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Abstract

AIM: To investigate the effect of Qinggan Huoxuefang
(QGHXF) on improvement of liver function and pathology
in rats, and to analyze the mechanism.

METHODS: Wistar rats were divided into three groups
at random: normal control group (12), micro-amount
carbon tetrachloride group (CCl+)(12) and model group A
(60). The model group A was ingested with the mixture
(500 mL/L alcohol, 8 mL/kg per day; corn oil, 2 mL/kg
per day; pyrazole, 24 mg/kg per day) once a day and
intraperitoneal injections of 0.25 mL/kg of a 250 mL/L
solution of CCls in olive oil twice a week for 12 wk. The
CCls group received intraperitoneal injections only. At
the end of 8 wk the model group A (60) was divided into
5 subgroups: model group, Xiaochaihu Chongji (XCH)
group, QGHXF high dose group, moderate dose group
and low dose group, and were given the drugs respec-
tively. At the end of 12 wk, all the rats were killed and
blood samples collected, as well as liver tissue. Blood
samples were used for evaluation of alanine transami-
nase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), gamma-glutamyltransferase (y-GT).
Liver specimens were obtained for routine HE, apoptosis
gene array and flow cytometry analysis.

RESULTS: A liver fibrosis animal model was successfully
established. Fibrosis was obviously reduced in QGHXF
high dose group, and no fibrosis formed in CCls group.
Compared with model group the QGHXF group and XCH
group could obviously decrease the level of ALT, AST,
ALP, and GGT (P<0.05). QGHXF high dose group was
better than XCH group in ALT (615+190 vs 867 +£115),

and AST(1972+366 vs 2777 £608). Moreover, QGHXF
could reduce liver inflammation, fibrosis-induced hepatic
stellate cell (HSC) apoptosis and regulate apoptosis gene
expression. The HSC apoptosis rates of QGHXF groups
were 22.4+3.13, 13.79+£2.26 and 10.07 £ 1.14, higher
than model group, 6.58+1.04 (P< 0.05). Compared to
model group, 39 genes were up-regulated, 11 solely ex-
pressed and 17 down-regulated in high dose group.

CONCLUSION: QGHXF can improve liver fibrosis and in-
duce HSC apoptosis.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Alcohol abuse and dependence have been a public problem
all over the wotld. In the United States, 45 billion dollats
were spent on alcoholic intemperance and its related prob-
lems'™™. In recent years morbidity rate of alcoholic liver
diseases (ALD) has risen rapidly. It has become the second
liver disease after viral hepatitis in China™". Liver disease
in the alcoholics is due not only to malnutrition but also to
ethanol’s hepatotoxicity linked to its metabolism by means
of the alcohol dehydrogenase and cytochrome P450 2E1
(CYP2E1) pathways and the resulting production of toxic
acetaldehyde™. Alcoholic liver disease is a major source
of alcohol-related morbidity and mortality. Heavy drinkers
and alcoholics may progress from fatty liver to alcoholic
hepatitis to cirrhosis, and it is estimated that 10 to 15 per-
cent of alcoholics will develop cirrhosis”™. Alcoholic liver
fibrosis (AF) is one of the alcoholic liver diseases. It is the
excessive accumulation of extracellular matrix (ECM) pro-
teins including collagen that occurs in chronic liver diseases.
Advanced liver fibrosis results in cirrhosis, liver failure, and
portal hypertension and often requires liver transplanta-
tion"". However, recent evidence indicates that even ad-
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focus of researches. Fibrogenesis in human ethanol injury
is due to the activity of stellate cells, Kupffer cells, and to a
lesser extent, to endothelial cells"?. Above all of the factors,
hepatic stellate cell (HSC) is the key to fibrosis. Activated
HSCs are the source of collagen deposition in the liver.
This study aimed to explore the mechanism of QGHXF
(a traditional Chinese herb) on AF through examination of
liver function, and histopathology, detection of HSC apop-
tosis and gene array, in an effort to search for the experi-
mental basis for traditional Chinese medicine in AF therapy.

MATERIALS AND METHODS

Materials

Jianzhnang Alcohol (52°) and corn oil were purchased from
Lianhua Supermatket. Formaldehyde, 400 g/L, olive oil,
carbon tetrachlotide, hematoxylin and eosin were supplied
by Shanghai Chemicals Company. The test kit of alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
gamma-glutamyltransferase (y-GT), and alkaline phos-
phatase (ALP) were purchased from Shanghai Rongsheng
Biotech Co. Ltd. QGHXF (bupleurum root 9 g, scutellaria
root 9 g, red sage root 15 g, carapax trionycis 9 g, Radix
puerariae 15 g), concentrated to 2.6 kg/L were processed
by Department of Pharmacy, Longhua Hospital, Shanghai
University of Traditional Chinese Medicine. XCH was
from Shanghai Shikang Technology Co. Ltd (ZZ-3484
No0.081006). In situ cell death detection kit (Cat. No.
1684817) and DAB substrate (Cat. No.1718096) were pur-
chased from Roche Diagnostics Ltd.

Animal preparation"*?’

Eighty-four specific pathogen free (SPF) male Wistar rats
weighing 150+ 20g were purchased from Shanghai Ex-
perimental Animal Co. Ltd. All the rats were randomly
assigned into three groups: normal group (12), micro-
amount CCls group (12) and model group A (60). The
model group A was ingested the mixture (500 mL/L
alcohol, 8 mL/kg per day; corn oil, 2 mL/kg per day; pyt-
azole, 24 mg/kg per day) once a day and intraperitoneal
injections of 0.25 mL/kg of a 25% solution of CCls in
olive oil twice a week for 12 wk. The CCls group received
intraperitoneal injections only. Normal group was ingested
saline (10 mL/kg per day). At the end of 8 wk the model
group A (60) was divided into 5 subgroups: model group,
XCH group, QGHXF high dose group, moderate dose
group and low dose group, and drugs were given respec-
tively. Model group was given saline (5 mL/kg per day);
QGHXF high dose group was given QGHXF 2.6 g/kg, 5
mL/kg; moderate dose group was given 1.3 g/kg, 5 mL/
kg; low dose group was given 0.65 g/kg, 5 mL/kg; XCH
group was given XCH (3 g/kg per day,); and model group
and CCls group were given saline. At the end of 12 wk all
the rats were anaesthetized and killed. Blood sample and
liver tissue specimens were collected. A portion of liver
was fixed for histopathology. Another portion was for flow
cytometry assay and the remaining tissue stored at -80°C
until assayed.

Serum ALT, AST, ALP and GGT determination
ALT, AST, ALP and GGT were evaluated in samples
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of serum obtained at the end of the experiment. The
activity was evaluated by using a commercial clinical test
kit (Shanghai Rongsheng Biotech Co. Ltd.) according to
instructions of the kit.

Histopathology and estimation criterion

Liver tissue was instantly fixed in 40 g/L phosphate bu-
ffered formaldehyde, processed by routine histology pro-
cedures, embedded in paraffin, cut into 5 pm section
and mounted on the slide. The samples were stained
with hematoxylin and eosin (HE) for histopathological

examination®’, Histopathological criteria refer to the

report[ZZ].

Flow cytometry assay’™*!
Six liver specimens were obtained randomly from each
group. The liver tissue was rapidly removed, weighed,
and placed into 10 mL of ice-cold PBS containing 2 g/L
bovine serum albumin (BSA) (Sigma), 0.01 mol/L EDTA,
and 10 g/L deoxyribonuclease I (Sigma), and then the
tissue was broken in a glass homogenizer and passed
through a 40 um nylon cell stainer (Becton Dickinson).
The suspension was centrifuged at 500 g for 10 min at
room temperature. The pellet was resuspended in 500
ul of PBS with BSA and transferred into a fresh tube.
The cells obtained by the above method were fixed with
ice-cold 700 mL/L ethanol in PBS at 4°C for 8 h, then
incubated with RNase (20 mg/L) for 30 min at 37°C and
labeled with propidium iodide (50 mg/L). DNA contents
were measured by an FACSCalibur cytometer (Becton
Dickinson). Multicycle software (CellQuest software,
Becton Dickinson) was used to produce histograms of
DNA content frequency. Sub-diploid DNA peaks were
quantified from the DNA content data.

The tests were completed in Flow Cytometry Labo-
ratory of Shanghai Institute for Biological Sciences, Chin-
ese Academy of Sciences.

Terminal deoxynucleotidyl transferase-mediated nick end
labeling (TUNEL) assay

Tissue sections were dewaxed and rehydrated according
to standard protocols. They were incubated for 15-30 min
at 21-37°C with proteinase K working solution (10-20
mg/L in 10 mmol/L Ttis/HCI, 7.4-8). Slides were rinsed
twice with PBS. Fifty microliter TUNEL reaction mixture
was added to the sample tissue and incubated for 60 min
at 37°C in a humidified atmosphere in the dark. Slides
were rinsed 3 times with PBS. Fifty microliter Converter-
POD was added to the sample. Slides were incubated
in 2 humidified chamber for 30 min at 37°C, rinsed
3 times with PBS, then DAB substrate was added and
counterstained with hematoxylin, mounted under glass
coverslip and analyzed under light microscope.

Apoptosis gene array’”?’

Three liver specimens were taken from each group of
QGHXEF high dose group, model group and normal
group, then homogenized and mixed for apoptosis gene
array, including RNA isolation, RNA yield and quality as-
sessment, probe synthesis, hybridization, chemiluminescent
detection, image and data acquisition and analysis. The
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Table 1 Impact of QGHXF on ALT, AST, ALP, and -GT in AF

rats (mean+SD)

Group n  ALT AST ALP GGT
(nkat/L) (nkat/L)  (nkat/L)  (nkat/L)

Normal 12 464+90° 1156 £250° 1065+ 315° 360 + 98"
CCla 12 674+172 1678 +293° 1695 +406° 748 +242°
Model 10 926+154 3344+330 2806+639 1376 +215
Low dose 11 747+113 2552 +388" 1748 +462° 982+ 236"
Moderate dose 10 718 +156 2215+ 650° 1632+502" 869 + 303"
High dose 10 615+190™ 1972 £366™ 1570+497° 770 +240°
XCH 10 867 2777+608" 2413 +609° 768 + 292"

°P < 0.05, °P < 0.01 vs model group; ‘P < 0.05 vs XCH.

data were analyzed and calculated by Gearray Analyzer
software.

Statistical analysis
Data were expressed as mean * SD and analyzed by the
ANOVA and post-hoc test. P < 0.05 was regarded as sta-
tistically significant.

RESULTS

Rat condition

When the rats were given alcohol they became excited and
ran around the cage. After that they could not walk, and at
last fell into a profound sleep. As the time prolonged spoor
time changed from 1~2 h to about 5 h. The weight of rats
fell obviously and rats maintained cachexia. Conditions of
the rats of QGHXF groups and XCH group wete better
than those of model group and CCl+ group.

Liver function

Serum levels of ALT, AST, ALP, and y-GT in model group
were higher than those in normal group. All the indexes
were improved in each medicine control group (P<0.05 or
0.01), especially in QGHXF high dose group each index
was better than that in XCH group. Details of the data are
shown in Table 1.

Effects of QGHXF on liver pathology

The normal group showed normal lobular architecture
with central veins and radiating hepatic cords (Figure 1A).
The establishment of the model group was successful with
marked fatty degeneration, slight confluence, inflammatory
infiltrates of monocytes, portal inflammation and necrosis,
obvious collagen deposition, and decreased density of
hepatocytes (Figure 1B). The CCls group only developed
micro- and moderate steatosis. Inflammation and fibrosis
could not be found (Figure 1C). The treatment group
(QGHXEF high dose group) could markedly improve
those pathological parameters. Inflammation and collagen
deposition decreased obviously, and steatosis could neatly
not be found (Figure 1D).

Apoptosis of HSC
Apoptosis was measured in the liver tissue with FC-AS (Fig-
ure 2). All QGHXF groups had increased apoptosis rate

Figure 1 Analysis of liver pathology of each group (HE X<200). A: normal group; B:
model group; C: CCls group; D: high dose group.

of HSC, and decreased proliferation compared with the
model group. The differences were significant (Table 2).

TUNEL assay

TUNEL assay demonstrated standard apoptotic HSC in
space of Disse and collagenous fibers in high dose group
(Figure 3A), and in model group apoptotic hepatocytes
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Table 2 Effect of QGHXF on proliferation and cell cycle of HSC
(n=6; mean + SD)

Group Apoptotic Cell cycle
rate (%)
Go/G1 S Gz/M  Plvalue (%)
Normal 447+0.8 7930+1.03 1.69+0.73 19.02+1.67 20.71 £1.03

Low dose 10.07 +1.14° 37.47+0.68° 1.46 + 0.46° 61.07 + 0.33" 62.53 + 0.68"
Moderate 13.79 +2.26° 68.31 +0.92° 2.11 + 0.46" 29.58 +1.38 31.69 + 0.92°
dose

High dose 224 +3.13" 71.25+1.05° 270+ 0.46 26.06 +1.47° 28.75+1.05°
Model 6.58+1.04 6455+153 3.69+0.66 31.76+0.87 3545+1.53

Proliferative index = 100 %x(S+Gz/M)/( Go/G1+S+Gz2/M). *P< 0.05, *P< 0.01
vs model group.
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Figure 2 QGHXF induced apoptotic rate of HSC (n=6, mean+SD). There were
significant differences between model group and QGHXF groups. °P<0.05 vs
model group. "P<0.01 vs model group.

could be seen (Figure 3B). There were no obvious apo-
ptotic cells in normal group (Figure 3C).

Gene array analysis

There were 112 genes in the apoptosis chip, and differ-
ence was defined when the same gene ratio was more than
2 or less than 0.5 between different groups. Compared
to model group 39 genes were up-regulated (ratio >2)
in high dose group, 11 solely expressed and 17 down-
regulated (ratio <<0.5). Compared with normal group
16 genes were up-regulated (ratio > 2) in model group,
6 solely expressed and 35 down-regulated(ratio << 0.5).
Compared with normal group 38 genes were up-regulated
(ratio > 2) in high dose group , 9 solely expressed and 21
down-regulated (ratio <<0.5). These different expression
genes were mainly of TNF receptor family, Bcl-2 family,
caspase family, and p53 and ATM pathway. Moreovet, in
model/normal group chip, only a few genes were con-
sistent with those of high/model group chip, and they
were Bad, Bak, Bik, NAIP1, 4-1BBL, TRIP (up-regulated)
and TRAF2 (down-regulated). However, in high/model
group compared with high/normal group, the up-regu-
lated genes were nearly the same. The unique expressive
genes in high/model group were Bar, Bcl-x, Bid, Casper,
Caspase-7, chkl, DAPkinase, TNFb Mcl-1, OPG, FASL,
and CD30L. In high/normal group they wete Apaf-1,
ATM, Bax, Bim, Bruce RAD53/chk2, TNFR1, TNFS,
F11, and P53. Among down-regulated genes one fourth
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Figure 3 TUNEL assay of each group. A: High dose; B: Model; C: Normal;
Counterstained with hematoxylin ( original magnification, X 400).

were similar. They were Caspase-1, NOP30-like, RIP, TN-
FRF11A, and TRAF2. In comparison of model/normal
group with high/normal group we found the up-regulated
gene expression trend resembled the former result. The
same genes were Bcl-2, hrk, IAP2, IAP3 Caspase-11, Cas-
pase-14, and CD30. Down-regulated genes only expressed
in high/normal group were CRAF1, CD27, TNFRF11A,
RIP, NOP30-like, and Caspase-1 (Figure 4).

DISCUSSION

In contrast with the traditional view that cirrhosis is an
irreversible disease, recent evidence indicates that even
advanced fibrosis is reversible. Tt has been demonstrated
that apoptosis is the major mechanism by which activated
HSCs are removed during recovery from fibrosis™ ™, As a
prophase of AC the reversibility of AF has been repot-
ted™. The toxicity of ethanol, acetaldehyde, reactive ox-
ygen and other metabolic products are the main causes
of AF. These factors lead to hepatocyte inflammation,
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Figure 4 Gene expression profile of each group.

necrosis and apoptosis. AF was historically thought to be
a passive and irreversible process due to the collapse of
the hepatic parenchyma and its substitution with a colla-
gen-rich tissue. Currently, it is considered a model of the
wound-healing response to chronic liver injury. HSCs
comprise 15% of the total number of resident liver cells,
but they play a very important role in the course of AF™,
They have been identified as the main collagen-producing
cells in the liver. Following chronic injury, HSCs activate
or transdifferentiate into myofibroblast-like cell, produce
large amounts of extracellular matrix (ECM) and prevent
ECM degradation™*. So it is beneficial to induce HSC
apoptosis in order to reduce its proliferation and ECM
accumulation.

The aim of this study was to explore the mechanism
of QGHXF on AF through induction of HSC apoptosis.
According to TCM theory, “alcohol is pungent and hot”.
“Jingyue Quanshu” has already pointed out: if a man
drinks too much he will be “Shuigu”. Through our long-
term clinical practice and epidemiological research we find
dampness, heat and gore are the major pathogenesis of
ALD, which is in consistent with TCM theory. Therefore,
we used QGHXEF to clear dampness and heat of the liver
and eliminate the gore of the blood. There are five com-
ponents in QGHXF: bupleurum root, scutellatia root, red
sage root, Carapax trionycis, and Radix puerariae. Bupleurum
root (bitter and pungent in flavor, slightly cold in property,
acting on liver and gallbladder channel) can expel patho-
genic factors from the exterior to reduce fever, sooth the
depressed liver and invigorate the spleen-yang. Scutellaria
root (bitter in flavor, cold in property, acting on the lung,
gallbladder, stomach and large intestine channels) can clear
away heat and dampness, purge fire, remove toxins from
the body, stop bleeding, and prevent miscarriage. Red sage
root (bitter in flavor, slightly cold in property, acting on the
heart, pericardium and liver channel) can invigorate blood
circulation, remove blood stasis, cool the blood, treat cat-
buncles and tranquilize the disturbed mind by nourishing
the blood. Radix puerariae (sweet and pungent in flavor,
cool in property, acting on the spleen and stomach chan-
nels) can dispel pathogenic factors from the superficial
muscles to allay fever, promote the production of fluid to
quench thirst, promote the eruption of measles and in-
vigorate the spleen-yang to stop diarrhea. carapax trionycis
(salty in flavor, slightly cold in property, acting on the liver
and kidney channels) can nourish yiz and suppress hyper-

active yang, reducing fever and resolving hard lumps. So
the QGHXF can clear dampness and heat of the liver and
eliminate the gote of the blood.

In this experiment the levels of ALT, AST, GGT, and
ALP were obviously decreased in XCH group and each
of QGHXF groups(P<0.05) and QGHXF high dose
group had the best effect. Moreover, QGHXF high dose
group had better effect than XCH group on ALT and
AST(P<0.05). In addition, histopathology proved the
effect of the drug. In model group we could see marked
fatty degeneration, slight confluence, inflammatory
infiltrates of monocytes, portal inflammation and necrosis,
obvious collagen deposition, fibrosis and hepatocyte
loosening. The treatment group (QGHXF groups) could
markedly improve those pathological changes. Inflam-
mation and collagen deposition decreased obviously,
and steatosis could nearly not be seen. To clarify that the
fibrosis was caused by alcohol but not CCls ,we established
the CCls group in which only micro- and moderate
steatosis were found, while inflammation and collagen
deposition were not found. It suggested that alcohol was
the real reason for fibrosis. To analyse mechanism of the
effect we used FCAS and TUNEL assay. The results showed
QGHXEF groups could not only increase apoptosis rate of
HSC but also inhibit it from proliferation. It partly proved
our hypothesis that QGHXF could induce HSC apoptosis
to reverse liver fibrosis. However, the HSC proliferation
rate of low dose group was higher than model group, the
reason for which needs to be further studied.

What excited us was, from the FCM analysis, the dou-
ble regulating function of Chinese medicine. Consideting
the multi- target effect of Chinese medicine we selected
a gene chip for further investigation. According to gene
chip result, the gene expression of p53 and ATM pathway,
Caspase family, Bcl-2 family, TNF receptor family, death
effector domain family all changed in each group. It
meant either alcohol or drug could affect the apoptosis
gene expression of liver. As a mixed cell tissue of livet,
the types and apoptosis pathway of apoptotic cells were
so different that both up-regulated and down-regulated
genes in model/normal groups were quite different from
that of high/model groups. As we all know, alcohol can
induce hepatocytic apoptosis so many apoptotic genes
expressed in model/normal group, but these genes were
not expressed in high/model group. Thus we deduced the
types of apoptotic cells were not the same, and the result
of TUNEL also supported this point.

By combination of the TUNEL results with that of
FCM analysis (apoptotic rate of HSC was the lowest
in model group, while it was the highest in high dose
group), we could conclude that QGHXF can induce HSC
apoptosis, prevent hepatocytic apoptosis and necrosis. As
regards which pathway plays the key role in HSC apoptosis
more profound studies are needed. QGHXF has been
proven effective on AF from this experiment.
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