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ABSTRACT

This study was designed to evaluate the antidialedfiect of hydroalcoholic extract froRunica
granatumpeels in normal and streptozotocin-induced diabsdts and its potent-amylase
inhibitory. Antidiabetic effect of this extract was investighggter oral administration at dose of
400 mg/kg b.w.In normal fasted rats, the test drug extract shomeetlypoglycaemic effect but
were found to be depressing the peak value of bifwcbse after oral glucose tolerance (glucose
2.5 g/kg b.w.) After 2-weeks of daily treatment in streptozotomduced diabetic rats, plasma
glucose levels were decreased after oral admitimtraf hydroalcoholic extract frorRunica
granatumpeels by 56% in the first week and 32.92% in #heoad weekHowever, this extract
showed hypolipidemic effect (Total cholesterol atmidjlycerides) in streptozotocin-induced
diabetic ratsln vitro, Punica granatunpeels extract demonstrate a potent inhibitoryotfba o-
amylase activity (I6=3.65 g/L) these finding strongly suggest that P&®&ract improves
postprandial hyperglycaemia, at least in part,nyhiting alpha amylase activity.

Key words: Punica granatumdiabetes mellitus, streptozotocin, medicinal fdao-amylase,
post-prandial hyperglycaemia.

Abbreviations

EA: enzymatic activity; IP:intraperitoneal; PG: Pima granatum; PGP: Punica granatum
peels; AOA: Aspergillus oryzae alpha amylase; DWsétibed water; TC: Total cholesterol; TG;
Triglycerides; b.w.: body wight.; STZ: Streptozatoc
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INTRODUCTION

Diabetes mellitus (DM) is a metabolic disorder cleéerized by chronic hyperglycaemia
resulting from defects insulin secretion, insulatien or both [1].

It is well documented that chronic hyperglycaemfad@betes is associated with long-term
damage dysfunction and eventually the failure afaos especially the eyes, kidneys, nerves,
heart and blood vessels [2-3].

Various pharmacological approaches are used toowepdiabetes via different mode of action
such as stimulation of insulin release, increasentimber of glucose transporters and inhibition
of gluconeogenesis [4]. Other therapeutic apprdacihreating diabetes is to decrease the post-
prandial hyperglycaemia. This is done by retardihg absorption of glucose through the
inhibition of the carbohydrate hydrolysing enzym@samylase anda-glucosidase) in the
digestive tract. Inhibition of these enzyme delaybohydrate digestion and prolong overall
carbohydrate digestion time, causing a reductionthe rate of glucose absorption and
consequently blunting the post-prandial plasma[Bse

Though all these contribute in the alleviation @flebtes but several complicities still persist and
diabetes is increasing fast. Recently, the impeoganf biologically active substances in natural
form and complementary medicine has received mtiehtéon for various reasons [6-7].
Diabetes mellitus has been treated with mediciqdést. The scientific investigation has
confirmed the efficacy of many preparations of éhe@tants, some of which are remarkably
effective [8]. In this study we have selecteédnica granatumlL. from Algeria to evaluate its
anti-diabetic activity.

Punica granatumL. (PG) is a small tree, belonging to the Punieacéamily, native to the
Mediterranean region. All part of this species basn wildly used by traditional medicine in
Africa, Europ, Asia and America for the treatmehtiferent types of diseases [9]. The rind is
valued as an astringent in diarrhoea and dysenidg.root bark is astringent and anthelmintic.
The seed are considered to be stomachic and camdioThe green leaves are made into a paste
and applied in conjunctivitis. The powdered flovberds are useful in bronchitis. The biological
activities, viz. antibacterial, antifungal, anthéhic and antifertility of the various extracts of
different parts of this plant have also been regabfi0-14].

The extracts of root, rind and flowers Bf granatumhave been reported to exert some sugar
lowering action in animals [15-20].

This study was designed to examine the effect efitydroalcoholic extract of PGP on blood
glucose levels in normal and STZ-induced diabedis in vivo and to evaluate the poteamt
amylase inhibitory actiom vitro.

MATERIALS AND METHODS

2.1. Plant material

FreshP. granatumfruits were collected in the Tafna region of Tlem¢&lgeria). The air-dried
fruit peels were ground into fine powder and exdd10 g) by refluxing with 200 mL aqueous-
methanol solution (30:70 v/v) bath for 2 h. Theragt was filtered and evaporated to dryness
under reduced pressure below 60°C and suspenahstilied water (DW).
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2.2. Animals

Male adults albinos rats “Wistar” weighing 200-2§0were used for this study. They were
housed in air conditioned at 23°C with a 12 h ligatk cycle and were provided with standard
food and watead libitum

Animals, described as fasted, were deprived of foodht least 16 h but allowed free access to
water before starting the experiments.

3. Biological assay

3.1. Behavioural effect and toxicity

Extract of P. granatumpeels (PGP) were administered orally at dose 6f 800, 1000, 2000,
3000 and 4000 mg/kg b.w. (dosing volume 10 mL/kg ).

Animals were observed during first 6 h and contthéer 15 days for behavioural changes and
any signs of mortality.

3.2. Effect of PGP extract on oral glucose tolerargcin normal rats

Fasted rats were divided into three groups of awémals each. Group [: serving as control,
received NaCl (0.9% in distilled water) orally invalume of 10 mL/kg b.w. Group Il received
PGP extract at dose of 400 mg/kg b.w. orally. Griupeceived glibenclamide (5 mg/kg b.w.)
suspended in the DW.

All the animals were given glucose (2.5 g/kg b.arally 30 min after test drug administration
and plasma glucose levels were determined at G®A,20, 180 min.

3.3. Effect of PGP extract on blood glucose in normal fsted rats

Fasted rats were divided into three groups of dimenals each: Group I: received NaCl (0.9% in
DW) orally (dosing volume of 10 mL/kg b.w.). Grodip received PGP extract at dose of 400
mg/kg b.w. suspended DW. Group llI: received glidamide (5 mg/kg b.w.) suspended in the
DW.

Blood glucose was estimated at 0, 30, 60, 120,M&0for the three groups and continued for 7
and 15 days after daily administration of PGP ettfar group | and II.

3.4. Effect of PGP extract on blood glucose in STZ-indued diabetic rats

Rats were made diabetic by a single intraperitomgattion of STZ Sigma Aldrich at dose of
50 mg/kg b.w dissolved in citrate buffer (0.1 M, gtb) (Gupta et al., 2005) [21]. Development
of diabetes was confirmed by polydipsia, polyunal aneasuring blood glucose concentrations
48 h after injection of STZ. Rats with blood gluedsvel of 2 g/kg or higher were considered to
be diabetic.

Fasted rats were divided into three groups comgisf five animals in each:

Group [: received 10 mL/kg b.w. of NaCl (0.9% irstdled water) orally. Group Il: received
PGP extract at dose of 400 mg/kg b.w. suspendéaeiW. Group lll: received glibenclamide
(5 mg/kg b.w.).

Blood glucose was estimated at 0, 30, 60, 120,B0and continued for 7 and 15 days after
daily administration of PGP extract.

3.5. Effect of PGP extract on hyperlipidemia in STZ-incduced diabetic rats
Plasma total cholesterol and triglycerides werdmeded at 7 and 15 days after daily
administration of PGP extract in diabetic rats caned with normal control group.
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3.6. Analytic procedures

Blood glucose was estimated by One Touch Ultra Ghaeter.

Plasma total cholesterol [22] and triglycerides |[2@8ere estimated by using enzymatic
cholorimetric kits (Sprinreact) (Blood samples frone retro-orbital plexus were collected and
centrifuged at 3000 rpm for 10 min).

3.7. Statistical analysis

For anti-diabetic activity, the results have berpressed as mean+SEM, and the significance of
the results were analysed by studetteast compared with contrdP-value of 0.05 or less was
considered to be significant.

3.8. Effect of PGP extract ona-amylase activityin vitro

The a-amylase inhibition assay was performed using clogenic method adapted from
Bernfeld (1955) [24]Aspergillus aryzaei-amylase (AOA) [EC.3.2.1.1 Fluka; specific activity
26Ul/mg)] was dissolved in phosphate buffer (0.020M 6) to give a final activity of 1.3 Ul/mL
solutions. Potato starch (type Merk) dissolved hie same buffer, was used as a substrate
solution at different concentrations.

1 mL of plant extract (at different concentrations)acarbose (used as positif control) dissolved
in phosphate buffer (0.02M, pH 6) and 1 mL of dtasolution (at different concentrations) were
mixed. The reaction was started by the additiod ofL of the enzyme solution (1.3Ul/mL in
reaction mixture) at 25°C.

1 mL mixture was added into a separate tube cantpih mL DNSA colour reagent solution
(interval of 1 min between each tube) and placénl 190°C water bath. After 5 min, these tubes
were cooled in an ice water bath and diluted withmL of DW. a-Amylase activity was
determined by measuring the absorbance of the meixad 540 nm. Control incubations,
representing 100% enzyme activity were conducteddantical fashion in the absence of
inhibitor.

From the net absorbance obtained, the maltose afeneas calculated from equation obtained
from the maltose standard calibration curve.

e  Statistical analysis

— Kinetic parameters were calculated udimgeweaver-BurkandDixon plots.

— The type of inhibition was determined biyneweaver-Burkplot.

— The a-amylase inhibition was expressed as percentagehdiition and calculated by the
following equation:

V| controI'Vi test
%l= x100

Vi control

— The IG5 value was defined as the concentration-aimylase inhibitor to inhibit 50% of its
activity under the assays conditions specified. s€healues were calculated from the dose-
inhibition curve.

RESULTS
4.1. Behavioural effect and toxicity
The 15 days observation period during the oraldioxstudy did not reveal any toxic effects.
After administration of the extract, the rats appdaweakened (from 1000 and 3000 mg/kg
b.w.) but are fed regularly. From the sixth houirftee rats have found behaviour consistent with
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that in controls. A very high dose (4000 mg/kg b.eaused a mortality of three rats from six
after 24 and 48 h in test drug administration.

This extract was found to be safe for further byidal studies as no mortality was observed at
3000 mg/kg b.w. in rat. These observations from tacity study suggest that the extract for
PGP is practically non-toxic.

4.2. Effect of PGP extract on oral glucose tolerance inormal rats

The effects of PGP extract on oral glucose tolexaare shown in table 01. After 30 min starting
the glucose tolerance test, blood glucose condengawere increased from its initial value of

control (group 1) and then glycaemia started torel@ge gradually till the end of the studies (180
min) with a value of 0.97+0.07 g/L.

PGP extract (400 mg/kg b.w.), inhibited the incesas glucose levels at 60 and 120 min after
glucose loading, he was found to be effective ipregsing the peak value of blood sugar. At 60
min starting test, plasma glucose levels were as®d by 77.46% of control group and only by
40.12% of group ILI.

Administration of glibenclamide (5 mg/kg b.w.) inckd time dependent hypoglycaemic effect,
plasma glucose levels were decrease by 48.84% atith of the test.

Table 01: Effect of oral administration of PGP extact on oral glucose tolerance.

Blood glucose levels (g/L)

Time (min) 0 30 60 120 180
Groups
Group | (Control) 0.91+0.067 1.30t0.193 1.62.0.170°  1.36t0.110 0.9%0.072
Group Il 1.01+0.047 1.40t0.127 1.42:0.0607  1.3#0.098  1.28:0.106
(400 mg/kg p.c. PGP extract)
Group I 0.86:0.064 0.75:0.043 1.13t0.080° 0.59:0.098°° 0.44+0.062 °**

(5 mg/kg p.c. glibenclamide »

Values are expressed as meantSEM (n=5)
(*) : statistically significant difference to them time value
(") : statistically significant difference to the dosl group

4.3. Effect of PGP extract on blood glucose levals normal fasted rats

Table 02 shows the effect of PGP extract on bldodage levels in normal fasted rat for 3 h.
From these results, PGP extract did no effect aodlglucose levels. Compared with control
group, the blood glucose in rats treated with P&tPaet remained within normal limits with a
slight increase during theé'and 2% hour (1.18 g/L and 1.24 g/L, respectively).

Rats treated with glibenclamide (5 mg/kg b.w.),wsleogradually decrease in blood glucose after
30 min starting test. Blood glucose was decreasg/yl% with a hypoglycaemic effect at the
end of the experiment (0.55 + 0.025 g/L).
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Table 02: Effect of oral administration of PGP extact on blood glucose levels in normal fasted rats

Blood glucose levels (g/L)

Time (min) 0 30 60 120 180
Groups
Group | (Control) 1.03:0.035 1.14+0.055 1.160.015 1.13:0.068 1.060.073
Group Il 0.99+0.048 1.18:0.016 1.24+0.0097°*°*  1.15t0.053 1.0%0.033
(400 mg/kg p.c. PGP extract)
Group I 0.89+0.072 0.81+0.036  0.770.04r°* 0.59:0.0013°° 0.55t0.025 °°

( 5mg/kg p.c. glibenclamide »

Values are expressed as meantSEM (n=5)
(*) : statistically significant difference to them time value
(") : statistically significant difference to the dowl group

After two weeks of daily treatment, a highly sigcéint decrease in blood glucose (26.33%) is
observed in normal rats treated with PGP extrattniouhypoglycaemic effect during the first
week, during the second week this decrease wasl8my% (table 03).

Table 03: Effect of oral daily administration of PGP extract on blood glucose levels in nhormal fasteats

Blood glucose levels (g/L)

Time (weeks)  Week O Week 1 Week 2
Groups
Group | (Control) 0.89+0.04 0.920.070 1.080.034"
Group Il 1.08:0.03 0.8@0.025™ 0.94t0.057

(400mg/kg p.c. PGP extract)

Values are expressed as meantSEM (n=5)
(*) : statistically significant difference to them time value

4.4. Effect of PGP extracts on blood glucose leveis STZ-induced diabetic rats

Table 04 shows the effect of PGP extract on bldodage levels in STZ-diabetic rats for 3 h.

The diabetic control rats (group I) have a sigaifithyperglycaemia increases gradually during
the experiment. Blood glucose in rats treated WGP extract also increases but with a smaller
rate compared to control.

The blood glucose of diabetic rats treated withejliclamide decreases non significantly during
the experiment. To 3 h., this decrease is relatilegbe (18.02%).

Table 04: Effect of oral administration of PGP extact and glibenclamide on blood glucose levels in 3T
induced diabetic rats.

Blood glucose levels (g/L)

Time (min) 0 30 60 120 180
Groups
Group | (Control) 2.450.34 3.0%0.31 3.280.37 3.49:0.28 3.3#0.35
Group Il 2.48:0.37 2.960.16 2.830.20 3.060.23 2.85:0.32
(400mg/kg p.c. PGP extract)
Group Il 2.40+0.71 2.540.62 2.36&0.78 2.230.69 1.9%0.60

( 5mg/kg p.c. glibenclamide »

Values are expressed as meantSEM (n=5)
(*) : statistically significant difference to them time value

421

www.scholarsresearchlibrary.com



Nacéra Belkacem & Imad A. El-Haciet al Der Pharma Chemica, 2010, 2 (6)54428

Table 05 shows the effect of oral daily administratof PGP extract (400 mg/kg b.w.) on blood
glucose levels in diabetic rats for two weeks. Bhesults displayed significantly lowered blood
sugar level. After the*lweek, blood glucose decreased significantly (56&hpared to initial
value, it decreased from 2.48 g/L to 1.09 g/L. Aftee 2“ week, blood glucose was only
reduced by 32.92%. Also, blood glucose in ratstéxebavith glibenclamide is reduced by 50.55%
in the first week to be increased during the seomadk by 37.36% (3.3 g/L). Compared with
control rats, blood glucose was increased by 50.8a#tg the second week.

Table 05: Effect of PGP extract on blood glucosevels in STZ-induced diabetic rats after oral daily
administration.

Blood glucose levels (g/L)

Time (weeks) Week 0 Week 1 Week 2
Groups
Group | (Control) 2.45:0.34 2.480.67 3.7@0.41"
Group I 2.48t0.32 1.090.41 1.66t0.471°
(400 mg/kg p.c. PGP extract)
Group Il 2.40:0.71 1.190.75 3.3Gt1.28

(5 mg/kg p.c. glibenclamide »
Values are expressed as meantSEM (n=5)
(*) : statistically significant difference to tleero time value
(*) : statistically significant difference to the dool group

4.5. Effect of PGP extract on hyperlipidemia in STZinduced diabetic rats

Table 06 and 07 shows the plasma levels of totaleskerol and triglycerides index in normal
and STZ-induced diabetic rats. STZ treatment reduilh significant elevation of TC and TG.
There was a significant reduction index of diabedis treated with PGP extract.

Table 06: Effect of PGP extract on TG levels in STAnduced diabetic rats after oral daily administration

Triglycérides (g/L)

Time (weeks) Week O Week 1 Week 2
Groups
Group I: Diabetic control 2.08t0.5 2.01%0.43 4.0@0.44 **as
Group II: Diabetic + 400 mg/kg 2.00t0.63 1.550.31 1.920.72¢
p.c. PGP extract
Group llI: Diabetic + 5mg/kg p.c. 3.89t1.2 1.7Gt0.83 2.781.29
glibenclamide
Group IV: Normal control 1.82+0.43 1.740.2 2.30.23

Values are expressed as meantSEM (n=5)

(*) : statistically significant difference to tleero time value

(%) : statistically significant difference to the #ietic control group
(*) : statistically significant difference to the moal control group
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Table 07: Effect of PGP extract on TC levels in STZnduced diabetic rats after oral daily administration

Cholestérol (g/L)

Time (weeks) Week 0 Week 1 Week 2
Groups
Group I: Diabetic control 0.65-0.052+ 0.40:0.094* 0.640.096
Group II: Diabetic + 400 mg/kg  0.65:0.067% 0.4G:0.068* 0.380.054 %
p.c. PGP extract
Group lII: Diabetic + 5mg/kg p.c.  0.620.130 0.430.021* 0.4@0.1
glibenclamide
Group IV: Normal control 0.450.06 0.420.083 0.320.045

Values are expressed as meantSEM (n=5)

(*) : statistically significant difference to tteero time value

(*) : statistically significant difference to the thetic control group
(*) : statistically significant difference to the moal control group

4.6. Effet of PGP extract oma-amylase activity

4.6.1. Enzyme kinetics in the absence of inhibitor

» Detremination of initial velocities

The effect of different concentrations of substi@tehe activity oli-amylase is shown in figure
01. The initial velocities calculated from this eearare the slopes of the lines traced through the
experimental points. The initial velocities obtaireee shown in the table 08.

(alse] ()
*: 1 [S}=sgL
i3 [sj=25g/L
3§
L5
2 . [s=125gL
15 *
1
%1
0+ T T T T T T T T 1 Time '.H.i.lj

Figure 01: Effect of different concentrations of sarch on the activity of AOA (EA=1.3 Ul/mL).

Table 08: The initial velocities of the enzymatic eaction at different concentrations of starch.

Concentrations of substrat 1.25g/L 2.5¢g/L 5g/L

Initial velocities (mM/min) 0.200 0.330 0.410

» Determination of kinetic parameters ofa-amylase

The double-reciprocal plots Léneweaver-Burk »of the reaction of AOA with different
concentrations of starch in the absence of inhilistghown in figure 02.

The extrapolated value of kinetic parametersAOA gives aVmaxof 0.714 mM/min andKm
of 3.4 g/L.

423

www.scholarsresearchlibrary.com



Nacéra Belkacem & Imad A. El-Haciet al Der Pharma Chemica, 2010, 2 (6)54428

1V
{eni fiming
§ RZ=099

4 7

7

1
e
i

e 1Sl
45 03 40101 03 05 07 09 11 13 15

3

Figure 02: Double-reciprocal plots of the starch cocentrations on the activity of AOA.

4.6.2. Enzyme kinetics in the presence of inhibitor
» Detremination of initial velocities
Following the same procedure, after adding diffecmcentrations of inhibitor (PGP extract or

acarbose), the initial velocities are determineabgically. The values obtained were shown in
Table 09 compared with control kinetic.

Table 09: The initial velocities obtained after engmatic hydrolysis of different concentrations of sarch in the
absence and presence of inhibitor (EA=1.3 Ul/mL).

Substrat 1.25g/L [2.5g/L 5g/L

Inhibitor
Concentrations
[11=0 0.200 0.330 0.410
a ‘g 2.5g/L 0.089 0.143 0.280
8 £ 5 g/L 0.052 0.085 0.178

v 10g/L 0.030 0.052 0.097
@ 1.25g/L 0.087 0.151 0.175
_§ 2.5g/L 0.064 0.105 0.143
8 5g/L 0.038 0.063 0.077
<

According to the results shown in the table 09, ithgal velocities of the enzymatic reaction
decreases in the presence of different concemisatod the inhibitor (PGP extract or acarbose)
compared to that obtained in the absence of irdribihis result shows that there is an inhibition
of thea-amylase induced by the PGP extract compared wiitipe control.

» Determination of kinetic parameters and mechanism foinhibition
The double-reciprocal plots Leaneweaver-Burks of AOA in the absence and presence of

inhibitor is shown in figure 03. The limiting velde (Vmay and Michaelis Menten constant
(Km) obtained from these representations are showrabie 10.
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Figure 03 : Double-reciprocal plots «ineweaver —Burk» in the absence and presence of PGP extract (A)
and acarbose (B) (EA=1.3 Ul/mL)

Table 10: Limiting velocities and Michaelis Mentenconstant obtained in the absence and presence of

inhibitor
PGP extract (g/L) 0 2.5 5 10
Vmax (mM/min) 0.714 0.685 0.591 0.310
Km (g/L) 3.4 8 10 11.11
Acarbose (g/L) 0 1.25 25 5
Vmax (mM/min) 0.714 0.306 0.240 0.136
Km (g/L) 3.4 3.4 3.4 3.4

From these results, the limiting velocitiniay was decrease gradually in the presence of PGP
extract and acarbose, but Michaelis Menti€ém) constant was increase in the presence of PGP
extract and remains constant in the presence dbaea

The Lineweaver-Burkplots found that the mechanism of inhibition egdrby PGP extract and
acarbose is a mixed noncompetitive and non-conineetitechanism, respectively.

* Determination of ICsg and The inhibition constant i).
To calculate the percentage of inhibition anghJ@e concentration of substrate is sat at 5 g/L in
the presence of different concentrations of inbiisit

The 1G, exerted by the PGP extract or acarbose is detedrgmaphically using logarithmic
regression of percentage inhibition versus inhibikoncentration (Fig 04). The inhibition
constant is determined from the Dixon plot (Fig.05)

PGP extract was showed inhibitory activity agamstmylase with 1, of 3.65 g/L and Ki of
1.25 g/L compared with the positif control (£0.89 g/L, Ki=1.5 g/L).
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Figure 04: Logarithmic regression of percentage inibition for different concentrations of PGP extract (A)
and acarbose (B).
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Figure 05: Representation of Dixon plot: (A) PGP exact; (B) acarbose.
DISCUSSION

Many herbal medicines have been used in the prieweand treatment of diabetes. They have in
general not been associated with marked toxic teroside effect. As for most natural
medicines, however, their action mechanisms neée warified [25-26].

This study investigated the potential antidiabatitivity of P. granatummedicinal plant used in
traditional treatment of diabetes.

For the first time, this study reports the antilngbgcaemic effect of the extract of PGP. In
normoglycaemic fasted rat, this extract marked yoolylycaemic activity but in oral glucose
tolerance test (OGTT), PGP extract lowered the pé&lkood glucose levels after administration
of glucose. These effects were compared with gtilaenide, the reference hypoglycaemic drug
of sulphonylurea type [27]. Administration of glitidamide induced time-dependent
hypoglycaemic effect in normal rats by stimulatfiigells to release insulin. From these results,

lowering effect of blood glucose levels of PGP agtrnot be due to potentialise of insulin
release from pancreatic cells.

It is reported by Nogueira and Pereira (1986b) ,[x2fat an infusion of the epicarps Bf
granatuminhibited the intestinal absorption of glucoserats. Thus a possibility exists that
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retardation of intestinal glucose absorption magoabe partly responsible for inhibition of
hyperglycaemia in glucose-fed rats.

In addition, PGP extract significantly reduced bieod glucose levels in STZ-induced diabetic
rats in the first and second week after daily adstiation, compared to the control group where
blood glucose remains high. In STZ diabetic ragated with glibenclamide, the lowering of
blood glucose was observed only in first week, heee5TZ causes diabetes by destructids of
cells pancreatic. The effects suggest that PGRa@xtowers glucose levels by increasing the
peripheral glucose utilization or by improving thensivity of insulin receptors, inhibition of the
proximal tubular reabsorption mechanism for glucose

It is roported by Khalil (2004) [18] that an aqusocextract of PGP at dose of 430 mg/kg b.w
lowered blood glucose levels in alloxan-induced bdiec rats after 4 weeks of daily
administration.

Dyslipidemia is one of the major cardiovasculak rfactors, it has been demonstrated that
insulin deficiency in DM leads to a variety of deggments in metabolic and regulatory
processes, which in turn leads to accumulatiorigiofs such as TC and TG in diabetic patients
[28]. Diabetic patients have problems in packagihglesterol and tend to have higher serum TG
levels. Our data were in line with this notion ke 6TZ treated diabetic rats exhibited clear-cut
abnormalities in lipid metabolism as evidence frthra significant elevation of serum TC, TG.

Treatment with PGP extract for 15 day was sufficienproduce a significant reduction in the

TC and TG. These results indicate that PGP extrasta lipid-lowering effect on the diabetic

rats.

In second time, this study was designed to estabitis inhibitory activity of PGP extract against
a-amylase, digestive enzyme related to diabetes. &®Rct was exerted the inhibitory activity
with ICsg value of 3.65 g/L compared with acarbose inhilyitactivity (ICs;= 1.86 g/L) a second
type of inhibitory ofa-amylase (Wong et Robertson, 2003) [29]. The resudfgest that PGP
extract inhibits carbohydrate digestion rather ttrentransit and absorption of glucose and other
sugar in the digestive tract and improves postgiedanhyperglycaemia, at least in part by
inhibiting a-amylase activity.

Prashantlet al.[30] reported that an ethanolic extract of PGRuitéd thea-amylase activity by
68.2% at 1 mg/mL of the reaction mixture.

CONCLUSION

In conclusion, the PGP extract, in totality, wakeetive in lowering the blood glucose levels,
TC, TG and inhibitingi-amylase activity.

Studies are underway to further elucidate the nmasha of antihyperglycaemic effect of the
extract of the peels d?. granatuman ancient medicine for diabetes and isolatiothefactive
components may pave the way to development of m@nta for the treatment of diabetes and its
complications.
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