of HSCs, 
and its expression can reflect the degree of activation 
and proliferation of HSCs [40]. HSC did not express 
α-SMA under resting conditions. HSCs are activated 
by inflammatory mediators and cytokines and trans-
formed into fibroblast-like cells (MFB), migrate to 
the liver injury site, promote the synthesis of ECM, 
inhibit its degradation, proliferate at a high rate, and 
synthesize and secrete TIMPs [2, 41–43]. 

As a nuclear transcription factor, NF-κB is widely 
present in various cell types and can regulate the 
gene expression of many cytokines and inflammatory 
mediators and participate in the immune response, 
intracellular signal transduction, and other important 
functions [44, 45]. Under normal conditions, NF-κB 
combines with an inhibitor of NF-κB (I-κB) to form 
a trimer complex in the cytoplasm, and it does not 
affect nuclear transcription. When NF-κB dissociates 
from I-κB, it can be transferred into the nucleus and 
regulate gene transcription [46]. The genes encoding 
inflammatory molecules are NF-κB target genes and 
regulating the transcription of these inflammatory 
molecules is the main function of NF-κB [47]. As 
shown in previous studies, NF-κB can enhance the 
expression of the pro-inflammatory factors IL-6, 
TNF-α, CCL-2, and intercellular adhesion molecule 1  
(ICAM-1) and participate in liver inflammation 
through inflammatory cells [48–50]. Activated NF-κB 
can also enhance the activation of downstream colla-
gen gene expression and play an important role in the 
pathogenesis and development of liver fibrosis [51].

The results showed that NF-κB was weakly positive 
in the HC group. The CRI of NF-κB and its expres-
sion in liver tissues were positively correlated with the 
development of the liver fibrosis degree. The expres-

sion of NF-κB in the TH and TM groups significantly 
decreased. Therefore, we inferred that the mechanism 
of the antifibrotic effect of EPA might be mediated by 
reducing the expression of NF-κB in the liver tissue 
of rats with immune hepatic fibrosis, thus inhibiting 
the expression of the inflammatory factors IL-6 and 
ICAM-1 [52], alleviating the inflammatory reaction, 
and suppressing the expression of the collagen genes 
downstream of NF-κB [51].

In conclusion, the results of this experiment 
showed that EPA might reduce the serum levels of 
ALT and AST, decrease the serum concentrations of 
HA, LN, PC-III, and IV-C, and significantly improve 
morphological parameters of liver fibrosis. EPA might 
reduce liver inflammatory cell infiltration, decrease 
liver cell degeneration and necrosis, and reduce the 
formation of liver fibrous tissue hyperplasia. EPA 
might have a certain protective effect on rat liver fibro-
sis caused by pig serum. In our presented report, based 
on previous studies, we found that EPA might have 
a certain protective effect on rat liver fibrosis induced 
by pig serum, and CCl4. Our presented study found 
that TGF-β1, TIMP-1, NF-κB, and α-SMA were 
highly expressed in the liver fibrosis group rats and 
had relatively lower expression in the EPA treatment 
groups, the P. notoginseng/S. mitiorrhiza group and 
the colchicine group. The higher the degree of liver 
fibrosis corresponded with the higher the expression 
of TGF-β1, TIMP-1, NF-κB, and α-SMA. Therefore, 
EPA, a traditional Chinese drug, could prevent and 
treat hepatic fibrosis, and we inferred that its mech-
anism might be associated with the inhibition of the 
expression of TGF-β1, TIMP-1, NF-κB, and α-SMA. 
This could lead to the suppression of inflammatory 
factors during liver fibrosis, reducing inflammation, 
and blocking signal transduction pathways in the ac-
tivation and proliferation of HSCs. Further in-depth 
studies of the relationship between EPA and hepatic 
fibrosis and its underlying mechanism are necessary 
for identifying new strategies for the prevention and 
treatment of hepatic fibrosis.
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