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ABSTRACT 

 The fruits of the Piper cubeba plant were chosen and studied for antioxidant and hepatoprotective activity. The antioxidant potential of the ethanol 
extract was examined using a 1, 1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activity, reducing power, hydroxyl radical scavenging activity, nitric 
oxide radical scavenging activity and hydrogen peroxide radical scavenging activity. The extract had significant dose-dependent antioxidant activity in all in 
vitro experiments. Hepatoprotective activity of the extract was evaluated in rat model of carbon tetrachloride (CCl4) induced liver damage. CCl4 significantly 
altered serum marker enzymes and total protein. The ethanol extract of Piper cubeba attenuated CCl4 induced serum marker enzymes and total protein. Histology of liver 
sections of the animals treated with the extracts showed the presence of normal hepatic cords, absence of necrosis and fatty infiltration which further evidence the 
hepatoprotective activity. 
 
Keywords: Piper cubeba, CCL4, antioxidant, hepatoprotective activity. 

 

INTRODUCTION 

Liver is the major site of xenobiotic metabolism in any 

vertebrate living system. Therefore, injury to liver caused by 

toxic chemicals, drugs and virus infiltration from ingestion or 

infection may be harmful and can lead to various complications 

(Ghosh, 1996). Many people die every year due to liver 

anomalies. Among them, most common are cirrhosis, cholestasis, 

hepatitis, portal hypertention, hepatic encephalopathy, hepatic 

failure and certain tumors like hepatoma. As one of the aspects 

of the body’s natural ecosystem, it is being realized that the 

majority of the diseases/disorders are mainly due to the hyper 

 

 

 

physiological burden of free radicals, causes imbalance in 

homeostatic phenomena between oxidants and antioxidants in 

the body. Alternative medicines like Ayurveda, Siddha and 

Unani provide a holistic approach to treat hepatic disorders 

with success (Nadkarni et al., 2007). 

Piper nigrum and Piper cubeba are the two flowering vine in the 

family Piperaceae. Cubeb (Piper cubeba), or tailed pepper, is 

a plant in genus Piper, cultivated for its fruit and essential oil. 

The fruits were traditionally used as stimulant, carminative, 

expectorant, stomachic, and also used in the treatment of  
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gonorrhoea, especially in gleet, and in the discharge present 

after acute prostatitis, especially if purulent in character 

(Mukherjee, 2002). In addition, the antioxidant activity of 16 

isolated compounds from Piper cubeba was identified (Aboul-

Enein et al., 2011).  Also, it has been reported that fruits 

possesses anti-inflammatory activities (Eun-Mi Choi et al., 

2003). Further, higher free radical scavenging activity in 

ethanolic extracts of Piper cubeba fruits in comparison to 

Piper nigrum was demonstrated (Gayatri et al., 2011). 

In view of above understanding, it can be hypothesized that 

fruits of Piper cubeba has strong free radical scavenging 

activity, and therefore may also possess the 

hepatoprotective potential. Hence, the present study was 

aimed to investigate the antioxidant and hepatoprotective 

activity of fruits of Piper cubeba in CCl4 induced hepatic model 

in rats (Kokate et al., 2007). 

Material and Methods 

The fruits of Peper cubeba were collected from Mahavir 

Ayurvedic Bhandar, Mumbai, India. The fruits were identified 

and authenticated by Department of life sciences, 

Ramnarainruiya College, Mumbai, India. Due care has been 

taken to avoid substitutions. The fruits were cleaned and 

washed thoroughly in water and then shade dried for a 

week at 35-40˚C. After drying, the fruit material was 

pulverized in an electrical grinder and stored in a well 

closed container for future use (Kokate et al., 2007). 

Extraction of fruits material 

Dried and pulverized fruits powder was defatted with 

petroleum ether. The defatted material was extracted with 

ethanol using a Soxhlet extractor. The solvent from extract 

was evaporated using a vacuum rotary evaporator under 

reduced pressure and a semi solid mass 16.22 % w/w in 

respect of dry materials was obtained. Finally, the extract 

was stored in vacuum desiccators (Kokate et al., 2007). 

Procurement of experimental animals 

Female swiss albino mice (20-25grams) and Wistar rats 

(150-200 grams) were obtained from National toxicology 

centre, Pune. All experimental protocols were approved by 

Institutional Animal Ethics Committee of CPCSEA, Govt. of 

India (SSDJ/IAEC/2011-03 dated 25/02/2011) after 

scrutinization. The animals received the drug treatment by 

oral gavage tube. 

 

Evaluation of In Vitro Antioxidant Activity 

DPPH (1, 1-Diphenyl-2-Picryl Hydrazyl) free radical 

scavenging activity 

The free radical scavenging activity of extract was measured 

in terms of hydrogen donating or radical-scavenging ability 

using the stable radical DPPH (Badami et al., 2005; Joaquin 

et al., 2002).  

The scavenging percentage on the DPPH radical was 61.80 

% for Peper cubeba extract at the concentration level of 120 

µg and 65.72 % for ascorbic acid at the concentration level 

80 µg. The half-effective concentration (EC50) for Peper 

cubeba extract was found to be 85.30 µg and for ascorbic 

acid 52.9 µg. 

Reducing Power Assay 

The reducing power of extract was determined using 

potassium ferricyanide. The reducing powers of the extracts 

and natural-based antioxidants like ascorbic acid on Fe3+ 

were concentration dependent (Hiramoto et al., 1995).  

The reducing power increased with increasing concentration. 

For instance, the absorbance at 700 nm was found to be 

0.0722 and 0.0740 for Peper cubeba extract and ascorbic 

acid at the concentration of 800 µg and 400 µg. This means 

to reach a similar reducing power, the concentration required 

for Peper cubeba extract was ~2- fold than ascorbic acid. 

Nitric Oxide Radical Scavenging Activity 

Nitric oxide was generated from sodium nitroprusside and 

measured by the Griess reaction as reported previously 

(Herencia et al., 2002, Marcocci et al., 1994). 

The scavenging percentage on the nitric oxide radical was 

43.50 % for Peper cubeba extract at the concentration level 

of 60 µg and 44.10 % for curcumin at the concentration 

level of 40 µg. The half-effective concentration (EC50) for 

Peper cubeba extract was found to be 134 µg and for 

curcumin was 96.5 µg. 

Hydroxyl Radical Scavenging Activity 

The scavenging capacity for hydroxyl radical was measured 

on the basis of Fenton reaction (Lloyd et al., 1997). 

The scavenging percentage on the hydroxyl radical was 

58.52 % for Peper cubeba at the concentration level of 120 

µg and 56.84 % for ascorbic acid at the dose 80 µg. The 

half-effective concentration (EC50) for Peper cubeba extract 

was found to be 78.0 µg and for ascorbic acid was 67.9 µg. 
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Hydrogen Peroxide Radical Scavenging Activity  

The ability of extracts to scavenge H2O2 was determined 

using earlier reported method (Sroks et al., 2003). The 

scavenging percentage on the hydrogen peroxide radical 

was 69.12 % for Peper cubeba extract at the concentration 

level of 120 µg and 66.78 % for ascorbic acid at the 

concentration 80 µg. The half-effective concentration (EC50) 

for Peper cubeba extract was found to be 66.9 µg and for 

ascorbic acid was 48.1 µg. 

LD50 Determinations 

Acute oral toxicity study was performed using female mice 

as per OECD (Organization for Economic Co-operation and 

Development) Guideline 425. (Turner RA. (1965). Female 

Swiss albino mice, 5 groups of 6 animals, weighing 20-

25grams were used. Graded doses of the extract 175-2000 

mg/kg were administered orally doses in mg/kg chosen 

were 175, 550, 1250 and 2000 mg/kg. After dosing, the 

animals were observed for 2 hours and then intermittently 

for further 4 hours and finally recording mortality up to 24 

hours and keep for observation upto 14 days. 

Signs and Symptoms 

The animals did not shown any significant changes in body 

weight, skin and fur, eyes, mucous membranes, and also 

respiratory, circulatory, autonomic, central nervous systems, 

somatomotor activity and behavioral pattern. 

Mortality 

There was no mortality observed at dosage range from 175 

mg/kg to 2000 mg/kg. Piper cubeba was found to be safe 

up to 2000 mg/kg body weight when administered orally.  

Evaluation of In Vivo Hepatoprotective Activity  

Toxin: CCl4 was injected subcutaneously (s.c.) at a dose of 1 

ml/kg in olive oil (1:1). 

Standard drug and dosage schedule: Silymarin was 

administered orally at a dose 25 mg/kg/day 

(Satyanarayana et al., 2009).  

Dose selection: According to the OECD guidelines, the 

extract was found safe up to 2000 mg/kg dose. Thus, two 

doses of drug 250 mg/kg (Dose 1) and 500 mg/kg (Dose 2) 

were selected for the study as shown in Table 1. 

Experimental design: Wistar rats were divided into five 

groups of six animals each. 

Biochemical Investigations  

Blood samples of the rats were withdrawn from ratino bulber 

venous plexus with the help of a glass capillary under light 

anesthesia and were kept at room temperature for 2 hours. 

Serum was separated at 2500 rpm for 15 min and 

biochemical investigations were carried out as described 

previously (Satyanarayana et al., 2009). 

The biochemical parameters like Alanine aminotransferase 

(ALT) (IFCC 1986), Aspartate aminotransferase (AST) (IFCC 

1986), Alkaline Phosphatase (ALP) (Bowers et al., 1972), 

Total Bilirubin (TBil), Direct Bilirubin (DBil) (Jendrassik et al., 

1938), Serum Triglycerides (STG) (Bucolo et al., 1973; 

Trinder et al. 1969) and Total proteins (TP) (Doumas et al., 

1975) were assayed using assay kits (Varad Diagnostic, 

Ahmednagar). 

The rats were sacrificed by cervical dislocation. Liver 

samples were dissected out and washed immediately with ice 

cold saline. Liver homogenates (5% w/v) were prepared in 

ice cold 50mM potassium phosphate buffer (pH 7.4) using a 

homogenizer (Remi, India). The supernatant was used for the 

assay of marker enzymes namely Lipid Peroxidation (LPO) 

as per earlier described method (Buege et al., 1978), 

Reduced Glutathione (GSH) determination was  carried out 

according to previous suggested method (Anderson, 1985) 

and Catalase Level (CAT) was estimated by the standard 

method (Aebi et al., 1984). 

Histology 

The liver tissue was dissected out and fixed in 10% formalin, 

dehydrated in gradual ethanol (50–100%), cleared in 

xylene, and embedded in paraffin. Sections were prepared 

and then stained with hematoxylin and eosin (H–E) dye for 

photomicroscopic observation, including cell necrosis, fatty 

change, hyaline regeneration, ballooning degeneration 

(Shanmugasundaram et al., 2006). 

Statistical Analysis 

The statistical significance was assessed using one way 

analysis of variance (ANOVA) followed by Dunnette’s 

multiple comparison test. The values are expressed as mean 

± SEM and p< 0.05 was considered significant in all 

comparisions. 

Results 

The hepatoprotective effect of ethanolic extract of piper 

cubeba on CCl4-intoxicated rats is shown in Table 2 and 3.  
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Table1. Dosage regimen 

 

Table 2. Effect of Piper cubeba fruit extract against CCl4 induced hepatotoxicity 

For each test, n=6 animals in each group. Values are expressed as mean ± SEM. One way ANOVA followed by 
Dunnett’s test when compared with CCl4 control *p<0.0001 

Table 3. Effect of Piper cubeba fruit extract against CCl4 induced elevation of LPO, depletion of Reduced GSH and 
depletion of CAT in rats 

For each test, n=6 animals in each group. Values are expressed as mean ± SEM. One way ANOVA followed by 
Dunnett’s test when compared with CCl4 control *p<0.0001 
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In the CCl4-intoxicated rats, serum values of ALT, AST, ALP, 

TB, DB and TG were increased when compared to control. 

These elevations in serum levels of ALT, AST, ALP, TB, DB and 

TG were significantly reduced in the Piper cubeba ethanolic 

extract treated animals. Treatment with ethanolic extract 

showed more significant activity (P <0.001) with maximum 

inhibition as shown in Table 2.  

Moreover, in CCl4-intoxicated rats, there is significant rise in 

the level of LPO was determined while GSH and CAT levels 

were significantly decreased. Treatment of ethanolic extract 

attenuated these CCl4 induced changes. Ethanolic extract has 

shown maximum protection (P <0.001). The results are shown 

in Table 3. 

Histopathological Observations 

Histopathological study was done using light microscopy, 

100X resolution employing hematoxylin-eosin stain. 

Histopathological observation of liver sections of CCl4 

intoxicated rats showed severe hepatotoxicity as indicated 

by the appearance of size enlarged, friable, centrilobular 

necrosis, ballooning deterioration, permeation of the 

lymphocytes and the liver cells were lossed. 

Histopathological observation of the liver sections of control 

animals showed apparently normal cytoplasm, prominent 

nucleus, nucleolus and visible central veins. The histological 

architecture of sections of liver in the control and ethanolic 

extract group showed normal lobular pattern but not 

observed as effective as the silymarin treated group (Figure 

1) and observations were shown in Table 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

Proton radical scavenging action shows the mechanism of 

oxidation. Due to proton donating ability the capacity of 

DPPH radicals was decreased by decrease in its absorbance 

at 517 nm, hence the Piper cubeba fruit extract shows the 

antioxidant activity (Ganapathy et. al., 2007; Adesegun et. 

al., 2009). The dose required of Piper cubeba fruit extract is 

1.5-fold greater than ascorbic acid to scavenge DPPH, hence 

the extract was less active for scavenging radicals than 

ascorbic acid. 

In the reducing power assay, Fe3+/ ferricyanide complex to 

the ferrous form is reduced in presence of antioxidants. 

Hence the reducing capacity of drug shows the antioxidant 

property and increase in absorbance indicates increase in 

reducing power (Umamaheswari et. al., 2008; Adesegun et. 

al., 2009). The dose required for Piper cubeba fruit extract is 

2.0 fold greater than dose of ascorbic acid to produce same 

reducing power. 

Hydrogen peroxide is intracellular precursor of hydroxyl 

radicals produce very toxic effect to the cell (Ganapathy et. 

al., 2007; Adesegun et. al., 2009). Piper cubeba fruit extract 

scavenged hydrogen peroxide which may be attributed to 

the presence of phenolic groups that could donate electrons 

to hydrogen peroxide, thereby neutralizing it into water 

(Jafri et. al., 1999). The dose required for Piper cubeba fruit 

extract is 1.5-fold greater than dose of ascorbic acid to 

scavenge hydrogen peroxide. 

The results of in vitro antioxidant tests of Piper cubeba fruit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Observations of histological changes in liver tissues by light microscopy 
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shows strong free radical scavenging activity, which also 

produces useful activity against hepatotoxicity produced by 

CCl4. The Piper cubeba fruits extract showed the reduction in 

levels of SGPT and SGOT, stabilized and repaired plasma 

membrane and hepatic tissue damaged by CCl4. The serum 

levels of transaminases, healing of hepatic parenchyma and 

restoration of hepatocytes goes to normal (Thabrew et al., 

1987). The Piper cubeba fruits extract restrain the increased 

level of cholesterol and triglyceride, also produced inhibition 

of increased ALP activity with reduction of increased bilirubin 

shows the possibility of prevention of biliary dysfunction in 

rat liver during hepatic damage with CCl4. 

A major defense mechanism involves the antioxidant enzymes 

like SOD, CAT and GSH which convert active oxygen 

molecules into non-toxic compounds. Enhanced lipid 

peroxidation results when free radicals are overwhelmingly 

formed. Results revealed reduced LPO as indicated by 

significant decrease in MDA level in extracts treated groups.  

Simultaneously, significant increase in GSH, SOD and CAT 

 

 

 

 

 

 

 

 

 

 

content of liver suggested antioxidant activity of Piper 

cubeba fruits extracts and silymarin. Scavenging of free 

radicals is known to be one of the major antioxidation 

mechanisms to inhibit the chain reaction of LPO (Constantin et 

al., 1990). 

The acute toxicity studies were carried out according to 

OECD guidelines. Piper cubeba is nontoxic up to 2000 mg/kg 

as indicated by observations and hence, the doses were 

selected i.e. 250 mg/kg and 500 mg/kg for the 

hepatoprotective evaluation against carbon tetrachloride 

(CCl4) induced hepatotoxic effect. 

Further, the hepatoprotective effect of Piper cubeba fruits 

extract was confirmed by histological examination of the 

liver tissue of control and treated animals. The histological 

architecture of liver sections of carbon tetrachloride treated 

group showed fatty degeneration of hepatocytes, however 

administration of Piper cubeba fruits extract treated group 

almost normalized to the level of the Silymarin treated 

groups, showing its potent hepatoprotective effects. The 

administration of ethanolic extract of Piper cubeba fruits 

exposed significant protection in hepatocyte regeneration 

against the toxic effect of carbon tetrachloride. Hence, the 

histological examination of Piper cubeba fruits extract 

treated group showing hepatoprotective effects and it 

supported to biochemical investigations. 

Carbon tetrachloride induced hepatic injuries are commonly 

used models for the screening of hepatoprotective drug and 

the extent of hepatic damage is assessed by the level of 

released cytoplasmic alkaline phosphatase, transaminases, 

triglycerides and bilirubin in circulation (Adesegun et. al., 

2009). It is well documented that CCl4 are biotransformed 

under the action of microsomal cytochrome P-450 of liver to 

reactive metabolites (Larrey et. al., 2000). These free 

Figure 1. The histological architecture of sections of liver in the control and ethanolic extract group. 
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CCl4 control 

 

Ethanolic extract of Piper cubeba 
(Dose 250 mg/kg) 

 

Ethanolic extract of Piper cubeba (Dose 500 mg/kg) 

 

Silymarin (25 mg/kg) 
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radicals bind covalently to unsaturated lipid membrane, 

provoking a sharp increase of lipid peroxides followed by 

pathological changes such as elevated levels of serum 

marker enzymes like ALT, AST and ALP; decreased total 

protein, increased levels of total and direct bilirubin, serum 

triglycerides accumulation, depletion of GSH, increased LPO, 

and finally hepatocyte damage (Sies, 1999). This suggests 

that, CCl4 induces liver injury by sharing a common property 

of free radical mechanism. The ability of a hepatoprotective 

drug to reduce the injurious effects or to preserve the normal 

hepatic physiological mechanisms that have been disturbed 

by hepatotoxin is the index of its protective effect (Suja et. 

al., 2004). 

In hepatotoxicity, a depression in total protein is observed 

due to the defect in protein biosynthesis similar to our results. 

This is due to the disruption and disassociation of 

polyribosomes from endoplasmic reticulum following CCl4 

administration (Das et. al., 2005). Administration of fruit 

extract at a dose of 250 mg/kg and 500 mg/kg body 

weight prevented this change. This indicates that Piper 

cubeba possibly promotes the assembly of ribosomes on 

endoplasmic reticulum to facilitate uninterrupted protein 

biosynthesis. 

The results indicate that triglycerides (TG) increase in CCl4 

induced fatty liver. It is well known that CCl4 administration 

induce an increased synthesis of fatty acids as well as 

decreased release of hepatic lipoproteins due to impair in ß-

oxidation of fatty acids (Sun  et. al., 2009). The accumulation 

of TG in liver of CCl4 treated rats is not due to the 

interference with the TG formation by the liver, but due to 

the inhibition or destruction of TG secreting mechanism (Sun 

et. al., 2009). Administration of fruit extract at a dose of 

250 mg/kg and 500 mg/kg body weight prevented this 

change, suggesting that Piper cubeba probably improve ß- 

oxidation of fatty acids. 

Serum activities of catalase (CAT) are the most sensitive 

enzymatic index in liver injury caused by Reactive Oxygen 

Species (ROS) and oxidative stress (Sanmugapriya et. al., 

2006). CAT is a haemoprotein; it protects the cells from the 

accumulation of H2O2 by dismutating it to form H2O and O2 

(Oh SI, et. al., 1997). A reduction in the activity of this 

enzyme is associated with the accumulation of highly reactive 

free radicals, leading to deleterious effects such as loss of 

integrity and function of cell membranes (Bhakta et. al., 

1999). Administration of CCl4 leads to generation of peroxy 

radical, O2- which is associated with inactivation of CAT 

enzyme. This probably explains the significantly reduced 

activities of CAT observed by us in rats challenged with CCl4. 

In rats receiving CCl4 and Piper cubeba extract the activity of 

CAT is significantly higher than in CCl4 control rats, and very 

similar to the values noted in normal rats. This suggests that 

Piper cubeba can reduce ROS that may lessen the oxidative 

damage to the hepatocytes and improve the activities of the 

liver antioxidant enzymes, thus protecting the liver from CCl4. 

Conclusion 

In conclusion, the ethanolic extract of Piper cubeba fruits 

possesses the significant antioxidant and hepatoprotective 

activity. Therefore, the present study support the traditional 

believes of this plant and highlighted profound potential of 

Piper cubeba to be investigated for bioactive compounds 

responsible for hepatoprotective and antioxidant effect. 
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