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Abstract
The present study was conducted to elucidate the antioxidant capacity of green tea (Camellia sinensis) extract against 

Tamoxifen citrate-induced liver injury. Four groups containing ten female Wister rats each were selected: Group I, served as 
control group, Group II, permitted Green Tea Extract (1.5% w/v in water) as the sole drinking fluid, Group III, injured by intra-
peritoneal injection of Tamoxefin (45 mg/ Kg/day) for 7 successive days and Group IV, permitted green tea extract as a sole source 
of drinking water (1.5% w/v in water) 4 days prior and 14 days after Tamxifen-intoxication (45 mg/Kg/day for 7 successive days). 
Hepatic oxidative damage was observed in Tamoxefin treated rats as evidenced via augmentation in liver lipid peroxidation as well 
as depletion in liver antioxidant enzymes; catalase, superoxide dismutase and glutathione peroxidase with highly degeneration 
and necrosis of the hepatocytes. Histopathological studies of liver treated with Tamoxefin revealed that supplementation of green 
tea extract resulted in mild degeneration and necrosis of the hepatocytes. Furthermore, green tea extract had normalized catalase, 
superoxide dismutase, glutathione peroxidase and liver lipid peroxidation content. In Conclusion, the supplementation of green 
tea extract appeared to be beneficial to a great extent in attenuating and restoring the damage sustained by Tamoxefin exposure.
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Introduction
Interest has increased in naturally-occurring antioxidants that 

can be used to protect human beings from oxidative stress damage [1] 
because natural antioxidant from plants (e.g. green tea) is generally 
recognized as safe in the form of extract. Green tea polyphenols and 
epigallocatechin-3-gallate (EGCG) have potent chemo preventive 
and therapeutic effect against numerous cancers of skin, lung, 
breast, colon, liver, stomach and prostate [2]. P-glycoprotein 
activity, which is responsible for the chemotherapy drugs resistance 
could be overcome green tea polyphenols [3]. Green tea catechins 
was reported to modulate cell signaling pathways associated with 
angiogenesis, metastasis and invasion including the inhibition of 
vascular endothelial growth factor as well as the inhibition of matrix 
metallo-proteinases [4]. EGCG has an antioxidant activity about 25 
and 100 times greater than that of vitamins E and C, respectively, 
and is the most potent of all the catechins [5]. EGCG, as a natural 
product has enormous potential to be an anticancer agent capable of 
enhancing tumour cell sensitivity to therapy [6]. Anticipate that the 
combination of green tea catechins and anticancer drugs will be an 
effective strategy to enhance the therapeutic effects and reduce the 
adverse effects of anticancer drugs in cancer patients [7].

In animal studies [8] revealed that green tea may protect liver 
and brain cells against sequel of oxidative stress induced by ethanol 
intoxication. EGCG has synergistic effect against TAM and breast cancer 
cells; it induced apoptosis and may impart its anti-cancer property 
through unique mechanism acting on ERα signal transduction [9].

Potent mechanism received considerable attention; EGCG can 
modulate gene expression by influencing epigenetic processes such 
as DNA methylation and/or histone modification [10]. Tamoxifen 
citrate (TAM), 1-[4-(2-dimethyl-aminoethoxy) phenyl]-1,2-diphenyl-
1-butene), is nonsteroidal antiestrogen drugs used for the treatment
and prevention of all stages of hormone-dependent breast cancer [11].
TAM in high dose is liver carcinogen in rats [12] due to oxygen radical
overproduction, which occurs during TAM metabolism. Williams et
al. [13] conclude that TAM which is used in the treatment of breast
cancer has a strong hepatocarcinogenic effect as shown in their results

[13]. Experimental trials suggest a synergistic interaction of green tea 
catechins with tamoxifen or raloxifene in the treatment of estrogen 
receptor-positive and estrogen receptor-negative breast cancer through 
estrogen receptor-dependent and -independent mechanisms [14]. 
EGCG induces various cellular actions by functioning as an antioxidant, 
a prooxidant, and an iron chelator [15]. This study was conducted to 
gain insight on the histopathological, biochemical and antioxidant 
profile exerted upon GTE supplementation to the TAM -induced liver 
injured rats.

Materials and Methods
In this study, forty adult female albino rats, weighing 120-170 g. 

were used as experimental animals. They were kept in wire-floored 
cages under standard laboratory conditions of 12 h/12 h light/dark, 25 
± 2°C with free access of food and water. The Green tea extract was 
made according to Maity et al. [16]. The maintenance of the animals 
was in full compliance with the standard laboratory animals care 
protocols approved by Animal Care and Use Committee.

The rats were randomly divided into 4 groups of 10 animals each 
as follows:

Group 1: Normal control untreated rats. Group II: TAM-intoxicated 
rats in a dose of (45 mg /Kg/ day) i.p., for 7 successive days [17]. Group 
III: GTE rats, permitted 1.5% green tea extract (GTE) as their sole 
source of drinking water for 21 days. Group IV: TAM + GTE rats, 
permitted GTE as a sole source of drinking water (1.5% w/v in water) 
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CAT and SOD enzyme levels and increase in MDA level by p<0.001, 
respectively compared to the control. Administration of GTE alone 
showed non-significant changes in GPX, CAT, SOD enzyme levels and 
MDA level compared to control rats. Moreover, GTE supplementation 
to TAM-intoxicated rats showed significant improvement to the 
activities of antioxidant enzymes such as GPX, SOD and CAT as well 
as the level of MDA, compared to TAM intoxicated liver injured rats.

Light micrographs revealed that the structural components of the 
liver in both control and GTE respectively showed normal hepatic 
cyto-architecture. They formed of polyhedral hepatocytes which are 
radically arranged in anatomizing and branching plates separated by 
vascular blood sinusoids (Figures 1 and 2). Hepatocytes may contain 
one central nucleus (monoucleated) or two nuclei (binucleated) with 
prominent nucleolus. The blood sinusoid is lined with endothelial all 
and contains many triangle kupffer cells (Figures 3 and 4).

After TAM treatment, the inspection of liver sections showed 
degeneration and coagulative necrosis in hepatocytes. They 
demonstrated the presence of cellular infiltration and dilatation of 
blood sinusoid with diffuse Kupffer cells proliferation in between the 
hepatocytes (Figure 5). The hepatocytes have vesiculated nuclei and 
different stages of karyolysis ranging from pale nuclei to completely 
disappeared one with stasis of blood in both central vein and sinusoids 
(Figure 6). Histopathological examination of liver sections of TAM + 

4 days prior and 14 days after TAM-intoxication (45 mg/ Kg/ day for 7 
successive days).

After 25 days, control and treated animals were subjected to light 
ether anesthesia and killed by cervical dislocation. The abdomen 
excision and liver removal was done immediately by dissection, washed 
in ice-cold isotonic saline and blotted between two filter papers. The liver 
divided into two parts, the first part was wrapped in aluminum foil and 
stored at –80°C. A 10% (w/v) liver homogenates was prepared in ice-cold 
0.1 M potassium phosphate buffer, PH 7.5 using Branson sonifier (250, 
VWR Scientific, USA). Fresh aliquot from liver homogenate was used 
to estimate, glutathione peroxidase (GPX) [18], catalase (CAT) [19], 
superoxide dismutase (SOD) [20] and Malondialdehyde (MDA) [21]. 
The second part, fixed at room temperature overnight in 10% formalin 
solution then process to be stained routinely with haematoxylin and 
Eosin [22]. The values are expressed as mean ± SE. The results were 
computed statistically using statistical package for social science (SPSS 
software package, version 15) using one-way analysis of variance 
(ANOVA). Post hoc testing was performed for inter-group comparison 
on using the least significant digit (LSD). P<0.05 was considered as 
significant [23].

Results
In Table 1, the TAM intoxication resulted in a state of liver injury 

oxidative stress in rats as manifested by the significant declines in GPX, 

Parameter
Experimental groups

p
Control T GTE T + GTE

MDA (nmol/g protein) 63.20 ± 4.36 118.20a ± 6.40 65.0 ± 6.32 98.80ab ± 5.54 <0.001*

CAT (U/L) 33.40 ± 4.66 15.20a ± 1.98 34.60 ± 3.19 22.80b ± 4.64 0.006*

GPx (U/L) 41.80 ± 3.65 21.20a ± 2.63 48.20 ± 3.37 35.60b ± 3.16 <0.001*

SOD (U/L) 54.80 ± 4.58 26.20a ± 3.25 52.40 ± 3.66 46.20b ± 3.46 <0.001*

Data are presented as means ± SE, (n=8).
a Significant difference as compared to control group (P<0.05).
b Significant difference as compared to tamoxifen group (P<0.05).
*Statistically significant at P<0.05.
P: p value for F test (ANOVA) for comparison between the different studied groups.

Table 1: Effect of TAM alone and in combination with GTE on the level of MDA and the activities of CAT, SOD and GPX in liver homogenate of female rats.

Figure 1: Light micrographs   of control liver showing, central vein (CV), 
sinusoids in-between hepatocytes strands (S) and Kupffer cells (arrows) 
(H&E, 100X).

Figure 2: Light micrographs of TAM-treated liver showing, inflammatory cells 
infiltration in the portal area (star) with diffuse Kupffer cells proliferation in 
between the degenerated hepatocytes (arrows), dilatation and congestion in 
both the sinusoids (S) and the central vein (CV) (H&E, 100X).
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GTE demonstrated marked improvement in its histological structure in 
comparison to the TAM- group with less pathological changes (Figure 
7). Blood sinusoids were less dilated and bordered by polyhedral 
hepatocytes with central basophilic nuclei (Figure 8).

Discussion
It was obvious that TAM in toxic doses elucidated to be a 

hepatocarcinogen in rats [24] this refers to its high affinity to hepatic 
tissue [25]. It revealed that production of five DNA adducts in rat liver 
was responsible for carcinogenesis [26]. The results in this study indicated 
that TAM inhibited SOD, CAT and GPX activities in liver of rat where 
decrease in antioxidant defenses in the liver was due to liver damage 
[27]. This depletion may be due to the decreased synthesis of enzymes or 

oxidative inactivation of enzyme protein as occurred in kidney treated 
with Cyromazine and/or Chlorpyrifos [28]. The decrease in antioxidant 
defense systems of TAM intoxicated rats render them more susceptible 
to hepatotoxicity [29]. Also the activities of intracellular antioxidant 
enzymes decreased with the increase of lipid peroxidation levels [30]. 
GPX is responsible about destruction and degradation of phospholipids 
hydroperoxides and this suggested being a pathway of cytoprotection 
against the deleterious effects of phospholipids hydroperoxides. The 
decreased GPX level of TAM intoxicated rats, leads to an increase 
of toxic level to the cells, the oxidation process resulted as a result of 
TAM intoxication leads to release of iron ions. These ions, therefore, 
become more reactive in liver. Free irons ions participate in generation 
of hydroxyl radicals which are the most active reactive oxygen species 
(ROS) and they react readily with most cellular components [8]. TAM 
leads to induction of lipid peroxidation these results are compatible 
with previous researchers following OPIs administration [31]. Indeed, 
the antioxidant enzymes SOD, GPX and CAT act as radical scavenger 

Figure 3: Enlarged part from figure 1, showing polyhedral hepatocytes (H) with 
one central nucleus or two nuclei (N), sinusoid (S) contains Kupffer cell (K) and 
lined with endothelial cell (arrow) (H&E, 1000X). 

Figure 4: Enlarged part from figure 3 showing, degenerated hepatocytes with 
vesiculated nuclei (N) and different stages of karyolysis (arrows) ranging from 
pale nuclei to completely disappeared one (H&E, 1000X).

Figure 5: Light micrographs of GTE- liver showing normal hepatic cyto-
architecture (H&E, 100X).

Figure 6: Light micrographs   of GTE- liver, showing enlarged part from figure 
5 (H&E, 1000X). 
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Hence, the possible of hepatoprotection of GTE extract mechanism 
may be attributed to polyphenolic compounds (e.g. epicatechins), 
that scavenge a wide range of free radicals including the most active 
hydroxyl radical, which initiate lipid peroxidation [37]. Therefore, it 
decreases the concentration of lipid free radicals [38]. It was reported 
previously that phenolic compounds chelate metal ions, especially iron 
and copper inhibit the generation of hydroxyl radicals and degradation 
of lipid hydroperoxides [37]. Epicatechins (antioxidant present in green 
tea) are effective scavengers of physiologically active reactive oxygen 
and nitrogen species including superoxide [39] and peroxynitrite [40]. 
It prevents the loss of lipophilic antioxidant α-tocopherol, by repairing 
tocopheryl radicals and protection of the hydrophilic antioxidant 
ascorbate [38]. In this study the levels of antioxidant enzyme activities 
in liver homogenates (GPX, SOD and CAT) and MDA were significantly 
improved upon treatment of TAM-intoxicated rats with 1.5% GTE 
which inhibited TAM-induced hepatic injury and thereby the level 
of oxidative stress as it can decrease lipid peroxidation and enhance 
antioxidant enzyme activities, On the contrary, Oge et al. [41] showed 
that CAT did not show any significant difference after TAM intoxication. 
In agreement with the results obtained in this study, Ostrowska et al. 
[8] stated that the administration of green tea to ethanol-intoxicated 
rats, resulted in the normalization of lipid peroxidation as well as 
glutathione concentration and GPX activities in liver. The increase in 
GPX and SOD activities after GTE administration to TAM intoxicated 
rats, was attributed to induction or mutually protective interactions 
especially superoxide dismutase, which present at low level only but 
highly inducible under oxidative stress [ 42].

Tea contains minerals act as co-factors in antioxidant enzymes: zinc, 
selenium and manganese. Additional mechanisms for Polyphenols in 
which they minimize oxidation level besides direct role as antioxidants: 
(1) Binding of metal ions such as iron and copper and prevents its 
participation in oxidation reactions (leading to the formation of hydroxyl 
radical). (2) Prevention of redox sensitive transcription factors activation 
that amongst others things serve as mediators of inflammatory reactions. 
(3) Suppression of oxidation stimulants such as induced nitric oxide 
synthase (iNOS), cyclooxygenase 2 (COX-2), lipoxygenase 2 (LOX-2) and 
xanthine oxidase. Induction of antioxidant enzymes such as glutathione 
S-transferase and super oxide dismutase [43]. The aqueous extract 
of green tea has an efficient protection against arsenic which induces 
biochemical toxicity in experimental rats, these results compatible 
with ours in this research [44]. Also TAM would cause hepatotoxicity 
at the early stage of endocrine treatment in mice, and the underlying 
mechanism was involved with hepatocyte apoptosis [45].

Conclusion
The data achieved from this study revealed that, TAM induced 

oxidative damage and hepatotoxicity in rats. In contrast, the oral 
supplementation of 1.5% GTE to TAM- intoxicated rats, exerted 
an improvement against TAM-induced which caused liver injury 
that was clearly obvious in the structural integrity of cell membrane 
and eventually alleviates the histopathological changes as well as the 
biochemical perturbations, as it has beneficial effects on damaged liver 
cells to prevent lipid peroxidation and improve antioxidant enzyme 
activities. Based on the present observations, it was proposed that GT 
may provide a cushion for prolonged therapeutic option against toxins-
induced hepatotoxicity without harmful side effects. Information 
on potential synergistic or antagonistic interactions between the 
constituents of green tea and other chemicals, particularly metals, will 
lead to a clearer and better understanding of the potential health effects 
of green tea.

by limiting the effects of oxidant molecules in tissues therefore defend 
against oxidative cell injury [32]. The loss of cell function under 
oxidative stress conditions refers to accumulation of lipid peroxide 
[33]. This explains the histopathological alterations in the present study 
which could be summarized as follows: degeneration and coagulative 
necrosis in the hepatocytes, inflammatory cells infiltration, and Kupffer 
cells proliferation in TAM-treated group which sustained the leakage 
of liver enzymes. This study illustrates most of biochemical alterations 
accompanied histopathological changes were alleviated following GTE 
administration [34]. This attributed to the antioxidant capacity of GTE 
that reduce the lipid peroxidation and leading to restore the integrity of 
the cell membrane and improve the disturbance in permeability [28] as 
GTE has a role in alleviating the oxidative stress status produced after 
TAM-intoxication in female rats that resulted in liver injury due to 
involvement of oxidant mechanisms [35].

In correspondence with the data obtained from this study, Hesham 
[36] speculated 1.5% GTE has the capacity to scavenge free radical 
and protects against oxidative stress induced by TAM intoxication. 

Figure 7: Light micrographs   of TAM + GTE -treated liver showing, less diffuse 
Kupffer cells between the improved hepatocytes (arrows), less dilatation in the 
sinusoids (S) and central vein (CV) (H&E, 100X).

Figure 8: Light micrographs   of TAM+ GTE -treated liver showing, hepatocytes 
radiating from central vein (CV) with central nuclei (N) and few karyolitic one 
(arrows) (H&E, 100X).
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