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Antioxidant effects of a grape seed extract 
in a rat model of diabetes mellitus

Irina C. Chis1, Marius I. Ungureanu1, Adriana Marton1,
Ramona Simedrea1, Adriana Muresan1, Ion-Dan Postescu2

and Nicoleta Decea1

Abstract 

In the present study we investigated the anti-hyperglycaemic and antioxidant effect of grape seed extract, a polyphenolic 
flavonoid, in normal and streptozotocin-induced diabetic Wistar rats. Adult male Wistar rats were divided into three 
groups: Group I: non-diabetic control; Group II: diabetic control; Group III: diabetic rats treated with grape seed extract, 
administered via an intragastric tube (0.6 ml/rat), at a dose of 100 mg/kg for 20 consecutive days after the induction of 
diabetes mellitus. Diabetes was induced by an i.p. injection with streptozotocin for groups II and III. The TBARS, carbonylated 
proteins, were measured in the plasma and in the supernatant of liver homogenisates, and superoxide dismutase and 
catalase were measured in the haemolysates of RBCs and supernatant of liver homogenisates. The results showed that 
oral administration of grape seed extract (100 mg/kg/day) reduced the levels of lipid peroxides and carbonylated proteins 
and improved the antioxidant activity in plasma and hepatic tissue in rats treated with grape seed natural extract as 
compared with the diabetic control rats.  These results suggested that the grape seed extract enhanced the antioxidant 
defence against reactive oxygen species produced under hyperglycaemic conditions, hence protecting the liver cells.
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Introduction
In diabetes mellitus, chronic hyperglycaemia produces mul-
tiple biochemical sequelae, and diabetes-induced oxidative 
stress could play a role in the symptoms and progression of 
the disease.1 Oxidative stress may result in overproduction 
of oxygen free-radical precursors and/or decreased effi-
ciency of the antioxidant system.2 The oxygen free-radical 
generation is associated with auto-oxidation of glucose, 
impaired glutathione metabolism, alterations in the antioxi-
dant enzymes and formation of lipid peroxides.3–5 There 
are various endogenous defence mechanisms against free 
radicals, such as the enzymes GSH, SOD, GPx and CAT, 
whose activities eliminate superoxide, hydrogen peroxide 
and hydroxyl radicals.6

Oxidative stress is increased in experimental models of 
streptozotocin-induced diabetes mellitus.7

Fruits and vegetables contain a vast array of antioxidant 
components, mainly polyphenols and flavonoids.8, 9 Flavo-
noids possess several physiological properties: antioxidant, 
antibacterial, antiviral, antiinflammatory, antimutagenic 
and antitumoral activity, as well as the activation or inacti-
vation of certain enzymes.10 In plants, flavonoids generally 

exist as glycosylated and sulphated derivatives.11 Flavonoid 
glycosides are much more rapidly absorbed by humans 
than the aglycones.12

The purpose of the present study was to evaluate the role 
of grape seed extract on lipid peroxidation, protein oxida-
tion and antioxidant status in the plasma and liver of diabetic 
mellitus induced animals.

Materials and methods
Preparation of grape seed extract 
Red grapes (Vitis vinifera variety Burgund mare) seeds 
were obtained from Recas vineyard, Romania. The 1:1 BM 
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was obtained as previously described.13 The polyphenol 
content was determined by the Folin-Ciocalteu method and 
samples were standardized to 3 mEq GA/ml.13

Animals
Ninety-day-old Wistar rats, weighing 225±25 g, were given 
a normocaloric standard diet (Hindustan Lever, Kolkata, 
India) and water ad libitum, while being maintained in a 
controlled environment (12 h light and dark cycle, 21–23°C). 
The animals were acclimatized to the laboratory conditions 
for one week before the start of the experiment. All 
experiments were conducted in accordance with the NIH14 
prescriptions and the protocol was approved by the Institu-
tional Committee on Ethics of Animal Experimentation. 

Drugs and chemicals
All of the drugs and biochemicals were purchased from 
Sigma Chemical Company Inc., St Louis, MO, USA. The 
chemicals were of analytical grade.

Induction of experimental diabetes
Streptozotocin was freshly dissolved in citrate buffer (0.01 
M, pH 4.5) and maintained on ice prior to use. Diabetes was 
induced with a single i.p. injection of STZ (50 mg/kg) to 
overnight fasted rats.15 Control rats were injected with cit-
rate buffer. Diabetic status was confirmed in the STZ-treated 
rats by measuring the fasting plasma glucose after 72 h. 
Blood (0.2 ml) was collected into heparanised tubes by 
puncturing the retro-orbital plexus. The plasma was centri-
fuged at 2000 G, for 10 min. After removing the buffer coat, 
the packed RBCs were washed twice with cold isotonic 
physiological saline solution. Then a known volume of 
RBCs was lysed in cold phosphate buffer (at pH=7.4).  The 
haemolysate was separated by centrifuging at 3000 G, for 
10 min, at 2˚C. Both plasma and haemolysates were used 
for biochemical analysis. Glucose level was estimated using 
a commercial glucose kit (Qualigens Diagnostics – Accu-
Chek- ROCHE). Rats with plasma glucose levels above 
13.89 mmol/L were considered diabetic16 and used in 
experiments. Treatments with BM extract were started on 
day 3 after STZ-injection.

Experimental design
Thirty rats divided into three groups of 10 animals each, 
were used to investigate the antioxidant effect of BM 
extract. Group I, non-diabetic control; Group II, diabetic 
control; Group III, diabetic + BM extract (100 mg/kg). The 
BM extract was suspended in CMC (0.01 g/ml) and orally 
administered via an intragastric tube (0.6 ml/rat) on a daily 
basis for 20 days. Non-diabetic control and diabetic control 
rats received CMC alone. After the last treatment (day 20), 
rats were fasted overnight and sacrificed by cervical decap-
itation. For each group, glucose plasmatic level was 
determined at the beginning of the experiment, 96 hours 

after STZ administration (only for group II and group III) 
and at the end of the experiment. 

Sampling and preparation of biological materials
Tissues  Liver tissues, stored in ice-cold containers, were 
homogenized using a Potter-Elvejham homogenizer with 
physio-logical serum, centrifuged at 3,000 rpm and then 
the supernatants were collected. Biochemical parame-
ters were measured in the homogenates on the day of 
sacrifice.

Biochemical analysis  The plasmatic and hepatic levels of 
oxidative stress were estimated, by assessing lipid peroxides 
and carbonylated proteins concentrations.

Lipid peroxides were measured by the TBARS meth-
od.17 The results were expressed in nmol MDA per mL of 
plasma and nmol MDA per g of tissue. 

Carbonylated proteins as products of the reaction 
between the reactive oxygen species (ROS) and proteins 
were determined in the plasma and hepatic tissue homoge-
nates, using the hydrochloric guanidine method.18 The 
results were expressed in nmol per mg protein.

The activity of SOD was assayed as described by 
Kakkar et al.19 A unit of the enzyme activity was defined 
as the enzyme reaction giving 50% inhibition of NBT 
reduction in 1 min under the assay conditions and 
expressed as specific activity in units/mg Hb, respectively 
units/mg protein.

The CAT activity was assayed according to Sinha20 and 
expressed in μmol H

2
O

2
 consumed/min/mg Hb, respec-

tively units/mg protein.

Statistical analysis  All analysis were expressed as mean 
values ± SEM and analysed by Student’s t test. Differences 
were considered significant at p < 0.05.

Results

Effect of BM extract on fasting plasma glucose 
levels
Fasting plasma glucose levels were increased in diabetic 
control rats. When treated with grape seed extract diabetic 
rats displayed significantly (p<0.005) decreased plasma 
glucose levels, close to the normal levels (Table 1). 

Effect of BM extract on TBARS and CP
The concentration of TBARS and CP in the plasma and 
liver of normal and diabetic rats is described in Table 1. In 
diabetic rats, TBARS and CP were significantly increased 
in the plasma and liver tissue (p<0.05). Treatment of dia-
betic rats with grape seed extract significantly decreased 
the concentration of both TBARS and CP in the plasma and 
liver tissue (p<0.005).
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Effect of BM extract on enzymatic antioxidants
In diabetic rats, the activities of SOD and CAT were sig-
nificantly decreased in the plasma and liver (Table 1) 
(p<0.034). The diabetic rats treated with BM extract exhib-
ited a significant increase in the activities of SOD and CAT 
in the plasma and liver (p<0.005).

Discussion
STZ diabetic rats develop most of the typical diabetic com-
plications.21 Various proteins, including haemoglobin, 
albumin, collagen, LDL or crystalline proteins undergo 
non-enzymatic glycation22.  Glycation itself may induce the 
formation of oxygen-derived free radicals under diabetic 
condition.23 In the present study the administration of BM 
extract decreased plasma glucose levels in diabetic rats and 
prevented STZ-induced oxidative stress. This suggests that 
treatment with the grape seed extract could ameliorate the 
oxidative stress caused by hyperglycaemia.

Lipid peroxidation is a characteristic of diabetes melli-
tus. Lipid peroxidation is a free-radical-induced process 
leading to oxidative deterioration of PUFA. Under physio-
logical conditions, the concentrations of lipid peroxides in 
the tissues are low. Karpen et al.24 reported elevated levels 
of lipid peroxides in the plasma of diabetic rats. Lipid per-
oxide-mediated tissue damage resulted in the development 
of both type I and II diabetes. 

Low levels of lipid peroxides stimulate the secretion of 
insulin, but when the concentration of endogenous perox-
ides increases, it may initiate uncontrolled lipid peroxidation, 
thus leading to cellular infiltration and islet cell damage in 
type I diabetes25. The most commonly used indicators of 
lipid peroxidation are TBARS products.26 The increased 
lipid peroxidation in the tissues of diabetic animals may be 
due to the observed increase in the concentration of TBARS 

in the liver and kidney of diabetic rats.27 Our results showed 
that in diabetic animals the levels of TBARS were high in 
the plasma and liver tissue, and were restored to normal 
values after the treatment with BM extract. 

Carbonylation of proteins is a feature of irreversible oxi-
dative damage, often leading to a loss of protein function, 
which is considered a widespread indicator of severe oxidative 
damage and disease-derived protein dysfunction. Whether 
moderately carbonylated proteins are degraded by the pro-
teasomal system, heavily carbonylated proteins tend to 
form high-molecular-weight aggregates which are resistant 
to degradation and accumulate as damaged or unfolded pro-
teins. STZ-induced oxidative damage in proteins was 
revealed by the increased content of carbonylated proteins 
in the plasma and liver tissue.28 The treatment of STZ-in-
jected animals with grape seed extract lowered the proteins’ 
oxidant damage in rats’ plasma and liver tissues. 

Oxidative stress in diabetes coexists with a reduction in 
the antioxidant capacity, which can increase the deleterious 
effects of the free radicals. SOD protects tissues against 
oxygen free radicals by catalysing the removal of superox-
ide radical, converting it into H

2
O

2
 and molecular oxygen, 

which both damage the cell membrane and other biological 
structures.29 Catalase is a haem-protein, which is responsi-
ble for the detoxification of significant amounts of H

2
O

2
.30 

Reduced activities of SOD and catalase in the liver and 
pancreas during diabetes were reported, resulting in a 
number of deleterious effects due to the accumulation of 
superoxide radicals and hydrogen peroxide.31 The grape 
seed extract treated rats showed reduced lipid peroxidation 
and protein oxidation which was associated with an 
increased activity of SOD and CAT.

The antioxidant activity of phenols is due to their redox 
properties that allow them to act as reducing agents by 
donating hydrogen, quenching singlet oxygen or acting as 

Table 1.  Effect of grape seed extract on fasting plasma glucose levels, the levels of lipid peroxides and carbonylated proteins and 
antioxidant enzyme activities in plasma and hepatic tissues in normal and diabetic rats 

			   Diabetic rats treated with 
	 Normal control rats	 Diabetic control rats	 grape seed extract

Plasma glucose (mg/dL)	 4.72±0.16	 15.23 ± 0.69*** 	 5.28 ± 0.26*++

			   p< 0.001	 p<0.005
Plasma TBARS (nmol/mL)	 2.01 ± 0.51	 2.83 ± 0.25*	 2.06 ± 0.48*++
Plasma  CP (nmol/ mg protein)	 0.61 ± 0.06	 2.52 ± 0.52 ***	 0.96 ± 0.20*++
RBC SOD (U/mg Hb)	 3.17 ± 0.14	 1.62 ± 0.16*	 3.005 ± 0.09*++
RBC CAT(µmol H2O2 utilized/min/mg Hb)	 2.81 ± 0.09	 1.73 ± 0.13*	 2.63 ± 0.07*++
Liver TBARS (nmol/g of tissue)	 0.85 ± 0.03	 1.77 ± 0.08*	 0.96 ± 0.07*++

Liver CP  (nmol/mg prot)	 1.005 ± 0.73	 3.50 ± 0.69***	 2.20 ± 1.09*++

Liver SOD  (Units/mg prot)	 10.72 ± 0.82	 5.72 + 0.44*	 9.90 ± 0.75*++

Liver CAT  (Units/mg prot)	 75.2 ± 1.46	 44.9 ± 1.38*	 65.9 ± 3.10*++

TBARS= thiobarbituric acid reactive substances, CP= carbonylated proteins, RBC= red blood cell lysate, SOD= superoxide dismutase, CAT= catalase
*, **, and ***= significant at P<0.05, P=0.005, and P<0.001, respectively, compared to normal control rats
+, ++, and +++= significant at P<0.05, P=0.005, and P<0.001, respectively, compared to diabetic control rats

 by on March 20, 2010 http://dvr.sagepub.comDownloaded from 

http://dvr.sagepub.com


Irina C. Chis et al.	 203

metal chelators. Red wines, as rich sources of biologically 
active polyphenols (catechins, epicatechins and gallic acid), 
have antioxidant and antitumoral properties. Red wines that 
contain > 200 different phenolic compounds might be 
important dietary sources of polyphenols.13, 32, 33 

In conclusion, our results suggest that long-term daily 
administration of grape seed extract offers enhanced anti-
oxidant potential and protection against tissue lipidperoxidation 
and protein oxidation, and could therefore be associated with 
reduced glucose levels in diabetic rats. 
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MDA	 malondialdehyde
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PUFA	 polyunsaturated fatty acids

RBC	 red blood cell

SOD	 superoxide dismutase

TBARS	 thioarbituric acid-reactive substances.
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