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Abstract 

Background: The liver is a specific target for drug toxicity because of its role in removal and metabolism of 

chemicals by converting drugs into another forms that can be readily removed from the body. It is known that the 

main function of the liver is the elimination of toxins that may enter the body, thus becoming vulnerable damaged 

during this mechanism, which can be revealed as bleeding, congestion, necrosis or other conditions of liver injury. 

Ciprofibrate belongs to widely used class of lipid-regulating agents, which stimulate hepatic cells and the hepatic 

cell becomes uncontrollably divided, causing liver growth. It causes liver cell proliferation in addition to other 

pleiotropic effects such as peroxisome proliferation and induction of certain peroxisomal and cytosolic enzymes in 

liver.  

Objective: The present study aimed to evaluate the potential beneficial effects of green tea aqueous extract 

administration against the biochemical and histological alterations induced in the liver by ciprofibrate in male rats.  

Materials and Methods:  In the current study 3 groups of 6 male rats were used (Control group, 100mg\Kg body 

weight, and Cipro 100mg\Kg body weight with green tea). The rats have been treated daily orally by gavages for 21 

days. On the last day of the experiment the animals were killed then blood samples and parts from the liver were 

collected. Liver function was examined for the serum Alanine Aminotransferase (ALT), Aspartate Aminotransferase 

(AST), alkaline phosphates (ALP), enzyme activities, and serum total & direct bilirubin concentrations. The 

histopathological investigation was conducted for the liver tissues of all groups.   

Results: Treatment of male rats with 100 mg\Kg body weight of ciprofibrate caused a significant increase in serum 

ALT, AST, and ALP activities, total, and direct bilirubin concentration. Histologically, there were histological 

changes in central vein area and portal zones, revealed congestion in blood sinusoids, necrosis in hepatic cells, and 

damage in central vein lining epithelium. Co-administration of green tea aqueous extract with Ciprofibrate 

significantly improved the structural changes in the liver and the serum ALT, AST, and ALP activities, total, and 

direct bilirubin concentrations were significantly declined.  

Conclusion: It can be concluded that Ciprofibrate treatment induced elevation in liver function tests and severe 

histopathological changes and green tea aqueous extract was able to protect the liver against these effects in male 

rats. So, the patients should be advised to take green tea aqueous extract while they are treated by ciprofibrate. 

Key words: hypolipidemic agent; ciprofibrate; green tea aqueous extract; hepatotoxicity; hepatophysiological 

change 

1. Introduction 

The liver is responsible for the metabolism of xenobiotics and 

endogenous hormones, and the detoxification of exogenous compounds 

[1]. It is known that the main function of the liver is the elimination of 

toxins that may enter the body, thus becoming vulnerable damaged during 

this mechanism, which can be revealed as bleeding, congestion, necrosis 

or other conditions of liver injury [2]. 

 

The liver plays an essential role in transforming and clearing chemicals 

and is susceptible to the toxicity from these agents. The drugs can be 

administered to the body by many ways, including orally, intramuscular 

injection, intravenous, dermal absorption, and nasally [3]. Some 

medicinal agents, when taken in overdoses and sometimes even when 

introduced within therapeutic ranges, may lead to serious adverse effects. 

The liver is a specific target for drug toxicity because of its role in removal 
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and metabolism of chemicals by converting drugs into another forms that 

can be readily removed from the body. 

Peroxisome proliferators are a diverse group of chemicals which differs 

slightly in structure but all induce characteristic effects in the liver of 

treated rats and mice [4]. Peroxisome proliferators include many 

chemicals which are unrelated structurally such as hypolipidemic drugs 

plasticizers and organic solvents, all of which cause liver carcinogenesis 

in laboratory rodents by a non-genotoxic mechanism. Ciprofibrate 

belongs to widely used class of lipid-regulating agents, which associated 

with a variety of effects on lipid and lipoprotein metabolism [5]. These 

effects reduce the risk of developing sclerosis arterial heart disease and 

stroke. Although it has been clinically used since 1930, the mechanism of 

action of ciprofibrate is not entirely clear in 1990. Peroxisome 

proliferation is accompanied by replicative DNA synthesis and liver 

growth. Many of these peroxisome proliferators contain acid functions 

that can modulate fatty acid metabolism [6]. Liver enlargement induced 

by peroxisome proliferators is due to both hepatocyte hyperplasia 

(increased replicative DNA synthesis and cell division) and hypertrophy 

[7]. Peroxisome proliferators cause liver cell proliferation in addition to 

other pleiotropic effects such as peroxisome proliferation and induction 

of certain peroxisomal and cytosolic enzymes in liver [8]. Liver damage 

is indicated by an increase in liver enzymes such as alanine 

aminotransferase (ALT) in the serum [9]. 

Long term administration of peroxisome proliferators produces sustained 

oxidative stress in rodent hepatocytes due to an imbalance in the 

production and degradation of hydrogen peroxide [10]. The increased 

intracellular levels of hydrogen peroxide can attack membranes and DNA 

either directly or through other reactive oxygen species (ROS). These 

radicals interact with cell components and change their structure and 

function which in turn lead to various metabolic changes and biological 

functions disorders including cancer [11]. 

Recently, the trend increased towards herbal medicine which have 

antioxidant activities that can slow or stop oxidation reactions and have 

shown positive effects against some diseases. Green tea (Camellia 

sinensis L.) is a popular drink consumed daily by millions of people 

worldwide [12]. It has been reported that drinking green tea has a 

beneficial effect, by reducing the development or the enhancement of 

oxidative stress and, therefore, protecting the individual for oxidative 

stress diseases [13]. Previous studies reported many beneficial effects of 

green tea such as anti-inflammatory [14], antimutagenic, anticarcinogenic 

[15], hypochlosterolemic [16], anti-neurodegenerative [17], and 

antioxidative [18] properties. The health benefits attributed to the 

consumption of green tea are thought to be linked with its high content of 

bioactive components such as polyphenols and flavonoids [19]. These 

bioactive phytochemicals of green tea (GT) shown to be responsible for 

its antioxidant activity [20]. Catechins: epicatechin (EC), epigallocatechin 

(EGC), epicatechin-3-gallate (ECG) and epigallocatechin-3-gallate 

(EGCG) are the main polyphenols in GT [21]. In addition, GT also 

contains tannins and alkaloids, such as tristetraprolin, caffeine, 

theobromine and theophylline [22]. 

Besides its antioxidant activity, GT components could also possess other 

Pharmacological activities, such as the ability to reduce the risk of type 2 

diabetes and lower glucose [23], lipid profile, plasma oxidized LDL [24], 

and uric acid [25] concentrations. The consumption of green tea was 

found to decrease the nicotine-induced toxicity by regulating the 

antioxidant- and inflammation-related genes [24]. Oral green tea aqueous 

extract reduced the negative effects of CCl4 and corrected all examined 

biomarkers toward the control values. The protective effects of green tea 

aqueous extract were in the form of improving of serum transaminases, 

decreasing of hepatic lipid peroxidation and activation of hepatic 

antioxidant enzymes. Also, green tea corrected the values of glucose and 

total protein towards the control group values in CCl4 intoxicated rats 

[26]. Recent studies have shown that epigallocatechin-3-gallate (EGCG) 

may be a promising therapeutic or protective agent against hypertension 

and various kidney diseases [27, 28]. 

2. Objectives 

This study was undertaken to investigate the possible hepatoprotective 

effect of green tea aqueous extract against ciprofibrate induced liver 

injury in adult male rats. 

3. Material and methods 
 

3.1. Animals 

Male rats (14-15 weeks, 200 ± 25gm) were purchase from were purchased 

from Animal Welfare House of Libyan National Medical Research 

Centre, Zawia, Libya. They were housed in plastic cages, 6 rats per cage 

and left one week of acclimation before starting the experiment. The rats 

were kept in a room at 22 ± 2°C, under controlled environmental 

conditions with humidity (65 + 5%) and 12 h day: 12 h night cycle. Rats 

had free access to standard food and water ad libitum. 

3.2. Chemicals  

Ciprofibrate was purchased from Sigma-Aldrich (St. Louis, MO, USA). 

Ciprofibrate powder was dissolved in 20ml of corn oil. Rats received 

either 50 and 100 mg\Kg b.wt. dose by oral gavage as described 

previously [29]. 

3.3. Preparation of green tea aqueous extract 

Green tea was purchased from the local market. Aqueous extract was 

prepared according to Khan et al. [30] by soaking 30 grams of green tea 

leaves in 1 litter of boiling distilled water for 5 minutes and filtered the 

solution to make a 3% of green tea extract. This extract poured into the 

animals feeding bottles and provided to all rats as their sole source of 

drinking water. 

3.4. Methods 
 

  3.4.1. Experimental study design 

The animals were left for a week for the purpose of acclimation before 

starting the experiment. The animals were divided randomly into 3 groups 

after weighting, each group consists of 6 rats as shown below. The 

experiment continued 21 days and at the end of three weeks treatment, 

animals were weighted and sacrificed. 

G1: Control group; It was given corn oil at the same time as other treated 

group and feed normal diet and tap water. 

G4: Ciprofibrate group: Ciprofibrate 100mg\Kg b.wt. 

G5: Treated group: Ciprofibrate 100mg\Kg b.wt. + Green tea. 

 

Figure A. Schematic representation of two dose protocol. The schematic 

diagram describes the two doses protocol of hepatic induction by 

peroxisome proliferator (ciprofibrate 100mg) after administration with 

3% green tea at time Ǿ. The red bar shows the period where the animals 

were gavaged with 100mg ciprofibrate. The black shows the period where 

the animals were gavage with green tea. 
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  3.4.2. Biochemical studies  

After the animals were anesthetized with ether, the blood samples were 

collected through cardiac puncture into centrifuge tubes. Blood samples 

were centrifuged at 3000 rpm for 20 minutes and serum was separated 

and analyzed for the assessment of liver enzymes; alanine amino 

transferase (ALT), alkaline phosphatase (ALP) and aspartate amino 

transferase (AST). Serum total and direct bilirubin levels were also 

determined. 

  3.4.3. Tissue processing 

Liver tissue was freshly collected from the animals and fixed in 10% 

formalin saline. After the fixing, the tissues were processed for 

Hematoxylin and Eosin staining techniques. Tissues then dehydrated and 

infiltrated with paraffin wax by processing in Thermo Scientific Shandon 

Citadel-Automated Tissue processor. Tissues were removed and 

embedded in paraffin and kept overnight at room temperature. The 

paraffin blocks were kept until sectioning. Paraffin sections were 

prepared (4.5 µm thick), stained with H&E, examined with a light 

microscope and photographed. 

  3.5. Statistical analysis  

Graph Pad Prism 7.0 (Graph Pad Software Inc., La Jolla, CA, USA) was 

used for all data analysis. The results are expressed as mean ± standard  

deviation. Statistical significance was tested by Dunnett's Multiple 

Comparison Test with one ways analysis of variance (ANOVA). A value 

of p< 0.05 was considered to indicate a significant difference between 

groups. 

4. Results 

 4.1 Biochemical parameters of the liver 

Three aspects have been used which are; Biochemical analysis, 

histopathological study and verify to cell proliferation. The animals were 

induced with ciprofibrate 100 mg\Kg   b.wt. 

 4.1.1 Effect of ciprofibrate and \ or ciprofibrate with green 
tea on serum liver function: 

  4. 1.1.1. Serum liver enzymes activities:  

Generally, ciprofibrate has elevated the liver enzymes strongly such as 

ALT, AST and ALP. The result of give rats 100 mg\Kg b.wt. Ciprofibrate 

(gavages) once a day for 21 days, caused a significant (P<0.01) increase 

in serum Alanine Aminotransferase (ALT), Aspartate Amino transferase 

(AST), and alkaline phosphates (ALP) compared with the control group. 

But, treatment of rats with ciprofibrate 100mg\ Kg b.wt with green tea 

caused a significant decrease in serum ALT, AST and ALP compared 

with the treated group with ciprofibrate only (Table. 1 & Figure. 1). 

 

 

Parameters(U\L) 
Groups 

Control Cipro 100mg Cipro100mg\Kg with green tea 

Mean ±SD Mean ±SD Mean ±SD 

Alanine aminotransferase(ALT) 64.3± 0.9 174± 1.9** 105.2± 0.8**## 

Aspartate aminotransferase(AST) 86± 0.8 181.2± 1.4** 136 ±1.1**## 

Alkaline phosphatise (ALP) 141.3± 0.6 263± 2.3** 220 ±1.3**## 

**: P<0.01 statistically high significant difference between control and treated. 

##:  P<0.01 statistically high significant difference between Ciprofibrate and Ciprofibrate100mg+ green tea. 

Table 1. Effects of treatment with ciprofibrate and \ or ciprofibrate with green tea on the serum activities of ALT, AST, and ALP in male albino rats. 

 

Figure 1. Effects of treatment with ciprofibrate and\or ciprofibrate with green tea on the serum activities of ALT, AST, and ALP in male albino rats. 

4. 1.1.2. Serum total bilirubin and bilirubin direct levels 

Treatment of rats with 100 mg\Kg b.wt. Ciprofibrate (gavages) once a day 

for 21 days, caused a significant (P<0.01) increase in the levels of serum 

total bilirubin and direct bilirubin compared with the control group. But,  

treatment of rats with ciprofibrate 100mg\ Kg b.wt with green tea caused 

a significant decrease in the levels of serum total bilirubin and direct 

bilirubin compared with the treated group with ciprofibrate only (Table. 

2 & Figure. 2)

Parameters(g\dl) GROUPS 

Control Cipro 100mg\Kg Cipro100mg\Kg with green tea 

Mean ±SD Mean ±SD Mean ±SD 

Total bilirubin 2.9±0.02 4.6±0.06** 4.3± 0.003**## 

Direct bilirubin  1.1±0.01 2.9±0.002** 2.0± 0.08**## 
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**: P<0.01 statistically high significant difference between control and treated. 

##:  P<0.01 statistically high significant difference between Ciprofibrate and Ciprofibrate100mg+ green tea 

Table 2. Effects of treatment with ciprofibrate and\or ciprofibrate with green tea on the serum levels of total Bilirubin and direct bilirubin in male 

albino rats. 

 
Figure 2. Effects of treatment with ciprofibrate and \ or ciprofibrate with green tea on the serum levels of total Bilirubin and direct bilirubin in male 

albino rats.  

4.2 Histopathological changes of liver  

4.2.1 The central vein alteration: 

In order to verify the accuracy of the results obtained from the 

biochemical analysis of liver serum enzymes of all night groups. The liver 

tissue sections were divided into two mains structural units which are:  

central vein and portal area which were deeply looked. As a result of 

ciprofibrate induction with 50mg and 100mg showed massive cell 

division. Figure (3) for central vein (CV) which reveals normal lining 

endothelial, normal hepatocytes radiating arrangement from central vein 

and blood sinusoids appear between the hepatocytes. The Variation in the 

central vein (CV) is shown in (3) micrographs. 

               

Figure 3. Liver rat sections were gavaged either 50 or 100 mg\Kg b. wt. of ciprofibrate with or without green tea.   (A) Liver section from control 

groups shows normal histology structure of center vein (C.V).  (B) Section from induced group with 100 mg\Kg b. wt. of ciprofibrate; shows congestion 

in sinusoids and damage in lining endothelium blue arrow, also destruction in hepatocytes, and necrosis black arrow. (G) Section of the liver rat from 

ciprofibrate 100mg\Kg b. wt. with green tea shows early normal structure too in the central vein. Light microscope magnification is (H&E X100) stain.  

4.2.2 The portal area alteration 

Our target was verifying that the zonal distribution of hepatic induction 

when dose with Ciprofibrate 100mg\Kg b. wt. around portal areal, and 

investigation of hepatocytes in the sections of liver acinus how arranged  

 

in three areas: Zone 1, 2 and 3. Each zone has a different amount of 

oxygen which makes it a different response to toxicity. Figure (4) for the 

Variation in the portal area.
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Figure 4. Liver section of 6 rats were gavaged with, 100 mg\Kg b. et. for ciprofibrate. (A) Section of the liver tissue of control groups shows normal 

histology structure of portal canal contain branches of portal vein, hepatic artery and bile duct; the triad is clearly bordered by surrounding normal 

hepatocytes and interlobular septa blue arrow. (B) Section of the liver rat treated with 100mg\Kg b.wt. of ciprofibrate shows congestion in portal areal 

blue arrow with inflammation around portal canal and distraction in hepatocytes surround portal tract black arrow. (G) Section of the liver rat treated 

with ciprofibrate 100 mg\Kg b.wt. with green tea shows also improve to portal area. Light microscope magnification is (H&E X100) stain.

The micrographs below (Figure 5) show disorder in the hepatocytes with 

gathering to basophilic cells. Apoptosis in liver characterized by scattered 

single shows cells of necrosis separately in three different phases, which 

are pyknosis, karyorrhexis, and karyolysis. The slides were harvested

                    

                    

                    

Figure 5. Micrographs of hepatocytes are collected from positive controls that induced and\or ciprofibrate, green with ciprofibrate. 

Histopathological changes can be noticed in section G; focal necrosis with 

inflammatory cells. G1; shows aggregation of inflammatory (green 

arrow) cells prominent of kupffer cells and apoptotic cells black arrow. 

G2; apoptosis and distraction in hepatocytes and bleeding (RBCs). G3; 

shows 3 cells of necrosis separately in three different phases, which are 

pyknosis, karyorrhexis, and karyolysis. G4; shows clear apoptotic 

hepatocytes blue arrow and necrosis occurring together in the liver cells 

black arrow. G5; aggregation of inflammation in sinusoids black arrow 

and apoptotic cell blue arrow. G6; the black arrow shows cell 

degeneration and necrosis. Light microscope magnifications are (X40 and 

X100) H&E stain.  

5. Discussion 

Peroxisome proliferators are a class of chemicals that have diverse effects 

in rats and mice including increased DNA synthesis and cause cell 

proliferation (peroxisome proliferation). These chemicals act through 

ligand activation of nuclear membrane receptors termed ‘peroxisome-

proliferator-activated receptors’ (PPARs), which themselves act as 

nuclear transcription factors [31, 32]. 

5.1 Effect of ciprofibrate on liver enzymes parameters 

Liver function tests showed fluctuate in biochemical parameters. It has 

emphasized that ciprofibrate 50 and 100 mg had harmful effects on the 

activities of the serum Alanine aminotransferase, Aspartate 

aminotransferase, alkaline phosphates, bilirubin total and bilirubin direct 

in male albino rats compared with the control group. The current study 

has found an increase in AST with both concentrations, note it was 

slightly higher at 50 mg\Kg of Cipro. In addition same condition with 
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ALP enzyme, whereas much higher than AST especially at 50 mg\Kg 

concentration [33]. 

5.2 Enhancement of antioxidants on liver enzymes 
parameters 

In order to reduce the harmful effect of ciprofibrate, green tea was used 

as to verify their therapeutic and\ or preventive role. 

It was known from previous studies in vivo and in vitro, Wistar and 

Fischer rats (F-344\NHsd) dosed with peroxisome proliferators 

(nafenopin and Wyeth-14,643) that the hepatic induction of DNA 

replication starts as early as 24 hours in male rats [10, 33-35]. 

The peroxisome proliferator (ciprofibrate) is known to cause 

hepatocarcinogenesis in rats, and it strongly increases hepatic DNA 

replication of male Fischer rats [36]. Liver cells are damaged when 

exposed to compounds called free radicals, which are formed in the body 

as a result of exposure to a type of drug such peroxisome proliferators 

significantly. It is worth mentioning that this free radical’s caused weak 

and harm to the healthy cells and play a large role in the incidence of 

cancer. 

5.3. Effect of green tea on liver enzymes parameters in 
induced rats with ciprofibrate 100 mg\Kg b. wt. 

Oxidative stress has been proposed as one of the major contributing factor 

in many diseases development. Ciprofibrate is considered factor 

reflecting the development of oxidative stress in plasma [37]. This study 

has tried to reduce the harmful effects of some medications through the 

use of such antioxidant such as green tea. Green tea is one of strong 

antioxidants. Intake of it was significantly related to decrease serum 

concentration enzymes among rats. It has been reported that drinking 

green tea has a beneficial effect against oxidative stress diseases where 

reducing the development or the enhancement of oxidative stress. The 

current study conducted on rats gavaged with dose 100mg\Kg  b. wt. of 

ciprofibrate to investigate the role of antioxidants treatment (green tea 

extract)  which showed significant decrease in serum ALT, AST, and 

ALP. Pezeshki et al., [38] has investigated the potential relationship 

between green tea consumption and alanine (ALT) and aspartate (AST) 

aminotransferase. Green tea, consumed worldwide since ancient times, is 

considered beneficial to human health. Green tea is an important 

appropriate antioxidant improving the hepatotoxicity [39]. The current 

study found that green tea caused enhance in serum total bilirubin as well 

which a consistent with Moller study, this finding explain the important 

appropriate anti-oxidant improving the hepatotoxicity [40]. 

5.4. Histological changes resulting of Ciprofibrate effects 
and antioxidants treatment 
 
The histological examination had conducted alongside with liver function 

tests. Our results revealed liver injury including; bleeding, damage in 

lining endothelium of central vein and portal area congestion in hepatic 

sinusoids, destruction in hepatocytes surround portal tract and hepatic 

necrosis associated with inflammatory cells and focal necrosis. 

Interestingly, three phases of necrosis were detected nuclear pyknosis, 

karyorrhexis, and karyolysis for hepatocytes.  Hepatocellular necrosis 

with some specific components of the metabolic pathways leading to the 

alteration of their structure and function [41]. In addition, the hepatocytes 

response to the toxic lesion was also reflected by the irregular shape of 

nuclei and nuclear condensation. Similar results were established in rats 

by Allen et al., [42]. In this study the effect of administered ciprofibrate 

led to the injury of the liver in different zones. 

In the present work, the focal necrosis and congestion occurred between 

central vein and portal zone in conditions of deficiency oxygen supply in 

liver cells and oxidative stress, all above histopathological changes those 

a resulting of induce liver with ciprofibrate. In the current study; which is 

green tea, the aim was to investigate the therapeutically effects on the 

adverse effects of hepatotoxicity as a result ciprofibrate stimulation in 

Fischer rats. The rats were pretreated orally gavage (using rats feeding 

needle) with dose 5mg\Kg b. wt. of ciprofibrate with green tea. The 

antioxidants act to defend against free radicals, (highly reactive and 

destructive chemicals containing unpaired valence electrons) which can 

cause damage to cell membranes and DNA that can lead to carcinogenesis 

(cancer formation). Green tea liquid shows early normal structure too in 

the central vein and improves to portal area. Green tea polyphenols have 

been shown to be able to inhibit cancer growth in a wide variety of human 

and animal tumors is by causing apoptosis to occur in cancer cells whilst 

not affecting normal healthy cells [43]. Green tea protects against the liver 

injury caused by ciprofibrate. In view of its antioxidant nature [44]. 

6. Conclusions 

The peroxisome proliferators induce a cellular process characterized by a 

dramatic increase in the size and number of peroxisomes correlated with 

both hepatocyte hypertrophy (an increase in liver cells size) and 

hyperplasia or increase in the number of liver cells during replicative 

DNA synthesis and cell division. The current study investigated the 

beneficial effects of green tea on liver injuries induced by peroxisome 

proliferators (ciprofibrate). This study provides accurate analyses of the 

potential effects of ciprofibrate on liver enzymes and the histological 

effects. The study showed valued results through study of biochemistry 

parameters and histological disease. Previous studies have addressed the 

effects of peroxisome proliferators, while the current study confirmed 

most of the previous results. In addition, in this experiment antioxidant 

(green tea) was used to reduce the toxicological effects of the drug. The 

antioxidant have shown inhibition to the hepatotoxicant induced liver 

injuries in rodents.   
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