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ABSTRACT
Diabetes mellitus (DM) is a metabolic disorder in which the carbohydrate and lipid metabolism is improperly regulated by
insulin. Diabetes has been recognized to be one of highly risk independent factor for cardiovascular disorders,
cardiomyopathy, coronary heart disease, congestive heart failure, peripheral arterial disease and stroke. Pomegranate
considers a native fruit of Al-Taif region. Pomegranates contain numerous of antioxidant polyphenolic substances as
compared to other fruits and vegetables. Polyphenols have been shown to be cardio protective in different model systems.
The present study has been designed to demonstrate the protective effects of pomegranate peel extract against diabetic
heart complications in streptozotocin (STZ)-induced diabetic rats. Method: Sixty adult male albino rats weighing 250 –
300 gm, were used in this study and divided into three groups; the first group, normal group; the second was subjected to
induction of diabetes; the third group was treated with pomegranate extract orally. At the end of the trial (8 weeks), animals
heart specimens were taken after the last injection and processed for histological and ultrastructural studies. Results:
Biochemical studies showed increased values of glucose, and cardiac enzymes (Troponin I and CK-MB) and myoglobin
in the second group while in the third group there was improvement in values of the examined parameters.
Histopathological studies revealed obvious many degenerative changes that were varying from vacuolation to myocytolysis
and loss of myofibrils. Ultrastructural examination showed extensive degeneration of the muscle fibers with marked loss
and even complete disappearance of myofibrils, with degeneration of many mitochondria. The toxic effects of diabetes on
the myocardium were markedly attenuated by pomegranate extract administration in combination with streptozotocininduced diabetic injections. Conclusion: From this study, it was concluded that, pomegranate peel extract administration
markedly attenuated diabetes induced cardiomyopathic changes.
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INTRODUCTION
Numerous studies on diabetes have been reported that
associated with alterations of normal histology of heart and
leading to an increased risk of cardiomyopathy1. It is
recognized that long-standing diabetes to be an
independent risk factor for cardiovascular disease. The
negative impact of diabetes extends to all components. It
shows the cardiovascular system, including the tiny blood
vessels, big heart and arteries, as well as evidence kidneys.
A lot of patients who suffer from diabetes type 1 or type 2
diabetes mellitus are prone to several heart disorders and
blood vessels including coronary heart disease, stroke and
peripheral arterial disease, cardiomyopathy and congestive
heart complications failure. Cardiovascular now the main
causes of morbidity and mortality caused by diabetes2.
Pomegranates reach in polyphenols as compared to other
fruits and vegetables3-5. Supplementation of with
pomegranate juice to pregnant mice was recently shown to
protect against neuro degeneration in neonatal mice
subjected
too
hypoxic–ischemic brain injury6.
Pomegranate has a long history of use in medicine7.
Antibacterial, antifungal, antioxidant, antitumor, antiviral,
antimalarial and antimutagenic effects of Pgranatum (PG)
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have already been supported by different studies8-10.
Several studies have been reported that the prevention and
treatment of some cancer types such as, lung cancer11 and
prostate cancer12. In the Middle East there were earlier
studies of pomegranate as a fruit native, with type II
diabetes prevention and treatment. The effects of fractions
pomegranate (peels, flowers, and seeds) and some of the
active components on the biochemical changes and
metabolism associated with satisfactory marks from type 2
diabetes disease fractures pomegranate affect the case of
patients with type 2 diabetes is by reducing oxidative stress
and peroxide fat. The fasting glucose levels dropped
dramatically in the blood of punicic acid, methylated seed
extract and pomegranate peel extract. These findings
provide evidence of an anti-diabetic activity of the
pomegranate fruit. However, before the pomegranate or
any of the abstracts can be recommended for medical
management of type 2 diabetes disease, controlled, clinical
studies, and there is a need13.
MATERIALS AND METHODS
Experimental Animals
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60 adult male Wistar rats (250- 300 gm), were obtained
from King Abdul Aziz University, Jeddah, Saudi Arabia.
They were housed and maintained at an air-conditioned
room with a 12-h light/12-h dark cycle and allowed free
access to water and food.
Chemicals and Reagents
All the chemicals and streptozotocin (STZ) were
purchased from Sigma Chemical Co., St. Louis, MO,
USA). Glucose was estimated by a spectrophotometric
assay using kit purchased from biodiagnostic, Egypt.
Troponin I, CK-MB and myoglobin were assayed by
ELISA technique using assay kit purchased from abcam,
Cambridge, UK according to the instructions provided.
Induction of Diabetes
A single intraperitoneal injection dose (60 mg/kg/b.w)
dissolved in 0.05 ml/l sodium citrate buffer, pH 4.5 was
used for induction the diabetes. Control animals group
were fasted and received normal saline. Hyperglycemia
was confirmed 3 days after injection by measuring blood
glucose level using an Accu-Check Sensor as a glucose
meter. The animals with fasting blood glucose levels ≥250
mg/dl were considered diabetic.
Preparation of Pomegranate Peels Extract
The mature granatum fruits were obtained from the local
market. Peels were dried in the ground for extraction at
room temperature. Subsequently, granatums were
extracted using absolute methanol in Soxhlet apparatus for
24 h at room temperature. Thereafter, the extract was
followed by filtration and centrifuged at 8000 rpm for 15
min, the clear supernatant were collected, and then the
methanol were evaporated at 45 °C. Crude extract (23.5%,
w/w) was kept at 20 °C. Pomegranate peel extract (500
mg/kg/b.w) were administered orally in aqueous solution
once per day14.
Experimental Design
60 rats were divided randomly into three groups (n=20). In
the group I, rats were left as a control and they were given
normal saline solution, group II and group III, rats were
subjected to induction of diabetes. Whereas, group II,
untreated diabetic rats were given normal saline solution.
In the group III, diabetic rats were given pomegranate peel
extract 500 mg/kg/b.w oral administrations for 8 weeks. At
the end of the experimental period, the animals are killed
under light anesthesia and the heart were sampled and
fixed for histological and ultrastructural examination.
Biomedical Analysis
The blood samples (2 ml) were collected from retro-orbital
vein to assay levels of serum glucose, troponin I, CK-MB
and myoglobin using Spectrophotometer15.
Statistical Analysis
The data obtained from the biochemical analysis of
different groups were presented as a mean ±SE and
statistical significance was assessed by one-way ANOVA
using SPSS statistical version 16 software package
(SPSS® 4 Inc., USA) to assess significant differences
among treatment groups. The statistical significance was
set at P < 0.05.
RESULTS

The biochemical results showed that the values of blood
glucose, troponin I, myoglobin and the activity of CK-MB
have been elevated significantly (P<0.05) in the STZ
treated-animals as compared to the control group,
meanwhile, the diabetic animals treated with pomegranate
peel extract caused significantly decrease in all tested
parameters to be near the control levels (Table 1).
Histopathological Examinations of the Cardiac Muscle
Histological examination of the cardiac muscle of control
group, revealed normal structure of myocardium,
branching and anastomosis cardiac muscle fibers,
acidophilic sarcoplasm and central elongated vesicular
nuclei (Fig. 1). On the other hand, cardiac tissues of
diabetic group, showed loss of the cardiac architecture
with degeneration of the myocardial fibers, and congested
coronary blood vessels (Fig. 2). By contrast, cardiac
sections of the pomegranate treated rats, showed the
preserved appearance of myocardium, branching and
anastomosis cardiac muscle fibers with acidophilic
sarcoplasm and central elongated vesicular nuclei (Fig. 3).
Ultrastructural Examination of the Cardiac Muscle
Examination of the control cardiac sections, showed
cardiac muscle myofibrils, with alternating dark and light
bands, they were separated by regular rows of
mitochondria (Fig. 4). Group II showed damaged and
widely separated myofibrils with some of myofibrils were
loosed of striations with some fat droplet in between.
Mitochondria were small in number, abnormal in shape
and disturbed distribution (Fig. 5). However, cardiac
sections in the rats of the group III showed preserved
myofibrils with alternating dark and light bands, cardiac
myofibrils were separated by regular rows of mitochondria
and have been fat droplets in-between (Fig. 6).
DISCUSSION
Streptozotocin is an N-methyl nitrosocarbamilglucosamine-structured substance synthesised by
Streptomyces achromogenes16. It is known that it destroys
the DNA of the related cell by increasing pancreatic β-cell
poly adenine diphosphate ribose synthetase activity, and
also causes degenerative lesions by decreasing NAD levels
with these effects, it blocks pro-insulin synthesis and leads
to type I diabetes characterised by insulin insufficiency17.
The biochemical results observed that there was a
significant increase in the plasma glucose levels in STZtreated group when compared to control rats. This may
support the findings of Lenzen18 who stated that the
treatment with STZ induced increase in blood glucose
level response, accompanied by corresponding inverse
changes in the plasma insulin concentration. These
findings have been associated with vascular metabolic
derangements associated with hyperglycemia19. Regarding
the effect of pomegranate peel extract, animals treated with
both STZ and pomegranate peel extract revealed an
improvement in biochemical alterations when compared
with animals received STZ alone. These results were
agreement with Saad et al.20, who reported that
administration of Punica granatum reduced the
concentration of glucose, triglycerides, cholesterol, in the
blood of diabetic rats treated with alloxan. On the other
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Table 1: Effects of pomegranate peel extract (500 mg/kg/b.w) on glucose, Troponin I, CK-MB and myoglobin levels
in STZ treated-animals.
Parameters
Group I
Group II
Group III
(Control)
(STZ treated group)
(STZ + pomegranate)
Glucose (mg/dl)
125 ±5
285 ±3
88 ±3
Troponin I (ng/ml)
0.004±0.011
0.69±0,012 a
0.007±0.003 b
CK-MB (ng/ml)
1.87±0.41
27.1±1.83 a
1.29±0.531 b
a
Myoglobin (pg/ml)
118.59±0.60
301.74±1.38
132.11±.0.231 ab
Data are represented as mean ± SE (n= 20 in each group).
a: Significant at p < 0.05 with respect to control group.
b: Significant at p < 0.05 with respect to STZ treated group.

Figure 1: A photomicrograph of
section in the heart tissues of group I,
shows branching and anastomosis
cardiac muscle fibers (f) with
acidophilic sarcoplasm and central
elongated vesicular nuclei (n) with
normal coronary blood vessels, (H and
E, X400).

Figure 2: A photomicrograph of
transverse section in heart tissues of
the group II, shows loss of normal
cardiac architecture, fragmentation
and degeneration of the myocardial
fibers (f), wide separation of muscle
fibers (w) with pycknotic nuclei (p),
degenerated area (d) and congested
coronary blood vessels (c), (H and E,
X400).

Figure 3: A photomicrograph of
transverse section of heart tissues of
group III, shows normal branching
and anastomosis cardiac muscle
fibers (f) with acidophilic sarcoplasm
and central elongated vesicular nuclei
(n) and congested coronary blood
vessels (c), (H and E, X400).

Figure 4: Transmission electron
micrograph of rat cardiac muscle in
the group I, shows myofibrils with
alternating dark and light bands (B),
they were separated with rows of
mitochondria (m), (TEM, X6000).

Figure 5: A photomicrograph of
section in the cardiac muscle electron
microscopic picture of group II,
shows wide separation(w) of
myofibrils (B) with alternating dark
and light bands (B), they were
separated with abnormal shape of
mitochondria (m), some damaged
myofibrils were seen (b) with
distribution of fat droplets (a), (TEM,
X6000).

Figure 6: A photomicrograph of
section in the cardiac muscle electron
microscopic picture of group III,
shows relatively improvement of
myofibrils with alternating dark and
light bands (B), they were separated
with rows of mitochondria (M) with
distribution of fat droplets (a) in
between myofibrils, (TEM, X6000).
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hand, increase some cardiac enzymes such as cardiac
troponin I, creatine kinase and its isoenzyme MB (CKMB) were used as a gold standard for detection of acute
myocardial infarction in people and small animals21,22. In
this study, our results also showed that the troponin I, CKMB and myoglobin of animals treated with STZ were
significantly increased in the plasma. These results were in
parallel with Hayat et al.23, who reported that diabetes
leads to toxic myocardial damage in form degeneration
inducing myocardial infarction due to hyperaemia. The
enhancement effects of pomegranate peel extract on the
cardiac enzymes, animals received both STZ and
pomegranate peel extract revealed an improvement in
troponin I, CK-MB and myoglobin when compared with
animals received STZ alone. These results were in parallel
with Chidambara et al.24, who reported that the Punica
grantum aqueous peel extract possesses strong antioxidant
property can act as a free radical scavenger also it may
increase insulin receptor. After eight weeks of treatment
with STZ, histopathological results of group II, revealed a
disturbance in the structural organization of cardiac
tissues, fragmentation and degeneration of the myocardial
fibers, wide separation of muscle fibers with pycknotic
nuclei, degenerated area and congested coronary blood
vessels (Fig 5). The degenerative changes of the nuclei, it
may explain form of pyknosis cells of cardiac tissue. These
results were in agreement with Dowling et al.25, who
reported that fetal hearts from diabetic pregnancy
experience has hypertrophy, hyperplasia of the
cardiomyocytes, fibroblasts, which marked vacuolar
degeneration of the cardiomyocytes. Moreover, take et
al.1, also pointed out that there were significant
degenerative changes in the myocardium after STZ
injection. Also, Bahçeci et al.26 have been added that the
myocardium was also affected minimally in the acute
phase of diabetes; and heart-related disorders started in this
phase. The histopathological findings in this study showed
a marked vascular congestion, hemorrhage with
endothelial lining in the myocardium, after application of
STZ. These results were in coincidence with Manjarrez et
al.27. In addition, results of the present study showed that
damaged and widely separated myofibrils with some of
myofibrils had loss of striations and mitochondrial
degeneration. These results were agreement with the
results of Take et al.1, who reported that the electron
microscopic analyses of the left ventricle wall revealed
prominent degenerative alterations in the myocardial cells
of diabetic rats, swelling and crystolysis in the
mitochondria. Also in our study, it was observed that the
diabetic rats had lipid deposition in the cytoplasm these
results were in agreement with Take et al.1, who reported
that lipid deposition in the cytoplasm, and widespread of
myofilaments were detected in the myocardial cells of
diabetic rats. In this study, TEM examination evaluated the
cytoplasmic vacuoles. These results were in agreement
with Take et al.1, who reported that degeneration process
and vacuolar changes in the myocardial cells of diabetic
rats. TEM examination results in the present study showed
relatively improvement of myofibrils at the ultrastructural
changes with alternating dark and light bands, also it

showed separate with rows of mitochondria. These results
were in agreement with the results of Zafar et al.28, who
reported that the antihyperglycaemic effect of the peel
extract of pomegranate peel led to inhibitory intestinal
absorption of glucose in the diabetic rats. To gather, all
these results may show clearly that treatment with STZ had
induced cardio-toxicity and then leads to myocardial injury
Histological results of the cardiac muscles proved the
protective effect of pomegranates peel by reducing the
fragmentation and degeneration of the myocardial fibers,
wide separation of muscle fibers with pycknotic nuclei,
degenerated area. However, antioxidant is present in the
several of the natural products, could be one of the possible
methods to reduce the incidence of these diseases29.
Pomegranates, a natural product and it is rich with
polyphenolic components as one of the important
antioxidant activity compound30. The present results
showed that pomegranates decreased the cardiac toxicity,
the peroxidation marker, and decreased the cardiac
enzymes.
CONCLUSION
In conclusion, the present results indicated the myocardialprotective role of pomegranate peel extract which may be
attributed to its antioxidant effects.
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