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ABSTRACT Procyanidins, a group of flavonoids, are oligomeric forms of catechins that are abundant in red wine,

grapes, cocoa, and apples. Paraoxonase acts as an antioxidant enzyme and protects low-density lipoprotein-cholesterol

against oxidation. In our study we aimed to evaluate the effects of grape seed extract (GSE) on paraoxonase activities

in streptozotocin-induced diabetic rats. Our study included four groups of rats: Group I (n¼ 8), control; Group II (n¼ 10),

GSE-supplemented; Group III (n¼ 6), streptozotocin-induced diabetic; and Group IV (n¼ 7), GSE-supplemented diabetic

rats. Serum paraoxonase activities were determined with a spectrophotometric method. Paraoxonase activities in Group III

were significantly lower than in the other three groups (P< .001, P< .001, and P¼ .005 for Groups I, II, and IV, respectively),

and Group IV showed increased paraoxonase activities compared to Group III (P¼ .005). This is the first study to show an

association between paraoxonase status and GSE supplementation and demonstrated that GSE increased paraoxonase ac-

tivities. This beneficial effect of GSE was more obvious in the diabetic group, which was more prone to atherosclerotic events

compared to the healthy population.
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INTRODUCTION

D iabetes mellitus is an important systemic disease,
based on the growing number of the affected population

throughout the world. Diabetes is known as an independent
risk factor for coronary artery disease, stroke, and peripheral
arterial disease. Eighty percent of all deaths among the di-
abetic population result from atherosclerotic events.1 Pro-
longed hyperglycemia by means of the increased oxidative
stress was suggested as the major cause of endothelial dys-
function, which plays a pivotal role in development of ath-
erosclerosis.2,3

Procyanidins are flavonoids that are widely found in
vegetables, cereals, and fruits like grapes, berries, cocoa,
and apples. They are phenolic compounds—oligomeric
forms of catechins—and are involved in many biological
activities.4 They affect intracellular signal enzymes such as
tyrosine kinases and phosphodiesterases. Not only being
potential antioxidants either by their own antioxidant
properties or by increasing plasma levels of some vitamins
like ascorbate and tocopherol, but also with beneficial ef-
fects like plasma lipid- and lipid peroxide-lowering activity,
induction of decrease in blood pressure, and dilatation of
endothelium-dependent blood vessels, procyanidins are
considered as cardioprotective agents.5,6 Grape seed extract

(GSE) contains biologically active polyphenolic flavonoids
that have been shown to be involved in many biological and
pharmacological processes and have been used as thera-
peutic agents against oxidative stress.7,8

Paraoxonase (PON1) is a serum esterase that has the
ability to hydrolyze paraoxon—the active metabolite of an
organic phosphorus-containing insecticide, parathion.9,10

The enzyme also catalyzes the breakdown of some other
organic phosphorus-containing insecticides, sarin and tabun
gases, various carbamates, and many aromatic carboxylic
acid esters like phenyl acetate, 4-nitrophenyl acetate, and
2-naphthyl acetate.11,12 PON1 is synthesized in the liver and
is bound to plasma high-density lipoproteins (HDLs) in the
circulation. This enzyme prevents the oxidation of low-
density lipoproteins (LDLs) and acts as a protective enzyme
against atherogenesis. It has two major activities against
atherosclerotic process: it presents esterase activity upon
hydrolysis of phospholipid hydroperoxides and cholesteryl
ester hydroperoxides, and peroxidase activity upon the re-
duction of lipid hydroperoxides and degradation of hydro-
gen peroxide. PON1 provides beneficial effects against
atherosclerosis by protection of HDL from peroxidation and
plasma membranes from free radical injury.13

The impact of procyanidins and especially of GSE on
diabetes and atherosclerosis has been studied, and some
beneficial effects of these compounds against atherosclero-
sis have been reported. In our study we aimed to evaluate the
effect of GSE on PON1 activities in streptozotocin-induced
diabetic rats.
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MATERIALS AND METHODS

The study protocol was approved by the Ethical Com-
mittee of the Selcuk University Experimental Medicine
Research and Application Center (Konya, Turkey). This
study was performed on 31 Sprague-Dawley male rats, which
were 16 weeks old and weighed 200–300 g at the beginning
of the experiment. All animals were housed in cages with
12=12-hour light=dark cycle at 218C and 50% humidity. Rats
were randomly divided into four groups: Group I (n¼ 8),
control; Group II (n¼ 10), GSE-supplemented control;
Group III (n¼ 6), streptozotocin-induced diabetic; and
Group IV (n¼ 7), GSE-supplemented diabetic. Streptozoto-
cin was intraperitoneally administered at a dose of 50 mg=kg
of body weight dissolved in saline. Tail vein blood glucose
was measured 1 week after the injection of streptozotocin.
The diabetic state was confirmed when the glucose concen-
tration exceeded 300 mg=dL. After that, Groups III and IV
were formed. Rats in Groups II and IV were given GSE at
100 mg=kg=day with tap water for 6 weeks. The animals
were given standard rat chow and tap water ad libitum. After
6 weeks, rats were sacrificed by cervical dislocation follow-
ing intracardiac blood sampling under ketamine=xylazine
anesthesia. Blood samples taken from the rats were centri-
fuged at 1,000 g for 10 minutes, and sera were stored at
�808C until biochemical analysis.

GSE (ActiVin�) was provided by Phil Castro from San
Joaquin Concentrates (Fresno, CA, USA). IH636 (GSE) was
extracted with a standardized water-ethanol mixture. IH636
contains dimeric proanthocyanidins (54%), trimeric proan-
thocyanidins (13%), tetrameric proanthocyanidins (7%),
monomeric proanthocyanidins (less than 5%), and other
flavonoids. Antioxidants like cathechins and oligomeric
proanthocyanidins also occur in this extract. Poly-
saccharides (10.8%), proteins (2.1%), phytosterols (0.5%),
fatty acids (2.8%), and water (5–6%) are the other compo-
nents of IH636.

HDL-cholesterol levels were determined by the di-
rect enzymatic method without precipitation (Randox,
Crumlin, UK) on a Synchron LX20 system (Beckman
Coulter, Fullerton, CA, USA). PON1 enzyme activities were
determined with a spectrophotometric method described
as previously.14 In brief, PON1 activity toward paraoxon
(diethyl-p-nitrophenyl phosphate) was determined by mea-
suring the initial rate of substrate hydrolysis to p-
nitrophenol, and the difference in absorbance was monitored
at 412 nm. The enzyme activity was calculated from the

absorbance at 412 nm of p-nitrophenol (18,290 M�1 cm�1)
and was expressed as U=L.

Statistical analysis

SPSS for Windows (version 15.0) (SPSS, Inc., Chicago,
IL) was used for statistical evaluation of the data. All data
are presented as mean� SD values. Analysis of variance
and Tukey’s HSD test were used for comparison between
groups. P values of <.05 were considered significant.

RESULTS

PON1 activities and HDL-cholesterol concentrations of
the groups are given in Table 1. There was no significant
difference among the groups for HDL-cholesterol concen-
trations. PON1 activity of Group III was significantly lower
than those of the other groups (P< .001, P< .001, and
P¼ .005 for Groups I, II, and IV, respectively). GSE-sup-
plemented diabetic rats also had significantly increased
PON1 activities compared to the diabetic rats (P¼ .005)
(Fig. 1).

Table 1. HDL-Cholesterol Concentrations and PON1 Activities

Parameter Control GSE control Diabetic GSE diabetic

n 8 10 6 7
HDL-cholesterol (mmol=L) 0.518� 0.178 0.583� 0.085 0.720� 0.137 0.748� 0.360
PON1 (U=L) 84.23� 11.54 102.29� 23.43 45.98� 17.19abc 86.34� 21.83

aP< .001 versus control group.
bP< .001 versus GSE control group.
cP¼ .005 versus GSE diabetic group.

FIG. 1. PON1 activities of the experimental groups: 1, Group I,
control; 2, Group II, GSE-supplemented; 3, Group III, diabetic; and 4,
Group IV, GSE-supplemented diabetic. PON1 activities decreased
significantly in Group III. Group IV showed also increased PON1
activities compared to Group III.
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DISCUSSION

This is the first study to show an association between
PON1 status and GSE supplementation and demonstrate that
GSE increases PON1 activity. This beneficial effect of GSE
was more obvious in the diabetic group, which was more
prone to atherosclerotic events compared to the healthy
population. PON1, which protects LDL against in vitro
oxidation, plays an important role in the beneficial effects of
HDL on lipid peroxidation and the atherosclerotic process.15

It has been shown that PON1 enzymatic activity is de-
creased in coronary artery disease and ischemic stroke pa-
tients.16–19 Reduced PON1 activity was suggested to play a
role in the severity of coronary atherosclerosis, and this
relation was also shown in the diabetic group.20,21 PON1
activities were found to be significantly decreased in the
diabetic group compared to other groups.22,23 An inverse
correlation between PON1 enzymatic activity and the se-
verity of coronary heart disease in a cross-sectional study of
type 2 diabetic subjects was observed by Lakshman et al.24

Low concentration and enzymatic activity of PON1 were
suggested to be independent predictors of cardiovascular
events in diabetic patients.25 Recently, decreased PON1 and
arylesterase activities were observed in women with gesta-
tional diabetes.26

The procyanidins have been the subject of research, es-
pecially for their antioxidant roles and protective effects on
vascular endothelium. Its rich content of flavonoids has
made GSE one of the most popular procyanidins for in-
vestigators. GSE was shown to have more potent free radical
scavenger activity than vitamins E and C.27 Procyanidin-
rich extract from grape seed attenuates development of
atherosclerosis in rabbits, and this result was supported
by demonstrating its inhibitory effects on LDL oxidation
in vitro when added to the incubation mixture.28,29 GSE
supplementation provided improvement in plasma antioxi-
dant capacity and lipid profile in hypercholesterolemic
subjects.30 Significantly reduced oxidized LDL and inhi-
bition of endothelial CD36 expression, improved flow-
mediated dilatation shown ultrasonically, and decreased
arterial pressure in hypertensive rats are some of the ob-
served protective effects of GSE against atherosclerosis.31–34

Antihyperglycemic effects of GSE were also observed in
diabetic rats.4 GSE has also been shown to have protective
effects against high glucose-induced cytotoxicity.35

In the previous studies dealing with the protective effects
of GSE against atherosclerosis, the researchers mostly
showed the antioxidative effects of GSE and concluded that
its anti-atherosclerotic properties depend on this powerful
antioxidant potential.16–19 However, there is no research on
the relation between GSE with an endogenous antioxidant
and cardioprotective enzyme (PON1) as a coronary heart
disease risk factor in either healthy or diabetic population.
In this study we have observed decreased PON1 activities
in streptozotocin-induced diabetic rats. This result was in
agreement with previous data.22–26 GSE supplementation
increased PON1 activity in control and diabetic rats, and this
effect was more obvious in the diabetic group. Because re-

duced PON1 activity was suggested to play a role in the
severity of coronary atherosclerosis, especially in diabet-
ics,21–24 and low concentration and enzymatic activity of
PON1 were thought to be independent predictors of car-
diovascular events in diabetic patients in a recent study,25

this beneficial effect of GSE on PON1 activity seems to be
an important finding. This effect may be one of the anti-
atherosclerotic activities of GSE, and protection of LDL
against oxidation by GSE may also be related to its inducing
effect on PON1. Because our results show a more obvious
increase in PON1 activities in GSE-supplemented diabetic
rats, we concluded that GSE supplementation becomes more
relevant in the diabetic population, who are more prone to
atherosclerotic events.

We determined similar HDL-cholesterol concentrations
in all groups. Our result is in agreement with the data of
Vigna et al.36 and Preuss et al.,37 who also did not observe
any changes in HDL-cholesterol levels with GSE supple-
mentation.

This study is the first experimental investigation of
the effects of GSE on PON1 activity in streptozotocin-
induced diabetic rats. We concluded that PON1 activity
decreases in diabetes and that GSE supplementation ame-
liorates PON1 activity in diabetic rats. This finding sug-
gests that GSE supplementation may be beneficial for
diabetic patients with decreased PON1 activity to make
them less susceptible to coronary heart diseases. However,
further investigations on the effect of GSE supplementation
in healthy and diabetic humans are needed to support this
suggestion.
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