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Abstract - The Piper betle is one of the antioxidant rich 

plant. Antioxidants protect degenerative diseases like 

cancer, carcinogenesis, protein damages, and chronic 

diseases and reduced cardiac diseases. CCL4 induce the 

severe hepatic damages in the liver. The purpose of this 

study was to investigate the hepatoprotective activity of 

Piper betle leaf extract against the CCl4 induced 

hepatotoxic male albino rats. Live male wistar albino 

rats (150 to 200 gms) were divided into four groups 

(Group I- normal control, II- CCL4 treated, III- CCL4+ 

leaf extracts treated and IV- CCL4+Sylimarin treated), 

each group had 5 animals for using the experimental 

period of 28 days of experiment. Silymarin was used as a 

positive control. At the end of the experimental period, 

the rats from each group subjected to diethyl ether 

anesthesia and blood samples were collected and serum 

was separated. Serum samples were used to estimate the 

bilirubin, protein and cholesterol and enzyme assays like 

AST, ALT and ALP. The liver was excised from each 

group for the estimation of liver glycogen and 

histopathological studies. Considerably reduced the 

impairments of CCl4 induced (0.1ml/kg/day for 14 days) 

liver damages in administration with Piper betle leaf 

extract (400mg/kg/day orally for 28 days) treated rats. 

The histopathological study was showing the normal 

hepatic cords and absence of necrosis, lesser fatty 

infiltration. Further we like to infer that Piper betle may 

have the antioxidant properties and inhibited lipid 

peroxidation in CCl4 induced hepatic damages. 

Index Terms - Piper betle, Carbon tetrachloride, 

Silymarin, hepatoprotective, fatty infiltration 

 

I.INTRODUCTION 

 

Liver is a large and vital organ in human body. It plays 

on important role in metabolism, detoxifies chemicals 

and metabolizes drugs and other functions and 

regulating homeostasis in the body [10]. Various toxic 

agents like chemicals, alcohol, and viruses are initiated 

to liver injuries of zonal necrosis, chronic hepatitis, 

cholestasis, fatty liver, tumor, cirrhosis, etc. [26]. 

CCL4 is one of the most commonly used hepatotoxins 

in the experimental study. It is induced severe hepatic 

damage in liver [11], [15], [34]. Waterfield et al., 

(1991) [32] reported that, a single dose of CCl4 induced 

biochemical and histological damages in the liver 

cells. CCL4 induced liver necrosis, cirrhosis, lipid 

peroxidation of membranes, free radicals, and nitrogen 

free radicals [1], [13]. Free radicals are highly reactive 

and interact with cellular macromolecules such as 

lipids, proteins and DNA leading to a cascade of 

oxidation and reduction reactions, causing liver 

damage [13]. Free radicals can be produced 

accidentally as product of metabolism, by ‘leakage’ of 

electrons from electron transport chain and by the 

formation of superoxide. Deliberate generation of the 

free radicals occurs during the phagocytosis [5]. 

Cheeseman et al., (1985) [8] defined the xenobiotics 

such as CCl4 has been enhanced the production of free 

radicals. Free radicals are highly reacting with toxic 

agents. When the liver is highly toxicated the marker 

enzymes like alkaline phosphatase (ALP), aspartate 

transaminase (AST) and alanine transaminase (ALT) 

are highly leak out from liver into blood stream [2].  

Nowadays we used numerous medicines from plants 

and plant extracts for healthcare. Each and every plant 

is used for medication in humans and animals [29]. 

Commonly plants have number of natural 

antioxidants. Antioxidants protect degenerative 

diseases like cancer, carcinogenesis, protein damages, 

and chronic diseases and reduced cardiac diseases. 

Indeed betle leaves are important part of the Indian 

traditions and warmly connected with cultural life of 

Indians especially Tamil peoples and also they are 
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used betel leaves on very long times in household 

remedy for digestion, cold, fever, hepatic diseases etc., 

because Piper betle (betle leaves) is antioxidant rich 

plant [18], [25]. The purpose of this study was to 

investigate the hepatoprotective activity of Piper betle 

leaf extract against CCl4-induced hepatotoxic male 

albino rats. 

 

II. MATERIALS AND METHOD 

 

A. Plant extraction 

The fresh leaves of Piper betle were collected from 

agricultural farms in Velur, Namakkal District, Tamil 

Nadu, India. The leaves were dried under shade and 

then powdered with a mechanical grinder to obtain 

fine powder and stored in airtight container. About 500 

gm powdered material was subjected to soxhalation 

and exhausted with 90% Ethanol for 48 hrs. The 

solvents were evaporated in a rotavapor at 80ºC under 

reduced pressure. The semisolid material obtained was 

successively extracted in Petroleum Ether (60º-80ºC) 

and Acetone (60º-80ºC) by using soxhalat extractor. 

The extracts were concentrated in a rotary evaporator 

under reduced pressure. Finally, a reddish – brown 

coloured (10.17 gms) semi solid material was 

obtained. It was stored in a refrigerator. 

Fig.1. Fresh Piper betle plant 

 
Fig.2. Fresh Piper betle leaf extract 

B. Experimental Animals  

In the present investigation lives male wistar albino 

rats weighing 150 to 200 gms were procured from 

Perundurai medical college, Perundurai. They were 

housed in well ventilated polypropylene cages at 

normal room temperature. They were fed with 

laboratory pelleted feed (marketed by M/s. Hindustan 

Lever Ltd., Bangalore, India) and clean drinking water 

ad libitum. Rats were acclimated laboratory condition 

for period of one week prior to the experiment. All 

procedures described were reviewed and approved, 

number: SAC/ IAEC/BC/2017/Ph.D.-002. Dated 

11.05.2019. 

 

C. Reference Hepatoprotective Drugs  

The present investigation of Piper betle leaf extract 

was compared with those of a minimal dose (50 mg / 

kg) of Silymarin a hepatoprotective drug available in 

the market (reference hepatoprotective drug Silymarin 

tablets, Micro labs Ltd, Goa, India). 

 

D. Experimental design  

After a week, the animals were divided into four 

groups (Group I, II, III and IV), each group had 5 

animals and noted animal’s initial weight.  

Group I: Served as untreated control. They received 

the vehicle (Liquid paraffin 0.2ml/kg/day through i.p. 

route) for 14 days and also received the vehicle (water 

- 1 ml/animal/day) orally (by using intragastric 

catheter - IGC) for 28 days.  

Group II: CCL4 induced hepatotoxic control. They 

were given i.p. injection of  CCL4 (0.1ml/kg/day) in a 

suspension of liquid paraffin (0.2ml/kg/day through 

i.p. route) for 14 days and they were given vehicle 

(distilled water - 1 ml/animal/day) orally (by using 

intragastric catheter - IGC) for 28 days. 

Group III:  CCL4 induced hepatotoxic rats treated with 

leaf extract of Piper betle. They received i.p. injection 

of  CCL4 (0.1ml/kg/day) in a suspension of liquid 

paraffin (0.2ml/kg/day through i.p. route) for 14 days 

and were simultaneously treated with leaf extract of 

Piper betle (400mg/kg/day) suspended in the distilled 

water orally (1 ml/animal/day) orally (by using 

intragastric catheter - IGC) for 28 days. 

Group IV: CCL4 induced hepatotoxic rats treated with 

reference standard hepatoprotective drug Silymarin. 

They received i.p. injection of  CCL4 (0.1ml/kg/day) 

in a suspension of liquid paraffin (0.2ml/kg/day 

through i.p. route) for 14 days and were 
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simultaneously treated with standard drug Silymarin 

(50mg/kg/day) suspended in the distilled water orally 

(1 ml/animal/day) orally (by using intragastric catheter 

- IGC) for 28 days.  

All the groups are maintained for 28 days with food 

and water Ad libitum throughout the study period. 

Water intake, food intake, changes in body weight and 

mortality were observed during the study period.    

 

E. Collection of sample and biochemical estimation  

At the end of the experimental period, the rats from 

each group subjected to diethyl ether anesthesia and 

blood samples were collected (cardiac puncture using 

sterile disposable syringes) and serum was separated 

by centrifuged 2500 rpm. Serum samples were used to 

estimation of bilirubin, protein and cholesterol and 

enzyme assays like AST, ALT and ALP. The liver was 

excised and washed with normal saline and 10% tissue 

homogenate was prepared in ice cold 0.1M Tris HCL 

buffer for estimation of liver glycogen.   

The enzyme assays like Aspartate Transaminase 

(ASP) and Alanine Transaminase (ALT) following by 

the procedure of Reitman and Frankel (1957) [24] and 

Alkaline Phosphatase (ALP) was assayed by the 

method of King (1965A) [14]. 

Biochemical estimations like serum bilirubin was 

estimated by Malloy and Evelyn (1937)[17] method, 

serum protein was determined by following the 

procedure of Lowry et al., (1951)[16], cholesterol was 

estimated by the method of Zak (1977)[33] and the liver 

glycogen was estimated by the procedure of 

Raghuramulu et al., (1983)[22]. 

 

F. Histopathology 

The liver was excised from each group and washed 

with normal saline, fixed with 10% buffered neutral 

formalin for 48 hrs, then with Bouin’s fluide for 6 hrs. 

They were processed for paraffin embedding. The 

section were taken at 5 μm thickness using microtome, 

processed Alcohol- xylene series and were stained 

with Alumhaematoxylin and Eosin. The sections were 

examined microscopically for the evaluation of 

histopathological changes.  

 

G. Statistical Analysis 

The data were analyzed statistically using students‘t’ 

test and expressed as mean ± standard error mean 

(S.E.M.). 

III. RESULT 

After 28 days of treatment, the body weight from each 

group animals were measured. There was increase in 

body weight up to 7.56% in Gr. I, 2.8% in Gr. III 

(CCL4 + leaf extract treated) and 5.6% in Gr. IV (CCL4 

+ Silymarin treated) and significantly decrease in body 

weight up to 4.21% Gr. II (CCL4 treated) compared to 

day one. The food consumption and water intake also 

normally recorded in the Gr. I, III, IV and significantly 

decreased in Gr. II - CCL4 induced hepatotoxic rats 

(Table 1).  

The elevated level of serum enzymes of AST, ALT 

and ALP was recorded in Gr. II - CCL4 induced 

hepatotoxic rats compared with control group. Gr. III 

and Gr. IV was significantly decreased the enzyme 

levels compared with Gr. II - CCL4 induced 

hepatotoxic rats. The level of bilirubin was 

substantially increased CCL4 induced group 

(2.348mg/dl) compared with normal group 

(0.557mg/dl) and decreased the bilirubin level in plant 

extract treated group and Silymarin treated group 

compared with Gr. II (CCL4 induced group). The 

serum protein level was significantly decreased to 

5.419 mg/dl in CCL4 induced rats from 8.74 mg/dl in 

control group. The leaf extract treated group was 

almost normal compared with the standard drug 

Silymarin treated group. The level of cholesterol was 

vastly increased (108.57 gm/dl normal level was 68.52 

gm/dl). The leaf extract treated group III was 

77.181mg/dl and Silymarin treated (group IV) 

71.501mg/dl was recorded. The liver glycogen was 

considerably decreased in group II and other groups 

were almost normal compared with control group 

(Table 2).  

On histological study, normal histological architecture 

and clear cytoplasm with prominent nucleus was 

observed in control group. In group II CCl4 toxicated 

animals, severe hepatotoxicity on degenerative lesion, 

vacuolation, sinusoidal dilation, periportal fibrosis, 

fatty degeneration in hepatocytes, focal necrosis, 

infiltration of lymphocytes and kupffer cell 

proliferation were observed. The liver section of leaf 

extract treated group III and Silymarin treated group 

IV animals shown nearly normal architecture 

compared with CCl4 toxicated group animals.  

Table: 1. General parameters in various experimental 

group animals  
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Each value mean ± SEM (no=5).   *: p˂0.05 compared within the same group. a :  Group II Vs Group I.  b : p˂0.05 

Group III Vs Group II. c : p˂0.05 Group IV Vs Group II 

 

Table: 2. Effect of various experimental groups on some serum chemical parameters and liver glycogen  

Each value mean ± SEM (no=5).   a : p˂0.05 Group II Vs Group I.   b : p˂0.05 Group III Vs Group II.  c : p˂0.05 

Group IV Vs Group II  

 

Fig.3. Liver section of group I control rat showing 

normal architecture (H&E 100x).  

 
Fig.4. Liver section of CCl4 induced hepatotoxic 

group II rat showing vacuolated hepatocytes (arrow) 

(H&E 100x). 

 
Fig.5. Liver section of CCl4 induced hepatotoxic 

group II rat showing presence of heamosiderin 

pigments in heavy sinusoidal distension (H&E 250x). 

 
Fig.6. Arrow indicates presence of kupffer cells in 

sinusoidal lining of CCl4 induced hepatotoxic rat 

(H&E 400x). 

Experimental Groups 
Body weight (g) 

Water intake (ml/rat/day) 
Food consumption 

(g/rat/day) Initial Final 

Group I - Normal control 155±3.5 182±2.5* 29±2.0 35±3 

Group II- CCL4 induced 160±3.5 145±3.5* 23±2.5a 27±3a 

Group III - CCl4 + leaf extract treated 164±3.5 174±2.5* 28±1.5b 32±3b 

Group IV - CCl4 + Silymarin treated 160±2.0 180±2.5* 29±2.0c 34±2c 

Experimental Groups 

Parameters 

AST 

(IU/L) 

ALT 

(IU/L) 

ALP 

(IU/L) 

Bilirubin 

(mg/dl) 

Protein 

(mg/dl) 

Cholesterol 

(mg/dl) 

Liver 

Glycogen 
(mg/g) 

Group I - Normal control 58.68±1.34 48.36±2.6 33.42±3.25 0.557±0.12 8.74±0.23 68.52±3.32 23.54±1.75 

Group II 

CCL4 induced 
174.56±5.34a 97.80±2.36a 110.5±8.7a 2.348±0.35a 5.419±0.198a 162.39±3.85a 18.22±1.51a 

Group III - CCl4 + leaf 

extract treated 
102.42±3.27b 58.83±1.08b 42.64±2.57

b 1.098±0.17b 7.490±0.310b 123.95±3.8b 22.31±1.75
b 

Group IV - CCl4 + 

Silymarin treated 
71.02±1.73c 52.24±1.64c 41.30±2.71c 0.634±0.42c 8.228±0.272c 117.96±4.42c 23.09±1.6c 
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Fig.7. Liver section from CCl4 + leaf extract treated 

group III rats shows normal hepatic cords with less 

sinusoidal distension (H&E 200x). 

 
Fig.8. Liver section showing mild hyperplasia of 

biliary epithelium (arrow) in CCl4 + leaf extract 

treated group III (H&E 250x). 

 
Fig.9. Liver section of CCl4 + Silymarin treated group 

IV rats showing normal central vein (arrow) and less 

fatty infiltrations (H&E 100x). 

 
Fig.10. Presence of mild sinusoidal space (arrow) in 

CCl4 + Silymarin treated group IV rat (H&E 200x). 

 

IV. DISCUSSION 

 

Present study was proved that the protective ability of 

leaf extracts of Piper betle on CCl4 induced hepatic 

damaged rats. We observed a significant loss of body 

weight about 15 gm and recorded considerably 

elevation marker enzymes of AST, ALT and ALP and 

other biochemical parameters like serum bilirubin, 

cholesterol except the level of serum protein and liver 

glycogen in CCl4 induced hepatotoxic group II animals 

when compared with control group (Table 2). These 

biochemical parameters in group II animals was 

conform the toxic response and metabolic dysfunction 

of liver. The same findings of Venukumar and Latha 

(2004) [30] who reported that the decline body weight 

and marker enzymes were suggestively increased in 

CCl4 treated animals during their study period. CCl4 

induced hepatotoxicity in liver and triggers the 

generation of toxic radicals [23]. CCl4 metabolized by 

cytochrome P-450 initiates the cellular oxidants and 

lipid peroxidation in cellular membranes and leading 

to necrosis [4].  When, enhanced lipid peroxidation 

persuaded tissue destruction and failure of antioxidant 

defense mechanisms to prevent formation of excessive 

free radicals. These free radicals induced oxidative 

stress [9]. As a result, CCl4 toxicated animals couldn’t 

take food, loss of body weight and sever hepatic 

damage. Hepatic damage caused after CCl4 treatment 

the liver marker enzymes like AST, ALT and ALP 

presented higher concentration in liver cytoplasm [12], 

because these enzymes made liver function. [27].  

In group III hepatotoxic with leaf extract treated 

animals much significantly gain in the body weight 
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and the level of marker enzymes, serum bilirubin, 

cholesterol, serum protein and liver glycogen nearly 

normalized when compared with toxicated group II 

animals. Our study material of Piper betle leaf extracts 

have such antioxidant properties in protecting the 

hepatic damages. Padma et al., (1989) [21] reported that 

certain medicinal properties accredited to Piper betle 

which include antioxidant, hepatoprotective, 

cardiovascular etc. Generally, most of the 

phytochemical studies shown, that plants contain 

alkaloids, flavonoids, tannins and saponins. Alkaloids 

and flavonoids used for antiviral, antibacterial and 

anticancer agent [6], [31], [3]. The Piper betle leaf 

extracts playing a pivotal defensive role against 

oxidative stress and also showed free-radical 

scavenging activity [20]. Our findings authenticated 

the leaf extract of Piper betle protect the liver against 

CCl4 toxicity.  

On histological examinations, we observed 

degenerative lesion, vacuolation, sinusoidal dilation, 

periportal fibrosis, fatty degeneration in hepatocytes, 

focal necrosis, infiltration of lymphocytes and kupffer 

cell proliferation in CCl4 treated animals [3], [19],  

[31]. When the liver stressed more kupffer cells 

present in the cytoplasm. Kupffer cells are active in fat 

metabolism and in the formation bile pigments. [28]. 

In our study we observed proliferation the level of 

serum cholesterol in CCl4 treated group animal.   In 

leaf extracts of Piper betle treated group were almost 

normal compared with the standard drug Silymarin 

treated group and control group animals. This 

histological examination was confirmed our study 

material produce their protective action against CCl4 

induced hepatotoxicity.  

 

V. CONCLUSION 

 

Our study justifies that the leaf extract of Piper betle 

play against CCl4 induced impairments and preventing 

the liver disorders. The mechanism by which the 

hepatoprotective activity and antioxidant properties 

were achieved by drug needs to be further 

investigated. Estimation of antioxidant enzymes and 

biochemical parameters may give more insight into 

mechanisms and action of the leaf extract of Piper 

betle. Further study with the purified active principle 

from the leaf extract of Piper betle may enlighten its 

role as hepatoprotective agent. 
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