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Pomegranate (Punica granatum) peel extracts have been shown to possess significant antioxidant
activity in various in vitro models. Dried pomegranate peels were powdered and extracted with
methanol for 4 h. The dried methanolic extract was fed to albino rats of the Wistar strain, followed by
carbon tetrachloride (CCl,), and the levels of various enzymes, such as catalase, peroxidase, and
superoxide dismutase (SOD), and lipid peroxidation were studied. Treatment of rats with a single
dose of CCl, at 2.0 g/kg of body weight decreases the levels of catalase, SOD, and peroxidase by
81, 49, and 89% respectively, whereas the lipid peroxidation value increased nearly 3-fold.
Pretreatment of the rats with a methanolic extract of pomegranate peel at 50 mg/kg (in terms of
catechin equivalents) followed by CCl, treatment causes preservation of catalase, peroxidase, and
SOD to values comparable with control values, wheres lipid peroxidation was brought back by 54%
as compared to control. Histopathological studies of the liver were also carried out to determine the
hepatoprotection effect exhibited by the pomegranate peel extract against the toxic effects of CCl,.
Histopathological studies of the liver of different groups also support the protective effects exhibited
by the MeOH extract of pomegranate peel by restoring the normal hepatic architecture.
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INTRODUCTION of many countries. In India, it is used in the form of juice,

Oxidation is a metabolic process that leads to energy concentrate, canned beverage, wine, jam, and j€)ly Rresh
production necessary for essential cell activities. However, JUicé contains a small amount of pectin, ascorbic acid, and
metabolism of oxygen in living cells also leads to the unavoid- flavonoids. The soluble polyphenolic content of pomegranate
able production of oxygen-derived free radicals, commonly 1uice (0.2—1.0%) includes anthocyanins, catechins, ellagic
known as reactive oxygen species (RO3) 2), which are tanr}ms,.and gallic and ellagic Qcm&)(l?rewous quk parrled
involved in the onset of many diseas@. (These free radicals out in thls_ laboratory showed high ant|OX|da_nt actl_v|t|es_ of t_he
attack the unsaturated fatty acids of biomembranes, which resuligethanolic extracts of pomegranate peel in various in vitro
in lipid peroxidation and the destruction of proteins and DNA, Models §). The objective of the present study was to determine
which causes a series of deteriorative changes in the biologicaltn® Protective effect of feeding the methanolic extract of
systems leading to cell inactivation. Thus, the identification of PomMegranate peel to albino rats of the Wistar strain against the
antioxidants, which can retard the process of lipid peroxidation toXic effects of carbon tetrachloride (C£by biochemical and
by blocking the generation of free radical chain reaction, has hlstopathqloglcal .methods. The level of various .ROS-combatlng
gained importance in recent years. In living systems, varieties €nZymes in the liver, namely, catalase, peroxidase, and SOD,
of antioxidant mechanisms play an important role in combating nd lipid peroxidation were estimated in liver homogenates to
ROS (4,5). The antioxidants may act by raising the levels of 2SS€SS the protection prpwded by pomegranate peel methanolic
endogenous defenses by up-regulating the expression of gene§Xtract against CGltoxicity.
encoding the enzymes such as superoxide dismutase (SOD)yaTERIALS AND METHODS
catalase, or glutathione peroxidase @,

PomegranateRunica granatuni..) is native to the Mediter-
ranean region and has been used extensively in the folk medicin

Materials. All solvents/chemicals used were of analytical/HPLC
Lgrade and obtained from Merck, Mumbai, India. bVisible spectra
measurements was carried out using a Genesys-5\ibible spec-

N trophotometer (Milton Roy, lvyland, PA). Gallic acid was obtained
0821A_ létlhf r?’tfov_v?;ﬁn_\gclo_ rgggpl)ogf;e ré%%ihould be addressed (telephaibe from Sigma Chemical Co. (St. Louis, MO). Ellagic acid was generously
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Extraction. Pomegranates (P. granatumar. Ganesha) were pur-  the amount of enzyme required to inhibit the reduction of NBT by
chased from a local market. The peels were manually removed, sun-50%. The specific activity was expressed in terms of units per milligram
dried, and powdered to get 60 mesh size. The peel powder (100 g)of proteins.
was extracted by stirring using a magnetic stirrer with 600 mL of MeOH Estimation of Peroxidase.The peroxidase assay was carried out
at 30°C for 4 h. The extract was filtered through Whatman no. 41 per the method of Nicholod.6). Liver homogenate (0.5 mL) was taken,
filter paper for removal of peel particles. The residue was re-extracted and to this were added 1 mL of 10 mM Kl solution and 1 mL of 40
with 500 mL of MeOH and filtered. The extracts were pooled and mM sodium acetate solution. The absorbance of potassium periodide
concentrated under vacuum at 40 (10). was read at 353 nm, which indicates the amount of peroxidase. Twenty

Determination of Total Phenalics. The concentration of total ~ microliters of hydrogen peroxide (15 mM) was added, and the change
phenolics in the methanolic extract was determined according to the in the absorbance in 5 min was recorded. Units of peroxidase activity
method of Jayaprakasha et dl1}, and results were expressed #3-( were expressed as the amount of enzyme required to change the OD
catechin equivalents. Methanolic extract (0.2 mg) in MeOH was mixed by 1 unit per minuteThe specific activity was expressed in terms of
with 1.0 mL of 10-fold diluted Folir-Ciocalteu reagent and 0.8 mL  units per milligram of proteins.
of a 7.5% sodium carbonate solution. After the mixture had been  Lipid Peroxidation Activity. Thiobarbituric acid (TBA) reacts with
allowed to stand for 30 min at 3TC, the absorbance was measured at malondialdehyde (MDA) to form a diadduct, a pink chromogen, which
765 nm using a Genesys-5 UWisible spectrophotometer. Estimation  can be detected spectrophotometrically at 532 nm per the method of
of the phenolic compounds was carried out in triplicate and averaged. Buege and Austl(). Liver homogenate (0.5 mL) and 1 mL of 0.15 M

HPLC Analysis. The high-performance liquid chromatographic KCI were taken. Peroxidation was initiated by adding 1Q0of 0.2
system consisted of a Hewlett-Packard HPLC model HP 1100 series MM ferric chloride. The reaction was run at 3C for 30 min. The
(Hewlett-Packard, Palo Alto, CA) equipped witha quaternary pump, reaction was stopped by adding 2 mL of an ice-cold mixture of 0.25 N
fitted with a Zorbax G (Hewlett-Packard) analytical column (25 cm HCI containing 15% trichloroacetic acid, 0.30% TBA, and 0.05% BHT
x 4.6 mm 1.D, 5um particle size). The injection system (Rheodyne) and was heated at 8@ for 60 min. The samples were cooled and
used was a 2@L sample loop. Detection was done by an HP 1100 centrifuged, and the absorbance of the supernata_lnt was measured. The
series variable-wavelength detector at wavelength of 280 nm. The results were expressed as MDA equivalents, which was calculated by
gradient mobile phase consists of (A) MeOH and (B) 2% AcOH with Using an extinction coefficient of 1.56 10° M~* cm™*. One unit of
the flow rate of 0.7 mL/min. The elution program involved a linear lipid peroxidation activity was defined as the amount of TBA that
gradient from 95 to 50% B in A for-925 min and 95% B in A by 30 converts to_T_BARS. The specnflc activity was expressed in terms of
min followed by 5 min of equilibrium with 95% B. The compounds ~ Units per milligram of protein.
were quantified using HP Chemstation software. The pomegranate peel Determination of Proteins. Protein was determined using the
methanolic extract was dissolved in methanol, angiR@vas injected method of Lowry et al. (17).
to the HPLC. Histopathological Studies.Histopathological studies of the livers

Experimental Procedure. Male albino rats of the Wistar strain, ~ ©f the different groups of rats were carried out to determine the effect
weighing 180-220 g, were used for the studies. The animals were Of protection offered by feeding the methanolic extract of pomegranate
grouped into three groups containing six animals in each group. The P€€l against the toxic effects of CCl
first group served as control, the second group was administered CCl ~ Statistical Analysis. The experiments were done in triplicate. Data
(negative control), and the third group was administered the methanolic are expressed as mearSD. One-way analysis of variance (ANOVA)
extract of pomegranate peel. The extract was suspended in 0.5% sodiunyvas used and thetest was used for comparison of mean values. All
carboxymethylcellulose and was fed to third-group rats via oral route tests were considered to be statistically significarp &t 0.001.
at 50 mg (in terms of catechin equivalents)/kg of body weight for 14
days. The dose was selected on the basis of thg, Malue of RESULTS AND DISCUSSION
polyphenols 12). The animals of the first and second groups were
simultaneously administered saline until the 14th day. The animals of ~ The yield of extract obtained from pomegranate peel using
the second and third groups were given a single oral dose of (@Ql MeOH was found to be 10.3& 0.89% (w/w). The total
in olive oil) at 2.0 g/kg of body weight 6 h after the last dose of phenolic content of the extract-f{-catechin equivalent] was
administration of extract/saline on the 14th day. After 24 h, animals found to be 42% (w/w). The HPLC pattern of the methanolic
were sacrificed, and the liver was isolated to prepare the liver aytract of pomegranate peel showed the presence of gallic acid
homogenate. _ and ellagic acid as the major components along with other

Five percent liver homogenate was prepared with 0.15 M KCl and components. The identities of these two peaks were confirmed
c;]antnfu_ged_at 8%@;0_:110 min. dTh.e cell-free jupernatart was uged for by determination of relative retention times and by spiking with
the estimation of lipid peroxidation, peroxi ase_' catalase, and SOD. corresponding standardBhe percentages of gallic and ellagic
of g:é?lasse)’ A(‘)Sr‘:‘:ﬂnﬁi tcee;t;!"?iiif‘ﬁg?’owgrsl&ftirgifnoﬂgﬁe;tgivg‘seth(’d acids were found to be 7.5 and 54.6%, respectively, with respect

‘ 9 group to MeOH extract. The presence of ellagic acid, gallic acid, and

taken with 1.9 mL of phosphate buffer in different test tubes (50 mM, i id has b di .
pH 7.4). The reaction was initiated by the addition of 1 mL of hydrogen tert-gallic acid has been reported in pomegranate jul@. (

peroxide (30 mM). Blank without liver homogenate was prepared with ~ Recently, the antioxidant activity of EtOAc, MeOH, and water

2.9 mL of phosphate buffer and 1 mL of hydrogen peroxide. The extracts of pomegranate peels and seeds has been reported in

decrease in optical density due to decomposition of hydrogen peroxide various in vitro models ). Among all of the extracts,

was measured at the end of 1 min against the blank at 240 nm. UnitSpomegranate peel MeOH extract was reported to possess high

of catalase were expressed as the amount of enzyme that decomposegntioxidant activity in various models. Hence, in the present

1 M Ho0, per minute at 25C. The specific activity was expressed sy dy, only the methanolic extract of pomegranate peels has

in terms of units per milligram of proteins. ~ been usedFigure 1 depicts the effect of treatment of rats with
Estimation of SOD. The assay of SOD was based on the reduction cc|, and pretreatment with pomegranate peel extracts followed

of nitro blue tetrazolium (NBT) to water insoluble blue formazan, per by CCl, treatment on the levels of catalase, SOD, and peroxidase

the method of Beauchamp and Fridovidi#. Liver homogenate (0.5 . s PR
mL) was taken, and 1 mL of 50 mM sodium carbonate, 0.4 mL of 24 enzymes and lipid peroxidation activity in liver homogenates.

uM NBT, and 0.2 mL of 0.1 mM EDTA were added. The reaction Trgatmept Of rats with a single dose of G@t 2.0 g/kg of bOG_'y
was initiated by adding 0.4 mL of 1 mM hydroxylamine hydrochloride. Weight significantly reduces the levels of catalase, peroxidase,
Zero time absorbance was taken at 560 nm followed by recording the @nd SOD by 81, 89, and 49%, respectively. On the other hand,
absorbance after 5 min at 2&. The control was simultaneously run  lipid peroxidation increases3-fold as compared to control due
without liver homogenate. Units of SOD activity were expressed as to CCl, treatment. However, pretreatment of the rats with the
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Figure 1. Effect of treatment of rats with MeOH extract of pomegranate peel followed by feeding carbon tetrachloride on the levels of various
enzymes and lipid peroxidation of liver: (A) catalase; (B) SOD; (C) peroxidase; (D) inhibition of lipid peroxidation. Each data bar represents the
mean + SD of three replicates. An asterisk () indicates high significance when compared with carbon tetrachloride treatment (p < 0.01).

L-1 1_2 L-S

Figure 2. (L-1) control: normal hepatocytes showing normal architecture with portal tried, showing portal veins, hepatic artery, and vein. (L-2) Carbon
tetrachloride: total loss of hepatic architecture, areas of hemorrhage, and necrosis are seen. (L-3) Pomegranate peel methanol extract: retains normal
hepatic architecture with few areas of hemorrhage between the columns of hepatocytes.

methanolic extract of pomegranate peel at 50 mg/kg (in terms pomegranate peel extract to the rats by maintaining the levels
of catechin equivalents) preserves catalase, peroxidase, and SODf these enzymes even after G@&leatment. The lipid peroxi-
activities, which are comparable with the control values of the dation values have been shown to be restored by 54% as
enzymes. This shows the protection provided by feeding compared to control showing antilipid peroxidative effects of
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