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ABSTRACT
The current study was aimed to evaluate the antidiabetic effect of grape seed extract (GSE) on
Alloxan (120mg/kg of body weight) induced diabetes in mice as well as characterize the
chemical composition and phytochemical content of grape seeds from three grape cultivars
(Ahmer, Halawani, and Kamali) grown in Iraq as well as pomace. Ahmer gave the highest
values for crude fatl14.84+0.2 and phytochemicals (tannins, saponin, alkaloids, flavonoids,
phenol, and anthocyanin) as compared to other cultivars. phytochemical analysis using High-
performance liquid chromatography (HPLC) revealed that thehighest concentration of
proanthocyanidins polymers (catechine, procyanidin, and epicatechine) was recorded in
Ahmer seed extract which were (796, 170, 244) ug/g, respectively, while the lowest amounts
were in pomace 489, 99, and 143 ug/g, respectively using HPLC. Oral administration of grape
seed natural extract (600 mg/kg/day) reduced the level of glucose in mice which was highly
statistically significant (p <0.01) compared with the diabetic control mice (untreated), which
was 206.83+6.7 and 349+27.50 mg/dl, respectively.
*Key words: DM, fasting glucose level, antioxidant, proanthocyanidins, chemical composition,
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic
disorder that continues to present as a main
worldwide health problem (27). Grape (Vitis
vinifera L.) is a fruit widely grown and eaten
in the world, which is mainly used for juice
and wine production (36). Pomace is a solid
waste product remaining from juice and wine
processing and generally consists of skins and
seeds. Commonly, grape seeds are typically
obtained from the waste of processed fruit
products such as wine or grape juice as by-
products (4). Grape seeds have been
traditionally sold to the oil extraction and
pharmaceutical field as a good source of
antioxidants as well as contain several
valuable components, such as tannins and
phytochemicals which have been attributed to
improving  health and nutrition  (3).
Polyphenols from grape-derived products have
been helped prevent of several diseases
including neurodegenerative diseases,
cardiovascular diseases, and cancer as well as
antibacterial (16,23). Grape seeds comprise
about 5% of the fruit weight (10), and more
than three million tons of seeds are discarded
annually worldwide (13). Grape seeds are a
significant part of the pomace, corresponding
to about 38 — 52% of dry matter (20). Grape-

derived products have included
proanthocyanidin monomers and oligomers
such as  epicatechin, catechin, and

proanthocyanidin dimers, which are the major
components in extracts of grape seed (18).
Proanthocyanidins are oligomeric
combinations of any combination of the four
isomers (%) catechin and (z)-epicatechin. Two
individual classes of Proanthocyanidins can be
defined based on chemical structure, known as
A-type (not found in Grape Seed Extract-GSE)
and B-type (37). In grape seed extract,
stereotypically the B-type has been reported
that is highest concentrations of catechin and
epicatechin as well as proanthocyanidin B2
and its isomers (38). Scientific studies have
shown that the antioxidant power of
proanthocyanidins is 20 times more powerful
than vitamin E and 50 times greater than
vitamin C (34). The chemical composition of
grape seeds is mainly (w/w) 40% fiber, lipid,
11% protein, 7% phenolic compounds, sugars
and minerals (19). Another study has shown
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that grape seeds have high protein content,
10% to 20% oil, and a high vitamin E content
as well as polyphenol and procyanidin
compounds (4). Alloxan is a classical
diabetogenic usually used to destroy p-cell
cells due to its selective cytotoxic effect on
pancreatic cells. The mechanism of alloxan
action is destroying p-cell function by
inhibiting the enzyme glucokinase. According
to Zhang et al (40) who have been reported
that glucose transporter 2 (GLUT2) and
glucokinase (GK) as target molecules for
alloxan (40). Bagchi et al (7) have found that
GSP has significantly greater protection
against free radicals and lipid peroxidation
than vitamins C, E, and B-carotene (7). This
study was conducted to investigate the
protective role of grape seed extract (GSE)
against free radical-mediated damage as
selective necrosis of B-cells in mice using
alloxan-induced diabetes in mice as well as
characterize the chemical composition and
phytochemical content of grape seed varieties.
MATERIALS AND METHODS
Preparation of samples: Grapes (Ahmer,
Halawani, Kamali, and pomace) were
purchased form a local market in Baghdad
province (Baghdad, Irag), and their seeds were
manually cleaned to remove all impurities and
separated from fresh fruits of white and red
grape varieties. The seeds were dried in an
oven for 24 h at 50°C. All experiment
repetitions were technical replicates three
times.

Chemical composition and total energy
AOAC (1) methods were used for the
chemical characterization of grape seeds (1):
Moisture content (method No0.934.01) was
determined by drying an appropriate amount
of the sample in an air circulation oven at 105
°C until constant weight. Method N0.920.39
was applied for the determination of crude fat
content using Soxhlet apparatus. Crude fiber
content was measured with method N0.978.10.
Crude protein was determined on the seeds of
grape from Kjeldahl nitrogen using a 6.25
conversion factor (method N0.990.03). Ash
content was measured via method No0.923.03
by heating samples in a muffle furnace at 550
°C for 6 h to constant weight as described in
the AOAC manual. Carbohydrate content was
calculated based on the method defined by
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Merril and Watt (21). Energy value was
calculated based on the energy nutrient results
achieved using the conversion of the Atwater
general factor system, as described by Sousa,
et al., (35) considering 9 kcal/g (37 kJ/g) for
fat, 4 kcal/g (17 kJ/g) for carbohydrate, and 4
kcal/g (17 kJ/g) for protein (35).

Extraction of active compounds from grape
seeds: The extraction was carried out using
acetone water (70:30 v/v) for determination of
proanthocyanidins by HPLC. The grape seeds
powder (Ahmer, Halawani, Kamali, and
pomace were weighed out at 10g and mixed
with 50 ml of acetone-water. Extraction was
carried out one day in Gerhard Thermo Shaker
at 30°C and 180 rpm for 24 hours. After the
extraction, the extract was centrifuged using
centrifuge for 5 min. at 1957 XG. Grape seed
extract was distilled by rotary evaporator to
remove organic solvent at 40°c for 20 minutes
with a 120 rpm rotation under vacuum. Grape
seed extract was freeze-dried to obtain a dried
extract powder (6). HPLC samples were
prepared by filtering each extract of grape
seeds through a 0.45 pm nylon syringe filter
into an amber HPLC vial (30). All Samples
were stored at -20 °C until analysis.
Qualitative phytochemical analysis of grape
seed: An aliquot of the seed extract (1ml) was
added to a few drops of 1% lead acetate, and
the yellowish precipitate indicated the
presence of tannins. The aliquot of the seed
extract (Iml) was mixed with 4ml of distilled
water and then agitated in a graduated cylinder
for 20 minutes. The formation of foam
indicates the presence of Saponins. A few
drops of Mayer's reagent were added to 1 mL
of grape seed extract. The cream-yellowish or
white precipitate was formed, indicating the
presence of alkaloids. An aliquot of the grape
seeds extract (1ml) and a few drops of sodium
hydroxide solution were added to a test tube.
The formation of an intense yellow color that
became colorless on adding a few drops of
dilute HCI indicates the presence of
flavonoids. 1ml of grape seeds extract, 1ml of
distilled water followed by 50uL of 10 %
FeCI3 solution was added. The presence of
phenol is indicated by the bluish-black color.
An aliquot of the grape seed extract (2ml) was
added to 2ml of 2 N HCI and ammonia, the
appearance of pink to red color which turns to
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blue-violet indicating the of
anthocyanins (32).

High performance liquid chromatography
(HPLC) conditions: Grape seeds extract
(GSE) were analyzed by HPLC model
(SYKAM) Germany. Pump model: S 2100
quaternary gradient pump, Auto sampler
model: S 5200, Detector: UV (S 2340) and
Column oven model: S 4115. The mobile
phase was (Methanol : D.W : formic acid ) (70
:25:5), The flow rate was set at 1.0 mL/min
with a 1:10 splitter following the output of the
UV detector leading 1.0 mL/min on a gradient
C18-0DS column (25 cm * 4.6 mm). The UV
detector was set at 254, 280, 370and 520 nm
(16).

Animals: Four weeks old albino mice,
weighing 24+3 g, were given a commercial
diet and water ad libitum with a controlled
environment (12 h light and dark cycle, 21—
23°C). Mice were acclimatized to the
laboratory conditions. They were obtained
from the animal house of the National Center
for Drug Control and Research - Ministry of
Health, Iraq.

Experimental design: Fifty (50) adult female
mice were grouped randomly into five groups,
ten mice in each group. Alloxan monohydrate
(CDH, India) was administered intraperitoneal
with 120 mg/kg body weight freshly dissolved
in normal saline (2). After three consecutive
days the mice with blood glucose levels
greater than 250 mg/dl were considered
diabetic and used for the experiment. The
treatments lasted for six weeks (45) days. The
route of administration of grape seed extract
(GSE) was oral.

The groups and doses administered were
summarized below:

Group 1: Normal control
received distilled water.
Group 2: Positive control (diabetic untreated)
mice received only distilled water.

Group 3: Diabetic mice received 200 mg/kg
body weight/day of GSE in distilled water.
Group 4: Diabetic mice received 400 mg/kg
body weight/day of GSE in distilled water.
Group 5: Diabetic mice received 600 mg/kg
body weight/day of GSE in distilled water.
After the last treatment, mice were fasted for
eight hours and sacrificed by overdosing with
chloroform (CDH, India). Blood was collected

presence

mice (n= 10)
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from the heart. The serum was separated by
centrifugation at 3,000 rpm for 15 min and
stored at —18°C until use.

Determination of fasting serum glucose
level: Glucose level was determined as quinine
amine using a test reagent according to
the Tinder method using Cobas c111 systems.
The absorbance was measured at 510 nm, and
the results were expressed as mg/dl.

Statistical analysis

The results were analyzed by a one-way
analysis of variance (ANOVA) test followed
by Tukey’s test. The data isexpressed as
means * standard deviation (SD) using the
software for Windows. P-Values < 0.05 were
considered to be statistically significant result.
RESULTS AND DISCUSSION

The chemical composition of the investigated
grape seeds and their energy values are
presented in Table 1. The results showed that
grape seeds (Ahmer, Halawani, Kamali, and
pomace) content was: moisture
(10.20+0.2,10£0.3,10.20+0.1, and 9.8+0.2),
crude protein (9.98+0.2, 10.3+0.1, 10.3+0.3,
and 6.94+0.2 ), crude fat (14.84+0.2,
11.67+0.5, 9.82+0.2, and 13.7£0.3 ), Crude
fiber (37.11+0.1, 37.22+0.4, 33.9+0.3, and
38.8+0.5), carbohydrates (28.87+0.2,
30.83+0.4, 30.83+0.2, and 27.76+0.3) ash

(3.39£0.1, 2.94+0.5, 2.52+0.4, and 3.84+0.3),
and energy value (288.96+0.1, 269.55+0.2,
252.9+0.1, and 262.1+0.3), respectively. The
results in the present study are consistent with
the previous observations of Owon (26) who
reported that grape seeds contain 2.86% of ash
and 12.69% of oil (26). Baydar and Akkurt (8)
found that the oil concentration of 18 grape
cultivar seeds ranged from 11.6 to 19.6%,
while Mouhammad and Ali (23) noticed that
Syrian grape seeds contain 1.45-1.65% of ash
(7,22). The oil contents of nine grape seed
cultivars were ranged from 10.45% to 16.73%
(36). In addition, Mironeasa et al., (22) noticed
that the results obtained from the
determination of the grape seeds ash content
were ranged from 2.14 to 8.28% according to
cultivar (22). The value of ash is closed to
those reported by Elagamey et al. (12). Also,
Sabir et al. (29) reported that the grape seed oil
concentration of some different cultivars
ranged from 7.3 to 224% (29). The
determination of the grape seeds protein
content was ranged from 6.26-9.01%
according to cultivar (22). Al-Samraee (5)
reported that ash was (2.93, 3.49, and 3.78)
and moisture (10.65, 8.04, and 6.47(% for
grape seeds Shada Sodda, Bedha, and waste
(residue) of grape juice Straight (5).

Table 1. Chemical composition (g/100g) and energy value of grape seeds.

Type of Moisture Crude Crude fat Crude Carbohydrates Ash Energy
grape seed % protein % % fiber % % % value (Kcal)
Ahmer 10.20+0.2 9.98+0.2 14.84+0.2  37.11+0.1 28.87+0.2 3.39+0.1 288.96+0.1
Halawani 10+0.3 10.31+0.1 116705  37.22+¢0.4  30.831+0.4 2.94+0.5 269.55+0.2
Kamali 10.20+0.1 10.3+0.3 9.82+0.2 33.9+0.3 30.83+0.2 2.52+0.4 252.940.1
Pomace 9.840.2 6.94+0.2 13.740.3 38.8+0.5 27.76+0.3 3.84+0.3 262.11+0.3

*Means * SD of duplicates

The results of this study were referred to the
presence of phytochemical such as tannins,
saponin, alkaloid, flavonoids compounds, and
total phenolic were represented in seeds
extract (Table 2). Ahmer (red grape seeds) is
shown that has the highest concentration of
phytochemicals compared with other seeds in
table 2. These results are in agreement with
Grace and Narendhirakannan (14) who found
that the presence of alkaloids, flavonoids,
saponins and tannins were present in grape
seed (14). Phytochemicals with biological
activity can be important medicinal value; for
instance, Phytochemicals such as saponins,
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tannins, and alkaloids have anti-inflammatory
effects; Flavonoids, tannins and alkaloids have
hypoglycemic activities (25). Plants produce
these chemical substances to protect
themselves, and they are also believed to
protect humans against certain diseases (11).
Grape seeds are found to have tannins,
phenols, and flavonoids which can be potent
bioactive agents. Bioactive agents are involved
in the therapeutic use of grape seeds like
flavonoids can be worked as antioxidant,
hypoglycemic, antidiabetic, antimicrobial,
anticarcinogenic, and anti-inflammatory.
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Table 2. Qualitative phytochemical analysis of grape seeds.

Type of grape seeds  Tannins Saponin Alkaloids  Flavonoids Phenol Anthocyanins
Ahmer +++ ++ ++ +++ ++ +++
Halawani + + + + + ++
Kamali + + + + + +
Pomace + + + + + ++
(+++), (++), and (+) refer to high, moderate, compatible with Granato et al., (15) who
low amount, respectively.=====Results of mentioned that a tendency linked to the red

quantitative analysis are shown in Table 3 and
Figure 2. Highest concentration  of
proanthocyanidins  polymers  (Catechine,
procyanidin, and epicatechine) were recorded
in Ahmer grape which were (796, 170, 244)
Mg/g, respectively. These results are

grape variety was observed based on higher
total flavonoid content (15). The lowest
amounts of catechine, procyanidin, and
epicatechine as proanthocyanidins were found
in pomace (seeds and skin) which were 489,
99, and 143 pg/g, respectively.

Table 3. Quantitative analysis by HPLC; proanthocyanidins (catechine, epicatechine, and
procyanidin) of grape seed extract (ug/g).

Polyphenolics compounds Ahmer Halawani Kamali Pomace
Catechine 796 497 500 489

Vanillic acid 452 221 275 172
epicatechine 244 193 300 143
procyanidin 170 113 91 99

Tannic acid 452 45 35 28

Gallic acid 359 306 486 210

The total concentrations polyphenolics were  231.66+6.56  218.83£3.97, and

compounds such as catechine, epicatechine,
and procyanidin were higher in seed extracts
than the pomace sample. Concentrations of
polyphenols in seed are higher than in skin,
and most are tannins that have between 50 and
90%  proanthocyanidins  (9).  Extrusion
processing can be reduced total anthocyanins
in pomace by 18% to 53% compared with seed
without any a process as well as other factors
such as soil, environment, and type of seeds
(9. As shown in Table 4, a single
interperitoneal injection i.p. of Alloxan (120
mg/kg) produced an elevation of serum
glucose level which was evidenced 72 h after
administration as hyperglycemia; diabetic
control (untreated) was 349+27.50 mg/dl. Oral
treatments of mice with GSE (200 mg/kg/day),
(400 mg/kg/day), and (600 mg/kg/day) for 6
weeks significantly decreased the elevated
serum glucose level to normal values
compared to the normal group (p<0.01) which

206.83+£6.70 mg/dl, respectively. Treatments
with the GSE could suppress the oxidative
stress caused by hyperglycemia. Oral
administration of 600 mg kg—1 (body weight)
of GSE for six weeks significantly increased
pancreatic glutathione (GSH) levels and
inhibited the increase in lipid peroxidation
caused by alloxan (p < 0.001). GSE slightly
increased body weight compared with other
groups but was not significantly. These
findings reveal that grape seed extracts (GSE)
are a considerably safe and potential therapy
for diabetes mellitus, especially type 2, due to
their ability to lower blood glucose levels.
GSE has beneficial effects on the biochemical
changes associated with Alloxan-induced
diabetes due to its work as an antioxidant
property. Moreover, the extract of grape seeds
has an influence as an inhibitor to alpha-
glucosidase and alpha-amylase and increases
insulin sensitivity (31, 33).

Table 4. Effect of Ahmer (red grape) grape seed extract on body weight and fasting serum
glucose in mice after 6 weeks

Parameters Normal DM control  DM+GSE (200 DM+GSE (400 DM+GSE (600 P-
control mice  mice mg/kg/day) mg/kg/day) mg/kg/day) Value
Initial body weight (g)  23.9+1.66 25.2+4.28 26.9+2.72* 22.3+2.79* 23.8+3.11 0.0206*
Final body weight (g) 29.6+1.83 27.4+3.59 27.9+2.72 26.1+3.84 2742.62 0.1348
Fasting blood glucose 100.66+7.52 349+27.50 231.66+6.56b 218.83+3.97 206.83+6.70 0*=

(mg/dl)

DM, diabetes mellitus; GSE, grape seed extract. Data are expressed as the mean + standard deviation of 10 mice per group.

*= significant at P<0.05, **= significant at < 0.01
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CONCLUSIONS activities M.Sc. Thesis.  University of
The results acquired from the detailed Baghdad, Baghdad .

investigation of the grape seed composition 6.Altiok, E. 2003. Production of

show that the concentration of the seed
components such as proteins, carbohydrates,
oil and ash depend on the variety in relatively
limited ranges. Grape seeds are a very rich
source of phytochemical components that may
constitute a good source of healthy compounds
that are useful in the prevention of diseases.
Ahmer grapes (Red grapes) are rich in
phenolic compounds antioxidants which can
be useful for pharmaceutical or food industry.
Catechine, epicatechine, and procyanidin in
pomace were lower than seeds due to
extrusion processing. This study encourages
the consumption of grape seeds as an herbal
may have a significant beneficial effect on the
body as natural antioxidants. GSE can be
worked as anti-diabetic effects by preserving
pancreatic [3-cells role. Another suggestion is
to use grape seeds as specific additives in the
food industry to replace chemical additives or
as food supplements.
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