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Ethnopharmacological relevance: Since ancient times, herbal medicines have been applied in the treat-
ment of cancer. Tea, derivative from the dried leaves of Camellia sinensis (L.) Kuntze plant is the most
popular beverage globally after water and is available in various forms. Green tea has been expansively
investigated for its beneficial properties of cancer prevention and therapy. The goal of the research: The
current study was conducted to evaluate the hepaprotective character of methanolic green tea extract
and its mechanism of action contrary to thioacetamide (TAA)-produced liver fibrosis of Sprague
Dawley rats.
Materials and Methods: Thirty rodents were equally placed in 5 clusters including normal control, TAA
group as a positive control, silymarin as standard drug control, and treatment groups consisting of high
dose and a low dose Camellia sinensis. Rats in experimental clusters by mouth fed with C. sinensis at
250 mg/kg or 500 mg/kg daily for 2 months. After 60 days, all rats were sacrificed. Blood specimens were
gathered for liver biochemical examination. Livers of all groups were dissected out and subjected to
histopathological examination through the Hematoxylin and Eosin stain, Masson trichrome, and
immunohistochemistry stains (PCNA). Liver tissue homogenate was also analyzed for antioxidant activity
parameters.
Results: Gross morphological examination showed a regular liver architecture in C. sinensis fed collec-
tions compared to the TAA sets. Histology of rat’s liver fed with C. sinensis showed an important decrease
in the liver index with hepatic cells propagation, mild cellular injury, and immunostaining showed sig-
nificant down-expression of proliferating cell nuclear antigen (PCNA). TAA produced liver fibrosis
through a significant increase in serum alanine transferase, aspartate aminotransferase, alkaline phos-
phatase, and bilirubin. Total protein and albumin also decreased in the TAA group. Moreover, the reduc-
tion of antioxidant enzyme activity including superoxide dismutase and catalase as well as the increase
in malondialdehyde was detected in the TAA control group. Meanwhile, an abnormal level of liver bio-
chemical parameters was restored closer to the normal levels in serum of the C. sinensis-fed clusters.
In addition, C. sinensis fed assemblies showed elevated antioxidative enzymes activity with a reduction
in malondialdehyde level comparable to the levels in silymarin-treated rats.
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Conclusions: Green tea potentially inhibited the progression of liver cirrhosis, down -regulation of PCNA
proliferation, prevented oxidation of hepatocytes, recovered SOD and CAT enzymes, condensed MDA and
reduced cellular inflammation.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Liver is principal interior and metabolically active structure in
human being is that play energetic role in digestion, secretion,
blood detoxification, and storage of numerous nutrients and min-
erals. Due to these fundamental roles of liver in human body, hep-
atic disorders remain to be amongst the major world public health
problem (Abood et al., 2020, Kaur et al., 2020, Chen et al., 2021).
Therefore, discovery of most effective and less toxic treatment
for liver diseases have been increasingly gaining attention. Various
natural products have been extensively evaluated for their hepato-
protective role against liver injury caused by different substances
(Salama et al., 2018, Adewale et al., 2019, Zhang et al., 2020, El-
Baz et al., 2021).

Thioacetamide (TAA) is an organosulfur compound that is
known as hepatotoxic agent to study the liver injury, hepatic fibro-
sis, liver cancer (Yang et al., 2019, Bashandy et al., 2020,
Jantararussamee et al., 2021). Numerous trainings signified poten-
tial influence of therapeutic herbs defensive compared to TAA-
induced toxicity through in vivo models (Salama et al., 2018,
Mousa et al., 2019, Abood et al., 2020, Elnfarawy et al., 2021).

Green tea is amongst the most popular beverage that has been
found to promote human health. Although the study of potential
health benefits of green tea has been started over the past 30 years,
green tea consumption has a history back to over 5000 years. In
traditional Indian and Chinese medicine, green tea was prescribed
by practitioners for diuresis, mild diarrhea, improving heart health,
regulating body temperature and blood sugar (Lin et al., 2019,
Dwivedi et al., 2020). Furthermore, green tea historically was used
for its beneficial effect on digestive system including liver prob-
lems as traditional healers recommended its consumption to sus-
tenance role and remedy illnesses of the liver (Farkhondeh et al.,
2020, Wang et al., 2021).

Different kinds of teas result from C. sinensis (L.) Kuntze leaves. It
is the degree of fermentation that results in the different catego-
rization of tea. C. sinensismade green leaf phenolic mixtures oxida-
tion not occurs (Bharti and Singh, 2020). In black tea preparation,
most of these compounds are oxidized, whereas in case of oolong
tea partially oxidized (Lorenzo and Munekata, 2016). Green tea
has a considerable higher amount catechins of epigallocatechin
gallate (EGCG), epicatechin gallate (ECG), epigallocatechin (EGC),
and epicatechin (EC), than the oolong and black tea (Kalathingal
et al., 2020, Musial et al., 2020). Earlier studies have revealed that
antioxidant potential of green tea is due to catechins of EGCG and
EGC (Huang et al., 2020, Farkhondeh et al., 2020). Besides, high
total phenolic content with free radical hunting action, antibacte-
rial action and ferric reducing power makes this plant valuable
(Cardoso et al., 2020). Green tea catechins have also been con-
tributed to its anti-viral property against influenza virus
(Guinobert et al., 2018). In addition, green tea catechins of EGCG
and EGC inhibited the liver cancer in human and have wound cur-
ing potential in rats (Hajiaghaalipour et al., 2013, Almatroodi et al.,
2020, Zhao et al., 2021).

Silymarin was applied as a known hepatoprotective compound.
It has been widely used as a reference drug in the screening of
hepatoprotective potential of new drugs. Silymarin has shown
anti-oxidant, anti-lipid peroxidative, anti-fibrotic, anti-
inflammatory, immunomodulating and hepatocytes redeveloping
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properties (Tighe et al., 2020, Khalil et al., 2021). Silymarin defend
rat’s liver compared to TAA-produced hepatotoxicity in experi-
mental animals (Abood et al., 2020, da Silva et al., 2021). Thus
far, there is no data available on hepatoprotective activity of green
tea. The current training was supposed to assess the conceivable
hepatoprotective possessions of C. sinensis in TAA-induced liver
fibrosis in rodents.
2. Materials and Methods

2.1. Ethics for Animal use

The trial protocol accepted by the Morals Commission for Ani-
mal Investigation, College of Science, Cihan University-Erbil (Ethic
No. 123, 28/10/2020 MAA (R)). During trial, principles of taking
attention of animals given through US Nationwide Conservatory
of Knowledge and summarized in ‘‘director for upkeep and usage
of test site” were practical.

2.2. C. sinensis

C. sinensis was bought from marketplace. About 100 g leaves of
green tea were macerated in 600 ml methanol in an Erlenmeyer
flask for 72 h at 25 �C. The flush extract (Filtrate) was separated
by using filter paper (Whatman No.1). The methanol from flush
extract was allowed to evaporate under low pressure by using a
rotary evaporator. The proportion harvest of resulting concen-
trated extract 11.6% (w/w). This concentrated further liquefied in
10% Tween 20 and fed by oral gavage once daily in dose of 250
and 500 mg/kg (Kadir et al., 2011).

2.3. Thioacetamide (TAA)

TAA (Sigma-Aldrich, Switzerland) stock solution (0.03% w/v)
was prepared by liquefying 30 mg solid crystals in 100 ml sterile
distilled water. The resulting solution in concentration of
200 mg/kg (w/w) of TAA to rat was intraperitoneally injected three
times per week for two months. At this concentration, TAA brings
morphological and biochemical variations in rats comparable to
human liver cirrhosis (Abdulaziz Bardi et al., 2013).

2.4. Silymarin

The standard hepatoprotective drug, silymarin, with 80% purity
acquired from Universal Test center, USA. The rats were given
50 mg/kg (w/w) of silymarin softened in Tween 20 (10% w/v)
(Wong et al., 2012).

2.5. Experimental design

Thirty adult’s healthy rodents (165–195 g, 5–7 weeks old,) were
obtained from Animal House Unit (College of Science, Cihan
University-Erbil). Before experimentation, rats were kept sepa-
rately in cages with wide cable bases to avoid coprophagy. Rats
were fed with usual pellet food and tap water for 5 days to adapt
typical laboratory circumstances and preserve normal circadian
rhythm (Alshawsh et al., 2011).
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In order to induce liver cirrhosis, rodents arbitrarily separated
to 5 clusters with six rats individually. Cluster 1, as ordinary group,
obtain d orally 10% Tween 20 every day and intraperitoneal (I.P)
inoculated with sterilized distilled water 3 times weekly for
2 months. Collections 2–5 were I. P. inserted with 200 mg/kg
TAA, three times per week for 8 weeks to induce liver cirrhosis.
However, Group 2 orally received 10 % Tween 20 (5 mg/kg) for
60 days and Group 3 orally takes silymarin (50 mg/kg) as hepato-
protective medicine for 2 months. Collections 4 and 5 orally
administered 250 mg/kg and 500 mg/kg of green tea extract for
2 months. Body masses for whole rats weekly documented. At
the end of experimental period (2 months), all the rats were
starved for 12 h, sacrificed with anesthetized via intramuscular
inoculation of 50 mg/kg ketamine and xylazine 5 mg/kg (Amin
et al., 2012, Kadir et al., 2013).

For microscopic analysis, livers were separated and rinsed in
cold phosphate buffer saline (pH 7.2). Livers were fixed and ana-
lyzed for any gross pathological aberrations by taking images.
The rat livers of all groups were subjected to histopathological
investigation and liver tissue homogenate for antioxidant activi-
ties. Blood serum was assessed for biochemical markers of liver
in Laboratory of Rizgary Hospital (Salama et al., 2013).
2.6. Liver function test

Liver function tests provide information about liver injury
through measurement of level of ALT, ALP, AST, bilirubin, albumin,
and total protein in the blood serum. Moreover, SOD, CAT and MDA
were assessed in tissue homogenate. For this purpose, liver speci-
mens were washed instantly by cold 10% (w/v) PBS, pH 7.2. The
samples were standardized by Teflon Homogenizer (Polytron, Hei-
dolph RZR 1, Germany). After removing tissue fragments by cen-
trifuge at 4500 rpm for 10 min 4 �C, supernatants were assessed
for antioxidant activity using assay kits (Cayman Chemical Com-
pany, USA) for SOD and CAT. The MDA is indicator of cellular oxida-
tive stress and assessed by thiobarbituric acid as the lipid
peroxidation marker (Alkiyumi et al., 2012).
2.7. Histopathology and immunostaining

For histopathological analysis, liver tissue was dipped in 10%
phosphate buffered formalin followed by using automated tissue
processor machine and then implanted in paraffin to get liver tis-
sue blocks. Eventually, cuts of 5 lm thickness were made for biop-
sies of the liver. All sections were stained using hematoxylin and
eosin stain (Amin et al., 2012), Masson Trichrome staining
(Salama et al., 2012), and immunostaining (Bardi et al., 2014,
Kadir et al., 2014) for histopathological valuation were observed
under microscope.
2.8. Immunohistochemistry

Poly-L-lysine-treated glass slides used for PCNA staining
method as previously described in detail by Bardi et al. (2014).
2.9. Statistical analysis

Data analysis performed one-way analysis of variance (ANOVA)
followed by Bonferroni’s post-hoc test (SPSS22; USA). Total stan-
dards stated as mean ± S.E.M. The p < 0.05 was deliberated numer-
ical important.
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3. Results

3.1. Effect of green tea extract in liver injuries

In order to determine influence of green tea on liver injuries,
gross microscopic analysis of livers was performed. As revealed
in Fig. 1, results disclose the livers of normal control group rats
had normal architecture with regular texture besides even superfi-
cial. In contrast, TAA-treated cluster had coarse, uneven granular
surface with micronodules indicating liver cirrhosis. However,
the livers of silymarin- and green tea extract-fed rats were found
to have nearly smooth surfaces without micronodules. In addition,
although the reduction in body weight was observed due to the
treatment of TAA (Table 1), in the presence of silymarin and green
tea extracts (250 and 500 mg/kg), the rats gained weight compara-
ble to that of normal control group. Concomitantly, liver to body
mass proportion exhibited conforming substantial change among
the silymarin also green tea extracts (250 and 500 mg/kg) – fed
collections comparison to TAA set (Table 1).

3.2. Liver biochemical markers

In the present study, biochemical parameters of liver function
were measured as demonstrated in Table 2. The TAA group showed
notably elevated ALP, ALT, AST and Bilirubin levels lengthways
with noticeable reduction in albumin and total protein comparison
to control collection. While the levels of liver function biomarker
restored closer to the normal levels in serum of silymarin also C.
sinensis-fed groups.

3.3. SOD, CAT and MDA content of liver homogenate

Influence of C. sinensis on SOD, CAT and MDA activity are pre-
sented in Table 3. The results demonstrated that the antioxidant
activities of SOD besides CAT were knowingly condensed in liver
tissue homogenate of the hepatotoxic control group as compared
with the green tea extract-fed rats (Table 3). Green tea extract sig-
nificantly restored the SOD and CAT activity by protecting the tis-
sues from the hepatotoxic effect of TAA. In addition, significantly
increased amount of MDA as indicator of lipid peroxidation was
detected in TAA control group. However, administrations of C.
sinensis caused substantial reduction of MDA level (Table 3).

3.4. Histopathologic Examination: Hematoxylin and eosin stain

Histopathologic examination revealed regular and normal cel-
lular architecture with separated normal cords of hepatocytes,
sinusoid, and central vein in liver tissues of ordinary control
assembly (Fig. 2). Whereas liver tissues of TAA control group
showed inflammation, congestion, vacuolation, fatty alteration,
sinusoid dilatation, propagation of bile ducts and necrosis. The
liver lobes were disconnected through fibrous septa spreading
from the central vein to portal triad and altered liver construction.
Furthermore, the liver sections of green tea extract-treated rats
showed mild inflammation and necrosis of hepatocytes and vacuo-
lation comparable to silymarin treated group (Fig. 2).

3.5. Histopathological Examination: Masson trichrome stain

Masson trichrome stain of liver sections accomplished to evalu-
ate the amount of fibrosis. Hepatotoxic cluster (TAA-treated group)
disclosed propagation of bile duct with thick fibrous connective tis-
sue septa as well as improved statement of collagen fibers every-
where overfilled central vein, designated extensive fibrosis
(Fig. 3). However, rats fed with green tea demonstrated less and



Fig. 1. Influence of C. sinensis extract on gross morphology in TAA-induced liver toxicity. Differences in macroscopic liver appearances were observed. Silymarin besides green
tea C. sinensis-fed showed nearly smooth surface similar to normal group. Groups: G1, normal control; G2, thioacetamide control; G3, Silymarin; G4, Low dosage (250 mg/kg);
G5, high dosage (500 mg/kg).

Table 1
Influence of green tea extract on body heaviness, liver mass and liver index in TAA
produced hepatotoxicity in rodents.

Groups Body mass (gm) Liver mass
(gm)

Liver Index (%)
(LW/BW %)

Normal Control 210.83 ± 2.08# 6.68 ± 0.02# 3.17 ± 0.04#

TAA Control 163.66 ± 2.46* 9.17 ± 0.01* 5.60 ± 0.09*
Silymarin + TAA 228.33 ± 21.73# 6.21 ± 0.01*# 2.83 ± 0.24#

LD + TAA 186 ± 1.93 6.39 ± 0.01*# 3.42 ± 0.04#

HD + TAA 191 ± 1.92 6.28 ± 0.01*# 3.28 ± 0.04#

The data were represented as mean (n = 6 rats/group) ± S.E.M. Means with dis-
similar superscripts are meaningfully diverse. *P < 0.05 against ordinary control
assembly and # P < 0.05 against TAA control group. TAA stances for thioacetamide.
LD and HD stand for low dose (250 mg/kg) and high dose (500 mg/kg), respectively.
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mild fibrous septa and regenerating hepatocytes analogous to that
of the silymarin cluster (Fig. 3). These explanations established the
hepatoprotective action of methanolic extract of green tea.
3.6. Immunohistochemistry staining of hepatic tissue segments

TAA-induced liver injury and significance green tea studied via
immunostaining of PCNA appearance in the hepatic parenchymal
tissue by means of exact antibodies. Typical cluster obtainable
down-expression of PCNA staining, representative no cell rebirth
occurring (Fig. 4). In contrast, hepatotoxic control collection had
outstanding PCNA expression signifying up-regulation of PCNA
proteins with advanced level of hepatic cells cirrhosis. Also, hepa-



Table 2
The effects of green tea on biochemical limits in TAA-induced hepatotoxicity in rodent.

Groups ALP
IU/L

ALT
IU/L

AST
IU/L

T.Bilirubin
(uM)

Protein
g/L

Albuming/L

Normal Control 79 ± 1.53# 62 ± 1.15# 163 ± 1.65# 2.6 ± 0.09# 71 ± 1.73# 13.6 ± 0.17#

TAA Control 257 ± 3.05* 232 ± 2.27* 347 ± 1.71* 9.58 ± 0.13* 53 ± 0.85* 7.65 ± 0.08*
Silymarin + TAA 126 ± 1.93*# 70.83 ± 1.64*# 178 ± 1.81# 5.82 ± 0.01*# 67 ± 1.41# 10.87 ± 0.03*#

LD + TAA 186 ± 0.96*# 83 ± 1.53*# 226 ± 1.18*# 7.04 ± 0.15*# 61 ± 1.41*# 10 ± 0.04*#

HD + TAA 140 ± 1.18*# 76 ± 1.53*# 176.33 ± 14.87# 6.25 ± 0.07*# 65 ± 1.15*# 10.57 ± 0.02*#

The data were represented as mean (n = 6 rats/group) ± S.E.M. Means with diverse superiors are suggestively dissimilar. * P < 0.05 against normal control group and # P < 0.05
against TAA control collection. TAA stands for thioacetamide. LD and HD stand for low dose (250 mg/kg) and high dose (500 mg/kg), respectively.

Table 3
The effect of C. sinensis on the SOD, CAT and MDA contents of liver homogenate in
TAA-induced fibrosis in rodents.

Groups SOD
(U/ml)

CAT
(nmol/min/ml)

MDA
(mM)

Normal Control 0.35 ± 0.006# 3.40 ± 0.024# 10.02 ± 0.13#

TAA Control 0.166 ± 0.003* 1.52 ± 0.024* 32.40 ± 0.22*
Silymarin + TAA 0.36 ± 0.006# 3.32 ± 0.019# 11.05 ± 0.048*#

LD + TAA 0.27 ± 0.007*# 2.75 ± 0.032*# 14.94 ± 0.089*#

HD + TAA 0.35 ± 0.009# 3.18 ± 0.054*# 12.03 ± 0.06*#

The data were represented as mean (n = 6 rats/group) ± S.E.M. Means with unlike
superiors are pointedly dissimilar. * P < 0.05 contrasted with usual control
assemblage and # P < 0.05 against TAA control collection. TAA stands for thioac-
etamide. LD and HD stand for low dosage (250 mg/kg) and high amount (500 mg/
kg), respectively. SOD, CAT and MDA stand for superoxide dismutase, catalase and
malondialdehyde, respectively.
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totoxic control cluster raised mitotic figure index meaningfully,
suggesting proliferation to renewal widespread hepatic damages
formed through TAA (Table 2).

Rat fed with green tea had reduced hepatocytes restitution in
comparison to hepatotoxic set, as designated via PCNA counte-
nance besides substantial decrease of mitotic index. These out-
comes were quite analogous to that of silymarin fed assembly.

4. Discussion

Liver is metabolic structure of the body with high susceptibility
to the toxic effects of thioacetamide. Thioacetamid (TAA) has been
chemical compound frequently used to induce liver injury in
experimental animals, the chronic effects of this chemical lead to
liver cirrhosis (Su et al., 2019, Abood et al., 2020, Gratte et al.,
2021). In existing training, TAA was practiced to induce the liver
toxicity to appraise the hepatoprotective influence of methanolic
extract of green tea. Our outcomes confirmed that TAA decreases
body weight and increases liver mass, suggesting chronic toxicity.
The increased liver mass is attributed to the buildup of fat and dis-
integration of hepatic tissues. In addition, TAA encourages oxida-
tive stress and lipid peroxidation, a marker of liver fibrosis.
However, when rats were orally fed with methanolic extract of
green tea for 2 months, liver weight/body weight ratio was
increased and found to comparable to that silymarin-treated
group. This result corroborated with earlier findings representing
the effect of plant extracts with hepatoprotective activity on the
liver weight/body weight ratio (Salama et al., 2013, Abood et al.,
2020, Elnfarawy et al., 2021). Reduction in body weights seen in
green tea-treated group may be attributed to hypolipidemic effect
of green tea extract (Deng et al., 2021). Furthermore, the assess-
ment of liver damage caused by TAA was based on measurements
of plasma levels of liver markers enzymes. Elevated quantity of
ALP, ALT, AST and bilirubin in blood serum are markers of liver
injury and several researchers correlated these markers in the
TAA-induced hepatotoxicity experiments (Mi et al., 2019, Gowifel
et al., 2020, Tsai et al., 2021). In present investigation, significant
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elevation in serum liver biochemical markers was seen in TAA con-
trol group. However, green tea extract-treated groups exhibited
hepatoprotective activity by restoring the altered serum level of
liver biochemical markers compared to the effects of silymarin
(50 mg/kg). Moreover, TAA control group revealed lowered total
protein and albumin, whereas green tea extract restored the total
protein and albumin to nearly normal range. Our results suggest
that green tea extract may prevent cellular leak and damage of use-
ful honesty of the liver cell casing. In liver tissues homogenate of
TAA-treated rats, the activities of antioxidant enzymes, SOD and
CAT were meaningfully condensed compared with the normal con-
trol collection. In damaged liver, activity of these enzymes declines
due to loss of tertiary architecture of these proteins due to the
action of free radicals (El Awdan et al., 2019, Osman et al., 2021).
Conversely, the activities of SOD and CAT reversed back to normal
range in liver homogenate of green tea extract-treated cluster. The
elevated amount of MDA signifies oxidative pressure due to the
lipid peroxidation (El-Baz et al., 2019, Zhan et al., 2019). Adminis-
tration of green tea extract reduced MDA level as found in
silymarin-treated rats.

Macroscopically, green tea extract displayed protective effect
compared to TAA-induced liver fibrosis. TAA provokes liver fibrosis
in rodents. In a normal control cluster, the liver has even and plane
superficial, whereas TAA groups, the liver seemed irregular and
nodular through the development of micronodules. Besides,
histopathology study of liver of TAA group shows ample mechani-
cal injury, development of rough pseudo lobules through con-
densed fibrotic septum, propagation of bile canals in the
existence of centrilobular and inflammatory cells. Administration
of green tea extract and silymarin reconstitute liver from cirrhosis
and lead to extraordinary decrease in liver fibrosis. In addition,
Masson trichrome stain shows extent liver fibrosis with the exam-
ination of collagen statement in liver tissues. In the normal healthy
liver, deposition of collagen was found to be negligible. In contrast,
the livers of TAA-treated rats illustrated severe fibrosis around bile
ducts. The hepatoprotective agent, silymarin, and green tea extract
compact collagen admission and the cellular architecture was
resembled to a normal control group. These observations were also
noted by additional revisions (Kaur et al., 2019, Abood et al., 2020,
Elnfarawy et al., 2021).

The results of the current study showed that normal liver clus-
ter or silymarin treated collections displayed down-expression of
PCNA, signifying the absence of cell renewal. Over-regulation of
PCNA expression hepatic cells noticed in a hepatotoxic cluster,
illustrating wide-ranging production, conceivable exertion to
rebuilding tissue damage (Keshk et al., 2019, Abood et al., 2020,
Abd Eldaim et al., 2021, El-Maadawy et al., 2021). Otherwise,
rodents fed with silymarin or green tea expressively condensed cell
propagation by means of a reduction in PCNA stain. In the scientific
literatures, enormous number of medicinal plants with hepatopro-
tective potential has been pronounced by several investigators
(Bardi et al., 2014, Salama et al., 2018, Kaur et al., 2020, Abood
et al., 2020, Elnfarawy et al., 2021).



Fig. 2. Histopathological analysis of liver sections using H&E stain (20X). G1: normal control set, G2: thioacetamide control group, G3: silymarin group, G4: Low dosage
(250 mg/kg), G5: high dose (500 mg/kg). Slices revealed from demonstrative examples (n = 6 rats/assembly).
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In conclusion, our study demonstrated that green tea extract
exhibited significantly hepatoprotective effect against TAA-
induced hepatic damage in rodents as confirmed through gross
morphology, histopathology, and biochemistry parameter analysis.
Green tea expressively raised the serum concentration of SOD and
CAT along with a significant decrease in level of hepatic MDA and
down regulation of PCNA stains hepatic sections. The defensive
effect of green tea extract against TAA-produced hepatotoxicity
might be contributed to its bulk to avoid hepatocyte oxidation
and hepatic cells proliferation, reduce oxidative stress, antioxidant,
and free radical scavenging effects. The results of this study
569
provide valid evidence of promising hepatoprotective effect of
green tea, worthy of further investigations.
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Fig. 3. Histopathological analysis of liver sections using Masson Trichrome staining (20x).G1: normal control group, G2: thioacetamide control group, G3: Silymarin group,
G4: Low dose (250 mg/kg), G5: high dose (500 mg/kg). Slices exposed from illustrative trials (n = 6 rats/cluster).
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Fig. 4. Influence of Camellia sinensis on PCNA in histology of liver slices. (A) Standard controls show normal liver construction and no PCNA staining. (B) TAA controls cluster
have numerous PCNA-positive hepatic nucleus (C) TAA + silymarin assemblage have few PCNA-positive cells. (D) TAA + 250 mg/kg Camellia sinensis collection have reasonable
PCNA-positive nuclei. (E) TAA + 500 mg/kg Camellia sinensis collection has minor PCNA appearance cells (Magnification 20X).
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