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Antihepatotoxic Effect of Punica granatum Acetone Extract

Against Isoniazid- and Rifampicin-Induced Hepatotoxicity

Surinderkumar Yogeeta, Hanumanth Rao Balaji Ragavender, and Thiruvengadam Devaki

Department of Biochemistry, University of Madras, Guindy Campus, Chennai, India

Abstract

The current study investigated the effect of 70% acetone
extract of Punica granatum L. (Punicaceae; pomegranate
family) fruits on hepatic marker enzymes, antioxidants,
and tissue peroxidative damage during isoniazid- and
rifampicin-induced hepatotoxicity. Isoniazid and rifam-
picin (each at doses of 50 mg=kg body weight, intraperi-
toneally) for 15 days caused liver injury in rats that was
manifested by significant elevation in the level of lipid
peroxides, serum hepatic marker enzymes (glutamate
oxaloacetate transaminase, glutamate pyruvate trans-
aminase, lactate dehydrogenase, alkaline phosphatase),
and by a significant decrease in the enzymic antioxidants
(superoxide dismutase, catalase, glutathione S-transferase,
glutathione peroxidase) and nonenzymic antioxidants
(reduced glutathione, vitamin C, and vitamin E). Cotreat-
ment with 70% acetone extract of Punica granatum fruits
significantly prevented these alterations and restored the
enzyme activities and lipid peroxides to near normalcy.
These findings demonstrate the hepatoprotective pot-
ential of the acetone extract of Punica granatum fruits
on tissue defense systems during isoniazid- and rifampi-
cin-induced hepatotoxicity in rats.

Keywords: Antioxidant enzymes, antituberculosis drugs,
hepatotoxicity, lipid peroxidation, Punica granatum.

Introduction

The incidence of tuberculosis is increasing worldwide
(Shingadia & Novelli, 2003). Isoniazid and rifampicin
are the most common antibiotics used for the effective
treatment of tuberculosis (Stork & Hoffman, 1996).
Although the efficacy of isoniazid and rifampicin had
been proved beyond doubt, there has been a steady

increase in the documentation of serious side effects dur-
ing chronic use of these drugs that can cause significant
morbidity, and quite often one of the regimens has to
be discontinued (Dubey et al., 1985).

The great susceptibility of liver damage to chemical
agents is a consequence of its primary role in the metab-
olism of foreign substances (Hussain et al., 2003). Hepa-
totoxicity associated with hepatitis is the major adverse
effect of isoniazid and rifampicin (Lee, 1995). The toxic
effect of isoniazid was reported to result from conversion
of monoacetyl hydrazine (formed by the hydrolysis of
acetylisoniazid) to a toxic metabolite via microsomal
enzyme Cyt-P4502E1 (Watkins, 1990; Schwab et al.,
1988). A potent acylating agent formed from monoacetyl
hydrazine binds covalently to apparently vital hepatic
macromolecules and causes hepatic necrosis (Mitchell
et al., 1975). Rifampicin is a known microsomal enzyme
(P-4502E1) inducer and increases the concentration of
toxic metabolites of isoniazid (Yamamoto et al., 1986).
Albano et al. (1985) demonstrated the formation of
free-radical intermediates during isoniazid metabolism
by Cyt-P450. The metabolism of the drugs by phase I
drug-metabolizing enzymes is often accompanied by the
generation of oxygen free radicals, which in turn initiates
lipid peroxidation leading to oxidative stress (Coon et al.,
1992). Because oxidative stress due to free radicals
appears to be the prime cause in the genesis of liver dam-
age, any natural compound with antioxidant properties
that might contribute toward alleviation of damage
might have a significant role in maintaining health when
used as a medicine or consumed as a part of normal diet.

In recent years, more attention has been paid to the
antioxidants contained in fruits because epidemiologic
studies revealed that high fruit intake was associated with
reduced mortality and morbidity of cardiovascular
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disease and some types of cancer, and one of the possible
mechanisms was attributed to the antioxidant activity
presented by the fruits. Punica granatum L. (Punicaceae),
commonly known as pomegranate, is described for its
medicinal properties in Ayurveda (Ross et al., 2001). It
has long been esteemed as food and medicine and as a
diet to convalesce after diarrhea. It has been reported
to be anthelmintic (Singhal, 1983), antidiabetic, antidiar-
rheal (Jafri et al., 2000), antibacterial (Prashanth et al.,
2001), antimicrobial (Anesini & Perez, 1993), antifungal
(Charya et al., 1979) and antiatherogenic (Kaplan et al.,
2001). Analyses of fruits demonstrated that Punica gran-
atum contained very high concentration of antioxidants,
that is, 11.33 mmol=100 g (Halvorsen et al., 2002). The
active constituents present in Punica granatum include
polyphenolic flavonoids (catechins, ellagic tannins, ella-
gic acid) and anthocyanidins (delphinidin, cyanidin,
and pelargonidin) (Aviram et al., 2000). The antioxidant
potential of 70% acetone extract of Punica granatum
fruits and its anthocyanidin contents have already been
established (Noda et al., 2002).

As the antihepatotoxic potential of Punica granatum
has not been studied so far, the current investigation
was undertaken to study the effect of 70% acetone
extract of Punica granatum fruits in reducing hepatotoxi-
city and associated oxidative stress induced by isoniazid
and rifampicin.

Materials and Methods

Chemicals

Isoniazid and rifampicin were procured from Lupin Ltd.
(Aurangabad, India). All other chemicals used were of
analytical grade.

Preparation of extract

The fresh fruits of Punica granatum were obtained in the
month of June 2005 from Koyambedu Fruit Market in
Chennai. The fruits were authenticated by Dr. Ramani
Bai, Professor, Centre for Advanced Studies in Botany,
University of Madras (Chennai, India). The fruits were
peeled, and its edible portion (seedcoats and juice) was
squeezed in 70% acetone–30% distilled water (1:20, by
w=v). The red extract was filtered through filter paper
(Whatman no. 1). The filtrate was freeze-dried. The
freeze-dried extract was stored at 4�C for further use
(Noda et al., 2002).

Animals

Adult male albino rats of Wistar strain weighing about
120–150 g were obtained from the Tamilnadu Veterinary
and Animal Science University (Chennai, India). They

were acclimatized to animal house conditions and fed
commercial pellet rat chow (Hindustan Lever Ltd.,
Bangalore, India) and water ad libitum. This study was
conducted according to the ethical norms approved
by the Ministry of Social Justices and Empowerment,
Government of India, and the animal ethics committee
guidelines of our institution.

Experimental design

The rats were divided into four groups with six animals
in each group as follows: group 1, control; group 2,
isoniazid and rifampicin administered; group 3, Punica
granatum extract administered; group 4, Punica grana-
tum treated plus antituberculosis drugs administered.
Drug administration was as follows. Punica granatum
extract was given orally (400 mg=kg b.w.) through an
intragastric feeding tube over a period of 15 days along
with isoniazid and rifampicin. The particular dosage
was fixed after trying out different doses (100, 200,
300, 400, 500, and 600 mg=kg b.w.) in rats. The drug
showed protection in a dose-dependent manner. As the
dosage of 400 mg=kg body weight showed maximum
hepatoprotective effect, this particular dosage was fixed
as the optimum dosage for the study. Isoniazid and
rifampicin, each at the doses of 50 mg=kg body weight,
were injected intraperitoneally for 15 days to induce
hepatotoxicity in rats (Prabakan et al., 2000).

Biochemical assays

The activities of diagnostic marker enzymes, namely,
glutamate oxaloacetate transaminase, glutamate pyru-
vate transaminase (Bergmeyer & Bernt, 1974), lactate
dehydrogenase (King, 1965), and alkaline phosphatase
(King&Armstrong,1934),wereassayed inserum.Further,
the levels of antioxidants, namely, catalase (Takahara &
Hamilton, 1960), superoxide dismutase (Misra & Fridovich,
1972), and glutathione-dependent enzymes, glutathione
S-transferase (Habig et al., 1974) and glutathione per-
oxidase (Rotruck et al., 1973) were determined. Total
reduced glutathione (Ellman, 1959), levels of lipid per-
oxides (Ohkawa et al., 1979), levels of vitamins C
(Omaye et al., 1979) and E (Desai, 1984) were estimated
in the liver of experimental group of rats.

Statistical analysis

Results were expressed as mean� SD for six animals
in each group. All the grouped data were statistically
evaluated with SPSS=10 software. Hypothesis testing
methods included one-way analysis of variance (ANOVA)
followed by least significant difference (LSD) test. p values
of less than 0.05 were considered to indicate statistical
significance.
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Results

Hepatic marker enzymes

Table 1 shows the activities of marker enzymes such as
Glutamate oxaloacetate transaminase (GOT), Gluta-
mate pyruvate transaminase (GPT), Lactate dehydrogen-
ase (LDH), and Alkaline phosphatase (ALP) in the
serum of control and experimental groups of rats.
Marked elevation (p < 0.05) in the activities of these
enzymes were observed in group 2 (antitubercular drugs
administered rats) when compared with group 1 (control
rats). Activities of these enzymes in serum were main-
tained at near normal (p < 0.05) levels in the group 4 rats
cotreated with 70% acetone extract of Punica granatum.
Group 3, rats treated with Punica granatum extract
alone, did not show any changes when compared with
group 1 (control rats), which confirms the nontoxic nat-
ure of the 70% acetone extract of Punica granatum.

Hepatic antioxidants

Table 2 presents the activities of Superoxide dismutase
(SOD), Catalase (CAT), Glutathione-S-transferase (GST),
and Glutathione peroxidase (GPx) in the liver of control
and experimental groups of rats. Figure 1 presents the
level of GSH and Fig. 2 shows the levels of vitamins C
and E in the liver of control and experimental groups of
rats. A significant (p < 0.05) decrease was observed in

GSH, vitamins C and E levels, and in the activities of anti-
oxidant enzymes GPx, GST, SOD, and CAT (p < 0.05)
in group 2 (antituberculosis drugs administered rats).
Cotreatment with Punica granatum extract (group 4) sig-
nificantly prevented (p < 0.05) these alterations when
compared with group 2 (antitubercular drugs adminis-
tered rats).

Hepatic lipid peroxides

Figure 3 indicates the level of lipid peroxides (LPO) in
the liver of control and experimental groups of rats.
Maximum induction of lipid peroxidation was observed
in group 2 rats when compared with group 1 rats. The
altered metabolic changes were significantly (p < 0.05)
restored to near normal levels in the group 4 rats treated
with Punica granatum extracts.

Discussion

An increase in the incidence rate of drug-induced hepa-
titis due to antituberculosis chemotherapy has been
reported. Side effects of the most commonly used first-
line antituberculosis drugs range from minor gastrointes-
tinal symptoms to severe hepatotoxicity (Lee, 1995). It
appears that several forms of hepatic damage may be
caused in part by oxidative stress, a condition caused

Table 1. Effect of Punica granatum on the activities of marker enzymes in serum of control and experimental groups of rats.

Groups GOT GPT LDH ALP

Control 23.65� 2.30 33.93� 3.30 79.33� 7.91 47.45� 4.69
Antituberculosis drugs (isoniazid, rifampicin, pyrazinamide) 39.64� 3.86� 55.45� 5.52� 159.50� 15.52� 87.39� 8.65�

Punica granatum alone 24.41� 2.41 34.12� 3.36 79.93� 7.21 47.52� 4.60
Punica granatumþ antituberculosis drugs (isoniazid and
rifampicin)

26.45� 2.68� 38.31� 3.84� 88.98� 8.71� 50.05� 5.02�

Results are expressed as mean� SD (n ¼ 6). �p < 0.05.
Comparisons are made between group 1 (control) with group 2 (antituberculosis drug isoniazid- and rifampicin-, induced) and group 2
with group 4 [Punica granatumþ antituberculosis drugs (isoniazid and rifampicin)].
Activity is expressed as mmol pyruvate liberated per mg of protein per h for LDH, GOT, and GPT; IU=L for ALP.

Table 2. Effect of Punica granatum on the activities of antioxidant enzymes in the livers of control and experimental groups of rats.

Groups GPx GST SOD CAT

Control 3.63� 0.36 633.75� 63.36 3.61� 0.36 4.58� 0.46
Antituberculosis drugs (isoniazid and rifampicin) 1.66� 0.16� 357.83� 35.12� 1.66� 0.15� 3.536� 0.35�

Punica granatum alone 3.43� 0.34 621.84� 62.35 3.56� 0.31 4.43� 0.43
Punica granatumþ antituberculosis drugs (isoniazid and

rifampicin)
3.47� 0.34� 633.73� 62.64� 3.58� 0.35� 4.46� 0.44�

Results are expressed as mean� SD (n ¼ 6). �p < 0.05.
Comparisons are made between group 1 (control) with group 2 (antituberculosis drug isoniazid- and rifampicin-, induced) and group 2
with group 4 [Punica granatumþ antituberculosis drugs (isoniazid and rifampicin)].
Activity is expressed as: Unit min�1 mg protein�1 for GST; mmol GSH oxidized min�1 mg protein�1 for GPx; 50% inhibition of
epinephrine autoxidation for SOD; mmol H2O2 decomposed min�1 mg protein�1 for CAT.

Hepatoprotective effect of Punica granatum 633



by the formation of reactive oxygen species (Arthur,
1988; Hoek & Pastorino, 2002; Kaplowitz, 2002).

Glutamate oxaloacetate transaminase, glutamate
pyruvate transaminase, lactate dehydrogenase, and alka-
line phosphatase are the most sensitive markers that are
considered as indices for the diagnosis of the liver dis-
eases. In the current study, marked elevations in the
activities of these enzymes were observed in the serum
of isoniazid- and rifampicin-treated rats. Increased activi-
ties of these marker enzymes in the serum are indicative of
cellular damage and loss of functional integrity of cell
membrane (Bhakta et al., 1999). An acetone extract

(70%) of Punica granatum fruits seems to preserve the
structural integrity of the hepatocellular membrane as
evident from the significant reduction in these enzymes
in rats administered antituberculosis drugs.

Glutathione peroxidase, glutathione S-transferase,
catalase, and superoxide dismutase are the enzymic anti-
oxidants that form the first line of cellular defense
against oxidative injury. Alterations in the levels of
circulating antioxidants and intracellular scavenging
enzymes that indicate a strong imbalance of cellular
defense system occur during increased peroxidative pro-
cesses. Catalase catalyzes the degradation of hydrogen
peroxide to water. Superoxide dismutase converts super-
oxide radicals to hydrogen peroxide and molecular
oxygen. They protect the cellular constituents against
oxidative damage. A significant decrease in the activities
of superoxide dismutase and catalase were observed in
the rats treated with antituberculosis drugs, which may
be due to the interaction of the accumulated free radicals
with the associated metal ions or with the amino acids
present in the active site of these enzymes (Fee & Briggs,
1975). This effect was reversed in the rats cotreated with
70% acetone extract of Punica granatum fruits, which
suggests that the extract may have the ability to prevent
the deleterious effects induced by free radicals. More-
over, Punica granatum has also been reported to be
a quencher of free radicals (Hasten, 1983; Schubert
et al., 1999).

A significant decrease in the level of reduced glu-
tathione observed in the rats treated with antitubercular

Figure 3. Levels of lipid peroxides in the livers of control and
experimental groups of rats. Results are expressed as
mean� SD (n ¼ 6). �p < 0.05. Comparisons are made between
group 1 (control) with group 2 (antituberculosis drugs induced)
and group 2 with group 4 (Punica granatumþ antituberculosis
drugs).

Figure 2. Levels of vitamins C and E in the livers of control
and experimental groups of rats. Results are expressed as
mean� SD (n ¼ 6). �p < 0.05. Comparisons are made between
group 1 (control) with group 2 (antituberculosis drugs induced)
and group 2 with group 4 (Punica granatumþ antituberculosis
drugs).

Figure 1. Level of glutathione in the livers of control and
experimental groups of rats. Results are expressed as
mean� SD (n ¼ 6). �p < 0.05. Comparisons are made between
group 1 (control) with group 2 (antituberculosis drugs induced)
and group 2 with group 4 (Punica granatumþ antituberculosis
drugs).
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drugs may be due to its increased utilization during the
burst of reactive oxygen species production in protecting
‘‘SH’’ group containing proteins from lipid peroxides
(Halliwell, 1990). Cotreatment with 70% acetone extract
of Punica granatum fruits in antitubercular drugs–treated
rats showed a tendency for the restoration of altered
reduced glutathione level toward near-normal, which
shows that the extract tends to prevent the tissue
depletion of reduced glutathione.

Glutathione S-transferase defends cells against a wide
variety of toxic insults from chemicals, metabolites, and
oxidative stress (Singh et al., 2002). Glutathione peroxi-
dase, a selenium-containing enzyme, oxidizes the reduced
glutathione and helps to dispose accumulated hydrogen
peroxide and reduces lipid peroxides in the cells (Flohe,
1982). Significant decrease in the activities of glutathione
S-transferase and glutathione peroxidase in rats adminis-
tered antitubercular drugs may be due to the depletion of
reduced glutathione levels, thereby resulting in accumu-
lation of hydrogen peroxide. Cotreatment with 70%
acetone extract of Punica granatum fruits restored the
levels of glutathione S-transferase and glutathione per-
oxidase to near normal, which shows the antioxidant
potential of the extract against oxidative damage.

Lipid peroxidation is considered as a critical mech-
anism of tissue damage occurring during hepatic failure
(Comporti, 1985). Inactivation of antioxidant defense
during oxidative damage leads to an increase in
membrane lipid peroxidation and subsequent hemolysis
(Chiu et al., 1982). Measurement of the end products
of lipid peroxidation, for example, malondialdehyde, is
used by many investigators to estimate in vivo or in vitro
damage to lipids (Mahle & Dasgupta, 1997). A signifi-
cant increase in the levels of malondialdehyde in terms
of ‘thiobarbituric acid reactive substances’ indicating
enhanced lipid peroxidation was observed in rats admini-
stered antitubercular drugs. Isoniazid and rifampicin
appear to cause an imbalance in the antioxidant defense
system by depressing the reduced glutathione levels and
thereby inhibiting reduced glutathione–dependent
enzymes, which enhances the free radical–mediated
peroxidation of lipids. Cotreatment with 70% acetone
extract of Punica granatum fruits causes a significant
decrease in the levels of thiobarbituric acid reactive sub-
stances in rats treated with isoniazid and rifampicin,
which may be attributed to the anti–lipid peroxidative
activity of Punica granatum that protects the liver from
lipid peroxidation (Kaplan et al., 2001).

Vitamin C has been demonstrated to be an efficient
antioxidant. It can act both directly, by reaction with
aqueous peroxyl radicals, and indirectly, by restoring
the antioxidant properties of vitamin E. Vitamin E is a
principal lipid-soluble antioxidant in cell membranes that
protects critical cellular structures against oxidative
damage (Ravikumar et al., 2005). A significant decrease
in the levels of vitamins C and E in isoniazid- and

rifampicin-treated rats may be due to the excessive utiliza-
tion of antioxidants employed in quenching the free radi-
cals produced during liver cell injury. The improvement
in the levels of nonenzymic antioxidants in Punica gran-
atum–treated rats suggests that the 70% acetone extract
of Punica granatum fruits may have the ability to normal-
ize the imbalance induced by isoniazid and rifampicin in
the hepatic cellular levels of vitamins C and E and of
reduced glutathione. Reduced glutathione might main-
tain the vitamin E levels either by direct reduction of
a-tocopheroyl radical to vitamin E or via the reductive
mode of vitamin C (Ip & Ko, 1996).

The protection conferred by Punica granatum may be
due to its antiperoxidative activity (Kaplan et al., 2001),
ability to quench free radicals (Schubert et al., 1999), and
ability to chelate metal ions (Aviram et al., 2000). Thus,
acetone extract of Punica granatum fruits retains the
activities of antioxidant enzymes and protects the liver cells
against isoniazid- and rifampicin-induced damage. The
protection offered by 70% acetone extract of Punica
granatum fruits may be attributed to the presence of active
components such as anthocyanidins (delphinidin, cyanid-
ing, and pelargonidin), the antioxidant properties of which
are well documented (Noda at al., 2002).

Conclusions

It can be concluded from the above observations that the
acetone extract of Punica granatum fruits offers protec-
tion to the liver and significantly counteracts the oxida-
tive stress by reduction of lipid peroxidation. Punica
granatum inactivates free radicals and increases the anti-
oxidant levels, which constitutes the foremost defense
system that limits the toxicity associated with free radi-
cals formed during isoniazid- and rifampicin-induced
hepatic injury.
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