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Abstract: The “French paradox” is the observation that the French suffer a relatively low 

incidence of coronary heart disease, despite having a diet relatively rich in saturated fats. 

Several theories have been proposed in order to explain this phenomenon and several debates 

arose. One of them attributed this phenomenon to the regular and moderate consumption of 

wine in France. More specifi c, it is thought that the existence of bioactive compounds in wine 

could have an effect on the cardiovascular system, preventing or delaying atherosclerosis. The 

mechanisms mediating these benefi cial effects include: low-density lipoprotein oxidation; 

endothelium function; smooth muscle cells proliferation; platelet aggregation and angiogenesis. 

Several mediators participate in these pathophysiological mechanisms, among them are platelet-

activating factor (PAF) and oxidized phospholipids that play a crucial and essential role in the 

initiation and the progression of atherogenesis. In this review, apart from the already known 

and well characterized biological effects of wine bioactive compounds, the co-existence of 

compounds that could modulate the production and the actions of PAF is highlighted. The 

existence of bioactive compounds in wine that could reduce PAF production and inhibit its 

actions may offer a new insight into the well known French paradox and expand the already 

reported mechanisms by including the inhibition of PAF actions.

Keywords: wine, bioactive compounds, lipids, platelet-activating factor, atherosclerosis

Historical background
The history of wine began in the Neolithic Period (8500–4000 BC). The archaeological 

evidence, including written references, suggest that the idea of winemaking of the 

wild grape Vitis vinifera started in Caucasia, then spread to Mesopotamia, Phoenicia, 

Egypt, Greece and, from Greece, westward. Along with olives and grain, grapes were 

an important agricultural crop that was vital to sustenance and community development. 

Even though the composition of wine was not known, the ancient physicians used 

wine also for medicinal purposes. Among them Hippocrates, one of the most respected 

physicians, in the fi fth century BC, used wine as a tranquilizer, an analgesic, a diuretic, 

and as carrier for drugs. Moreover, Caesar recommended wine with meals in order 

to protect his soldiers from gastrointestinal infections. In addition, the treatment of 

wounds with wine is well documented.

Across the centuries wine has survived and even though its use in ancient medicine 

was indisputable, nowadays science demands strict evidence and wine has to prove 

its value for human health again.

Diet and health
Scientifi c research in recent decades has provided evidence that supports the idea 

that diet is an important contributor for human health. There are several different 

dietary patterns, depending on the culture and the location of each country, some of 

which promote health and others that increase risk of chronic diseases. However, it is 
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widely accepted that there are some common characteristics 

in the diets that promote health. Between them the most 

important ones are: the high consumption of vegetables, 

fruits, legumes, and cereals; moderate consumption of fi sh, 

milk, and dairy products, mostly in the form of cheese; low 

consumption of meat and meat products; low saturated fat 

and high monounsaturated fat consumption; and the moderate 

intake of alcohol, mainly in the form of wine with meals. 

The above opinion is supported by various epidemiological 

studies that indicate that the consumption of a diet with the 

aforementioned characteristics is associated with a decrease 

in the incidence of cardiovascular disease (CVD) including 

coronary heart disease (CHD) and atherosclerosis.1–4

On the other hand, a diet with high fat content was 

considered an unhealthy diet and emphasis was given 

to reduce saturated fat, trans fat, cholesterol, and lower 

low-density lipoprotein (LDL) cholesterol to achieve some 

health benefi ts. However, there was later provocative evidence 

that other dietary constituents can reduce CHD in a manner 

independent of total cholesterol levels.1,5 The fi rst evidences 

for this hypothesis arose from two notable observations in 

France and in Greece. In 1819, Samuel Blac observed a high 

rate of CVD in Irish autopsies and an unexplained low rate of 

CVD cases in France and Mediterranean countries. From 1958 

to 1970, Ancel Keys ran the fi rst epidemiological study, the 

Seven Countries Study, which investigated the relationship 

among nutrition, health, and disease and more specifi cally, 

the incidence of CHD in 18 regions in seven countries: 

Italy, Yugoslavia, the United States, the Netherlands, Japan, 

Finland, and Greece. The results of the study revealed that 

serum cholesterol was the most reliable predictor of CHD 

across cultures. However, there were some exceptions. 

In Finland, where the highest heart attack rates in all the 

countries studied were found, rates were greater than predicted 

by mean cholesterol values alone. In contrast in Crete, 

the rates of heart attack were actually less than predicted, 

given the average serum cholesterol levels measured. 

These unexpected results caused researchers to conclude 

that elevated serum cholesterol levels, although a strong 

indicator, do not always predict CHD risk.1,5,6 Subsequent 

investigations into the diets of people living in Finland, 

Japan, and Greece have led to some of the most interesting 

hypotheses regarding the epidemiology of heart disease yet 

proposed. These hypotheses, in turn, formed the foundation 

of the dietary recommendations that were to be popularized as 

the Mediterranean diet. Since then this phenomenon has been 

examined more closely by many investigators. Among them 

the Lyon and the Indo-Mediterranean diet heart intervention 

studies examined the effect of either a diet rich in fruit, 

vegetables, nuts, and a linolenic acid-rich margarine or their 

usual diet. After two years the intervention diet group in both 

studies had signifi cantly reduced cardiovascular end points 

in comparison with the control group.7,8 Moreover a Cretan 

Mediterranean diet adapted to a Western population has 

reported to protect against CHD much more effi ciently than 

the prudent diet did.9 Recently, data from an epidemiology 

study in Greece, the ATIIKA study, confi rmed the benefi cial 

effects of Mediterranean diet.10

French paradox
The term “French paradox” was introduced in 1992 by Renaud 

and De Lorgeril in order to describe the epidemiological 

observation that the French suffer a relatively low incidence 

of coronary heart disease, despite having a diet relatively rich 

in saturated fats.11 However the term could be used for any 

country, such as Greece, Japan, Spain, and other exceptions, 

where people traditionally consume a diet rich in saturated 

fat but show lower than expected CHD mortality rate and 

yet the classic CHD risk factors are the same as in other 

industrialized countries.

Explanations for the French paradox
The existence of the French paradox, however, does 

not establish a cause/effect relationship. The scientific 

community is still trying to explain the above observation 

and several debates arise. Several epidemiological studies, 

clinical trials, and in vitro experiments have been performed 

in order to provide an explanation for this paradox. It is out 

of the scope of the present review to get into a detailed report 

of these studies. However a brief report of the most important 

hypotheses will be presented.

Underestimation of CHD mortality
One of the main explanations that were proposed for the French 

paradox was based on a methodology problem. According to 

this hypothesis, French physicians, in absence of autopsy data, 

may not declare all CHD deaths as CHD but as deaths from 

unknown or unspecifi ed causes and therefore an underesti-

mated CHD mortality may have occurred.12 However, even 

though after the correction for this bias, the results concerning 

CHD attack and mortality rates show that France is still at 

a low risk for CHD. Therefore, the underestimation theory 

could not explain the France paradox.

Time lag theory
This hypothesis was based in the observation that animal 

fat consumption and serum cholesterol concentration have 
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been similar in France and Britain for a relatively short time: 

about 15 years. For the decades up to 1970, France had 

lower animal fat consumption and serum cholesterol and 

only between 1970 and 1980 did French values increase to 

meet those in Britain. So this theory supports the idea that 

the difference is due to the lack of detection of the time lag 

between increases in consumption of animal fat and serum 

cholesterol concentrations and the resulting increase in 

mortality from heart disease.13 This hypothesis has caused a 

big scientifi c debate, but it has not been widely accepted since 

it was characterized as a simplifi ed explanation that rests on 

a small number of well established coronary risk factors and 

ignores other factors that may play a role.

Mediterranean diet
One reasonable explanation for the French paradox could be 

that the overall dietary habits of French people are similar to 

Mediterranean countries. However France is not considered 

to be a Mediterranean country and the typical French diet 

does not have the characteristics of the typical Mediterranean 

diet. For example, the consumption of olive oil is so low that 

it is not even reported while butter and beef consumption is 

higher than in any northern country. Moreover, the French 

consume the lowest quantities of cereals, rice, fruits, pulses, 

and nuts among Europeans. Therefore, taking into account the 

aforementioned data it is unlikely that French are protected 

against CHD because they follow a Mediterranean diet.14 

However, other characteristics of a typical French diet may 

contribute to the explanation of the paradox.

Alcohol consumption
The fi rst observations were for the association between 

alcohol consumption and the low incidence of CHD. These 

reports followed the observation of St Legar and colleagues 

that drew attention to the inverse relationship between red 

wine consumption and mortality from ischemic heart disease 

in 18 different European and American countries.15 Based 

on the fi ndings of the Monitoring System for Cardiovascular 

Disease (MONICA) project, a worldwide program organized 

by the World Health Organization, the investigators observed 

a lower CAD mortality rate in France compared with that in 

the United Kingdom and the United States, despite the high 

consumption of saturated fats and similar serum cholesterol 

concentrations.9,16,17 In addition, other risk factors such as 

blood pressure, body mass index, and cigarette smoking 

were equivalent in France with those in other industrialized 

countries. Since the consumption of alcohol and especially 

wine was much higher in France than in most Western 

countries, the investigators concluded that the drinking habits 

of the French people protect them from CAD.

Nevertheless, since then several epidemiological and 

clinical trials were performed in order to confi rm: a) the 

superiority of wine versus other alcoholic beverages; b) the 

superiority of red wine versus white wine; and c) the pattern 

of drinking that promotes health. Although the results of 

many studies are contradicted,18–26 it should be mentioned 

that the majority of the studies confi rmed the superiority 

of wine in relation with other alcoholic beverages.20–26 

However, we should bear in mind that grape variation is 

very important for the biological benefi ts of the wine (grape 

variety, fermentation, blend, and aging)27–29 and in addition, 

moderate and regular alcohol consumption promotes health 

benefi ts in contrast to “binge” drinking.

Mechanisms of wine protection
So taking all the reports in account, we concluded that 

wine contains a number of components other than ethanol 

that could have an effect on the cardiovascular system and 

prevents or delays atherosclerosis. In order to understand the 

effects of wine components in the atherosclerotic process, a 

brief review in the steps of its development is necessary.

Development of atherosclerosis
Atherosclerosis is a multifactorial disease process that 

represents the underling cause of many CVDs. Infl ammation, 

oxidative stress, and thrombosis underlie the onset 

and the perpetuation of atherosclerosis. Among other 

pro-infl ammatory mediators, platelet-activating factor (PAF; 

1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine)30 and 

oxidized phospholipids are believed to play a crucial role in the 

initiation and prolongation of the atherosclerotic lesion.31 The 

levels of PAF are under strict metabolic control (see below) 

and its action is mediated through specifi c PAF-receptor 

(PAFR), which is a member of the seven-transmembrane-

domain-receptor family coupled to G-proteins.32

The process of atherosclerotic lesion could be classifi ed 

in the following essential steps: a) endothelial dysfunction; b) 

infi ltration of LDL particles as well as circulating leukocytes 

into the subendothelium; c) LDL oxidation; d) monocyte-

derived macrophages acquire the phenotype of foam cells; 

e) smooth muscle cells (SMC) migration and proliferation in 

the subendothelium with matrix synthesis; and f) structural 

endothelial lesion followed by platelet deposition and 

thrombus formation (Figure 1).

PAF and oxidized phospholipids levels in the blood 

can be increased under pathophysiological conditions. 
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Defi ciency of ingested or endogenous antioxidants could 

lead in LDL oxidation and peroxidation of cellular mem-

branes phospholipids. The oxidation of LDL (ox-LDL) 

particles results in increased levels of PAF and oxidized 

phospholipids with PAF-like activity.33,34 Extensive 

experimental work has shown that atherogenic activities 

of ox-LDLs can be attributed to these lipids. Moreover, the 

lipoprotein-associated phospholipase A
2
 (LpPLA

2
) – the 

enzyme responsible for the degradation of these lipids – is 

inactive in ox-LDL particles, resulting in increased levels of 

PAF and oxidized phospholipids.35 Both PAF and PAF-like 

lipids induce release of active oxygen species36,37 that lead to 

further LDL oxidation.38 Therefore, a loop between the oxida-

tion of LDL and atherogenic phospholipids is formed.

Endothelium modulates the microenvironment homeostasis 

by affecting the fl ow of macromolecules and cells from the 

bloodstream to the tissue. The molecules involved in the 

control of such fl ow are soluble mediators, surface receptors 

that translate external signals, and adhesion molecules. In this 

setting, PAF acts as an autocrine39 and paracrine mediator 

that may modulate endothelial functions. Several stimuli are 

capable of inducing the synthesis of PAF from endothelium 

including thrombin, vasoactive mediators, and pro-

infl ammatory cytokines, suggesting that PAF may transduce 

or amplify the signals delivered by these mediators.

PAF activity triggers infl ammatory response in endothelial 

cells and at the same time activates blood cells. Increased PAF 

activity in blood can initiate rapid infl ammatory response in 

endothelial cells through recognition of its receptor. This 

results to increased permeability of the endothelium,40–42 

which is a crucial event in the initiation of atherosclerosis. 

Subsequently activated endothelial cells rapidly produce 

and display PAF as well as P-selectin on their cell surface. 

Cytokines, such as tumor necrosis factor-α (TNF-α) and 

interleukin-1 (IL-1), promote the neosynthesis of E-selectin 

and PAF.43 Although E-selectin alone is unable to initiate 

Ca2+ signaling, it prolongs the actions of PAF, including the 

calcium infl ux in adhering neutrophils that enhance their 

response to the IL-8 produced by endothelial cells.44,45 The 

presence of PAF on endothelial surface activates neutrophils 

and monocytes through interaction with its specifi c receptor 

on their plasma membranes. Activated blood monocytes 

express P-selectin glycoprotein ligand-l (PSGL-1) and adhere 

rapidly to activated platelets or endothelial cells that display 

P-selectin.46 Monocytes adherent to P-selectin respond 

to PAF with enhanced activation of nuclear factor-κB 

(NF-κB) and dramatically increased synthesis of monocyte 

chemoattractant protein-1 (MCP-1), IL-8, TNF-α, and other 

infl ammatory gene products.47 Blood neutrophils activated 

by PAF induced “inside-out” signaling of β2 (CD11/CD18) 

integrins, with subsequent adhesion and aggregation, priming 

for enhanced inflammatory responses, polarization and 

directional migration, degranulation, and oxygen radical 

generation.46 PAF is also capable to induce activation and 

aggregation of platelets.48,49 Activated platelets by PAF or 

other aggregating agonist synthesize PAF that remains cell 

associated. Subsequently, PAF stimulates a tethering and 

juxtacrine signaling system at the platelet surface which 

mediates rolling and tight adhesion of neutrophils through 

interaction of Mac-1 (CD11b/CD18) with fi brinogen-bound 

αΙΙbβ3.46

Therefore PAF and various factors (cytokines, selectins, 

and integrins) released upon cell activation chemoattract 

blood cells on the endothelium and initiate the atherosclerotic 

process. The process is amplifi ed through positive feedback 

control from PAF and other pro-infl ammatory mediators. 

Selectins mediate initial interaction of blood cells with the 

endothelium while PAF stimulates integrins into action 

leading to fi rm adhesion between blood cells and vascular 

endothelium. Monocytes move into the subendothelial space 

and differentiate into macrophages. Ox-LDLs undergo 

irregular scavenger receptor-mediated uptake by macrophages 

to form foam cells. Progression of the disease leads to “fatty 

streaks” and then to “fi brous plaques” formation.

Alcohol
Ethanol is present in most wines in a percentage of 

12%–15% of the total volume and exerts some very well 

defi ned protected effects, already mentioned in excellent 

reviews which are out of the scope of the present review. 

Briefl y, these effects include the antiatherogenic alterations 

in plasma lipoproteins, the antithrombotic modifi cations of 

blood platelet function, as well as of the coagulation and 

fi brinolysis balance.50 However the benefi ts of moderate 

alcohol consumption can only partly explain the protective 

effects of wine.

Bioactive compounds in wine
Apart from ethanol, there are some other constituents in lower 

concentrations in wine that also exert protective effects. To 

these bioactive compounds is attributed the extra effect of 

wine versus other alcoholic beverages. In recent decades, 

an effort was made to isolate and identify the biologically 

active compounds that are responsible for this protection 

as well as to elucidate the mechanism of their action. The 

main category of these compounds in wine is the phenolic 
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ones that contain a wide range of molecules51 with desirable 

biological properties. Among them are phenolic acids 

(p-coumaric, cinnamic, caffeic, gentisic, ferulic, and vanillic 

acids), trihydroxy stilbenes (resveratrol and polydatin), and 

fl avonoids (catechin, epicatechin, and quercetin) while their 

polymerization gives rise to the viniferins and procyanidins. 

Red wines are usually made in contact with grape skins, 

in contrast with white wines that are usually made with 

free-running juices, having no contact with the grape skins. 

This is the main reason why the concentration of phenolic 

compounds in white wines is lower than that of red ones.

Initially, the protective effect of bioactive compounds 

in wine was attributed to their antioxidant properties, but 

nowadays it is general accepted that they also exert potent 

anti-infl ammatory actions. There are already outstanding 

reviews about the protective actions of bioactive compounds 

in wine.52,53 In this review, emphasis will be given in their 

interaction with PAF and PAF-like lipids production and 

actions.

LDL oxidation
As mentioned before, the oxidized phospholipids and PAF 

generated during LDL oxidation or within oxidatively stressed 

cells, are the triggers for many of the events observed in 

developing lesions. Phenolic compounds could protect LDL 

from oxidation, and therefore reduce the amount of PAF and 

oxidized phospholipids, through the following mechanisms: 

a) they could act as a free radical scavenger and react as 

reducing agents of hydrogen atom-donating molecules; b) 

they could chelate transition metal ions, which diminishes the 

capacity of the metal to generate free radicals; c) they could 

protect from oxidation by endogenous antioxidants such as 

vitamin E and carotenoids in the LDL particle, resulting 

in increased levels and subsequent enhanced antioxidant 

effects; or d) by altering the activity of several enzymes like 

serum paraoxonase that hydrolyse lipid peroxides of arterial 

cells and/or LDL associated or through inhibition of cellu-

lar oxygenases such as NADPH oxidase, 15-lipoxygenase, 

cytochrome p450, and myeloperoxidase.52,53 The difference 

in total phenolic content between white and red wines as 

mentioned above was the cause for the hypothesis that red 

and not white wines had signifi cant antioxidant properties. 

However, during recent years it became clear that variations 

in the concentration of these constituents among red wines 

may be responsible for the range of antioxidant potential 

exhibited by different red wines54 and that there are also some 

white wines which could have antioxidant abilities similar 

to those of red wines.55–57

Vascular endothelium function
Among the factors contributing to atherosclerosis is 

the dysfunction of the vascular endothelial cells. Under 

physiological situations vascular endothelium produces 

and releases nitric oxide (NO), which in turns, promotes 

vasorelaxation, reduces platelet aggregation, and limits 

the flux of atherogenic plasma proteins into the artery 

wall. The NO vasorelaxant effect is mediated through the 

activation of guanyl cyclase leading to the accumulation 

of cGMP.58 A narrow range of NO levels mainly regulated 

by endothelial NO synthase (eNOS) is required in order to 

maintain the endothelial barrier while NO levels out of this 

range increase endothelial permeability.59 In addition, NO is 

believed to be implicated in endothelial PAF production.60 

PAF increases endothelial permeability by inducing eNOS 

internalization via caveolae and increasing NO production 

in human endothelial cells.42,61 The NO cofactor, vascular 

endothelial growth factor also increases permeability 

while PAF is the direct infl ammatory mediator of VEGF 

proinfl ammatory activities.62 VEGF released from vascular 

smooth muscle cells (VSMC) is also a powerful endothelial 

mitogen and stimulates the expression of adhesion molecules 

and monocyte chemotactic protein-1.63 Red and white 

wines administered to cholesterol-fed rabbits inhibited the 

expression of monocyte chemotactic protein-1 in aorta.64

A plethora of studies has shown the capability of red 

wine to induce NO production. The vasodilatatory effect 

of wine seems to be correlated to the type of phenols. More 

specifi c monomeric catechins and simple phenols (benzoic 

acid, gallic acid, and hydroxycinnamic acids) have no 

effect while anthocyanins oligomeric proanthocyanidins 

exert effect.53,65 However, white wine rich in tyrosol and 

hydroxytyrosol as well as resveratrol can upregulate eNOS 

expression and consequently increase eNOS-derived NO 

production.66,67 Therefore vasodilatatory effect does not 

apply to all wines and is a function of the variability of wine 

constituents according to grape varieties, area of cultivation, 

and vinifi cation methods.

Enhanced leukocyte adhesion is also a crucial step in the 

development of the lesion. Resveratrol prevents PAF-induced 

leukocyte recruitment and endothelial barrier disruption in 

rat ischemia/reperfusion-induced tissue injury.68 Moreover, 

several phenolics such as resveratrol, quercetin and methyl-

gallic acid (a major metabolite of gallic acid) and gallates 

(gallic acid esters) inhibit TNF-α and/or thrombin and/or IL-1 

activation of endothelial cells.69–72 In turn, this effect could 

result to reduce PAF levels since TNF-α, IL-1, and thrombin 

induce endothelial PAF production.73 Flavonoid, quercetin 
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luteolin, and apigenin prevent endothelial expression of 

inducible adhesion molecules and endothelial uptake of 

ox-LDL.74

Vascular smooth muscle cells
Since the abnormal proliferation and the migration of VSMCs 

in the arterial intima is a key step in the formation of the 

atherosclerotic plaque, the inhibition of these processes 

should retard or inhibit the appearance of arteriosclerosis. 

It is reported that red wine and its polyphenols inhibit SMC 

proliferation in a dose-dependent manner.75 Platelet-derived 

growth factor (PDGF) is among the most potent mitogenic 

and chemotactic agents for VSMC and is released by 

platelets, endothelial cells, as well as VSMC themselves. 

PDGF induces cellular motility through activation of the 

phosphatidylinositol 3-kinase (PI3-K) and p38MAPK 

pathways while the downregulation of cyclin A gene 

expression is implicated in the antiproliferation activity 

of SMC.76–77 PAF is also a mitogen for VSMC that has 

synergistic action with PDGF in this effect78 and the presence 

of functional PAF receptor (PAF-R) in arterial subset SMCs 

may be important for their migration from the media into the 

intima and atherosclerotic plaques formation.79,80 Ox-LDL 

also stimulates the proliferation of VSMC and antagonists 

of PAF-R blocked this effect.81,82 The above action of 

ox-LDL is reported to be due to activation of autocrine or 

paracrine PDGF loops.83 Red wine polyphenols have been 

shown to inhibit proliferation and SMC migration through 

downregulation of cyclin A gene expression and inhibition 

of the PI3-K and p38MAPK pathways.84,85 In addition, 

red wine phenolics reduced the overexpression of VEGF 

induced by PDGF and other growth factors such as thrombin 

and transforming growth factor-1 by preventing the redox-

sensitive activation of the p38 MAPK pathway in VSMC.86

Platelet aggregation
Many factors could activate platelets including thrombin, 

ADP, TXA
2
, PAF and many pro-infl ammatory mediators, 

such as PAF, serotonin, transforming growth factor, PDGF, 

and lipoxygenase metabolites, could be produced by activated 

platelets, which lead to the progression of atherosclerotic 

lesions. A lot of studies have investigated the effect of 

fl avonoids on platelet activation and aggregation against 

several agonists like ADP and thrombin.87–90 Our studies 

have showed that resveratrol and tyrosol inhibit PAF-induced 

platelet aggregation and that their acetylated derivatives 

exhibit higher or the same action.91,92 The fl avonoids fi setin, 

kaempferol, morin, quercetin and myricetin are able to inhibit 

washed rabbit platelet aggregation induced by PAF and other 

agonists.93 Several studies have demonstrated that wine or 

wine extracts are also able to inhibit platelet aggregation 

signifi cantly.11,94–96 Some of these studies presented data that 

red and white wines have similar effects on platelet aggrega-

tion. In this point of view, our team examined the effect of 

several red and white wines of Greek origin on PAF-induced 

platelet aggregation.97 The total lipid extracts of each were 
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separated to neutral and polar lipid extracts. In all wines 

tested, the polar extract was the most potent (one order 

of magnitude), which supports the hypothesis that wines 

bioactivity is contributed mainly to polar lipids while the 

contribution of neutral lipids is rather small. The most potent 

wines were the red wine Cabernet Sauvignon (main variety 

Cabernet Sauvignon) and the white wine Ambelon (main 

variety Rompola) demonstrating that the variable of grape 

is important for the biological activity and not the color.97 

In an effort to examine the origin of the active compounds, 

the lipids of the respective musts of these two wines were 

extracted. Two interesting points arose from these data: 

fi rst, total neutral lipids of musts exerted a strong inhibitory 

activity attaining approximately the same order of magnitude 

with total lipids and total polar lipids; second, polar lipids of 

white grape must were more potent inhibitors (one order of 

magnitude) than of the red grape, but after fermentation red 

wine with corresponding lipids possessed the same activity as 

white wine lipids. The above data indicate that the biological 

activity in the white wine remained practically unchanged 

before and after fermentation, while red wine seems to 

improve its health value during fermentation.

The above results bring out the antiatherogenic properties 

of the Greek white variety Rompola and support the theory 

that the variety of the grape and the type of phenolics in 

the fi nal product (the wine) is determinant for its biological 

effects. Some of the most potent molecules identified 

after chromatographic purifi cation and electrospray mass 

spectrometry (ESMS) are presented in Figure 2.92,98,99 It should 

be noted that less than one glass of wine (approximately 

110 mL) or less than 10 mL of must contain the effective 

concentrations of all the aforementioned bioactive compounds. 

As shown in Figure 2, apart from the phenolic compounds, 

classical phospho- and glyco-glycerolipids are also present 

in wine and exhibit important biological actions.98,99 It is also 

important to mention that the action of these compounds is 

blocked by the specifi c PAF-inhibitor, BN52021, indicating 

that these compounds act partly through the PAF-R.

Angiogenesis
Angiogenesis is also involved in the pathogenesis of 

several disorders such as tumor growth, atherosclerosis, and 

proliferative retinopathies.100 During this multistep process, 

capillary endothelial cells (EC) migrate and proliferate 

in order to form a three-dimensional structure capable of 

carrying blood, resulting in part from the concerted action 

of EC-directed growth factors. VEGF as well as other 

angiogenic factors are capable of inducing the production 

of PAF62,101 from EC and subsequently promote EC shape 

changes, migration, proliferation, and angiogenesis. Among 

them sphingolipid derivative: sphingosine 1-phosphate (S1P) 

plays an important role in the regulation of EC migration 

and proliferation which are prerequisites of the angiogenic 

process.102 In a recent study, red grape skin polyphenolic 

extract has been found to inhibit angiogenesis by decreasing 

S1P and VEGF-induced PAF synthesis and its subsequent 

chemotactic effect on bovine aortic endothelial cells.102

Actions on PAF metabolism
PAF levels are determined by the balance between its synthesis 

and its degradation103 (Figure 3). The remodeling pathway 

involves a structural modifi cation of pre-existing ether-linked 

choline-containing phospholipids that serve as structural 

components of membranes. Following cell stimulation, 

cPLA
2
 is activated, becomes membrane-associated, and 

hydrolyzes the fatty acyl moiety esterifi ed at the sn-2 position 

of membrane phospholipids. The 2-lyso-phospholipids 

(lyso-PC) that are generated serve as substrates for lyso-PAF 

acetyltransferase (lyso-PAF-AT), an enzyme that transfers 

an acetyl group from acetyl-CoA to lyso-PC yielding PAF. 

The de novo pathway entails a specifi c stepwise sequence 

of reactions beginning with the acetylation and then the 

dephosphorylation of 1-O-alkyl-sn-glycero-3-phosphate, 

which is an ether-linked metabolic intermediate formed 

soon after the ether bond is created. These reactions are 

sequentially catalyzed by an acetyl-CoA:alkyl-lyso-glycero-

phosphate acetyltransferase (ALPA-AT) and an alkylacetyl 

glycero-phosphate phosphohydrolase, respectively. The 

1-O-alkyl-2-acetyl-glycerol is converted to PAF by a 

specifi c dithiothreitol-insensitive CDP-choline:1-alkyl-2-

acetyl-sn-glycerol cholinephosphotransferase (PAF-CPT). 

The main degrading enzyme of PAF is PAF-acetylhydrolase 

(PAF-AH), which in serum is found, bound to LDL and in 

less extent in high-density lipoprotein (HDL). Its location 

is the reason for the new name of this enzyme, lipoprotein-

associated phospholipase A
2
 (LpPLA

2
). LpPLA

2
 have drawn a 

lot of the scientifi c interest during recent years and nowadays 

is considered as a new biochemical marker for CVDs.

Flavonoids inhibition of PLA
2
 activity has been 

demonstrated in a number of in vitro studies.104,105 In addition, 

fl avonoids have been found to inhibit lyso-PAF AT and 

this inhibition depends on the structure of the fl avonoid. 

More specifi cally, luteolin exhibited the strongest inhibitory 

effect on lyso-PAF AT in the cell-free system, followed by 

quercetin, while the structurally related fl avonoids, apigenin 

and keampferol, showed only a weak inhibitory action, 
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which suggests that the 5’-hydroxyl group is important for 

the inhibitory action. In addition, saturation of the C2-3 bond 

of luteolin (producing eriodictyol) prevented inhibition of 

lyso-PAF-AT activity, which suggests a requirement for 

planarity of the heterocyclic ring. O-Glycosylation at the C-7 

position (luteolin-7-glucoside) also abolished the inhibitory 

activity, but the reason for this is still unknown.106 Moreover, 

quercetin, naringin, and hesperedin have been found to modu-

late PAF metabolism in endothelial cells during oxidative 

stress. The above fl avonoids blocked PAF production through 

inhibition of lyso-PAF-AT and PLA
2
 and concomitantly by 

enhancing the formation of less biologically active lipid 

mediators through the PAF-dependent CoA independent 

transacetylase (TA).107 This enzyme hydrolyzes PAF, 

producing acyl-PAF, which has an inhibitory role in the 

initiation and progression of atherosclerosis. The activity of 

PAF-AH was not affected.

Bioavailability
On the other hand, it should be noted that evaluating the 

absorption and bioavailability of phenolic compounds is 

critical and should be completed before the evaluation of their 

biological activity or their potential nutritional value. Several 

studies have confi rmed that some of these compounds are 

absorbed in suffi ciently high concentration in order to have 

physiological effects. In addition chemical modifi cations such 

as glycosylation, methylation, glucuronidation, sulfation, 

or acetylation may also happen during absorption and the 
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bioactivity of these derivatives should be evaluated. Among 

several phenolics, the bioavailability of anthocyanins, 

quercetin, resveratrol, and epicatechin from dietary sources 

has already been reported.108,109 Studies in humans have 

shown that some polyphenols from red wine are absorbed 

and are bound to LDL particles following red wine 

ingestion.110 However, improvements in high-pressure liquid 

chromatography and gas chromatography–mass spectrometry 

methodologies are required in order to measure phenolic 

compounds or their metabolites in plasma and urine.

Conclusions
Atherosclerosis is a multifactorial infl ammatory disease and 

is considered the most important underlying cause of many 

CVDs. Although the essential steps have been recognized, 

the details that encode each one are not fully elucidated 

yet. However, it is widely accepted that some mediators 

play a crucial role in the initiation and the progression of 

atherogenesis. Among them PAF and oxidized phospolipids 

play an essential role in the initiation and prolongation of 

infl ammation as we have previously proposed.31

Diet is considered as an important risk factor that 

could either promote health or increase risk of chronic 

disease.1–3 Although an unhealthy diet is associated with 

increase incidence of various diseases such as CVDs and 

cancer, there are some notable exceptions from the above 

and several paradoxes appear. The term “paradox” refers 

to the correlation of a high-fat diet with a lower incidence 

of CHD found in Mediterranean cultures in contrast to a 

higher incidence of CHD among most Western cultures. 

The highlight is the French paradox although other terms 

such as North–South paradox or Mediterranean paradox 

could also be used.9,11 Nevertheless, the most diffi cult issue 

is not the description but the explanation of these paradoxes 

taking also under consideration that some studies bring into 

question the positive association of fat intake with the risk 

of cardiovascular events.111

The Mediterranean diet is considered to be a pattern 

of healthy diet that promotes human health. We have 

demonstrated that several Mediterranean foods, such 

as olive oil, olive pomace, fi sh, honey, and traditional 

Greek meals contain PAF inhibitors/antagonists that 

could reduce its actions.31 Moreover, we have confi rmed 

in in vivo experiments that the consumption of foods 

rich in PAF inhibitors/antagonists could improve health 

parameters. More specifi cally, olive oil and olive pomace 

polar extracts reduced the atheromatic lesion in hypercho-

lesterolemic rabbits.112,113 In addition, a study of diabetic 

mellitus patients revealed that an one month diet consisting 

of several traditional foods was capable of reducing the 

platelet sensitivity of this group compared with the control 

group.114

Among the already known and well characterized bio-

logical effects of wine bioactive compounds, we would 

like to highlight the co-existence of compounds that could 

modulate the production and the actions of PAF. PAF 

is capable of causing increased endothelial cell perme-

ability and is an essential mediator for the adhesion and 

the infi ltration of leukocytes into subendothelial space. 

Moreover, it causes platelet activation and aggregation as 

well as SMC proliferation and migration. Phenolics reduce 

the oxidation of LDL particles and in turn the production 

of PAF and PAF-like lipids. Moreover phenolics such as 

reveratrol and fl avonoids have been shown to reduce PAF 

enzymatic production and therefore leading to lower PAF 

levels. Several phenolics, including resveratrol, and wine 

extracts inhibit PAF-induced platelet aggregation and 

resveratrol also prevent PAF-induced leukocyte recruit-

ment and endothelial barrier disruption. Considering the 

crucial role of PAF in the initiation and prolongation of 

infl ammation the consumption of a diet rich in compounds 

that downregulate PAF-production, and/or enhance PAF-

degradation, and/or inhibit its actions, would be benefi cial 

for health.

The aforementioned data shed further light on the nature 

of the benefi cial effects of moderate wine consumption since 

it contains a signifi cant number of lipids including phenolics 

with antithrombotic as well as antiatherogenetic actions. 

These data, in correlation with our proposed mechanism 

of atheromatosis generation, may offer a new insight into 

the well known “French paradox” and expand the already 

reported mechanisms by including the inhibition of PAF 

actions.
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