Antioxidant and hepatoprotective effects of extract of
ginkgo biloba in rats of non-alcoholic steatohepatitis
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Objectives: To evaluate the therapeutic effect and
mechanism of extract of ginkgo biloba (EGB) in
treatment of diet-induced non-alcoholic steatohepatitis

(NASH) in rats.

Methods: The experiment was conducted in the
Laboratory, Department of Gastroenterology, Renmin
Hospital of Wuhan University, Wuhan, China from June
2009 to December 2009. In this study, the rat model of
NASH was produced by feeding high-fat diet. Sixty rats
were randomly divided into 3 groups: Normal group:
normal diet, drinking water; Model group: high-fat diet,
single-distilled water 10 ml/kg gavage once a day for 12
weeks; and Treated group: high-fat diet, EGB 6 mg/kg
gavage once a day for 12 weeks. At the end of 12 weeks,
all rats were killed. The serum biochemical, fibrosis
markers, superoxide dismutase (SOD), malondialdehyde
(MDA), the pathological changes, and the expression
levels of nuclear factor KB (NF-kB)p65 protein in the

liver were observed.

Results: The contents of serum alanine transaminase
aspartate aminotransferase, fibrosis markers, and
pathological grading of liver fibrosis and the staining
intensity of NF-kBp65 protein in the liver of rats in
treated group were significantly lower than those in the
model group. Activities of superoxide dismutase were
elevated, but levels of malondialdehyde were decreased
in the treated group as compared with the model group.

Conclusion: Extract of ginkgo biloba has antioxidant
and hepatoprotective effects and can inhibit liver fibrosis
in rat of NAHS.
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onalcoholic fatty liver disease (NAFLD) refers to a

wide spectrum of liver disease ranging from simple
fatty liver, to nonalcoholic steatohepatitis (NASH) and
cirthosis.! At its most severe, nonalcoholic fatty liver
disease can progress to liver failure. Unfortunately, the
incidence of NASH increases and its pathogenesis is not
completely understood. It is reported that oxygen free
radicals is involved in the development of NAFLD.?
Extract of Ginkgo Biloba (EGB) is believed to reduce
the free radical induced lipid peroxidation.? Studies
indicate that EGB on antioxidant activity can contribute
to the prevention and treatment of diseases associated
with oxidative stress. These features of the EGB are
considered to provide many beneficial effects against
chronic liver damage and liver fibrosis.” Therefore, the
purpose of our study was to investigate the protective
effect of EGB on chronic liver damage and liver fibrosis

caused by diet-induced NASH in rats.

Methods. The experiment was conducted in the
Laboratory, Department of Gastroenterology, Renmin
Hospital of Wuhan University, Wuhan, China from
June 2009 to December 2009. Animal care was in
compliance with the guidelines of the Medical Faculty
of Wuhan University Research Council Criteria. All
experimental protocols were approved by the Wuhan
University’s Ethics Committee.

Animals and group. In this study, the rat model
of NASH was produced by feeding high-fat diet (2%
cholesterol, 10% animal oil, and 88% standard rat
chow). Sixty clean grade male Wistar rats weighing
180 + 20 g were randomly divided into 3 groups.
Normal group (n=20): normal diet, drinking water;
model group (n=20): high-fat diet, single-distilled
water 10 ml/kg gavage once a day for 12 weeks; and
treated group (n=20 rats): high-fat diet while giving the
EGB 6 mg/kg fed once a day for 12 weeks. During the
experimental study, animals were raised in the (20+2)
clean animal lab, free food and water. After 12 weeks, all
rats were sacrificed under anesthesia. Whole blood was
centrifuged and the supernatant was stored at -20°C
refrigerator. The liver was taken for the same position
with 10% neutral formalin fixed, paraffin embedded,
sliced. Remaining liver was homogenized in ice-cold
phosphate buffered saline (PBS). The homogenates
were centrifuged at 4000 rpm for 10 min at 4°C, and
the supernatants were stored at -20°C refrigerator.

Histological and biochemical analysis. The sections
of the liver were stained with hematoxylin-eosin (HE).
Histology was evaluated by a single pathologist who was
blinded to the laboratory data. Fibrosis was staged as
0-4 based on Scheuer’s scoring system (0=no fibrosis;
l=expansion of portal tract without linkage; 2=portal
expansion with portal to portal linkage; 3=extensive

portal to portal and focal portal to central linkage;
4=cirrhosis).® Automatic biochemical analyzer was
employed for determination of serum levels of alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST). Serum hyaluronic acid (HA), laminin (LN),
procollagen type III (PCIII) and collagen type IV (IV)
were detected by radioimmunoassay.” The oxidative stress
parameters included the activity of superoxide dismutase
(SOD) and the levels of malondialdehyde (MDA). The
activities of SOD and MDA levels were measured by
chemical colorimetry method.® The expression of nuclear
factor KB (NF-kB)p65 in liver tissue was determined
by immunohistochemistry.” Immunohistochemical
stain was performed on paraffin-embedded sections.
The tissue sections were incubated at room temperature
with primary antibody of monoclonal mouse antibody
against activated NF-kBpG65 after antigen retrieval
included citrate buffer in an 800-W microwave oven.
Antibody binding of the primary antibodies was revealed
with anti-mouse immunoglobulin (Ig) G peroxidase kit.
It was detected with the Vectastain ABC by horseradish
peroxidase-conjugated streptavidin and visualization
using diaminobenzidine tetrahydrochloride. Negative
control studies were performed in which PBS was
used instead of primary antibody. Two independent
pathologists who were blinded to the study scored the
quantitative analysis of immunohistochemical staining.
The number of activated NF-k Bp65 was counted (x400)
and expressed as percent positive cells.

Statistical analysis. The measurement data were
presented as means+SD and compared with analysis
of variance. Level count data were analyzed using the
rank sum test. A p value less than 0.05 was considered
statistically significant. Statistical analysis was performed
using the Statistical Package for Social Sciences for
Windows version 11 (SPSS Inc., Chicago, Illinois,
USA).

Results. Hematoxylin-eosin staining of liver tissue.
In the normal and treated groups, liver sections exhibited
normal global histological features (Figure 1). Liver
sections from rats in the model group revealed that more
than one-third of hepatocytes contained macrovesicles
of fat, which corresponded to steatosis (Figure 1). In
addition, necrotic hepatocytes, and collagen deposition
were exclusively found in samples from the model group
(Figure 1). Pathological grading of liver fibrosis in liver
tissue was showed in Table 1.

Serum alanine aminotransferase and aspartate
aminotransferase levels. No significant changes were
observed in serum ALT (p=0.001) and AST (p=0.007)
between normal group and treated group (Table 2). The
contents of serum ALT and AST in the normal and

Saudi Med J 2010; Vol. 31 (10) 1115

WWW.Smj.org.sa



Extract of ginkgo biloba inhibits NASH ... Zhou et al

treated group were significantly lower than those in the
model group.

Serum fibrotic parameters. Serum HA, LN, PC 11,
and CIV were significantly higher in the model group
than in the normal and treated groups (p<0.05).
There were no significant changes in serum HA, LN,
PCIII, and CIV between normal group and model
group (Table 3).

Oxidative stress parameters in liver. Superoxide
dismutase activity in the liver was significantly lower
in the model group than in the normal and treated
groups (p=0.004). Malondialdehyde levels in the liver
were significantly higher in the model group than in the
normal and treated groups (p=0.005) (Table 4).

Immunohistochemistry. Nuclear factor KB p65
positive cell nucleus was stained brown. There were few
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expressions of NF-kBp65 protein in hepatic sinusoid
in the normal rat liver. However, in the model group,
positive cells were distributed mainly at the fibro-
septa band, the area of necrosis, and inflammatory
cell infiltration in hepatic lobules (Figure 2). The ratio
of positive cells to the total cells in the model group
was significantly higher than in the normal and treated
groups (p<0.01) (Figure 3).

Discussion. Although the pathogenesis of NASH
has not yet been fully elucidated, presenty “2 hits
theory” has been proposed to explain the pathogenesis
of NASH." Hepatic fat accumulation in the liver
represents the “first hit”, which induces a “second
hit” including insulin resistance, oxidative stress, and
increased endotoxin-mediated cytokine release. These

Figure 1 - Liver histopathology of the rat. a) The normal group showed normal histology. b) The treated group showed normal histology. ¢)
The model group revealed steatosis (long white arrow), hepatocyte ballooning (short white arrow), necrosis (short black arrow),
and fibrosis (long black arrow) (hematoxylin-eosin staining, magnification x100).

Table 1 - Analysis of pathological changes in rats of each group.

Groups N Grading of liver fibrosis

0 I II III v
Normal* 20 20 0 0 0 0
Model 20 0 8 9 3 0
Treated* 20 17 2 1 0 0

"p<0.05 versus model group.

Table 2 - Analysis of serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) in rats of each group (means+SM).

Table 3 - Analysis of serum heart rate (HA), laminin (LN), PCIII and
CIV in rats of each group (means+SM).

Groups n  HA (pg/L) LN (pg/L) PCIII CIvV
(ng/L) (ng/L)
Normal 20  75.2+17.6° 122.7¢17.2" 110.5+16.4" 33.69.5
Model 20 318.151.1 189.7#21.4 297.2+32.5 135.3+22.1
Treated 20 107.3228.1" 125.9:21.9° 156.3+21.4" 40.9+14.7

"p<0.05 versus model group.

Table 4 - Analysis of oxidative stress parameters in liver in rats of each
group (means+SM).

Groups N ALT(U/L) AST(U/L)
Normal* 20 63.619.3* 118.7£31.7*
Model 20 259.6+44.5 295.1+47.8
Treated* 20 103.5£31.1* 163.4+36.5*

*p<0.05 versus model group.
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Groups n MDA (pmol/g) SOD (pmol/L)
Normal 20 0.91+0.31° 27.46+2.91°
Model 20 3.49:0.6 7.88+1.21
Treated 20 1.03+0.34 24.78+2.84

"p<0.05 versus model group. MDA - malondialdehyde,
SOD - superoxide dismutase
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Figure 2 - Immunohistochemical staining for nuclear factor KB (NF-kB)p65 in the rat liver. a) There were few expressions of NF-kBp65
protein in hepatic sinusoid in the normal group. b) There were partial expressions of NF-kBp65 protein in hepatic lobules
(arrow) in the treated group. ¢) Positive NF-kBp65 cells were distributed mainly at the fibro-septa band, the area of necrosis and
inflammatory cell infiltration in hepatic lobules (arrow) in the model group (magnification x400).
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Figure 3 - Comparison of the expression of nuclear factor KB
(NF-kB)p65 using immunohistochemical analysis.
49<0.05 versus normal group; °p<0.05 versus model

group.

modifications enhance lipid peroxidation, hepatocyte
injury, and release of toxic byproducts, resulting in
inflammation, necrosis, and fibrosis."" Nonalcoholic
steatohepatitis may develop into liver fibrosis and
cirthosis.'? Therefore, it is very important for patients
with NASH to slow down the progression of fibrosis.
The liver in metabolism and other physiological activities
can produce a small amount of free radicals, because
there is a normal antioxidant system usually does not
cause liver cell injury. However, in some pathological
conditions, such as liver ischemia and hypoxia, free
radicals increased, hepatic antioxidant system was
restrained, resulted in lipid peroxidation.” Oxide
content increased and antioxidant levels decreased in
liver tissue can lead to free radicals and MDA increased,
leading to cell dysfunction and even death, and lipid
peroxidation may lead to lobular inflammatory cell

infiltration and fibrosis."* Decreased lipid peroxidation
can slow down the progression of fibrosis.

Ginkgo originated in China and is one of the
oldest living tree species in the world. Now its leaves
are more widely used medicinal plants. Ginkgo leaves
contain 2 types of chemical composition (flavonoids
and terpenoids) are effective antioxidants.” Its
purported biological effects include: scavenging free
radical; lowering oxidative stress; anti-inflammation;
anti-tumor activities; and anti-aging.'® Thus, EGB has
a wide range of antioxidant for the treatment of many
diseases. Recent studies have showed that oxidative
stress is concerned with the formation of fibrosis in most
chronic diseases.!” Prevalence of NASH is increasing in
global populations.'® At present, no effective drugs can
be used to treat NASH. Under the circumstances, we
consider that antioxidant therapy could protect hepatic
cells from lipid peroxidation, and prevent or relieve
chronic liver damage processes. Therefore, we designed
the experiment to investigate the effect of EGB on
NASH in rats. This study showed that the levels of
hepatic enzyme indicator MDA and the serum levels of
ALT and AST were decreased while the activity of SOD
in the treated group increased when compared with
model group. Malondialdehyde is the direct product
of lipid peroxidation."” Therefore, the extent of lipid
peroxidation can be assessed by measuring MDA levels
in tissues. Superoxide dismutase is the major enzyme
for scavenging oxygen free radicals, and its activity can
reflect its functional status.”® These findings are fully
confirmed that EGB can inhibit lipid peroxidation
in plasma and liver tissue and has protective effect on
NASH. The grading of histological hepatic fibrosis in
the treated group showed significantly lower than that
in the model group (p<0.05). Compared with model
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group, fibrosis markers in treated group, such as serum
HA, LN, PCIII and CIV levels reduced significantly
(9<0.05). Co-detections of serum HA, LN, PCIII and
CIV can be useful for diagnosing in hepatic fibrosis.”!
The results show that EGB could effectively prevent the
progression of liver fibrosis. Nuclear factor KB plays
a key role in immune and inflammatory responses.”
Because NF-kB controls many genes involved in
inflammation, it is not surprising that NF-kB is
found to be chronically active in many inflammatory
diseases.” To investigate the antioxidant mechanism
of EGB, we examined the expression of NF-kBp65
using immunohistochemical methods, as it may be
involved in the regulation of oxidative stress. This study
indicated that the expression of NF-kBp65 significantly
decreased in T group. Inhibition of oxidative stress by
EGB in liver cirrhosis may be due to suppression of the
NF-kBp65 signaling pathway. Therefore, a potential
approach to block oxidative stress in liver cirrhosis is to
target towards NF-«B signaling pathway.

In conclusion, our study clearly demonstrates that
EGB is effective against oxidative liver damage and liver
fibrosis caused by diet-induced NASH. The protective
effect may be due to its radical scavenging action or
antioxidant activity. Thus, we propose that this novel
therapeutic approach for NASH be tested in future
clinical studies.
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