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A b s t r a c t

Introduction: Nonalcoholic fatty liver disease (NAFLD) is a condition in which 
excess fat accumulates in the liver of a patient without a history of alcohol 
abuse. Fatty liver fibrosis, a severe form of NAFLD, is a key step which can be 
reversed by effective medical intervention. This paper aims to describe the 
protective role and mechanisms of action of total saponins of Panax japon-
icus (SPJ) against fatty liver fibrosis in mice. In this study, fatty liver fibrosis 
was induced by a high-fat (HF) diet combined with intraperitoneal injection 
of porcine serum. 
Material and methods: The fatty liver fibrosis model was induced by HF diet 
combined with intraperitoneal injection of porcine serum. The endoplasmic 
reticulum stress (ERS) response and C/EBP homologous protein (CHOP) and 
p-Jun N-terminal kinase  (JNK)-mediated apoptosis and inflammation were 
assessed by serum biochemistry, hematoxylin-eosin (H + E), Masson and 
electronic microscopy staining, Hyp content detection, Western blotting and 
real time polymerase chain reaction (RT-PCR).
Results: Saponins of Panax japonicus could significantly improve liver func-
tion and decrease the lipid level in the serum. The liver steatosis, collagen fi-
bers and inflammatory cell infiltration were significantly improved in the SPJ 
group according to microscope observation. The RT-PCR analysis revealed 
that the collagen I (Coll), α smooth muscle actin (α-SMA), tissue inhibitors 
of MMPs (TIMP), CHOP and GRP78 mRNA expression levels were distinctly 
weakened by SPJ treatment; and western blotting analysis indicated that 
the phosphorylated JNK (p-JNK), Coll and 78 kD glucose-regulated protein 
(GRP78) protein expression levels were significantly alleviated, which might 
be associated with the inhibition of the ERS response and the CHOP and 
JNK-mediated apoptosis and inflammation pathway.
Conclusions: Based on this research, SPJ as a preventive medicine has great 
potential in prevention of liver fibrosis.

Key words: total saponins of Panax japonicus, fatty liver fibrosis, Coll, 
endoplasmic reticulum stress, JNK.

Introduction

As the lifestyle changes in the population worldwide, fatty liver diseas-
es are gradually increasing in incidence [1] and have become the second 
most severe type of liver diseases after viral hepatitis [2]. Although fatty 
liver is considered to be a benign disease, without treatment it gradual-
ly develops into inflammatory cell infiltration and necrosis, which could 
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result in liver fibrosis and cirrhosis and lead to 
a malignant disease, such as hepatocellular carci-
noma [3]. It is of vital importance to find effective 
treatments to prevent and reverse the occurrence 
and development of fatty liver diseases.

Panax japonicus (PJ) belongs to the family Aralia-
ceae in the plant kingdom. It is one of the very com-
mon traditional Chinese medicines, which grows 
wild throughout the southwest region of China and 
Japan. Saponin of Panax japonicus (SPJ) is the main 
ingredient, which can significantly inhibit inflam-
mation and prevent liver injury in mice [4]. 

Here we aim to explore the preventive effects 
and the mechanism of action of total SPJ on fatty 
liver fibrosis in mice.

Material and methods

Chemicals and reagents

Authentic standards of Panax saponins Re, 
chikusetsusaponin V, chikusetsusaponin IV, chi-
kusetsusaponin IVa, Pjs-2 and so forth were pur-
chased from the National Institute of Control of 
Pharmaceuticals and Biological Products (Beijing, 
China). The hydroxyproline (Hyp) assay kit was 
purchased from Nanjing Jiancheng Bioengineer-
ing (Nanjing, China). The total protein extraction 
kit and BCA protein assay kit were purchased 
from Beijing Applygen Technologies Inc (Beijing, 
China). Rabbit polyclonal anti-β-actin antibody 
was bought from Wuhan Guge Biological Tech-
nology Co., Ltd. Anti-collagen I  and GRP78 anti-
body were provided by Santa Cruz Biotechnology, 
Inc (Delaware, USA). Anti-phospho-SAPK/JNK and 
SPAK/JNK were purchased from Cell Signaling 
Technology (Danvers, USA). The total RNA ex-
traction kit, retrovirus kit and PCR amplification 
kit were bought from TaKaRa Bioengineering Co., 
Ltd. (Dalian, China). Collagen I  (Coll), α smooth 
muscle actin (α-SMA), tissue inhibitors of MMPs 
(TIMP), C/EBP homologous protein (CHOP), 78 kD 
glucose-regulated protein (GRP78), and glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) 
primers were purchased from Sangon Biological 
Engineering Co., Ltd. (Shanghai, China).

Preparation of PJS and high-pressure liquid 
chromatography (HPLC) analysis

The PJ was collected from Enshi Chunmuying 
Medicinal Material Planting Base, and authenti-
cated by Dr Kun Zou, Hubei Key Laboratory of Nat-
ural Products Research and Development (China 
Three Gorges University). The SPJ were extracted 
according to the method of our research team [5]. 
Briefly, the root of dried Panax japonicus (~1 kg) 
was ground and then extracted three times with 
10 l of 60% ethanol by recirculation for 2 h. The 
extracted liquid was concentrated under reduced 

pressure to obtain a crude ethanol extract, which 
was suspended in H2O, and then partitioned with 
n-butanol to obtain the n-butanol portion. The 
n-butanol extract was redissolved in water and 
poured into a  chromatographic column contain-
ing macroporous adsorption resin D101 (Tianjin 
Pesticide Factory, China), rinsed with water until 
colorless and then eluted with different concen-
trations of ethanol in water. The 90% fraction was 
defined as the refined n-butanol extract, which 
was redissolved in water at a  concentration of  
10 mg/ml and then diluted with methanol- 
water to 1 mg/ml. HPLC analysis was performed 
on a  SEYMC-Pack ODS-AQ column (4.6 mm × 
250 mm, 5 μm) eluted with the mobile phases 
of acetonitrile (A) and 0.4% phosphate solution 
(B) at a flow rate of 1.0 ml/min. The temperature 
of the column was 30°C. The system was run 
with the following gradient program: 0–5  min, 
5%A; 5–20 min, 5–30%A; 20–30 min, 30%A; 30–
50 min, 30–85%A; 50–60 min, 85%A. The sample 
injection volume was 10 μl and the detection was 
performed with a UV detector. 

Animal experiment

The SPF level BABL/c mice (18–22 g, 4–5 weeks) 
with half males and half females were provided by 
Hubei Province Experimental Animal Center (num-
ber of animal license SCXK 2008-0005). Six mice 
were raised in a cage. All the animals were housed 
under standard conditions with a 12 h dark/light 
cycle at a temperature of 22 ±2°C and a humidity 
of 60 ±5%. All of them were fed with standard ro-
dent animal diet and water ad libitum. All proce-
dures involving animals complied with the China 
National Institutes of Healthy Guidelines for the 
Care and Use of Laboratory Animals. All of this 
study’s protocols were approved by the Animal 
Ethics Committee of the Three Gorges University.

A total of 48 BABL/c mice were randomly divid-
ed into four groups (n = 12): the normal control 
group, the model group, the SPJ low dose group, 
and the SPJ high dose group. All of the mice were 
given high-fat (HF) forage except for the normal 
control group, each 10 g a day. At the same time, 
SPJ low and high dose groups were given a gavage 
of SPJ 100  mg/kg and 300  mg/kg respectively, 
once two days for 11 weeks. From the fifth week, 
the mice were injected intraperitoneally with pig 
serum, each 0.1 ml a week four times, except for 
the control group, injected with PBS. The weight 
of the mice was weighed once a  week at the 
same time. At the end of the 11th week, all the 
mice stopped feeding for about 12 h, and were 
anesthetized to collect the blood sample and then 
sacrificed to obtain the livers. The fresh liver was 
weighed to calculate the liver index (liver index 
(%) = liver weight/body weight × 100). Then the 
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liver was cut into slices and fixed for the histo-
logical and electron microscopic investigation. The 
remaining liver tissue was snap-frozen in liquid 
nitrogen and stored at –80°C.

Serum biochemistry

The serum activities of alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), and 
the contents of triglyceride (TG), high-density lipo-
protein (HDL), low-density lipoprotein (LDL), and 
total bile acid (TBA) were detected by professional 
testing kits according to corresponding product 
specifications.

Histopathological examination

The same parts of the liver tissue were chosen 
for hematoxylin-eosin (H + E), Masson and elec-
tronic microscopy staining. Each staining method 
was performed according to the manufacturer’s 
instructions. Briefly, tissue slices of 5 μm thickness 
were made from the formalin-fixed specimens, 
and were stained with H + E or Masson staining. 
For electronic microscopy staining, the liver tis-
sues, about 1 mm3 in each mouse, were fixed with 
2% glutaraldehyde overnight and washed three 
times with 0.2 M phosphate buffer. Then the tis-
sues were fixed again with 1% osmium tetroxide, 
washed with 0.2 M phosphate buffer, and dehy-
drated with ethanol at different concentrations. 
The samples were immersed in Epon812 resin/
acetone (1 : 1) for 30 min, and in fresh Epon812 
resin for 30 min, embedded for convergence over-
night at 70°C. The tissue was cut at about 50 nm 
thickness, stained with a negative-staining meth-
odology with 2% uranyl acetate, and observed on 
a transmission electron microscope (TEM; H-7500, 
Hitachi, Tokyo, Japan).

Determination of hydroxyproline content

The hydroxyproline content was measured ac-
cording to the instructions of the Hyp content de-
tection kit.

Detection of mRNA by real time-polymerase 
chain reaction

The mRNA expression of the fibrogenesis re-
lated genes, α-SMA and Coll, was determined by 
semi-quantitative RT-PCR. The housekeeping gene 
GAPDH was used as an internal control. Moreover, 
we also examined the gene expressions of TIMP, 
CHOP, and GRP78. Total RNA was extracted from 
snap-frozen liver tissue samples following the in-
structions provided with the total RNA extraction 
kit. The total RNA was reverse-transcribed with 
the reverse transcriptase kit according to the man-
ufacturer’s guidelines. The primers used for PCR 
are as in Table I. The expression levels of GAPDH 
were used as an internal control. Initial denatur-
ation was performed at 94°C for 5 min, followed 
by 25–30 cycles of denaturing at 94°C for 30 s, 
annealing at 55 °C for 30 s, and extending at 72°C 
for 30 s.

Western blotting analysis

Total proteins were extracted using a total pro-
tein extraction kit according to the instructions. 
Protein concentrations were quantified using 
a BCA protein assay kit. Samples (50 μg protein 
each) were separated by 10% SDS-polyacryl-
amide gel electrophoresis (PAGE) and transferred 
to polyvinylidene fluoride (PVDF) membranes by 
electrophoretic transfer. After being blocked in 
5% non-fat milk in TBST for 1 h at room tempera-
ture, membranes were incubated with anti-β-ac-
tin antibodies (1 : 1000), anti-collagen I antibody 
(1 : 500), anti-GRP78 antibody (1 : 500), anti- 
p-JNK (1 : 1000), and anti-JNK antibody (1 : 1000) 
at 4°C overnight. Immunoblots were incubated 
with the corresponding secondary antibody con-
jugated with horseradish peroxidase for several 
minutes. Membranes were developed using an 
electrochemiluminescence (ECL) kit. The density 
of the immunoreactive bands was analyzed using 
Image J 2x (National Institutes of Health, Bethes-
da, MD, USA).

Table I. Primer sequences used for real-time PCR assay

Primer Sequence (5’→3’)

Forward Reverse

COLL Iα GGATTGACCCTAACCAAGGATGT GGCTGCCACCATTGATAGTCTCT

α-SMA TTGGGATGGAGTCAGCGG TCCTGTCAGCAATGCCTGG

TIMP CTTCTTGGTTCCCTGGCGT GCAAAGTGACGGCTCTGGTAG

CHOP TCACTGACTTGGGTTTGGGCTAT TCAGACGGCTGTTCTCACTCCTA

GRP78 CGTGCGTGACATCAAAGAGAA TGGATGCCACAGGATTCCAT

GAPDH CGGATTTGGYCGTATTGGG CTCGCTCCTGGAAGATGG
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Statistical analysis

All data are expressed as means ± standard devi-
ation (x ± S). Statistical testing was performed with 
the SPSS 13.0 for Windows software. Data were an-
alyzed by homogeneity of variances and one-way 
analysis of variance (ANOVA). P-values less than 
0.01 were considered statistically significant.

Results

Extraction and analysis of SPJ

According to the method of our research team 
[5], we obtained the ethanol extract 86.0 g in the 
range of 30–60% as refined n-butanol extract 
with the root of dried PJ (1000 g). The HPLC-UV 
chromatogram of the refined n-butanol extract 
from the root of PJ is presented in Figure  1. Six 
major chromatogram peaks were marked. Four 
peaks among them were detected by comparing 
their retention time with those of the authentic 
standards. Peaks numbered 1–4 represent chi-
kusetsusaponin V, Pjs-2, chikusetsusaponin IV, 
and chikusetsusaponin IVa, respectively. These 
four saponins are all oleanane type saponins. In 
our present extraction and purification meth-
od, the content of these four saponins detected 
by HPLC-UV analysis was 92.5%. The other two 
peaks were unidentified (Figure 1).

Changes of liver/body weight, food,  
and water intake

No mice died during the 11 weeks of the ex-
perimental period. Figure 2 summarizes the effect 
of SPJ on body weight changes induced by the 
HF diet. After 11 weeks of exposure, the mean 
weight of the control group increased slowly, while 
in the model group it showed positive growth  
(p < 0.05). In contrast, with the SPJ treatment, the 
body weight increased slowly, especially in the SPJ 
high dose group (p < 0.05), compared to that in 
the model group (Figure 2).

Table II shows the food, water intake, final body 
weight and liver weight of different groups of 
mice. As time passed, the mice in the model group 
ate more food and drank more water compared 

with the control group (p < 0.05). Administration 
of 100 and 300 mg/kg SPJ significantly reduced 
these values as compared with the model group 
(p < 0.05). By comparing the final body weight, 
liver weight and liver index, it was apparent that 
with the SPJ treatment the body weight and liver 
weight were markedly decreased.

Changes of biochemical parameters in the 
sera

In order to investigate the extent of liver injury 
following HF diet treatment, the serum levels of 
ALT, AST, TG, HDL, LDL and TBA were detected in 
the mice. The results showed that the activities 
of ALT and AST and the content of TG, LDL and 
TBA were obviously increased in the model group 
compared with those of the normal group, while 
the HDL content was decreased significantly (p < 
0.01). Also, in the SPJ low and high group the se-
rum ALT and AST activities and the content of LDL, 
TG and TBA were significantly reduced (p < 0.01) 
compared with those of the model group, which 
suggested that treatment with SPJ had a benefi-
cial effect on protecting mouse liver and reducing 
the lipid accumulation (Table III).

Effect of SPJ on liver morphology  
and structure

The liver appearance in the normal control 
group was normal color and smooth surface. 
While the liver appearance was very brittle and 

Figure 1. The saponins of Panax japonicus analyzed 
by HPLC-ELSD

1 – chikusetsusaponin V, 2 – Pjs-2, 3 – chikusetsusaponin IV,  
4 – chikusetsusaponin IVa.
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covered with particles on the surface in the mod-
el group, the liver in the SPJ low and high dose 
groups was significantly improved in appearance, 
being smoother (Figure 3 A).

To detect the hepatoprotective effects of SPJ, 
we conducted histological examination of the ex-
tent of liver damage. Hepatic histopathology was 
assessed by staining paraffin sections of liver with 
H + E. The liver tissue showed normal architecture 
in the normal control group. In the model group, 
the structure of the hepatic cells was disordered, 
the liver lobule was fuzzy and even disappeared, 
hepatic cells showed obvious fatty degeneration 
and necrosis, and the liver portal area indicated 
hyperplastic fiber with infiltration of inflammatory 
cells. In the SPJ low and high dose groups the lip-
id degeneration and inflammatory response were 
significantly alleviated compared with the model 
group. Hepatocyte volume became smaller, he-
patic lobules were clearly delineated, and the fat 
droplets were reduced (Figure 3 B).

Under the electron microscope, the shape of the 
cellular mitochondria and endoplasmic reticulum 
was quite regular, the distributions of the mito-
chondria and endoplasmic reticulum were dense, 
and the arrangement of the mitochondrial crest 

was very tight in the normal control group. How-
ever, the liver tissue of the model group displayed 
a lot of fat vacuoles in the cells and was accompa-
nied by a large area of damage and fracture of the 
mitochondria and the mitochondrial crest, while 
the endoplasmic reticulum amount decreased sig-
nificantly. Whereas the hepatocyte lipid droplets 
in the SPJ low and high dose groups were mark-
edly reduced, and the amount of the endoplasmic 
reticulum was obviously increased, the mitochon-
drial damage was apparently reduced. In addition, 
the mitochondrial crest was more developed and 
arranged distinctly orderly (Figure 3 C).

Changes of collagen synthesis  
and deposition in the liver

In the liver, collagens are the main components 
of the extracellular matrix (ECM), primarily com-
posed of collagen I and III, which account for 95% 
of the total collagen in fibrotic liver. When the 
liver becomes fibrous, the basement membrane 
will be damaged, and the content of collagen can 
be increased significantly. We used Masson’s tri-
chrome staining, RT-PCR and western blotting to 
observe the influence of collagen fiber generation. 

Table II. Liver/body weight, food, and water intake of control and experimental animals

Parameter Control Model SPJ [mg/kg]

100 300

Food intake [g/mouse/day] 24.34 ±3.32 31.90 ±4.78# 26.50 ±5.23* 22.29 ±4.92*

Water intake [ml/mouse/day] 31.28 ±2.02 44.25 ±4.53# 34.12 ±3.12* 33.13 ±3.90*

Final body weight [g] 33.23 ±6.64 38.09 ±7.03# 37.10 ±7.49 32.39 ±6.68*

Body weight net gain [g] 9.91 ±4.17 15.44 ±5.58# 13.56 ±5.79* 8.82 ±5.81*

Body weight gain rate (%) 42.49 ±3.64 68.17 ±5.38# 57.60 ±4.38* 37.43 ±4.76*

Liver weight [g] 4.24 ±0.93 6.82 ±1.02# 5.85 ±0.78 3.74 ±0.67*

Liver index (%) 12.77 ±1.22 17.90 ±1.25# 15.78 ±1.73 11.55 ±1.02*

Table II shows the food, water intake, final body weight and liver weight of different groups of mice. They were increased compared with 
those in the control group (p < 0.05). Administration of 100 and 300 mg/kg SPJ significantly reduced these values as compared with the 
model group (p < 0.05). #p < 0.05, compared with control group; *p < 0.05, compared with model group.

Table III. Biochemical parameters in mice treated with SPJ

Parameter Control Model SPJ [mg/kg]

100 300

ALT 39.00 ±7.85 52.90 ±7.36# 47.00 ±5.86 42.50 ±6.90*

AST 120.00 ±15.09 150.78 ±18.60# 111.71 ±12.51* 131.25 ±12.38*

HLD-C 2.57 ±0.62 1.76 ±0.49# 2.690 ±0.71* 2.49 ±0.55*

LDL-C 0.10 ±0.02 0.27 ±0.05# 0.18 ±0.05* 0.18 ±0.06*

TBA 2.23 ±0.91 4.44 ±1.14# 2.40 ±1.10* 2.36 ±1.07*

TG 0.63 ±0.06 0.73 ±0.08# 0.62 ±0.05* 0.47 ±0.07*

#p < 0.05, compared with control group; *p < 0.05, compared with model group.
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Figure 3. Pathological features of liver tissue. A – Morphologic changes in liver: (1) normal control group, liver 
appeared fresh, slippery and dense both in color and texture; (2) model group, on liver surface there appeared 
numerous tiny milky white particles; liver had rough appearance and grey color; (3) SPJ low dose group (100 mg/
kg) and (4) SPJ high dose group (300 mg/kg), the liver appearance was improved dramatically, especially in the SPJ 
high dose group; the liver was redder, smoother and denser. B – H + E staining of liver tissue: (1) normal control 
group, showing a normal morphological structure in lobular architecture and hepatocytes; (2) model group, re-
vealing conspicuous morphological disruption; (3) SPJ low dose group (100 mg/kg), displaying moderate improve-
ment of morphological changes; (4) SPJ high dose group (300 mg/kg), demonstrating obvious improvement in the 
hepatocytes. Liver sections showed a dose-dependent reduction in the degree of liver injury. C – Ultrastructural 
observation of the hepatocytes: (1) normal control group, the cell ultrastructure was quite regular including mi-
tochondria and endoplasmic reticulum; (2) model group, showing numerous fat vacuoles in the hepatocytes and 
accompanied by a large area of damage and fracture of the mitochondria and the mitochondrial crest; (3) SPJ low 
dose group (100 mg/kg), revealing some mitochondria and fewer fat vacuoles in the hepatocytes; (4) SPJ high dose 
group (300 mg/kg), revealing almost normal mitochondria and endoplasmic reticulum in the cellular ultrastructure

1 – normal control group, 2 – model group, 3 – SPJ 100 mg/kg, 4 – SPJ 300 mg/kg.
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The results of Masson’s staining showed that the 
perivascular collagen fiber was dyeing only in 
the portal area in the normal group (Figure 4 A).  
Compared with the normal control group, the 
hepatic portal area and portal vein in the model 
group manifested obviously increasing collagen 
fibers, while around the central vein the hyper-

plastic collagen fibers were distributed along the 
hepatic sinus and connected to each other, then 
they formed the diaphragm as a connection to the 
portal area and the central vein. Treatment with 
SPJ in the low and high dose groups significantly 
inhibited the production of collagen fibers, while 
collagen fiber hyperplasia only appeared in the 

A1 A2

A3

B C

A4

Figure 4. SPJ treatment inhibited collagen deposition in the mouse liver. A – Masson’s trichrome staining of liver 
tissues (magnification, 200×): (1) normal control group, normal structure of the hepatic lobule; (2) model group, 
extensive accumulation of continuous fibrotic septa was around the central vein in the liver; (3) SPJ low dose group 
(100 mg/kg), showing less collagen deposited and pseudolobule formation; (4) SPJ high dose group (300 mg/kg), 
collagen fiber rarely existed. B – Relative quantitative analysis of the fibrosis in Masson staining: using software 
analyses the fiber sensitivity, in the fatty liver fibrosis group, the sum area of the fiber was raised evidently; SPJ 
(100 mg/kg and 300 mg/kg) groups showed a distinctly smaller sum area of the fiber; the sum area of the fiber 
ratio is presented as means ± SD (n = 6). #p < 0.01 vs. normal control group; *p < 0.01 vs. model group. C – Hyp con-
tent detection in the liver tissue: compared with the model group, the Hyp content sharply declined with the SPJ 
treatment (100 mg/kg and 300 mg/kg); the Hyp content is presented as means ± SD (n = 6). #p < 0.01 vs. normal 
control group; *p < 0.01 vs. model group
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portal area. Through the analysis of the results of 
Masson staining by the Imager-Pro Plus 7.0C soft-
ware, the sum area of the fiber in the model group 
was 2.43 fold higher compared with the normal 
control group (p < 0.01), while in the SPJ (100 mg/
kg, 300 mg/kg) groups it significantly decreased 
by about 74% and 86% by contrast with the model 
group, respectively (p < 0.01) (Figure 4 B).

The METAVIR [6] and Brunt [7] methods were 
used to classify the severity of liver fibrosis. As 
shown in Table IV, for the normal group, the scores 
were mainly concentrated within F0–F3, the most 
in F0, while the scores of the model group were 
principally focused in F1–F3 and there were zero 
scores of F0 in both METAVIR and BRUNT. With the 
SPJ treatment in low and high dose groups, the 
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Figur 4. D and E – Effect of SPJ on the expression of 
TIMP, α-SMA, COLL Iα in the liver tissues: SPJ treat-
ment (100  mg/kg and 300  mg/kg) reduced TIMP, 
α-SMA, COLL Iα gene expression compared with 
liver fibrosis group; however, in the SPJ high dose 
group (300 mg/kg) the decrease was more obvious; 
the gene expression levels are presented as means 
± SD (n = 6). #p < 0.01 vs. normal control group; *p < 
0.01 vs. model group. F and G – Expression of COLL 
Iα protein in the liver tissues: with SPJ treatment 
especially the high dose group (300 mg/kg) signifi-
cantly downregulated levels of COLL Iα compared 
with the model group; the protein expression levels 
are presented as means ± SD (n = 6). #p < 0.01 vs. 
normal control group; *p < 0.01 vs. model group

1 – normal control group, 2 – model group, 3 – SPJ 
100 mg/kg, 4 – SPJ 300 mg/kg.

 Normal control group        Model group
 SPJ 100 mg/kg        SPJ 300 mg/kg

Coll

Table IV. Effects of SPJ on fatty liver fibrosis score

Group               Method F0 F1 F2 F3 F4 Liver fibrosis area (%)

Control METAVIR 8 4 0 0 0 24.86 ±8.30

Brunt 8 3 1 0 0 33.97 ±1.74

Model METAVIR 0 6 4 2 0 86.46 ±6.50#

Brunt 0 2 4 6 0 135.24 ±42.54#

SPJ 100 mg/kg METAVIR 3 6 2 1 0 60.78 ±14.48*

Brunt 3 3 3 3 0 86.16 ±15.78*

SPJ 300 mg/kg METAVIR 4 6 1 1 0 53.47 ±19.65*

Brunt 4 4 2 2 0 67.94 ±7.53*

Brunt and METAVIR scoring systems were applied on a scale of 0–4: F0, no fibrosis; F1, portal fibrosis without septa (bridge of connective 
tissue between two portal tracts, a portal tract and a centrolobular vein, or between two centrolobular veins); F2, few septa; F3, numerous 
septa without cirrhosis; F4, cirrhosis (liver tissue is mutilated by nodular fibrosis that delineates hepatocyte nodules). For statistical 
analysis, the F0 and F1 were considered insignificant (minimal or no) fibrosis, while the scores F2–F3 were considered significant fibrosis 
and cirrhosis as stage F4. #p < 0.05, compared with control group; *p < 0.05, compared with model group.
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#
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scores were gradually close to the normal group. 
Also, the liver fibrosis area decreased significantly 
with SPJ compared with the model group. Thus, 
it was extremely clear that SPJ could improve the 
situation of liver fibrosis.

Hydroxyproline, as an index of connective tis-
sue turnover, could reflect the metabolism of the 
collagen. Hyp content in the liver specimens repre-
sented the total amount of collagen in livers, which 
was quantified to evaluate the degree of liver fi-
brosis by using a colorimetric method. The results 
indicated that the Hyp content was 189% higher in 
the model group compared with the normal con-
trol group (p < 0.01). By contrast, the SPJ (100 mg/
kg, 300 mg/kg) groups showed a decrease of 46% 
and 59%, respectively (p < 0.01) (Figure 4 C). 

The mRNA fragments specific to TIMP, α-SMA 
and Coll were amplified for the fibrosis markers 
by RT-PCR. The densitometric analysis of the frag-
ments was normalized against the correspond-
ing GAPDH transcript. Gene expression of TIMP, 
α-SMA and Coll in the model group was 174%, 
128% and 217% higher, respectively, than that 
in the normal control group; treatment with SPJ 
(100  mg/kg) caused a  decrease of 51%, 57% 
and 44%, respectively, in mRNA expression com-
pared with the model group; also treatment with 
SPJ (300  mg/kg) caused a  71%, 52% and 74% 
decrease respectively. The decrease in mRNA ex-
pressions of TIMP, α-SMA and Coll was significant 
compared with the model group (p < 0.01) (Fig-
ures 4 D and E). Protein expression of Coll in the 
fatty liver fibrosis group was 211% higher than 
that in the normal control group; treatment with 
SPJ (100 mg/kg) and SPJ (300 mg/kg) caused a de-
crease of 51% and 64%, respectively, in protein 
expression compared with the fibrosis group. The 
decrease in protein expression of Coll was signif-
icant compared with the model group (p < 0.01) 
(Figures  4 F and G). All of these results suggest 
that the liver fibrosis model is successful and the 
SPJ can protect against liver injury.

Effects of SPJ on the genes and proteins 
associated with endoplasmic reticulum 
stress (ERS)

GRP78 and CHOP are the classic markers of 
ERS. For a comprehensive evaluation of the effects 
of SPJ against fatty liver fibrosis, the expression of 
some related proteins or genes was investigated. 
The results showed that the gene expression of 
GRP78 and CHOP in the fatty liver fibrosis group 
was 756% and 40% higher, respectively, than that 
in the normal group; treatment with SPJ (100 mg/
kg) caused a decrease of 67% and 78%, respec-
tively, in mRNA expression compared with the 
model group; treatment with SPJ (300  mg/kg) 
caused a 71% and 69% decrease respectively. The 

decrease in mRNA expression of GRP78 and CHOP 
was significant compared with the model group 
(p < 0.01) (Figure 5 A). 

Meanwhile the protein expression of GRP78 
in the model group caused an increase of 153% 
compared with the normal group. In contrast, in 
the SPJ low and high dose groups, the protein 
expression of GRP78 caused a decrease of 69%, 
which was significant compared with the model 
group (p  <  0.01) (Figure  5 B). The phosphoryla-
tion of JNK was compared with total JNK, which 
was 59% and 53% lower in the SPJ (100  mg/
kg, 300 mg/kg) compared with the model group 
(p < 0.01) (Figure 5 C).

Discussion

Animal models have been used for several de-
cades to study liver diseases and evaluate drug 
activity [8,  9]. An enormous number of methods 
can be used to establish the liver fibrosis model in 
mouse; carbon tetrachloride (CCl

4) [10, 11], thio-
acetamide (TAA) [12, 13], and dimethyl or diethyl 
nitrosamine (DMN or DEN) [14–16] are the most 
commonly used hepatotoxic agents in the classi-
cal models of bridging fibrosis. In addition, biliary 
fibrosis, immunologically induced fibrosis, alco-
hol-induced fibrosis and NASH-associated fibrosis 
were quite common ways of building liver fibro-
sis models. Recently, a combined model of HF diet 
and gold thioglucose (GTG) administration was 
reported [17]. Gold thioglucose is known to induce 
lesions in the ventromedial hypothalamus, leading 
to hyperphagia and obesity. Gold thioglucose was 
administered intraperitoneally to BABL/c mice, and 
thereafter they were fed an HF diet for 12 weeks. 
As a result, obesity with increased abdominal adi-
posity, glucose intolerance, insulin resistance, and 
steatohepatitis with hepatocyte ballooning, MH, 
and pericellular fibrosis were induced. So we chose 
a combined method to establish the fatty liver fi-
brosis model, which includes an HF diet and a por-
cine serum immunological agent which imitates 
hepatic inflammation. Researchers reported that 
this combined method could shorten the modeling 
time and reduce the death of the animal, and was 
closer to the clinical pathological damage of hepat-
ic fibrosis etiology and development [18].

Activities of serum ALT and AST were conven-
tionally used as biochemical markers to assess 
liver injury [19]. In the present study, a long-term 
HF diet combined with intraperitoneal injections 
of xenogeneic protein resulted in a significant el-
evation of serum ALT and AST. Administration of 
SPJ markedly attenuated the abnormal activities 
of serum ALT and AST, which indicated that SPJ 
has potent hepatoprotective effects. Meanwhile 
a  significant reduction in TG, HDL, and TBA and 
an elevation in LDL were observed following treat-
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ment with SPJ. Therefore, we hypothesized that 
SPJ exerts a protective effect on fatty liver fibrosis.

It is known that the destruction of liver struc-
ture and deposition of collagen fiber are vital bio-
markers in the development of liver fibrosis [20]. 
Previous studies revealed that TIMP inhibits col-
lagenase activity. Recent studies [20–22] revealed 
an anti-fibrogenesis effect caused by SPJ reducing 
the expression of α-SMA and TIMP. Collagens are 
the main components of the ECM. Collagen I  is 
one of the main components of collagen, while 
collagen is a major component of connective tis-
sue. Both the protein and the gene expression lev-
els of Coll were reduced evidently by SPJ. These 

results indicated that SPJ may reduce the gener-
ation of collagen fiber. Through the detection of 
Hyp content in the liver tissues, we found that SPJ 
resulted in a reduction of Hyp content. In addition, 
we observed through Masson’s staining that the 
production of collagen fibers was significantly in-
hibited by the treatment with SPJ. 

ERS has emerged as a common feature relevant 
to the pathogenesis of diseases associated with liver 
fibrosis [23]. The ERS-related factor GRP78, as an en-
doplasmic reticulum steady-state receptor, is one of 
the key factors to start and regulate the endoplasmic 
reticulum steady state. To some extent, the expres-
sion of GRP78 can reflect the adjustment ability to 

GRP78

CHOP

GAPDH

 1 2 3 4A

p-JNK

JNK

 1 2 3 4C
Figure 5. SPJ treatment recovered the expression of ERS-as-
sociated genes and proteins. A – Effects of SPJ on the gene 
expression of GRP78 and CHOP in the liver tissues: in SPJ 
(100 mg/kg and 300 mg/kg), the mRNA levels of GRP78 and 
CHOP were remarkably decreased compared with the mod-
el group, the gene expression levels are presented as means 
± SD (n = 6). #p < 0.01 vs. normal control group; *p < 0.01 
vs. model group. B – Effects of SPJ on protein expression of 
GRP78 in the liver tissues: anti-β-actin blotting was used 
as control for equal protein loading.  Compared with the 
model group, SPJ (100  mg/kg and 300  mg/kg) treatment 
significantly suppressed the protein expression of GRP78; 
the protein expression levels are presented as means ± SD 
(n = 6). #p < 0.01 vs. normal control group; *p < 0.01 vs. 
model group. C – Effects of SPJ on the protein expression of 
JNK and p-JNK in the liver tissues: Noticeable changes of the 
JNK protein expression did not appear in the normal con-
trol group, model group and SPJ (100 mg/kg and 300 mg/
kg) groups, while the expression of p-JNK was significant-
ly decreased in SPJ (100 mg/kg and 300 mg/kg) groups in 
contrast with the model group; protein expression levels 
are presented as means ±SD (n = 6). #p < 0.01 vs. normal 
control group; *p < 0.01 vs. model group

1 – normal control group, 2 – model group, 3 – SPJ 100  mg/kg, 
4 – SPJ 300 mg/kg.
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start and regulate the endoplasmic reticulum steady 
state [24]. CHOP is apoptosis signaling molecule in-
duced by ERS, plays an important role in cell death, 
and is the direct result of the ERS apoptosis re-
sponse. In recent years, research has shown that the 
JNK signaling pathway could mediate cell apoptosis 
through ERS [25, 26]. In the present study, it was 
found that GRP78, CHOP and p-JNK were up-regu-
lated in the model and down-regulated by SPJ. 

In conclusion, our results showed that the total 
saponins of Panax japonicus had a potential pro-
tective effect against the HF diet combined with 
intraperitoneal injection of pig serum induced fat-
ty liver fibrosis via inhibition of the endoplasmic 
reticulum stress response and CHOP and JNK-me-
diated apoptosis pathways and inflammation 
pathways. However, further studies should be car-
ried out to investigate in depth the mechanisms 
and drug targets of fatty liver fibrosis. 
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