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Abstract

Diabetes and obesity are representing a major public health problem that is on rise
worldwide. In this work, a comparison study was occurred between normal control ones,
diabetic/obese animals group (without treatment), diabetic/obese rats group treated with
500mg pomegranate/kg b.wt by the aid of oro-gastric tube for one month and
diabetic/obese rats group treated with 400mg ginger/kg b.wt by the aid of oro-gastric tube
for one month to evaluate the alterations in the carbohydrate profile, lipids picture, heart
enzymes activity and cardiac markers associated with the changes in oxidative and
antioxidant status in the heart tissues due to experimentally initiation of diabetes/obesity
(DM/Ob). Initiation of diabetes/obesity was occurred in rats by the administration of both
streptozotocin/nicotinamide to induce diabetes and cholesterol/cholic acid to induce
obesity. Comparing to diabetic/obese rats group, significant corrections were occurred in
studied parameters after diabetic/obese rats treated by pomegranate or ginger for one
month. These findings are consistent with the concept that pomegranate or ginger is
hypoglycemic and hypolipidemic agents. The fundamental mechanisms of these properties
were explained with obtainable modern researches.

Keywords : Diabetes mellitus, Obesity, Pomegranate, Ginger, Rats.
1. Introduction

Advanced glycation end products (AGEs) are created by the Maillard process; a
non-enzymatic response between ketone cluster of the glucose or aldehydes and oxidation
of proteins, lipids and nucleic acids [1]. They are proficient of modulating various cellular
processes. Increment formation and accumulation of AGEs has been reported to occur in

conditions such as diabetes mellitus. Furthermore, AGEs may be a major reason in the
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progress of metabolic complications rate in diabetes. Moreover, AGEs are formed and
elevated permanently in the body according to the concentration of sugar in blood and
degree of disease as illustrated in (Figure 1) [2]. Recently, the correlation between the
increment of AGEs and pronouncing cardio-vascular complications in diabetes was

postulated by several authors [3,4,5]
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Figure 1. illustrated the formation of AGEs.

Alternative medicine (Traditional medicine) comes from the Egyptians, Chinese,
Indians, Greeks and Romans around about 4000BC. The antioxidant activity of herbs has
been extensively researched aspect. This action may be due to the great amount of phenolic
compounds in herbs [6]. Herbs and their constituent compounds can act through certain
actions as raising the activities of endogenous protective enzymes, shielding DNA from
free radical-induced structural destruction and encourage the self-damage of aberrant cells
(apoptosis) as well as decreasing tumor growth. Some authors reported that the ability of
herbs to act as cardiovascular protective agents (hypoglycemic, hypolipidemic, anti-platelet

aggregation and anti-thrombotic). They also pointed to that some herbs and their
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components possess anti-inflammatory role by stopping the progress of many chronic

diseases and health troubles due to the increment of free radicals production [7].

Pomegranate (Punica granatum L.) is usually cultured in Asia, Mediterranean area
and Southwest of America [8]. Numerous investigations noted enhancement in diabetic
patients after intake of pomegranate juice. These improvements may be attributed to the
decline in the oxidative status and inflammation [9,10]. Pomegranate is contained several
polyphenols and antioxidant agents which have the ability to stimulate B-cells to secrete
insulin [11]. Some authors evaluated the anti-diabetic effects of pomegranate [12,13]. They
explained these data to the activities of polyphenols and antioxidant agents in pomegranate
by declining oxidative stress and formation of lipid peroxidation as well as decreasing
nuclear factor kappa-B (NF-«p) activity [14,15]. Furthermore, several authors demonstrated
the presence of polyphenols [gallotannins, ellagitannins (2,3-hexahydroxydiphenoyl and
4,6 gallagylglucoside), gallagyl esters, hydroxycinnamic acids and hydroxybenzoic acids,
gallic acid, ellagic acid, caffeic acid, chlorogenic acid, p-coumaric acid, aglycone, and
ferulic acid], anthocyanosides [cyanidin-3-glucoside, cyanidin-3,5-diglucoside, cyanidin 3-
rutinoside,  cyanidinpentoside,  delfinidin-3,5-diglucoside,  delfinidin-3-glucoside,
pelargonidin-3-glucoside and pelargonidin-3,5-diglucoside], flavonols and flavones
[catechin, epicatechin, gallocatechin, kaempferol, quercetin and apigenin], alkaloids
[pseudopelletierine, pelletierine, isopelletierine, methylpelletierine, 1-pelletierine, dl-
pelletierine and methylisopelletierines], organic acids [citric acid, L-malic acid, oxalic acid,
ascorbic acid, quinic acid, fumaric acid, tartaric acid and succinic acid], lignans (furofuran,
dibenzylbutyrolactone and dibenzylbutane), minerals (Ca, P, K, N, Mg & Na) and active
steroid components in pomegranate by using HPLC and LC-MS/MS analysis [16,17].

Ginger (Zingiber officinale) is generally used as a spice. In ancient, ginger rhizome
is usually used as a herbal medicine [18]. It contains several vitamins, minerals and
proteolytic enzymes. Several authors postulated a remarkable decline in the oxidative stress
in diabetic rats after treated with ginger [19,20]. They explained these data to the
hypoglycemic and hypolipidemic properties of ginger. In diabetic rats treated with ginger, a
considerable decline in the serum glucose, cholesterol, and triacylglycerol concentrations
associated with elevation in serum HDL-cholesterol levels when compared with diabetic

rats (without treatment) were recorded [21,22,23]. Some authors were identified several
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compounds in ginger such as; gingerols, shogaols, paradols, dihydroparadols, 3-
dihydroshogaols, acetyl derivatives of gingerols, gingerdiols, mono- and di-acetyl
derivatives of gingerdiols, 1-dehydrogingerdiones, diarylheptanoids, zingiberene,
phellandrene and methyl ether derivatives of some of these compounds as well as (4,6,7,8
&10)-gingerols [24,25].

This study was undertaken to get medicinal utility of pomegranate or ginger on
diabetic/obese rats and their capacity to decrease the dual impact of the existence of

diabetes and obesity which lead to multi-organs dysfunction in rats.
2. Material and Methods
2.1 Chemicals and Herbs

Streptozotocin (STZ), nicotinamide (NT) and cholic acid were bought from Sigma-
Aldrich (St. Louis, MO, USA). Cholesterol was purchased from EI-Nassr Pharm.Co.,
Egypt. Pomegranate powder was purchased from Kanegrade, Ltd Ingredients House Caxton
Way, Stevenage Hertfordshire, England. Ginger was procured in the form of 30 tablets each
contained 400mg ginger (MEPACO Company, Enshas, Sharkeya, Egypt).

2.2 Plant material

200ml boiling distilled water was added to 3gm powder pomegranate, left it for 10
minutes, and filtered. The filtrate was dried at 40-45CO0 in the incubator. The chemical and
structural composition of pomegranate peels powder consists of (total phenols 15,05g,
ellagic acids 2,89 g, punicalagin 3,05, gallic acid 0,89g, chlorogenic acid 0,02, coumaric
acid 0,047g)/100g of dry matter.

10 gm of ginger powder were soaked in 100ml [10%] hot water [88 Co] in awater
bath for 6 h. Then ,itis filtered by capron silica cloth 150 p. The filtrate was stored in dark
bottles in the refrigerator at [4Co].

2.3. Ethical Approval

The study was approved by the Ethics Committee of and the animals were kept in

accordance with the University guidelines on the use and care of animals in research.
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2.4. Animals

This work was carried out on forty adult male albino rats (Rattus rattus) as a rat
model for induction of diabetes and obesity together. The animals were obtained from the
Serum and Antigen Laboratories at Helwan with an average weight of 140+10g and 12+1
weeks of age. They were allowed seven days pre-experiment period to acclimatize the
laboratory conditions in order to avoid any complications along the course of' the
experiment. The animals were caged in wire bottom galvanized metal wall boxes under
controlled environmental and nutritional conditions (25°C and 55-60% relative humidity).
They were fed on a standard laboratory animal diet according to NRC [26]. Food and fresh
tap water was available and replenished daily. All animal procedures were conducted in
accordance with the standards set forth in the guidelines for the care and use of
experimental animals by the Committee for the Purpose of Control and Supervision of

Experiments on Animals and the National Institutes of Health-Ain Shams University.
2.5. Experimental design and Protocol

The animals were randomly divided into two main divisions. In the first division,
ten rats were fed on a standard rodent ration (basal diet) only and served as normal control
group (Group 1). While, the second division of animals (thirty rats) was fed on a basal diet
supplemented with 2% dietary cholesterol together injected with cholic acid (I/M) for one
month to induce obesity associated as described by Beynen et al. [27]. At the same time,
the animals in this division were also injected intraperitoneal (i.p) with 60mg streptozotocin
(STZ)/kg b.wt as a single dose which freshly dissolved in cold citrate buffer, pH 4.5. After
15min of STZ injection, animals were injected i.p by 110mg nicotinamide/kg/b.wt.
(prepared in normal saline) to induce diabetes mellitus type-2. The rats were considered to
be diabetic if their serum glucose levels were more than 250 and less than 300mg/dL. This
model was created by Masiello et al. [28] and confirmed by several authors [29,30]. This
animals group was served as diabetic/obese (DM/ODb) rats. After one month of induction
diabetes/obesity in the animals, the DM/Ob rats were further divided into 3 equal groups,

10 rats for each.

Group (2): the animals group was not further treated for another one month and served as

recovery diabetic/obese (DM/QODb) rats group.
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Group (3): DM/Ob animals group was received 500mg pomegranate/kg b.wt/day by the aid
of oro-gastric tube for one month as described by several authors [31,32]. This rats group
served as DM/Ob+P group.

Group (4): DM/Ob rats group was received 400mg ginger/kg b.wt/day by the aid of oro-
gastric tube for one month to previously mentioned methodology [33]. This rats group

served as DM/Ob+G group.
2.6. Tissue and Blood sampling

At the end of investigational time, rats were slightly anaesthetized by diethyl ether.
Blood samples were collected from the heart in clean dry test tubes containing ethylene
diethyl tetraacetic acid (EDTA). Other blood samples left to clot and centrifuged at 10,000
rpm for 20 minutes to obtain sera. Sera were separated and kept at -20°C for the
biochemical parameters. After sacrifice, hearts were removed, washed with cool saline
solution (0.9% NaCl) and kept at -80°C till assessments.

2.7. Biomarker Analysis

Serum concentrations of glucose, total cholesterol (T-Ch), triglycerides (TG), high-
density lipoproteins-cholesterol (HDL-Ch), low-density lipoproteins-cholesterol (LDL-Ch),
creatine kinase (CK), creatine kinase-MB (CK-MB), lactate dehydrogenase (LDH) and
aspartate aminotransferase (AST) were determined using commercial kit purchased from
Spainreact (Santa Coloma, Spain) and adopting the instructions supplied by the
manufacturer. Serum rat levels of C-peptide, glycation end products (GEPS), resistin (Res),
leptin (Lept), adiponectin (Adp), heart-fatty acid binding protein (H-FABP) and endothelin-
1 (ET-1) as well as rat glycated haemoglobin (HbA1C) concentration in blood were
measured using a solid phase enzyme linked immunosorbent assay (ELISA) and following
the manufacturer instructions. These commercial rat kits were procured from CUSABIO
Technology LLC., USA. Serum total nitric oxide (TNO) level was determined by the aid of
commercial kit bought from BioVision Inc., Milpitas, USA, following the instruction of
manufacturer. Moreover, glutathione (GSSG/GSH), superoxide dismutase (SOD), catalase
(CAT) and malondialdenyde (MDA) concentrations were estimated in heart tissues
according to manufacturer instructions. These commercial kits were purchased from Cell
BioLabs, Inc., USA.
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2.8. Statistical analysis

The obtained data in the different groups were statistically compared by ANOVA
(one way analysis of variance) followed by Duncan's multiple range tests to evaluate the
alterations in the studied parameters as a result of induction DM/Ob in rats as well as to
estimate the enhancement roles of pomegranate or ginger on diabetic/obese rat groups.
These data were expressed as mean+SE and significance was defined as P<0.05. Statistical

analyses were calculated using computerized SPSS program (Windows Version, 20).
3. Results
3.1. Carbohydrate profile

The induction of DM/Ob in rats caused a significant (p<0.05) increment in the
serum levels of glucose, and HbA1C (Table 1). While, C-peptide level was remarkable
declined as a result of induction DM/ODb in rats. Moreover, considerable improvements
were occurred in the levels of the serum glucose, C-peptide as well as HbA1C
concentrations in DM/Ob rat groups which treated with pomegranate or ginger for one
month. The best improvements were recorded in all studied pervious parameters in DM/Ob

rats group after treated with 500mg pomegranate/kg b.wt/day for one month (Table 1).

Table (1): The therapeutic role of pomegranate or ginger on carbohydrate profile in
DM/Ob rats after one month.

Groups Control Recovery Pomegranate Ginger

Parameters

Glucose (mg/dL)  123.56+0.591 D 324.62+4.167 A 177.24+2.430 C 251.12+2.056 B

HbA1C (ng/ml) 4.298+0.053 D 7.459+0.072 A 5.318+0.040 C 6.068+0.047 B

C-peptide (ng/ml) 10.612+0.042 A 5.174+0.037 D 7.410+0.041 B 6.118+0.055 C

- Data are expressed as means + standard error (SE) for 10 rats/group.

- A,B,C,D in each parameter means significant different (P<0.05).
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3.2. Advanced glycation end products analysis (AGES)

The induction of DM/Ob in rats caused a significant (p<0.05) increment in the
serum levels of AGEs (Figure2). Moreover, considerable improvements were occurred in
the levels of the serum AGEs in DM/Ob rat groups which treated with pomegranate or
ginger for one month. The best improvements were recorded in DM/Ob rats group after

treated with 500mg pomegranate/kg b.wt/day for one month ( Figure 2).

OControl MRecovery EGinger BPomegranate

25 7

ng/ml
S

S W

Four weeks

Glycation end product

Fig. 2: Effect of ginger and pomegranate on the concentration of advanced glycation end
products (AGESs)in DM/Ob rats.

3.3. Lipid profile

A significant (p<0.05) elevation in serum levels of T-Ch, TG, HDL-Ch, LDL-Ch,
Res and Lept were occurred as a result of induction DM/Ob in rats compared to their
corresponding control rats group (Table 2). On the other hand, the serum concentration of
Adp was considerable decreased in DM/Ob rats group compared to control ones (Table 2).
However, considerable enhancements were recognized in serum T-Ch, TG, HDL-Ch, LDL-
Ch, Res, Lept and Adp levels of DM/Ob rat groups after treated by pomegranate or ginger.
The greatest correction was obtained in the previous parameters after DM/Ob rats group
which received 500mg pomegranate/kg b.wt/day for one month (Table 2).
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3.4. Heart profile

The induction of DM/Ob in rats was caused a significant (p<0.05) increment in the
serum activities of CK, CK-MB, LDH and AST as well as considerable elevation in serum
H-FABP and ET-1 levels (Table 3). While, a remarkable decreased in the serum TNO
levels in DM/ODb rats was observed compared to normal control animals group (Table 3).
The supplementation of pomegranate or ginger to DM/Ob rat led to remarkable correction
in the previous parameters (Table 3). The maximum amelioration was obtained in these
studied parameters after DM/Ob rats group treated with 500mg pomegranate/kg b.wt/day
for one month (Table 3).

Table (2): The therapeutic role of pomegranate or ginger on lipid and hormone
profiles in DM/Ob rats after one month.

Groups Control Recovery Pomegranate Ginger

Parameters

Total Cholesterol 55.328+0.229 D 101.24+0.896 A 77.743+0.659 C 92.267+0.703 B
(mg/dL)

Triglycerides (mg/dL) 66.541+0.418 D 122.64+0.764 A 82.386+0.905 C 110.881+0.712 B

HDL (mg/dL) 15.226+0.095 D 20.488+0.159 A 16.262+0.113 C 18.924+0.127B

LDL (mg/dL) 26.794+0.169 D 56.224+0.348 A 45.004+0.267 C 51.167+0.309 B

Resistin (pg/ml) 3.376+£0.028 D  8.409+0.059 A  6.458+0.037 C  7.314+0.046 B

Leptin (ng/ml) 287.9+1.821 D 604.28+3.247 A 454.68+2.667 C 586.2+2.421 B

Adiponectin (ng/ml)  9.106+0.083 A 6.484+0.047 D 7.901+0.062 B  6.948+0.056 C

- Data are expressed as means + standard error (SE) for 10 rats/group.

- A,B,C,D in each parameter means significant different (P<0.05).
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Table (3): The therapeutic role of pomegranate or ginger on heart profile in DM/Ob

rats after one month.

Groups Control Recovery  Pomegranate Ginger

Parameters

Creatine kinase (U/L) 94.871+0.468 D 221.56+1.948 150.46+0.903 C 185.58+1.948 B
A

Creatine kinase-MB  14.923+0.072 D 27.018+0.289 19.564+0.152 C 23.958+0.194 B
(U/L) A

Lactate dehydrogenase 237.62+1.194 D 502.65+3.407 385.64+2.313 C 472.3+2.561 B

(U/L) A
Aspartate 121.88+1.063 D 229.08+3.124 161.04+1.432 C 212.61+2.447 B
aminotransferase (U/L) A

H-FAPB (ng/ml)  15.314+0.247 D 40.634+0.953 23.454+0.426 C 33.264+0.714 B
A

Endothelin-1 (pg/ml)  0.386+0.002 D 0.893+0.011 A 0.499+0.008 C 0.759+0.005 B

Total nitric oxide  56.679+0.784 A 35.196+0.317 49.998+0.602 B 41.572+0.429 C
(nM/ml) D

- Data are expressed as means + standard error (SE) for 10 rats/group.

- A,B,C,D in each parameter means significant different (P<0.05).
3.5. Oxidative stress and antioxidant enzymes status

In relation to the normal control rats group, a significant (p<0.05) decrease in the
activities of heart GSH, GSSG, SOD and CAT were reported in DM/Ob rats compared to
control rats group (Table 4). In contrast, the induction of DM/Ob in rats caused a
significant (p<0.05) elevation in the heart MDA level (Table 4). The treatment of DM/Ob

rats with pomegranate or ginger led to considerable correction in the heart GSH, GSSG,
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SOD, CAT and MDA concentrations. The highest improvements were recorded in these

parameters after the DM/QODb rats group treated with pomegranate as shown in Table (4).

Table (4): The therapeutic role of pomegranate or ginger on heart antioxidant and

lipid peroxidation status in diabetic/obese rats after one month.

Groups Control Recovery Pomegranate Ginger

Parameters

GSH (uM/mg  13.976+0.076 A 9.428+0.151 D  12.094+0.284 B 11.028+0.125C

protein)

GSSG (uM/mg 0.0114+0.00029A 0.0081+0.00022D 0.0099+0.00026B 0.0087+0.00023C

protein)

SOD (U/mg  132.16+0.458A 72.218+0.581D 99.716+0.823B  77.098+0.569C

protein)

CAT (U/mg  53.086+0.453A 31.376+0.349D 42.554+0.4178B 36.168+0.387C

protein)

MDA (UM/mg 10.204+0.047D 28.172+0.317A  15.168+0.298C  23.336+0.260B

tissue)

- Data are expressed as means + standard error (SE) for 10 rats/group.

- A,B,C,D in each parameter means significant different (P<0.05).
4. Discussion

Cardiovascular damage in diabetic patients is dependent on the kind of diabetes
mellitus. This damage includes macrovascular complications (cardiovascular disease)
or/and microvascular complications (chronic kidney disease, neuropathy and retinopathy)
in patients [3,4]. The mechanisms are not entirely clear diabetic/obese peoples. In both rats
and mice models as well as inadequate data from some investigations conducted in humans
confirmed a dysfunction in hepatic insulin receptor (number and activity) causing
destruction in pathway of insulin signaling [2] associated with lipid metabolic disorders by

formation of ceramides and diacylglycerols [4]. Both ceramides and diacylglycerols can
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inhibit proximal insulin signaling through phosphorylation of insulin receptor substrate and
disturbance in the activities of protein C kinase, protein kinase-p, and phosphoinositide-3-
kinase [1,4]. The alterations in ceramides and diacylglycerols are recognized in both

diabetic and obese patients [2,34].

Advanced glycation end products (AGESs) are diverse compounds and resultant from
Maillard reactions [5,35]. The formations of AGEs in diabetic patients lead to pronouncing
DM complications. These complications are obtained from the interactions between bi-
product of carbohydrate with protein, lipids, or nucleic acids. These interactions cause
destruction in structural and function of different macromolecules and lead to increment of
oxidative stress and appearance of inflammation as well as endothelial injure [36]. So, the
elevation of oxidative stress is considered the main mechanism leading to cardiovascular
diseases in diabetic/obese patients [2,3]. In hyperglycemia, NADPH-oxidase is activated
also, superoxide anions undergo a series of reactions to produce excessive ROS and

oxidative stress [1,4].

In cases of diabetes with cardiovascular diseases, both oxidative stress and
inflammation are promoted [1,3]. These authors reported that the formation of ROS is
directly or indirectly led to the increment of several factors (nuclear factor kappa-p (NF-
k), transforming growth factor-p (TGF-3) and changes in the activities of protein kinase-C
and mitogen-activated protein kinase. Furthermore, the evolution of cardiovascular diseases
in diabetic patients may be due to the elevation in the levels of pro-inflammatory cytokines
(tumor necrosis factor-a and interleukin-6). The over-expression genes of these cytokines
can lead to promotion of cardiac fibroblast proliferation, elevation in collagen synthesis and
finally developing of myocardial fibrosis.

Atherosclerosis is a serious syndrome and usually associated with hyperglycemia,
and dyslipidemia. The development of atherosclerosis may be due to the increment of both
ROS and AGEs formations associated with imbalance in autonomic and genetic factors
[37]. It is supposed that the adipose tissue initiates obesity as a result of inflammation and
endothelial dysfunction with over-expression genes of adhesion molecules (ICAM-1,
VCAM-1, P-selectin and E-selectin) as well as changes in T-lymphocytes and monocytes

[38]. In both diabetes and obesity, the progress of oxidative stress and increment of
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inflammation guide to pronounce of vascular endothelial dysfunction. Also, the elevation of
inflammation increases leukocyte adhesion. The progress in leukocyte adhesion led to
destruction in endothelial signal transduction and redox regulated transcription factors
linked with decreasing in NO production and developments of microvascular complications
[35]. Moreover, several factors can clarify endothelial dysfunction in diabetes such as
hyperglycemia, hyperlipidemia and hyperhomocysteinemia [39,40]. Elevation in the
endothelin-1 (ET-1) level can be seen in diabetic/obese patients with pronouncing of

cardiac diseases and abnormalities in vascular reactivity [4,41,42].

In the current study, administration of a STZ/NA and cholesterol/cholic acid to
induce diabetes mellitus and obesity in rats caused a significant (p<0.05) increment in the
levels of glucose, AGEs and HbA1C (Table 1). These data may be attributed to the
elevation in the hepatic diacylglycerol content, reduction in GSH pool in the hepatocytes
and the activities of glyoxalase-l and glyoxalase-11 and changes in the levels of circulating
adipocytokines (leptin and resistine). Similar results were obtained by several authors
[4,42]. They recorded a remarkable decline in both glucose transporters and insulin
receptors, elevations in the pro-inflammatory cytokines (TNF-o, IL-1B and IL-6) and

changes in Toll-like receptors (TLRs) in diabetic patients.

On the other hand, a considerable decline in the serum C-peptide level was recorded
in DM/Ob rats group comparing to corresponding control rats group (Table 1). These data
may be also due to the achievement of STZ (diabetogenic agent) causing injury in the
pancreatic B-cells coupled with extensive DNA injury led to hyperactivity of PARP-1,
severe exhausting in NAD™ and decreasing in ATP production linked with lessening in
mitochondrial aconitase activity and potential of mitochondrial membrane. These results
are matching with those obtained by Yamagishi & Imaizumi [43] and Perez-Burillo et al.
[44]. The last authors recognized these facts to the toxic effect of STZ on pancreas causing

minimizing in insulin secretion.

A remarkable elevation in serum concentrations of T-Ch, TG, HDL-Ch, LDL-Ch,
Res and Lept associated with a significant (p<0.05) reduction in Adp level were observed
in DM/Ob rats group compared to their corresponding control rats ones (Table 2). These

results may be due to increment of free radicals production, lipids peroxidation and de novo
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lipogenesis as well as mitochondria dysfunction. Furthermore, these data may be attributed
to the confusion in the neuropeptide hormones and negative shift in the hypothalamus-
pituitary-thyroid axis (HPTA) and. These data are in agreement with several researchers
[45,46,47]. The last investigators explained these data to the disturbance in carbohydrates

oxidation and glycogen activity and inhibition of insulin production.

As a result of induction DM/Ob in rats, the serum CK, CK-MB, LDH and AST
activities and the levels of H-FABP and ET-1 were elevated (p<0.05) significantly linked
with a remarkable decline in serum TNO level in DM/Ob in rats group comparing to their
corresponding control rats group (Table 3). These data may be due to the alterations in the
activities of protein kinase-f, mitogen activated protein kinases (MAPK) and
phosphoinosotide-3 kinase (PI3K) which led to appearance of apoptosis as a result of the
oxidative damage and inflammation associated with reduction in pattern of HDL-
cholesterol and creation of endothelial scavenger receptor class-B member-1 (SR-B1). So,
the excessive myocardial infraction was occurred as a result of increment ROS production,
inhibition in the activity of nitric oxide synathase and appearance of mitochondria
dysfunction. Judging from the existing data in this work, similar results were reported by
some researchers [48,49,50]. Moreover, several authors obtained analogous data in both

diabetic/obese patients and rat models with cardiac dysfunction or heart failure [50,51,52].

In this work, the induction of DM/Ob in rats led to a significant elevation in heart
MDA levels accompanied by a marked decrease in heart activities of GSH, GSSG, GPx,
SOD and CAT when compared with control rats group (Table 4). Parallel results were
reported by several authors [9] who noticed that STZ- diabetic rats in a dose level of
45mg/kg had a depressing effect on activities of SOD and CAT and increment in MDA
level. These data may be attributed to increase production of ROS which is implicated in
the development and progression of DM [45]. Also, Yan et al. [35] and Koch et al. [53]
noted that diabetes led to pronounce of cardiovascular complications in patients caused of
morbidity and mortality due to elevation in the productions of both ROS and AGEs.

In this investigation, the supplementation of 500mg pomegranate/kg b.wt daily for
30 days by the aid of oro-gastric tube in DM/Ob rats group led to a significant (p<0.05)
improvement in the all studied parameters according to the obtained data in Tables (1-4).
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These data were confirmed by several authors [9,10,44,45]. The last authors attributed these
results due to the existence of several antioxidant enzymes (sulfonylureas, glucosidase
inhibitors and dipeptidyl peptidase-4) and polyphenols compounds (meglitinides,
biguanides, thiazolidinediones and sodium glucose cotransporter-2 inhibitors). So,
sulfonylureas in pomegranate can bind to potassium-ATP channels leading to the influx of
calcium ions with increment of insulin secretion by B-cell in pancreas [47,54,55]. Also,
meglitinides in pomegranate can act on different pancreatic pB-cell receptors and increase
calcium ions influx to promote insulin releasing [54,55]. In addition, biguanides in
pomegranate can reduce gluconeogenesis in liver, decrease the absorption of glucose
molecule in intestine and increase insulin sensitivity of muscle tissues [46,47,55],
Furthermore, thiazolidinediones in pomegranate can act as substrate for binding of PPAR-
receptors which correct insulin sensitivity and hepatic glucose level [56,57]. Pomegranate
contains on sodium glucose cotransporter-2 inhibitors which can prevent glomerular
glucose reabsorption by inhibiting the sodium glucose cotransporter-2 [54]. Moreover,
dipeptidyl peptidase-4 (DPP-4) inhibitors in pomegranate can inhibit protease activity of

DPP-4 associated with correction in the levels of glucagons and insulin [55].

Additionally, the polyphenols in pomegranate enhance the activity of serum HDL
associated paraoxonase-1. This enzyme hydrolyzes lipid peroxides in oxidized-LDL and
converts them to a less atherogenic LDL by decreasing the concentration of oxidized-LDL.
It can be understood from the data that polyphenols in pomegranate decline the plasma
lipids levels as a result of induction diabetes in rats after administration of STZ. Hence,
there are direct effects of flavonoids on cholesterol metabolism and the activities of
hydroxymethyl glutaryl-CoA reductase and sterol O-acyltransferase [10,47,54]. The last
authors postulated that these enzymes are probably the reasons for the flavonoids effect on
cholesterol metabolism. Also, plant flavonoids can act as potent inhibitors of low density
lipoprotein (LDL) oxidation or of macrophage oxidation [45,46,47]. Sohrab et al. [10] and
Perez-Ramirez et al. [46] postulated that total polyphenol contents in pomegranate were
evaluated by gallic acid equivalents determination. They also pointed to the useful
polyphenols in pomegranate due to antioxidant potency, free radical scavenging capacity
and inhibition of LDL oxidation.
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As well, treatment of DM/Ob rats group with 400mg ginger/kg b.wt/day for 30 days
by the aid of oro-gastric tube led to a significant (p<0.05) enhancement in the all studied
parameters according to the obtained data in Tables (1-4). These results were confirmed by
numerous authors [20,56,57]. They attributed these effects to antidiabetic/anti-obesity
effects through multiple mechanisms that include; elevation of glucose, prostaglandin
inhibitory, induction of 5’ adenosine monophosphate-activated protein kinase
phosphorylation, promotion of GLUT4 translocation to plasma membrane, suppression of
advanced glycation end product formation as a result of increment of ROS levels in
pancreatic B-cells, enhancement of fibrinolytic activity, improvement of glucose
intolerance, regulation of gluconeogenesis and glycogenolysis and reduction of both
thermogenesis and lipids level.

The hypoglycemic effect of dietary ginger was confirmed by many studies
[20,21,25.56]. They attributed this effect to the bioactive components in ginger. These
components act on decreasing free radical formation in diabetes as well as reducing blood
glucose levels [25,56]. The last authors exposed that 6-gingerol in ginger has modulatory
effect on insulin release. Also, ginger riches with a- amylase and a-glucosidase. These
enzymes are keys in controlling carbohydrate metabolism and inhibit the formation of
hyperglycaemia in diabetes. These enzymes are found in ginger and also represented in
phenolic contents of gingerol and shogaol [20,24,25]. As well, ginger inhibits the
conversion of excess carbohydrates into TG by regulating the expression of carbohydrate
response element-binding protein. In addition, ginger contains on niacin which is a nutrient
component and plays as a potential active ingredient in lowering serum triglyceride level,
increasing clearance of VLDL. Niacin also enhances hepatic uptake of LDL and inhibits
cholesterol synthesis [19,20,21,22]. The last authors reported the beneficial treatment of
ginger on T-Ch and TG levels in STZ-induced diabetic rats. They attributed these results to
the bioactive components in ginger such as; gingerols, shogaols, zingerone, flavonoids and
paradols. These components act on the elevation the fecal excretion of cholesterol, obstruct
absorption of cholesterol in the gut and inhibition of cellular cholesterol synthesis as well
as the elevation in antioxidants activities (SOD and CAT) and reduction of MDA level due

to decrease in ROS formation.
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5. Conclusion

From the above cited data, it can be concluded that pomegranate and ginger are
hypoglycemic and hypolipidemic agents. In comparison, the obtained data in DM/Ob rats
group treated with pomegranate are better than those obtained in DM/Ob rats group treated
with ginger. These results may be due to strong and potential antioxidant components

presented in pomegranate than that existed in ginger.
1. Acknowledgements

We are thankful to Ain Shams University for providing laboratory conveniences.
This work was done in Faculty of women for Arts, Science and Education, Ain Shams

University, Egypt.

Funding This research received no specific grant from any funding agency in the

public, commercial, or not-forprofit sectors.
7.Conflicts of interest

conflict of interest Declared none.
References

[1] J.B. Cole, and J.C. Florez, Genetics of diabetes mellitus and diabetes complications, Nat
Rev Nephrol. 16: (2020) 377-390.

[2] K.Asadipooya, and E.M. Uy, Advanced glycation end products (AGESs), receptor for
AGEs, diabetes and bone: Review of the literature, J Endocr Soc. 3: (2019) 1799-
1818.

[3] J.Koska, A. Saremi, S. Howell, G. Bahn, B. De Courten, H. Ginsberg, H. P.J.
Beisswenger, P.D. Reaven, P.D. VADT Investigators: Advanced glycation end
products, oxidation products, and incident cardiovascular events in patients with
type 2 diabetes, Diabetes Care 41: (2018) 570-576.

[4] M. Khalid, G. Petroianu, A. Adem, Advanced glycation end products and diabetes
mellitus: Mechanisms and perspectives, Biomolecules 12(4): (2022) 542-549.

[5] V.L. Bodiga, S.R. Eda, S. Bodiga, S. (2014): Advanced glycation end products: role in
pathology of diabetic cardiomyopathy. Heart Failure Rev. 19: (2014) 49-63.

[6] L. Packer, C.N. Ong, B. Halliwell, B. Textbook "Herbal and Traditional Medicine"
Marcel Dekker, 270 Madison Avenue, New York, NY 10016, U.S.A. (2004) ISBN:
0-8247-5436-0

-231-



Zaghloul, Y.S. et al. J. Sci. Res. Sci., 2024, 41, (2), 215:237

[7] G. Nacci, Thousand Plants against Cancer without Chemo-Therapy. Textbook From:
“Mille Piante per guarire dal Cancro senza Chemio” (2008): On line;
http://aloearborescens.tripod.com

[8] E. Shaygannia, M. Bahmani, B. Zamanzad, M. Rafieian-Kopaei, A review study on
Punica granatum L. Journal of Evidence-Based Complementary & Alternative
Medicine 21(3): (2016) 221-227.

[9] G. Sohrab, J. Nasrollahzadeh, M. Tohidi, M.; Zand, O. Nikpayam, Pomegranate juice
increases sirtuinl protein in peripheral blood mononuclear cell from patients with
type 2 diabetes: a randomized placebo controlled clinical trial. Metabolic Syndrome
and Related Disorders, 16(8): (2018) 446-451.

[10] G. Sohrab, H. Roshan, S. Ebrahimof, O. Nikpayam, G. Sotoudeh, F. Siasi, Effects of
pomegranate juice consumption on blood pressure and lipid profile in patients with
type 2 diabetes: a single-blind randomized clinical trial, Clinical Nutrition ESPEN,
29: (2019) 30-35.

[11] R. Goyal, D. Thawani, D. Thawani, D. Nagtilak, D. Pathania, D. Jindal, Antioxidative
effect of Punica granatum (pomegranate) on biochemical parameters in patients
with diabetes mellitus (type 2) and myocardial infarction: a double blind placebo
controlled trial, Intern J Adv Res. 4(5): (2016) 857-864.

[12] A.A. Rashidi, M.F. Jafari, A. Zinsaz, Z. Sadafi, Z. Effect of concentrated pomegranate
juice consumption on glucose and lipid profile concentrations in type 2 diabetic
patients, Zahedan J Res Med Sci. 15 (2013): 142-149.

[13] G. Sohrab, J. Nasrollahzadeh, H. Zand, Z. Amiri, M. Tohidi, M. Kimiagar, M. Effects
of pomegranate juice consumption on inflammatory markers in patients with type 2
diabetes: a randomized, placebo-controlled trial, Journal of Research in Medical
Sciences: The Official Journal of Isfahan University of Medical Sciences, 19:
(2014) 215-220.

[14] S. Banihani, S. Swedan, Z. Alguraan, Pomegranate and type 2 diabetes. Nutr Res.
33(5): (2013) 341-348.

[15] S.A. Banihani, S.M. Makahleh, Z.J. EI-Akawi, Short-term effect of fresh pomegranate
juice on serum cortisol and thyroxine in patients with type 2 diabetes, Curr Mol
Med. 20(5): (2020) 355-360.

[16] S.Z. Taheri-Rouhi, M.R. Sarker, A. Rahmat, S.R.; Alkahtani, F. Othman, The effect of
pomegranate fresh juice versus pomegranate seed powder on metabolic indices,
lipid profile, inflammatory biomarkers and the histopathology of pancreatic islets of
Langerhans in streptozotocin-nicotinamide induced type 2 diabetic Sprague-Dawley
rats. BMC Complementary and Alternative Medicine, 17: (2017) 156 doi:
10.1186/512906-017-1667-6.

- 232 -


http://aloearborescens.tripod.com/

Zaghloul, Y.S. et al. J. Sci. Res. Sci., 2024, 41, (2), 215:237

[17] S. Wu and L. Tian, Diverse phytochemicals and bioactivities in the ancient fruit and
modern functional food pomegranate (Punica granatum). Molecules, 22(10): (2017)
1606.

[18] Y. Shukla, M. Singh, Cancer preventive properties of ginger: a brief review, Food
Chem Toxicol. 45: (2007) 683-690.

[19] C.C. Toma, N.K. Olah, L. Vlase, C. Mogos, A. Mocan, Comparative studies on
polyphenolic composition, antioxidant and diuretic effects of Nigella sativa L.
(black cumin) and Nigella damascena L. (Lady-in-a-Mist) seeds, Molecules 20(6):
(2015): 9560-9574.

[20] G.A. Otunola, A.J. Afolayan, A review of the antidiabetic activities of ginger, Contact
Book Intechopen.com. (2019) DOI: 10.5772/intechopen.88899.

[21] C. Imo, J. Salvation, J.S. Za’aku, Medicinal properties of ginger and garlic. A Review
Current Trends, Biomedical Eng Biosci. 18(2): (2019) 555985.

[22] H.A.E. Ibrahim, M.A. Hashem, N.E. Mohamed, A.A. Abd EIRahman, Effect of
Zingiber officinale and Nigella sativa on streptozotocin-diabetic rats with reference
to biochemical and hematological studies, Zagazig Vet J. 48(3): (2020) 306-318.

[23] T. Abdi, M. Mahmoudabady, H.Z. Marzouni, S. Niazmand, M. Khazaei, Ginger
(Zingiber officinale roscoe) extract protects the heart against inflammation and
fibrosis in diabetic rats, Canadian J Diabetes 45(3): (2021) 220-227.

[24] Y. Masuda, H. Kikuzaki, M. Hisamoto, N. Nakatani, Antioxidant properties of
gingerol related compounds from ginger. Biofactors,; 21(1-4): (2004) 293-296.

[25] K.D.P.P. Gunathilake, H.P.V. Rupasinghe, Review: Recent perspectives on the
medicinal potential of ginger. Botanics: Targets & Therapy, 5: (2015) 55-63.
doi.org/10.2147/BTAT.S68099.

[26] N.R.C. "National Research Council” Nutrient Requirements of Domestic Animals,
National Academy of Science. Washington, DC. U.S.A. (1995).

[27]A.C. Beynen, L.H.J.C. Danse, F.X. Van Leeuwen, G.I.LA Speijers, Cholesterol
metabolism and liver pathology in inbred strains of rats fed high cholesterol, high
cholate diet, Nutr Rep Intern. 34: (1986) 1075-1087.

[28] P. Masiello, C. Broca, R. Gross, M. Roye, M. Manteghetti, D. Hillaire-Buys, M.
Novelli, G. Ribes, Experimental NIDDM: development of a new model in adult rats
administered streptozotocin and nicotinamide, Diabetes 47: (1998) 224-229.

[29] R. Pandit, A. Phadke, A. Jagtap, Antidiabetic effect of Ficus religiosa extract in
streptozotocin-induced diabetic rats, J Ethnopharmacology 128: (2010) 462-466.

- 233 -



Zaghloul, Y.S. et al. J. Sci. Res. Sci., 2024, 41, (2), 215:237

[30] M.M. Lotfy, M.F. Dowidar, H.A. Ali, W.A.M. Ghonimi, A. Al-Farga, A. I. Ahmed,
Effect of selenium nanoparticles and/or bee venom against STZ-induced diabetic
cardiomyopathy and nephropathy, Metabolites 13(3): (2023) 400-416.

[31] A. Mesgari, R. Heidari R. Amini, P. Zakeri, S.N. Ghamarzad, Effects of pomegranate
seed methanolic extract on methotrexate-induced changes in rat liver antioxidant
compounds, Curr Top Nutraceutr. 13(3): (2016) 153-159.

[32] N.M. Gabr, Effects of pomegranate (Punica Granatum L.) Fresh juice and peel extract
on diabetic male albino rats, Al-Azhar Medical J. 46(4): (2017) 965-980.

[33] Z.M. Al-Amin, M. Thomson, K.K. Al-Qattan, M. Ali, Anti-diabetic and
hypolipidaemic properties of ginger (Zingiber officinale) in streptozotocin-induced
diabetic rats, Br J Nutr. 96: (2006) 660-666.

[34] J. Chaudhuri, Y. Bains, S. Guha, A. Kahn, D. Hall, N. Bose, A. Gugliucci, P. Kapahi,
The role of advanced glycation end products in aging and metabolic diseases:
Bridging association and causality, Cell Metab. 28: (2018) 337-352.

[35] S.F. Yan, R. Ramasamy, A.M. Schmidt, The receptor for advanced glycation end
products (RAGE) and cardiovascular disease, Expert Rev Mol Med. 11: (2009): e9-
el4.

[36] P. Yang, J. Feng, Q. Peng, X. Liu, Z. Fan, Advanced glycation end products: potential
mechanism and therapeutic target in cardiovascular complications under diabetes,
Oxidative Medicine and Cellular Longevity, Vol. 2019: (2019) Article ID 9570616,
12 pages.

[37] B.1. Hudson, A.M. Carter, E. Harja, A.Z. Kalea, M. Arriero, H. Yang, P.J. Grant, A.M.
Schmidt, Identification, classification and expression of RAGE gene splice variants,
FASEB J. 22: (2008) 1572-1580.

[38] F. Scavello, F. Zeni, C.C. Tedesco, E. Mensa, F. Veglia, A.D. Procopio, A.R. Bonfigli,
F. Olivieri, A. Raucci, Modulation of soluble receptor for advanced glycation end-
products (RAGE) isoforms and their ligands in healthy aging, Aging 11: (2019)
1648-1653.

[39] T. Teissier, E. Boulanger, E. The receptor for advanced glycation end-products
(RAGE) is an important pattern recognition receptor (PRR) for inflammaging,
Biogerontology 20: (2019) 279-301.

[40] M. Garay-Sevilla, A. Rojas, M. Portero-Otin, J. Uribarri, Dietary AGES as exogenous
boosters of inflammation, Nutrients 13: (2021) 2802-2807.

[41] Z. Liang, X. Chen, L. Li, B. Li, Z. Yang, The fate of dietary advanced glycation end
products in the body: From oral intake to excretion, Crit Rev Food Sci Nutr. 60:
(2020) 3475-3491.

- 234 -



Zaghloul, Y.S. et al. J. Sci. Res. Sci., 2024, 41, (2), 215:237

[42] A. Kuzan, Toxicity of advanced glycation end products, Biomed Rep. 14: (2021) 46-
51.

[43] S. Yamagishi, T. Imaizumi, Diabetic vascular complications: pathophysiology,
biochemical basis and potential therapeutic strategy, Curr Pharm Des. 1: (2005)
2279-2299.

[44] S. Perez-Burillo, J.A. Rufian-Henares, S. Pastoriza, Effect of home cooking on the
antioxidant capacity of vegetables: Relationship with Maillard reaction indicators,
Food Res Int. 121: (2019) 514-523.

[45] Z. Esmaeilinezhad, R. Barati-Boldaji, N.R. Brett, J.O.T. de Zepetnek, N. Bellissimo,
S. Babajafari, Z. Sohrabi, The effect of synbiotics pomegranate juice on
cardiovascular risk factors in PCOS patients: a randomized, triple-blinded,
controlled trial, J Endocrinol Invest. 43(4): (2020) 539-548.

[46] I.F. Perez-Ramirez, H.D. de Diego, M. Riomoros-Arranz, R. Reynoso-Camacho, F.
Saura-Calixto, E. Perez-Jimenez, Effects of acute intake of grape/pomegranate
pomace dietary supplement on glucose metabolism and oxidative stress in adults
with abdominal obesity, Inter J Food Sci Nutr. 71(1): (2020) 94-105.

[47] M. Abedini, H. Ghasemi-Tehrani, M.J. Tarrahi, R. Amani, The effect of concentrated
pomegranate juice consumption on risk factors of cardiovascular diseases in women
with polycystic ovary syndrome: a randomized controlled trial, Phytother Res.
35(1): (2021) 442-451.

[48] K. Nirosha, M. Divya, S. Vamsi, S. Mohemmed, A review on hyperlipidemia, IINTPS
4(5): (2014) 81-92.

[49] S. Karri, S. Sharma, K Hatware, K. Patil, Natural anti-obesity agents and their
therapeutic role in management of obesity: A future trend perspective, Biomed
Pharmacother. 110: (2019): 224-238.

[50] M.F. Shawky, S.R. Wahba, M.l.A. Heibashy, Therapeutic role of coenzyme Q10
or/and a-lipoic acid on cardiac functions in obese/hypertensive rats, J Sci Res
Sci. 36: (2019) 367-390.

[51] M.LA. Heibashy, F.A. EI-Negamy, M.I.M. Shahin, N.A.H. Kelada, Obesity and
subsequent cardiovascular events in rats and the potential benefits of some
antioxidant treatment, Isotope and Radiation Research 43(3): (2011) 785-800.

[52] J.A. Martinez, P. Cordero, J. Campion, F.I. Milagro, Interplay of early-life nutritional
programming on obesity, inflammation and epigenetic outcomes, Proceedings of the
Nutrition Society 71(2): (2012) 276-283.

[53] M. Koch, S. Chitayat, B.M. Dattilo, A. Schiefner, J. Diez, W.J. Chazin, G. Fritz,

Structural basis for ligand recognition and activation of RAGE, Structure, 18:
(2010) 1342-1352.

-235-



Zaghloul, Y.S. et al. J. Sci. Res. Sci., 2024, 41, (2), 215:237

[49] H.B. Ul-Ain, T. Tufail, S. Bashir, N. ljaz, M. Hussain, A. Ikram, M.A. Farooq, S.A.
Saewan, Nutritional importance and industrial uses of pomegranate peel: A critical
review, Food Sci Nutr. 11: (2023) 2589-2598.

[50] H.N. Rubaiy, The therapeutic agents that target ATP-sensitive potassium channels,
Acta Pharm. 66: (2016) 23-34.

[51] N. Hotta, A new perspective on the biguanide, metformin therapy in type 2 diabetes
and lactic acidosis, J Diabetes Investig. 10: (2019) 906-908.

[52] H.E. Lebovitz, Thiazolidinediones: The forgotten diabetes medications, Curr Diabetes
Rep. 19: (2019) 151-155.

[53] Z. Liu, S. Ma, Recent advances in synthetic-glucosidase inhibitors, Chem Med Chem.
12: (2017) 819-829.

[54] M. Singh, A. Kumar, Risks associated with SGLT2 inhibitors: An overview, Curr
Drug Saf. 13: (2018) 84-91.

[55] M.S. Haidar, Comparison of effectiveness between DPP4 inhibitors combined with
versus other oral hypoglycaemic agent(s) in diabetic patients, Bangladesh J Med
Sci. 30: (2019) 63-70.

[56] M.J. Son, Y. Miura, K. Yagasaki, Mechanisms for antidiabetic effect of gingerol in
cultured cells and obese diabetic model mice, Cytotechnology 67: (2015) 641-649.

[57] M. Atta, S. Jafari, K. Moore, Complementary and alternative medicine: A review on
the effects of ginger, cinnamon and Camellia sinensis leaf tea in diabetes, J
Diabetes Mellitus 9(3): (2019) 126-136.

- 236 -



Zaghloul, Y.S. et al. J. Sci. Res. Sci., 2024, 41, (2), 215:237
‘#)ﬂ\ uaild‘
Gl & gadl) e V1 g Il 38 g djlan A G 31 o) Gl Aalal) Baildl
Llacdl/ g Sl S5l U2 sz bl

L'dasa g pdslin Lo daaa dd ;) 20 e gl dana BAE (L daaa L (el

i e ol = g 5015 ghall IS L BIS - gl e o]
Ay ) B A g0 )5S e - g gl il o 2

) padlall

s bl elail maan (8 gl V) L 30AT (55 dale dnn AGe Liaudl 5 5 Sl J sl (2 ye ying
Liandl/ 5 58l adll Gl gall de sane dprplall Aaliall Ao gane (p 455l Al )3 6l ya) a3 Gl 18
O xS oka ) (e arde 00 de o dadleal) diasdl/ g Sl sl G e uaddl (3 adl de e «(g3ke O5)
Calalad Lianall 5 5 Sl Jsadl elay Abadll (13 all de sane 5 el Bl (Sana (5 sad sl Aand g3 anall 535
o b il auil jed Baal (gana (g gad sl Al g anal) (55 e paS/duni) pale £oe de
Alay 3008y 4 sl ) A8laYl Qlill cladle 5 lil) Gile 3l Llis g G saall 5 ey <l jas 5 <))
a4 (DM / Ob) dieud) / (s Sl Jsal) (msal (il Gy patll oy Qi Al 3 5008V il
ot Cndl aalisi Sl / G5 g s il (e IS elae) @k oo Ol (b i) diandl 5 (5 Sl )
Adaudl e Call el Sl (s /5 il S0 5 (5 Sl a5

Dnbaall 8 A gale liead o diandl/s_Sall Jsall (iagar liaddl 13 all Ao sane e 45 5laall
o34 (38 535 aal s yed Baal Jamai 3 f (e il Aandl/s Sl Jsall (a yas Aliaal) (13 jad) dlalae 22y A5 Haall
Ll o 35 aall 8 G sl il giue s Sall Cail Lzadlal) Jal e a Jmani 31 sl la )l () 4 see ae il
Aalia) Laall Sl el il sl dpulul) iy

- 237 -



