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Abstract: Diabetes mellitus is a major public health problem worldwide. The overall prevalence of DM in
adults in Saudi Arabia is 23.7%. But, according to recent reports people living in Saudi Arabia could face a
lifetime risk as high as 60 per cent of developing diabetes. Diabetes mellitus causes serious complications in
many body systems. Diabetic nephropathy is one of the most debilitating complications of diabetes mellitus and
it is a leading cause of death. Pomegranate is a native fruit to Al-Taif region. A number of biological activities
such as antioxidant, antibacteria and antidiabetic have been reported for pomegranate extracts. The present
study is conducted in order to demonstrate the protective effects of pomegranate peel extract against diabetic
renal complications in streptozotocin-induced diabetic rats. 100 male of albino rats will be used and divided
into three groups, the first group, normal or sham group; the second and third groups will be subjected to
induction of diabetes. The third groups will treated with pomegranate peel extract orally. Biomedical analyses
will be made at intervals through the trial. At the end of the trial (40 weeks) the animals will killed and the
kidneys will sampled and prepared for histo-pathological, ultra-structural and immuno-histo-chemical
examinations. Finally, Statistical analysis for numerical data will be made. Results revealed that administration
of pomegranate peel extract leads to an improving effect on the renal parenchyma in diabetic kidney indicated
by healed glomerular tuft, healed renal tubules and healed tubular interstitial epithelial cells with restoring the
normal glomerular tuft structures as well as the normal glomerular capillary wall thickness and normally
tubular basement membrane thickness. Also it showed significant improvement in the blood level of glucose,
triglycerides and total cholesterol.

1t was concluded that pomegranate peel extract has marked improving effects against diabetic renal
complications. So, we advise use of pomegranate in human nutrition as table fruit or juice for its anti-
hyperglycemic effects, antioxidant activities as well as its antihypertensive and anti-inflammatory action.
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L INTRODUCTION

Diabetes mellitus (DM) is a major public health problem worldwide; the incidence of the disease is
gradually increasing in all regions of the world. The number of people suffering from DM is expected to rise to
2.21 billion by the year 2010 [1]. The overall prevalence of DM in adults in Saudi Arabia is 23.7% [2]. But,
according to recent reports by the American Diabetes Association, people living in Saudi Arabia and the Gulf
could face a lifetime risk as high as 60 per cent of developing diabetes [3].

Diabetic nephropathy is the most common cause of end stage kidney disease, and the leading cause of
death in diabetic patients [4 and 5]. The fundamental mechanism responsible for nephropathy in type 2
diabetes involves tubulo-interstitial fibrosis and glomerulo-sclerosis, caused among other processes by oxidative
stress [6 and 7].

Pomegranate, Punica granatum L. (Punicaceae), is a native fruit to Al-Taif region. A number of
biological activities such as anti-tumour, antibacterial and anti-diabetic have been reported for extracts from
different parts of P. granatum [8-11]. Furthermore, antioxidant activity accompanied with radio-protective and
anti-fibrotic properties of P. granatum peel extract have been demonstrated recently [12 and 13]. As well, a
protective role of pomegranate was mentioned by. [14 and 15] on fatty liver in obesity through improvement of
abnormal lipid metabolism.

On the other hand [16] reported that the inhibition of carbohydrate digestive enzymes and their
phenolic content may contribute to the anti-hyperglycemic effects of pomegranate flower and peel, and support
their claims in diabetes. Studies carried by [17] indicated that the methanolic extract of pomegranate peel has
beneficial influences and could be able to inhibit Al-induced oxidative stress and histo-pathological alternations
in liver and kidney of female rats, and these effects may be related to anti-apoptotic and antioxidant activities.
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Over the last decade, various studies have linked pomegranate (Punica granatum Linn), a fruit native to
the Middle East, with type 2 diabetes prevention and treatment by [18].This review focuses on current
laboratory and clinical research related to the effects of pomegranate fractions (peels, flowers, and seeds) and
some of their active components on biochemical and metabolic variables associated with the pathologic markers
of type 2 diabetes. This review systematically presents findings from cell culture and animal studies as well as
clinical human research. One key mechanism by which pomegranate fractions affect the type 2 diabetic
condition is by reducing oxidative stress and lipid peroxidation.

This reduction may occur by directly neutralizing the generated reactive oxygen species,
increasing certain antioxidant enzyme activities, inducing metal chelation activity, reducing resisting formation,
and inhibiting or activating certain transcriptional factors, such as nuclear factor kB and peroxisome
proliferator-activated receptor .

Fasting blood glucose levels were decreased significantly by punicic acid, methanolic seed extract, and
pomegranate peel extract. Known compounds in pomegranate, such as punicalagin and ellagic, gallic, oleanolic,
ursolic, and uallic acids, have been identified as having anti-diabetic actions.

Furthermore, the juice sugar fraction was found to have unique antioxidant polyphenols (tannins and
anthocyanins), which could be beneficial to control conditions in type 2 diabetes. These findings provide
evidence for the anti-diabetic activity of pomegranate fruit; however, before pomegranate or any of its extracts
can be medically recommended for the management of type 2 diabetes, controlled, clinical studies, are needed.

Antigen KI-67 is a nuclear protein that is associated with and may be necessary for cellular
proliferation. Furthermore it is associated with ribosomal RNA transcription. [19] Inactivation of antigen KI-67
leads to inhibition of ribosomal RNA synthesis [20]. Also [21] investigated the chemopreventive effect of three
natural extracts [pomegranate peel extract (PomPE), papaya peel extract (PapPE) and seaweed extract (SE)
against AOM-induced oxidative stress and carcinogenesis in rat colon.

The present study is conducted in order to demonstrate the protective effects of pomegranate peel
extract against diabetic renal complications in streptozotocin-induced diabetic rats, as one of the edible natural
products that may have more potent and safe preventive and therapeutic effects.

II.  Materials And Methods
ANIMALS:
100 male Sprague-Dawley rats (8 weeks old, weighing between 250 and 300 g.) will be used. The
animals will be fed on standard laboratory chow and will be allowed free access to water in an air-conditioned
room with a 12 hour light/12 hour dark cycle.

Induction of diabetes:

After 12 hours of fasting; the animals of model groups receive a single 60 mg/kg intraperitoneal
injection of streptozotocin (STZ) dissolved in 0.05 ml/l sodium citrate buffer, pH 4.5. Control (sham, non-
diabetic) animals are fasted and received citrate buffer alone. After 24 hours, animals with blood glucose levels
greater than 250 mg/dL are considered diabetic.

Preparation of pomegranate peels extract:

Fresh mature Punica granatum L. (Punicaceae) fruits are used. The taxonomic identity of the plant will
be made by the Biology department, College of Science, Taif University. For extraction purpose, a peel is
removed and dried in shade for 10 days before grounding.

Extract preparation is modified from [22]. The grounded material (50 g) is shaken in 500 ml of
absolute methanol for 24 h at room temperature, followed by filtration through four layers of gauze. The filtrate
is centrifuged at 8000 rpm for 15 min, the clear supernatant is collected, and then the methanol is evaporated in
a rotary evaporator at 45 °C under reduced pressure. Crude extract (23.5%, w/w) is kept at 20 °C tell further
using. Pomegranate peel extract (500 mg/kg) is administered orally in aqueous solution once per day.
Experimental design:

The animals will be divided into three groups; the first group, 20 animals, control (sham, non-diabetic)
group (given normal saline solution).

The second and third groups, 40 animals, will be model groups and subjected to induction of diabetes.
The second group, untreated diabetic rats, (given normal saline solution).

The third group, pomegranate peel extract treated diabetic rats (given pomegranate peel extract 500
mg/kg body weight orally in aqueous solution once per day). The biomedical parameters are evaluated at 4, 8,
16, 24 and 40 weeks after induction of diabetes [23, 24].

At the end of the experimental period, the animals are killed under light anesthesia and the kidneys are
sampled and fixed for further histological, immuno-histochemical and ultrastructural examination.
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Biomedical analysis:

Biomedical parameters are evaluated at 4, 8, 16, 24 and 40 weeks after induction of diabetes. Blood
samples are collected from the tail veins of rats.

Serum glucose, triglycerides (TG) and total cholesterol (TC) are measured using commercial kits and
an automatic analyzer. Determination of glaciated hemoglobin is made using the affinity chromatography
method [25].

Histo-pathological analysis:
The kidney is sampled by routine histological procedures and stained with:
e Hematoxylin & eosin (H & E) and (Mallory) stain for histo-pathological observation.
e  Periodic acid-Schiff (PAS) to stain the basement membrane of blood vessels.

Immunohistochemical studies:

Three to Four-micrometer thick kidney sections will be cut, dehydrated and subsequently stained by
immune-histo-chemical methods as described by [26].

Staining was performed using Immunohistochemistry stainer (DAKO Auto stainer Link48 - Serial NO:
As1217D0904) a standard avidin— biotin peroxidase complex (ABC) method [27]. The Ki-67 proteins
expression were examined using Ki-67 antibodies with dilution 1: 200 and 3ug/ml for 30 min. at room
temperature respectively (Lab Vision Corporation, USA). With reference to the manufacturer’s specifications,
these antibodies reacts broadly with all known Ki-67 variants of human, rat and mouse origin by
immunohistochemistry. Each set of experiments included a positive control and ensured the reproducibility of
the staining process. A negative control, in which the primary antibody was omitted, was also included in each
set of experiments. The positive localization result was nuclear staining in two markers (Ki-67).

Each section was counted manually at high power (X400) after identifying at low power (x100) the
representative areas with the highest concentration of stained cells according to the recommendation of [28],
about 1000 cells/slide were counted in each of five microscopic fields from well-labeled areas to determine the
average of Ki-67 labeling index (LI). LI was expressed as number of labeled cells (positive for stain) as a
percentage of the total number of cells counted in each specimen. All identifiable staining was regarded as
positive.

Transmission electron microscope:

One-micrometer thick sections will be prepared from the kidney and examined with a Transmission
electron microscope to evaluate:

e  Thickness of basement membrane of kidney blood vessels.

e  Glomerular and tubule-interstitial injury.

Statistical analysis:
The numerical data will be fed into a programmed computer for doing the statistical analysis; standard
deviations and T- test [29].

JIIR RESULTS
Histo-pathological studies:
The microscopic examination of the kidney in the control group showed normal renal structures
including glomerular tuft with Bowman space, renal tubules and interstitium (Fig.1 A & B).

Glomerular Tuft (GT) with Bowman space (B), Renal Tubules (T) and Interstitium (In). (H&E X 400).
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Glomerular Tuft (GT) with Bowman space (B), Renal Tubules (T). (Mallory X 400)

The diabetic group showed marked deteriorative changes, the kidney showed an increased mesangial
matrix forming a cellular nodule (nodular glomerulosclerosis), area of mesangiolysis, thickening of Bowman’s
capsule as well as tubular atrophy and interstitial tissue mononuclear inflammatory infiltration (Fig. 2 A & B).
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(Fig. 2 A) A photomicrograph of transverse section in diabetic rat kidney showed Nodular
Glomerulosclerosis (NG), area of MesangioLysis (ML), thickening of Bowman’s capsule (B) Tubular
atrophy (T) interstitial tissue mononuclear Inflammatory infiltration (In). (H&E X400)

E _— e 0

28 g ! y

shrinkage of glomerular tuft (G), thickening of Bowman’s capsule (B) Tubular atrophy (T).
(Mallory X400)

Investigations of the specimens of the treated group revealed an improving effect on the renal
parenchyma indicated by healed glomerular tuft with normal thickness of Bowman capsule, healed renal tubules
and healed interstitium (Fig. 3 A & B)
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(Fig. 3 A) A photomicrograph of transverse section in treated rat kidney showed healed Glomerular
Tuft (GT) with normal thickness of Bowman capsule (B), healed renal Tubules (T) and healed

Interstitium (In). (H&E 400).

" e
(Fig. 3 B) A photomicrograph of transverse section in treated rat kidney showed healed
Glomerular Tuft (GT) normal thickness of Bowman capsule (B), healed renal Tubules (T) healed
Interstitium (In). (Mallory X400)

On the other hand, control rat kidney showed normal positive reaction of PAS, normal glomerular tuft
with normal Bowman space and renal tubules.
On the contrary the diabetic group revealed marked decrease in PAS reaction with shrinkage glomerular tuft,
thickening of the Bowman’s capsule as well as tubular atrophy.
Whereas the treated group demonstrated normal positive reaction of PAS duo to an improving effect of
pomegranate on the renal parenchyma indicated by healed glomerular tuft and tubular epithelium cells (Fig. 4 A,
B, C respectively).

(Fig. 4 A) A photomicrograph of transverse section in control rat dney showed normal positive
reaction of PAS, normal Glomerular Tuft (GT) normal Bowman space (B) normal Renal Tubules (T).
(Periodic acid-Schiff’s X 400)
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(Fig. 4 B) A photomicrograph of transverse section in diabetic rat kidney decrease in PAS
reaction, shrinkage glomerular tuft (GT), thickening of the Bowman’s capsule (B) Tubular atrophy (T).
(Periodic acid-Schiff’s X 400).

- - 1\;?:'
(Fig. 4 C) A photomicrograph of transverse section in treated rat kidney showed normal positive
reaction of PAS with healed Glomerular Tuft (GT) normal tubular epithelium cells (T). (Periodic acid-
Schiff’s X 400)
Immunohistochemical studies:

The Immunohistochemical examination of the kidney in the control rat group showed negative staining of
ki-67 in most of cells of the kidney, while section of kidney of the diabetic rat group reveled strong staining of
ki-67 in most of cells of the kidney. On the other hand section of kidney of the treated rat group showing faint
immunoreactivity of ki-67 in nuclei of some cells gf the k\i_dn_s:y (F ig. 5 A,B,C).
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(Fig. 5 A): Section of kidney of the control rat group showing negative staining of ki-67 in most of
cells of the kidney. (Immunohistochemical stain ;X400).
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nuclei of some cells of the Kidney. (Immunohistochemical stain ;X400).
Ultrastructural studies:

Ultrastructural investigations of the control group showed normal mesangial cells with normal regular
intercellular matrix (Fig.6 A). The glomerular cells revealed normal numerous mitochondria and other
cytoplasmic organelles as well as intact glomerular capillary wall of normal thickness (Fig.6 B). The renal

tubular cells have intact basal nuclei, numerous mitoc

2

hondria and

intact cell membranes (Fig. 6 C).

(Fig. 6) TEM image in normal rat kidney showed: (A) normal mesangial cells with normal regular
intercellular matrix (EM x 4000). (B) Normal glomerular cells (EM x 10000). (C) Normal renal tubular
cells (EM x 5000).
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Regarding the diabetic group, it showed mesangial expansion evidenced by a nodular increase in the
extracellular mesangial cell material, the width of interspace exceeds two mesangial cell nuclei in at least two
glomerular lobules (Fig.7 A). This was accompanied by accumulation of collagen fibrils, small lipid particles
and cellular debris with destruction of the normal structure of glomerular tuft (Fig. 7 B). Also it revealed
concomitant tubular basement membrane thickening of non-atrophic tubules and interstitial fibrosis. Moreover,
a hyalinized thickening of the glomerular capillary wall due to intramural accumulations of imbibed plasma
proteins and lipids was observed (fig.7 C).

g 8 S ot

(Fig. 7) TEM image in diabetic rat kidney showed: (A) expansion of mesangial cells (EM x 6000).
(B) accumulation of collagen fibrils, small lipid particles and cellular debris the intercellular matrix (EM
x 6000). (C) thickening of basement membrane of non-atrophic tubules with thickening of the glomerular
capillary wall (EM x 6000).

Concerning the pomegranate treated group, it revealed an improved mesangium with disappearance of
the collagen fibrils, lipid particles and cellular debris (Fig. 8 A). It showed restoring the normal glomerular tuft
structure as well as the normal glomerular capillary wall thickness (Fig. 8 B & C). Also the treated group

showed a normally restored tubular basement membrane thickness after the pomegranate therapy (Fig. 8 D).
. D R T v R T Tl
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(Fig. 8) TEM image in pomegranate treated rat kidney showed: (A) improved mesangium (EM x 4000).
(B) restoring the normal glomerular tuft structure (EM x 800). (C) restoring normal glomerular capillary
wall thickness (EM x 15000). (D) restored tubular basement membrane thickness (EM x 4000).

Biomedical analysis:
A) Blood level of glucose:

The blood level of glucose ranged from 72.45mg/dl to 82.9mg/dl with a mean of 76.84mg/dl in the
control group, while in diabetic group, it was the highest levels and ranged from 252.67mg/dl to 294.6mg/dl
with a mean of 270.37mg/dl. The treated group was higher than the control group, while it was lower than the
diabetic group. There was highly statistically significant difference between groups as regards the mean
diameter, P < 0.001, F value = 2261.1 (Anova test) (table 1 and graphl).

B) Total cholesterol in the blood:

The highest blood level of total cholesterol was in the diabetic group with a range from 190.46mg/dl to
214.1mg/dl with a mean of 202.31mg/dl. However the treated group showed improvement in the blood level of
total cholesterol and ranged from 152mg/dl to 174.92 mg/dl with a mean of 164.62mg/dl.

There was highly statistically significant difference between groups as regards the mean diameter, P < 0.001, F
value = 1323.9 (Anova test) (table 2 and graphl).

O) Triglycerides in the blood:

The treated group showed reduction in the blood level of triglycerides as compared to the diabetic
group with a range from 99mg/dl to 135mg/dl with a mean of 123.5mg/dl. The diabetic group showed the
highest blood level of triglycerides and ranged from 153mg/dl to 168mg/dl with a mean of 161.45mg/dl. There
was highly statistically significant difference between groups as regards the mean diameter, P < 0.001, F value =
1398.2 (Anova test) (table 3 and graphl).

Table (1): Means of blood level of glucose in mg/dl and their statistical analysis for all groups:

Group Mean Std. Versus
pm Deviation P
‘ Control group ‘ 76.84 ‘ +3.44 ‘ ‘
Diabetic group* 27037 +11.94 | Any of the other studied |_,,,,
groups
‘ Treated group** ‘ 163.07 ‘ +9.73 ‘ ‘

* High statistically significant increase in the diabetic group as compared to any of the other studied groups, P<
0.001(Post-Hoc test).
** Significant decrease in the treated group as compared to the diabetic group, p<0.05 (Post-Hoc test).

www.iosrjournals.org 102 | Page



Protective Effect of Pomegranate Peel Extract Against Diabetic-Induced Renal Histo-pathological

Table (2): Means of blood level of total cholesterol in mg/dl and their statistical analysis for all groups:

Std.
Group Mean Deviation Versus P
Control group 98.03 +4.37
Diabetic group* 202.31 +8.04 Any of the other studied | 0.001

groups
Treated group** 164.62 +6.52

* High statistically significant increase in the diabetic group as compared to any of the other studied groups, P<
0.001(Post-Hoc test).

** High statistically significant decrease in the treated group as compared to the diabetic group, P< 0.001(Post-
Hoc test).

Table (3): Means of the blood level of triglycerides in mg/dl and their statistical analysis for all groups:

Group Mean Std. Deviation Versus P

Control group 66.05 +4.12

Diabetic group* 16145 | £4.82 Any of the other studied | _, o
groups

Treated group** 123.5 +7.66

* High statistically significant increase in the diabetic group as compared to any of the other studied groups, P<
0.001(Post-Hoc test).
** High statistically significant decrease in the treated group as compared to the diabetic group, P< 0.001(Post-

Hoc test).
300
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Graph (1): Comparing variations in levels of glucose, cholesterol and triglycerides in the three studied
groups

Iv. Discussion

In recent years, naturally occurring anti -diabetic, anti — inflammatory and anti-oxidant compounds
present in the diet consumed by humans have gained considerable attention by several researches. [30-37].

The present study was designed to examine, for the first time according to the available literatures,
the possible preventive effects of pomegranate peel extract on the structures of renal tissue of diabetic
kidney as one of the edible safe natural products and the results were wonderful.

According to the histo-pathological investigations of the present results pomegranate peel extract leads to
an improving effect on the renal parenchyma in diabetic kidney indicated by healed glomerular tuft, healed renal
tubules and healed tubular interstitial epithelial cells supported by normal positive reaction of PAS. At the
ultrastructural level, the present observations revealed improving mesangium with disappearance of the
collagen fibrils, lipid particles and cellular debris. Also it showed restoring the normal glomerular tuft structures
as well as the normal glomerular capillary wall thickness and normally tubular basement membrane thickness
after the pomegranate therapy.

www.iosrjournals.org 103 | Page



Protective Effect of Pomegranate Peel Extract Against Diabetic-Induced Renal Histo-pathological

These findings are in agreement with many studies in recent years that demonstrated a correlation

between the role of pomegranate peel extract and juice in regulating vital cellular functions, including cell
proliferation and differentiation and its potent antioxidant activity and free radical scavenging capability
[16,18,33,34,35,38 and 39].
One key mechanism by which pomegranate fractions affect the type 2 diabetic condition is by reducing
oxidative stress and lipid peroxidation. This reduction may occur by directly neutralizing the generated reactive
oxygen species, increasing certain antioxidant enzyme activities, inducing metal chelation activity, reducing
resistin formation, and inhibiting or activating certain transcriptional factors, such as nuclear factor kB and
peroxisome proliferator-activated receptor y [18].

Also, of pomegranate peel extract and juice has potent antioxidative capacity against lipid peroxidation
[33]. Moreover, the anticarcinogenic effect of pomegranate peel extract and juice through cell cycle regulation-
mediated apoptosis may play a role in amelioration of histopathological picture.

The presence of these polyphenols in the pomegranate peel may be responsible for antioxidant and anti-
carcinogenic effect of peel extracts [42].

Moreover the present immunohistochemical data indicates that Ki-67 is a nuclear protein which is
expressed in proliferating cells. Ki-67is preferentially expressed during late G1, S, M, and G2 phases of the cell
cycle, while resting, non-cycling cells (GO phase) lack Ki-67 expression [43]. The high expression of ki-67 in
diabetic group indicated that the diabetes increase cell proliferation. While, in treated group, it was noticed the
low expression of ki-67, this might be due to the administration of pomegranate peel extract because it has been
considered as a powerful ROS scavenger in rat through its antioxidant effects [44]. This anti-proliferative effect
of propolis may be linked to its ability to regulate the expression and activity of cell cycle-related proteins [45].

Regarding the biomedical analysis, the present findings indicates that the blood glucose level was higher
in the treated group than the control group, while it was lower than the diabetic group. Moreover the treated
group showed improvement in the blood level of total cholesterol than the diabetic group. Also the treated group
showed reduction in the blood level of triglycerides as compared to the diabetic group. All these elements
showed high statistical significant difference in between the treated and the diabetic groups. These findings pass
line by line with the previous reports of [46].

\% CONCLUSION
In conclusion, based on the present findings, it is tempting to suggest that the pomegranate peel
extract may possess a strong potential for development as anti-diabetic, anti- carcinogenic, antioxidant and
anti-inflammatory agents for new therapeutic that may be exceedingly effects. The use of pomegranate in
general as table fruit or juice can, so, be recommended in human nutrition for all these purposes and qualities.
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