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Absitract

AIM: To investigate the efficacy of fu-gi granule (FQG)
on carbon tetrachloride (CCl4) induced liver fibrosis in
rats and the underlying mechanisms.

METHODS: Sixty rats were randomly divided into six
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groups: normal control group, CCls induced liver fibrosis
group, AnluoHuaxianWan group and three treatment
groups of FQG. Treatment of rats with intraperitoneal
injection of carbon tetrachloride solution at 0.3 mL per
100 g body weigh twice a week for 8 wk. The normal
control group the rats were given the media (olive oil)
at the same time. In the first 2 wk, rats were raised with
feedstuff (80% corn meal, 20% lard, 0.5% cholesterol).
Serum samples were collected for alanine transaminase,
aspartate aminotransferase, alkaline phosphatase,
albumin, total protein assay and typical histopathological
changes was observed in Hematoxylin-eosin staining
sections. Smooth muscle alpha actin (a-SMA) was
analyzed with immunohistochemistry. Mammalian target
of rapamycin (mTOR) and hypoxia-inducible factor-1
(HIF-1a)) expressions were detected by Western blot-
ting. Tissue inhibitor of matrix metalloproteinases-1
(TIMP-1) and matrix metalloproteinases-9 (MMP-9) were
measured with semi-quantitative reverse transcriptase-
polymerase chain reaction.

RESULTS: FQG significantly reduced the serum levels
of alanine transaminase, aspartate aminotransferase,
alkaline phosphatase and increased the serum contents
of albumin, total protein in rats with liver fibrosis.
Moreover, FQG promoted extracellular matrix degradation
by increasing MMP-9 and inhibiting TIMP-1 and o-SMA.
MTOR and HIF-1la expression in liver significantly
decreased in the rats treated with FQG.

CONCLUSION: The results indicated that FQG signi-
ficantly reverse fibrosis induced by CCls, which should be
developed as a new and promising preparation for the
prevention of liver fibrosis.

Key words: Protective effect; Fu-gi granule; Carbon
tetrachloride; Mammalian target of rapamycin/p70S6K
signal pathway; Liver fibrosis

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Fu-qgi granule (FQG) is traditional Chinese
medicine preparation to prove the antifibrotic properties of
traditional Chinese drug composed of six medicinal herbs
in rats treated with carbon tetrachloride. we checked
activities of liver enzymes, histopathological changes
within the liver as well as the expression of mammalian
target of rapamycin (mTOR) and hypoxia-inducible
factor-1 and tissue inhibitor of matrix metalloproteinases-1
and matrix metalloproteinases-9. FQG can attenuate liver
fibrosis induced by carbon tetrachloride vi@ mTOR/p70S6K
signal transduction pathway.
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INTRODUCTION

As one of the common response to different kinds of
liver injuries, such as autoimmune diseases, metabolic
diseases, alcohol abuse, cholestatic liver disease!®,
together with hepatitis. Liver fibrosis usually results in
hepatic microstructure distortion and liver dysfunction
with characterization of extracellular matrix (ECM)
overproduction and irregular deposition in liver tissues',
which seriously threatens human health. Therefore,
it could be given a hint that the prevention of the
progression from liver injury to liver cirrhosis may due to
interruption and reversion of hepatic fibrosis.

Although there are many pathways and targets
involving in liver fibrogenesis, however, by now, the
mammalian targets of rapamycin (mTOR)/p70S6 kinase
(p70S6K) signal pathways are receiving more and more
attentions. It is reported that mTOR which were an
regarded as an internal evolutionarily hidebound kinase,
are taking advantage of controling serine threonine
synthesis via phosphorylation of its downstream targets'®’.
Being a mitogen-activated protein kinase, the p70S6K is
playing an extremely major role in cell life cycle survival,
proliferation or regulation™. Additionally, mTOR/p70S6K
signaling pathways inhibited hepatic stellate cell (HSC)
proliferation, which could be as an effective anti-fibrotic
strategy™.

Currently, several agents have showed promising
anti-fibrogenesis effect in liver'™. However, there still
seems a long way to apply the agents in the clinical
application'”. Having been used for thousands of years
in China, Traditional Chinese medicines (TCM) has
been playing a special role in liver diseases treatment
from a unique perspective®. With good therapeutic
effects on liver fibrosis, traditional Chinese medicine
has attracted more and more attentions and people
are trying to explore new preparation of TCM and
investigating the potential mechanisms'. Since TCM
has specific characteristics with multi-constituents,
multi-ways and less side effects, studies on traditional
Chinese medicine with anti-fibrosis effects have been
shown more important in today™.

Fu-gi granule (FQG) is a new type with traditional
Chinese medicine preparation. It was prepared by
the astragalus membranaceus (Fisch.), broussonetia
papyrifera (L.), poria cocos (Schw.) and angelica sinensis
(Oliv.) via water extraction. Then the extraction was
filtrated and the filtration liquid was enriched and dried
to powder. The powder was mixed with Equus asinus
L and Fermentative cordycepic fungal powder and the
mixture was added dextrin to the preparation of FQG.
These plants are chosen for the anti-fibrosis agent is
because of their pharmacological properties and clinical
curative effect is better against liver fibrosis in 302
Military Hospital of China.

Based on the theory of TCM, liver fibrosis is chara-
cterized by humidity, fever, blood-stasis, poison, and
both gas and yin asthenia''*. Therefore, FQG is
used to treat liver fibrosis by clearing heart and damp,
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removing stasis and toxin in the liver. In modern
pharmacy, Astragalus membranaceus and Poria cocos
were also widely investigated in liver desease. Astra-
galosides was a potent chemical ingredient and it can
protect acute liver injury and fibrogensis™. In addition,
in order to compare the anti-fibrotic effecacy of FQG,
AnluoHuaxianWan group (ALHXW) was also used as
a positive-control drug in the experiment. According
to the basic theories of TCM and results of modern
pharmacology, the aim of this research is looking
into the function of FQG regarding anti-liver fibrosis.
Meanwhile, its underlying mechanisms on FQG for liver
fibrosis were also investigated.

MATERIALS AND METHODS

Materials

The composition of FQG included Astragalus mem-
branaceus (Fisch.), Angelica sinensis (Oliv.), Poria cocos
(Schw.), Broussonetia papyrifera (L.), Equus asinus
L. and Fermentative cordycepic fungal powder. It was
prepared by the Astragalus membranaceus (Fisch.),
Angelica sinensis (Oliv.), Poria cocos (Schw.) and
Broussonetia papyrifera (L.) via water extraction. Then
the extraction was filtrated and the filtration liquid was
enriched and dried to powder. The powder were mixed
with Equus asinus L and Fermentative cordycepic fungal
powder and the mixture was added dextrin to the
preparation of FQG.

Animals and treatments

Sixty Sprague-Dawley male rats (180-200 g) were
obtained from Experimental Animal Center of Medi-
cal Sciences of Chinese People’s Liberation Army
(Beijing, China). Animal certificate was SCXK-(Army)
2012-0004.

Rats were housed 5 per cage with food and water
ad libitum. All procedures involving animals and their
care were following the regulations of the Committee
on use of Human and Animal Subjects in Teaching
and Research of the 302 Military Hospital of China. A
total of 60 rats were randomly divided into six groups:
normal control group, CCls induced liver fibrosis
group, ALHXW and three treatment groups of FQG
(n = 10, respectively). Except for the normal control
group, all the rats were administered with carbon
tetrachloride solution (CCl+ dissolved in olive oil, 5:5,
v/v) at 0.3 mL/100 g body weight for the first time
by intraperitoneal injection, and then with carbon
tetrachloride solution (CCls dissolved in olive oil, 3:7,
v/v) at 0.3 mL per 100 g body weigh twice a week for 8
wk***1, The normal control group the rats were given
the media (olive oil) at the same time. In the first 2 wk,
rats were raised with feedstuff (80% corn meal, 20%
lard, 0.5% cholesterol)!*®,

At the end of the 8" week, the ALHXW was oral
administered with ALHXW (2.16 g/kg per day), which
used for a positive-control drug. The treatment group
was treated with high, medium and low doses of FQG
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(5.4, 2.7 and 1.35 g/kg per day, respectively) by oral
administration. The control group and CCl4 induced liver
fibrosis group were given equivalent saline every day
for 6 wk. All animals were anesthetized after the last
administration. Blood was taken from the inferior vena
cava, centrifuged at 3000 r/min, 4 °C, for 10 min, and
serum was kept at -20 °C for assay. Liver samples were
taken and washed immediately with ice cold saline.
Subsequently, the liver was divided into two parts. One
was immediately stored at -80 °C for future experiment,
and the other one was fixed in 4% formalin solution for
histopathologic examination.

Serum biochemical analysis

Serum levels of alanine transaminase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP),
albumin (ALB) and total protein (TP) were measured
by commercially available kits (Mindray bio-medical
electronics co, LTD. Shenzhen, China) according to the
manufacturer’s instructions.

Histopathological examination

Left lobe liver tissues were fixed in 4% buffered
paraformaldehyde and dehydrated with different graded
alcohol series. After paraffin embedded, and cut into 5
um sections, they were stained with hematoxylin and
eosin (HE) for histopathological examination.

Immunohistochemical staining

The same part of liver in each group was fixed with 4%
paraformaldehyde, dehydrated by ethanol gradients,
paraffin embedded, sectioned into thickness of 5
microns, and underwent regular dewaxing. Endogenous
peroxidase activity was blocked with 3% H:0:. After
microwave treatment with 0.1 mol/L citrate buffer and
blockage of non-specific antigen with horse serum,
rabbit polyclonal antibody against rat Smooth muscle
alpha actin (a-SMA) (Calbiochem Biotechnology, San
Diego, CA, United States) (1:150 diluted in blocking
buffer) was added, followed by overnight incubation at
4 °C. The membrane was washed three times with 0.1%
Tween-PBS. Antibody-antigen complexes were detected
with DAB as the substrate. An interstitial brown stellate
structure was regarded as positive for a-SMA.

Western blot analysis for mTOR and hypoxia-inducible
factor-1

The liver tissues were washed with PBS and total cell
lysates were prepared by adding cell lysis buffer (50
mmol/L Tris-HCI, pH = 8.0, 150 mmol/L solid acid
sodium, 1% TritonX-100). The proteins were separated
by electrophoresis on 10% SDS-PAGE gel with Bio-
Rad electrophoresis system!”), (Bio-Rad Laboratories,
Hercules, CA, United States). The membrane was
blocked and incubated with primary antibodies overnight
at 4 C. The primary antibodies, phospho-mTOR (serine
2448) and hypoxia-inducible factor-1a (HIF-1a) (Cell
signaling TECHNOLOGY), were used for detection of
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Figure 1 Serum alanine transaminase, aspartate aminotransferase, alkaline phosphatase, albumin and total protein levels. I: Control group; II: Model
group; III: ALHXW group; IV: High-dose of FQG groups; V: Medium-dose of FQG; VI: Low-dosage of FQG group. ALT: Alanine transaminase; AST: Aspartate
aminotransferase; ALP: Alkaline phosphatase; ALB: Albumin; TP: Total protein; FQG: Fu-gi granule.

mTOR and HIF-1a, respectively. GAPDH protein was
used as the internal control.

Reverse transcription polymerase chain
reaction analysis of tissue inhibitor of matrix
metalloproteinases-1 and matrix metalloproteinases-9
Total RNA was extracted from liver tissues of each
group with Trizol reagent (Takara Biotechnology Dalian
CO., LTD.) according to the manufacturer’s protocol.
The isolated RNA was dissolved in RNase-free water
stored at -80 'C immediately. RNA was quantified by
optical density measurement at 260 nm on a spectro-
photometer.

Reverse transcription reaction was performed with
2 nug of total RNA, which was used for polymerase chain
reaction (PCR) amplification of cDNA products. The PCR
of B-actin cDNA, which was used as an internal control,
was carried out in the same tubes as for the genes.
The products of PCR amplification were analyzed by
electrophoresis on 1.5% agarose gel. The PCR product
signal intensities were measured by scanning the
gels. Tissue inhibitor of matrix metalloproteinases-1
(TIMP-1) and matrix metalloproteinases-9 (MMP-9)
densitometric measurement was normalized with the
internal control p-actin. The primers used were as
follows: TIMP-1, Forward GACCACCTTATACCAGCGTT
and Reverse TCGAGACCCCAAGGTATTG; MMP-9,
Forward CTGTATGGCTTCTGTCCTA and Reverse GGCTT-
CCTCCGTGATT.
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Statistical analysis

Results were expressed as mean £ SD. Test data
were analyzed with one-way variance (SPSS 20.0).
Deviations with P < 0.05 were considered the presence
of statistically significant.

RESULTS

FQG rescues CClsinduced live functional damage

The blood serum AST, ALT, ALB, ALP and TP activity
in various experiment groups is seen in Figure 1.
Activity of ALT, AST, ALP have increased markedly, both
serum ALB and TP activity were created a dramatic
decreased in CCls-duplicate liver fibrosis group (P <
0.05). Whereas three treatment groups of FQG showed
the opposite response, which serum ALT, AST and ALP
activities in rats were significantly improvement and
the levels of ALB, TP were increased respectively higher
than model group.

FQG protect liver damage induced by CCls

In order to evaluate the pathological changes in liver
tissue, HE stain methods were employed in examin-
ation of liver tissue. Liver tissues of the group with
normal saline have inerratic lobular composition with
central veios and hepatic cords (Figure 2A). In the
CCls group, serious injuries such as fibrous tissues
hyperplasia, formed complete septa and pseudo lobule
was observed in liver morphology (P < 0.05) (Figure
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Figure 2 Effect of fu-qi granule on histopathological changes of liver (hematoxylin and eosin x 10). A: Control group; B: Model group; C: ALHXW group; D:
High-dose of FQG-treated rats; E: Medium-dosage of FQG-treated rats; F: Low-dose of FQG-treated rats. Black arrow represents the pathological section. FQG: Fu-qi

Granule.

2B). In the groups treated with ALHXW, high dosages
and middle dosages with FQG groups correspondingly
appear alleviate tissue destroy compared with model
group (Figure 2C-E). However, low-dose of FQG groups
had no obvious effect (P < 0.05, Figure 2F).

FQG inhibits o.-SMA expression in CCls treated rats
Compared with control group, a-SMA expression was
increased significantly in the model group by method
of immunohistochemical assay (Figure 3A and B).
In the FQG treated rats groups with high-dose and
meddle-dose, a-SMA expression of the liver tissues
was noticeable reduction compared with CCls induced
model groups (Figure 3D and E). Besides, expression
of a-SMA was drastically diminished in rats does by
high-dose of FQG compare with ALHXW and low-dose
of FQG (Figure 3C and F).

HIF-1c. and mTOR protein expression

The mTOR and HIF-1a expression was detected
undergo Western blotting. Studies have discovered
that mTOR and HIF-1a expressions with hepatic tissue
in models group were markedly increased, however,
it was to observe the expression of mTOR and HIF-1a
was significantly lowered in experimental rats with FQG
intragastric administration group (Figure 4).

Detection of MMP-9 and TIMP-9 with reverse
transcription-PCR

The results of semiquantitative reverse transcription-
PCR (RT-PCR) expressions of MMP-9 and TIMP-1 in
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the hepatic tissues of different groups are exhibited
in Figure 5. Experimental results showed that TIMP-1
expression dramatically stronger in treated with carbon
tetrachloride than normal group, and its expression
declined sharply in rats treated with high dosage of
FQG. In contrast, the expression of MMP-9 was inferior
in rats injected with CCls relatively physiological saline,
which down-regulation could obviously inhibit by treated
with FQG.

DISCUSSION

Liver fibrosis induced by CCls works as a kind of classic
model in anti-fibrosis agents exploring and evaluation™®.
In the course of CCls being transformed to free radicals,
the cytochrome P450 plays a most important role.
Furtherly, lipid oxidation reactions were initiated by
free radicals and leaded to liver cell damnification,
retrograde, and even death. This kind of stimulation
again and again can definitely form liver fibrosis'®, It
will further worsening or permanence of cirrhosis. Thus,
the prevention and reversal of fibrosis is an important
means to prevent the formation of liver cirrhosis™”.
Some studies evidence suggests that liver is likely to
recover from fibrosis'*!!, Recently research on treatment
of liver fibrosis by TCM preparation has made some
progress, such as ALHXW was typically used to cure this
disease in this area, and marketed in china (National
Drug permit Registry Z20010098). Chinese medicinal
preparations showed the influences on liver fibrosis
mainly embodied itself in composition with abundant
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Figure 3 Immunohistochemical analysis of o-smooth muscle actin in liver from rats with liver fibrosis (x 10). A: Control group; B: Model group; C: ALHXW
group; D: High-dosage of FQG-treated rats; E: Medium-dosage of FQG-treated rats; F: Low-dosage of FQG-treated rats. Black arrow represents the pathological
section. FQG: Fu-qi granule.
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Figure 4 Western blot analysis of mammalian target of rapamycin and hypoxia-inducible factor-1c. expression. A: Control group; B: Model group; C: ALHXW
group; D: High-dosage of FQG-treated rats; E: Medium-dosage of FQG-treated rats; F: Low-dosage of FQG-treated rats. mTOR: Mammalian target of rapamycin;
HIF-10.: Hypoxia-inducible factor-1 o; FQG: Fu-qi granule.

and complex

JRaishideng®

[22,23]

The research adopt FQG to examine the therapeutic
effects on hepatic fibrosis. ALT and AST is an enzyme,
Increasing of which were considered due to damage of
liver cell. ALP is an ectoenzyme of plasma membrane,
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its ascension is partly a reflection of hepatocyte plasma
membrane was damaged. The other, ALB, TP were
depressed. In this study, compared with model rats via
CCls treatment, effect of FQG makes serum ALT, AST
and ALP levels significantly lowered, in the same time,
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Figure 5 Effect of Fu-gi granule on expression of tissue inhibitor of matrix metalloproteinases-1 and matrix metalloproteinases-9 in carbon tetrachloride
induced fibrotic liver of rats. A: Normal control; B: Model control; C: ALHXW group; D: High-dosage of FQG-treated rats; E: Medium-dosage of FQG-treated
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Figure 6 Mammalian target of rapamycin/P70S6 kinase signaling pathway
activation maybe participate in the process of liver fibrosis. FQG is the
major negative-regulation target of mTOR. FQG paradoxically down-regulates
the expression of mTOR and HIF-1a by Western blot. Then subsequently
inhibit the activation of mTOR/p70S6K pathway. mTOR: Mammalian target of
rapamycin; p70S6K: P70S6 kinase; FQG: Fu-gi granule; TIMP: Tissue inhibitor
of matrix metalloproteinases; HIF-1a:: Hypoxia-inducible factor-1 a..

it also elevated activity of serum ALB and TP in rats
with treated FQG. These results exhibited an obvious
therapeutic effect for liver fibrosis.

From a cellular perspective, in general, HSCs acti-
vation is the most important characteristic of liver
fibrosis. During the process of HSC activation, a-SMA
has started to overexpression, which is mostly found
in smooth muscle cell. Increasing of o-SMA activated
HSCs resulting in collagen fibers protein were secretion,
ultimately leads to fibrosis. In this research, immuno-
histochenical suggested that a-SMA expression was
obviously increased in rats with CCls stimulate. However,
its expression was markedly improvement in rats with
treated FQG. This study showed that FQG could inhibit
the activity of HSC, thus emerging anti-fibrosis effect.

TIMPs was served as a vital factor in the process of
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liver fibrosis. It was secreted through activated HSC and
can produce a variety of cytokines that are significantly
increased in liver fibrosis™*. MMPs are able to degrade
ECM, and play a critical role in preventing inflammation
and tumor progression®>. Under physiological conditions,
the expressions of TIMPs and MMP-9 are in dynamic
equilibrium to maintain the stability of ECM in liver™®!, RT-
PCR analysis of TIMP-1 and MMP-9 showed that FQGs
could effectively inhibit TIMP-1 protein expressions,
meanwhile, MMP-9 was enhanced during hepatic fibrosis
in rats. This result also indicated that the regulation of
TIMP-1 and MMP-9 levels can promote degradation of
ECM.

Activation of HSC is the core of liver fibrosis, clini-
cal treatment of hepatic fibrosis is sticks chiefly to
intervene activation process'””’. mTOR is one of the
phosphoinositide 3-kinase related kinases family
members and plays a vital role in cell proliferation
regulation®®®!, Previous research have showed that liver
fibrosis could alleviated by mTOR inhibitor™’. p70S6K is
directly concerned to the matrix with mTOR, while the
mTOR/p70S6K pathways is related to regulate of cell
proliferation™”. HIF-1 was used to grasp the expression
of hypoxia inducible genes and further to decrease
oxidation ability in cells®". Some studies have proved
that increasing expression of HIF-1a though mTOR
signaling can significantly result in pulmonary fibrosis,
renal fibrosis or peritoneal angiogenesis, whereas mTOR
inhibitor such as FQG is able to effectively alleviate
liver fibrosis®**, In fact, the expression intensity of
mTOR and HIF-1a in experiment rats with CCls injected
was up-regulated by western blot analysis. Moreover,
anoxia is likely what lead HIF-1a to up-regulation in
hepatic tissues. Nevertheless, it was down-regulated
for FQG treat group, which perhaps raising matrix to
degrade and promoting HSC to apoptosis, consequently
inhibiting deterioration of hepatic fibrosis. From what
has been discussed above, we speculate that the FQG
effect might be due to inhibition of CCls-induced p70S6K
activation (Figure 6).
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COMMENTS

Background

The incidence rate was high in patients with liver fibrosis in world, accordingly,
if the issue was appropriately to regard liver fibrosis during this stage. It will
prevent the development of cirrhosis and relieve the pain of the patients.
However, there still lack of satisfactory treat medical for liver fibrosis at present.
Based on the theories of Traditional Chinese medicines, humid, blocked
lifeblood circulation, imbalance of yin and yang will give rise to liver fibrosis. Fu-
qi granule (FQG) can activate blood and remove stasis, therefore, the current
situation is to explore the effect and its underlying mechanisms of FQG on liver
fibrosis duplicated by carbon tetrachloride (CCls) in rats.

Research frontiers

Recent research showed liver fibrosis can be relieved by regulating collagen
metabolism, inhibiting hepatic stellate cell (HSC) activation. Moreover,
amelioration of hepatic fibrosis was regulated by mammalian target of
rapamycin (mTOR) inhibitors. mTOR/p70S6K pathway is blocked will lead to
decrease of HSCs proliferation.

Innovations and breakthroughs

This study has confirmed that FQG can improve liver function, alleviate liver
fibrosis, which is probably associated with its regulating mTOR/p70S6K signal
transduction pathway.

Applications

The FQG can prevent liver fibrosis, which implies that it will be a good medicine
and promising preparation for patients with liver fibrosis, this study can provide
some scientific data for its application and development.

Terminology

Liver fibrosis is a chronically ill, which was caused by excessive cumulation of
extracellar stroma proteins. HSCs become a crucial role in liver fibrosis and
cirrhosis with portal hypertension incidence of pathological basis.
Peer-review

This paper reinforced my conviction that there is protective effect of FQG on
liver fibrosis rats with CCls-stimulated. The study is interesting and the analysed
parameters are well matched to the mechanism of hepatic fibrosis. Data are
clear and convincing.
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