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Abstract

AIM: To examine the protective effect of green tea
extract (GT) on hepatic fibrosis /n vitro and in vivo in
dimethylnitrosamine (DMN)-induced rats.

METHODS: HSC-T6, a rat hepatic stellate cell line,
was used as an /n vitro assay system. Cell prolifera-
tion, collagen content, and type 1 collagen expression
were examined in activated HSC-T6 cells. Collagen was
determined by estimating the hydroxyproline content.
In rats with DMN-induced hepatic fibrosis, serum as-
partate aminotransferase and alanine aminotransferase
concentrations, liver hydroxyproline and lipid peroxides
were determined. Pathologic changes were examined
by hematoxylin & eosin staining.

RESULTS: GT administration prevented the develop-
ment of hepatic fibrosis in the rat model of DMN-in-
duced liver fibrosis. These results were confirmed both
by liver histology and by quantitative measurement
of hepatic hydroxyproline content, a marker of liver
collagen deposition. Accordingly, inhibition of prolifera-
tion, reduced collagen deposition, and type 1 collagen
expression were observed in activated HSC-T6 cells
following GT treatment. These results imply that GT
reduced the proliferation of activated HSC and down
regulated the collagen content and expression of col-
lagen type 1, thereby ameliorating hepatic fibrosis.

CONCLUSION: This study demonstrates that green

tea administration can effectively improve liver fibrosis
caused by DMN, and may be used as a therapeutic
option and preventive measure against hepatic fibrosis.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Hepatic fibrosis is a consequence of severe liver dam-
age and occurs in many forms of chronic liver damage,
including virus infection, autoimmune liver diseases and
sustained alcohol abuse!". Hepatic stellate cells (HSC) are
recognized as the primary cellular source of matrix com-
ponents in chronic liver diseases, and therefore play a criti-
cal role in the development and maintenance of liver fibro-
sis”. The key cellular and molecular events involved in the
pathogenesis of liver fibrosis include activation of HSC
to a myofibroblast-like phenotype, production of excess
matrix proteins, and increased cell proliferation”. Overpro-
duction of extracellular matrix (ECM) components, pat-
ticulatly collagen, is a characteristic of activated HSC, and
activation and proliferation of HSC have been implicated
in the pathogenesis of liver fibrosis”. Therefore, suppres-
sion of HSC activation has been proposed as a therapeutic
target against hepatic fibrosis'.

Acetaldehyde, a highly reactive compound produced
by alcohol metabolism, stimulates the deposition of ECM
proteins. Acetaldehyde also stimulates type 1 collagen
synthesis and gene transcription in cultured rat and human
HSC" and in human liver fibroblasts'”.

Several studies have shown that lipid peroxidation
stimulates collagen production in fibroblasts and HSCm,
and plays an important role in the development of liver
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fibrosis. Lipid peroxidation has been shown to stimulate
the expression of collagen gene transcripts'®. Tt has
recently been shown that stellate cells are activated by
free radicals as well as by malondialdehyde (MDA), a
product of lipid peroxidationm. In addition, stellate
cell activation by type 1 collagen has been shown to
be blocked by antioxidants'”, suggesting that lipid
peroxidation may play a role in hepatofibrogenesis.

Green tea, which is a widely consumed drink, has
received much attention due to its beneficial biological
effects. Polyphenols, often collectively referred to as
catechins, account for up to 30% of the dry weight
and serve as a major effective component of green tea.
The effects of green tea have been widely studied and
antioxidative, antiallergic, antimutagenic/anticarcinogenic,
and antibacterial effects have been documented"”?. Tt
has been shown that an aqueous extract of polyphenols
from green tea (Camellia sinensis) reduces liver fibrosis in
rats induced by bile duct ligation, and epigallocatechin
gallate (EGCG), the major component in green tea, was
implicated as the main active ingredient’”. EGCG has
been reported to suppress cell proliferation and collagen
production in HSC™. In addition, the hepatoprotective
effects of green tea against carbon tetrachloride, cholestasis
and alcohol induced liver fibrosis were reported in many
studies ™', However, the hepatoprotective effect of
green tea in dimethylnitrosamine (DMN)-induced models
has not been studied. The DMN-induced liver fibrosis
model can reproduce most of the features observed during
human liver fibrosis' . Furthermore, this model has other
advantages such as progressive and remarkable pathological
alterations, a high fibrosis reproduction rate, and a low
mortality rate in experimental animals"®. This model is
also stable even after termination of DMN administration
and is a reliable tool for screening antifibrotic agents“gj.
Therefore, the aim of the present study was to examine
the protective effect of green tea extract (GT) on hepatic
fibrosis in a rat HSC line and in a rat model of DMN-
induced hepatic fibrosis.

MATERIALS AND METHODS

Preparation of GT
Green tea, cultivated from Cheju island, Korea, was
extracted with 80% methanol and freeze-dried.

In vitro experiment

Cell culture: HSC-T6 cells, an immortalized rat HSC line,
were cultured in Dulbecco’s minimal essential medium
(DMEM, Gibco, Grand Island, NY, USA) supplemented
with 10% FBS (Gibco) and 0.5% antibiotics. Cultures were
placed in a humidified atmosphere of 5% COz2 at 37°C,
and the medium was changed twice a week. Acetaldehyde
(175 pmol/L) was added to induce collagen type 1 and
morphological features of activated stellate cell.

Cell viability: HSC-T6 cells were seeded into 96-well
plates at a density of 1.5 X 10* cells/well until 50%
confluence. Cells treated with GT (10, 50, 100 pg/mlL)

for 48 h were incubated with MTT (1 mg/mL) in a
medium for 3 h at 37°C. The supernatant was removed and
100 pL. of DMSO was added to each well to dissolve the
formazan product. Absorbance at 570 nm was measured
using a microplate reader.

Hydroxyproline content: Collagen was determined by
estimating the hydroxyproline content, an amino acid
characteristic of collagen. HSC-T6 cells were lysed after
treatment with GT (100 pg/mL) for 24 h. The lysates
were hydrolyzed in 6 mol/L HCI for 16 h at 110°C and
evaporated to dryness to remove the acid. The residue,
dissolved in distilled water, was mixed with 50% isopro-
panol and chloramine-T solution and left for 10 min at
room temperature. Finally, p-dimethylaminobenzaldehyde
in 60% perchloric acid was added and heated to 60°C for
25 min. The absorbance was measured at 558 nm.

Expression of collagen type 1: The expression of
collagen type 1 was observed by ELISA. HSC-T6 cells,
seeded on 24-well plates at a density of 1.5 X 10° and
cultured until 90% confluency, were treated with serum-
free DMEM with or without 175 umol/L acetaldehyde.
Ascotrbic acid (50 pg/L), and 3-aminopropionitrile
fumarate (100 pg/L) were also added to increase the
collagen proline hydroxylation and to prevent collagen
cross-linking, After 24 h of treatment with GT (100 pg/L),
aliquots of medium were transferred into immunowell
plates, and glutaraldehyde (0.01%) was added and
incubated at room tempetature for 1 h. Collagen type 1
antibody (1:4000, Abcam Co., Cambridge, UK) was added
and further incubated for 2 h at 37°C. The antigen-coated
plates were blocked with casein and incubated with the
secondary antibody (1:8000) linked to peroxidase, and
subsequently re-incubated with substrate (TMB 10 mg/ml.,
3% H202, 50 mmol/L sodium acetate buffer, pH 5.1) for
15 min. The enzymatic reaction was stopped by adding
1 mol/L H:SOs4, and the absorbance at 450 nm was
measured with a microplate reader.

In vivo experiment

Animals and treatments: Male albino rats (235-250 g)
were purchased from Samtako (Kyunggi-do, Korea)
and housed in controlled temperature and relative
humidity, and a 12 h light/dark cycle. All experiments
were performed according to National guidelines for
the use of animals in biomedical research. The rats were
randomly assigned to four groups of eight rats each: the
normal control group without any treatment (NC), the
hepatic fibrosis control group (FC), and hepatic fibrosis
with 100 mg/kg GT treated group (FG). Hepatic fibrosis
was induced by intraperitoneal injections of 10 mg/kg
dimethylnitrosamine (DMN, Sigma, St. Louis, USA) for
3 consecutive days each week over a period of 4 wk.
Normal saline was given to NC rats. GT was administered
in drinking water which was calculated according to the
amount of water consumed the previous day. At the
end of the 4 wk experimental period, all rats were killed
under ether anesthesia. Blood was obtained from the
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Figure 1 Inhibitory effects of green tea on HSC-T6 cell proliferation and
type 1 collagen expression. Green tea suppressed HSC-T6 cell proliferation
and type 1 collagen expression in a dose-dependent manner. Data are
expressed as mean * SD.

inferior vena cava, and the liver was excised. The liver
was immediately frozen for biochemical measurements or
fixed in formalin for histochemical examination.

Hepatotoxicity and lipid peroxidation: Hepatotoxic-
ity was assessed by quantifying the activities of serum
alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) using a spectrophotometric diagnos-
tic kit (Youngdong Pharmaceutical Co., Korea). Lipid
peroxidation in the liver and serum were determined by
measuring the levels of MDA, an end product of lipid
metabolism. For the serum sample, 3 mol/L sulfuric
acid and 100 g/L phosphotungstic acid were added and
incubated at room temperature for 10 min, and then
centrifuged. For the liver sample, homogenates of liver
in potassium phosphate buffer were prepared. MDA
contents in the serum and liver samples were determined
using a colorimetric reaction with thiobarbituric acid.

Hepatic hydroxyproline content: A portion of liver tissue
(200 mg) was homogenized in 10 volumes of 0.5 mol/L
potassium phosphate (KP) buffer and hydroxyproline
content was measured as described above.

Histology of liver: Liver tissues were fixed in 10%
neutral buffered formalin, dehydrated with 50%-100%
ethanol, and embedded in paraffin. Five micrometer
sections were cut and stained with hematoxylin-eosin.

Statistical analysis

All data were analyzed and expressed as mean * SD.
Comparisons were performed by Student’s ~test to detect
differences between the groups. A level of P < 0.05 was
considered statistically significant.

RESULTS

Effects on cell proliferation and collagen production

The anti-proliferative activity in HSC-T6 cells was
determined by cell viability using the MTT assay. As shown
in Figure 1, HSC-T6 cell proliferation was dose-dependently
inhibited by GT. GT at 10, 50 and 100 p,g/mL caused

NC: Normal control group; FC: Hepatic fibrosis control group; FG:
Hepatic fibrosis with green tea extract (100 mg/kg) treated group. Liver
index: Liver weight/body weight x 100; Spleen index: Spleen weight/
body weight x 100; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase. P < 0.05 vs FG; P < 0.05 vs FG.

dose-dependent inhibition of HSC-T6 cell proliferation
by 29.5% * 4.2%, 30.6% % 5.6%, and 44.8% £ 1.2 %,
respectively (P < 0.05, Figure 1). The antiproliferative
effects were not related to the nonspecific cytotoxic effects
of green tea because cells showed normal morphology (data
not shown).

To assess the effect of GT on ECM production,
hydroxyproline content and type 1 collagen expression,
assessed by ELISA, were examined in activated HSC-T6
cells. Serum-starved HSC-T6 cells were cultured with
acetaldehyde and GT treatment for 24 h. Treatment with
100 pg/mL GT significantly reduced cell hydroxyproline
content by 23.0% £ 2.1% compared to the control
group. Furthermore, the expression of type 1 collagen
was up-regulated by acetaldehyde stimulation, and GT
markedly reduced collagen type 1 expression in a dose-
dependent manner. Acetaldehyde at a concentration
of 175 umol/L induced collagen type 1 expression by
17.4% + 0.1%, and 10, 50 and 100 mg/mIL GT reduced
collagen type 1 expression by 15.2% + 2.2%, 15.5% +
1.3%, and 23.0% =+ 1.1%, respectively (Figure 1).

Effects on organ weights

As shown in Table 1, the liver index, which is the percent
of liver weight at final body weight, was not significantly
different among the experimental groups. In contrast,
relative spleen weight was increased 3.5-fold by DMN
treatment, and GT administration restored the relative
spleen weight (P < 0.05).

Serum biochemical analysis

AST and ALT concentrations in serum were used as
biochemical markers to evaluate hepatic injury. ALT is
a cytosolic enzyme, primarily present in the liver. An
increase in plasma ALT indicates liver damage more
specifically than AST. AST, which is a mitochondrial
enzyme present in large quantities in the heart, liver,
skeletal muscle, and kidney, in part indicates liver injury.
Serum activities of ALT and AST were markedly increased
with DMN treatment and GT supplementation attenuated
the elevation of AST and ALT activities (Table 1).

Histology and fibrosis marker
Liver fibrosis was evaluated by hematoxylin & eosin
staining, The control group showed normal architecture
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Figure 2 Effects of green tea extract on liver tissue morphology in DMN-
induced fibrosis model. Representative pictures of hematoxylin and eosin-
stained sections of liver tissue from normal control rat (A), DMN-treated
control (B), DMN-treated + green tea extract (100 mg/kg) group (C). Original
magnification, x 200.

(Figure 2A), whereas the DMN-treated group exhibited
necrosis, congestion, hemorrhage, and destruction of
the lobular architecture (Figure 2B). Red blood cells
from blood vessels were found in liver tissue due to
the collapse of the matrix structure. GT administration
exhibited notable recovery effects (Figure 2C).

Hydroxyproline and lipid peroxide content in liver

The histological findings wete corroborated by biochemical
parameters of liver tissue collagen content determined
by hydroxyproline, and lipid peroxide determined by
MDA.

Hydroxyproline, a product of collagen metabolism,
is an amino acid characteristic of collagen. The total
collagen present in liver was, therefore, determined by
estimating the hydroxyproline content. As shown in
Figure 3, hydroxyproline content was significantly in-

ug/g

Hydroxyproline MDA

Figure 3 Effects of green tea on hydroxyproline and lipid peroxide
(MDA) levels in DMN-treated rat liver. Data are expressed as mean + SD.
MDA: Malondialdehyde. *P < 0.05 vs normal control (NC), °P < 0.05 vs fibrosis
control (FC).

creased following DMN treatment (FC), indicating that
the liver fibrosis model was successfully established.
GT administration (FG, 100 mg/kg) restored the hy-
droxyproline content in fibrotic liver. Lipid peroxides,
measured in terms of the formation of MDA, were
significantly increased in DMN-induced rat liver.
GT administration significantly reduced the lipid per-
oxide level.

DISCUSSION

Hepatic fibrosis is characterized by an abnormal accumu-
lation of ECM proteins, particularly collagenla’“. When
hepatic fibrosis occurs, collagen proliferation, mainly col-
lagen type 1 and 3, accounts for 50% of the total protein
in fibrotic liver™, and collagens are the main components
of ECM. Therefore, collagen type 1 is an important pa-
rameter reflecting the metabolism of collagen in liver.
The main collagen producing cells in the liver are HSC,
which proliferate and undergo a process of activation
during the development of fibrosis resulting in increased
capacity for collagen synthesis”’. Changes in hydroxy-
proline content in the liver are considered an index for
collagen metabolism and provide valuable information
on the biochemical and pathological states of liver fibro-
sis. The present study demonstrated that consumption
of GT prevented the development of hepatic fibrosis in
a rat model of DMN-induced liver fibrosis. The results
were confirmed both by liver histology and by quantita-
tive measurement of hepatic hydroxyproline content, a
marker of collagen deposition in liver.

Accordingly, inhibition of proliferation, reduced
collagen content, and type 1 collagen expression were
observed in activated HSC-T6 cells following GT treat-
ment. Activated HSC are the main source of ECM when
liver fibrosis occurs™. Therefore, these results imply that
GT inhibit the proliferation of activated HSC and down
regulate the collagen content and expression of collagen
type 1, thereby inhibiting hepatic fibrosis. The results of
the present study are consistent with previous observa-
tions showing that EGCG, the major component in green
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tea, suppresses collagen production™, and proliferation
in HSC.

Oxidative stress resulting from the increased pro-
duction of reactive oxygen species and lipid peroxides
is suggested to be associated with the proliferation and
activation of stellate cells either directly or through
paracrine stimulation of neighboring cells including in-
jured hepatocytes™. Furthermore, oxidative stress has
been shown to modulate collagen gene expression'”.
Therefore, a number of studies have focused on the
pathogenetic significance of oxidative stress in liver
injury, as well as on the therapeutic intervention of this
process with antioxidant and metabolic scavengers. GT
administration resulted in a reduction of lipid peroxide
in HSC-T6 cells and DMN-treated fibrotic liver. Chen
et al” have also shown that a single-dose of EGCG
improved hepatic injury in rats induced by CCls admin-
istration through the inhibition of lipid peroxidation.

In conclusion, this study demonstrates that green
tea administration can effectively improve liver fibrosis
caused by DMN as shown by reduced levels of collagen,
lipid peroxidation, HSC proliferation, and type 1 collagen
expression in the liver. Therefore, green tea may protect
liver cells and reduce the deposition of collagen fibers in
the liver. Green tea provides a safe and effective strategy
for improving hepatic fibrosis.

COMMENTS

Background

Hepatic stellate cells (HSC) are recognized as the primary cellular source of
matrix components in chronic liver diseases, and therefore play a critical role in
the development and maintenance of liver fibrosis. Overproduction of extracellular
matrix components, particularly collagen, is a characteristic of activated HSC, and
activation and proliferation of HSC have been implicated in the pathogenesis of
liver fibrosis.

Research frontiers

Hepatoprotective effects of green tea against carbon tetrachloride, cholestasis
and alcohol induced liver fibrosis were reported in many studies. However, the
hepatoprotective effect of green tea in dimethylnitrosamine (DMN)-induced
models has not been studied.

Innovations and breakthroughs

The present study demonstrates that consumption of green tea prevents the
development of hepatic fibrosis in a rat model of DMN-induced liver fibrosis.
These results were confirmed both by liver histology and by quantitative
measurement of hepatic hydroxyproline content, a marker of collagen deposition
in the liver. Accordingly, inhibition of proliferation, reduced collagen content, and
type 1 collagen expression were observed in activated HSC cells following green
tea treatment.

Applications

This study demonstrates that green tea may protect liver cells and reduces the
deposition of collagen fibers in the liver. Green tea provides a safe and effective
strategy for improving hepatic fibrosis.

Terminology

HSC are the main collagen producing cells in the liver, which proliferate and
undergo a process of activation during the development of fibrosis resulting in
an increased capacity for collagen synthesis.

Peer review

This study examined the protective effect of green tea extract on hepatic
fibrosis in @ HSC line and in a rat model of DMN-induced liver fibrosis. Green
tea administration prevents the development of hepatic fibrosis in the rat
model of liver fibrosis. Furthermore, inhibition of proliferation, reduced collagen
deposition, and type 1 collagen expression were observed in activated HSC
cells following green tea treatment. The results imply that green tea may protect

liver cells and reduce the deposition of collagen fibers in the liver. Green tea
provides a safe and effective strategy for improving hepatic fibrosis.
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