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Is alcohol beneficial or harmful for cardioprotection?
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Abstract While the effects of chronic ethanol consump-
tion on liver have been well studied and documented, its
effect on the cardiovascular system is bimodal. Thus,
moderate drinking in many population studies is related to
lower prevalence of coronary artery disease (CAD). In
contrast, heavy drinking correlates with higher prevalence
of CAD. In several other studies of cardiovascular mortal-
ities, abstainers and heavy drinkers are at higher risk than
light or moderate drinkers. The composite of this disparate
relation in several population studies of cardiovascular
mortality has been a “U-" or “J-"shaped curve. Apart from
its ability to eliminate cholesterol from the intima of the
arteries by reverse cholesterol transport, another major
mechanism by which HDL may have this cardioprotective
property is by virtue of the ability of its component enzyme
paraoxonasel (PON1) to inhibit LDL oxidation and/or
inactivate OXLDL. Therefore, PON1 plays a central role in
the disposal of OXxLDL and thus is antiatherogenic. Fur-
thermore, PONI1 is a multifunctional antioxidant enzyme
that can also detoxify the homocysteine metabolite, homo-
cysteine thiolactone (HTL), which can pathologically cause
protein damage by homocysteinylation of the lysine
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residues, thereby leading to atherosclerosis. We demon-
strated that moderate alcohol up regulates liver PON1 gene
expression and serum activity, whereas heavy alcohol con-
sumption had the opposite effects in both animal models and
in humans. The increase in PONI activity in light drinkers
was not due to preferential distribution of high PONI1
genotype in this group. It is well known that wine con-
sumption in several countries shows a remarkable inverse
correlation to local rates of CAD mortality. Significantly,
apart from its alcohol content, red wine also has polyphenols
such as quercetin and resveratrol that are also known to have
cardioprotective effects. We have shown that quercetin also
up regulates PON1 gene in rats and in human liver cells. The
action of quercetin seems to be mediated via the active form
of the nuclear lipogenic transcription factor, sterol-regula-
tory element-binding protein 2 (SREBP2) that is translo-
cated from endoplasmic reticulum to the nucleus. However,
the mechanism of action of ethanol-mediated up-regulation
of PON1 gene remains to be elucidated. We conclude that
both moderate ethanol and quercetin, the two major com-
ponents of red wine, exhibit cardioprotective properties via
the up-regulation of the antiatherogenic gene PONI1.

Keywords Coronary artery disease - Paraoxonase -
Homocysteine thiolactonase - Sterol-regulatory
element-binding protein - Ethanol - Quercetin

Introduction

While the deleterious effects of chronic heavy ethanol
consumption on liver have been well studied and docu-
mented, its beneficial versus harmful effects on the
cardiovascular system is bimodal. We have previously
reviewed the health risks and potential benefits of moderate
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alcohol consumption, with particular focus on the areas of
cardiovascular disease, breast cancer, obesity, birth defects,
breastfeeding and aging [1], while a more recent review [2]
has summarized the benefits of moderate alcohol con-
sumption even in diabetic subjects. Thus, light to moderate
drinking is cardioprotective, whereas heavy drinking is
correlated with cardiovascular abnormalities. The main
goal of this review is to present the current status of the
prevalence of coronary artery disease (CAD) in moderate
versus heavy drinkers with special emphasis on the anti-
atherogenic enzyme, paraoxonase, and its gene regulation
by ethanol and flavonoids, mainly quercetin and resvera-
trol, the main components of red wine.

Alcohol and HDL versus LDL

It is now well known that CAD is the principal cause of
mortality and morbidity in developed countries, and
several features of this metabolic disorder are due to the
accumulation of low-density lipoprotein (LDL), the ath-
erogenic lipoprotein. The role of oxidative stress as a
major contributor to the atherogenic process has been
elegantly reviewed [3, 4]. Thus, oxidation of LDL to
form oxidized LDL (OxLDL) results in its massive
uptake by peripheral macrophages (i.e. scavenger path-
way), leading to the formation of foam cells. The accu-
mulation of these foam cells in the intima of the arterial
wall results in a gradual decrease in arterial lumen and
eventually occlusion of the artery causing myocardial
infarction (MI). On the other hand, high-density lipo-
protein (HDL) is antiatherogenic because of its ability to
remove cholesterol from peripheral tissues to the liver for
degradation, a process called “Reverse Cholesterol
Transport” (RCT).

Numerous cross-sectional and intervention studies
including ours have documented an increase in the
plasma HDL-C concentration as a result of chronic
moderate ethanol consumption [5-8]. Correcting for
smoking as another risk factor, it has been found that a
strong negative correlation still exists between moderate
alcohol consumption and the incidence of CAD [9-11].
There are conflicting reports with regard to whether
HDL, or HDL; subfraction is increased after moderate
alcohol intake [12—14]. According to the current concept,
relatively lipid-poor HDLj3 acquires free-cholesterol and
other phospholipids from the peripheral tissues. In the
blood compartment, the free-cholesterol component of
HDL,; is esterified by lecithin cholesterol acyltransferase
(LCAT) to yield lipid-rich HDL,, which is efficiently
taken up by the liver via the HDL receptor, scavenger
receptor class B1 (SRB1). Significantly, both HDL, and
HDL; fractions are markedly decreased in severe alcohol-
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induced liver diseases [15]. Furthermore, heavy alcohol
drinkers do not seem to be protected against CAD [16].
Our ongoing studies have established that chronic ethanol
markedly decreased the ApoE content of plasma HDL
[17], and this has been confirmed by others [18]. Fur-
thermore, we have shown that the RCT function of HDL
is impaired in both chronic alcohol-fed rats [19] and
human alcoholics [20].

It has been shown that LDL oxidation is increased in
regular alcohol abusers [21]. Acetaldehyde, the first
metabolite of ethanol, also modifies lysine residues of LDL
[22], and the product is rapidly catabolized in the plasma
[23]. Since modified LDL is taken up by macrophages via
the scavenger pathway, it is reasonable that the ethanol-
mediated increase in modified LDL (either by peroxidative
products HNE and MDA or by acetaldehyde, the first
product of ethanol oxidation) could be more atherogenic
than native LDL. Our studies [24] showed that cholesterol
uptake by the macrophage system from acetaldehyde-
modified LDL was similar to that from HNE-modified
LDL.

Ethanol and lipid peroxidation

Ethanol, in addition to its normal oxidation by the
alcohol dehydrogenase (ADH) pathway, is also oxidized
by the liver microsomal ethanol-oxidizing system
(MEOS) pathway [25] by an ethanol-inducible cyto-
chrome P-450 (Cyp2El). This contributes to ethanol
tolerance and forms toxic-free radicals. The role of free
radicals in the manifestation of alcohol-mediated liver
damage has been recognized ever since Diluzio et al.
[26-28] showed that antioxidants protected rats from the
deleterious effects of fatty liver induced by even an acute
dose of ethanol. Cederbaum [29] has pointed out that the
formation of hydroxyethyl free radicals during the oxi-
dation of ethanol may cause more damage in biological
systems than the hydroxyl radical alone. All these studies
point out the importance of lipid peroxidation in the
alcohol-mediated human diseases. All of these aspects
have been reviewed [30, 31]. Highly reactive aldehydes
such as 4-hydroxynonenal (HNE) and malondialdehyde
(MDA), generated during the peroxidative process, con-
jugate with the lysine residues of Apo B (the protein
component of LDL) leading to the formation of oxidized
LDL (OxLDL), which has a strong emission maximum at
430 nm when excitation is performed at 360 nm [32].
Thus, the formation of OxLDL can be quantitatively
monitored fluorimetrically. LDL oxidation in vitro can
also be more easily performed by monitoring the for-
mation of conjugated dienes spectrophotometrically at
230 nm [33].
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Alcohol and CAD

Whereas heavy drinking is associated with higher preva-
lence of cardiomyopathy, [34-36], hypertension [37],
hemorrhagic stroke [38] and cardiac dysrythmias [39],
lighter drinking in many population studies cited in recent
reports [40, 41] is related to lower prevalence of CAD. In
several other studies of cardiovascular mortalities [42, 43],
abstainers and heavy drinkers are at higher risk than light
or moderate drinkers, possibly because of favorable effects
of moderate alcohol on circulating high-density lipopro-
teins (HDL) level. The composite of this disparate relation
in several population studies of cardiovascular mortality
has been a “U-" or a “J-"shaped curve. The possibility that
lighter alcohol use protects against CAD is supported by
plausible hypothetical mechanisms. These include a
favorable effect on HDL cholesterol concentration [44, 45]
and apolipoproteins [45, 46]. A number of studies have
shown the antiatherogenic effects and decreased incidence
of peripheral arterial disease [47], a result of moderate
drinking based on coronary angiography [48], coronary
calcium evaluated by computerized tomography [49],
ultrasound imaging of carotid artery [50]. A widely pub-
licized [51] hypothesis was that many abstainers are former
heavy drinkers who abstain because of symptoms (sick
quitters), CAD diagnosis or other traits that predispose to
CAD. Thus, several studies have clearly demonstrated
significant reduction in CAD risk and in the incidence of
myocardial infarction (MI) as a result of moderate alcohol
intake regardless of the gender [52-55]. Significantly, light
to moderate drinking seems to reduce the incidence of MI
not only in diabetics with known CAD and in a subpopu-
lation that had healthy lifestyle habits such as eating health
foods, exercising approximately 30 min/day, no smoking
and body mass index <25 kg/m?, but also in hypertensive
subjects [55, 56]. The benefits of moderate drinking to
reduce heart failure have been summarized [57]. However,
it must be pointed out that even two drinks/day can sub-
stantially increase the blood pressure in hypertensive sub-
jects [58].

Frequency of ethanol intake in cardioprotection

Moderate alcohol intake has been shown to improve car-
diovascular health regardless of the gender, in contrast to
intermittent drinking [53, 59-62]. Thus, daily intake of
moderate alcohol has been shown to reduce CAD risk by
37% compared to alcohol consumption just once a week
[53]. This has been attributed to alcohol-mediated
improvement in insulin sensitivity and HDL cholesterol
[60]. It is possible that a better postprandial glucose
metabolism associated with light to moderate drinking may

be responsible for the benefits associated with moderate
drinking prior to or along with meals [61]. In contrast, it
should be recognized that occasional drinking as well as
binge drinking increase risk of MI and other all-cause
mortality [61-63]. It is significant to point out that there
was a 2-fold increase in MI in subjects who consumed at
least five drinks per day compared to non-drinkers [64].
Cardioprotective dosage of alcohol intake is considered to
be 1 or two drinks per day for men and one drink per day
for women [53, 65, 66]. A drink is equivalent to approxi-
mately 14 g of ethanol, which would be equivalent to 12 oz
beer or 5 oz wine or 1.5 oz 80-proof spirits. Again, it must
be emphasized that the cardioprotective effects of ethanol
is manifested generally when it is consumed in moderate
amounts on a daily basis [67]. Nonetheless, because of its
addictive nature, caution must be exercised in recom-
mending daily moderate intake of alcohol unless there is no
family history of alcohol abuse in spite of the known CVD
protection by moderate drinking [53]. Unfortunately, it is
impossible to predict the susceptibility of any individual to
become alcohol-dependent [47]. Binge drinking as well as
alcohol abuse have been reported to have risen in recent
years [1]. More importantly, heavy drinking is responsible
not only for traffic accidents, but also for the increased
incidence of cardiovascular complications, alcoholic liver
diseases leading to fibrosis and cirrhosis, breast and GI
tract cancers and all-cause mortality [1, 61-63]. It is a well
known fact that alcohol abuse is the root cause for innu-
merable number of individuals ruining their lives and
associated burden to the immediate families and the society
at large. As a result, prospective randomized clinical trials
have been difficult to carry out to truly evaluate the car-
dioprotective effects of moderate alcohol.

Does alcohol per se or do flavonoid components
of alcoholic beverages also protect against heart
disease?

A number of studies have reported that alcohol per se has
significant protective effect against vascular disease in its
own right [53, 59, 68-71]. These effects can probably be
attributed to the potential for alcohol to increase protective
HDL cholesterol levels and decrease platelet aggregation.
However, the possibility of other components, particularly
the bioflavonoids in red wine [72] could also confer its
cardioprotective property. The Zutphen Elderly Study [73]
assessed the flavonoids intake of 805 men aged 65-84 in
1985 and followed them up for 5 years. The flavonoids
intake analyzed in tertiles was significantly inversely
associated with death from coronary heart disease
(P = 0.015) and showed a trend toward an inverse asso-
ciation with myocardial infarction (P = 0.08). The relative
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risk of coronary heart disease in the highest versus the
lowest tertile of flavonoids intake was 0.42 (95% Cl1 0.20—
0.88). This relationship persisted after controlling for all
other relevant coronary risk factors. Knekt et al. [74]
studied 5,133 Finnish men and women aged 30-69
recruited between 1967 and 1972. The flavonoids intake
was calculated from the reported dietary recall of subjects
for the year prior to entry into the study and then related to
coronary and total mortality over the subsequent 26 years.
For women, there was a significant inverse gradient of risk
for coronary and total mortality with flavonoids intake. The
relative risk between the highest and lowest quarters of
intake after adjusting for other coronary risk factors was
0.69 (95% Cl 0.53-0.90) for total mortality and 0.54 (95%
ClI 0.33-0.87) for coronary mortality. For men, the corre-
sponding values were 0.76 (95% Cl 0.63-0.93) and 0.78
(95% C1 0.56-1.08). It was suggested that since the intake
of vitamin C in the Finnish diet was low, dietary flavonoids
might offer an alternative source of antioxidants.

Red wine protects against heart disease: the French
paradox

Flavonoids are derived from many sources in the human
diet including fruit, vegetables, red wine and tea. Red wine
is a particularly rich source of flavonoids. Previous calcu-
lations have suggested that the addition of two glasses of
red wine to the Western diet will increase its flavonoids
content by 40% [74]. Studying the potential impact of red
wine flavonoids on coronary heart disease is complicated
by the presence of other wine constituents such as alcohol
and sugars. More importantly, light drinking favors the
destruction of OxLDL by up-regulation of antiatherogenic
enzyme, paraoxonase (PON1), as shown by us [24].

However, there have been many claims that there may
be benefits associated with the flavonoids content of red
wine over and above the effect of alcohol. One of the
earliest experiments to suggest this examined the effect
of feeding rabbits a high cholesterol diet for 3 months
while also administering alcohol, beer, white wine, red
wine or water. These beverages reduced the atheroscle-
rotic lesions over the subsequent 3 months to 75, 83, 67
and 40%, respectively, of those found in the water-
drinking controls [75].

The epidemiological evidence for a specific protective
effect of flavonoid-rich alcoholic beverages is rather more
confused [76]. In most countries, intakes of saturated fat
are directly associated with mortality from coronary heart
disease. However, some countries appear to defy this
general association. The most notable exception is France
where in spite of high fat intakes, there has been a low
incidence of coronary heart disease [77]. This circumstance
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has come to be known as the ‘French Paradox’ and has
stimulated interest in local lifestyle factors that may protect
the French against heart disease. A likely candidate was the
preference of the French for regular consumption of red
wine that offers not only the benefits of moderate alcohol
consumption but also the potential benefits of a high
flavonoids intake. Indeed, it has been reported that wine
consumption in several countries shows a remarkable
inverse correlation to local rates of coronary heart disease
mortality [78]. It must, however, be cautioned that smoking
combined with drinking may predispose such individuals to
esophageal cancer, while excessive drinking is likely to
lead to liver diseases. More recently, there have been
reports showing the preservation of serum PON activity
and protection against LDL oxidation by wine flavonoids
in mice [79, 80]. A recent clinical trial demonstrated the
beneficial effects of grape extract on the susceptibility of
LDL oxidation in heavy smokers [81].

Central role of paraoxonase

In mammals, the paraoxonase gene family includes at
least 3 members: PON1, PON2 and PON3 [82]. PON1 is
the most predominant one among these that is tightly
associated with HDL and has been shown to play a major
role in the protective role of HDL against CAD [83].
Specifically, PONI1 is believed to (i) prevent the oxidation
of LDL to OxLDL and (ii) destroy the OxLDL to bio-
logically inactive products. It is a calcium-dependent
HDL-associated ester hydrolase that catalyzes the hydro-
lysis of organophosphates, aromatic carboxylic acid esters
and carbamates [83].

It is now well known that PONI1 is tightly associated
with apolipoprotein A-I in HDL and has the highest
activity in the liver and blood [83]. It has also been shown
that PON is also associated with Apo J and, in fact, cop-
urifies during the purification of Apo J. Serum PONI1
activity varies widely between different animal species and
among humans [84, 85]. It has also been shown that indi-
viduals with familial hypercholesterolemia and insulin-
dependent diabetes mellitus have significantly lower levels
of PON1 than do normal control individuals [86]. A low
level of HDL-associated PONI is also correlated with
susceptibility to myocardial infarction, fish eye disease and
tangier disease [87, 88]. A recent study [89] showed that
aspirin markedly elevated PONT1 activity both in mice and
in rat hepatocytes. Most importantly, HDL-associated
PONI1 has also been reported to inhibit copper-induced
lipid peroxidation in LDL [90]. PON2 and PON3 are two
other variants that have also been shown to be very
effective in protecting against LDL oxidation [91, 92].
However, PON2 has not been detectable in either HDL or
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VLDL fraction of plasma [91]. Although PON3 has been
found in HepG2 cells [92] and rabbit serum, it has been
estimated to be much less abundant in rodent and human
serum when compared to that of PON1 [92]. Further,
unlike PON1, PON3 is not regulated by oxidized lipids
[93]. In view of all these, the physiological significance of
PON2 and to some extent PON3 in the blood, when
compared to that of PON1, in cardioprotection remains to
be seen.

Paraoxonase is a multifunctional antiatherogenic
enzyme

Paraoxonase is a multifunctional antioxidant enzyme
tightly associated with HDL that exhibits not only the
capacity to prevent LDL oxidation and destroy oxidized
LDL [94-97] but also can detoxify the homocysteine
metabolite, homocysteine thiolactone (HTL), which can
pathologically cause protein damage by homocysteinyla-
tion of the lysine residues, thereby leading to atheroscle-
rosis [98, 99]. The importance of PON1 with respect to
cardiovascular disease (CVD) is supported by our dem-
onstration that moderate but not heavy alcohol intake in
both animals and humans up regulates PON1 gene and
activity accompanied by increased protection capacity of
plasma HDL against LDL oxidation [24]. These results are
consistent with the reports of increased serum PONI
activity in moderate drinkers [100]. Subsequently, we [101]
and others [102] have shown a strong correlation between
decreased homocysteine thiolactonase (HCTL) activity and
the severity of CVD in type II diabetics.

Regulation of PON1 by sterol-regulatory
element-binding proteins

Sterol-regulatory element-binding proteins (SREBPs) have
been recognized as a new class of membrane-bound pro-
teins that modulate lipid homeostasis [103]. Currently,
three types of SREBPs exist, namely SREBP1a, SREBPlc
and SREBP2. While SREBPla and SREBPIlc seem to
control fatty acid pathway, SREBP2 regulates cholesterol
biosynthetic pathway. SREBPla and SREBP2 are present
in most cultured cell lines, while SREBP1c and SREBP2
are present in liver and most intact tissues. Newly syn-
thesized SREBP is inserted into the ER as an inactive
protein. When the cellular cholesterol is low, SREBP is
escorted into the Golgi by SREBP cleavage-activating
protein (SCAP) where it is proteolytically cleaved by
specific proteases SIP and S2P in a two-step process to
yield the mature SREBP that is translocated into the
nucleus, where it activates transcription by binding to

specific SREs in the promoter/enhancer regions of multiple
target genes. A previous report [104] indicated that sim-
vastatin, in a dose-dependent manner, up regulated the
promoter of PON1 gene by increasing SREBP2. But others
have reported quite the opposite effect of statins on the
PONI1 gene regulation [105]. This controversy of PON1
gene regulation has been further complicated by another
report showing that dietary polyphenols up regulate PON1
gene expression by aryl hydrocarbon receptor (AhR)-
dependent mechanism [106]. Besides PON1 gene regula-
tion via SREBP2 interaction, PON1 gene is also reported to
be regulated by Spl and protein kinase C (PKC) alpha or
zeta, which interacts with the consensus Sp1-binding site in
PON1 promoter —269 to —97 bp upstream of transcription
initiation site. Over expression of Spl dramatically
enhances PONI1 promoter activity, whereas over expres-
sion of PKC significantly reduces PON1 promoter activity
[107].

Possible mechanism of action of ethanol

The reduced risk of coronary artery disease associated with
moderate alcohol consumption may be explained by its
ability to increase plasma HDL [108]. Apart from this,
moderate ethanol increases PON1, an HDL-associated an-
tiatherogenic enzyme, that has its cardioprotective action
because it (1) hydrolyzes oxidized lipids in OxLDL in
serum and macrophages, a prerequisite for the onset of
atherosclerosis, (2) inhibits cholesterol uptake by macro-
phages from OxLDL [24, 108, 109], (3) attenuates mac-
rophage cholesterol biosynthesis and (4) stimulates
macrophage cholesterol efflux [20, 108—111]. Light ethanol
feeding caused a 20-25% increase in PON activity in both
serum and liver and a 59% increase in the level of liver
PON mRNA compared with pair-fed control rats [24].
Light to moderate alcohol consumption in humans increa-
ses the activity of paraoxonase in serum, and the enzymatic
activity was strongly correlated with concomitant increases
in concentrations of HDL-C and Apo A-I [112]. In humans,
light drinking up regulates, whereas heavy drinking down
regulates PON activity and its expression, irrespective of
its genetic polymorphism [24]. Consequently, PONI1
activity is a more reliable predictor of vascular disease
status than PON1 genotype. Thus, increased serum parao-
xonase may be an important component of the mechanisms
underlying the reduction in coronary heart disease fol-
lowing moderate alcohol consumption [113, 114]. How-
ever, heavy alcohol consumption (70-90 g/d) resulted in a
significant decrease in PONI1 and protein thiols, and a
significant increase in AST, ALT and GGT levels [115]. It
is well known that PON1 loses its activity in the oxidative
environment. Therefore, any factors that affect the status of
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oxidative stress will also affect PON1 activity status. For
example, antiphospholipid antibodies increase oxidative
stress in experimental mouse model with decreased PON
activity [108]. On the other hand, statins commonly used
for hypercholesterolemia increase serum PON1 activity by
reducing oxidative stress [104].

Possible mechanism of action of polyphenols

We have recently demonstrated [116] that dietary quercetin
markedly up regulates hepatic PON1 expression (Fig. 1)
accompanied by stimulation of PONT1 activity (Table 1) as
well as HCTL activity (Table 2) with concomitant
increased protection capacity of HDL against LDL oxida-
tion (Table 3). The increase in PON activity may be par-
tially explained by the ability of quercetin to reduce
oxidative stress by scavenging oxidative-free radicals. In
this regard, our ongoing studies have demonstrated that
supplementation of betaine in chronic alcohol-fed rats on
high w3-PUFA diet restored not only serum PONI activity
but also liver GSH, the natural antioxidant [117]. However,
our findings clearly indicate that the action of quercetin is
not merely because of its antioxidative properties. The fact

0.8

0.6

Relative PON1 Expression

0.4

Quercetin

Control

Fig. 1 Influence of quercetin feeding on the expression of rat PON1
mRNA relative to that of actin mRNA by real-time RT-PCR. A
sample of the liver from both control and quercetin-fed groups was
analyzed for PON1 mRNA and actin mRNA by real-time RT-PCR,
and the relative abundance of PON1 mRNA was determined. Each
bar is the mean + SD of six independent experiments
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Table 1 Influence of quercetin feeding on serum and liver PON1
activity

Group Serum PON1 P Liver PON1 P
activity value activity value
(nmol paraoxon (nmol paraoxon
hydrolyzed/ml/min) hydrolyzed/g/min)
Control ~ 50.13 £ 3.5 419 + 137

Quercetin  64.53 £ 9.1 <0.05 65.69 £ 8.2 <0.01

Serum and liver PON1 enzyme activity was determined with parao-
xon (Sigma—Aldrich Inc., St. Louis, MO) as the substrate essentially
as described by us previously [23]. Results were expressed as IU. One
unit of international enzyme activity was equal to 1 nmol of paraoxon
hydrolyzed per minute per ml of serum or per g equivalent of liver
microsomes

Table 2 Influence of quercetin feeding on Serum HCTL activity

Group Serum HCTL activity P value
(nmol HCTL
hydrolyzed/ml/min)

Control 6.97 £ 0.52

Quercetin 8.57 £ 0.61 <0.05

Serum HCTL activity was determined in an aliquot of the serum of
each animal from both control and quercetin-fed groups. Serum
HCTL activity was determined essentially as described by us previ-
ously [24]. Each value is the mean £ SD of six independent
determinations

Table 3 Influence of quercetin feeding on lag time of LDL oxidation
by serum HDL

Group Lag time of LDL P Value
oxidation (min)

Control 673 £ 4.2

Quercetin 224.1 £ 1.6 <0.001

HDL was isolated from each animal from both control and quercetin-
fed groups, and the lag time for its ability to prolong LDL oxidation
was determined. Each value is the mean & SD of six independent
determinations

that hepatic PON1 mRNA level is also increased by 35%
(P < 0.01) implies that the action of quercetin must be at
the molecular level either at the transcription rate of PON1
gene or at the stabilization of PON1 mRNA. Our ongoing
studies (unpublished) in human liver cells seem to indicate
that quercetin up regulates PON1 gene via the activation
and nuclear translocation of mature SREBP2, which then
interacts with SRE elements of PON1 promoter to stimu-
late its activity. Resveratrol, another polyphenolic com-
pound in red wine, has been reported to have angiogenic
and antihypercholesterolemic and antidiabetic effects
[118]. The cardioprotective effects of resveratrol was
ascribed to increased expression of phospho-Akt, Bcl-2,
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Fig. 2 Alcohol, polyphenols and PON in CAD protection

eNOS, iNOS, COX-1, COX-2, Trx-1 and Trx-2 [119]. In
addition, resveratrol inhibits cardiac hypertrophy via
AMPK and Akt [119]. Work is currently in progress to
elucidate the possible mechanism of actions of ethanol and
quercetin in the up-regulation of PON1 at the molecular
level.

Summary

Based on the comprehensive survey of the current literature
and on our own studies, we have summarized the current
status of beneficial versus deleterious effects of alcohol/
polyphenol with respect to cardioprotection in Fig. 2
below: Accordingly, oxidative stress leads to the oxidation
of LDL to form oxidized LDL (OxLDL) that is preferen-
tially taken up by peripheral macrophages via the scaven-
ger receptor pathway forming the foam cells. These
cholesterol-laden foam cells accumulate in the intima of
the arterial wall leading to occlusion of the artery causing
MI. PONI is an antiatherogenic enzyme that is able to
inhibit the oxidation of LDL as well as convert the OxLDL
to inactive products. Significantly, when consumed in
moderate amounts, ethanol and quercetin, the two major
wine components, up regulate PON1 gene and associated
increased PONT1 activity, and thereby confer cardiopro-
tection. In contrast, heavy ethanol consumption, increased
oxidative stress and diabetic conditions have quite the
opposite effects on cardioprotection by down regulating
PONI gene.
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