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Both epidemiological and experimental studies have revealed that
intake of wine, particularly red wine, in moderation protects cardio-
vascular health; however, the experimental basis for such an action is
not fully understood. Because all types of red wine contain varying
amounts of alcohol and antioxidants, it is likely that the cardiopro-
tective effect of red wine is due to both these constituents. In view of
its direct action on the vascular smooth muscle cells, alcohol may

produce coronary vasodilation in addition to attenuating oxidative
stress by its action on the central nervous system. The antioxidant
components of red wine may provide cardioprotection by their ability
to reduce oxidative stress in the heart under different pathological
conditions. Mild-to-moderate red wine consumption improves car-
diac function in the ischemic myocardium through the protection of
endothelial function, the expression of several cardioprotective
oxidative stress-inducible proteins, as well as the activation of adeno-
sine receptors and nitrous oxide synthase mechanisms.
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he beneficial effects of wine can be traced back to the dawn

of human civilization. It is a global socioreligious symbol
associated with a multitude of therapeutic benefits, including
medicinal as well as magical powers. The current popular
propositions about the benefits of ‘moderate wine drinking’ in
fact date back through history, and were first proposed by the
Father of Medicine, Hippocrates of Kos, in Greece. However,
the cardiovascular benefits of red wine became the hub of
research activity after the observation of ‘French paradox’ by
Renaud and de Lorgeril (1) who, in 1992, found that there was
a low mortality rate from ischemic heart disease among French
people despite their high consumption of saturated fats and the
prevalence of other risk factors, such as smoking. This was
attributed to their so-called ‘Mediterranean diet’, which
includes a large intake of wine. In 1997, a Dutch epidemiological
study (2) showed that coronary artery disease in elderly men is
inversely proportional to their flavonoids intake.

There is evidence from different sources showing that
oxidative stress disturbs the normal balance between the pro-
oxidants (oxygen free radicals) and antioxidants either by
increasing the formation of free radicals or by decreasing the
amount of antioxidants in the myocardium. This oxidative
stress plays an important role in cardiovascular diseases, such as
ischemic heart disease, arteriosclerosis, congestive heart
failure, cardiomyopathy, hypertrophy and arrhythmias (3).
Several studies highlight the role of free radicals in myocar-
dial ischemic reperfusion injury (4-6). These studies indicate
that the antioxidant reserve and antioxidant enzymes are sig-
nificantly reduced during ischemia-reperfusion injury. Palm
oil-derived polyphenols, such as the mixture of alpha (a),
beta (B), gamma (y) and delta (8) tocotrienols, as well as toco-
pherols, have also been shown to significantly reduce the
injury caused by ischemia and/or reperfusion through their

ability to stabilize proteasomes (7). During ischemia and/or
reperfusion injury, there is loss of antioxidant enzymes and
antioxidants and thus, the overall antioxidant reserve of the
heart is reduced. One of the major functions of antioxidants is
to block free radical formation. In the present report, we pro-
vide evidence for the cardioprotective effects of red wine and
two of its constituents: alcohol and polyphenolic compounds,
especially 3,4',5-trihydroxy-trans-stilbene (resveratrol) and
proanthocyanidins.

WHAT IS IN RED WINE THAT AFFECTS THE
CARDIOVASCULAR SYSTEM?

Red wine is rich in a variety of polyphenolic compounds.
These compounds are responsible for the colour, bitterness
and astringent taste, and act as preservatives that allow for the
long aging process used in the manufacturing of wine. These
potent antioxidants are found in the solid components of
grape berries, such as the skin and seeds. Polyphenols in gen-
eral are characterized as flavonoids and nonflavonoids: of the
flavonoids — catechin, quercetin, proanthocyanidins, con-
densed tannins and anthocyanins; of the nonflavonoids —
hydrolysable tannins, benzene and cinnamate derivatives (8)
are found in red wine. Red wine is produced by fermenting
grape juice with the pulp, whereas white wine is produced by
fermenting grape juice in the absence of the grape pulp. As a
result, red wine has a much higher polyphenol content than
white wine, as well as a higher level of antioxidant activity (9,10).
Besides polyphenols, alcohol constitutes up to 15% of the vol-
ume of red wine (Figure 1). A number of epidemiological
studies have shown an inverse relationship between moderate
alcohol consumption and coronary artery disease; however,
high consumption of alcohol leads to increased morbidity and
mortality, thus following a J-shaped curve (11-24).
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Figure 1) Red wine and its various components protect the heart from
ischemia and/or reperfusion injury as well as attenuate atherosclerosis

Red wine polyphenols act as antioxidants

Arteriosclerosis accounts for almost 40% of all mortality in the
United States. According to the oxidative theory, the process
of atherogenesis is accelerated by oxidation of low-density
lipoprotein (LDL) (25-30). There are a number of biological
mechanisms that could lead to LDL oxidation. For instance,
oxidation of LDL polyunsaturated lipid components occurs
with reactive free radicals and enzyme systems, such as
15-lipoxygenase, cytochrome p450 and myeloperoxidase (31).
Red wine polyphenols can reduce LDL sensitivity to lipid
peroxidation. In a study (31) in which subjects consumed
375 mlL/day of red wine for two weeks, lipid peroxides
decreased by 40%, thiobarbituric acid reactive substances by
44% and conjugated dienes by 48%. This study also suggested
a pro-oxidant effect of white wine because there was a 21% to
28% increase in thiobarbituric acid reactive substances in the
subjects who consumed white wine. Fermenting white wine
along with the grape pulp and solids increased its ability to
scavenge free radicals and inhibit LDLs copper ion-induced
oxidation. Oxidation properties of this wine were inhibited by
up to 87% when the grape juice was allowed to ferment for an
additional 18 h resulting in 18% alcohol. The increased inhi-
bition is due to the increased polyphenolic content and is sim-
ilar to the 94% inhibition seen with red wines (25). Thus, it
was demonstrated that it is red wine and not white wine that
has important antioxidant activity because of the higher
polyphenolic concentration. In another study (32), an alcohol-
free powder of red wine phenolic extract was shown to have
similar effects as red wine, acting as an antioxidant both in
plasma and on LDL. From this study, it can be inferred that the
cardioprotective effects of red wine are mainly through its
polyphenolic compounds.

The antioxidant effects of red wine polyphenols may result
from several mechanisms. Polyphenols can act as free radical
scavengers by acting as reducing agents or as hydrogen atom-
donating molecules. Chelation of transition metal ions by
polyphenols can also diminish the capacity of the metal to
generate free radicals (31). Furthermore, reactive copper ion
has been found in atherosclerotic plaques and in ceruloplasmin
and therefore has been suggested to cause oxidation of LDL (33),
whereas polyphenols have been found to strongly inhibit oxi-
dation induced by copper more than that induced by aqueous

6

peroxyls (34). Polyphenols have also been found to reduce
macrophage oxidative stress through the inhibition of
NADPH oxidase, 15-lipoxygenase, cytochrome p450 and
myeloperoxidase (31). Red wine polyphenols are absorbed effi-
ciently in human subjects and bind to LDL, thus protecting it
from oxidation (31,32,35). Resveratrol also reduces the syn-
thesis of lipids and eicosanoids, which promote inflammation
and atherosclerosis. In another study (36), it was demonstrated
that during the digestive process, the action of gastric juice on
foodstuffs produces hydroperoxides and malonaldehyde. These
free radicals co-oxidized vitamin E, B-carotene and vitamin C,
but the lipid peroxidation and co-oxidation of vitamin E and
B-carotene were inhibited by red wine polyphenols at acidic
pH conditions of the stomach. It was also shown that in the
presence of catechin, a well-known polyphenol found in red
wine, ascorbic acid worked synergistically to prevent lipid per-
oxidation and B-carotene co-oxidation (36).

Red wine affects high-density lipoprotein

Red wine is capable of increasing high-density lipoprotein
(HDL). This lipid molecule is required for the transport of
cholesterol from the arteries and various parts of the body
back to the liver for its metabolism and excretion. Therefore,
HDL is protective against arteriosclerosis. According to several
studies (12,32,37,38), alcohol consumption increases the lev-
els of HDL and thus, may explain a part of red wine’s protec-
tive effect. Some studies have shown that moderate
consumption of ethanol by itself can increase the plasma con-
centrations of HDL (39). In a study (35) in which healthy
men received 400 mL/day of wine for two weeks, an increase
in HDL was found with consumption of red wine although no
such beneficial increase was found with white wine. Several
studies have shown a dose-dependent increase in HDL and in
apolipoprotein A-I levels (37,40). The Enquete Cas-Temoins
de Llnfarctus du Myocarde (ECTIM) study (40) involved
561 men with myocardial infarction and 463 healthy men
from France and Northern Ireland. It was concluded that there
was a significant increase in HDL cholesterol — from 0.47 g/L to
0.59 g/L — in men who consumed 2.3 ounces/day of alcohol as
compared with nondrinkers. These men consumed mostly red
wine. They also reported an increase in apolipoprotein A-I
and A-II (40). In another study (37), it was found that HDL
levels increased in people consuming 1.7 ounces/day of wine.
Isolated HDL showed an increase of 27% in all molecular
species of cholesteryl esters. This effect was also associated
with enrichment of the HDL particles in polyunsaturated
phospholipids, especially those containing arachidonic acids
(+30%) and eicosapentaenoic acids (+90%) and those con-
taining omega-3 fatty acids, which are said to be beneficial
against coronary artery disease.

Red wine inhibits vascular smooth muscle cell proliferation
and migration

Vascular smooth muscle cell (SMC) proliferation and migra-
tion is an important component of atherogenesis (16,41). The
abnormal proliferation of vascular SMC in the arterial intima
is also an important step in the pathology of restenosis (41). In
a rabbit endothelial denudation model, rabbits fed a high-dose
resveratrol diet (4 mg/kg/day) developed less intimal hyperplasia
than that of control rabbits. The number of SMCs in the
thickened intima was reduced in the resveratrol-treated animals
(42). In another study (16), bovine aortic SMCs were treated
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Figure 2) Proposed events for ethanol-induced cardioprotection

with growth media supplemented with dealcoholized red wine,
red wine, or polyphenol extract or resveratrol for 48 h. It was
observed that red wine and red wine polyphenols inhibited
SMC proliferation in a dose-dependent manner. There are sev-
eral mechanisms by which red wine could inhibit vascular
SMC proliferation. For instance, platelet-derived growth fac-
tor is a potent chemo-attractant for SMCs. It induces cellular
motility by activation of the phosphatidylinositol 3-kinase (PI3K)
and p38 mitogen-activated protein kinase pathways (26). It has
been shown that red wine polyphenols inhibit platelet-derived
growth factor and serum SMC migration through the inhibi-
tion of these signalling pathways (43). Another red wine
flavonoid, quercetin, is also said to have antiatherogenic
effects on vascular SMCs by inhibiting matrix metallopro-
teinase-9, which is responsible for development of intimal for-
mations and plaque rupture in atherogenic lesions (44).
Resveratrol has also been shown to inhibit the expression of
cell adhesion molecules intracellular cell adhesion molecule 1
(ICAM 1) and vascular cell adhesion molecule 1 (VCAM 1)
on the endothelium (45), thus bringing about a reduction in
monocyte and granulocyte adhesion.

Red wine polyphenols attenuate platelet aggregation

Many cardioprotective drugs, such as acetylsalicylic acid, act
by attenuating platelet aggregability (46). Polyphenols,
specifically resveratrol and quercetin, have an antiaggregability
effect on human platelets (47). It has also been shown that
aggregation in response to ADP and thrombin in human
platelets is strongly inhibited by red wine (48). Quercetin has
also been demonstrated to decrease the platelet activity by
decreasing platelet cytosolic calcium as a consequence of
increased cyclic GMP phosphodiesterase activity (47). In a
human study (49), subjects who had 375 mL/day of red wine
for two to four weeks had decreased ADP-induced platelet
aggregation. Red wine, administered intravenously or intra-
gastrically at a dose of 1.6 mL/kg and 4.0 mL/kg in stenosed
canine coronary arteries, reduced the cyclic blood flow reduc-
tions caused by periodic formation of acute platelet-mediated
thrombi (46). These same effects were observed when high
quantities of grape juice were given, but not with white wine,
thus suggesting a role for red wine polyphenols for this atten-
uation in platelet aggregation (46). Moderate consumption of
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Figure 3) Molecular mechanisms of the effect of ethanol leading to car-
dioprotection where sarcolemmal membrane and Ca?* play an impor-
tant role

ethanol by itself is shown to decrease the adhesiveness of

platelets (39).

Cardioprotective effects of red wine, resveratrol and proan-
thocyanidins

Red wine is composed of more than 500 compounds although
only a few are present at concentrations of more than 100 mg/L.
These include water, glycerol, ethanol, sugar and organic acids.
There is increasing evidence supporting the cardioprotective
effects of ethanol (Figure 2), although the mechanisms of car-
dioprotection remain somewhat obscure. Ethanol decreases
sympathetic activity, thereby decreasing heart rate and cardiac
contraction while inducing coronary vasodilation; all these
effects lead to cardioprotection. On the other hand, Grassi et al (50)
showed that increased plasma ethanol level significantly ele-
vates the blood pressure, heart rate and sympathetic nerve
activity. Low to moderate concentrations of ethanol are shown
to inhibit coronary muscle contraction, increase coronary flow
and improve the cardiac output (51). The mechanisms by
which ethanol is a vasodilator are still unknown, however, a
study on the effects of changes in extracellular Ca?* on muscle
contractions supports a view that ethanol directly activates the
coronary vascular smooth muscle by modulating Ca2* metabo-
lism. The decrease in muscle contraction can arise from
decreases in Ca?* influx through voltage-dependant and
receptor-operated Ca?* channels in the sarcolemmal mem-
brane as well as a decrease in Ca®* release from the sarcoplas-
mic reticulum. This impaired intracellular availability of Ca?*
may be responsible for ethanol’s vasodilating effect. As a result,
ethanol dilates the coronary arteries and increases the coro-
nary flow. The increased coronary flow improves nutrient and
oxygen delivery to the myocardium, maintaining normal car-
diac cellular metabolism under stressful situations and resulting
in cardioprotection (Figure 3). Other possible causes for the
vasodilating effects of ethanol, including changes in cardiac
metabolism and generation, as well as release of some interme-
diate vasodilator vasoactive substance (52), cannot be ruled
out. In another study (53), ethanol was found to have cardio-
protective effects against ischemia-reperfusion. Low to moder-
ate concentrations of ethanol were shown to significantly
increase oxidative stress in the heart. During the first 12 h,
malondialdehyde levels in ethanol-perfused hearts increased
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Figure 5) The cardioprotective effect of resveratrol by scavenging
oxyradicals

significantly but decreased after 24 h and returned to baseline
levels after 72 h. Ethanol has been shown to induce the expres-
sion of the cardioprotective heat shock proteins (HSP), such
as HSP-70 and HSP-90 (52,53). These findings suggest that
ethanol initially induces oxidative stress, which is then trans-
lated into oxidative stress-inducible proteins. Ethanol was also
found to inhibit the production of pro-apoptotic factors c-Jun
and JNK-1 (53). Miyamae et al (54) showed that ethanol pro-
tects the heart from ischemia and/or reperfusion injury by
adenosine signalling in guinea pigs. In rats, ethanol also creates
ischemic preconditioning which may be mediated predomi-
nantly by o;-adrenergic signalling (54).

Red wine is considered to exert cardioprotective effects due
to the presence of different agents that exhibit antioxidant
properties (Figure 4). The concentration of polyphenolic com-
pounds in red wine is approximately 1800 mg/L to 3000 mg/L
(55). Of the many polyphenolic compounds in red wine,
resveratrol is found to be more cardioprotective. Grape plants
do not synthesize resveratrol regularly. It is a defensive mole-
cule, a phyto-alexin, produced to prevent the attack by patho-
genic organisms and combat environmental stresses. Recently,
a number of studies (56-58) have demonstrated that resveratrol

8

Figure 6) Improvement of endothelium function by resveratrol that
ultimately leads to cardioprotection. SICAM Soluble intracellular cell
adhesion molecule; sVCAM Soluble vascular cell adhesion molecule

given before ischemic arrest could protect the heart from
ischemia and/or reperfusion injury. The role of nitric oxide
(NO) is found to be one of the important mechanisms of phat-
macological preconditioning by resveratrol (59,60). A recent
study (59) suggested that the coordinated up-regulation of
inducible NO synthase, vascular endothelial growth factor,
kinase insert domain-containing receptor and endothelial NO
synthase is one of the resveratrol preconditioning mechanisms.
Another study (57) indicated that adenosine receptors have an
important function in the resveratrol preconditioning. It sug-
gested that adenosine Aj and Aj receptors, but not A, or
Ay, receptors, play a critical role in the pharmacological pre-
conditioning by resveratrol. Resveratrol likely activates both
adenosine Ay and Aj receptors, which phosphorylates PI3K,
which in turn phosphorylates protein kinase B (Akt), and
thus preconditions the heart by producing NO as well as by
the activation of antioxidant transcription factor BCI-2. Das
et al (58) showed that the activation of adenosine A3 recep-
tors can also precondition the heart by survival signal
through the cyclic AMP response element-binding protein
phosphorylation via PI3K-Akt and via mitogen-activated
extracellular signal-regulated protein kinase-cyclic AMP
response element-binding protein pathways. In another
study (61), heme oxygenase-I has been reported to play an
important role in resveratrol preconditioning. Resveratrol
attenuates various soluble intercellular cytokines like ICAM,
VCAM and E-selectin through improvement in the endothe-
lium function, which reduces the infarct size (45). Apart from
the redox signalling mechanism, resveratrol also protects the
heart as a potent antioxidant by scavenging free radicals and
inhibiting lipid peroxidation both in vitro and in vivo (53).
Thus, resveratrol inhibits apoptotic cell death as well as
release and/or generation of inflammatory mediators. Some of
the mechanisms for the cardioprotective effects of resveratrol
are depicted in Figures 5 and 6.

Proanthocyanidin, a known flavonoid, is one of the key
components found to be cardioprotective in red wine.
Proanthocyanidin acts as a potent antioxidant by scavenging
both peroxyl and hydroxyl radicals (62), and thus provides pro-
tection against myocardial ischemia-reperfusion injury, ventric-
ular fibrillation, ventricular tachycardia and cardiomyocyte
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apoptosis (63). Proanthocyanidin inhibits cardiomyocyte apop-
tosis, and downregulates some of the pro-apoptotic genes c-JUN
and JNK-1 (64). In another study, Sato et al (62) demonstrated
that proanthocyanidin-fed rats showed better post-ischemic
ventricular recovery and reduced myocardial infarction com-
pared with those of the control group. A more recent study on
chick cardiomyocytes has revealed the effect of proanthocyani-
din on reactive oxygen species generation, cell survival, lactate
dehydrogenase release and caspase-3 activity (65).

Red wine polyphenols affect vasomotor tone

Red wine polyphenol cardioprotective effects can be seen
through various mechanisms. As discussed earlier, polyphenols
act as antioxidants. Resveratrol, in particular, improves
endothelium function by inhibiting the expression of ICAM
and VCAM (45). Also, endothelial NO has vasodilatory
effects and therefore is said to be vasoprotective and antiathero-
sclerotic (66). Resveratrol can upregulate eNOS expression
and consequently increase eNOS-derived NO production.
This was observed in an in vitro study (67) when human umbil-
ical vein endothelial cells were incubated for 24 h to 72 h with
10 umol/L of resveratrol or in the culture medium containing
wine. An enhanced endothelial-dependent NO-mediated
vasorelaxation was observed (67). When human umbilical vein
endothelial cells were exposed to 7.4 pmol/L of resveratrol,
eNOS mRNA expression increased by approximately 150%;
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red wine increased it by 230% compared with the levels in the
controls. Because quercetin was found to produce a marked
coronary vasorelaxation effect that is endothelial independent,
it can be concluded that resveratrol is not the only component
responsible for red wine’s vasorelaxation effects. Ethanol is
thought to increase polyphenol availability by improving its
intestinal absorption, delaying excretion or by affecting its flow
through the xenobiotic excretion pathways (39).

CONCLUSION

Red wine attenuates ischemia and/or reperfusion injury; thus,
it produces cardioprotection. Components of red wine, such as
alcohol and polyphenolic compounds (such as resveratrol and
proanthocyanidin), serve equally for its cardioprotective prop-
erty but through two different mechanisms. Polyphenolic
antioxidants scavenge the free radicals while alcohol protects
from cellular injury by adapting the heart to oxidative stress.
The overall effect of these two components of red wine makes
red wine a potent therapeutic agent for the amelioration of
myocardial injury associated with ischemia-reperfusion.
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