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The Biological Responses to Resveratrol and Other

Polyphenols From Alcoholic Beverages
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Although excessive consumption of ethanol in alcoholic beverages causes multi-organ damage,

moderate consumption, particularly of red wine, is protective against all-cause mortality. These

protective effects could be due to one or many components of the complex mixture of bioactive

compounds present in red wine including flavonols, monomeric and polymeric flavan-3-ols, highly

colored anthocyanins as well as phenolic acids and the stilbene polyphenol, resveratrol. The thera

peutic potential of resveratrol, firstly in cancer chemoprevention and then later for cardioprotec-

tion, has stimulated many studies on the possible mechanisms of action. Further indications for

resveratrol have been developed, including the prevention of age-related disorders such as neuro-

degenerative diseases, inflammation, diabetes, and cardiovascular disease. These improvements are

remarkably similar yet there is an important dichotomy: low doses improve cell survival as in car-

dio- and neuro-protection yet high doses increase cell death as in cancer treatment. Fewer studies

have examined the responses to other components of red wine, but the results have, in general,

been similar to resveratrol. If the nonalcoholic constitutents of red wine are to become therapeutic

agents, their ability to get to the sites of action needs to be understood. This mini-review summa-

rizes recent studies on the possible mechanisms of action, potential therapeutic uses, and bioavail-

ability of the nonalcoholic constituents of alcoholic beverages, in particular resveratrol and other
polyphenols.
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ALCOHOL-RELATED DISORDERS ACCOUNT for

an enormous part of the global mortality and morbid-

ity (Rehm et al., 2003). Chronic alcohol abuse may lead to

organ damage and carcinoma, especially to the liver and pan-

creas, but also damage to the brain (Harper, 2007) and

immune System (Cook, 1998) as two of many examples.

While the role of alcohol (ethanol) in the development of

alcohol-related diseases has been intensively studied over the

past 3 decades, fewer investigators have studied the role of

nonalcoholic constituents. However, alcoholic beverages con-

tain numerous nonalcoholic compounds. For example, more
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than 2,000 organic and inorganic compounds have been

found in beer, and more than 1,000 in wine. At least on gas-

tric acid secretion, it has been convincingly demonstrated that

alcohol and nonalcoholic constituents of alcoholic beverages

have markedly different effects (Teyssen et al., 1999).

On the other hand, epidemiological studies indicate that

light to moderate consumption of alcoholic beverages reduces

all-cause mortality (de Lorimier, 2000). In particular, red wine

consumption is inversely associated with mortality due to car

diovascular diseases (Gronbaek, 2002), and the protective

effects are observed for consumption levels up to 300 ml wine

per day (Rotondo et al., 2001). The reductions in risk from

low to moderate consumption of alcoholic beverages are

greater for red wine compared to white wine, beer, and most

spirits (Gronbaek, 2002). The potential association between

red wine consumption and risk of cardiovascular disease mor

tality has been highlighted by the "French Paradox" which

refers to the finding that people in France suffer from a rela-

tively low incidence of coronary heart disease, despite their

diet being rieh in saturated fats (Renaud and de Lorgeril,

1992). This coneept has been intensely dissected with Ferneres

(2004) concluding "that the promotion of primary prevention,

based on an optimal diet rieh in fruit and vegetables, regulär

physical exercise, and life without smoking, is worthwhile."

This phenomenon was first noted by the Irish physician

Samuel Black (1819) who attributed the observation to the

French habit of drinking red wine with meals, while the
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first scientific study was published by Cabot (1904), and the

first comparison of coronary heart disease mortality

between wine-drinking countries and those where beer or

spirits were consumed was made 75 years later (St. Leger

et al., 1979). The effect has since been ascribed to a number

of red wine components including ethanol, which at low

doses has beneficial effects on cardiovascular disease risk,

and various polyphenols derived from the grape skins,

seeds, and stems or generated during maturation in oak

barreis (Booyse et al., 2007).

Red wine contains a complex mixture of bioactive com

pounds that are predominantly phenolic in nature (Soleas

et al., 1997). These include flavonols such as myricetin,

kaempferol and the predominant quercetin, the flavan-3-ol

monomers catechin and epicatechin, the oligomeric and poly-

meric flavan-3-ols or proanthocyanidins, various highly col-

ored anthocyanins, various phenolic acids (gallic acid, caftaric

acid, caffeic acid, /7-coumaric acid), and the stilbene resvera-

trol (Fig. 1). These compounds occur in red wine but are

virtually absent from white wine because the skins, seeds and

stems are present during the fermentation of red wine but not

white wine. Red wine is one of the richest sources of polyphe

nols in human diets. Highly tannic red wines can contain up

to 3 g of total polyphenols per litre, and moderate red wine

drinkers will consume polyphenols at levels well above the

population average (Waterhouse, 2002). Urinary resveratrol

measurements have been proposed as a robust marker of wine

intake (Zamora-Ros et al., 2009). Resveratrol is synthesized

in the skins of grapes as a response to fungal infection. Once

present, the compound acts as a phytoalexin, preventing the

proliferation of pathogens. Rieh natural sources of resveratrol

include Polygonum cuspidatum (Japanese knot-weed,

0.524 mg/g), red wines (0.1 to 14.3 mg/1), red grape skins,

berries such as blueberries, as well as peanuts and other nuts

(Baur and Sinclair, 2006).

There is a substantial literature on the biological activities

of phenolic compounds that are present in red wine. Much of

the early interest centred on quercetin, a potent anti-oxidant

that is present as a mixture of glycosides and the aglycone in

red wine (Burns et al., 2000). Quercetin has been shown,

in vitro and in animal modeis, to possess a ränge of biological

activities relevant to protecting against cardiovascular
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Fig. 1. Chemical struetures of resveratrol, epicatechin, gallic acid, and quercetin.
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diseases (Perez-Vizcaino et al., 2006) and against cancer (Birt

et al., 2001; Moon et al., 2006a).

There has been considerable interest in resveratrol and

other polyphenols in red wine in relation to human health.

This mini-review summarizes the current knowledge about

the various beneficial effects of resveratrol and other polyphe

nols from wine in the prevention of aging-related disorders

such as cancer, neurodegenerative disorders, inflammation

and cardiovascular disease; further, the possibility that resve

ratrol may be useful in the treatment of these diseases will be

mentioned. A critical issue for resveratrol and other polyphe

nols as potential therapeutic agents is whether adequate con-

centrations can be achieved at the sites of action; thus, the

bioavailability and efficacy of these compounds in humans

are outlined at the end of this article.

RESVERATROL: THE EVIDENCE FOR POTENTIAL

BENEFITS TO HUMAN HEALTH

There is substantial evidence that resveratrol prevents

or delays the onset of chronic diseases that increase in

prevalence with age, such as diabetes, inflammation,

Alzheimers disease, and cardiovascular disease, induces

neuroprotection, and inhibits proliferation of human cancer

cell lines. (Aggarwal et al., 2004; Baur and Sinclair, 2006;

Das and Das, 2007b; Das and Maulik, 2006; Harikumar

and Aggarwal, 2008; Opie and Lecour, 2007; Raval et al.,

2008; Saiko et al., 2008; Vidavalur et al., 2006). The

breadth of the therapeutic potential of resveratrol is shown

by the extension of the lifespan and improved motor func-

tion in mice fed a high-calorie diet (Baur et al., 2006). This

impressive study indicates new approaches for treating

obesity-related diseases and the diseases of aging. The pre

vention or treatment of cardiovascular disease has been

a major research theme in resveratrol studies. The potential

benefits cover the ränge of cardiovascular problems,

including myocardial infarction, arrhythmias, hypertension,

hypertrophy, inflammation leading to fibrosis, atherosdero-

sis, and thrombosis.

Resveratrol extends the lifespan of species such as yeast,

worms and flies by activation of the silent information regula-

tor 2 (SIR2), one of the sirtuins (Baur and Sinclair, 2006).

The sirtuins as class III histone deacetylases regulate key

pathways by removing acetyl groups from the e-amino group

of lysine to silence transcription. Multiple metabolic pathways

are regulated by SIRT1, the mammalian analogue of SIR2,

as this enzyme is involved in lifespan regulation, the cellular

response to stress, glucose homeostasis, insulin secretion, and

lipid mobilization (Jiang, 2008). SIRT1 is a key regulator of

vascular endothelial homeostasis Controlling angiogenesis,

vascular tone, and endothelial dysfunction (Potente and

Dimmeier, 2008). The cardiac responses to low (2.5-fold) or

moderate (7.5-fold) overexpression of SIRT1 in transgenic

mouse hearts included attenuation of age-dependent increases

in heart weight, apoptosis, fibrosis, and cardiac dysfunction

while high (12.5-fold) overexpression increased apoptosis,

heart weight, and decreased cardiac function (Alcendor et al.,

2007).

While the pharmacological actions of resveratrol have been

linked to antioxidant actions, the possible link between sirtuin

activation and redox regulation by resveratrol is not yet clear.

Hypoxia-induced apoptosis in embryonic rat heart-derived

H9c2 cells was greatly decreased following treatment with res

veratrol by activation of SIRT1 by increasing the ability of

FOXO1 (Forkhead box factors regulated by insulin/Akt) to

induce cell cycle arrest (Chen et al., 2009). The ability of the

FOXO transcription factor FOXO3 to induce cell cycle arrest

and resistance to oxidative stress was increased by SIRT1

(Brunet et al., 2004). Moderate expression of SIRT1 protected

the heart from oxidative stress and increased expression of

antioxidant enzymes but high expression increased oxidative

stress (Alcendor et al., 2007). Cilostazol, a selective inhibitor

of phosphodiesterase III, dose-dependently increased SIRT1

expression to protect human endothelial cells after ischemic

vascular damage through increased production of nitric oxide

(Ota et al., 2008). These studies suggest that sirtuins are

important in the resistance to oxidative stress induced by res

veratrol, but the details need to be determined.

The breadth of the therapeutic potential for resveratrol

hides a contradiction: how can the same compound improve

the survival of cells as a cardioprotective or neuroprotective

agent, yet kill cancer cells? Although the limited literature

makes comparison of doses difficult, the general trend is that

higher doses are needed to kill cancer cells than to improve

cell survival. Possible reasons include dose-dependent effects,

either at the level of the molecular mechanisms as described

above for SIRT1, or by activation of different pathways at

different resveratrol doses. In the heart, resveratrol at lower

doses (5 mg/kg) activated survival Signals by up-regulating

the antiapoptotic and redox proteins Akt and Bcl-2 while

higher doses of 25 mg/kg potentiated a death signal by down-

regulating redox proteins and up-regulating pro-apoptotic

proteins (Dudley et al., 2009). Although resveratrol is usually

considered as an antioxidant, primarily by increasing NO bio

availability, resveratrol can also exhibit pro-oxidant properties

in the presence of transition metal ions such as copper, leading

to oxidative breakage of cellular DNA (Alarcon de la Lastra

and Villegas, 2007). These authors suggest that this pro-

oxidant action is the common mechanism for anticancer and

chemopreventive properties of plant polyphenols.

RESVERATROL AND CHEMOPREVENTION

The initial reports of anti-cancer responses to resveratrol

led to the increased interest in this compound from 1992 (Baur

and Sinclair, 2006). Resveratrol inhibited or retarded the

growth of a wide ränge ofhuman cancer cells in culture as well

as implanted tumors usually in mice (Aggarwal et al., 2004;

Athar et al., 2007). The compound inhibited experimental

tumorigenesis in a wide ränge of animal modeis by targeting

many components of intracellular signaling pathways includ

ing pro-inflammatory mediators, regulators of cell survival


















