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ABSTRACT  

Most pomegranate (Punica granatum Linn., Punicaceae) fruit parts are known to possess enormous antioxidant 
activity. The present study used Kluyveromyces marxianus NRRL Y-8281, as yeast candidate to enhance the anti-
oxidant activities of pomegranate peel by modulating polyphenolic substances during solid state fermentation, in 
an attempt to examine the protective effects of either methanolic extract of unfermented (UFPP) or fermented 
(FPP) pomegranate peels on adriamycin-induced myocardial and renal toxicities in rats. Both extracts were found 
to contain a large amount of polyphenols and exhibit enormous antioxidant activity. UFPP and FPP extracts 
showed 92% and 93% antioxidant activity in DPPH model system respectively, while the phenolic content record-
ed 160 and 211 mg gallic acid/ g dry peel for UFPP and FPP respectively at concentration of 125 µg /ml. Adminis-
tration of adriamycin (10 mg/Kg body weight /day, i.p. for 3 days) caused significant rise in the levels of diagnostic 
markers [serum creatine kinase (CK) for heart and blood urea nitrogen (BUN) for kidney] as well as lipid peroxida-
tion and total antioxidant status in the heart and kidney tissues. Concomitant decline in the level of tissues re-
duced glutathione and the activities of antioxidant enzymes (superoxide dismutase, catalase, glutathione perox-
idase) were observed. Administration of either UFPP or FPP extracts at 1/10 of lethal dose, two doses before and 
two doses after ADR, significantly prevented all the adriamycin adverse effects, through diminution the activity of 
CK and the level of BUN as well as the level of cardiac and renal lipid peroxidation comparing with ADR group. At 
the same time, the levels of glutathione, total antioxidant and the activities of antioxidant enzymes were in-
creased. The most significant effects were obtained with FPP extract which could thus relate to their high total 
phenolic content. In conclusion, the protective effect of pomegranate might be ascribable to its membrane-
stabilizing property and/or antioxidant nature which might serve as novel combination chemotherapeutic agent 
with ADR to limit free radical-mediated organ injury. 
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INTRODUCTION 

Over the last 3 - 5 decades, the treatment of cancer 
has relied largely on the use of diverse cytotoxic che-
motherapeutic agents. The exploit of chemotherapy in 
the treatment of cancer has opened new potential for 
the improvement of the quality of life of cancer pa-
tients and for the cure of disease. Regardless of its suc-
cess, treatments with some of the most effective anti-
cancer drugs can sometimes result in a number of 
symptoms indicating toxicity (Rajaprabhu et al., 2007). 

Adriamycin (ADR) is a quinone-containing anticancer 
drug that is extensively used to treat a variety of hu-
man neoplastic diseases as well as an ample range of 
solid tumors, including breast, lung and thyroid cancer 
(Gianni et al., 2007). The clinical effectiveness of this 

drug is limited by its severe cardiotoxic, nephrotoxic 
and hepatotoxic effects (Deepa and Varalakshmi, 2003; 
Bryant et al., 2007). 

There is an increasing evidence for the enhancing ef-
fect of free radicals involved in the primary pathogenic 
mechanism of ADR-induced cardiotoxicity (Li et al., 
2000) and nephropathy (Bertani et al., 1986) in rats. 
Adriamycin's toxicity is thought to involve the biologi-
cal reduction of the drug to semiquinone metabolite 
with a subsequent reaction with molecular oxygen to 
form reaction oxygen species and regeneration of the 
quinine compound. This process can proceed over and 
over again in a redox cycling process thereby generat-
ing substantial quantities of toxic oxygen radicals in-
cluding hydrogen peroxide (H2O2); superoxide anion 
(O2

.-
); and hydroxyl radical (OH

.
) are constantly gener-

ated in cells, associated with direct oxidative injury to 
DNA and generates lipid peroxidation and a conse-
quent alteration of cellular membrane integrity (Ali et 
al., 2002; Quiles et al., 2002). These highly toxic reac-
tive oxygen species react with cellular molecules in-
cluding nucleic acids, proteins and lipids, thereby caus-
ing cell damage. Several studies have reported that 

www.ijrps.pharmascope.org 

ISSN: 0975-7538 
Research Article 

 
* Corresponding Author 
Email: ab_essam@yahoo.com 
Fax: 00202-33370931 
Received on: 08-10-2011 
Revised on: 05-11-2011 
Accepted on: 12-12-2011 

 



Abeer E. Mahmoud and Mamdouh M. Ali, (2012) Int. J. Res. Pharm. Sci., 3(1), 29-37 

30                                                                 ©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences 
 

adriamycin administration inhibit the activity of the 
antioxidant enzymes and resulted in imbalance be-
tween the generation of free radicals and the antioxi-
dant defense resulted in adriamycin-induced tissue 
toxicity (Gnanapragasam et al., 2004).  

Natural products have been the starting point for the 
discovery of many important modern drugs. This has 
led to a worldwide search for pharmacologically impor-
tant substances derived from natural products (Raja-
prabhu et al., 2007). Many naturally occurring com-
pounds with antioxidative action are known to protect 
cellular components from oxidative damage and pre-
vent diseases. A number of such compounds can acti-
vate the antioxidant enzymes, which can remove the 
toxic elements including reactive oxygen species from 
our system (Saha and Das 2003). 

Punica granatum Linn. (Punicaceae), commonly known 
as pomegranate, is a small tree native to the Mediter-
ranean region. The plant possesses an immense thera-
peutic value. A number of biological activities such as 
antitumor (Afaq et al., 2005); antibacterial (Prashanth 
et al., 2001); antidiarrhoeal (Das et al., 1999); antifun-
gal (Dutta et al., 1998); antiulcer (Gharzouli et al., 
1999) have been reported with various ex-
tracts/constituents of different parts of this plant. Po-
megranate, especially flower of pomegranate, has ex-
tensively been used in Unani and Ayurvedic systems of 
medicine (Sivarajan and Balachandran, 1994). 

Peels are often the waste part of various fruits. These 
wastes have not generally received much attention 
with a view to being used or recycled rather than dis-
charged. This might be due to their lack of commercial 
application. Interestingly, the peel and seed fractions 
of some fruits have higher antioxidant activity than the 
pulp fractions (Jayaprakasha et al., 2001).  

Solid-state fermentation (SSF) of an edible plant is a 
biotechnological strategy that may induce health bene-
ficial naturally occurring antioxidant components in-
cluding polyphenols, tocopherols and ascorbic acid 
during microbial fermentation (Lee et al., 2008; Rashad 
et al., 2011).  

Due to the great importance of ADR in chemotherapy 
for the treatment of many types of cancer, researchers 
have expended great efforts trying to prevent or atte-
nuate its side effects. In this sense this work aimed to 
compare the antioxidant activity of methanolic extract 
of unfermented and fermented peel of Punica grana-
tum (Pomegranate) in vitro and in vivo models to re-
duce the toxic effects of ADR on both heart and kidney.  

MATERIALS AND METHODS 

Chemicals and facilities 

All chemicals were purchased from Sigma and Aldrich 
(Sigma Chemical Company, St. Louis, MO, USA). Facili-
ties including animal housing and biochemical equip-

ments were available by the National Research Center 
(NRC), Cairo, Egypt. 

Fruits 

Fresh pomegranate (Punica granatum Linn., Punica-
ceae) fruits were purchased from the local market; the 
peels were manually removed, washed with water and 
cut into small pieces. 

Microorganism 

Kluyveromyces marxianus NRRL Y-8281 was obtained 
from Agricultural Research Service, Peoria, Illinois, USA. 
The strain was maintained on yeast malt agar (Wick-
erman, 1951), then stored at 4°C and sub-cultured 
monthly. Inoculum was developed by transferring a 
loopful of stock culture into a sterile yeast malt me-
dium (Wickerman, 1951) and incubated at 30°C on a 
shaker at 200 rpm for 24 h. 

Animals 

The animal care and handling was done according to 
the guidelines set by the World Health Organization, 
Geneva, Switzerland, and according to approval from 
the ethical committee for animals care at the National 
Research Center, Egypt (Approval No. 11 111). Adult 
male Sprague-Dawley rats (average body weight of 170 
± 20 g) and adult male Swiss albino mice (6-7 weeks 
old, weighing 17-20 g) were obtained from the animal 
house of National Research Center, Egypt. The animals 
were housed under standard laboratory conditions (12 
h light and 12 h dark) in a room with controlled tem-

perature (24±3C) during the experimental period. The 
animals were provided with tap water and commercial 
diets. 

Solid state fermentation of pomegranate 

Fifty gram fresh pomegranate peel was cooked in an 

autoclave (121C, 15 min), cooled and then spraying 
with 1.0 ml of K. marxianus NRRL Y-8281 (10

8
/ml) in-

oculum. After mixing thoroughly, the inoculated po-
megranate peel was then incubated statically for three 

days at 30C. During the cultivation period, the culture 
was periodically stirred under sterilized conditions to 
accelerate the release of fermentation heat (Lin et al., 
2006; Rashad et al., 2011). The unfermented pomegra-
nate peel used as control was prepared without the 
addition of inoculum. The unfermented pomegranate 
peel (UFPP) and fermented one (FPP) were collected, 
dried at 60

o
C, ground and then used for analysis. 

Preparation of extract 

The UFPP and FPP powder (100 g) were extracted by 
stirring using a magnetic stirrer with 600 ml of metha-
nol solution at 30

o
C for 4 h. The extract was filtered 

through Whatman no. 1 filter paper for removal of peel 
particles. The residue was re-extracted with 600 ml of 
methanol solution and filtered. The extracts were 
pooled and concentrated under vacuum at 30°C (Singh 
et al., 2002).  
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Antioxidant activity assay in vitro 

DPPH radical-scavenging assay 

The modified methods of Shimada et al. (1992); Men-
sor et al. (2001) were used to study the free radical-
scavenging activities of the extracts using 2,2-diphenyl-
1-picrylhydrazyl (DPPH). Two ml of methanolic extract 
at different concentrations (50-1000 µg/ml) were add-
ed to 1.0 ml methanolic solution of 0.3 mM DPPH. The 
mixture was shaken and left in a dark box to stand for 

30 min at room temperature (30 ± 1C). The blank of 
each sample was prepared with 2.0 ml of sample solu-
tion with 1.0 ml of methanol instead of DPPH, while 1.0 
ml of methanolic DPPH plus 2.0 ml of methanol served 
as control. The absorbance of the resulting solution 
was measured at 517 nm. The inhibitory percentage of 
DPPH was calculated according to the following equa-
tion: 

Scavenging activity (%) = [1 - (absorbance sam-
ple/absorbance control)] x 100. 

Total phenolic assay 

Total phenolic was estimated as gallic acid equivalents 
essentially according to that described by Quettier-
Deleu et al. (2000) with minor modification. Aliquots of 
0.5 ml methanol extract at different concentrations 
(50-1000 μg/ml) were added to 7.0 ml deionized water 
and 0.5 ml Folin-Ciocalteu phenol reagent. After 3 min, 
2.0 ml of 20% Na2CO3 were added and heated in a boil-
ing water bath for 1 min comparatively to gallic acid 
standard. Absorbance was measured at 750 nm after 
cooling in darkness and the results expressed in mg of 
gallic acid equivalent/g dry pomegranate peel. 

Determination of extract toxicity 

The acute toxicity of methanolic extract of UFPP and 
FPP was determined according to Prieur et al. (1973) 
and Ghosh (1984). Briefly, the animals were divided 
into several groups of 6 mice each. Each group was 
individually injected intraperitoneally (i.p.) with freshly 
extract of either FPP and UFPP in doses ranging from 0 
to 1500 mg/Kg b.w. /day, for 4 day with 24 h intervals. 
Mortality of the animals was observed up to one week 
post-extract treatment. Acute LD50 of the extract was 
determined. 

Experimental protocol 

Adult Sprague-Dawley rats were divided into 6 groups 
(each of 6 rats) and were treated as follows: Group I 
served as control group which were given the vehicle 
alone for the same period of the experiment. The ani-
mals in Group II and III were given either UFPP or FPP 
extracts i.p. at a dose of 100 or 75 mg/Kg b.w./day, for 
4 day with 24 h interval respectively (which represents 
tenth of LD50). Group IV served as ADR treated group, 
where rats were injected i.p. with 10 mg ADR /Kg 
b.w./day, for 3 days; the animals of Group V and VI 
were injected i.p. with 100 mg of UFPP or 75 mg of 

FPP/Kg b.w./day, 2 doses before and 2 doses following 
the injection of ADR (10 mg /Kg b.w./day, for 3 days). 

Animals were killed by cervical dislocation one week 
after the last injection. Blood, heart and kidney were 
collected. Serum was separated from the blood and 
used in the determination of heart function as assessed 
by measuring serum activity of creatine kinase (CK). 
Kidney function was assessed by measuring blood urea 
nitrogen (BUN) spectrophotometrically according to 
the manufacturer's instructions, using reagent kits ob-
tained from Biomerieux (France). 

Heart and kidney were washed with saline and then 
homogenized in cold sucrose buffer (0.25 M). All the 
investigations were carried out on fresh 10% homoge-
nate. After centrifugation at high speed (30,000 xg for 

30 min at 4C) the supernatant was used for antioxi-
dants and protein assay. The protein levels were de-
termined as described by Lowry et al. (1951). 

Assessment of lipid peroxidation 

Malondialdehyde (MDA) is the end product of lipid 
peroxidation was measured using the method of Oh-
kawa et al. (1979). MDA level was expressed as 
nmol/mg protein. 

Determination of catalase (CAT) activity 

CAT activity was adapted from the method of Aebi 
(1984). The activity was defined as µmol H2O2 de-
creased/min/ mg protein.  

Determination of superoxide dismutase (SOD) activity 

SOD activity was spectrophotometrically measured 
using a method developed by Nishikimi et al. (1972). 
The activity was expressed as units/mg protein.  

Determination of glutathione peroxidase (GSH-Px) 
activity 

GSH-Px activity was measured using the Paglia and 
Valentine’s method (1967). The activity was expressed 
as µmol/min/mg protein. 

Determination of total antioxidant status 

The antioxidant status was assayed as described by 
Koracevic et al. (2001). The total antioxidant activity 
was expressed as mmol/mg protein. 

Determination the level of reduced glutathione (GSH) 

The level of GSH was determined as described by Ell-
man (1959). The level was expressed as nmol/mg pro-
tein. 

Statistical analysis 

Data were expressed as mean ± standard error (S.E.) 
and analyzed statistically using a one-way analysis of 
variance (ANOVA) followed by the student t-test for 
comparison between groups. Differences were consi-
dered significant at P < 0.05. 
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RESULTS 

Extraction yield 

The yield of extract obtained from FPP using methanol 
was found to be 32%, while from UFPP was 30%.  

Antioxidant activity assay in vitro 

DPPH radical-scavenging activity 

UFPP and FPP methanolic extracts showed an excellent 
scavenging activity on DPPH radicals (92 and 93% re-
spectively) at concentration from 125-1000 µg/ml (Fig. 
1). While the scavenging activities of both extracts de-
creased (38.3 and 43.6 % respectively) with increased 
dilution to 50 µg/ml. 
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Figure 1: Antioxidant activity of unfermented (UFPP) 

and fermented (FPP) pomegranate peel extracts at 

different concentrations. Data are expressed as mean 

± S.E. of triplicate measurements 

Total phenolic assay 

As shown in Fig. 2 the total phenolic content of the 
methanol extract of FPP with various concentrations 
(50-1000 µg/ml). All were higher than that of UFPP 
extract. FPP extract exhibited the highest phenolic con-
tent (211 mg gallic acid/g dry peel) at concentration of 
125 µg/ml, while the UFPP extract exhibited the high-
est phenolic content (160 mg gallic acid/g dry peel) at 
the same concentration. The total phenolic contents of 
the two extracts decreased gradually with further in-
creasing in the concentration.  
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Figure 2: Total phenolic content of unfermented 

(UFPP) and fermented (FPP) pomegranate peel ex-

tracts at different concentrations. Data are expressed 

as mean ± S.E. of triplicate measurements 

Acute toxicity testing of both UFPP and FPP extracts 

As shown in Fig. 3, the acute toxicity test revealed that 
administration of the methanolic extract of either UFPP 
or FPP extracts at doses of 0, 100 and 250 mg/Kg b.w. 
did not induce any mortality during the whole observa-
tion period, while increase the doses to 500 mg/Kg 
b.w. resulted in mortality of 1 out of 6 mice (16.66%), 
increasing the dose to 750 mg/Kg b.w. resulted in mor-
tality of 2 out of 6 mice (33.33%) of both UFPP or FPP 
extracts. However, a further increase in the extract 
dose to 1000 mg of UFPP Kg/b.w. or 750 mg of FPP 
extract Kg/b.w., resulted in 50% reduction in the sur-
vival of mice. So in this study we used the safe doses of 
UFPP or FPP extracts as 100 and 75 mg/Kg b.w. respec-
tively which represent 1/10 of the LD50. 
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Figure 3: The effect of different doses of unfermented 

(UFPP) and fermented (FPP) pomegranate peel ex-

tracts on the mortality of mice 

The effect of ADR alone or in combination with either 
UFPP or FPP extracts on heart and kidney tissues 

Administration of ADR to rats at dose of 10 mg/Kg b.w. 
for 3 days resulted in an increase in heart and kidney 
function tests compared to control group (Table 1). 
Serum activity of CK and level of BUN were significantly 
(P < 0.05) higher in ADR treated rats than in controls by 
11 and 3-fold respectively. Changes in lipid peroxida-
tion were measured in the heart and kidney tissues as 
an index of oxidative stress. MDA levels showed signifi-
cant increased (P < 0.05) up to 2.5 times in both heart 
and kidney as compared to the control level.  

In contrast, co-treatment of ADR with either UFPP or 
FPP extracts significantly decrease the activity of serum 
CK and level of BUN as well as remarkably inhibited the 
rise in lipid peroxidation products in both heart and 
kidney as compared to adriamycin treated group (Table 
1). Also, the results revealed that FPP exerted better 
effect than UFPP extracts. 

Moreover, the results showed that groups treated with 
either UFPP or FPP extracts only revealed non-
significant changes (P>0.05) for CK activity and both 
level of BUN and MDA as compared to control group. 
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The effect of ADR alone or in combination with either 
UFPP or FPP extracts on antioxidant profile 

The effect of ADR administration on cardiac and renal 
non-enzymatic antioxidant GSH and total antioxidant 
capacity as well as on the antioxidant enzymes SOD, 
CAT and GSH-Px is shown in Fig. 4 (A-E). Cardiac and 
renal GSH and total antioxidant capacity levels were 
reduced in heart and kidney by 70 and 35% for GSH 
and total antioxidant capacity by 50% and 45% with 
respect to control (Fig. 4 A-B). 

In group treated with UFPP extract plus ADR or FPP 
extract plus ADR showed significantly increased (P < 
0.05) in the level of tissues GSH level as compared with 
the ADR treated group. The level of cardiac GSH was 
increased 124 and 182% respectively; while the level of 
renal GSH increased 20 and 41% respectively. Also the 
level of cardiac total antioxidant capacity was in-
creased 113 and 260% respectively; while the level of 
renal total antioxidant capacity increased 67 and 133% 
respectively over the ADR treated group (Fig. 4 A-B). 

The animals receiving UFPP or FPP extracts only cause 
an increase in the level of GSH in both heart and kid-
ney. Cardiac GSH increased by 74 and 118% respective-
ly, while the level of renal GSH increased by 34.5 and 
58% respectively over the matched control group. Also, 
Cardiac total antioxidant capacity increased by 29 and 
53% while the level of renal total antioxidant capacity 
increased by 45 and 73% respectively (Fig. 4 A-B). 

In addition Fig. 4 (C-E) shows that in comparison to the 
corresponding control group there was significant de-
crease (P < 0.05) in all antioxidant enzyme activities in 
both heart and kidney when the animals treated with 
ADR alone. SOD activity decreased by 55 and 42.5%; 
CAT activity decreased by 34 and 50%; GSH-Px de-
creased by 37 and 24% in both heart and kidney re-
spectively.  

In addition data represent in Fig. 4 (C-E) demonstrated 
significant elevation in all antioxidant enzyme activities 
comparing with ADR treated group in both heart and 
kidney when the animals treated with either ADR plus 
UFPP or plus FPP extracts. Cardiac SOD activity in-
creased by 64 and 151%; CAT activity increased by 37 

and 69%; GSH-Px increased by 48 and 55%  over the 
adriamycin treated group. Renal SOD activity increased 
by 22.5 and 54%; CAT activity increased by 74 and 93%; 
GSH-Px increased by 36 and 42% over the ADR treated 
group. These results revealed that FPP exhibited higher 
activities than UFPP extracts. 

Animals receiving UFPP and FPP extracts only causes an 
increasing in the activities of cardiac and renal SOD, 
CAT and GSH-Px as comparing with control group (Fig. 
4 C-E). 
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Table 1: Effect of administration of ADR alone and along with UFPP or FPP extracts on markers of heart and 

kidney toxicities 

Groups 
Serum CK 

(IU/L) 
BUN 

(mg/dl) 
Cardiac MDA 

(nmol/mg protein) 
Renal MDA 

(nmol/mg protein) 

Control 50.90±3.66 30.65±2.80 70.00±6.20 30.80±2.90 
UFPP 48.60±3.90 29.44±3.20 71.40±6.70 31.20±3.12 

FPP 48.30±5.00 30.13±2.62 71.30±6.50 31.82±3.20 

ADR 550.00±50.20
a
 95.70±9.00

a 180.22±20.30
a
 75.70±6.45

a 
UFPP+ADR 120.2±11.60

b
 46.00±4.20

b 100.80±9.60
b
 50.42±4.22

b
 

FPP+ADR 75.40±6.75
b
 39.60±3.21

b
 85.65±7.60 

b
 42.30±3.75

b
 

Data are expressed as means ± S.E. of six animals. 
a
 and 

b
 indicate significant difference from control and ADR 

groups respectively, at P < 0.05 using ANOVA test. 

(A) 

(B) 

(C) 
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Figure 4: Effect of treatment with UFPP (100 mg/Kg 

b.w.) or FPP (75 mg/Kg b.w.) extracts alone or in 

combination with ADR on cardiac and renal reduced 

glutathione (A) and total antioxidant capacity (B), as 

well as on antioxidant enzyme activities of superoxide 

dismutase (C), catalase (D) and glutathione perox-

idase (E), in different studied groups. Bars represent 

means ± S.E. of six animals. 
a 

and 
b
 indicate a signifi-

cant difference from control and ADR groups respec-

tively, at P < 0.05 using ANOVA test 

DISCUSSION 

A lot of scientific research is focused on exploring safe 
and effective natural antioxidant compounds. Plant 
extract and plant-derived antioxidant compounds po-
tentiate body’s antioxidant defense or act as antioxi-
dant and are antioxidants of choice because of their 
safety over the synthetic ones. So, several studies are 
based on discovering plants with antioxidant potential 
(Kaur et al., 2006). 

Previous studies have shown that ADR toxicity is asso-
ciated with oxidative damage. Among strategies to 
attenuate adriamycin toxicity is the combination of the 
drug delivery together with an antioxidant in order to 
reduce oxidative stress. 

The antioxidant activity of ethanolic, methanolic and 
water extracts of pomegranate peels and seeds have 
been reported in the various in vitro models (Singh et 
al., 2002). Hence, in the present study, the methanolic 
extract of pomegranate peels has been used. The me-
thanolic extraction yield of FPP was higher (32%) than 
those of UFPP (30%) which is higher than the results of 

Okonogi et al. (2007) who reported that the yield of 
extract of pomegranate peels were 10.38 and 6.21% 
respectively. We tested the ability of UFPP and FPP 
extracts to scavenge free radicals. The results obtained 
in the present study suggest that UFPP and FPP have 
an enormous antioxidant activity. Both extracts potent-
ly scavenged DPPH radicals. The ability of extracts to 
scavenge these radicals suggests that it contains com-
pounds that are electron donors, which can react with 
free radicals to convert them to more stable products 
and terminate radical chain reaction. Thus, DPPH sca-
venging may be related to inhibition of lipid peroxida-
tion. Scavenging of DPPH radicals has also been re-
ported for pomegranate juice (Gil et al., 2000), peel 
extract and seed extract (Singh et al., 2002). 

DPPH scavenging activity of methanolic extracts of 
UFPP and FPP obtained in this study were 92 and 93% 
respectively (Fig. 1) is higher than that of ethanolic 
extracts of peels and flowers (81.6%) as obtained by 
Kaur et al. (2006).  

In this study a very high content of polyphenolics was 
obtained in both UFPP and FPP extracts. At various 
concentrations of methanolic extracts, FPP showed 
higher phenolics content than the UFPP (Fig. 2). These 
results were in agreement with Afaq et al. (2005) who 
stated that pomegranate is a rich source of many phe-
nolic compounds including flavanoids and hydrolyzable 
tannins, which account for 92% of its antioxidant activi-
ty. Fermentation process provides a high concentration 
and bioactivity of the antioxidant protective sub-
stances by breaking the chemical bond between the 
antioxidant and sugar molecules, making the antioxi-
dants much more bioavailable. Previous studies have 
shown that fermented pomegranate polyphenols are 
especially effective in treatment of different diseases 
(Kim et al., 2002; Albrecht et al., 2004). 

Data presented in our study demonstrated that the 
high dose administration of ADR induced severe heart 
and kidney toxicities with massive increase in the activ-
ity of serum CK enzyme and the level of BUN respec-
tively, associated with decrease in the antioxidant de-
fense as manifested by the significant increase in lipid 
peroxidation, reduce the level of GSH and total anti-
oxidant capacity as well as a significant decrease in the 
antioxidant enzyme activities of SOD, CAT and GSH-Px 
as compared with control. 

Singal et al. (2000); DeBeer et al. (2001) reported that 
the mechanism by which ADR-induced cardiotoxicity 
may be achieved by two different ways. The first way 
implicates the formation of a semiquinone free radical 
by the action of several NADPH-dependent reductases 
that produce a one-electron reduction of the ADR to 
the corresponding ADR semiquinone. In the presence 
of oxygen, redox cycling of ADR-derived quinone-
semiquinone yields superoxide radicals. In the second 
way, ADR free radicals come from a non-enzymatic 

mechanism that involves reactions with iron. Fe
3+

 

(D) 

(E) 
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reacts with ADR in a redox reaction, the iron atom ac-

cepts an electron and a Fe
+2
- ADR free radical complex 

is produced (DeBeer et al., 2001). This complex can 
reduce oxygen to hydrogen peroxide and other active 
oxygen species (Sinha and Polliti, 1990). Heart tissue is 
very sensitive to free radical damage, because of its 
lower amount of antioxidant defenses in this organ 
compared with others like liver and kidney.  

The most possible mechanism for the renal toxicity of 
ADR may be alterations of the permeability of the glo-
merular capillary wall (Weening and Rennkle, 1983) or 
may be the consequence of oxidative stress, such as 
oxidation and cross-linking of cellular thiols and mem-
brane lipid peroxidation (Wu et al., 1990). Indeed, Gi-
nevri et al. (1990) mentioned that in ADR-induced 
nephropathy, the glomerular cells produce reactive 
oxygen species that cause glomerular injury. Reactive 
oxygen species may directly damage lipid membranes 
and they may also mediate the activation of genes for 
some proinflammatory cytokines (TNF-α, IL-1, IL-6) 
through the stimulation of transcription factor NF-kB 
(Schreck and Baeuerle, 1991).  

This study would seem to confirm that the peroxida-
tion of the unsaturated fatty acids in the existing 
membranes was activated by oxidative stresses, in this 
case free radicals resulting from ADR administration, 
thereby accelerating the cell tissue damage accompa-
nied with decreasing the antioxidant enzyme activities 
in both heart and kidney. Our present results con-
firmed that administration of ADR reduced GSH con-
tent may be due to increase consumption of GSH in the 
enzymatic and nonenzymatic detoxification of reactive 
oxygen species generated by ADR. 

The results clearly demonstrate that ROS produced by 
ADR significantly decrease the activities of antioxidant 
enzymes (SOD, CAT and GSH-Px) in both heart and kid-
ney tissues and as a result decrease the total antioxi-
dant capacity which is the sum of endogenous antioxi-
dants, also elevation of lipid peroxidation may affect 
cell membrane integrity with subsequent loss of cell 
enzymes leakage. These results were in agreement 
with Noriega et al. (2000), who have recently reported 
that enhancement of lipid peroxidation, depletion of 
GSH content and reduction of catalase and GSH-Px 
activities seems to be events closely related to ROS 
production. In addition, Comporti (1985) stated that 
aldehydes as one of the decomposition product of lipid 
peroxidation can covalently bind to the active sites of 
the enzymes with subsequent decrease in the activity 
of antioxidant enzymes. 

On the other hand the present study revealed that 
preventive administration of methanolic extracts of 
UFPP or FPP at safe experimental dose level as 1/10 of 
LD50 (Fig. 3) to the animals given ADR, counteracted 
the development of full-blown heart and kidney toxici-
ties, through restored the biomarker’s values of oxida-
tive stress towards normal. In the present study, the 

administration of the methanolic extracts of UFPP or 
FPP with ADR resulted in considerable (P < 0.05) dimi-
nution in the activity of CK and the level of BUN as well 
as reduction in the level of lipid peroxidation in both 
heart and kidney as compared with the ADR treated 
group (Table 1). Also the levels of GSH and total anti-
oxidant status as well as the activities of antioxidant 
enzymes (SOD, CAT and GSH-Px) were comparatively 
higher than ADR treated group (Fig. 4 A-E). 

From the foregoing results it is clear that, the metha-
nolic extracts of UFPP or FPP inhibited cardio- and ren-
al-toxicities expression, which may suggest that both 
extracts act possibly by neutralizing the increase of free 
radicals caused by ADR. It is noteworthy to mention 
that in this study, the protective effect of UFPP or FPP 
extracts on ADR-induced cardiac and renal damage but 
the most significant effects were obtained with FPP 
extract which could thus relate to their high total phe-
nolic content. The fermentation process appears to 
improve the antioxidants properties of the extract. 

CONCLUSION 

The results of present study indicated the cardio- and 
renal-protective effects of Punica granatum peel ex-
tract and its fermented one against adriamycin induced 
heart and kidney toxicities. The fermentation process 
appears to improve the antioxidants properties of the 
extract. The overall protective action of Punica grana-
tum peel extract was probably due to its membrane 
stabilizing action, or to a counteraction of free radicals 
by its antioxidant nature, or to its ability to maintain 
the normal status activities of free radical enzymes and 
the level of reduced glutathione, which protect the 
membrane against peroxidative damage by decreasing 
lipid peroxidation and strengthening the membrane.  
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