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ABSTRACT

Epidemiological studies have demonstrated an inverse correlation between moderate wine and alcohol
consumption and morbidity and mortality from coronary heart disease.
The protective effect has been associated with an increase in the plasma level of HDL cholesterol, as it is well
recognized that plasma HDL is inversely correlated with CHD. In addition, it has become evident that blood
platelets contribute to the rate of development of atherosclerosis and CHD through several mechanisms. In
recent studies it has been shown that the level of HDL cholesterol can explain only 50 % of the protective
effect of alcoholic beverages; the other 50 % may be partly related to a decrease in platelet activity.
This anti-platelet activity of wine is explained by ethanol but also by the polyphenolic components with
which red wines are richly endowed.
Several studies carried out on humans and animals have shown that wine phenolics could exert their effects
by reducing prostanoid synthesis from arachidonate. In addition, it has been suggested that wine phenolics
could reduce platelet activity mediated by nitric oxide. Moreover, wine phenolics increase vitamin E levels
while decreasing the oxidation of platelets submitted to oxidative stress.
However, a rebound phenomenon of hyperaggregability is observed after an acute alcohol consumption which
is not observed with wine consumption. This protection afforded by wine has been duplicated in animals with
grape phenolics added to alcohol. The rebound phenomenon may explain ischemic strokes or sudden deaths
known to occur after episodes of drunkenness.
It appears that wine, and wine phenolics in particular, could have a more significant inhibitory effect on
platelet aggregation and could explain, in part, the hypothesis that red wine is more protective against
atherosclerosis and coronary heart disease.
Key words: Alcohol, cardiovascular disease, platelet function, wine.
Abbreviations: CFR: cyclic flow reduction; DHA: docosahexaenoic acid; EDRF: endothelium derived
relaxing factor; 12-HETE: 12-hydroxyeicosatetraenoic acids; HHT: hydroxyheptadecatrienoic acid; LDL:
low-density lipoprotein; MDA: malondialdehyde; NO: nitric monoxide; PGI2, PGD2: prostacyclin; PMN:
polymorphonuclear leukocytes; TXA2: Thromboxane A2.

INTRODUCTION

It has been shown in epidemiological
studies that moderate consumption of
alcoholic beverages has a protective effect
against the clinical complications of
coronary heart disease (1).
Several reasons have been proposed for
this protective effect, including increased
plasma levels of high density lipoproteins
or prostacyclin that are associated with
ingestion of alcohol and direct inhibitory
effects on platelet function (2, 3).
Blood platelets interact with coagulation
factors and the blood vessel wall to

maintain the integrity of the vessels and
hemostasis. They are also active in the
initiation of thrombosis within the
development of atherosclerosis.
Platelets are closely related to fatal or
non-fatal myocardial infarction. It is well
known that patients with diabetes,
hypertension, and patients who smoke have
hyperactive blood platelets.
Platelet activation is due to the action of
a different agonist on the blood platelet.
Platelet activation could be mediated by
different components that come from
plasma (thrombin), vascular wall (collagen)
or platelets themselves (ADP, TXA2).
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The release of arachidonic acid from
plasma membrane phospholipids by
phospholipase A2 leads to the formation of
thromboxanes, prostaglandins, and
leukotrienes (4). Thromboxane A2
(TXA2), is an unstable product, which
plays an important role in propagating
aggregation, once this process has been
initiated.
Thromboxane
B2
and
hydroxyheptadecatrienoic acid (HHT) are
two stable products formed from TXA2.
The other pathway from arachidonate
expressed in platelets involves the 12lipoxygenase enzyme, which synthesizes a
family of eicosanoids leading to the
production of 12-hydroxyeicosatetraenoic
acids (12-HETE) that are involved in calcium
mobilization and vascular permeability.
Another activation is mediated by
thrombin, which activates phospholipase C
and induces the release of inositol
triphosphate through the hydrolysis of
phosphatidyl inositol, which increases
calcium mobilization.
Some vascular components could inhibit
platelet aggregation, such as prostacyclin
(PGI2, PGD2) or endothelium derived
relaxing factor (EDRF) identified as nitric
monoxide (NO). This inhibition is mediated
by the release of AMPc through the
activation of adenylate cyclase.
There
is
some
clinical
and
epidemiological evidence suggesting that
moderate alcohol consumption, especially
wine, is associated with a reduction in the
risk of coronary heart disease (5-7).
A number of studies have demonstrated
that moderate consumption of alcohol raises
HDL-cholesterol levels. However, it has
been suggested that the increase of HDLcholesterol could explain about half of the
beneficial effect of moderate alcohol
consumption (1, 12). A number of other
mechanisms have been proposed to explain
the other half of the protective effect. These
observations suggest a direct effect of
ethanol on hemostasis and a possible effect
on blood clotting (13, 14). Other studies
have focused on the non-alcoholic
components of alcoholic beverages,
particularly in red wine, which may reduce
platelet activity and improve the
vasorelaxant effects.

EFFECTS OF ALCOHOL ON PLATELET
AGGREGATION

Alcohol influences several blood
parameters which could explain its
protective effects. It is well known that
alcohol consumption raises HDLcholesterol concentrations and thereby
reduces the development of atherosclerosis.
However, many studies have also
demonstrated that alcohol affect hemostatic
parameters (12-15).
An explanation for the protective action
of ethanol pertains to its effect on platelets,
which play a critical role in thrombosis and
the pathogenesis of atherosclerosis (16, 17).
Numerous studies have investigated the
effect of alcohol on platelet aggregation.
All tend to demonstrate that alcohol added
in vitro leads to a significant decrease of
platelet aggregation induced by thrombin,
collagen, epinephrine and ADP (17-20).
Human studies have shown that
physiological concentrations of ethanol
inhibit platelet aggregation in humans as
well as in animals in response to several
agonists, like collagen, thrombin, ADP and
platelet activating factor (21, 22).
In the Caerphilly Prospective Heart
Disease Study (23) it appears that the
intake of alcohol was inversely associated
with the response of platelets to
aggregation induced by collagen and ADP.
Since, it has been demonstrated that, like
aspirin (24), alcohol inhibits the secondary
aggregation; it can be postulated that
alcohol inhibits the release of TXA2
induced by different agonists (25, 26). The
mechanism by which alcohol reduces
TXA2 formation acts by inhibiting the
activity of platelet phospholipase A2 (17,
20). Phospholipase A2 leads to the
hydrolysis of the phospholipid membrane
–mainly of phosphatidyl-choline and
phosphatidyl-ethanolamine– and, at least,
to the release of arachidonic acid. By
contrast, it seems that an inhibitory effect
of
alcohol
on
thrombin-induced
aggregation is not observed in unselected
populations with moderate alcohol
consumption. This lack of inhibitory effect
of
alcohol
on
thrombin-induced
aggregation could be explained if alcohol
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caused an immediate and general
inhibitory effect on platelet function, but
the inhibitory effect on thrombin-induced
aggregation was transitory. This
suggestion comes from different animal
studies (15, 21).
In some studies, it has been found that
ethanol also inhibits production of inositol
tri-phosphate by platelets stimulated with
low concentrations of thrombin that do not
cause formation of TXA2 (27). This finding
indicates that ethanol has an inhibitory
effect on the activation and/or the activity
of phospholipase C, which is considered the
second type of platelet activation.
In acute studies, different results suggest
that platelet reactivity is significantly but
transiently increased in alcoholics 1-2
weeks after ethanol withdrawal and in
healthy volunteers after acute ethanol
ingestion (1.5 g alcohol/kg body weight)
(28).

THE EFFECTS OF WINE AND POLYPHENOLS ON
PLATELET AGGREGATION

Human and experimental studies
Many studies have investigated the effect of
wine or wine phenolics on platelet
activation and aggregation (29).
Several results have demonstrated a
significant inhibitory effect of red wine in
ADP and thrombin-induced platelet
aggregation (30-33).
Seigneur et al. demonstrated a marker
difference with red wine which reduced
rather than enhanced ADP-induced
aggregation. This would seem to indicate a
significant role of polyphenolic compounds
of red wine.
In human experiments Pace-Asciak et al.
(33) have demonstrated a significant
antiaggregatory effect with red and white
wine. Inhibition of aggregation is evidenced
by an increase in the concentration of
agonist required to aggregate 50 % of the
cells under standard conditions (IC50). A
significant increase occurred in the IC50 for
thrombin with both white wine (31 %) and
red wine (49 %). By contrast, white wine
consumption reduced plasma TXB2
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concentration by 52.5 % and red wine by
59.4 %. Concerning ADP during white wine
as well as red wine consumption, the IC50
for ADP increased by 17 %.
In addition, there have been numerous
reports that wines and particularly red wine
and also flavonoids and resveratrol can
have beneficial effects on platelet function
in animals.
The Folts coronary thrombosis model is
an on-line in vivo bioassay for platelet
activity producing cyclic flow reduction
(CFR) in coronary blood flow. The CFRs
were eliminated by intravenous or
intragastric administration of red wine
(4ml/kg) or grape juice. Similar
administration of white wine, however, was
without effect (34).
On the other hand, some results on the
effects of flavonoids on platelet aggregation
have demonstrated antiaggregatory effects
(35-38). It seems that epicatechin was more
effective than catechin to inhibit the
arachidonic
acid
induced-platelet
aggregation in dose-dependent manner.
Other studies have compared different wine
phenolics and some standard anti-oxidants.
Some results show that among the wine
phenolics tested, catechin and epicatechin
had little effect, but quercetin and transresveratrol inhibited both thrombin and
ADP-induced platelet aggregation (35).
Other studies indicated that after
consumption of alcohol alone or alcohol
supplemented with grape polyphenols,
platelets showed a significant decrease in
aggregability in response to thrombin,
which was greater for alcohol supplemented
with grape polyphenols (39).
Other investigations had also shown that
resveratrol was the only wine polyphenol
that inhibited the production of plasma
TxB2 from arachidonate by human platelets
and this was also accompanied by reduced
synthesis of HHT, a stable intermediate of
the cyclo-oxygenase pathway (40).
De-alcoholized red wine low in
resveratrol, thrombin and ADP induce
platelet aggregation but to a lesser extent.
Tzeng et al. (41) showed that ADP,
epinephrine or arachidonic acid-induced
platelet aggregation was inhibited by
different wine phenolics like myricetin and
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quercetin. These results have been
confirmed by other investigations (42-44).
Other studies have investigated the effect
of resveratrol, a natural phytoalexin found in
red wine, on platelet aggregation (35, 45).
Using ADP and thrombin as agonists, a
dose-dependent inhibition of human platelet
aggregation by both trans-resveratrol and
quercetin has been demonstrated. Bertelli et
al. (46, 47) demonstrated a dose-dependent
inhibition of collagen-induced platelet
aggregation by resveratrol. Moreover, they
also found a strong inhibitory effect of the
1000-fold diluted red wine (final resveratrol
concentration: 1.2µg/l) (-41.9 %) indicating
a platelet activity of different compounds,
such as alcohol and flavonoids. However, in
the same diluted wine, the addition of
synthetic resveratrol at a very low dose
(+1.2µg/l) increased significantly the platelet
inhibitory effect (-78.5) showing an
interaction between resveratrol and red wine
components.
Grape juice studies
In Folts coronary thrombosis model, grape
juice was used (34). The animals received
6-8 ml/kg of grape juice via intragastric
administration and showed platelet
inhibition evidenced by a decrease in the
slopes of the CFR, but they were not
completely eliminated.
The CFR was completely abolished with
the administration of 10 ml/kg of grape
juice after an average of 95 minutes, which
coincided with a significant decrease in
collagen-induced whole-blood platelet
aggregation. Similar experiments conducted
with orange juice or grapefruit juice had no
effects (48).
The amount of intragastric grape juice
necessary to abolish the CFR was 2.5-fold
greater than the amount of intragastric red
wine required. Red wine and grape juice
used for this study contained essentially
quercetin and rutin, whereas the level of
resveratrol was undetectable. However,
Pace-Asciak (33) showed that when
thrombin was added to it, the commercial
grape juice induced a highly significant
reduction of IC50. Our experiments also
indicated that only the wine with alcohol

was associated with a decrease in platelet
aggregation compared to water. In contrast,
the wine without alcohol increased the
response of platelets to aggregation (37).
Platelet rebound effect
Another antithrombotic effect of wine and of
its phenolic compounds is its capacity to
prevent the potentially damaging rebound
overshoot of platelet aggregation after
withdrawal of alcohol, which has been
observed in different studies and that result in
stroke or sudden death (37, 49). In fact, when
the animals drank diluted alcohol (6 %) until
venipuncture, platelet aggregation to
thrombin was inhibited by more than 60 %. In
animals drinking alcohol or wine, platelet
aggregation was inhibited to the same extent
as the group of animals receiving the different
alcoholic beverages with the same amount of
alcohol (6 %).
However, when the same fasted animals
were deprived of their alcoholic beverage
for 18 hours, a marked rebound effect in
platelet aggregation was observed with
alcohol. In the same condition this rebound
effect was not observed in animals given
red wine. White wine had a medium effect.
On the other hand, if some polyphenols
are added separately to alcohol up to the
level contained in red wine, the effects on
platelet aggregation are similar to the
inhibitory effect of red wine on the rebound
effect observed with alcohol alone. The
protective effect of red wine from rebound
effects appears to be essentially associated
with wine phenolics. This protection was
related to an inhibition of the increase in
lipid peroxidation observed with alcohol
drinking. By contrast, the animals drinking
red wine exhibited a reduction of levels of
lipid peroxides and conjugated dienes and
vitamin E. Also, only wine phenolics added
to alcohol were able to protect against lipid
peroxidation, similarly to red wine (37).

MECHANISMS INVOLVED IN THE
ANTIAGGREGATORY EFFECT OF WINE PHENOLICS

The anti-aggregatory effect could be
mediated through the ability of wine
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phenolics, including catechin, epicatechin,
quercetin and resveratrol to inhibit the
eicosanoid pathway. Since it has been
demonstrated that resveratrol impairs the
formation of TXA2 but not quercetin, it has
been postulated that quercetin blocks
thrombin-induced platelet aggregation by
directly inhibiting phospholipase C activity.
Resveratrol could inhibit cyclooxygenase
and lipoxygenase activities (50) and reduce
TXA2 production (35). The cyclooxygenase
pathway is important in the biosynthesis of
TXA2, whereas the lipoxygenase pathway is
responsible for the production of
hydroxyacids and leukotrienes. TxA2
mobilizes Ca2+ from intracellular stores;
this intracellular elevation of Ca2+ is likely
the final mediator of platelet aggregation and
ADP release. It was also demonstrated that
even at low concentrations (10-6-10-3 mol/l)
resveratrol inhibited the formation of
lipoxygenase product and TXB2 by rat
peritoneal polymorphonuclear leukocytes,
and suppressed ADP-induced platelet
aggregation (51).
Although stimulation of platelet
adenylate cyclase activity is another
possible site of action (35), it seems,
however, that quercetin has no effect on
intracellular phospholipase A2 from
human platelets (52). Polette et al. have
shown that the most striking effect of
flavonoids on unstimulated platelets was
observed on the basal TXB2, with a dosedependent effect. Epicatechin was more
effective than catechin to depress TXB2
formation (38).
It can be concluded that wine phenolics
and flavonoids are inhibitory at multiple
points in the eicosanoid pathway. They
potentiate antiaggregatory PGI2 activity,
inhibit thromboxane synthesis by inhibiting
both lipoxygenase and cyclooxygenase
activity, and also block platelet
thromboxane receptors (41, 43, 44, 53).
Recent studies show that platelet
membrane microviscosity decreased
significantly after red wine compared to the
control. Moreover platelet membrane fatty
acids analysis revealed that the total
saturated fatty acids mainly (18:0) showed
a tendency to decrease after red wine
consumption. Total unsaturated fatty acids
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(poly and mono unsaturated) showed a
tendency to increase after red wine
consumption. These results may have
synergistic effect in decreasing platelet
aggregation (54).
Other mechanisms have been evoked to
explain the antiaggregatory effect of
polyphenol. Since, some studies have
provided direct evidence that wine
phenolics induce an endothelial-dependent
relaxation via a direct enhancement of
endothelial NO synthesis (55-58). It could
be suggested that this mechanism could be
involved in the antiaggregatory effect of
wine phenolics. It has been shown that NO
has platelet antiaggregatory properties
stimulating guanylate cyclase that induces
an increase of intraplatelet GMPc, a
component responsible for the platelet
inhibition (59).
The anti-oxidant properties of wine
phenolics are also involved in the
antiaggregatory effect. Some flavonoids
such as catechin or epicatechin are able to
restore the vitamin E level or to decrease the
malondialdehyde (MDA) formation in
platelets co-incubated with docosahexaenoic
acid (DHA) (34). Flavonoids have been
shown to inhibit the non-enzymatic
peroxidation of polyunsaturated fatty acids
required for the activation of cyclo- and
lipoxygenase (60).
Recent studies provided information
concerning the effect of wine polyphenols on
the interaction between polymorphonuclear
leukocytes (PMN) and platelets, mechanism
that is relevant to the progression of vascular
damage. PMN adhesion to stimulated
platelets can be quantified by cytofluorimetry.
Wine polyphenols inhibit PMN adhesion to
stimulated platelets in a dose dependent
manner. This inhibition is due to the
reduction by the wine polyphenols of the
expression of the adhesion molecule as β2integrin (MAC-1) (61, 62).

CONCLUSION

Red wines contain a large number of
naturally occurring compounds. These
include tannins, anthocyanins, phenolic
flavonoids compound which have some
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potential health benefits. Some of them are
both good platelet inhibitors and good
antioxidants. These characteristics could
reduce either the development of occlusive
platelet mediated thrombi forming in
narrowed arteries or the development of
atherosclerosis by preventing the oxidation
of low-density lipoprotein (LDL). It seems
that wine and wine phenolics could act in a
protective way on the two mechanisms
involved in the development of coronary
heart diseases.
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