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1 Red wine intake is associated with a low risk of cardiovascular disease. This e�ect has been
partly attributed to the action of polyphenolic compounds, which decrease the oxidation of plasma
low density lipoproteins. Moreover, nitric oxide (.NO) is a vasodilator and polyphenolic compounds
induce endothelium-dependent vasorelaxation in vitro.

2 Here we studied whether a diet rich in dealcoholated red wine (DRW) increases acetylcholine-
induced vasorelaxation and whether ingestion of DRW-, quercetin- or catechin-rich diets modi®es
the .NO-cyclic guanosine-3',5'-monophosphate (cyclic GMP) pathway and superoxide anion (O2

.7)
release in aorta in a resting state in rats fed semi-puri®ed diets containing either 35% (v w71) DRW,
0.3% (w w71) quercetin or 0.3% (w w71) catechin for 10 days.

3 .NO-mediated vasorelaxation induced by acetylcholine was greater in rats fed the DRW-rich diet
than in those that received the control diet.

4 Expression of endothelial .NO synthase (eNOS) was similar in the four dietary groups. The
aortic rings of rats fed either the DRW-, quercetin-, or catechin-rich diets showed higher NOS
activity, .NO production and cyclic GMP content than those of rats fed the control diet. No changes
were observed in O2

.7 production.

5 In summary, diets rich in either DRW, quercetin or catechin induced endothelium-dependent
vasorelaxation in rat aorta in a resting state through the enhancement of .NO production, without
modifying O2

.7 generation, thus the bioavailability of .NO was increased. The increase in the .NO-
cyclic GMP pathway explains the bene®cial e�ect of ¯avonoids at vascular level.
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Introduction

Ingestion of ¯avonoids found in wine, tea and various plant
foods is inversely correlated with mortality from coronary
disease (Renaud & de Lorgeril, 1992; Hertog et al., 1995;

Knekt et al., 1996). The bene®ts of red wine or ¯avonoid-rich
food have been attributed to the antioxidant activity of their
polyphenolic compounds (Rice-Evans et al., 1997), and the

oxidative modi®cation of low density lipoproteins (LDL) is a
key step in the formation of an atherosclerotic lesion
(Steinberg et al., 1989). Several studies have shown the

protective e�ect of ¯avonoids on LDL by measuring their
oxidative susceptibility in vitro (Brown et al., 1998), or in ex
vivo assays (Fuhrman et al., 1995; Van Het Hof et al., 1999)
and the total antioxidant status of lipoproteins (Fuhrman et

al., 1995). However, there is still debate about whether red
wine and ¯avonoid-rich food can decrease LDL oxidation ex

vivo (Fuhrman et al., 1995; de Rijke et al., 1996; Van Het
Hof et al., 1999; Caccetta et al., 2000). For many years it was
accepted that this was the main mechanism by which

¯avonoids mediate their bene®cial e�ects.
Some polyphenolic compounds of red wine cause endothe-

lium-dependent vasorelaxation in vitro (Fitzpatrick et al.,

1993; Andriambeloson et al., 1997; 1998). The in vivo studies
carried out on the protective e�ects of epicatechin in cerebral
ischaemia (Huang et al., 1999), and quercetin in rat brain

during global ischaemia and reperfusion (Shutenko et al.,
1999) have dealt with the generation of nitric oxide (.NO).
This compound, which is continuously synthesized by the
vascular endothelium, regulates vascular tone and is also a

powerful antioxidant (Rubbo et al., 2000). .NO also inhibits
lipid peroxidation in LDL (Hogg et al., 1993; 1998; Rubbo et
al., 1995); therefore it is an anti-atherogenic agent (Matthys

& Bult, 1997). From results obtained with polyphenols and
red wine in vitro, we postulated whether these e�ects, through
.NO, are relevant in vivo in a resting state, because ¯avonoids
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ingested as aglycones and glycosides are metabolized.
However, the bioavailability of .NO can be reduced by
several mechanisms, but most is removed by its reaction with

superoxide anion (O2
.7), yielding peroxynitrite and peroxyni-

trous acid, unstable molecules which are potent oxidants.
This study aimed to examine the e�ect of in vivo

administration of a dealcoholated red wine (DRW)-rich diet

on acetylcholine-induced vasorelaxation and whether the
ingestion of DRW-, quercetin- or catechin-rich diets a�ects
the .NO-cyclic guanosine-3',5'-monophosphate (cyclic GMP)

pathway and O2
.7 production by aortic tissue in a resting

state.

Methods

Animals and diets

Male Sprague-Dawley rats, which weighed about 175 g, were
purchased from Harlan Interfauna IbeÂ rica (Barcelona,

Spain). They were housed in temperature-controlled rooms
(21 ± 238C), with 40 ± 60% humidity, and were subjected to a
12-h light:dark cycle. These rats were divided into four

groups and were fed one of the following semi-puri®ed diets
for 10 days: (1) a control diet, (2) a 35% (v w71) DRW diet,
(3) a 0.3% (w w71) quercetin diet or (4) a 0.3% (w w71)

catechin diet (Table 1). To prevent oxidation and loss of
antioxidants, these diets were manufactured and stored at
7208C under vacuum until use. Fresh food was provided

once a day and rats had free access to food and water. The
experimental protocols were reviewed and approved by the
Ethical Animal Research Committee of the Faculty of
Biology, in accordance with European Community guide-

lines.
Alcohol was removed from the red wine in a rotary

evaporator at 308C. Vacuum was applied progressively up to

770 bars to avoid mechanical stress. Evaporated ethanol was
replaced to the original volume and pH by addition of
acidulated distilled water. Gas chromatography was used to

determine traces of ethanol in the DRW. The total
polyphenol content of the wine and the DRW was measured
following the Folin-Ciocalteau method (Singleton & Rossi,
1965) while their phenolic and anthocyanin contents were

evaluated by HPLC, following Castellari et al. (1998).

Aortic preparation

At the end of the feeding period, rats were anaesthetized with

sodium urethane (1.5 g kg71 i.p.) and exsanguinated. Thor-
acic aortae were excised and placed in a phosphate bu�er
solution (PBS) at pH 7.4. Aortae were carefully cleaned of
fat, connective tissue and blood, taking care not to touch the

luminal surface, and were then cut into four rings of 4 ± 5 mm
in length. Segments for vasorelaxation studies were set up in
gassed (95% O2 and 5% CO2) PBS. Segments for the

determination of cyclic GMP and .NO synthase (NOS)
activity were frozen in liquid nitrogen and maintained at
7808C until use.

Effect of DRW on acetylcholine-induced vasorelaxation

Aortic rings with intact endothelium were randomized and
®xed between stainless-steel hooks in a bath containing PBS
pH 7.4 at 378C. The hook anchoring the upper end of the
ring was connected to the isometric transducer by a silk

thread. Rings were equilibrated at an initial tension of 2 g for
60 min and the bath solution was renewed every 15 min and
gassed with a mixture of 95% O2 and 5% CO2. After

equilibration, these rings were pre-contracted with 261077 M

phenylephrine and relaxed with cumulative concentrations of
acethylcholine (from 1078 to 1074 M) in the presence of

100 U ml71 superoxide dismutase (SOD). To prevent reaction
between O2

.7 and .NO, SOD was added just before the
phenylephrine. Thus, in this condition, the degree of

relaxation is an indirect measurement of .NO production
(LoÂ pez et al., 2001). The organ bath solution was renewed
three times after each assay and rings were allowed to
equilibrate for at least 15 min to recover the baseline. Studies

were also carried out in the presence of 0.1 mM NG-nitro-L-
arginine (L-NNA), an inhibitor of NOS, which was added
20 min before the pre-contraction. The e�ective molar

concentration of acetylcholine which causes 50% of maximal
relaxation (EC50) was calculated for each concentration-
response curve by ®tting data to a linear curve and was

expressed as a negative logarithm.

.NO-cyclic GMP pathway parameters

Endothelial NOS (eNOS) protein expression was measured in
the supernatant of aortic homogenates subjected to sodium
dodecyl sulfate-polyacrilamide gel electrophoresis and subse-

quently blotted on nitrocellulose membranes at 100 V for 1 h.
The blots were developed with a rabbit anti-human eNOS
polyclonal antibody (dilution 1 : 5000). Puri®ed bovine eNOS

was also loaded (2 mg) on the gels as a positive control and a
pre-stained protein standard was used to check transfer
e�ciency. Bands were quanti®ed by densitometry.

NOS activity in aortic homogenates was measured by
the conversion of [3H]-L-arginine to [3H]-L-citrulline using a
Cayman kit. [3H]-L-citrulline content was quanti®ed by
liquid scintillation counting in a Packard Top-Count

counter (Packard Instrument Company, Meriden, CT,
U.S.A.). In some experiments, 1 mM NG-nitro-L-arginine
methyl ester (L-NAME) HCl, an inhibitor of NOS that

generates L-NNA, was added to the incubation medium
for 30 min. To address the e�ect of eNOS on NOS
activity, the endothelium of one additional segment was

Table 1 Composition of semipuri®ed diets

Components
(g kg71 diet) Control DRW Quercetin Catechin

Casein{ 225 224 224 224
Wheat starch 446 445 445 445
Saccharose 223 222 222 222
Cellulose 31 31 31 31
DL-methionine 1 1 1 1
Mineral mix 14 14 14 14
Vitamin mix 10 10 10 10
Corn oil 50 50 50 50
All-rac-a-tocopherol acetate 0.09 0.09 0.09 0.09
Flavonoids 0 350{ 3.00 3.00

{Vitamin-free delipidated. {The 350 ml of DRW replaced
the 350 ml of water added to compact the diet.
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removed by gently rubbing the intima surface with
stainless steel wire.

.NO production in a resting state was measured by electron

spin resonance (ESR) spectroscopy. Aortic segments were cut
into segments, and pre-incubated at 378C for 20 min in PBS
at pH 7.4. They were then exposed to the following amounts
of spin trapping agents, 5 mM dietyldithiocarbamic acid

(DEDTC) and 50 mM FeSO4.7H2O, and were incubated for
30 min. After incubation, aortic segments were weighed and
frozen in liquid nitrogen for posterior ESR analysis. An

additional segment from each rat was endothelium denuded
or pre-incubated with 1 mM L-NNA. The mononitrosyl iron
complex formed with DEDTC (NO-Fe-(DEDTC)2) was

measured in a Bruker 300E spectrometer (Bruker Instruments
Company, Billerica, MA, U.S.A.) at 77 K (10 mW micro-
wave power, 31985 G amplitude modulation, 9.77 kHz

microwave frequency and 100 kHz modulation frequency).
The signal from the complex corresponded to the di�erence
in intensity between a maximum at 3440 [G] and a minimum
at 3470 [G]. Values were extrapolated to a standard curve

made with diethylamine NONOate.
Vascular cyclic GMP was evaluated in segments (20 ±

40 mg) homogenized in PBS containing 25% trichloroacetic

acid and centrifuged at 15006g for 10 min at 48C. This
parameter was measured in the supernatant using an enzyme
immunoassay kit from Cayman. Proteins were determined in

the pellet by the Bradford method (Bradford, 1976) using
bovine serum albumin as standard.

O2
.7 production

O2
.7 production by endothelium functional segments was

measured as lucigenin-derived chemiluminescence in the

presence of 5 mM lucigenin in a resting state and after
stimulation with 100 mM nicotinamine adenine dinucleotide
phosphate reduced form (NADPH) (Skatchkov et al., 1999).

NG-monomethyl-L-arginine (L-NMMA, 1 mM), an inhibitor
of NOS, was used to inhibit the reaction of O2

.7 with .NO.
Other NOS inhibitors interfere with NADPH-dependent

reduction (Mayer & Andrews, 1998). To estimate the true
O2

.7 production in a resting state and after stimulation, the
values with SOD were subtracted from those obtained in its
absence.

Drugs

The red wine used was a common commercial wine made in
Spain. L-[2,3,4,5-3H]-Arginine monohydrochloride was pur-
chased from Amersham Pharmacia Biotech (Bucks., U.K.).

The diethylamine NONOate, L-NNA, L-NAME, L-NMMA,
rabbit antihuman eNOS and bovine eNOS were obtained
from Cayman Chemical Company (Miami, FL, U.S.A.). All

other compounds were purchased from Sigma Chemical
Company (St. Louis, MO, U.S.A.), with the exception of the
starch (Panreac QuõÂmica, Barcelona, Spain) and the mineral
and vitamin mix (ICN Biomedicals, Aurora, OH, U.S.A).

Statistics

Results are expressed as the mean+s.e. mean for three
rats for acetylcholine-induced vasorelaxation, and for 5 ± 6
rats in duplicate for the other assays. Statistical signi®-

cance was estimated by the Student's t-test for unpaired
observations.

Results

Alcohol and polyphenol content in DRW

Gas chromatography showed that DRW was non-alcoholic
(53 g l71 of alcohol). Dealcoholization did not alter the

content of total wine polyphenols (3.2 g l71 and 3.1 g l71,
expressed as gallic acid equivalents in red wine and DRW,
respectively). The content of phenolic and anthocyanin

compounds in DRW was similar to those of the red wine
before the removal of alcohol (Table 2). All groups of rats
had a similar daily diet-intake (30 g for the control group)

and growth performance (50 g for the control group) during
the 10 days of diet.

Acetylcholine-induced vasorelaxation by DRW

Acetylcholine induced cumulative concentration-dependent
relaxation in pre-contracted rings. In the DRW group there

was a signi®cant di�erence (P50.05) in maximal relaxation
(75.5+1.8% vs 68.5+1.5% in the control group) in the
presence of exogenous SOD (Figure 1), and the EC50

increased (P50.05) when expressed in 7log M (6.94+0.06
vs 6.60+0.08 for the control group), which accounts for a
50% decrease when expressed in mM.

Effect of flavonoid-rich diets on the .NO-cyclic GMP
pathway

The mean expression of eNOS (relative densitometric units)
was similar in the four dietary groups (Figure 2).

NOS activity was signi®cantly higher in aortic homo-

genates from rats fed the DRW-, quercetin-, and catechin-

Table 2 Total phenols (expressed as gallic acid equivalents),
alcohol degree and phenolic and anthocyanin content in red
wine and DRW

Red wine DRW

Gallic acid equivalents (g l71) 3.1+1.5 3.2+0.5
Alcohol degree (%) 12.0+10.0 50.3
Phenolic content (mg l71)
Gallic acid 19.1+3.0 19.0+2.0
Protocatechin 3.2+0.4 2.3+0.1
Catechin 8.8+1.1 9.7+2.0
Caftaric acid 14.8+2.1 15.7+0.8
Epicatechin 4.5+0.5 4.0+0.8
Cutaric acid 5.4+1.4 4.4+0.3
Rutin 1.4+0.3 1.5+0.1
Quercetin 5.3+0.6 5.4+0.1
Anthocyanin content (mg l71)
Delfinidin 7.2+1.0 7.3+0.8
Cianidin 1.6+0.3 1.6+0.2
Petunidin 10.5+1.5 10.2+1.3
Peonidin 10.0+2.0 9.4+1.5
Malvidin 59.5+10.0 60.2+8.0
Malvidin-3-acetate 4.5+0.8 4.7+0.5
Malvidin-3-paracumarate 4.5+0.5 4.4+0.2

Values are the mean+s.e.mean of four bottles of the same
wine.
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rich diets (180+13, 140+13 and 120+14 pmol mg of tissue
protein71 h71, respectively) than in the control group
(74+6 pmol mg of tissue protein71 h71) (Figure 3). In all

groups, 98% of the citrulline formation was blocked by the
addition of 100 mM L-NAME. NOS activity in endothelium-
denuded rings was undetectable, indicating that the increased
activity of NOS in segments with functional endothelium was

due to eNOS.
DRW-, quercetin- and catechin-rich diets signi®cantly

increased the resting .NO production by aortae (Figure 4),

as shown by the ESR detection of the .NO-Fe-(DEDTC)2
complex in aortic rings with functional endothelium (Figure
5). After incubation with 1 mM L-NNA, the signal was

reduced by 90 ± 95% in all groups. The endothelium-denuded
segments gave a very weak signal in all groups (data not
shown), indicating that the endothelium is the main source of
.NO.
Aortic rings with functional endothelium from rats fed

either the DRW-, quercetin- or catechin-rich diet showed an
approximate 2 fold increase in cyclic GMP content compared

with controls (Figure 6).

Effect of flavonoid-rich diets on O2
.7 production

O2
.7 production by aortic segments in a resting state was

similar in the four groups (Table 3). NADPH-stimulated O2
.7

production was reduced by 30% (P50.05) in segments from
rats fed DRW, and rats that received the quercetin- or
catechin-rich diets showed a O2

.7 production similar to

controls (Table 3).

Discussion

This study provides the ®rst direct evidence that DRW-,
quercetin-, and catechin-rich diets induce an endothelium-

dependent increase in .NO without modifying the O2
.7

release in a resting condition in rat aorta. The .NO released
contributes to the relaxation of the vascular smooth muscle.

Our results indicate that several compounds found in red
wine, other than alcohol, have a vasorelaxant e�ect in vivo.

Many studies have focused on the bene®cial cardiovascular
e�ect of polyphenolic compounds in humans. There is
growing interest in identifying the mechanisms of action of

dietary polyphenolic compounds of red wine: catechin

Figure 1 Concentration-response curves to acetylcholine in the
presence of 60 U ml71 SOD in intact aortic rings from the control
and dealcoholated red wine groups. Values are the mean+s.e.mean
of three rats, the s.e.mean is shown by vertical lines.

Figure 2 eNOS expression in aortic homogenates from rats fed a
control, dealcoholated red wine-, quercetin- or catechin-rich diet.
Values are expressed as relative units of densitometry (one unit
corresponds to 2 mg of bovine eNOS) and are the mean+s.e.mean of
®ve rats, the s.e.mean is shown by vertical lines.

Figure 3 NOS activity measurements as conversion of [3H]-arginine
to [3H]-citrulline in aortic homogenates from rats fed a control,
dealcoholated red wine-, quercetin- or catechin-rich diet. Values are
the mean+s.e. mean of ®ve rats .*P50.05, **P50.01 signi®cantly
di�erent compared with control, by the Student's unpaired t-test, the
s.e.mean is shown by vertical lines.

Figure 4 .NO production in intact aortic segments from rats fed a
control, dealcoholated red wine-, quercetin- or catechin-rich diets.
Values are the mean+s.e.mean of ®ve rats.*P50.01 signi®cantly
di�erent compared with control, by the Student's unpaired t-test, the
s.e.mean is shown by vertical lines.
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(present in considerable concentration), quercetin, resveratrol,
oligomeric tannins and anthocyanins, present in low con-
centrations. The antioxidant activity of ¯avonoids protects

against atherosclerosis, on the one hand, by reducing the
susceptibility of LDL to oxidation (Esterbauer et al., 1992),
and on the other, because of their vasodilator properties
observed in vitro (Duarte et al., 1993; Herrera et al., 1996;

Andriambeloson et al., 1997; 1998; Flesch et al., 1998; Chen
& Pace-Asciak, 1996).

The relaxation of blood vessels is subjected to a complex

control mechanism. Increased relaxation of vascular smooth
muscle can result from increased eNOS expression and/or
NOS activity or from activation of guanylyl cyclase, all of

which lead to the accumulation of cyclic GMP (Moncada et
al., 1991). In this sense, there is interest in developing
compounds which stimulate the .NO-cyclic GMP pathway in

order to treat cardiovascular disease (Lemos et al., 1999).
Our results show that ingestion of a diet rich in DRW,
quercetin or catechin increases NOS activity, .NO production
and cyclic GMP content in rat aorta in a resting state and

that these changes are endothelium-dependent. The absence
of an increase in eNOS expression indicates that the
mechanism of action of ¯avonoids is not transcriptional.

The bioavailability of compounds depends on their
intestinal absorption and metabolism. However, few studies
on the bioavailability of ¯avonoids in red wine have been

carried out. Donovan et al. (1999) detected only catechin
metabolites in human plasma after red wine intake and
quercetin and catechin aglycones were not recovered in rat

plasma after ingestion because they were metabolized by the
intestine and liver (Manach et al., 1996). Thus, it is di�cult
to extrapolate the endothelium-.NO-derived vasorelaxation
observed in vitro to an in vivo situation because ¯avonoids are

metabolized and interact with other dietary components and
thus their clinical relevance was limited. Metabolites are more
hydrophilic than their initial polyphenolic forms, and there-

fore are more likely to circulate in plasma. Fitzpatrick et al.
(1993) assumed that quercetin does not contribute to the
endothelium-dependent relaxation in vivo since its solubility

in water is limited and relaxation was not reversed by NOS
inhibitors. However, some indirect evidences indicate a
possible role in vivo. Rutinosids accumulate between the
endothelial layer and the vascular smooth muscle cells

(Neumann et al., 1992) and DRW intake increases the
¯ow-mediated dilatation of the brachial artery in humans
(Agewall et al., 2000). Moreover, Shutenko et al. (1999), by

perfusing rats with quercetin, showed an increase in .NO in
brain during global ischaemia and reperfusion. Our in vivo
results demonstrate that some of the polyphenolic com-

pounds of red wine, or their metabolites reach blood vessels
and induce .NO-mediated relaxation. The administration of
catechin at the same concentration as quercetin had a less

pronounced e�ect on the .NO-cyclic GMP pathway. These
observations can be explained in two ways. Firstly, quercetin
or quercetin metabolites undergo enterohepatic circulation,
while catechin is quickly eliminated in urine (Manach et al.,

1999) or secondly, because catechin metabolites are less
strongly bound to albumin than quercetin, their elimination
is accelerated (Manach et al., 1999). It is likely that after

ingestion, the presence of ¯avonoids or their metabolites in
blood vessels may be smaller than the concentration used in
studies in vitro.

Figure 5 Representative ESR spectra of rat aorta from the control
and dealcoholated red wine-, quercetin- or catechin-rich diets. The
signal from the NO-Fe-(DEDTC)2 complex is indicated by two
arrows.

Figure 6 Cyclic GMP content in aortic homogenates from rats fed
a control, dealcoholated red wine-, quercetin- or catechin-rich diets.
Values are the mean+s.e.mean of ®ve rats. *P50.001 signi®cantly
di�erent compared with control, by the Student's unpaired t-test, the
s.e.mean is shown by vertical lines.
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Oxidative stress is involved in the endothelial dysfunction
associated with cardiovascular pathologies (Durante et al.,
1988; Cai & Harrison, 2000). This dysfunction can be caused
by a decrease in the release of .NO and/or .NO breakdown

by the reaction of .NO with O2
.7, yielding peroxynitrite and

peroxynitrous acid or with other biochemical sinks that
accelerate .NO removal. Sensitive techniques for the analysis

of O2
.7 have been described (Tarpey & Fridovich, 2001) and

chemiluminescence allows access to intracellular sites of O2
.7

generation. Lucigenin has been widely used as a chemilumi-

nescent substrate but has also been questioned (Tarpey et al.,
1999) because O2

.7 is generated by lucigenin itself. However,
we have used 5 mM lucigenin rather than 250 mM to measure

O2
.7 in vascular tissues and lucigenin at 5 mM elicits marked

chemiluminescence signal without stimulating additional O2
.7

production (Skatchkov et al., 1999). Our results showed a
signi®cant decrease in O2

.7 release at vascular level after

ingesting DRW. This fact, together with the absence of e�ect
of quercetin- and catechin-rich diets reinforce the signi®cance
of increased bioavailability of .NO and the vasorelaxant

e�ect of DRW or the ¯avonoids studied. Furthermore, red
wine contains a wide range of polyphenols. Additive e�ects in
vitro between quercetin and resveratrol had been described

and moderate consumption of red wine may play a signi®cant
role in preventing coronary heart disease (Chen & Pace-
Asciak, 1996). However, resveratrol, a natural phytoalexin, is
usually present in low concentrations in young wine because

of short fermentation with grape skins, which leaves little
time for extraction and thus, resveratrol was not detected in
our wine by the method used. The quercetin- and catechin-

rich diets administered to the rats contained 1000 times more

of these constituents than the DRW-rich diet. It was likely
that the mixture of ¯avonoids and other DRW phenolic
compounds may strengthen their speci®c activity and may

explain the marked e�ect of DRW with respect to the
ingestion of isolated ¯avonoids. Furthermore, we chose a
young wine, rich in total phenols. According to Flesch et al.
(1998), endothelium-dependent vasodilator e�ects appear to

be speci®c for wines with a high phenolic content. In our
study it was di�cult to compare the e�ects of quercetin and
catechin with those of DRW because of the range of

concentrations used. However, the decrease in O2
.7 produc-

tion by aortic rings from rats fed a DRW-rich diet should be
noted. Further work is needed to clarify the underlaying

mechanism of action of ¯avonoids in the .NO-cyclic GMP
pathway.
The increased bioavailability of .NO by dietary ¯avonoids

at the blood vessel level in a resting state is important for two
reasons with respect to hypertension and atherosclerosis. On
the one hand, .NO is a vasodilator and on the other, it is a
potent antioxidant of LDL in vitro (Hogg et al., 1993; Hogg

& Kalyanaraman, 1998; Rubbo et al., 1995), by inhibiting
radical chain propagation reactions and thus acting as an
anti-atherogenic agent (Hogg et al., 1993; Matthys & Bult,

1997). Some components of red wine such as ¯avonoids
contribute to the prevention and treatment of cardiovascular
diseases by increasing .NO levels in the vascular system

without increasing O2
.7 production as we demonstrate in the

present study and thus, without increasing the formation of
peroxynitrite-derived pro-oxidants.

In conclusion, DRW intake induced an .NO-mediated
relaxation of rat aorta. Flavonoids, such as quercetin and
catechin, and also the broad range of polyphenols found in
red wine are involved in this in vivo vascular response because

they increase NOS activity and the subsequent .NO
production by blood vessels, and cyclic GMP content.
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