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Aim of the Work: This study evaluated the possible protective effect of
pomegranate seed extract (PSE) on streptozotocin (STZ)-induced R-cell
dysfunction in rats and its probable mechanism of action by analyzing
nuclear factor kappa beta (NF-«kf), transforming growth factor beta (TGF-f3)
and matrix metalloproteinase (MMP)-2 genes expression in the pancreas.

Materials and Methods: Diabetes was induced in rats by single
intraperitoneal injection of STZ (50 mg/kg body weight). Rats were divided
into three groups (10 each): group I: control; group Il: diabetic rats and group
I11: diabetic rats treated with PSE (300 mg/kg/day) administered orally for 4
weeks. Pancreatic NF-xp, TGF-p and MMP-2 expressions were determined
by RT-PCR. Reduced glutathione (GSH), was also measured in the pancreas.

Immunohistochemical (IHC) staining of insulin was done on pancreatic
sections.

Results: Pancreatic expression of NF-xp, TGF-B and MMP-2 genes were
significantly decreased with significant increase in pancreatic GSH content
in pomegranate treated diabetic rats compared to non-treated diabetic rats. A
significant increase in the mean area percent of insulin in pomegranate
treated diabetic rats compared to non-treated diabetic rats by IHC.
Conclusion: PSE treatment prevented STZ-induced pancreatic 3-cell damage
and protects B-cells from apoptosis and destruction in diabetes mellitus
induced in rats which may be related to its antioxidant effect and to the
significant decrease of TGF-p and MMP-2 genes expression in the pancreas
via suppression of pancreatic NF-kB gene expression. Thus PSE could be
used as a dietary supplement in patients with diabetes mellitus.

Introduction

Medicinal plants are a good source of compounds with hypoglycemic effects and are used as adjuncts to
existing therapies for the treatment of diabetes mellitus (Sharma et al., 2008). Pomegranate (Punica granatum L.;
Punicaceae) is a plant consumed either as an edible fruit or in the form of a beverage such as fruit juice and has been
used in folkloric medicine for the treatment of various diseases. Edible parts of pomegranate fruit comprise 78%
juice and 22% seed (EI-Nemr et al., 2006).

Pomegranate seeds are a rich source of total lipids; of which comprised to 12% to 20% of total seed weight
and characterized by a high content of polyunsaturated (n-3) fatty acids such as linolenic, linoleic, and other lipids
such as punicic acid, oleic acid, stearic acid, and palmitic acid (Ozgul-Yucel, 2005). The seeds also contain protein,
crude fibers, vitamins, minerals, pectin, sugars, polyphenols, isoflavones (mainly genistein), the phytoestrogen
coumestrol, and the sex steroid, estrone (EI-Nemr et al., 2006; Syed et al., 2007). The hypoglycemic activity of
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seeds of pomegranate has been reported previously by Katz et \al. (2007). Meanwhile, the protective effect of
pomegranate seed extract (PSE) on pancreatic B-cell and its probable mechanism of action in diabetes is not well
studied.

Nuclear factor kappa beta (NF-xf) is a major transcription factor and has been shown to regulate the
expression of numerous genes that play important roles in cellular stress responses, cell growth, survival, and
apoptosis (Karin and Ben-Neriah, 2000; Karin and Lin, 2002). In diabetes, NF-«f is an important cellular signal in
initiating the cascade of events culminating in R-cell death and islet destruction (Cnop et al., 2005).

Transforming growth factor beta (TGF-B) is a member of a family of dimeric polypeptide growth factors
and is involved in a myriad of cellular processes including cell proliferation, differentiation, and apoptosis (Attisano
and Wrana , 2002; Feng and Derynck, 2005). There is a role of TGF-B pathway in regulating expression of genes
that control B-cell function. Reduced TGF-B/Smad3 signaling markedly enhances insulin content and insulin
secretion (Lin et al., 2009). TGF-B can also directly and indirectly (via its effects on tissue inhibitor matrix
metalloproteinases) modulates matrix metalloproteinase (MMP)-2 activities (Overall et al., 1991; Martin et al.,
1994). Matrix metalloproteinases are a family of secreted zinc proteases capable of degrading collagen and other
matrix components. Matrix metalloproteinase-2, -12, and -14 were greatly increased in the Zucker diabetic fatty
islets, and these increases are contemporaneous with the onset of B-cell dysfunction (Zhou et al., 2005).

Streptozotocin (STZ), a glucosamine-nitrosourea compound, can be selectively toxic to the pancreatic p-
cells and has been used to induce B-cell injury in vivo, resulting in an experimental model of diabetes mellitus and
B-cell dysfunction (Watanabe et al., 2010).

Thus the aim of the present study was to evaluate the possible protective effect of PSE on STZ-induced B-
cell dysfunction in rats and its probable mechanism of action by analyzing NF-xf, TGF-f and MMP-2 genes
expression in the pancreas by RT- PCR.

Materials and Methods
Animals

A total of 30 (20 diabetic surviving rats, 10 normal rats) adult male Wistar albino rats weighing 250 = 10 g
were used for this study. They were obtained from the animal facility of Faculty of Medicine, Cairo University.
They were kept under controlled condition of illumination (12 h light/dark), and temperature 20-25° C. They were
housed under ideal laboratory conditions, maintained on standard pellet diet and water ad libitum throughout the
experimental period. All animal procedures were performed after approval from the ethics committee of the
National Research Centre Cairo, Egypt and in accordance with the international regulations for the use and care of
experimental animals (Canadian Council on Animal Care Guidelines, 1993).

Induction of diabetes in rats

Streptozotocin was obtained from Sigma Aldrich (St Louis, Missouri, USA). After overnight fasting, rats
were made diabetic by a single intraperitoneal injection of STZ (50 mg/kg body weight) freshly prepared in 0.1
mol/l citrate buffer, pH 4.5 (Naskar et al., 2011). After 72 h of STZ administration, fasting plasma glucose was
measured by obtaining blood samples from the tail in all animals. The rats showing plasma glucose level of 250
mg/dl or more were considered diabetic (Kanter et al., 2004).

Experimental design
The rats were randomly divided into 3 groups of ten rats each as follows:

Group I (Control group): Rats were injected with the same volume of citrate buffer as that used as a vehicle in the
diabetic group (0.1 mol/I citrate buffer, pH 4.5) alone.

Group Il (Diabetic group): Overnight-fasted rats received a single intraperitoneal injection of STZ (50 mg/kg body
weight).

89


http://onlinelibrary.wiley.com/doi/10.1111/j.1541-4337.2010.00131.x/full#b99
http://www.ncbi.nlm.nih.gov/pubmed?term=Derynck%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16212511
http://www.ncbi.nlm.nih.gov/pubmed?term=Naskar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22041106

ISSN 2320-5407 International Journal of Advanced Research (2013), Volume 1, Issue 10, 88-102

Group 111 (Diabetic+tpomegranate treated group): Rats received a single intraperitoneal injection of STZ (50
mg/kg body weight). On the third day (72 h) after STZ injection, rats were treated with PSE (300 mg/kg/day) given
orally by gavages for 4 weeks. Pomegranate Seed Extract (Neocell, USA), commonly used as dietary supplements,
was supplied as powder, dissolved in distilled water to be given in a single dose of 300mg/kg/day (Das et al., 2001).

At the end of the experiment, blood samples were taken from the rat tail vein in collecting heparinized
capillary tubes in overnight fasting rats. The samples were centrifuged at 1000g and plasma was obtained and
frozen in polypropylene tubes at —20°C until assayed. Animals from all groups were then sacrificed by decapitation
and the pancreas was isolated, washed with saline, and then part of the pancreas was blotted with a piece of filter
paper, kept in foil paper, and freezed at —70°C till used for gene expression. Another part of the pancreas was fixed
in 10% formol saline for histological studies.

Biochemical analysis
I-Determination of plasma glucose and insulin

Fasting plasma glucose was determined using an autoanalyzer (Hitachi 747 auto-analyzer, Hitachi, Tokyo, Japan).
Insulin level was measured with a chemiluminescence immuno-metric assay using a UniCell DXI 800 analyzer
(Beckman Coulter Inc., Fullerton, CA, USA).

11- Determination of pancreatic reduced glutathione (GSH)

GSH content was determined in pancreatic sections by using a commercially available assay (Glutathione Assay Kit
I, Merck Chemicals, Hull, UK) according to the protocol provided by the manufacturer. Briefly, pancreatic tissue (1
mg) was homogenized in 150 pl ice-cold lysis buffer and centrifuged at 10,000 g for 15 min at 4°C. After protein
determination, supernatants were deproteinized with 5% metaphosphoric acid (Sigma-Aldrich Chemie) and 4 M
triethanolamine (Sigma-Aldrich Chemie). Samples were then mixed with the Assay Cocktail reagents. After
incubation at 25°C for 25 min, absorbance was measured at 405 nm. GSH levels were calculated by using a standard
curve generated by standards provided by the manufacturer.

111- Molecular Biology Methods:
1- RNA extraction:

Total RNA from pancreas was extracted by the acid guanidinum thiocyanate-phenol- chloroform method
(Chomczynski and Sacchi, 1987). The extracted RNA was quantitated by spectrophotometer (Tokyo, Japan) at 260
nm.

2- Primers synthesis:

Different primer sets were used. The sequence of the primers was enlisted in Table (1).

3- Reverse transcription-polymerase chain reaction (RT-PCR) experiments:
RT- PCR was done using the extracted RNA for detection of the expression of NF-«x 8, TGF- B and MMP-2
genes.

a) RT-PCR of NF-kB:

The cDNA was synthesized under the following conditions: 1pg total RNA was incubated with 5x buffer,
1mmol/L each dNTP, MgCl, (5mmol), 50 U of RNAse inhibitor and reverse primer. After denaturation at 65°C
for 15 minutes, 20 U of AMV was added. Then, the followings were added: MgCl, (1.25umol/L), dNTP (200
umol/L each), primers (10 pmol/L each) and 1U Taq polymerase. The reaction was incubated for 1 hour at
42°C. The PCR condition was 90 sec at 95°C, followed by 30 cycles of 40 sec at 95° C, 40 sec at 60°C and 60
sec at 72°C.

b) RT-PCR of TGF-g:
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Total RNA was reverse transcribed using the RT-PCR Stratagene Kit (Foster city, California, USA) according
to the manufacturer’s instructions. Then, the reaction tube was placed at 42°C for 1 h followed by heating to
95°C for 5 min. For PCR, 3 pl cDNA was mixed with reaction buffer (500 mmol/l KCI, 100 mmol/I Tris-HCI
pH 8.3, 1.5 mmol/l MgCl,, and 0.001% gelatin) dNTPs mix (2.5 mmol/L), Taq polymerase(2U), primers (0.4
umol/L each). The reaction mixture was then subjected to 30 cycles of PCR amplification as follows:
denaturation at 94°C for 45 sec, annealing at 60°C for 45 sec, and extension at 72°C for 2 min.

c) _RT-PCR of MMP-2

Reverse transcription was performed using an annealing temperature of 70°C in a final volume of 25uL
containing 250 mM Tris-HCI, 375 mM KCI, 15 mM MgCl,,50 mM dithiothreitol, 0.5 mM dNTPs, reverse
primer, 26U ribonuclease inhibitor ( Promega , Madison, WI, USA) and MMLV- RT (200U). PCR was
performed in a total volume of 50 pL of the reaction mix. The thermocycling conditions were: initial
denaturation for 5 min at 94, 40 cycles of amplification of 94°C for 1 min, 51°C for 1 min and 72°C for 1 min,
followed by a final elongation of 10 min at 72°C.

4. Quantitation of the PCR product

The PCR products were then quantitated by using a quantitation kit (from Promega Corporation, Madison, WI,
USA). This method depends on purification of the PCR using Promega Wizard PCR preps DNA purification kit
(Promega Corporation, Madison, WI, USA). The mixture for quantitation consisted of DNA quantitation buffer,
sodium pyrophosphate, NDPK enzyme solution, T4 DNA polymerase and DNA. All these contents were incubated
at 37°C for 10 min. Then, 100 pL of Enliten L/L reagent was added. Immediately, the reaction was read using a
luminometer. The same steps were done on DNAs of known concentrations provided by the kit, and a standard
curve was performed by plotting the readings of the luminometer against the concentrations. Then, the readings of
the amplified PCR product of NF- kB3, TGF-B and MMP-2 after using the luminometer were read from the standard
curve. The results were expressed as pg/gm tissue (Shaker et al., 2006).

Light microscopic study

Specimens of the tail of the pancreas were fixed in 10% formol saline. Paraffin-embedded sections were cut
at 7 um thickness and were subjected to:

a - Hematoxylin and eosin (H&E) stain (Kiernan, 2001).

b -Immunohistochemical stains for insulin: Using streptavidine-biotin peroxidase technique (Bancroft and Cook,
1994) the endogenous peroxidase activity was eliminated using 10% H,0O, for 15 min. Sections were then incubated
for one hour with specific antibody against:

- Insulin (a mouse monoclonal antibody, Dako). Immunoreactivity of insulin appeared as brown cytoplasmic
staining in B-cells of islets of Langerhans.

Quantitative morphometric measurements

The mean area percent of insulin immunostaining-positive cells in pancreatic stained sections was
measured. This was accomplished using Leica Qwin 500 C software image analyzer computer system Ltd.
(Cambridge, England). Measurements were carried out within 10 nonoverlapping fields for each animal at a
magnification of x 400.

Statistical analysis

The data were expressed as means +* standard deviation of the means (SD). Analysis of variance (ANOVA)
was performed on the means to determine whether there were significant (P < 0.05) differences among the groups.
When ANOVA indicated statistical significance, Tukey-Kramer’s multiple comparison test follows up, for
intergroup comparisons. SPSS version 12 (Chicago, Illinois, USA) was used for all statistical analyses. The results
were considered significant when P value <0.05.
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Results
1. Biochemical results:
Effects of PSE on fasting plasma glucose and insulin levels in STZ-induced diabetic rats

As shown in table 2, the fasting plasma glucose levels were significantly elevated (P<0.001) in STZ treated diabetic
rats (group 11) as compared to the control rats (291.6 + 8.16 mg/dl vs 86.05 + 4.98 mg/dl respectively). This was
accompanied with significant decrease (P<0.05) in plasma insulin levels in STZ-treated rats compared to control rats
(16.2+1.16 vs 22.38+ 3.46 respectively, table, 2). Treatment of STZ diabetic rats with PSE for 4 weeks (group I11)
significantly decreased (P<0.001) fasting plasma glucose level by 42% compared to non-treated diabetic rats
(170.16+12.09 vs 291.6+8.16 respectively, table, 2). Meanwhile, PSE treatment in diabetic rats (group 111) did not
normalize fasting plasma glucose as there was significant difference (P<0.001) in group Il as compared to control
group (table, 2). There was also significant increase (P<0.01) in plasma insulin level in pomegranate treated diabetic
rats (group Il1) by 61% as compared to non-treated diabetic rats (26.04+5.9 vs 16.2+1.16 respectively) with non-
significant difference (P>0.05) between group I11 and control group (table, 2).

Effects of PSE on pancreatic expressions of NF-kf3, TGF-p and MMP-2 mRNA in STZ-induced diabetic rats

The present study showed that NF-x3, TGF-f and MMP-2 mRNA expressions determined by RT-PCR were
significantly increased (P<0.001) in rat pancreas in STZ diabetic rats (group Il) as compared to control rats (table,
2). STZ induced diabetic rats treated with PSE for 4 weeks (group I11) showed significant decrease (P<0.001) in
expressions of mMRNA levels of NF-«3 by 23%, TGF-$ by 46% and MMP-2 by 20% as compared to non-treated
STZ diabetic rats. Meanwhile, pomegranate seed treatment did not return mRNA levels of NF-«xR, TGF-$ and
MMP-2 to control values as there was significant difference (P<0.001) in these parameters in group Il as compared
to control group (table, 2).

Effects of PSE on pancreatic GSH content in STZ-induced diabetic rats

The present study showed significant decrease (P<0.001) in pancreatic antioxidant parameter, GSH, in STZ diabetic
rats as compared to control rats (table, 2). STZ-induced diabetic rats treated with PSE (group 111) showed significant
increase (P<0.001) in pancreatic GSH by 29% as compared to non-treated diabetic rats but there was significant
difference (P<0.001) in group 11 as compared to control group (table, 2).

11. Histological results:
A. H&E results

Pancreatic sections from control rats (group I) showed islets of Langerhans that appear as lightly stained
area in-between the darkly stained exocrine acini. Cells of the islets are crowded and separated by blood capillaries.
Most of the central cells which are mostly beta cells are polyhedral with rounded nuclei. The islet is closely related
to the pancreatic acini with no detectable space in-between (Fig. 1).

Pancreatic sections from diabetic rats (group Il) showed distorted islet of Langerhans with decreased
cellular density, increased intercellular space as well as wide separation between islets of Langerhans and the
surrounding pancreatic acini with the presence of many apoptotic cells (Fig. 2a). Congestion as well as destruction
in the wall of blood capillaries with blood extravasation is also seen (Fig. 2b). There are two small islets which are
formed of few cells where the islets are surrounded with pancreatic acini (Fig. 2c).

Pancreatic sections from diabetic rats treated with PSE (group I11) showed islets with the surrounding acini.
Islets are formed of crowded cells with no wide spaces between them. Most of islets’ cells appear normal.

Apparently normal blood capillaries are also noted (Fig. 3).

B. Insulin immunohistochemical stained results:
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Islets of Langerhans in the pancreatic sections from control rats (group 1) showed positive immunostaining for
insulin in almost all central islets” B-cells. Insulin immunostaining appeared as diffuse brown cytoplasmic deposits.
Cells at the periphery of the islets showed negative reaction (Fig. 4). The diabetic rats (group Il) showed reduced
insulin expression in the islets (Fig. 5). While diabetic rats treated with PSE (group I11) revealed diffuse positive
insulin immunoreactivity within the cells of the islets of Langerhans (Fig. 6).

Morphometric results

As shown in table (3), the mean area percent of insulin immunoreactivity was significantly decreased
(p<0.001) in diabetic group (group Il) as compared to control group. Diabetic rats treated with PSE (group III)
showed significant increase (p<0.001) in the mean area percent of insulin immunoreactivity as compared to diabetic
non-treated rats with non-significant difference (p>0.05) between group I11 and the control group (table, 3).

Table (1): Sequence of all primers used in the experiment

Parameter Primer sequence PCR product (bp)
NF- kB F: 5 TACCATGCTGTTTTGGTTAC 3' 208
R: 5' TCAAGCTACCAATGACTTTC 3'
TGF-B F: 5" AGCCTGTGGGGCTATATGAC 3' 760
R: 5' CTTGGCAGCTCAACTCTCTG 3'
MMP-2 F: 5-CTTTGCAGGAGACAAGTTCTGG-3 701
R: 5-TTAAGGTGGTGCAGGTATCTGG-3
B-actin F:5>TCACCCTGAAGTACCCCATGGAG3?’ 150
R:5’TTGGCCTTGGGGTTCAGGGGG3

Table (2): Effects of PSE treatment on different biochemical parameters in diabetic rats

Parameters Control Diabetic Diabetic+PSE
Group | Group 11 Group 111

Fasting plasma glucose (mg/dl) 86.05+4.98 291.6+8.16* 170.16+12.09™*

Plasma Insulin (1 U/ml) 22.38+3.46 16.2+1.16** 26.04+5.9°%

Pancreatic NF-k B gene 583+9.67 992.5+8.46* 765.6+9.9™

(pg/gm tissue)

Pancreatic TGF-p gene 347.16+5.49 879.16+6.91* 4775424

(pg/gm tissue)

Pancreatic MMP-2 gene 323.8348.13 722.66+9.62* 580.1+6.96™*

(pg/gm tissue)

Pancreatic GSH (pg/gm tissue) 52.4+1.38 36.16+1.72* 46.78+1.5™

Values are expressed as means + SD (n = 10 each group). PSE: pomegranate seed extract, NF-kR3: nuclear factor
kappa beta, TGF-B: transforming growth factor-beta, MMP-2: matrix metalloproteinase-2, GSH: reduced
glutathione. Analysis of variance (ANOVA) followed by Tukey-Kramer analysis was used for the comparison
between the groups.

*p<0.001, **p<0.05 vs control group
#p<0.001, ¥ p<0.01 vs diabetic group
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Table (3): The mean area percent of insulin immunostaining in the studied groups

Groups Mean area percent of insulin
Control (Group 1) 23.79+2.77

Diabetic (Group I1) 6.84+1.57*

Diabetic +Pomegranate treated (Group I1) 20.92+1.90**

Values are expressed as means + SD (n = 10 each group). Analysis of variance (ANOVA) followed by Tukey-
Kramer analysis was used for the comparison between the groups.

*p<0.001 vs control group

**p<0.001 vs diabetic group

Fig. 1: Photomicrographs of a pancreatic section from a control rat (group 1) showing an islet of Langerhans that appears as lightly
stained area in-between the darkly stained exocrine acini (A). Cells of the islet are crowded and separated by blood capillaries
(arrowheads). Most of the central cells which are mostly beta cells are polyhedral with rounded nuclei (arrows). Note that the islet is
closely related to the pancreatic acini with no detectable space in-between. H&E X400.

Fig. 2a: Photomicrographs of a pancreatic section from a diabetic rat (group I1) showing distorted islet of
Langerhans with decreased cellular density, increased intercellular space(X)as well as wide separation (; i)
between islet of Langerhans and the surrounding pancreatic acini (A) with the presence of many apoptotic
cells (arrows). H&E X200.

Fig. 2b: Photomicrographs of a pancreatic section from a diabetic rat (group Il) showing distorted islet of
Langerhans () that is surrounded with pancreatic acini (A). Congestion (arrowheads) as well as destruction
in the wall of blood capillaries with blood extravasation (spiral arrow) is also seen. H&E X400

Fig. 2c: Photomicrographs of a pancreatic section from a diabetic rat (group I1) showing two small islets (I)
which are formed of few cells. The islets are surrounded with pancreatic acini (A). H&E X200.
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Fig. 3: Photomicrographs of a pancreatic section from a diabetic rat treated with pomegranate seed extract
(group 1) showing an islet with the surrounding acini (A). Islet is formed of crowded cells with no wide
spaces between them. Most of islets’ cells appear normal. Apparently normal blood capillaries are also noted
(arrowheads). H&E X400

Fig. 4: A photomicrograph of a pancreatic section from a control rat (group 1) showing an islet surrounded
with pancreatic acini (A). Almost all central islets’ p-cells show positive immunostaining for insulin. Insulin
immunostaining appears as diffuse brown cytoplasmic deposits (arrows). Cells at the periphery of the islets
show negative immunoreaction (arrowheads). Insulin immunostaining X400
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Fig. 5: A photomicrograph of a pancreatic section from a diabetic rat (group I1) showing an islet surrounded
with pancreatic acini (A). Reduced insulin expression (arrows) within the islet with increased area of negative
immunoreactivity (arrowheads) is seen. Insulin immunostaining X400

Fig. 6: A photomicrograph of a pancreatic section from a diabetic rat treated with pomegranate seed extract

(group I11) showing an islet of Langerhan surrounded with pancreatic acini (A). Diffuse positive insulin

immunoreactivity (arrows) within the islet is seen, while its periphery shows negative immunoreaction

(arrowheads). Insulin immunostaining X400
»

Discussion

Streptozotocin is the most usual applicable substance for induction of experimental diabetes mellitus
(Szkudelski, 2001). In the present study, a single intraperitoneal injection of STZ (50 mg/kg body weight) leads to
development of diabetes in rats manifested by hyperglycemia and hypoinsulinemia 4 weeks after STZ injection in
STZ treated diabetic rats compared to control rats. STZ is a nitrosourea compound which specifically induces DNA
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strand breakage in B-cells causing diabetes mellitus (Lenzen, 2008). This leads to insulin deficiency which in turn
increases the blood sugar level. The changes in blood glucose and insulin concentrations reflect abnormalities in B-
cell function as stated by Bedoya et al. (1996).

In our study, PSE treatment in diabetic rats for 4 weeks significantly reduced STZ-induced high blood
glucose levels, and significantly elevated plasma insulin levels as compared to non-treated STZ diabetic rats. These
findings suggest a significant antihyperglycemic effect of PSE in diabetic rats which are in agreement with the
findings of Das et al. (2001) where they found that PSE led to significant reduction of blood glucose in STZ induced
diabetes in rats. On the contrary, pomegranate seed did not exert significant hypoglycemic effect in alloxan induced
diabetic rats as stated by Jelodar et al. (2007). They explained this apparent discrepancy between pomegranate seeds
and their extract as possibly due to a compound in pomegranate seeds with hypoglycemic effects that, in extract
form, was more concentrated and therefore more effective in lowering blood sugar than the seed form.

The antidiabetic effect of the seed of pomegranate may be, partly, due to their positive effect on glycogen
synthesis in liver, skeletal muscle and heart muscle, and partly, due to the insulin-like or insulin releasing action of
the ingredients present in the seed of the plant as stated by Das and Sarma (2009). Known compounds in
pomegranate seed, such as ellagic, gallic and ursolic acid, have been identified as having anti-diabetic actions
(Banihani et al., 2013). Also, the presence of one or more bioactive antihyperglycemic principles, such as
flavonoids, isoflavones, and their synergistic effects (Manoharan et al., 2009) are known to be natural antioxidants
and thus protecting the existing B-cells from dying by their free radical scavenzing action (Kaneto et al., 1999). The
increased plasma insulin levels in pomegranate treated diabetic rats in the present study suggested that the PSE
might have stimulated insulin secretion from surviving pancreatic $-cells and thus blood glucose is controlled.

In the current study, STZ treated diabetic rats showed significant increase in NF-k mRNA expression in
the pancreas determined by RT-PCR compared to control rats. The previous findings are in accordance with those of
previous studies where Ho et al. (2000) demonstrated that in mice, STZ treatment results in NF-kp activation in the
pancreas. Also, Kwon et al. (2006) revealed increased NF-«xf binding activity in pancreatic nuclear extracts derived
from STZ-treated hyperglycemic diabetic mice as assayed by using gel mobility shift assays.

Streptozotocin enters the pancreatic f-cell via glucose transporter-GLUT?2 and causes diabetes by inducing
DNA alkylation (Szkudelski, 2001). In addition, STZ destroys islet cells through several other mechanisms,
including the production of reactive oxygen species (ROS) and nitric oxide (Kwon et al., 2006), activation of
pancreatic NF-«kf (Eldor et al., 2006), and induction of pronounced immune and inflammatory responses (lwakiri et
al., 1990). As a result of the STZ action, B cells undergo destruction by necrosis (Szkudelski, 2001).

The transcription factor, NF-«xp participates in the transcriptional regulation of pro-inflammatory genes,
such as inducible nitric oxide synthases, cyclooxygenase-2 and tumor necrosis factor (TNF)-.a, that contribute to 3-
cell destruction and their activation results in the production of pro-inflammatory mediators (Blackwell and
Christman, 1997). NF-xf can be activated by STZ, ROS (Adcock et al., 1994) and cytokines, such as interleukin- 1
B, TNF-.0. and interferon gamma. In B cells NF-kf activation can also be triggered by glucose (Maedler et al., 2002).
NF-kp is initially located in the cytoplasm as an inactive form complexed with Ikp, an NF-kf inhibitory factor.
However, various inducers cause this complex to dissociate, presumably via the phosphorylation of Ikp, thereby
allowing NF-kp to be released from the complex. NF-«f then translocates to the nucleus, where it interacts with its
DNA recognition sites to mediate gene transcription (Melloul, 2008) and eventually leads to islet cell death (Hayden
and Ghosh, 2004).

The current study showed that PSE treatment in diabetic rats significantly reduced pancreatic NF-kf
MRNA expression compared to non-treated diabetic rats which are in agreement with the following studies.
Aggarwal and Shishodia (2004) reported that the pathway that activates the transcription factor NF-xf3 can be
interrupted by phytochemicals as pomegranate (ellagic acid). It has also been found that dietary punicic acid, which
is a conjugated linolenic acid isomer and a component of pomegranate seed, decreases fasting plasma glucose
concentrations, improves the glucose-normalizing ability and suppresses NF-« activation (Hontecillas et al., 2009).

In the current study, STZ treated diabetic rats showed significant increase in pancreatic TGF- gene

expression compared to control rats. TGF-B, in addition to stimulating the deposition of increased amounts of
extracellular matrix, is also known to regulate cell growth, differentiation, and function in the pancreas ('Y oshikawa
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et al., 2002). TGF-B regulates these cellular processes by binding to cell-surface receptors types which are linked to
serine-threonine protein kinases and after ligand stimulation; intracellular signaling is initiated via transcription
factors known as SMADs (Attisano et al., 1993; Heldin et al., 1997). TGF-p/Smad3 signaling regulates genes
involved in B-cell function whereas loss of TGF-B/Smad3 signaling was accompanied by activated insulin receptor
signaling and increased gene expression of factors that promote B-cell function. In contrast, amplified TGF-f
signals repressed expression of genes that promote insulin biosynthesis, pro-insulin processing, glucose sensing,
glucose metabolism, incretin signaling, insulin exocytosis, and glucose stimulated insulin secretion (Lin et al.,
2009).

In the present study, diabetic rats treated with PSE for 4 weeks showed significant decrease in pancreatic
TGF-B gene expression compared with non-treated diabetic rats. Previous studies have demonstrated a close
relationship between NF-kB and TGF-B signaling pathways where NF-xf can elicit TGF-B gene transcription
(Strauch et al., 2003). Thus in the present study PSE inhibition of pancreatic TGF-p gene expression might be due to
inhibition of pancreatic NF-kf gene expression.

The current study showed that STZ treated diabetic rats led to significant increase in pancreatic MMP-2
gene expression as compared to control rats. Matrix metalloproteinases constitute a family of secreted or
transmembrane proteins that degrade extracellular matrix proteins (Vu and, Werb, 2000) and are normally expressed
in islets (Barro et al., 1998).) The mRNAs for MMP-2, -12, and -14 were greatly increased in the Zucker diabetic
fatty rat's islets, and these increases are contemporaneous with the onset of B-cell dysfunction and diabetes (Zhou et
al., 2005). They stated that MMPs limit expansion of B-cell mass since MMPs avidly cleave matrix proteins, and this
might interfere with critical cell-matrix interactions. MMPs may also degrade growth factors or receptors that are
required for B-cell survival and expansion.

The results of the present work revealed that PSE treatment significantly decreased pancreatic MMP-2 gene
expression in STZ treated rats compared to non- treated diabetic rats which might be due to significant decrease in
pancreatic TGF-$ gene expression since Ishihara et al. (1998) stated that TGF beta 1 induced in pancreatic duct cells
also induced MMP-2 in an autocrine or paracrine manner. Pomegranate seed has inhibitory effect on MMP-2 as
demonstrated by Afaq et al. (2009) who stated that pomegranate seed was able to inhibit UVB-induced expressions
of MMP-2 and MMP-9 activity in the EpiDerm.

This study showed significant decrease in the antioxidant parameter; GSH content, in the pancreas of STZ
treated rats compared to control rats. Both enzymatic and non-enzymatic antioxidant defense systems were impaired
in STZ-induced diabetic rats suggesting that these antioxidants are exhausted to combat the deleterious effects of
increased oxidative stress generated in STZ treated beta cells (Pavana et al., 2007). Pancreatic 3-cells are susceptible
to oxidative stress damage, which is generated by chronic exposure to high levels of glucose and toxic agents
because the islets express very low levels of antioxidant enzymes and activity causing pancreatic -cell dysfunction
and apoptosis (Sakai et al., 2003).

In the current work, PSE treatment in STZ induced diabetes in rats produced significant increase in the
antioxidant GSH content in the pancreas compared to non-treated diabetic rats. These results suggest an antioxidant
effect of PSE in diabetes which is not well studied as compared to literature. Meanwhile, previous authors reported
that extracts from pomegranate seed exhibit strong antioxidant activity (Singh et al., 2002; Wang et al., 2004 and
Gill et al., 2012). Pomegranate juice and seed extracts have 2-3 times the in vitro antioxidant capacity of either red
wine or green tea (Schubert et al., 1999; Gil et al., 2000). Pomegranate seed extracts are found to be a rich source of
polyphenolic compounds (flavonoids and tannins) which account for 92% of their antioxidant activities (Gil et al.,
2000), and has scavenging activity against oxygen free radicals.

In the present study, histological examination of pancreatic tissue from STZ diabetic rats revealed distorted
islet of Langerhans which was associated by the significant decrease in the mean area percent of insulin
immunoreactivity detected by immunohistochemical morphometric analysis. Meanwhile, PSE treatment in diabetic
rats prevented islet destruction and preserved islet architecture where most of islets’ cells appear normal in H&E
stained sections. This was accompanied with significant increase in the mean area percent of insulin
immunoreactivity in PSE treated diabetic rats compared to non-treated diabetic rats. These results suggested that
PSE has a protective effect against pancreatic islets damage and potentiate insulin secretion from surviving B cells of
the islets of Langerhans in an experimental model of diabetes which might be provided by repair/regeneration of the
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endocrine pancreas as stated by Shanmugasundaram et al. (1990). They reported that one of the mechanisms of the
hypoglycemic actions of plants is by increasing beta cells in the pancreas by activating regeneration of these cells.
On the contrary to these results, pancreas of diabetic rats treated with pomegranate seed showed close similarity to
diabetic untreated group in section stained with H&E as stated by Jelodar et al. (2007).

In conclusion, the results of the present study showed that PSE treatment has hypoglycemic effects,
prevented STZ-induced pancreatic R-cell damage and protects the B-cells from apoptosis and destruction in an
experimental model of diabetes in rats. These effects may be mediated through its antioxidant action and
suppression of TGF-p and MMP-2 genes expression in the pancreas via suppression of pancreatic NF-kf gene
expression. Thus PSE has could serve as an effective adjunct in the management of diabetes mellitus.
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