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Foreword

THE ACS SYMPOSIUM SERIES was first published in 1974 to provide
a mechanism for publishing symposia quickly in book form. The
purpose of this series is to publish comprehensive books developed
from symposia, which are usually “snapshots in time” of the current
research being done on a topic, plus some review material on the
topic. For this reason, it is necessary that the papers be published as
quickly as possible.

Before a symposium-based book is put under contract, the
proposed table of contents is reviewed for appropriateness to the topic
and for comprehensiveness of the collection. Some papers are
excluded at this point, and others are added to round out the scope of
the volume. In addition, a draft of each paper is peer-reviewed prior to
final acceptance or rejection. This anonymous review process is
supervised by the organizer(s) of the symposium, who become the
editor(s) of the book. The authors then revise their papers according to
the recommendations of both the reviewers and the editors, prepare
camera-ready copy, and submit the final papers to the editors, who
check that all necessary revisions have been made.

As a rule, only original research papers and original review
papers are included in the volumes. Verbatim reproductions of
previously published papers are not accepted.

ACS BOOKS DEPARTMENT



Preface

IN HIS FAMOUS OATH, HIPPOCRATES said that he would use food first to

treat disease and alleviate suffering in his patients. Natural products still serve as
models for therapeutic substances. No wonder that wine has enjoyed a
renaissance as an important part of the diet in recorded history. Wine has
received considerable attention in the past decade because of its potential value
in tempering risk factors for cardiovascular and other diseases. Which
constituents in wine may confer such protection? Phenolics, which are
abundantly present, may be important as antioxidants.

Exposure of food to oxygen leads to premature aging of the food in the
form of peroxidized lipid and other compounds. Food quality generally
deteriorates upon exposure to oxygen (under appropriate environmental
conditions), resulting in a loss of palatability and eventually consumer rejection.
To prevent food deterioration, antioxidants such as phenolics (e.g., butylated
hydroxytoluene) are added to items such as breakfast cereals.

Both grape juice and wine are naturally endowed with abundant amounts of
phenolics and other reducing substances. Better analytical tools now enable us to
analyze the phenolic composition of foods and beverages such as fruit, juice,
and wine in great detail.

The tissue damage and deterioration of food quality by toxic forms of
oxygen, such as peroxy fatty acids, have received wide attention recently,
especially with the popularity of Steinberg’s hypothesis of risk associated with
the oxidized low-density lipoprotein (LDL) lipid particle. Newer packaging
strategies have been developed to protect food from oxygen-induced damage to
lipids. Aluminum foil has been replaced with laminated polyester films to
preclude oxygen interaction with food, thus enhancing product stability and
safety for the consumer. Potato chips, for example, are now packaged to prevent
oxygen exposure and damage.

On another front, in about 1920 Bishop and Evans in Berkeley learned of
the importance of substances in lettuce, now known as antioxidants, in
protecting virility in the male laboratory rat and reproductive capacity in the
female. When semipurified diets lacked a lettuce addendum, the male became
sterile and the female resorbed her pups. Soon thereafter, Alcott isolated
phenolic substances with reducing potential from lettuce and identified them as
the protective factors. A diet without these reducing substances led to sterility
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and resorption of pups, while restoration of them led to virility and restoration of
fertility in the female. They were aptly named “tocopherols”, derived from the
Greek for childbearing (toxoc + o¢epewv). Their role in protecting
polyunsaturated tissue lipid from oxygen damage is now better understood.

Gey observed some fifty years later that the phenolic content of the blood,
in particular the o-tocopherol level, has more predictive power for
cardiovascular disease risk than the classic risk factors smoking, hypertension,
or serum cholesterol. This still startles some. One may wonder what phenolic-
like substances other than tocopherols the diet provides.

Renaud’s observation that the residents of southern France have a much
lower incidence of cardiovascular disease than their age-matched Irish
counterparts, in spite of the fact that more of the French smoke cigarettes, eat
fat-rich diets, and generally have higher serum cholesterol levels than the Irish,
has seemed contradictory. He termed this contradiction the French Paradox.
Because French alcohol consumption, especially wine, is about twice as great as
Irish alcohol consumption, attention is focused on the composition of wine and
other alcoholic beverages. Which factors in wine, if any, might confer protection
against such known risks?

It is within this context that we have investigated wine composition and
some of its potential health benefits. What are some of the key components in
wine that may decrease the damage associated with oxygen that eventually leads
to increased cardiovascular risk, even death?

The symposium on which this book is based was sponsored by the ACS
Division of Agricultural and Food Chemistry at the 210th National Meeting of
the American Chemical Society, which took place in Chicago, Illinois, August
20-24, 1995. The papers in this volume explore the composition of wine and its
potential health benefits when consumed regularly.

Chromatographic and other problems associated with measuring phenolics,
stilbenes and other reducing substances in wine are discussed, with special
attention given to stilbenes and piceids.

Ecology and agronomic practice may influence crop yield and quality.
These factors are reviewed here, especially in terms of catechins and
procyanidins. Tannin composition, structure, and protein interaction in wine are
also discussed.

Economic pressure often leads to deception in the marketplace. In the case
of the wine trade, we have included papers about evaluating adulterants in wine.
Labeling misrepresentation of the origin of wines as revealed by appropriate
isotope ratio analysis is also addressed.

Once imbibed, does the human digestive system actually take up these
reducing substances in wine intact? Data are presented showing the uptake—and
its kinetics—of usable reducing power from wine by the digestive system. A
review of epidemiological evidence shows the correlation between consumption
of beverage alcohol and protection from cardiovascular risk factors.



Antioxidants may confer detoxifying potential in the diet in terms of several
chronic diseases, and this concept is reviewed in an orderly fashion. Further
detailed questions are evaluated, such as the role of wine as a source of ethanolic
energy and its implication in metabolic syndrome X. Two papers present
evidence about wine antioxidants and inhibition of cancer in animal models,
more specifically tumor onset in a transgenic mouse model and ethyl carbamate
induced carcinogenesis.

Wine antioxidants have been shown to temper thrombogenic risk factors in
animal models and human subjects. In terms of cardiovascular risk factors, wine
and grape components have been shown to induce endothelial-dependent
vasorelaxing activity. The importance of French red wine in inhibiting platelet
aggregation and prolonging bleeding time is discussed. The potential benefit to
the hyperlipemic subject, the person presumed at very high heart risk, of regular
California wine use in modest quantity—both red and white—was evaluated in
terms of decreased thrombogenic risk.

Evidence presented by these experts has shown that the composition of
wine can afford the user with many antioxidant compounds. Facts are also
presented demonstrating that the body will use these reducing substances in
wine for protection against cardiovascular and other risk factors when taken
daily, even in modest amounts.

No book can be compiled without the cooperation of many people. This
book is truly international in flavor. I thank the contributors for their expert and
timely contributions. To the many reviewers I also extend a thank you. I
gratefully acknowledge the support of Elisabeth Holmgren and the Wine
Institute (California); C. T. Ho and the American Chemical Society; and Marvin
Bierenbaum and the Kenneth L. Jordan Heart Foundation. I especially
appreciate the constructive criticism of Marvin Bierenbaum, the Director of the
Jordan Foundation.

We commend this volume to you with the hope that wine, the “fruit of the
vine”, will be given due recognition for its social and wellness benefits. Let us
give Hippocrates his due respect. King Solomon said, “A little wine makes the
heart glad.” St. Paul advised his protege Timothy, “Take a little wine instead of
water for your frequent infirmities.” We offer more evidence here that their
advice was sound. Indeed, in moderation wine may lead to a glad and healthy
heart.

ToM R. WATKINS

Kenneth L. Jordan Heart Foundation
48 Plymouth Street

Montclair, NJ 07042

December 2, 1996

xi



Chapter 1

Wine: Yesterday’s Antidote for Today’s
Oxygen Stress

Tom R. Watkins

Kenneth L. Jordan Heart Foundation, 48 Plymouth Street,
Montclair, NJ 07042

Health and vitality rests on more than good genes. Good food and ’accessory
food factors’ must be available to maintain the internal milieu of the cell, to
provide inputs capable of supporting life, balanced for a state of optimal health.
The balanced inputs we call good nutrition. Formerly, the ’accessory food
factors’, mow called vitamins and minerals, were typically associated with
alleviation of specific disease symptoms. Lack of adequate ascorbic acid led to
the scorbutic condition. Thus, we have a list of ‘recommended dietary allowances’
(RDA?’s), recommended levels of intake designed to promote health and vitality
in most of the population. Each of these has been defined by a one-to-one
correspondence established by demonstrating that the absence of a nutrient
results in the presentation of a set of particular symptoms. Now, other benefits
have been associated with risk modification for many chronic diseases when levels
of key essential nutrients have been added above and beyond the RDA’s. This
can be illustrated by vitamin E, one of the antioxidant nutrients. To protect
against hemolytic anemia, 30 milligrams of vitamin E would suffice, whereas
several hundred would be needed to protect against cardiovascular risk factors.

Toxic forms of oxygen have been implicated in the causation of chronic
disease, such as cardiovascular disease, cancer, viral disease and arthritis. The
toxicity may be mediated by superoxide amion. According to this notion, a
metabolic imbalance between reducing substances and toxic oxygen stress as free
radicals, such as superoxide and hydroxyl, heavily favoring toxic oxygen species
leads to disease, as postulated by Gerschman and Gilbert (1). Later, McCord
and Fridovich (2) pointed out the nature and danger of the superoxide anion and
the presumed importance of the superoxide dismutase enzymes (SOD’s). The
SOD’s detoxify superoxide in affected tissue by dismutation. He and his co-
workers then formulated the superoxide theory of disease. The healthy body
maintains defenses against superoxide and other toxic oxygen radicals in the form
of vitamins and enzymes with reducing potential. If (and when) the level of such

© 1997 American Chemical Society
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oxygen radicals exceeds the available reducing capacity, i. e. antioxidant reserve,
such toxic oxygen stress will lead to tissue damage. Damaged tissue unrepaired
leads to debilitating disease.

Further, in the presence of certain transition metals, superoxide
accumulation can lead indirectly to more serious tissue damage via metal
catalyzed oxidation reactions. Hydrogen peroxide and hydroxyl radical will be
formed from superoxide in the presence of ferrous ion as originally described by
Fenton (3). Hydroxyl radical (-OH), perhaps the most reactive oxygen based
radical, can damage any organic substance near the site where it is generated.
For example, fats--particularly polyunsaturated ones--readily react to yield carbon
centered radicals and peroxy radicals form once oxygen has been attached. These
intiate chain reactions that perpetuate tissue damage. Such damage to tissue
lipids has been implicated in the development of chronic disease.

In cardiovascular disease, lipid peroxy radicals have been identified as a
risk factor in both atherosclerosis and thrombosis, the increased tendency of
platelets to clump together so obstructing normal blood flow. These cells, a
fraction the size of the red blood cell, normally protect against internal
hemorrhage by clumping. In the presence of peroxy radicals, their clumping
tendency increases, thus increasing thrombogenic risk. [The well known effect of
aspirin counters such thrombogenic risk.] Gey (4) has reported epidemiologic
evidence showing that serum antioxidant vitamin levels have greater forcasting
power in predicting risk than the classical risk factors serum cholesterol, smoking
status and elevated blood pressure. Antioxidant vitamins such as vitamin E--when
provided in the diet in adequate amounts, amounts considerably larger than RDA
levels--can attenuate the risk of cardiovascular disease by detoxifying such oxygen
radicals.

The DNA polymer in the nucleus of each cell, the genetic blue print for
cell growth and reproduction, may also be seriously damaged by oxygen radicals.
Hydroxyl radical attacks guanine, one of the four chief bases in DNA, yielding 8-
OH-guanine. Available dietary antioxidant reserves can sacrifice themselves, ‘take
the free radical hit’, thus protecting the DNA. In due course this oxygen
damaged base may be excised so that the DNA will be a faithful template for the
reproducing cell. However, in conditions of insufficient antioxidant supplies,
when so many of these bases have been damaged that the antioxidant and repair
defenses have been exceeded, an erroneous DNA template exists. When the cell
begins to divide, transformed cells will be produced. Thus, cancer is a possible
outcome, as has been discussed by Ames and his colleagues (5).

Fruit, such as the grape and wine, and vegetables are major sources of
anitoxidants in the diet. Presently, according to Block (6) only 9% of Americans
eat~enough fruits and vegetables each day to obtain and maintain sufficient
antioxidant reserves to thwart the level of radiation damage to which the body is
subjected each day. The consequences in terms of chronic disease are dire.

Cardiovascular disease alone leads to one million deaths annually in the
United States. More than 59 million Americans actually suffer from this disease
(7). Oxidation of the LDL particle, a major cholesterol carrying lipoprotein
structure in the blood, greatly enhances its atherogenicity (8). Once peroxidized,
this toxic form of this cholesterol and fatty acid laden particle proceeds to injure
the arterial wall, leading to a compensatory emergency response there to remove
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the toxic, damaging particle from the circulation. The oxidized LDL particle by
its nature may attract monocytes to the site of arterial injury, leading to
accumulation of macrophages now fat-laden and unable to leave the site of injury.
This ultimately leads to accumulation of much oxidized (toxic) lipid there.
Oxidized LDL may also stimulate the monocyte to release chemoattractant
proteins, thereby recruiting more monocytes. As this debris builds up,
constricting the arterial diameter, the site is ripe for trapping a cluster of sticky
platelets coursing through the artery. When platelets are thus trapped, an
infarction occurs, killing local tissue by oxygen starvation (ischemia). Unoxidized
LDL does not thus attract the monocyte.

What sort of protection could effectively thwart a foe such as toxic oxygen,
be it superoxide, hydroxyl radical, hydrogen or fatty peroxide or some other? The
ideal candidate would be a substance readily oxidizable, i e., a reducing
substance, able to sacrifice itself to save the LDL particle (DNA, protein, etc.),
and ultimately the artery. Such reducing substances have been styled antioxidants.

The therapeutic potential of wine has been touted since ancient days.
Paul’s advice (9) in scripture to an oft ailing assistant named Timothy included
the exhortation, "No longer drink only water, but use a little wine for the sake of
your stomach and your frequent ailments." Various substances in wine other than
the alcohol may indeed temper, even decrease one’s peroxidation potential, one’s
risk for succombing to a chronic disease such as heart disease or cancer.

Renewed interest in wine and its nutritional and therapeutic benefits has
arisen from Renaud’s observation (10). He observed that the folk in Toulousse,
France, people eating fat-rich diets, smoking cigarettes, and avoiding much
exercise, have a remarkably low incidence of heart disease morbidity and
mortality, in comparison with age matched folk in Belfast, Ireland, who share all
of these common risk factors. The major difference in their habits was noted to
be that the French consumed about twice as much alcohol--most of it wine--as the
Irish (45 vs. 20 grams/day). This observation has been styled the 'French
paradox’.

Wine is a rich source of flavonoids and other polyphenolic antioxidants.
Taken on a regular basis as part of a varied diet, could wine (even grape juice)
provide sufficient amounts of these antioxidants to alter cardiovascular and other
risk factors significantly? We have presented considerable evidence herein about
the identity, nature and concentration of several polyphenols, resveratrols and
some resveratrol glycosides, as well as information about signs of adulteration of
wine, and some chemical signatures useful as "ID cards’ in documenting origin
and fraudulent labelling of wine. Environmental and soil factors modulate crop
quality. On this basis, we have examined the content and quality of numerous
antioxidants in wine as modulated by agronomic and ecologic stresses.

Wine, the aged ’fruit of the vine’, indeed provides a wide spectrum of
antioxidants. Incorporation of these reducing substances into test rations for
animals in model studies has conferred protection against carcinogenesis and
transformation. Were they similarly included in human dietaries would they be
absorbed and confer health benefits?

A large and growing body of evidence supports the nutritional value and
therapeutic potential of wine in human diets, both as a source of energy and
antioxidants. Epidemiologic data shows that both alcohol and wine confer
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protection against cardiovascular disease, affording protection against both
atherogenic and thrombogenic risks. Substances in wine also enhance blood flow
by promoting vasodilation, inhibiting peroxidation processes thereby conferring
antioxidant protection (measured by various and sundry methods of detecting
toxic oxygen species), prolonging bleeding time (thinning the blood), and
preventing the platelet aggregation which immediately precedes a possibly fatal
heart attack (myocardial infarction) or stroke (cerebral infarction).

The toxic oxygen radical, unfettered and unchecked in the body, has been
recognized as an important risk factor in the etiology of chronic, killer disease.
The hazard of the oxygen radical can be countered by various antioxidants. Wine,
rich in reducing substances, certainly offers therapeutic potential for many chronic
diseases, such as cardiovascular disease and cancer, which account for about 75%
of the deaths in America. In the papers that follow, several of the benefits will
be documented and mechanisms offered for your edification. The evidence
presented suggests that we may be wise to look back in time to wine, one of the
older, natural beverages, in order to step into a future of safe and effective
nutritional therapy.
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Chapter 2
Chromatography of Phenolics in Wine

Jean-Pierre Roggero, P. Archier, and S. Coen

Laboratoire de Chimie Organique et Analytique, Faculté des
Sciences de I’'Université d’Avignon, 33 rue Louis Pasteur,
84000 Avignon, France

In wine phenolics analysis, extraction induces many artefacts due to
oxidation, isomerization or hydrolysis. Moreover, extraction is never
exhaustive as wine is actually a partially colloidal solution; as a
consequence, the recovery of many substances is low. The assay of
many phenolics, based upon a recovery ratio determined from the
extraction of an artificial mixture, is then generally wrong. The
analysis via direct injection of wine into the chromatographic column
avoids most of these difficulties, but requires an efficient and
thermostated column, a perfectly adapted gradient and the use of a
diode array detector. In some cases confirmation may be obtained by
electrochemical or fluorometric detection. Up to 30 compounds may
be identified and assayed including catechins and proanthocyanidins,
caffeic, p-coumaric and ferulic acids and their combinations with
tartaric acid, vanillic, gallic, protocatechuic, p-hydroxybenzoic,
syringic acids, tyrosol, tryptophol, flavonols and flavonol glycosides,
resveratrol, etc.

The growing interest in chromatography of phenolics in wine has arisen for several
reasons some of which are taxonomic, as the concentrations of the various phenol-
ics, which depend on the variety and on the age of the wine, permit one to distin-
guish the vintage. Better chromatography serves sanitary purposes, because the
phenolic composition may be altered by illness and so reveal an unhealthy crop.

Good chromatography has also been used to document changes during aging.
Owing to the presence of a considerable quantity of various compounds,

these analyses are difficult, and the analyst always chose to extract the compounds
of interest, in order to obtain a clear chromatogram. Some of them require two

© 1997 American Chemical Society



2. ROGGERO ET AL.  Chromatography of Phenolics in Wine 7

extractions of the wine, the first at pH 7.0 to extract neutral phenolics, and the
second at pH 2.0 for phenolic acids. They generally use ethyl acetate or ethyl ether
as solvents. Others choose the percolation upon a column of Polyclar AT or a C-
18 cartridge and wash it with various buffers or solvents before recovering the
compounds. Unfortunately, many artefacts result from these manipulations:

-1) Many phenolics are easily oxidized, especially in basic medium, and, even
when extraction is done under nitrogen, the risk remains evident.

-2) Another possibility is hydrolysis of esters in basic solution and of ethers in
acidic medium, and so, many glycosidic bonds may be broken.

-3) Moreover some isomerization may occur, and particularly upon caffeic
and p-coumaric acids or esters which are frequently detected in the cis-form, which
is not apparent in our analyses.

The main feature of any wine extraction is not to be exhaustive or reproduc-
ible, because of the important and variable associations between the different
phenols. This explains why quercetin, whose solubility is zero in water and very
low in ethanol, may be detected in large quantities in some wines. Consequently,
all the authors who calculate the recovery ratios of various phenolics by extracting
them from a synthetic wine, constituted of ethanol, water and potassium hydrogen
tartrate, and which lacks the colloidal properties of a real wine, obtain very low
results for many compounds.

For all these reasons, and despite the difficulties, we tried several years ago
to develop a method for analysis of wine phenolics via direct injection of the fil-
tered sample into the chromatographic column.

Setup of the method

The first analyses via direct injection were performed using a binary gradient G-1
between a 5% acetic acid solution and a mixture of water, acetic acid and acetoni-
trile (I). In that confusing analysis, the first difficulty we encountered was detec-
tion, as several compounds being very close in the chromatogram it became appar-
ent that a double detection at 280 and 313 nm was insufficient. Moreover, we
noted a large hump in which the condensed tannins were not separated. The
problem was partially solved by use of a diode array detector, which gave a plot at
any wavelength and the uv spectra of all compounds, which was essential in these
analyses. It was also noteworthy that some columns, even very efficient, were not
able to separate some critical pairs. We finally chose the Merck Superspher RP18,
250x4 mm.

Owing to the large number of compounds we detected, the gradient was
extended to 150 minutes. Still, some separations remained difficult. We tried a
ternary gradient G-2 between 1% and 5% acetic acid solutions and water-acetic
acid-acetonitrile 65/5/30, beginning with only 1% of acetic acid and slowly increas-
ing it before introducing acetonitrile into the elution solvent (2). This modification
permitted separation of the peaks of catechins and proanthocyanidins which are
very sensitive to acetic acid concentration and then to improvement of their sepa-
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ration from other compounds. The result was further enhanced by a slight change
in the gradient shape (G-3). See Table.

Time (min) A% B% C%

0 100 0 0

15 0 100 0

30 0 100 0

50 0 90 10

60 0 80 20

80 0 70 30
120 0 0 100

The last modification we have done was required by the long time of analysis
which results in sensitivity to variations in temperature. After a series of trials, we
chose to maintain the temperature at 22.5°C by water circulation, and to accom-
plish that we used a continuously acting cryogenic coil and a regulated heating coil
(3). Thus, no variation above one-half a minute was ever noted. Nevertheless, we
observed that, for some critical pairs, separation was obtained only when the sec-
ond solvent B is a 5% acetic acid solution; for others it was necessary to use a 6%
solution. Using 5% acetic acid p-hydroxybenzoic acid was separated, but pro-
anthocyanidin B1 and coutaric acid were not separated. In the chromatogram
obtained using a 6% acetic acid solution, these compounds were well resolved but
three other minor compounds, namely, p-coumaroyl-tartaric acid glucosidic ester,
GRP (Grape Reaction Product, or 2-S-glutathionyl caftaric acid), and di-caffeoyl-
tartaric acid were not separated, and p-hydroxybenzoic acid lay under the large
peak of coutaric acid. We generally prefer this second analysis to the first.

The separations obtained with our method were then excellent, and permit-
ted us to survey the changes in the content of many phenolics during wine making
(4). Nevertheless, the presence of acetic acid in the elution solvent did not permit
the detector to be used below 240 nm. So, we are now trying a gradient using
phosphoric acid. Unfortunately, an increase in phosphoric acid concentration gave
no real effect upon retention and we could only perform a binary gradient. How-
ever, the use of phosphoric acid permitted us to obtain uv spectra at low wave-
lengths, and therefore to distinguish two very closely related compounds like res-
veratrol and piceid.

The gradient modifications we have done also moved the hump for con-
densed tannins to a part of the chromatogram where few compounds of interest
were detected.
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Results
In a single analysis most of the phenolics may be detected including:

Phenolic acids and esters: Gallic, protocatechuic, vanillic, caffeic, p-coumaric and
syringic acids, tartaric acid caffeate and tartaric acid p-coumarate (often named
caftaric and coutaric acids) are easily detected and assayed. Ferulic acid was usu-
ally present in low concentration and p-hydroxybenzoic acid was difficult to detect
because it was co-eluted with the abundant coutaric acid. Nevertheless, the slight
modification, which consisted of use of a 5% solution of acetic acid as second
solvent instead of a 6% solution, permitted its detection, as previously noted. Its
concentration was usually below 1 mg/litre. The ethyl esters of caffeic and cou-
maric acids were also present in old wines.

Catechins and proanthocyanidins: Catechin gave a clean and important peak that
was easily assayed, but epicatechin appeared in a confusing part of the chroma-
togram where several other compounds, some of them giving peaks whose uv
spectra were very close one with another, were also present. We found that an
electrochemical detector was very useful in identifying epicatechin when the con-
tent of that phenol was low, because it easily detects the ortho-diphenols, even at
low potential. That instrument also distinguished caffeic and p-coumaric acid
derivatives.

Three proanthocyanidins, namely B1, B2 and B3, the latter in very low abun-
dance, were also detected. The peak for B2 was close to caffeic acid, but was too
large to be easily assayed. Several other proanthocyanidins, although evident, were
not identified.

Flavonols and flavonol glycosides: These compounds appeared in the last part of
the chromatogram, between 100 and 130 minutes of analysis, and some of them
co-eluted with anthocyanins. Fortunately, anthocyanins lack absorbency between
330 and 450 nm, whereas flavonols and flavonol glycosides absorb respectively at
370 and 355 nm. That feature permitted us to detect and assay these compounds,
and to record their spectra, although the part between 240 and 300 nm may have
been distorted in some cases by anthocyanin’s absorbency. Anthocyanins them-
selves could not be clearly separated and identified in that analysis because of the
very high pH value of the mobile phase. They may be analysed separately using a
water, formic acid and acetonitrile mixture of pH 1.6 (4).

Discussion

The relative percentages of flavonols and flavonol glycosides are important in
taxonomic studies. They allow distinction of some varieties. For instance, the
wines from Cabernet-Sauvignon are rich in flavonols (myricetin and quercetin, max
372 nm) and relatively poor in glycosides and those from Mourvedre pre- sent an
exceptional content in flavonol glycosides (max 355 nm).

Quercetin is the most abundant flavonol in wine; two of its glycosides are
also present, one of them is isoquercitrin, the other perhaps rutin. Myricetin is less
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important, but a large peak, not yet identified, is very likely a myricetin glycoside.
Kaempferol is absent, or in very low quantity.

Other compounds: Tyrosol, 2(p-hydroxyphenyl) ethanol and tryptophol, (-ind olyl
ethyl alcohol) are respectively produced by decomposition of tyrosine or trypto-
phan. The first is abundant, easily observed and assayed, but the peak of the sec-
ond lies in a confusing part of the chromatogram. It could have a taxonomic inter-
est, but is difficult to assay precisely.

Trans-resveratrol recently took on increasing importance for many re-
searchers. The growing interest for that molecule results from its supposed role in
wine’s protective action against coronary heart diseases. We had for several years
detected in wine two compounds of retention time 104 and 119 min having very
close uv spectra, but we never were able to identify them until Siemann and
Creasy (6) reported the presence of trans-resveratrol in wine and showed its uv
spectrum. Thus, resveratrol was quickly identified in our chromatograms, and on
the basis of its retention time and uv spectrum, we postulated that the other com-
pound may be a resveratrol-glycoside. That hypothesis was recently confirmed by
the discovery of piceid (resveratrol 3-glucoside) in wine by Waterhouse, Lamuela-
Raventos and co-workers (7,8).

The only difference between trans-resveratrol and trans-resveratrol-glycoside
spectra lies in the 200-230 region and the use of a solvent constituted with phos-
phoric acid instead of acetic acid is necessary to observe that difference.

Many authors have indicated the presence of cis-resveratrol in wine. In our
research we proved that gentle uv illumination of trans-resveratrol induces the
formation of the cis isomer. Intense irradiation leads to the formation of an un-
known compound, a derivative of which is present in wine. These two compounds
of max absorbance at 260 nm are highly fluorescent at 372 nm when excited at 270
nm and then easily detected using a fluorescence detector (9). Cis-resveratrol is
also present in wine, but not in the grape berry skins of many varieties; it may be
formed during fermentation. It should be noted that the greater part of the
resveratrol in the skins is in piceid state.

Assay of the components

For the phenolics, which may be purchased in pure state from various commercial
companies, the external standard mode is used without any difficulty. In most
cases, the peak area gives a linear plot versus concentration, but when large varia-
tions are observed, as for gallic acid which is very abundant in some wines, Beer’s
law may be not followed, and the assay requires using of a calibration curve.

In other cases, we tentatively used a uv response identical to that of a closely
related compound. So, we consider that caftaric acid may be assayed using the
molar calibration factor of caffeic acid at 328 nm, and coutaric acid by using the
molar calibration factor of p-coumaric acid at 310 nm. These assumptions allow an
element of comparison between the different samples.

For cis-resveratrol, which is practically impossible to obtain in pure state, we
used a partial light induced isomerization of the zrans isomer and we measured the
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peak areas of both forms. The calculated absorbency of 12,000 at 286 nm is in line
with that of cis-stilbene which is 13,500 at 280 nm.

Conclusions

Despite its apparent heaviness, the present method holds many advantages over
prior extraction methods. As detection and assay are done by less handling of the
sample, its main interest is to give, qualitatively and quantitatively, the actual
content of the wine, because problems involved by extraction are avoided. Another
advantage of the method is to show most of the phenolic constituents in a single
analysis. However, many peaks remain unidentified at the present time.

Naturally, the analysis requires a diode array detector, an efficient column
and a thermostatic device. The one we use consists of a cryogenic coil immersed
in an ordinary thermostatic bath. The time for analysis is 2-1/2 hours and hence is
similar to that required for extraction and cleanup of a sample.

The main difficulty, which is not inherent to this method of analysis, was the
presence of acetic acid in the mobile phase. That solvent permits use of a ternary
gradient, but results in a cut-off at 240 nm and then does not permit recording uv
spectra at lower wavelengths. In several cases this limitation may cause doubtful
identification of phenolics. For this reason, we are now working on the use of
phosphoric acid.
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Chapter 3

Levels of Phenolics in California
Varietal Wines
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California wines are abundant sources of phenolic compounds, with
some flavonoid classes having average concentrations of 250 mg/L in
some wine varieties. Total phenol levels ranged from 1850-2200 mg/L
for reds and 220-250 mg/L for white wines. The variability in the levels
of individual components is striking, and thus it is essential to analyze
wines for their content of individual phenolic components to ensure that
the composition of a particular wine is known. This is of specific
importance to ensure that nutritional and health-related studies are
reproducible. Since phenolic compounds have both antioxidant activity
and platelet inhibitory activity, they may be the wine components
responsible for the decreased rate of cardiac heart disease mortality
observed in wine drinkers, but further studies are needed to ascertain the
validity of this hypothesis.

The interest in wine’s potential to improve health is based on numerous epidemiological
studies, both ecological and prospective, which have shown strong correlations between
increased wine consumption and reduced cardiac heart disease. Cross cultural (or
ecological epidemiology) studies, which compare average attributes of specific
populations, show that when whole populations increase their average consumption of
wine, average cardiac heart disease (CHD) mortality rates drop. In the first such study,
St. Leger et al showed that there was an association between reduced cardiac disease
mortality and increased wine consumption (). More recently, Renaud and de Lorgeril
used World Health Organization data to demonstrate that dairy fat consumption is
highly correlated with CHD mortality. People in a few French (and other) cities
however, had very high dairy fat consumption and high serum lipid levels, but CHD
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mortality rates that were far too low to fit the correlation—thus the “French Paradox”.
When the authors included wine consumption in the correlation as a factor that reduced
CHD mortality, these cities were no longer outliers and overall a much better correlation
was obtained (2). The authors could not explain the low rate of disease in these
populations solely by the alcohol content of the diet. Criqui and Ringel have
subsequently investigated similar data but compared intake of many different dietary
components with mortality
from many different causes

and came to a similar e Wine  ——e-- Beer ®
conclusion—wine was one of I P — @ Spidts
the few dietary factors that £

correlated significantly with g 1

reduiced CHD mortality, f

although it was not related to %0'8

total mortality (3). However, 3 06

one other result was even ’

more intriguing—they also 0.4 : , | |
. showed that one other dietary Never Monthly Weekly Daily 1-2 Daily 3-5
component was significantly Drinking Frequency
correlated with reduced CHD

mortality, fruit consumption. Figure 1 Relative Mortality Rates at Varying

This is of particular interest Consumption Rates for Specific Beverages. Adapted
because common components g (5).

may be responsible for the two
associations, a likely supposition because wine is made from fruit.

In addition, prospective epidemiology studies have shown that wine
consumption is correlated with a greater reduction in CHD mortality than other
alcoholic beverages. Klatsky and Armstrong showed that drinkers who consume
predominantly wine have mortality rates 50-70% of spirits drinkers (4). Nonetheless,
they were unwilling to attribute this significant reduction in mortality to wine
constituents, saying that U.S. wine consumers typically had lifestyle factors
predisposing them to lower mortality, in particular, higher incomes and different
exercise and eating habits. However, a recent prospective study from Denmark
concludes that the reduction in CHD mortality attributed to alcohol is in fact solely due
to wine (5) (Figure 1). At different levels of consumption, wine drinkers had total
mortality rates 78-55% of non drinkers. The reduction was due primarily to lower CHD
mortality rates. The authors did not suspect that in their population that lifestyle factors
could explain this striking difference in mortality. These data strongly suggest that wine
contains components absent in other alcoholic beverages, and it is these unique
components which favorably affect CHD mortality.

A study relating increased flavonoid intake with reduced CHD mortality (6)
definitely points to this class of substances, and perhaps by extension, to all phenolic
substances, as the components responsible for the correlations seen with wine (7). The
best correlation between reduced CHD mortality and specific dietary components was
with tea, onions and apples (6). Two of these foods, tea and apples, are very rich
sources of catechins, while onions are significant sources of quercetin glycosides (see
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Figure 2) (8). So, the

evidence appears to be quite Y Flavonols Oligocatechins
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phenols are a very Wine, Red%ﬁ
ioni i i Wine, White
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compared to many other Aprleot
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serving of many fruits. ..
Thus the flavonoid or other Fi8ure 2 Levels of flavanol and flavonol phenolics in

phenolic compounds in wine wine tea, and selected fruits.

may be the critical dietary
component that causes the observed reduction in CHD mortality in wine drinkers.
wine are a class of phytochemicals widely distributed in plants, and ubiquitous in the

Phenolic Compounds Found in Wine. The phenolic compounds which are found in
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Figure 3 A representative selection of flavonoid compounds
found in wine.
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diet (9). There are several chemical classes of phenolic compounds found in food,
broadly separated into two classes, the flavonoids and the non-flavonoids.

In grapes, the most significant sub-classes of the flavonoids are the flavan-3-ols
(the monomers are also called the catechins), their oligomers (the proanthocyanidins)
and polymers (the condensed tannins). In addition, there are the flavonols, and the
anthocyanins, (Figure 3). There are numerous other classes of flavonoids, however, the
quantities of these other classes in wine are generally low; as these other classes
generally occur as biosynthetic intermediates in the production of the major classes.

The classes of flavonoids are distinguished by differences in the central oxygen-
containing “C” ring (Figure 3). The "A” ring rarely has a different substitution pattern,
typically having hydroxyl groups at positions 5 and 7. In most cases, class members
are distinguished by differences in substitution on the “B” ring. On the B ring, two or
three hydroxy or methoxy substituents at the 3’,4’, and 5’ positions are most common.

Nearly 5000 individual flavonoids have been characterized, (10). However,
differences in the flavonoid nucleus account for only a few of these. In most cases, the
different compounds arise by glycosylation or other substitution, and very large number
of different sugars have been found to substitute flavonoids, in particular the flavonol
class (9). The presence of specific flavonoids, based largely on the presence of specific
glycosides can be used to verify the identity of the fruit species or occasionally the
variety used to make a processed product such as juice or wine (/1,12).

There are also several classes of non-flavonoids, dominated by a few groups
including the benzoic acids and the hydroxycinnamates. There are other classes, such
as the stilbene derivatives, but again the levels of these other components is low (Figure

4).
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Figure 4 A selection of the non-flavonoid phenolics found in wine, fruit
and tea.
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Mechanisms of Action. Much current research focuses on deriving a mechanistic
explanation by which wine consumption could reduce cardiac heart disease. One
explanation for the effect of phenolics and or flavonoids arises from the oxidation
theory of atherosclerosis (13,14). In this theory, arterial plaque develops from a series
of steps that is initiated by the oxidation of blood lipid particles, in particular LDL. The
oxidation occurs due to uncontrolled free radical reactions. When this occurs to LDL
particles that are under the endothelial lining of the arterial wall, they are attacked by
macrophages which cannot digest the entire particle as they contain cholesterol. This
leaves a residue, which after several stages of development becomes arterial plaque.
The potential benefits of antioxidants in retarding this process has been shown in animal
models of the disease where synthetic antioxidants have had a significant effect (I5).

Thus the question arises, could wine phenolics affect atherogenesis? In many
situations, but not all, these phenolic compounds are antioxidants. A key study of wine
by Frankel et al (16) showed that wine contained antioxidants towards the oxidation of
LDL in vitro, and thus may slow the development of arterial plaque. Based on this
interpretation, these authors hypothesized that the phenolic compounds (generally
known to be antioxidants) found in wine were responsible for the French Paradox. A
follow-up investigation on three wine phenolics showed that all were antioxidants
towards LDL—the most potent were epicatechin and quercetin, while resveratrol was
less potent, and the control, a-tocopherol (vitamin E), not found in wine, was least so
(17). These results have engendered a large number of investigations into the
antioxidant properties of these compounds as it is possible that these substances inhibit
LDL oxidation in vivo.

In addition, wine phenolics are known platelet activity inhibitors (/8) and thus
may inhibit the formation of thrombotic clots. Wine and grape juice consumption has
been shown to reduce the formation of blood clots in Folts’ animal model (19). The
fact that grape juice had an effect further supports the hypothesis that the phenolic
compounds are the active component in wine. In addition, a study of quercetin, one of
the flavonoid phenolics in wine also showed inhibition of aggregation (20). Grape
extracts have also been shown to have vasorelaxing activity (21).

Absorption Studies. An important factor in determining the significance of phenolic
compounds is the issue of absorption, but progress in understanding of these potential
effects is severely limited by the lack of absorption data (22). The few previous studies
on phenolic absorption and metabolism have shown, on a few flavonoids, that they are
absorbed at widely different rates. Catechin has been shown to be one of the more
efficiently absorbed materials, about half being absorbed (23). On the other hand, no
absorption was observed for quercetin (24).

Analysis of California Wine Samples

Many flavonoids and non-flavonoids are found in wine and all originate from the grape.
However, they can be modified by the wine production process and as a wine ages, its
phenolic constitution changes. We analyzed a selection of California wines for the
concentration of a some of the major phenolic constituents.
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Wines Samples. Red—Cabernet Sauvignon, Pinot noir, Syrah, Zinfandel,
Merlot, Cabernet Franc, others; and white—Chardonnay and Sauvignon blanc, were
obtained by a solicitation to 200 California wineries in all viticultural regions. For
individual varieties, the numbers varied and Cabernet Sauvignon had the highest sample
numbers. Syrah had a total of 7 wines, Chardonnay 14, and Sauvignon blanc, 7. See
Table I for the number of wines in individual vintages where there were many wines.

Table I. Red Wine Sample Set
Vintage Cabernet  Pinot Noir Zinfandel = Merlot
Sauvignon
Number of Wines
1986 4
1987 12
1988 14 3 1 1
1989 19 4 2 5
1990 13 4 5 4
1991 6 4 7 2

Phenolic Compounds. Gallic acid, caffeic acid, catechin, epicatechin, sinapic
acid, malvidin-3-glucoside, rutin, and quercitin were purchased from Aldrich
(Milwaukee, W1, USA) and Sigma (St. Louis, MO, USA). Malvidin-3-glucoside was
purchased from Extrasynthese, (Genay, France). Cyanidin-3-glucoside was provided by
Vernon L. Singleton.

HPLC Analysis. A Hewlett-Packard (Palo Alto, CA, U.S.A.), Model 1090 with
three low pressure pumps and a diode-array UV-visible detector coupled to an HP Chem
Station was used for solvent delivery and detection. A Novapack C18 column, 3.9 x
150mm, 4 pm particle size, (Waters, Milford, MA, USA) thermostatted at 40° C was
used for the stationary phase with a flow of 0.5 mL/min. The solvents used for the
separation were: Solvent A = 30 mM dichloroacetic acid adjusted to pH 1.5 with
sulfuric acid; Solvent B = Methanol (Fisher-HPLC grade). The solvent gradient
consisted of linearly increasing the percent of MeOH in the solvent mixture from 0%
at the start to 10 at 7 min, 12.3 at 19 min, 25 at 27.5 min, 39.5 at 42 min, 50.5 at 48 min,
70 at 53 min, 80 at 55 min with a 3 min hold. Detection was at 280 nm, 313 nm, 520
nm, 620 nm, and UV-Vis spectra were acquired of peaks higher than 1 mAU.

Resveratrol Analysis. Wine, 4 mL, was placed in a test tube and 4 mL water
was added. Then, 2-naphthol, internal standard (100 pL of a solution in ethyl acetate-to
achieve 10 ppb), was added, and 50-100 pL samples of resveratrol standard in ethyl
acetate solution was added when desired for spiking purposes. These solutions are then
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added to "10 mL" diatomaceous earth cartridges (Extrelut, EM Merck). After 5 minutes
exactly, 12 mL ethyl acetate is added to the cartridges. After another 5 minutes, another
12 mL ethyl acetate is added, and solvent then elutes from the cartridges, approximately
12 mL volume over 2 min. This solution is dried with sodium sulfate (approx 8 g).
This solution (5 mL) was then transferred by syringe to 20 mL scintillation vials for
evaporation in a centrifugal vacuum evaporator (Savant). After 40 minutes, the vials
were removed with approximately 200 pL solvent remaining. The solution was
transferred to 300 pL vials for GC analysis, 50 pL. BSTFA (bis-trimethylsilyl-
trifluoroacetamide) added, the vials capped and heated at 70° C for 15 min. Then the
samples were analyzed by GC/MS on a HP 5890/5970 system using a 30 m, 0.25 mm
capillary column DB-5 (J&W Scientific), monitoring at mass 216 for 2-naphthol and
444 for cis and trans resveratrol—TMS derivatives. The resveratrol results express total
cis and trans as trans-resveratrol equivalent levels (the cis isomer is assumed to have the
same response as trans).

Total Phenol Content. The “total” phenol levels were determined using the
Folin-Ciocalteu reagent to develop a blue color quantitated spectrophotometrically at
765 nm (25). The analysis is calibrated with gallic acid, and results are reported in
Gallic Acid Equivalents (GAE).

Results of Analysis.

Catechin, Figure 5, is W 198 4 1987 [ 198
known as the most abun- N 180§ 1990 [@ 19091
dant monomeric 350
phenolic compound in 300

wine (26,27). It is also an
important monomeric unit
that is a constituent of the
many procyanidins dimers, 150 \ \
trimers, etc, and condensed 100 A
tannins, along with epi- 50
catechin and its gallate oL %
ester. This flavan-3-ol Cabemet ‘Sauvig\on Pinot noir Zinfandel Merlot
appears to be highest in

Pinot noir wines, averaging Figure 5 Average catechin levels in selected red wines,
250mg/L. This result is by vintage

comparable to previous

studies (27) which found that both Pinot noir grapes and wine had high levels of
catechin compared to other vinfera grapes and wines made from other grapes. In order
of decreasing levels, the red wines are Merlot, Syrah, Zinfandel, Cabernet Franc and
Cabernet Sauvignon in the range (220-150 mg/L). The white varieties contain lower
concentrations, averaging 40 mg/L of this compound, averaging six times less for
Sauvignon blanc and Chardonnay compared to the average level of the red varieties.
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In the histogram
shown in Figure 6 only
15% of the red wines are
in the class
0-50 mg/LL but, not
shown, 90% of the white
wines are in this class.
Most (59%) of the red
wines are between 50
and 200 mg/L, 25% are
between 200-400 mg/L
and just a few outliers 0-50  50-100 100-150 150-200 200-250 250-300 300-400 400-500 >500
are found at mg/L
concentrations  higher
than 400 mg/L. Such a Figure 6 Histogram of catechin levels in all red wines.
distribution illustrates the
very wide range of levels that can be expected for phenolic compounds. Here, there are
significant number of wines below 50 mg/L and above 250 mg/L, a range of 500%.
Thus a single wine could have a level of this compound, the most abundant single
phenolic in wine, that could be very different from the average wine. This large
variation illustrates the importance of analyzing the levels of these substances in any
wine used for health-related studies.

Epicatechin an isomer of catechin which comprises much of the procyanidins
and condensed tannins is typically found at a lower concentration than catechin in
grapes, as noted by others (28). The varieties which have high concentrations are
Merlot, Zinfandel, Cabernet Sauvignon, and Pinot noir, averaging around 80mg/L, a
level one third than of catechin. We found the average levels in Syrah and Cabernet
Franc varieties only about half as much (40-50mg/L), and in white varieties like
Sauvignon blanc and Chardonnay levels were only a quarter as much, averaging 20
mg/L. The order of the epicatechin levels by variety is the same order as for catechin.
Also, 47% of the white wines are between 0 and 20 mg/L and 42% in the group 20-40
mg/L. In the red wines, about half fall into these categories-only 19% and 20% are in
the classes 0-20 mg/L and 20-40 mg/L respectively. Around 50% of the red wines are
between the levels of 40-100 mg/L and nearly 10% of the reds have more than 100
mg/L.

One of the most common flavonols, quercetin, was observed at the highest
average level in Cabernet Franc, at 13 mg/L, while the other red varieties had levels in
arange from 6 to 11 mg/L. The levels varied depending on vintage, but only in Pinot
noir was the variation very large (Figure 7). In the white varieties this flavonol was not
detected. Over 35% of the red wines had less than 5 mg/L, 30% had between 5 and 10
mg/L, 15% had 10-15, and 8% 15-20 with 11% over 20 mg/L. Price has noted that in
Pinot noir, the level of quercetin in controlled almost exclusively by sun exposure of the

grape (29).
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The cinnamate sinapic acid was not detected in the white varieties Sauvignon
blanc or Chardonnay and ranged from 0.3 to 2 mg/L in the red wines. Syrah had the
highest concentration for this minor component. The majority of the red wines (60%)
are between 0 and 1 mg/L and 24% between 1 and 2mg/L.

Another cinnamate, caffeic acid had levels that were very similar in Pinot noir,
Cabernet Sauvignon, Merlot, Zinfandel and Cabernet Sauvignon wines, being between
7 and 9 mg/L. On average it is three times higher in Syrah (26 mg/L), but lower in
Sauvignon blanc and Chardonnay (6mg/L). For both white and red wines we observed
approximately the same percentage of wines (70-80%) between 3 and 9 mg/L. We
observed that 23% of the reds were at a concentration higher than 9mg/L but only 5%
for the white wines.

Gallic acid has been described as increasing during aging, but in this set of wine,
there is no clear trend in that direction (Figure 8) (30). The levels observed here were
between 65 and 85 mg/L for the red varieties, with the higher concentrations observed
in Cabernet Franc, Syrah and Zinfandel. In the white varieties Sauvignon blanc and
Chardonnay, the levels averaged about one tenth (7 and 10 mg/L) of the reds. Of the
whites, 74% are in the class 0-10 mg/L but only 5% of the red wines. The levels of the
red wines range from 0 to 100 mg/L with nearly two thirds between 40 and 90 mg/L.

Myrecitin was detected and identified in wine by Alonso (31). In our work this
aglycon was not detected in white wines and average levels varied between 5 and 13
mg/L for the red varieties. Syrah was found to have the highest average concentration.
In reds overall, there was a regular decrease number of wines in the classes, 35% being
between 0 and 5 mg/L, 30% in the class 5 to 10 mg/L, and down to 6% of the wines
with a concentration above 20 mg/L.

Cyanidin-3-glucoside was not found in the white wines. It appeared in trace
amounts (0.3 to 2 mg/L) in the Pinot noir, Cabernet Sauvignon, Merlot, Zinfandel, and
Cabernet Franc wines. Only Syrah contains high amounts (18 mg/L) of this
anthocyanin, a level which is ten to sixty times more than the other red varieties.
Looking at the population of level classes, 63% of the red wines are between 0 and 0.5
mg/L. The other classes shows percentages around 0 to 5. Only 9% of the red wines
have a level above 5 mg/L.

Malvidin-3-glucoside was not detected in the white wines, but, as the major
anthocyanin in most red wines, significant quantities were found in the reds. Syrah had
an average concentration near 50 mg/L and Cabernet Franc near 35 mg/L, the highest
levels by variety. Merlot had half that of the Syrah, and Pinot noir, Cabernet Sauvignon
and Zinfandel had only about a third as much (around 15mg/L). Separating the levels
into three classes, of all the reds, 55% are between 0 and 10 mg/L, 25% are between 10
and 30 mg/L; and 16% have more than 35 mg/L. By vintage the decrease in levels as
the wines age is quite striking as seen in Figure 9. The older wines have only a small
fraction of the malvidin-3-glucoside observed in the younger wines. This observation
corroborates many other studies which have made the observation that the monomeric
anthocyanins decrease on aging.

By the Folin-Ciocalteau procedure, the white varieties had average levels close
to 220-250 mg/L GAE which about one tenth of the red varieties. The Syrah was the
variety with the highest average total phenol level (2220 mg/LL GAE). The other
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varieties clustered in two groups, Zinfandel and Pinot noir around 1850 mg/L GAE and
Cabernet Sauvignon, Cabernet Franc, Merlot 2000 mg GAE/L.

The wine variety which contained the highest average concentration of
resveratrol was Pinot noir (500 pg/L) corroborating the results many studies (32,33).
This is 2% times more than for Cabernet Sauvignon and Merlot, four times more than
Syrah, seven and 18 times more than Zinfandel and Cabernet Franc respectively. The
white varieties appear to have very low average levels compared to the red varieties, 50
and 80 pg/L for the Sauvignon blanc and Chardonnay respectively, approximately 65
to 100 times less than the Pinot noir average level. All the white wines all had levels
between 0 and 0.5 mg/L. In the red wines, 42% had levels between 0 and 1 mg/L, 26%
between 1 and 2 mg/L, 22% between 2-5 mg/L and 10% over 5 mg/L.

Conclusions

Wine phenolics appear to have the properties that could reduce the heart disease
mortality rates observed in wine drinkers-they are antioxidants and antiaggregatory. It
appears that absorption of some phenols is significant, although the levels must still be
established. The variability of the levels of these substances in red wine demands that
health studies be carried out with well described wines to ensure their reproducibility.
These data may be useful in understanding the typical sensory properties of different
wine varieties, and perhaps their effects on human physiology. Many more studies are
needed to prove whether or not dietary phenolic compounds have any health effects.
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Chapter 4
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We have developed a series of methods to assay the isomers
and glucosides of resveratrol including GC-MS techniques by direct-
injection and derivatisation procedures, and HPLC techniques using
normal phase isocratic elution with UV detection and reverse phase
gradient elution with diode array detection. Their application to
commercial wines has revealed major differences in resveratrol
isomer and glucoside concentrations showing specific influences of
cultivar and climate.  Prospective studies performed during
fermentation and subsequently have defined the kinetics of release of
resveratrol isomers and demonstrated the varying roles of duration
of skin contact, oak ageing and filtration. Resveratrol alters the
synthesis and secretion of lipids and lipoproteins by a human liver
cell line; blocks human platelet aggregation in vitro; and inhibits the
synthesis of pro-aggregatory and pro-inflammatory eicosanoids by
platelets and neutrophils respectively. This spectrum of effects
places it among the most powerful anti-atherosclerotic phenolics yet
identified as a constituent of wines.

Current interest in the potential health benefits of the phenolic constituents of wine
stimulated an explosion of research activities focused upon these compounds. The
most significant results to emerge from this research have been well described by
earlier contributors to this Symposium, and no further elaboration is required in the
present report. Indeed, an adequate introductory account of the trihydroxystilbene
resveratrol and its glucoside polydatin has already been provided. Further
information relevant to resveratrol and its biological activities is recorded in two
recent review publications by our group which also present the rationale underlying
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our current research program (1, 2). This is targeted towards the following

objectives:

1. Identification of the biologically active components of wine that are particularly
relevant to the prevention of coronary heart disease (CHD) and cancer.

2. Development of assays to allow their quantitation in wine and other beverages.

3. To survey their concentrations in wines from different regions and countries
with a view to defining the enological factors that can lead to their enrichment.

4. Testing the biological potency of these compounds in laboratory experiments
involving cultured cells.

5. Performance of clinical studies validating their effectiveness in human subjects.

In this paper, we will review the progress that has been accomplished in the past
three years with particular reference to resveratrol and related trihydroxystilbenes.
Much of this work has already been published, and other findings have been
presented at scientific meetings such as the present, but we will also describe some
very recent results which are being reported for the first time.

Assay of Resveratrol

Direct-Injection GC-MS Procedure. At the time we started this work, the
reference method for trans-resveratrol was that of Siemann and Creasy (3). This
was time-consuming and called for considerable technical expertise, since it required
multiple solvent extractions followed by two sequential HPLC procedures
culminating in differential spectrophotometry after UV-irradiation. Our first
approach was based upon direct injection of an ethyl acetate eluate, derived from a 1
mL sample of wine that had been extracted on a C-18 column, into a gas-
chromatograph fitted with a highly thermostable capillary column, DB-5 and
subsequently DB-17 (4). Detection and quantitation was by mass-spectrometry with
selective ion monitoring using the molecular ion at mass 228; ions at mass 229
(carbon isotope) and 227 (M-H) were employed as qualifiers, and pure frams-
resveratrol as standard, initially prepared by organic synthesis and subsequently
obtained commercially. The method was linear over a wide range (0.05 - 10 mg/L)
with recovery averaging 100% and precision varying from 5.3 - 7.4% depending on
concentration. The same principles permitted the determination of cis-resveratrol
which generated an identical mass spectrum but eluted several minutes earlier than
trans-resveratrol (5). Both isomers could be analyzed simultaneously in 1 mL of
wine at a rate of 20 min per sample. A disadvantage of the method is the high cost
of the column which needs to be replaced after 150-300 assays due to increased
baseline and some degradation of peak contours occasioned by the very high
temperatures (290-350°C) at which the chromatography is performed, causing more
rapid ‘bleeding’ than occurs when conventional temperatures are used.

Derivatisation GC-MS Procedure. Simultaneously, we developed a GC-MS
method in which 1 mL of wine was subjected to solid phase extraction and the dried
residue was derivatised with BSTFA before chromatography on a DB-5 HT column
(6). The target ion at mass 444 was used for quantitation with ions at mass 445 and
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Figure 1. HPLC separation of cis-polydatin (A), trans-polydatin (B), cis-
resveratrol (C) and frans-resveratrol (D) before and after treatment of a red
wine sample for 12 hours at room temperature. Adapted from ref. 8.
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443 employed as qualifiers. Identical mass ion spectra were yielded by trans and
cis-resveratrol which eluted approximately 3-min apart. The method was linear
from 10-3,000 pg/L, gave recoveries in the range 91-98%, with precision varying
from 2.6 - 9.9% depending upon the concentration. Although it is more time-
consuming than the direct method, since evaporisation and derivatisation are
required, the method is very versatile and has been further elaborated into a multi-
residue method capable of simultaneously analyzing up to 15 biologically active
phenolics by on-line selective ion monitoring. These include #rans and cis-polydatin,
quercetin, catechin, epicatechin, morin, and p- and m- coumaric acid (Soleas ef al,
In Preparation).

Assay of Resveratrol Glucosides

The next phase of our work was devoted to the development of methods to assay
the B-glucosides of resveratrol, cis and trans-polydatin (piceid). These have been
shown to share at least one major biological property with the free isomers, namely,
inhibition of protein kinase activities (7). Their solubility and susceptibility to
enzymatic hydrolysis by intestinal glucosidases suggest that they may have higher
bioavailability than the hydrophobic free isomers, and they hold further interest as
possible sources of the latter during fermentation.

Normal-Phase HPLC. Our first approach involved normal-phase HPLC with
isocratic elution of the polyphenols in 20 puL of wine directly injected onto a
LiChrospher 100-CN column by a mobile phase of water-acetonitrile-methanol (8).
In this system, the glucosides eluted between 16 and 18 min while the isomers of
resveratrol appeared much later: around 35 min for cis and 45 min for frans (Fig 1).
All four were well resolved from each other and from neighbouring peaks and could
therefore be quantitated simultaneously in the same sample over a 50-min run.
Detection was at 306 nm, corresponding to the peak absorbance of trans-resveratrol
and although the peak of cis-resveratrol was around 280 nm, the former wavelength
could be successfully used for all four compounds. The spectra of the glucosides
were almost identical to those of the free isomers, with a minor shift to the left
approximating 2.5 nm. Thus, pure frans-resveratrol could be used to standardize
both the free isomer and the glucoside, while cis-resveratrol prepared by UV-
irradiation of trans-resveratrol was the only other standard required. The polydatins
were quantitatively converted to the corresponding isomers on treatment with B-
glucosidase (Figure 1). GC-MS criteria were also used to identify and validate the
4 peaks. Excellent linearity, recovery and precision were obtained for all
constituents.

Reverse-Phase HPLC. More recently, we have developed a reverse-phase HPLC
method utilizing diode array detection to measure a wide array of wine phenolics
(9). ODS-Hypersil serves as the stationary phase, and gradient elution is
accomplished in 40 min with a mobile phase of water-methanol-acetic acid. 20 pL
of sample is applied directly through a guard column of LiChrospher 100 RP-18.
The isomers of resveratrol and polydatin are well-resolved in this system which
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allows their determination with excellent analytical characteristics. Virtually all
other wine phenolics for which standards are available can be adequately resolved
and quantitated. A powerful feature of the software developed for these assays,
which routinely records the absorbance at 5 wavelengths (265, 280, 306, 317 and
369 nm), is the ability to utilize purity checks and match-factor analysis to
authenticate each peak and eliminate interference. Although HPLC analyses of wine
phenolics with diode array detection have been described earlier, the authors have
not stressed the importance of validating the purity and authenticity of each peak.
In our experience, 5% of all peaks obtained during the analysis.of commercial wines
which match the retention times of the relevant standards demonstrate unacceptable
spectral properties due to impurities and should not be reported (Goldberg ef al, In
Preparation).

Method Comparison. The availability of several methods for the analysis of
trihydroxystilbenes raises the issue of which ought to be adopted for general use.
Unfortunately, there is no easy answer to this question. While all methods provide
results which demonstrate good inter-method correlation, similar relative differences
between wines, and virtually identical conclusions of a general nature, the absolute
values obtained reveal systematic variations which are method-dependent and
cannot be attributed to the use of different standards or standardization procedures
(10). Higher results for trans-resveratrol with direct injection GC-MS may be due
to fragmentation of trans-polydatin which will release the same ion spectrum. The
two-hour evaporation and derivatization steps in our second GC-MS procedure may
allow some trams:cis isomerization, with underestimation of the first and over-
estimation of the second. The normal-phase HPLC method with single wavelength
monitoring is susceptible to significant peak contamination which defies visual
inspection but can be identified by diode array detection and use of appropriate
software for purity checks and spectral comparisons. It has already been shown that
liquid phase extractions as used in several methods (3,11,12) are associated with
poor recovery and losses due to oxidation (13). The choice of method will therefore
be governed by considerations of capital and running costs and whether the method
selected can also measure other compounds of interest.

Regional Differences in Trihydroxy Stilbene Content

Trans-Resveratrol Concentrations. Our first survey, involving approximately
1,000 wines, was restricted to #rams-resveratrol (14). There were striking
differences based on cultivar and region. The salient findings were the following:

a) Highest concentrations were encountered in wines from Pinot Noir grapes.
These included the wines of Burgundy, Oregon and Switzerland whose most
prominent red wine, Dole, is vinted from a clone of Pinot Noir. Wines made from
this cultivar in other regions of France (Alsace and Loire Valley) or in other
countries (California, Australia, Italy, Central Europe) invariably had much higher
concentrations than wines made in the same regions by the same producers from
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different cultivars. There were no apparent temperature-dependent influences upon
the frans-resveratrol content of Pinot Noir wines.

b) Wines vinted from Cabernet Sauvignon grapes had much lower trams-
resveratrol concentrations with the exception of red Bordeaux and Canadian wines.
Especially low values were found in Cabernet Sauvignon wines from countries noted
for warmer drier climates such as California, Australia, South America, South
Afica, Italy and Spain, but similar wines from Central Europe and the Midi region
of France had moderately high concentrations. Thus, in general, this cultivar
generated wines of higher frans-resveratrol content when grown under unfavorable
climatic conditions.

) Whether as the predominant cultivar (e.g., St. Emilion), or the exclusive
cultivar as in many Italian and New World wines, Merlot generated wines that
tended to span a narrower range than those of Cabernet Sauvignon and showed a
less profound impact of climatic conditions. In all countries and regions (including
the Northern Rhone Valley), those wines vinted from Shiraz grapes had low frams-
resveratrol concentrations and climate seemed to exercise no effect.

d) Wines from the Southern Rhone Valley, Midi and Provence had moderately
high concentrations of frans-resveratrol. The predominant cultivars contributing to
the cepage in these regions include Carignan, Cinsault, Mourvedre and Grenache
which appear to be quite high in trihydroxystilbenes (15). It is important to
emphasize, as will become apparent subsequently, that these relatively simple wines
do not receive the length of oak ageing accorded the more prestigious wines of the
Northern Rhone, or those of the Rioja region of Spain which utilize some of these
cultivars as well as the indigenous Tempranillo grape.

e) The lowest trans-resveratrol concentrations of any of the commercial wines
tested were found in Italian wines. It mattered little whether these were from
Piemonte where the Nebbiolo grape predominates, Tuscany which is the home of
Sangiovese, or Veneto where a wide range of cultivars are used in red wine
production. The red wines of Spain and Portugal also had relatively low #rams-
resveratrol concentrations. The data collected at that time did not define the
predominant influence as due to climate, wine-making techniques such as fining and
oak-ageing, or the intrinsic genetic properties of the cultivars from which the wines
were produced.

f) In confirmation of many reports that white wines are almost invariably low in
trans-resveratrol, few if any such wines had concentrations within 10% of those
found in the lowest range of red wines. Rose wines were almost as low, and so
were fortified red wines such as Ports and Madeiras. Among white wines, only the
occasional German Riesling or Swiss (e.g. Neuchatel or Fendant) had modest
concentrations which overlapped the lower range of concentrations for red wines.
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Cis-Resveratrol Concentrations. Once the methods for cis-resveratrol assay had
been developed (5), we were able to measure the concentrations of both isomers in
commercial wines, and we have recently described our findings in considerable
depth (Goldberg, D.M.; Ng, E.; Yan, J.; Karumanchiri, A.; Soleas, G.J.; Diamandis,
EP. J Wine Res, in press). The same generalizations that applied to #rams-
resveratrol were largely true of the cis-isomer. Thus, Pinot Noir wines
(Burgundy,Oregon), those of Switzerland, and red Bordeaux had highest
concentrations, with wines from Canada, the Southern Rhone Valley, Beaujolais and
the Midi next in line. Wines from warm New World regions and the Mediterranean
basin had very low concentrations, with Cabernet Sauvignon wines showing a
definite temperature-dependence.

A few unexpected findings are worth emphasizing. Although the cis-
resveratrol concentrations generally averaged 50-60% those of the frans-isomer,
there were some notable exceptions. The ratio of cis:trans averaged 0.34 in South
African and 0.46 in South American wines. By contrast, very high ratios
characterized Pinot Noir wines from Burgundy (0.87) and Oregon (0.95) as well as
those of Beaujolais (0.92). These trends were reflected in the wines from individual
cultivars. For example, among wines from Cabernet Sauvignon, the lowest ratios
occurred in those from South Africa (0.33) and South America (0.36). Variations
were seen among the different regions of Italy with the ratio averaging 0.35 in
Tuscan wines, 0.40 in those from Piemonte, rising to 0.62 in the Veneto and 0.81 in
wines grouped together from areas including Umbria, Campagna, Sardegna and
Puglia, i.e., further South than the first three regions listed.

Resveratrol Glucoside Concentrations. The most striking and unexpected results
were uncovered by our analyses of commercial wines in which their concentrations
of resveratrol isomers and glucosides were compared (16). To summarize briefly:

a) Those countries whose wines were especially high in frans and cis-
resveratrol (e.g. Burgundy, Bordeaux, Oregon) had low concentrations of both
trans and cis-polydatin, whereas many wines with low concentrations of the free
isomers (South America, South Africa, Italy, Spain and Portugal) had very high
concentrations of both glucosides. However, some countries such as Australia and
California whose wines were low in free resveratrol isomers also had low
concentrations of both glucosides. Canadian wines and those from the Rhone
Valley were unique in having very high glucoside concentrations as well as above
average concentrations of the free isomers.

b) With most wines, trans-polydatin was present in higher concentrations than
the cis-isomer, but in Canadian wines in particular, and to a lesser extent in red
Burgundy, Australian and South American wines, higher concentrations of cis-
polydatin were present.
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c) Fortified wines such as Ports, Madeiras and Sherries that were virtually
devoid of free resveratrol had significant concentrations of the glucosides, often
exceeding those present in regular table wines.

d) The ratio of total glucoside to total isomer concentrations was absolutely
characteristic for several wines. This ratio averaged 4.0 in wines from Spain and
Portugal, 3.0 in wines from Italy, and <1 in wines from California, Bordeaux,
Burgundy and Australia (Fig 2).

e) The results are consistent with the notion that the overall content of
resveratrol isomers and glucosides in wine is a function of genetic factors (e.g.,
cultivar) and acquired factors (e.g., climate, soil, vinification techniques), and that to
a certain extent there is a reciprocal relationship between the glucoside and free
isomer content of wines, possibly due to the fact that the latter originate (at least in
part) from the former, and this conversion is influenced by viticultural and enological
practices characterictic of each wine-producing region.

Influence of Enological Procedures

We have been able to conduct a very detailed investigation of the enological factors
that influence the resveratrol isomer concentrations of wines produced in the
Niagara region of Southern Ontario (17) and we believe that the conclusions drawn
from this study are generally applicable to the production of wines elsewhere. These
include the following observations:

a) During fermentation there is negligible isomerization of frans to cis-
resveratrol, presumably due to absence of light and oxygen.

b) The extraction of resveratrol isomers during skin fermentation follows one of
two patterns which seem to be characteristic of the cultivar concerned. With
Cabernet Franc, Villard Noir and Chambourcin, a rapid increase in trans-resveratrol
occurred within 24 hours of fermentation reaching a maximum over the next 2 days
and followed by a plateau and, in some cases, by a slight fall in concentration (Fig
3a). Simultaneously or one day later, the cis-resveratrol concentration started to
increase, but much more slowly and throughout the period of observation, over
which time neither a plateau or a decrease was observed. The second pattern seen
with De Chaunac, Pinot Noir, Cabernet Sauvignon and Merlot (Fig 3b) was
characterized by a more gradual and parallel increase in the concentrations of both
isomers, accelerating after day 3 of fermentation, reaching a peak around day 6 and
declining thereafter.

c) Striking differences in resveratrol content were noted in wines from different
vintages. For example, the cis-resveratrol concentrations of Pinot Noir wines of the
1992 vintage were one-quarter those of the 1993 vintage; the frams-resveratrol
concentrations of 1993 Niagara Pinot Noir wines were only about 50% higher than
those of the 1992 vintage. In contrast to Pinot Noir wines which were higher in
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Resveratrol Ratio
(Total glucosides:Total isomers)

Figure 2. Mean ratio of total resveratrol glucosides to total resveratrol free
isomers in red wines from different regions.



4. GOLDBERG ETAL. Identification of Trihydroxystilbenes in Wine 33

Chambourcin -'93 Merlot -'93
Cis- & trans-resveratrol Cis- & trans-resveratrol
0.5 : 1
(@ (®)
04 r\\ ’_’_,..4 : 0.8 +
_ / _
S5 03k / § 06 |-
E ! i E
£ £
c c
8 8
S 02 5 04
o o i
0.1 | 02 +
1
0l 0 i I I | I ! i)
1 2 1 3 4 5 6 7 8 1
Number of days Number of days
|§kin :ermentor.
wCis resveratrol |
i.Trans-fesveratrol

Figure 3. Concentrations of frans- and cis- resveratrol during skin
fermentation of (a) Chambourcin and (b) Merlot grapes. Reproduced with
permission from ref. 17. Copyright 1995, Carfax Publishing.
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Figure 4. Effect of trans-resveratrol on the secretion and intracellular
concentrations of cholesteryl esters (A) and triglycerides (B). Confluent Hep
G2 cells were incubated for 24 hours at the stated concentrations. Results are
mean + SD of 4 plates assayed in duplicate and expressed as a percentage of
control cultures (no resveratrol). *P < 0.05; ** P<0.01.
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1993 than in 1992, Niagara wines from Merlot and Cabernet Sauvignon cultivars
were slightly lower in resveratrol free isomer concentrations in 1993.

d) We were unable to detect cis-resveratrol in the skins of any wine-producing
cultivars. Surprisingly, the frans-resveratrol concentrations of white grape skins
were in the range of those from most red grapes. Clearly, the very low resveratrol
concentrations that we observed in white wine and which have been consistently
noted by ourselves and others (3,6,12,14) are due to the absence of skin contact
during fermentation. It should also be emphasized that for most grapes, the trans-
resveratrol concentrations of the finished wines were less than those of the
corresponding skins, indicating either incomplete extraction or loss during
vinification and processing. Length of skin contact was an important variable.
Doubling of the skin fermentation time increased #rans-resveratrol nearly 3-fold, and
cis-resveratrol by about 150%.

€) Wide variations occurred in the frans-resveratrol content of skins from the
same cultivar harvested at the same time but grown in regions of Niagara up to 20
miles apart at different elevations and degrees of exposure.

f) Certain materials used in clarification, but not others, caused reduced
concentrations of resveratrol isomers. Losses tended to be greater with trans than
with cis-resveratrol. Bentonite and gelatin had little effect. Silica caused minor
losses and charcoal major losses in both isomers. Interestingly, cellulose filter pads
retained frans but not cis-resveratrol to the extent that the two isomers could be
separated by replicate passage. QOak ageing led to major reduction in both isomers
even though the wines were kept cool and free of light.

In Vitro Studies

Our objectives in these investigations were to examine the effect of resveratrol on:
a) lipid and lipoprotein metabolism; b) platelet aggregation; c) eicosanoid
metabolism.  The first objective was accomplished by utilizing the human
hepatocarcinoma cell line, Hep G2, which has preserved the major functions of
human liver parenchymal cells (18). The third involved the impact of resveratrol
upon thromboxane and hepoxillin synthesis by platelets, and the 5- and 15-
lipoxygenase pathways in leukocytes.

Lipid Metabolism. A slight but significant reduction of apolipoprotein B content
and secretion takes place when Hep G2 cells are grown in the presence of frans-
resveratrol in the 1-50 uM concentration range, although a true dose-dependent
response was not demonstrated (2). The intracellular content and the rate of
secretion of cholesteryl esters as well as the rate of secretion of triglycerides were
reduced by resveratrol in a dose-dependent manner (Fig 4), but the intracellular
triglyceride content was unaffected. Overall, these changes would tend to diminish
the rate of secretion of VLDL which are converted to atherogenic LDL in the
circulation, and are therefore consistent with an anti-atherogenic role of resveratrol.
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Figure 5. Effect of trans-resveratrol on the secretion and intracellular
concentration of apolipoprotein AI. Confluent Hep G2 cells were incubated for
24 hours at the stated concentrations. Results are mean + SD of 4 plates
assayed in duplicate * P < 0.05; ** P < 0.01.
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The effects of trans-resveratrol on apo-Al metabolism of Hep G2 cells were not
entirely reproducible, and seemed to depend upon the duration of exposure, but in
general there was reduced intracellular content and secretory rate of this
apolipoprotein when the cells were grown in its presence, the results of a typical
experiment being exhibited in Fig 5. We were unable to demonstrate a clear dose-
response relationship in 4 independent experiments over the range of 5-50 uM, and,
paradoxically, greater inhibition was encountered when cells were incubated for 24 h
than for 72 h. Since apo-Al is the dominant apolipoprotein of HDL and is essential
for initiating reverse cholesterol transport as well as esterification of free cholesterol
(19), our results suggest that trans-resveratrol may lead to some inhibition of these
processes and in this regard it could have deleterious consequences from the
standpoint of protection against atherosclerosis.

For this reason, it was instructive to examine the effects of another phenolic
constituent of wine, quercetin, upon these processes. In 4 independent experiments,
there was a consistent reduction of the intracellular concentration and rate of
secretion of apoB which was more pronounced than the comparable effects of trans-
resveratrol, but which did not show a clear dose-response relationship or time-
dependence. Whereas the rates of secretion of cholesteryl esters and triglycerides
were decreased by quercetin, their intracellular concentrations were increased (Fig
6). Finally, the synthesis and secretion of apoAl by Hep G2 cells were reduced to a
greater extent by this polyphenol than by resveratrol (Fig 7). Whereas frans-
resveratrol over the concentrations used in these experiments had no effect upon
protein synthesis as judged by incorporation of "“C-leucine into TCA-precipitable
protein, concentrations of quercetin >20 puM strongly inhibited this process, a
finding that makes it difficult to interpret our results. It does appear, however, that
the effects of quercetin upon hepatic lipoprotein metabolism are less beneficial than
those of resveratrol in protecting against atherosclerosis.

Platelet Aggregation. The significance of this process in the initiation of vascular
endothelial damage in atherosclerosis and in precipitating lumenal occlusion leading
to acute CHD has been described by earlier contributors to this Symposium. Our
experiments were designed to examine the ability of trans-resveratrol to inhibit this
aggregation and to ascertain its contribution to the overall anti-aggregatory potential
of red wine (20).

Using ADP and thrombin as agonists, we demonstrated a dose-dependent
inhibition by both trans-resveratrol and quercetin of aggregation by human platelets
provoked by these agents which was more powerful than that caused by the total
phenolics derived from dealcoholized wine on a molar basis . The ICso for
resveratrol was a little higher than that for quercetin with both agonists, but the ICso
for ethanol was three orders - of - magnitude higher for thrombin-induced
aggregation whereas it had no inhibitory effect upon ADP-induced aggregation in
the millimolar range. None of the other wine phenolics (catechin and epicatechin) or
antioxidants (a-tocopherol, hydroquinone, butylated hydroxytoluene) tested had any
effect on this process. The anti-aggregatory properties of red wine are thus in
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Reproduced with permission from ref. 20. Copyright 1995, with kind
permission from Elsevier Science - NL.
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considerable measure due to these two polyphenols. Varying their content in red
wine or in a de-alcoholized extracts of red wine caused marked changes in anti-
aggregatory potential suggesting that the other phenolics had little or no effect, or
were present in grossly sub-optimal concentrations. Indeed, applying information
obtained from dose-response curves, we could compute the anti-aggregatory effect
of a particular wine to approximate that expected from the sum of its concentrations
of resveratrol and quercetin.

Eicosanoid Metabolism

Platelets. The effects of frams-resveratrol and quercetin were tested on two
pathways of eicosanoid synthesis from arachidonic acid. The first was the cyclo-
oxygenase pathway leading to the production of thromboxane A,, a powerful pro-
aggregatory eicosanoid which is synthesized by stimulated platelets and plays a
crucial role in the propagation of aggregation once this process is initiated. Because
of its very short half-life this component cannot be assayed with meaningful results,
but the overall activity of the pathway and its rate of synthesis can be assessed by
measuring the production from labeled arachidonate of thromboxane B, and HHT,
two stable products of the pathway dowstream from thromboxane A,. By these
criteria, frans-resveratrol exercised a profound inhibitory effect upon thromboxane
A; production, approximating 60% at a concentration of 10 uM (Fig 8a ).
Neither quercetin or any of the other wine phenolics or antioxidants tested had any
effect at this concentration, with the exception of hydroquinone which caused a
slight inhibition of 15-20%.

The other major eicosanoids produced from arachidonic acid by human
platelets include the hepoxillins which are mediators of calcium mobilization,
vascular permeability and neutrophil activation (21). This pathway involves the
enzyme 12-lipoxygenase and one of its active and stable products is 12-HETE which
has been postulated to be pro-atherogenic by virtue of impairing endothelial function
and prostacyclin production (22). At a concentration of 10 uM, quercetin reduced
the formation of 12-HETE by 70% (Fig 8b) but none of the other compounds tested
were effective at this concentration, although at higher concentrations #rans-
resveratrol caused moderate inhibition.

Neutrophil Leukotriene Production. The production of leukotrienes by
neutrophils through the lipoxygenase pathway represents the most important aspect
of arachidonic acid metabolism in these cells (23). These compounds are powerful
mediators of inflammatory reactions and are likely to play a role in at least some of
the cellular processes that lead to the development of atherosclerosis (24,25). The
two principal lipoxygenase enzymes in neutrophils are those of the 5- and 15- series,
and their intracellular activity can be assessed by measuring the production from
arachidonic acid of their stable products 5-HETE and 15-HETE, respectively.

In preliminary experiments, neither catechin, epicatechin, or the various
antioxidants tested (hydroquinone, butylated hydroxytoluene or o-tocopherol)
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altered the rates of production of 5-HETE or 15-HETE from arachidonic acid by
human neutrophil homogenates. On the other hand the synthesis of both products
was profoundly inhibited by both resveratrol and quercetin. Dose-response studies
provided ICs estimates of 22.4 uM (resveratrol) and 2.8 UM (quercetin) for
inhibition of 5-HETE synthesis, and 8.7 uM (resveratrol) and 0.75 puM (quercetin)
for inhibition of 15-HETE synthesis. These effects must be independent of free-
radical scavenging activity since they do not occur in the presence of more powerful
antij-oxidants than resveratrol, such as catechin and epicatechin.

Conclusion

Taking into account its actions on apolipoprotein B and lipid secretion by liver cells,
its inhibition of platelet aggregation and of the synthesis of thromboxane A, and
leukotrienes as delineated by the studies reported herein, as well as its moderately
high antioxidant activity as reported by others (26), resveratrol, together with
quercetin, ranks as the most potent wine phenolic as defined by an array of
biological properties likely to prevent the development of atherosclerosis.
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Chapter 5
Resveratrol in Wine

Kenneth D. McMurtrey

Department of Chemistry and Biochemistry, University of Southern
Mississippi, Hattiesburg, MS 39406—5043

ABSTRACT

Levels of trans-resveratrol in commercial red and white Vitis vinifera wines
from several regions in Europe, South America, California, and Australia, which were
purchased as individual bottles from vendors in this region, were determined using
HPLC with electrochemical detection. In addition some white wines prepared in
Mississippi from muscadine grapes, Vitis rotundafolia, were also analyzed. HPL.C
conditions suitable for simultaneous analysis of both frans-resveratrol and free
quercetin were developed. Concentration of free quercetin is also reported for many
of the wines analyzed.

Unlike white V. vinifera wines, white V. rotundafolia wines contain
appreciable levels of resveratrol. Measured values ranged from about 0.3 to 1.2 mg/L
(ppm), which is similar to resveratrol levels in some red California wines. We are not
aware of other analyses of muscadine wines for resveratrol.

Highest resveratrol levels were found in a California Barbera (9.2 ppm),
California Pinot noir (8.7 ppm), and a French Bordeaux (Merlot/Cabernet Sauvignon
blend, 8.3 ppm). Bottles of the same type of wine from different vintners contained
widely varying amounts of resveratrol. We also found that levels of resveratrol in
multiple bottles of the same wine also varied considerably. Fourteen bottles of a
California non vintage blended red wine contained resveratrol levels from 2.74 to
5.77 ppm while eight bottles of a California 1993 Cabernet Sauvignon had levels
from 0.46 to 0.74 ppm, nearly the same degree of variation.

INTRODUCTION

It is now reasonably well accepted that red wine has potentially positive
effects on human cardiovascular health. Resveratrol (trans-3, 4', S-trihydroxy-
stilbene, produced by certain plants as an antifungal agent) has been suggested as one
of the components which may provide some of these health benefits. In addition,
wine components such as the flavanol, quercetin have also been nominated as
potentially positive dietary components. Others papers in this volume will provide
details on potential health benefits of wine and wine components. The primary focus
of this paper will be to discuss application of HPLC with electrochemical detection to
measurement of resveratrol levels in wines at the point of consumption. Levels of
free quercetin have also been measured for some wines. While quercetin analysis is
still preliminary, available data will be presented.

© 1997 American Chemical Society
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Analysis of wines for resveratrol began with an account published in 1992 by
Siemann and Creasy, the seminal paper of this area. These researchers used an
analytical technique which involved a complicated multistep process requiring
extraction with ethyl acetate, freezing overnight to remove water, rotary evaporation,
normal phase preparative HPLC, irradiation with UV light to convert trans-
resveratrol to the cis-isomer and finally analysis by reversed-phase HPLC with UV
detection.

Jeandet, et al. (1993) analyzed wines using a process involving multistep
extraction followed by derivitization to give trimethylsilyl ethers followed by analysis
on gas chromatography.

Lamuela-Raventés and Waterhouse (1993) shortened the extraction procedure
required somewhat and analyzed the resulting extracts using HPLC with diode-array
UV detection. Both of the above reports found relatively low levels of resveratrol.

Analysis of resveratrol was simplified further by Mattivi (1993), who used
disposable extraction cartridges follow by analysis of extracts using HPLC with UV
detection. This report found somewhat higher levels of resveratrol than had
previously been reported.

Pezet, et al. (1994) reported analysis of frans-resveratrol and related
pterostilbenes in grape berries and wines using HPLC with fluorescence detection.
Because of the greater sensitivity of fluorescence to trans-resveratrol, wines were
analyzed by direct injection without the sample treatments which had previously been
used. These authors found levels of resveratrol consistent with those reported by
Mattivi and higher than those given in earlier reports. Pezet, et al., reported that
Irans-resveratrol was unstable to conditions used during rotary evaporation in earlier
accounts.

We employed direct injection of 10 uL samples of wine on liquid
chromatographs with electrochemical detectors operated in an oxidative mode
(McMurtrey, et al., 1994). We examined eleven wines and found low levels of trans-
resveratrol (< 0.02 mg/L) in four white wines and levels of from 1 to S mg/L in the
seven red wines studied. These levels were consistent with those reported by Mattivi
and Pezet, et al.

Goldberg et al. (1994) has reported details of a method for determining trans-
resveratrol using octadecylsilyl extraction cartridges eluted with ethyl acetate
followed by analysis using combined gas chromatography/mass spectrometry. These
authors report finding resveratrol levels in red wines from 0.1 to 12 mg/L. They
indicate that resveratrol concentrations follow geographical distribution with
relatively low levels in wines from California, Australia, and Italy, and relatively high
levels in wines from Oregon, Canada, and France.

Lamuela-Ravent6s and co-workers (1995) have extended analysis of wines to
include determination of both cis- and trans-resveratrol and their glycoside
conjugates, the piceids, in wine using direct injection (after filtration) and diode array
UV detection. In this account these researchers found combined cis-, and frans-
resveratrol and the cis-, and frans-piceid levels of up to 13.8 mg/L in a Spanish
Merlot with high levels also in Pinot noir wines from that country. The cis-
resveratrol and piceid and trans-piceid compounds could apparently be converted in
the body to frans-resveratrol by combined isomerization and hydrolysis reactions.

Further details of the analytical procedures used by the research groups of
Drs. Lamuela-Ravent6s and Goldberg, as well as results from application of these
procedures, are to be found in papers in this collection.

RESULTS AND DISCUSSION

We were initially interested in the analysis of wine for the trans-isomer of
resveratrol and have not performed analyses specifically for the cis analog.
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Figure 1. Substances readily detected using HPLC with electrochemical
detection in the oxidative mode. A. aniline derviatives, B. tryptamine,
tryptophan and other indoles; phenols such as C. trans-resveratrol, D. quercetin;
and enols such as E. ascorbic acid.
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Resveratrol levels quoted below are for #rans-resveratrol only, and unless specified
the use of the term resveratrol is meant to indicate the frans-isomer only.

Analytical Conditions: Analysis of substances such as resveratrol by
chromatography or other analytical techniques is dependent on a balance of
selectivity and sensitivity. In this regard, for a successful analytical method based on
HPLC the column must be capable of separating the components of interest from
interfering substances while the detector must be capable of detecting and
quantitating the analyte at the levels available. The chromatography column can
affect sensitivity primarily through peak sharpness, while the detector may also
contribute to selectivity if it is insensitive to materials in the matrix.

We chose an electrochemical detection as the method for monitoring
resveratrol in wines primarily because of its excellent sensitivity to phenolic
substances. When used under the conditions which were employed (glassy carbon
working electrode, silver/silver chloride reference electrode, stainless steel auxiliary
electrode, oxidative mode), the detector responds very well to two groups of organic
compounds: aromatic amines and phenols, Figure 1. Aromatic amines including
substituted analines and biologically important substances such as tryptamine and
tryptophane are readily detected as are phenols including resveratrol, quercetin, and
any of the other many phenolic substances contained in wine. Some enolic materials
such as ascorbic acid are also detected. Thus, the electrochemical detector would also
respond well to cis-resveratrol, the piceid derivatives of the two isomers of
resveratrol, and to various sugar conjugates of flavonoids such as quercetin, assuming
that at least one phenolic hydroxyl group remains unconjugated.

Sensitivity levels obtained with the electrochemical detector are more than
sufficient for quantitation of resveratrol or quercetin at the parts-per-million or parts-
per-billion levels. We have not tested the ultimate limit of sensitivity but they appear
to be at least in the mid ppt (ng/L) range for resveratrol, well below the levels
currently of interest.

Initial conditions for resveratrol analysis are those used in Figure 2. A mobile
phase of 25% acetonitrile afforded separation of resveratrol from other components
with a retention time of about 16 minutes. Although resveratrol was easily
quantitated, quercetin eluted partially overlapping an interfering peak, ca. 25 and 26
min, respectively. We have modified the original conditions of analysis with the goal
of being able to quantitate both trans-resveratrol and free quercetin during the same
chromatographic analysis.

The mobile phase was changed from acetonitrile-ammonium phosphate buffer
to one composed of methanol and formic acid. To keep the analysis time within the
same interval (approximately 30 min, or less) the percent of organic modifier was
increased to 45% and the counterion used was formic acid, which also decreased the
pH of the mobile phase from a value of about 4.5 to 2.5. An example of analysis of a
red wine with these conditions is given if Figure 3. In this case while separation of
quercetin in near optimum, the resveratrol peak elutes early in the chromatogram and
may provide less than ideal conditions for quantitation.

We next employed a mixture of acetonitrile and methanol as the organic
modifier of the mobile phase. In addition, it appeared that formic acid may lead to
early failure of the reference electrodes. Ammonium phosphate (0.05 M, pH adjusted
to 3.0) was used instead. We desired a blend of methanol and acetonitrile which
would provide good conditions for analysis of both frans-resveratrol and quercetin
and have an analysis time of approximately 25 minutes. A simple graph was
constructed, see Figure 4. Boundary mobile phases of 25% CH3CN with 0.05 M
ammonium phosphate, pH 3.0, and 47% methanol with the same buffer were used as
graph end points. These two mobile phases provided equal retention time for
quercetin although resveratrol is eluted more rapidly in the methanolic phase. This
graph allow rapid selection of percent acetonitrile and methanol which should give
approximately equal total analysis time for quercetin. Thus, a mixture of 20%
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Figure 2. Analysis of three wines by HPLC with electrochemical detection.
Chromatographic conditions were: Nucleosil C18, 5 ym, 4.6 X 150 mm, mobile
phase 25 % (v/v) acetonitrile 75 % 0.05 M NH4H,POy4, 1.0 mL/min. Resveratrol
elutes at ca. 16 min. Sensitivity in trace A is 5 times that in trace B and 10 times
that of trace C. Quercetin elutes at about 25 min with an unresolved unknown
substance (trailing edge). The electrochemical detector was operated at 0.5 V vs.
the Ag/AgCl reference electrode.
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Figure 3. Analysis of a Chianti wine using methanolic mobile phase.
Chromatography conditions similar to those employed in Figure 2 were used
except that the mobile phase was 45% (v/v) methanol in 0.5% formic acid.
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Figure 5. Analysis of Barbera wine under conditions that allow quantitation of
both frans-resveratrol and quercetin in a single chromatographic analysis.
Nucleosil C18 column, 4.6 X 150 mm, 16% each CH3CN and MeOH + 68%
0.05M NH4H,POy4, pH 3.0, 1.0 mL/min. EC detector 0.700 V vs. Ag/AgCl,
1000 nAFS
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acetonitrile and 9% methanol + 71% ammonium phosphate buffer (1, Figure 4), a
mixture of 16% of each organic solvent + 68% ammonium phosphate (2, Figure 4), or
10% acetonitile and 28% methanol + 62% ammonium phosphate (3, Figure 4) should
give approximately equivalent quercetin retention with respective decreasing
resveratrol retention time. It was found that a 16% mixture of the two solvents
provided a mobile phase which separated the two analytes well, see Figure 5. These
conditions are now used in the analysis of wines in our laboratory.

Results of Wine Analyses: A number of commercial wines were analyzed for
resveratrol, with some analyses also quantitating free quercetin. As others have
found, white wines from vinifera grapes contain little resveratrol, see Table 1. Even
wines from grapes grown in England (with its relatively moist climate) contain little.

Table 1
Resveratrol and Free Quercetin Levels in Commercial White Vifis vinifera Wine
Variety (Vintner) Vintage Origin Resveratrol Quercetin
Chardonnay (Marcus James) NA Brazil <0.02* —
Chardonnay (Blossom Hill) NV Calif. <0.02 0.20+0.02
White blend (Deer Valley) NV " <0.02* 0.54+0.17
Sauvignon blanc (Gallo) 1991 " <0.02* 0.06 + 0.01
Dry Sherry (Gallo) NV " <0.01* nil
White Zinfandel (Beringer) 1993 Calif. =<0.02 -
Gewiirtztraminer (Fetzer) 1992 " <0.02 -
Schonburger (Battle) NV England <0.02 ——
Wurzer NV " =0.02 e

*data from McMurtrey, et al., 1994.

We have found one group of white wines which do have relatively high levels
of resveratrol. These wines are prepared from muscadine grapes, Vitis rotundifolia ,
rather than V. vinifera, see Table 2. All of the muscadine wines have more than ten
times as much resveratrol as any of the white vinifera wines which we have tested.
Indeed, resveratrol levels in these muscadine wines are equivalent to or greater than
those in some California red wines. With one exception, these muscadine wines are
produced in laboratories at Mississippi State University as part of a program to
increase use of muscadine grapes. The single exception is produced at a commercial
winery in Mississippi. We are unaware of previous analyses of resveratrol in
muscadine wines.

It is not completely surprising that wines prepared from V. rotundifolia
contain relatively high levels of trans-resveratrol. This grape species grow well in
the very high humidity areas of the Gulf Coast where conditions are excellent for
development of fungal infections. Accordingly, the plants require as much protection
from these infections as possible.



52 WINE: NUTRITIONAL AND THERAPEUTIC BENEFITS

Table 2
Resveratrol Levels in White Vitis rotundifolia Wines
Variety (Vintner) Vintage Origin Resveratrol
Noble 1992 Mississippi 0.73 £0.04
Noble 1993 " 0.46 + 0.03
Noble Rosé 1993 " 0.66 + 0.03
Cowart 1993 " 0.58 + 0.04
Carlos (Old South) NV* " 0.65+ 0.05
Carlos 1993 " 0.66 + 0.07
Carlos 1992 " 0.62 +0.07
Doreen 1993 " 1.18 £ 0.06
Magnolia 1993 " 0.29 £ 0.05

* . .
commercial wine

Resveratrol and quercetin content of red wines appear to be extremely
variable, Table 3. Our earlier observation, and the observation of others, that Pinot
noir wines from California appear to have high levels of resveratrol relative to wines
of other varieties grown in that state still appears to be valid, however, this
generalization does not appear to be as striking as it seemed when fewer results were
available. For example, the single Barbera wine analyzed had the highest resveratrol
level of any wine that we have tested. The most striking aspect of our data appears to
be the considerable variability in resveratrol (and quercetin) concentrations even in
wines produced from the same variety of grape. Resveratrol concentration in a wine
is expected to vary with a number of factors. Genetics of the variety of grape,
growing conditions, conditions of preparation and storage all should affect resveratrol
content of the wines.

We next examined resveratrol variation in multiple samples of two California
wines, Table 4. The wines selected were a blended non vintage wine prepared from
Barbera, Pinot noir, Zinfandel, and Ruby Cabernet grapes and a Cabernet Sauvignon
wine, vintage 1993. Single bottles of these wines were purchased from several
merchants in the area as individual purchases. The blended wine was purchased over
about 30 months while the Cabernet Sauvignon was obtained over about six months.
This selection pattern was chosen to mimic purchase of wines by consumers. Not
surprisingly the blended wine showed considerable variation in resveratrol content,
which ranged from approximately 2.7 to about 5.8 ppm. This might be expected
because the different grapes (Barbera, Pinot noir, Zinfandel, and Ruby Cabernet) are
different genetically, may have been grown in different vineyards, and may even be
from different years. Furthermore, the percentages of each grape variety making up
the blend may have changed from one bottle to the next. Results of the analyses of
the Cabernet Sauvignon selected, however, were unexpected. Although the
resveratrol levels were considerably less than those in the blended wine, nearly the
same variation was apparent: the greatest concentration of resveratrol was about 1.6
times that of the lowest level.
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Table 3
Resveratrol and Free Quercetin Levels in Red Wines
Wine (Vintner) Vintage _ Origin Resveratrol Quercetin
Merlot/

Cabernet Sauvignon 1990 France 826+0.24 3.57+0.06
"Burgundy" NV CA 0.50* 333 +0.37
75% Cab. Sauv./

25% Mer. 1991 Chile 1.56+0.08%  1.46+0.07
Barbera, Pinot noir,

Zinfandel, Ruby Cab. NV CA 2.74 + 0.08* -—
Barbera (Sebastiani) 1991 CA 9.20 + 0.40 13.40 + 0.60
Beaujolais (Jadot) 1992 France 3.55+0.06* 0.15+0.02
" (St. Louis) 1992 France 3.27+0.0.14* 0.19+
0.02
Cabemet Sauvig.(Gallo) 1986 CA 0.99 + 0.08*
" (Gallo) 1992 CA 278 £0.16 3.06 £ 0.28
" (Avia) 1989 Slovenia 0.95+0.01 3.33+037
" (Kendall-Jackson) 1991 CA 433+ 0.54 -
" (Vendange) 1993 CA 0.53 +0.02 5.03 +£0.48
Chianti (Ruffino) 1993 Italy 4.80+0.10 -

" (Placido) 1993 Italy 2.76 £ 0.10 734 +0.08
Citra (Montapulcitano) 1993 Italy 2.60+0.15 3.37+0.21
Gamay Beaujolais 1994 CA 2.09+0.17 -
Merlot (Marcus James) 1991 Brazil 3.30+0.10 4.00+0.27

" (Walnut Creek) 1992 CA 542 +0.23 3.04 £ 0.00

" (Rosemount Estate) 1993 Australia 578 + 0.09 9.62+0.13

" (Deer Valley) 1992 CA 3.57+033 -—--
Petit Sarah (Mirassou) 1991 CA 1.76 £0.11 -
Pinot noir (Sebastiani) 1990 CA 501+£025% 1.82+0.16

" (Mt. View) 1991 CA 7.99+ 0.09 3.32+0.06

" (Beaulieu) 1991 CA 3.72+0.10 0.90+0.12

" (Mirassou) 1992 CA 870+ 0.10 -
Zinfandel (Sutter Home) 1991 CA 1.38 + 0.18* 0.90+0.10

" (Sebastiani) 1991 CA 4.90 £ 0.50 4,96 + 0.58

*data from McMurtrey, et al., 1994.
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Table 4
Resveratrol and Free Quercetin Levels in Replicate Samples
of Two California Red Wines
Variety(Vintner) Resveratrol Quercetin
blended (Deer Valley) 274 +0.08*
! 342+0.13 ----
" 3.50 £ 0.42 e
! 3.51+0.18 -
! 3.61 +0.08 -
" 3.85+0.25 e
" 443 +0.03 -
" 476 +0.14 -
" 4.81 +0.05 ----
" 490+ 0.21 ----
" 5.14+0.44 ---
! 534+032 .
! 535+0.26 -
" 549 +0.27 -
" 5.77 £0.05 .
Cabernet Sauvignon,
1993 (Vendange) 0.46 + 0.01 3.62+025
" 0.49 + 0.02 3.87+0.10
" 0.51 +0.02 3.60+0.15
" 0.53 £0.01% 483 +0.18
" 0.53 +0.02 5.03 +048
! 0.63 +0.03 528 +0.17
" 0.66 + 0.04 5.46 + 0.08
" 0.74+0.03 535+0.03

blended: Barbera, Pinot noir, Zinfandel, and Ruby Cabernet
*data from McMurtrey, et al., 1994

Comparison of resveratrol and quercetin content of the Cabernet Sauvignon
detailed in Table 4 might suggest some sort of relationship between the levels of
these two compounds. However, consideration of the data in all Tables indicates that
if there is a relationship it is not a simple one, particularly if different varities of
wines are compared.

From the standpoint of a consumer, the data in Table 4 indicate that it would
be very difficult or impossible to predict with great precision the amount of
resveratrol being ingested in the diet from consumption of a particular wine. Even if
analyses are available for a particular vintage and brand of wine the actual resveratrol
level in a particular bottle of that wine may be no closer than a factor of two to the
presumed value. If it becomes established that resveratrol does confer significant
health benefits it may be important that analysis of wine for the substance be
performed on a routine basis. Because of its sensitivity, lack of sample treatment and
low cost HPLC with electrochemical detection is certainly a valuable technique
which compares favorably to other methods of analysis.
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A direct HPLC method has been developed for the quantification of four
resveratrol derivatives, the cis and frans isomers of resveratrol and their
glucosides, the piceids. The concentration of these compounds was
determined in 60 samples of red, rosé and white wine. Analysis of the low
levels in the white wines required an additional sample concentration step.
This method was also applied to following the levels of these four
compounds during the fermentation and maceration, at a winery scale, of
one Merlot and two Cabernet Sauvignon wines. The presence or absence
of glycosylation affected the extraction rate while a comparison of the
three fermentations showed that each compound had a characteristic
extraction behavior.

Heart disease is the first leading cause of death in developed countries. A healthy diet is
one of the factors that can contribute to reduce cardiac disease mortality. The
traditional Mediterranean diet is accepted as a relatively healthy diet and it has been
promoted by the Harvard School of Public Health, United Nations World Health
Organization/Food and Agriculture Organization (WHO/FAO), and Oldways
Preservation & Exchange Trust. One of the components included in this diet is wine, in
moderation, normally with meals. Epidemiological studies show that wine consumption
is related to a decrease in cardiovascular disease (1) (2); however, these beneficial
effects are not observed among beer and spirits drinkers (2). It has been hypothesized
that the compounds responsible for this positive effect are the phenols present in wine
(3). The presence of the phenols, trans-resveratrol and its glucoside, piceid, (see Figure
1) in wines has been of much interest for their physiological properties.
trans-Resveratrol is one of the compounds present in wines that could be responsible
for the decrease in coronary heart disease observed among wine drinkers, since it

© 1997 American Chemical Society
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inhibits LDL oxidation (4), it blocks platelet aggregation (5); (6) and eicosanoid
synthesis (6, 7). Piceid, the 3-B-glucoside of frams-resveratrol, also shows antiplatelet
aggregation properties (6, 7), and it may release frans-resveratrol by the B-glucosidase
hydrolysis, after ingestion (8). However, the levels of these compounds required to
inhibit platelet aggregation are not very clear, since big differences are found among
the antiaggregation reports. Pace-Asciak et al. (1995) (6) reported that 129.9+64.4
umol/L of trans-resveratrol can inhibit platelet aggregation by 50%, when ADP is used
as inducer, or 164.7+67.3 umol/L, when thrombin is the inducer; while Bertelli et al
(1995) (5) found that 0.016 pmol/L inhibited platelet aggregation by 50.3%, when
collagen was the inducer. Similar disparities are reported with the inhibition of
eicosanoid synthesis; the levels which have physiological effects by Pace-Asciak et al
(1995) (6) are 10 times higher than those reported by Kimura et al (1985) (7).

The activity of the cis isomers in LDL oxidation. The cis isomers show that they also
have, as the trans isomers, potential anticancer activity by inhibiting protein-tyrosine
kinase (9) .

In grape berries, resveratrol synthesis is primarily located at the skin cells and it is
absent or low, in the fruit flesh. In red vinification, maceration with skins and seeds,
during fermentation, contribute to the extraction of the phenols present in the firmer
tissue. Resveratrol requires relatively long maceration time on the skins to be extracted
(10-13). The extraction of resveratrol in fermentation is controlled by the increase in
ethanol concentration, the enzymatic activity (14) and presumably phenols are affected
by absorptive interaction with yeast (15, 16), which settle out after fermentation, and
by the fermentation temperature.

Red wines have the highest trans-resveratrol content, since they are macerated with
skins for a longer time (13, 17-20). In the only study done in rosé wines (20),
trans-resveratrol levels were between 0.005 to 1.19 mg/L, with higher amounts in the
wine related to longer maceration.White wine is reported to have much lower
resveratrol content than the red wine (19, 21, 22), presumably due to minimal skin
contact associated with white wine production. Jeandet et al. (1995) (19) noted that
white wines macerated with skins had a higher resveratrol content, than non-
macerated ones. Goldberg et al. (1993) (23) describe the minimum and a maximum
levels for white wines, and they note that one Sauvignon blanc had the highest level,
1.3 mg/L, while the levels in other white wines were so low that they could not be
quantified.

Since 1992, when Siemann and Creasy (17) described the presence of the phytoalexin
trans-resveratrol in wines, many different methods have been described to determine
this compound in wines, including these based on HPLC with UV detection (18, 22,
24, 25), and by GC/MS (19, 23, 26, 27), these method required prior sample treatment,
before injection. In 1994, McMurtrey et al,. (21) and Pezet et al (22) developed a
direct HPLC analysis using electrochemical and fluorimetric detectors, respectively.
These methods were very sensitive and rapid. However, they only analyzed
trans-resveratrol.

The HPLC method developed by Lamuela-Raventés et al (28) allowed the
determination of the four resveratrol derivatives in red, rosé and white wines; however,
in white wines a concentration step was necessary to quantify the four resveratrol
isomers. Since two reports have claimed that frans-resveratrol is unstable to rotary
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evaporation (22, 24), and this technique is used in the analysis of white wines, the
stability of these compounds in the rotovap was confirmed.

We report the levels of the four resveratrol derivatives in red, rosé and white Spanish
wines and we also follow the evolution pattern of the four compounds during
fermentation to establish the extraction kinetics of these compounds during
fermentation.

Material and Methods

Samples. Red wines. Wines from different harvests and appellations were analyzed.
The varieties tested were Cabernet Sauvignon, Merlot, Pinot noir, Tempranillo, and
Grenache.

Rosé wines. Three different varieties were tested Cabernet Sauvignon, Pinot noir, and
Grenache, being the only varietal rosé wines in the Barcelona market.

White wines. The white wine grape varieties analyzed were Albarifio, Chardonnay,
Macabeo, Parellada, White Riesling, Sauvignon blanc, Verdejo and Xarel.lo.
Fermentation curves in red vinification. Cabernet Sauvignon (40,000 Kg) and
Merlot (20,000 Kg) were destemmed, crushed, and fermented in the presence of the
skins and seeds. Three different tanks of approximately 12,000 L were vinified
separately, two of Cabernet Sauvignon and one of Merlot. Samples were collected
every two days until the fermentation had finished. Samples of the musts were treated
with 1 g/ of NaF to stop the fermentation, and frozen at - 21 °C. Samples were
centrifuged (1800g x 20 min.). Absorbance at 280 nm for total phenols and 320 nm for
hydroxycinnamates were determined in these samples, in 1 mm and 10 mm cells,
respectively, in a Hewlett-Packard 8452A diode array spectrophotometer, according to
the method described by Somers and Ziemelis (1985) (29). Total anthocyanins were
measured following Somers and Evans (1977) (30).

Stilbenes determination. Red and rosé wine samples were analyzed by direct HPLC
injection, after filtration through Whatman inorganic Anopore membrane filters
(Anodisc. 0.2 um).Quantitation of the low levels of the cis forms in some white wines
required an additional sample concentration step; 10 mL was concentrated to 1 mL by
rotary evaporation (30°C, in vacuo) and the concentrate was filtered through a
Whatman inorganic Anopore membrane filter, with a prefilter of glass microfiber to
avoid plugging the membrane filter (Anotop 10 PlusTM, 0.2um). The precision,
recovery and reproducibility, of the method were established following The U. S.
Pharmacopoeia (USP XXII) (31).

All the samples were protected from light to avoid light-induced isomerization.

HPLC analysis. A Hewlett-Packard (HP) 1050 instrument equipped with a Rheodyne
injection valve (Model 7125), ( 100 pL fixed loop) and a diode-array UV-vis detector
HP 1040 M coupled to a Chem Station HP 79995A. The column used was a Tracer
Nucleosil, C18 120 (25 cm x 0.4 cm), 5 um particle size, with a precolumn of the same
material, maintained at 40 °C.

Results of the analyses are expresses in equivalents of trams-resveratrol, based on
absorbance of the #rans and cis isomers at 306 and 285 nm, respectively.



6. LAMUELA-RAVENTOS ET AL.  Resveratrol & Piceid Levels in Wine 59

Results and Discussion
The validation of the HPLC method was described previously (28).

Red wines. Pinot noir wines have the highest levels of frams-resveratrol, as was
observed previously in California (18, 21) and in French wines (25). However, the total
amount of resveratrol derivatives were very similar in Merlot and in Pinot noir (see
Figure 2).

trans-Resveratrol was the major compound followed by #rams-piceid. So the frans
forms predominate compared to the cis ones. The compound present at lowest
concentration was cis-resveratrol.

Rosé wines.The levels of resveratrol monomers are between the levels of white and red
wines. frans-Resveratrol levels were similar to those described in the only previous
study done on rosé wines (20). On these rosé wines, the content of resveratrol does not
depend on variety (see Figure 3), presumably because the time of maceration with the
skins depends on the technology applied by each winery. In average, the levels of
trans-resveratrol were very similar to #rans-piceid. Rosé wines are made with short
maceration time with skins, so frans-resveratrol, because of its polarity, is not totally
extracted from the skins. Again, cis-resveratrol is the compound present at the lowest
concentration.

White wines. The degradation of resveratrol during rotary evaporation, as described
by Pezet et al. (22) was not observed, and the amounts of the four compounds were
the same before and after concentration.

White wines had the lowest resveratrol content (see Figure 4). The variety affected the
amount of resveratrol isomers present. The traditional Spanish varieties, Xarel.lo,
Parellada, Albarifio, Verdejo, and Macabeo, had higher amounts of these compounds
than the varieties more recently introduced to Spain, Sauvignon blanc, white Riesling,
and Chardonnay, (p<0.01).

trans-Piceid was the compound present on average at the highest level, however the
concentrations were 10 times lower than the levels described in Spanish red wines.
trans- Resveratrol was the second most abundant compound, however the levels of
trans-resveratrol were 20 times lower than in red wine.

cis-Resveratrol, as in the cases of red and rosé wines, was the compound present at the
lowest concentrations.

Evolution of Resveratrol during Fermentation. During the Merlot fermentations,
the aglycons were always at lower concentrations than their respective glucosides (see
Figure 5). However, in the two Cabernet Sauvignon fermentations, the glucosides
predominated at the beginning of the fermentation, but at the end, the aglycons were
higher (see Figure 6). This same pattern was observed by Mattivi with the Lambrusco a
foglia frastagliata variety (14).

The total amount of resveratrol (cis and trans resveratrol plus cis and trans piceid)
had its maximum in all cases on the eighth day of fermentation, and levels then
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Figure 1. Structures of the Trans Isomers and the Cis Isomers of Resveratrol and
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Figure 2. Levels of Resveratrol Monomers in Spanish Red Wines. C.S., Cabernet
Sauvignon; T., Tempranillo; G., Grenache; M., Merlot; P.n., Pinot noir; Av., average.
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Figure 3. Levels of Resveratrol Monomers in Spanish Rosé Wines. C.S., Cabernet
Sauvignon; G., Grenache; P.n., Pinot noir; Av., average.

4.60

M t-Piceid
& c-Piceid
[ t-Resveratrol
[l c-Resveratrol

B ToTAL

Figure 4. Levels of Resveratrol Monomers in Spanish White Wines. Al. Albarifio; Ch.,
Chardonnay, Ma., Macabeo; Pa., Parellada; W.R., white Riesling; S.B., Sauvignon
blanc; Ve., Verdejo, Xa., Xarel.lo; Av., average.



62 WINE: NUTRITIONAL AND THERAPEUTIC BENEFITS

114
12
—— t-Piceid
+ 10
—<—— c-Piceid
5 18 3
] > | —*— t-Resveratrol
g re =
—&—— c-Resveratrol
+ 4
—0—— ethanol
2
—~to

days

Figure 5. Evolution of Resveratrol during Merlot Fermentation.
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Figure 6. Evolution of Resveratrol during Cabernet Sauvignon Fermentation.
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decreased. It would appear that once the maximum had been extracted from the skins,
these compounds were adsorbed by the yeast and/or oxidized. However, total phenols
(absorbance at 280 nm), hydroxycinnamates (absorbance at 320) and anthocyanins (see
Figures 7, 8 and 9) continued increasing, so the other phenols, including
hydroxycinnamates and anthocyanins, were still being extracted from the skins, while
resveratrol decreased.

The glucosides (frans and cis) evolution patterns were very similar in the three
fermentations, and the aglycons also had similar extraction kinetics.The glucosides
were extracted more quickly, appearing at the beginning of the fermentation, the
aglycons, being less polar, seemed to be more influenced by the ethanol concentration.
These results were similar to those obtained by Mattivi et al (1995) (14). For this
reason, white wines, which are obtained from free run juice, had higher amounts of the
glucosides than aglycons (See Figure 4).

trans-Piceid was the major compound in the three musts at the beginning of the
fermentation. However, in the Cabernet Sauvignon, trans-resveratrol was the major
component at the end. The extraction curve for trans-resveratrol was very similar to
the ethanol evolution, so when the ethanol increased, as between the fourth and the
sixth day and also between the sixth and eighth day of fermentation, there was also a
significant increase in frans-resveratrol along with significant yeast activity.

The fermentation curve for cis piceid was the same in the two Cabernet Sauvignon
wine fermentation tanks, and it increased through the eighth day of fermentation, while
in the Merlot it decreased after day four. The decrease in the concentration of the
glucosides is probably related to the yeast glucosidase activity. Mattivi et al (1995)
(14) show that it decreases during the fermentation, however, in their assay, yeast
activity (ethanol increase) is very high from the beginning of the fermentation.
cis-Resveratrol increased during fermentation, probably due to isomerization of the
trans forms and hydrolysis of its glycoside. This hydrolysis seems to be the main source
of this compound, because cis-piceid decreases, while cis resveratrol increases, as is
noted by Mattivi et al (14) and, moreover, cis-resveratrol is not reported in Vitis
vinifera grapevines (13, 32); however, in a recent study, Jeandet et al (1995) detected
it, in small amounts, in Pinot noir grape skins (12).

Conclusions

The quantification of the four resveratrol monomers changes the potentially-available
amount of resveratrol for a physiological effect. Consumption of red wine will provide
the highest levels of these compounds, followed by rosé and, finally white wines. If
consumers of wine absorbed a significant portion of the resveratrol, their serum levels
could reach those at which enzymatic activities are observed. However, studies of the
absorption and metabolism of these compounds in humans are necessary to ascertain
whether or not this could happen. Resveratrol synthesis seems to be in part genetically
controlled, because grape variety plays an important role in the amount present in wine.
Consequently, the amount ingested will depend also on the wine varietal consumed.
The evolution curves of these compounds during fermentation in red vinification
depend on their polarity, except for cis-resveratrol which seems to be formed during
fermentation. The concentration of the stilbene compounds in must reaches a maximum
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after one week and does not follow the same evolution curve as the other phenols,
which continue to increase with maceration time.
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Within the past several years, the content of catechins and procyanidins
in several grape cultivars, grown under different agroecological
conditions, and in red wines, made using different technological
practices, has been studied. Grape seeds contain a higher amount of
catechins and procyanidins than cluster stems and grape skins, and the
relative amount of these molecules in the different parts of the grape
cluster is closely related to the year of production, the site of production
and the degree of maturation. The content of catechins and procyanidins
in red wines is affected by the length of maceration of grape pomace,
by the destemming of grape clusters and by adding supplementary
quantities of seeds during fermentation. The amount of catechins and
procyanidins in young red wines decreases after the treatment with
several fining agents.

Experiments carried out by Flanzy and Causeret in 1951 (I) first pointed out that
wine intake by rats does not produce the same toxic effects as those caused by the
intake of spirits or ethanol. These researchers suggested that wine should contain
some ethanol antidote, which is absent in the spirit of wine.

Several epidemiological inquiries on coronary heart disease, CHD, have shown
that, in most developed countries, high intake of saturated fat is positively related to
high mortality from CHD (2-5). However, France had a lower-than-expected CHD
mortality rate, in spite of high intake of saturated fat (similar to that in Germany,
UK, and other central and northern European countries). This fact has been known
as the "French paradox’, and may be partially attributed to high wine consumption

@3, 3.
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Grapes and red wines contain a relatively high amount of different phenolic
compounds (6) that act as antioxidants (7-9) or have effects on thrombosis (10).
Among the major phenolic compounds present in grapes and red wines, catechins and
procyanidins are considered to be responsible for the protective effect of red wine
with regard to atherosclerosis (7). Other studies have shown that these molecules
exhibit a wide variety of biological activities, like free radical scavening ability (11),
and the inhibition of eicosanoid synthesis (/2) and platelet aggregation (/3). In
addition, it was demonstrated that some minor wine polyphenols (resveratrol and
derivatives) possess similar biological properties (14-16); however, their concentra-
tion in red wines is very low compared to that of catechins and procyanidins (I7-18).

On the other hand, catechins and procyanidins are molecules of great interest in
enology. They are involved in a drying and puckering sensation called astringency
(19), due to the ability of catechins and procyanidins to bond to salivary glycopro-
teins, and are involved in complex condensation reactions with flavilium salts which
lead to polymeric wine pigments (20), which are the major contributors to color in
aged red wines.

Thousands of grape cultivars are grown all over the world, and may be classified
according to their use (table grapes, winemaking grapes and raisins), their color
(white, red, rosé, roux, teinturier, etc.), the presence or absence of seeds (seeded
grapes, Sultanina type seedless grapes, and Corinthe type seedless grapes), their
precocity, etc. (21). In most cases, grapes are grown in temperate regions, the
harvest takes place in September and October, and their quality is affected by weather
conditions during the growing season (2I). This relation of quality and weather
conditions is specially evident in the case of grape cultivars used for making red
wines, hence the French concept of "millésime".

Once in the cellars, a number of different technologies may be used in the
production of wines (22). Thus, wines which clearly differ in their chemical
composition and in their sensory characteristics may be made with the grapes
harvested a day in a vineyard, using different technological practices. If a shipment
of grapes is divided into three parts, and each part is processed in a different way
(e.g., a conventional French type red winemaking, carbonic maceration and
thermovinification), it will be possible to obtain three different young wines with a
different capacity of ageing (22).

For several years, we have focused our research on the effect of several agroecolo-
gical factors on the content of catechins and procyanidins in grapes, and the influence
of different technological practices on the levels of catechins and procyanidins of red
wines made with the same grapes (23-30). For these purposes, analytical methods for
the fractionation and the quantitation of catechins and procyanidins present in grapes
and wines described in the literature (31) and other developed in our laboratories (24,
32) were used. Some results of our research are presented in this paper.

Agroecological Factors

The literature indicates that several agroecological factors may affect the phenolic
composition of grapes when harvested (33-35). Among them, four have been selected
for their influence on the content of catechins and procyanidins of grapes: cultivar,
year of production, site of production and degree of maturity.
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The Content of Catechins and Procyanidins in Different Grape Cultivars. In
1987, the content of catechins and procyanidins in 19 different grape cultivars used
for winemaking grown in the Ampelographic Collection located at Sremski Karlovei,
Yugoslavia, was determined. Samples were harvested with a similar degree of
maturity, including 11 Vitis vinifera cultivars used for winemaking (seven white, one
grey and three red), and eight hybrid white cultivars obtained by crossing V. vinifera
and V. amurensis cultivars: two of them were selected in Hungary, and contained a
25% of theoretical genetic charge of V. amurensis; the other six were selected at
Sremski Karlovci by crossing the Hungarian hybrids above mentioned with several
V. vinifera cultivars, and their theoretical genetic content of V. amurensis was
12.5%. These hybrids were selected due to their high cold hardiness (36).

Table I shows the total content of catechins and procyanidins (sum of (+)-
catechin, (-)-epicatechin, dimeric procyanidins B1, B2, B3 and B4, and trimeric
procyanidin C1) in the skins, the seeds and the cluster stems of those 19 cultivars,

Table 1. Total content of catechins and procyanidins (mg/kg grapes) in seeds,
skins, cluster stems and entire clusters of 19 grape cultivars sampled at Sremski
Sremski Karlovci in 1987

Group of cultivars  Grape cultivar Seeds  Skins  Cluster  Entire
stems  clusters
V. vinifera Italian Riesling 415 27 113 555
Rhin Riesling 415 27 41 483
Sauvignon 402 20 62 484
Pinot blanc 558 24 112 694
Chardonnay 463 60 96 619
Gewiirztraminer 1178 100 51 1329
Neoplanta 617 58 146 821
Pinot gris 2400 121 72 2593
Pinot noir 1922 181 53 2156
Cabemnet-Sauvignon 874 185 72 1131
Merlot 625 63 86 774
Hungarian hybrids Kunleany 455 59 308 822
Kunbarat 685 2 88 775
Yugoslavian hybrids Zlata 456 75 80 611
Petra 1339 19 48 1406
Lela 797 16 146 959
Rani Rizling 564 189 180 933
Lisa 732 49 122 903
Mila 250 41 123 414

SOURCE: Adapted from ref. 26
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expressed as milligrams per kilogram of grapes. The content of catechins and
procyanidins is very different depending on the cultivar. The total content of
catechins and procyanidins in seeds varied from 250 mg/kg grapes (cv. Mila) to 2400
mg/kg grapes (cv. Pinot gris). Skins and cluster stems often contain less than 100 and
150 mg of catechins and procyanidins per kg of grapes, respectively. Also, the
content of catechins and procyanidins in white cultivars may be as high as in red
cultivars. Thus, cvs. Gewiirztraminer and Petra contained more catechins and
procyanidins than cv. Cabernet-Sauvignon, and cvs. Neoplanta, Kunleany, Kunbarat,
Lela, Rani Rizling and Lisa are richer in catechins and procyanidins than cv. Merlot.
These results are close to other previously reported in the literature for several grape
cultivars grown in France (37). From the data displayed in Table I, it may be noted
that the contribution of seeds to the total content of catechins and procyanidins of
grapes is more important than the contribution of cluster stems and skins. In most
cases, catechins and procyanidins contained in seeds represented more than 60% of
the total content of these molecules in grape clusters. The most remarkable exception
is cv. Kunleany, which contained a relatively high amount of catechins and
procyanidins in cluster stems.

The situation is quite similar in table grapes. In 1992, the content of catechins and
procyanidins in skins and seeds of 11 white and nine red table grape cultivars
sampled with a similar degree of maturity in the Ampelographic Collection located
at El Encin, Spain, was measured. Table II summarizes the results obtained for those
cultivars. Once again, the content of catechins and procyanidins was quite different
depending on the cultivar considered, ranging from 243 mg/kg grapes (cv. Dominga)
to 1108 mg/kg grapes (cv. Muscat of Hambourg). These values are quite similar to
those reported for grape cultivars used for winemaking (23, 26, 31), and reinforce
the finding that the content of catechins and procyanidins in white cultivars may be
as high as in red cultivar (e.g., cv. Chelva cointained more catechins and procyani-
dins than seven red cultivars, and cv. Napoleén contained less catechins and
procyanidins than eight white cultivars). Seeds contained more than 89% of catechins
and procyanidins present in grapes, except in cv. Dominga, that contained a
remarkable amount of these compounds in skins (23.9% of catechins and procyani-
dins were located in the skins).

Year of Production. Data displayed in Table III show the effect of the year of
production on the content of catechins and procyanidins in seeds of cv. Muscat of
Hambourg grown at El Encin in 1992 and 1993. Of course, grapes presented a
similar degree of maturity both years. As can be noted, the different climatic
conditions from year to year clearly affect the total amount of catechins and
procyanidins in grape seeds, and also the relative amount of each one of these
molecules. The results obtained for other cultivars (Chelva, Dominga, Mantio,
Ohanes, Alphonse Lavallée, Moscatel Tinto, Napole6n and Valenc{ Tinto) were
quite similar (30). These data agree with other previously reported for several white
cultivars used for winemaking (Gewiirztraminer, Italian Riesling, Sauvignon and
Neoplanta), sampled at Sremski Karlovci in 1986, 1987 and 1988 (23).
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Table II. Total content of catechins and procyanidins (mg/kg grapes) in seeds,
skins and entire berries of 20 table grape cultivars sampled at El Encin in 1992

Group of cultivars  Cultivar Seeds Skins  Entire berries

White cultivars Albillo 451 9 460
Aledo 368 14 382
Aledo Real 303 14 317
Chelva 924 30 954
Dominga 185 58 243
Malvasfa 376 7 383
Malvasfa de Sitges 452 28 480
Mantuo 647 11 658
Moscatel de Médlaga 509 31 540
Ohanes 225 4 229
Valenci Blanco 647 34 681

Red cultivars Alphonse Lavallée 922 61 983
Barlinka 352 42 394
Gros Colman 728 18 746
Moscatel Tinto 588 17 605
Muscat of Hambourg 1074 34 1108
Napole6n 295 32 327
Negra Tardia 773 46 819
Planta Mula 534 44 578
Valenci Tinto 555 14 569

SOURCE: Adapted from ref. 29
Copyright 1995 with kind permission from Elsevier Science - NL.

Table II1. Total content of catechins and procyanidins, C+P, (mg/kg grapes) and
percentages (%) of the different catechins and procyanidins in seeds of cv.
Muscat of Hambourg sampled at El Encin in 1992 and 1993

Year C+P CAT* EPI® DIM® cl
1992 1074 49.8 24.3 19.6 6.3
1993 877 50.4 35.6 12.3 2.7

*(+)-catechin. *(-)-epicatechin. ‘dimeric procyanidins B1, B2, B3 and B4,
4procyanidin C1

SOURCE: Adapted from ref. 29

Copyright 1995 with kind permission from Elsevier Science - NL.

Site of Production. The characteristic varietal chemical composition of grapes may
be affected by the growing area, despite a similar degree of maturity. This fact has
been demonstrated for monoterpenes (38). The effect of this factor on the content of
catechins and procyanidins in grapes is not well known. Table IV show some results
obtained for Tempranillo grapes grown in different sites around Madrid, sampled by
September 20th 1994, with a similar degree of maturity. As can be noted, the content
of catechins and procyanidins is quite different, in seeds and in skins, depending on
the geographic origin of grapes, despite their similar degree of maturity. Also, the
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ratio between the contents of catechins and procyanidins in seeds and in skins is
considerably different.

Table IV. Total content of catechins and procyanidins (mg/kg grapes) in seeds,
skins and entire berries of Tempranillo grapes sampled in different sites around
Madrid in 1994

Site Seeds Skins Entire berries
Aranjuez 163 58 221
Escalona del Alberche 122 27 149
Madrid-Moncloa 108 9 117
Valdilecha 225 17 242

Degree of Maturity. Some authors have studied the changes in the content of
catechins and procyanidins during growth and development of grapes (39-40). These
collegues have shown that the highest concentrations of these molecules are found in
the early stages of development. The level then decreases quickly, and becomes
virtually stabilized by the beginning of September. Unfortunately, the behaviour of
these molecules during September is not well known. During the summer, the climate
in Central Spain is very warm, and the temperature easily rises up to 35 C (95 F) or
even more. Thus, the biosynthesis of anthocyanins virtually stops (41), and red
grapes usually are harvested after the 15th of September to obtain a well colored
product for making red wines. For these reasons, the changes in the content of
catechins and procyanidins in skins and seeds of three cultivars (Cabernet-Sauvignon,
Garnacha and Tempranillo) have been studied from the end of September to the
beginning of October 1994 in Escalona del Alberche, near Madrid. The level of
anthocyanins in the skins of cultivars above mentioned dramatically rose. At the same
time, the content of catechins and procyanidins decreased, specially in the seeds, and
the levels by the end of September were dramatically low. Table V shows the results
obtained for Tempranillo grapes: the total content of catechins and procyanidins in
seeds decreased dramatically during September. Thus, the amount of these molecules
in seeds by the end of August was nearly five-fold more than by the beginning of
October. A similar situation has been observed in Garnacha and Cabernet-Sauvignon
grapes. Of course, the different catechins and procyanidins behaved in a similar way.

Technological Practices

Dozens of different technological practices are used to make red wines, that may
modify their phenolic composition. We have selected four to elucidate their effect on
the content of catechins and procyanidins of wines: length of maceration, destemming
of grape clusters, and clarification or fining, that clearly modify the phenolic
composition of wines according to the literature; and the addition of supplementary
quantities of seeds during maceration, which is a new technological practice assayed
to obtained wines "enriched” in catechins and procyanidins (25, 27, 28).
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Table V. Total content of catechins and procyanidins, C+P, (mg/kg grapes) in
seeds, skins and entire berries, and content of free anthocyanins (mg/kg grapes)
in Tempranillo grapes sampled at Escalona del Alberche from August to October
1994

Date C+P, seeds C+P, skins C+P, entire berries  Free anthocyanins

8/31 240 25 265 613
9/10 230 31 251 519
9/20 122 27 149 733
10/4 48 20 68 801

Length of Maceration. The length of maceration affects the extraction of phenolics
contained in skins, seeds and cluster stems. Usually, the maceration does not exceed
ten days, because the level of anthocyanins in wine decreases after this time (33-34).
In 1989, several experimental microvinifications with entire clusters of Vranac grapes
were conducted to understand the effect of the length of maceration on the content
of catechins and procyanidins in wines. As may be observed in Table VI, the
extraction of catechins and procyanidins from grape pomace was higher as the
maceration was longer. The effect was quite similar for (+)-catechin, (-)-epicatechin
and dimeric procyanidins.

Destemming of Grape Clusters. In many cellars, the destemming of grape clusters
is a current enological practice. The effect of this technology on the content of
catechins and procyanidins in red wines was studied in 1987 by conducting four
experiments with Vranac grapes: two experiments were carried out with entire
clusters, the maceration lasting 7 and 14 days, and two other with destemmed grapes,
the maceration lasting 7 and 14 days. Table VII shows the results obtained for wines
whose maceration lasted 7 days. As may be noted, the destemming of grape clusters
leads to wines with a lower amount of catechins and procyanidins than wines made
with entire clusters. Similar results were obtained for wines whose maceration lasted
14 days (27).

Table VI. Effect of the length of maceration on the content of catechins and
procyanidins in Vranac wines
Length of maceration  (+)-catechin (-)-epicatechin  Dimeric procyanidins

(days) (mg/L) (mg/L) (mg/L)
2 55 25 111
3 78 36 130
4 80 38 146
5 84 46 166
6 88 56 190
7 130 65 241
14 137 76 291

SOURCE: Adapted from ref. 27
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Table VII. Effect of destemming on the content of catechins and procyanidins of
Vranac wines. Maceration lasted seven days

Experiment (+)-catechin (-)-epicatechin  Dimeric procyanidins
(mg/L) (mg/L) (mg/L)

Entire clusters 130 65 241

Destemmed clusters 99 63 175

SOURCE: Adapted from ref. 27

Fining of Wines. The fining or clarification of wines is a technological practice used
to eliminate colloidal materials of proteic or phenolic nature to avoid undesirable
turbidity and precipitates during the ageing and/or the storage of wines (42-44).
Several substances commonly used as fining agents were assayed, at a laboratory
level, to understand their effect on the phenolic composition of red wines. Table VIII
shows the effect of sodic bentonite, gelatine and PVPP, at enological doses, on the
content of catechins and procyanidins of a Garnacha wine. As may be observed,
gelatine and PVPP affect dramatically the content of catechins and procyanidins in
this wine. On the other hand, the effect of sodic bentonite is not so intense.
Anyway, the relative loss of catechins and procyanidins depends on their level in
wine before clarification; thus, the effect of clarification in wines relatively rich in
phenolics may be not so intense like in wines with a relatively low level of phenolic
compounds (30, 45).

Table VIII. Effect of different fining agents on the content of catechins and
procyanidins of a Garnacha wine

Experiment (+)-catechin (-)-epicatechin Dimeric procyanidins
_(mg/L) (mg/L) (mg/L)

Control 43 37 37

Sodic bentonite (0.5 g/L) 35 29 23

Gelatine (0.05 g/L) 27 17 22

PVPP (0.5 g/L) 14 12 14

Addition of supplementary quantities of seeds during fermentation. Grape seeds
contain a very large amount of catechins and procyanidins if compared with skins and
cluster stems. Thus, it would be possible to obtain wines with relatively high amounts
of catechins and procyanidins by adding a supplementary quantity of seeds during
fermentation. Several microvinification experiments have been conducted, from 1988
to 1994, with seven different red cultivars in order to understand the effect of this
new practice on the content of phenolic compounds in wines. As a general rule, the
addition of a supplementary quantity of seeds during fermentation leads to wines with
a higher content of catechins and procyanidins than in a control wine made with the
same grape shipment.
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Table IX summarizes the results obtained for experiments carried out in 1989 to
evaluate the effect of adding supplementary seeds in Vranac wines. Three sets of
Vranac grapes were destemmed and crushed. In the first experiment (control wine),
a conventional red-type vinification was carried out. In the other two experiments,
the fermentation was carried out by doubling and tripling the quantity of seeds
present in pomace ("double” and "triple” wines). The maceration lasted seven days
in every case. As can be observed, when the quantity of seeds was doubled, the
amount of catechins and procyanidins was slightly higher than double in relation to
the control wine, and when tripled, it was slightly higher than triple. The effect was
quite similar for (+)-catechin, (-)-epicatechin and dimeric procyanidins.

Table IX. Effect of adding supplementary quantities of seeds on the content of
catechins and procyanidins in Vranac wines

Experiment (+)-catechin (-)-epicatechin Dimeric procyanidins
(mg/L) (mg/L) (mg/L)

Control wine 99 63 175

"Double" wine 235 155 483

"Triple" wine 334 212 724

SOURCE: Adapted from ref. 27

Table X displays the results obtained with Cabemet-Sauvignon wines in 1994.
Three wines were made at Novi Sad, Yugoslavia: control (0), double quantity of
seeds (+100) and triple quantity of seeds (+200). Like in the experiments previously
carried out, when doubling or tripling the quantity of seeds in contact with the must,
the amount of catechins and procyanidins in wines was sligthly higher than the double
or the triple in relation to control wine. Three other wines were made at Madrid,
Spain (wines 0, +30 and +60). In this case, the suplementary quantities of seeds
were relatively low: 30% and 60%. Even with this relatively low supplementation,
wines became enriched in catechins and procyanidins in relation to control wine. As
can be observed, the levels of catechins and procyanidins were quite different in both
control wines. These data also point out that the quality of grapes may be dramati-
cally important in relation to the levels of catechins and procyanidins in wines.

The addition of supplementary quantities of seeds also affects the levels of
anthocyanins in wines, as well as other physico-chemical parameters related to the
phenolic content of wines, like color intensity, Folin-Ciocalteu index and the UV
absorbance at 280 nm (25, 27-28). Table XI displays the content of catechins, dimeric
procyanidins and free anthocyanins in three Tempranillo wines made in 1993: control
(0), double quantity of seeds (+100) and triple quantity of seeds (+200). As may be
noted, the amount of free anthocyanins in the wine made doubling the quantity of
seeds was higher than in control wine. This may be explained by the fact that the
phenolic compounds extracted from supplementary seeds caused the stabilization of
wine color. Nevertheless, when the quantity of seeds was tripled, the content of free
anthocyanins was quite similar to that of control wine. In this case, it seems that the
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retention of coloring matter by pomace is more intense than color stabilization caused
by phenolic compounds extracted from supplementary seeds.

Table X. Effect of adding supplementary quantities of seeds on the content of
catechins and procyanidins in Cabernet-Sauvignon wines made in different
wineries

Winery Seeds added®  (+)-catechin  (-)-epicatechin  Dimeric procyanidins

(mg/L) (mg/L) (mg/L)
Novi Sad 0 81 42 20

+ 100 147 104 75

+ 200 241 165 149
Madrid 0 26 10 5

+ 30 39 20 14

+ 60 52 28 18

2% in relation to control

Table XI. Effect of adding supplementary quantities of seeds on the content of
catechins, dimeric procyanidins and free anthocyanins in Tempranillo wines

Experiment Catechins Dimeric procyanidins Free anthocyanins
(mg/L) (mg/L) (mg/L)

0 6 19 207

+ 100 54 33 276

+ 200 97 50 207

SOURCE: Adapted from ref. 28

Most of wines made by the addition of supplementary quantities of seeds have
been submitted to informal sensory evaluation by experts, prior to any stabilization
or ageing process. Their opinion has been that the addition of a suplementary quantity
of seeds which doubles the seeds naturally ocurring in grapes leads to wines with
more pronounced variety characteristics and with more intense flavor and aroma than
control wines. Of course, these wines contain a higher amount of catechins and
procyanidins than control wines, and may be considered as more healthy than control
wines.

Conclusions

The content of catechins and procyanidins in grapes is clearly affected by the four
agroecological factors herein considered. Thus, depending on the cultivar, the year
of production, the site of production and the degree of maturity, the amount of
catechins and procyanidins in grapes may be quite different, and the levels of these
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molecules in wines made using the same technological practices, but different grapes,
may be dramatically different.

The content of catechins and procyanidins in wines made with a shipment of
grapes may be affected by several technological practices, like the length of
maceration, the destemming of grapes clusters and the treatments with various fining
agents. The addition of supplementary quantities of seeds during fermentation clearly
modifies the levels of catechins and procyanidins in wines, and appears to be a
promising technology to obtain red wines with better sensory characteristics and more
healthy than some other made by a conventional technology.
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The structure of condensed tannins from grapes and wines was
investigated by thiolysis followed by reversed-phase HPLC. Grape
seed tannins consist of partly galloylated procyanidins whereas
grape skins contain prodelphinidins in addition to procyanidins.
Tannin average molecular weight is larger in skins than in seeds.
Wine tannin composition depends on that of the grape from which
the wine is made and on the wine-making conditions, which
influence extraction of tannins from the solid parts of the cluster
and their subsequent reactions. Tannin-like structures were also
formed by enzymatic oxidation. Interactions of grape seed
procyanidins with proteins increase with the degree of
polymerization and number of galloyl substituents. The relative
influence of each factor could not be determined as larger tannins
were also more galloylated. Inhibitory effect of catechin dimers
was tested on various polysaccharide hydrolases. Enzymatic
inhibition by procyanidin B3 and by catechin dimers arising from
oxidation were in the same range of magnitude but depended both
on the enzymatic protein and on the tannin structure.

Grape and wine polyphenols show a great diversity of structures and properties.
Among them, condensed tannins (i.e. proanthocyanidins) have attracted considerable
interest because of their quantitative importance and major contribution to wine
organoleptic properties (Z-5), but also with respect to their high reactivity, in
particular, as natural antioxidants (5-7). The term "tannins" refers to the ability of
these molecules to complex with proteins, permitting their use in the production of
leather from hide (4). It designates oligomeric derivatives of gallic and ellagic acid
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(hydrolysable tannins) and of flavanols (condensed tannins). Only members of the
latter class occur in grapes but wine may also contain hydrolysable tannins extracted
from oak cooperage in the course of barrel aging. Besides, transformation products
of the original phenolic compounds may bind to proteins, and thus be regarded as
tannins (4). The occurrence of specific tannins arising from oxidation (i.e.
thearubigins and theaflavins) is well documented in black tea (8). As well, grape
phenolics are known to proceed to polymeric pigments during wine making and
aging (3,9,10). Although various products have been obtained in model solutions
either by oxidation (/1,12) or by tannin-anthocyanin complexation (I3-15), the
reactions actually taking place in wine as well as the structure and properties of the
resulting products are unknown. The present paper summarizes our recent findings
about the structure of tannins in grapes and wines and some results related to their
interactions with proteins.

Structure of Proanthocyanidins (Condensed Tannins)

Proanthocyanidins are oligomers and polymers of flavan-3-ols. Several classes can
be distinguished on the basis of the hydroxylation pattern of the constitutive units.
Among them, prodelphinidins, consisting of (epi)gallocatechin units, and
procyanidins, deriving from (epi)catechin, which are presented below, have been
reported in grapes.

R = H : procyanidins
R = OH : prodelphinidins

Monomeric units may be linked by C40C6 and/or C40C8 bonds (B-type) or
double linked, with an additional ether linkage (A-type). Besides, flavan-3-ol units
may be encountered as 3-O-esters, in particular with gallic acid, or as glycosides
(16).  Finally, the degree of polymerization (DP) may vary greatly as
proanthocyanidins have been described up to 20,000 in molecular weight (4).

The organoleptic properties and reactivity of tannins, including radical
scavenging effects and protein-binding ability, largely depend on their structures. In
particular, the number of active sites (phenolic and especially o-diphenolic groups)
(17) increases with the degree of polymerization and with gallate esterification
whereas their accessibility may be influenced by the position of C-C interflavanic
linkages and that of the galloyl substituents. Therefore, determination of tannin
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structure and structure-activity relationships is a prerequisite to study their chemical
properties and eventual health effect.

Methods to Determine Proanthocyanidin Structure

Formal identification of proanthocyanidins, including the determination of the C-C
bond position, requires sophisticated NMR techniques as described by Ballas and
Vercauteren (I8). However, various acidolysis techniques give access to important
structural information. In particular, a procedure based on partial thiolysis followed
by reversed-phase HPLC analysis was developed to determine the nature and
sequence of constitutive monomers of isolated oligomeric proanthocyanidins (Z9).
It also enables formal identification of trimers and larger oligomers, provided that
the linkage position in the released dimeric fragments can be unambiguously
established. Application of the above mentioned identification methods is, however,
restricted to pure compounds and thus implies tedious isolation procedures. In fact,
purification of tannins becomes increasingly difficult as their molecular weight
increases, owing to the larger number of possible isomers, smaller amounts of each
individual compound, and poorer resolution of the chromatographic profiles. This is
especially true in the case of grape products which contain a large diversity of tannin
structures, based on several monomers, whereas some other plants synthesize
essentially one series, e.g. (-)-epicatechin derivatives in the case of cacao (20).

Several methods have been developed to evaluate oligomeric and polymeric
tannins.  Some of them, including counter current chromatography (21),
chromatography on Fractogel TSK HW-40 (22,23) or Sephadex LH20 (24) columns,
normal phase TLC (25) or HPLC (20,26), aim to separate tannins on a molecular
weight basis. Another group of methods, based on acid-catalyzed degradation in the
presence of various nucleophilic agents, including toluene-a-thiol (26-28) and
phloroglucinol (29), allow one to determine the monomeric composition and mean
degree of polymerization of tannin extracts or fractions. The principle of these
methods is as follows. Breakage of the interflavanic C-C bond under mild acidic
conditions releases the terminal units as the corresponding flavanols and the upper
and intermediate units as carbocations which react with nucleophiles to form stable
adducts (e.g. benzylthioethers in the presence of toluene-a-thiol). The resulting
solution can then be analyzed by HPLC (19,30,31) or NMR (32) and the mean DP
calculated.

Grape and Wine Tannins

Characterization of Grape Tannins. About twenty dimeric and trimeric
proanthocyanidins have been identified in grape seeds (23) and skins (33). Only B-
type proanthocyanidins are present in grapes, with small amounts of dimers and
trimers containing 406 linkages occuring along with the most common 408 linked
oligomers. They usually consist of (+)-catechin, (-)-epicatechin and (-)-epicatechin-
3-O-gallate units, although a catechin-3-O-gallate derivative has also been reported
in non-vinifera varieties (34).
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The major oligomeric procyanidins have been quantified individually in
various grape extracts by reversed-phase HPLC (34-37). However, concentration of
oligomers in plant tissues is usually relatively low compared to that of larger
molecular weight tannins (38).

Chromatography on a Fractogel column was carried out on various grape
skin and seed extracts in order to separate flavanol monomers, dimeric procyanidins
and larger molecular weight tannins (DP>2). Seed extracts were fractionated as
described by Ricardo da Silva et al. (23) and skin extracts also, following an
adaptation of this procedure developed for wine tannins (26). Monomers and dimers
were assayed by reversed-phase HPLC analysis of the first two fractions. The
polymeric fractions were submitted to complete thiolysis (26,28) and the amounts of
tannins were calculated by summing the concentrations of monomer units (and of
the corresponding benzylthioethers) thus released. Polymeric tannins were much
more abundant than monomers and dimers both in seeds and in skins. An example
of distribution among these three groups is presented in Table 1.

Table 1 : Amounts of flavanol monomers, procyanidin dimers and larger molecular
weight tannins (DP >2) in Vitis vinifera (var. Cabernet franc)

skins seeds
monomers 13.8 188
dimers 7.2 66
polymers (DP>2) 312 3600

expressed in mg catechin equivalent per kg berries

Reversed-phase HPLC analysis of the fragments released by thiolysis of the
polymeric fractions (DP>2) showed that grape seed tannins consist of partly
galloylated procyanidins whereas grape skins also contain prodelphinidins, detected
as the (-)-epigallocatechin benzylthioether derivative arising from upper and
intermediate units. Grape seeds contained larger amounts of tannins and larger
proportions of galloylated units than grape skins but the average molecular weight
was higher in skins than in seeds for all studied varieties. Monomeric composition
of seed and skin tannins determined for two Vitis vinifera varieties is presented in
Figure 1.

Wine Tannin Composition. Wine tannin composition depends on the grape from
which the wine is made but also, as tannins are mostly confined to the solid parts of
the cluster (36), on the wine-making conditions influencing extraction of tannins
from pomace. Moreover, once extracted, tannins undergo various types of reactions,
themselves depending on the presence of other wine components as well as on the
storage conditions.

Red wine samples (Vitis vinifera, var. Carignane) were taken after 0, 3, 9,
and 20 days of fermentation and submitted to chromatography on Fractogel as
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described by Prieur (26). Thiolysis of the tannin fractions (DP>2) thus obtained,
Figure 2, showed that prodelphinidins were extracted faster than procyanidins
whereas diffusion of galloylated procyanidins was slower. This may indicate that
tannins diffuse more easily from skins than from seeds. But it may also be due to
differences in water solubility, with lower polarity compounds such as gallates being
gradually extracted as the ethanol level increases throughout fermentation. Larger
molecular weight tannins also diffused later than smaller oligomers, presumably
owing to their poorer solubility. Note that, in the case of grape seed tannins, the
proportion of galloylated units was shown to increase with the degree of
polymerisation (26).

Analysis of the wines after four months showed that losses of all
proanthocyanidins, Figure 3, but especially of prodelphinidins and to a lesser extent
of galloylated compounds, Figure 2, had occurred. This probably reflects the higher
reactivity of trihydroxylated molecules. In particular, procyanidin gallates were
shown to complex more easily with proteins (5,39) and, when oxidized, to proceed
to condensation products faster (5) than the corresponding non-galloylated
molecules. The average degree of polymerisation also decreased from 13.5 to 9
during this period, meaning that larger molecular weight tannins were more easily
degraded. This can be partly due to their hydrolysis to smaller molecules in the
acidic wine environment (3). Besides, losses of larger molecular weight tannins may
result from insolubilisation, in particular following complexation with proteins.
However, the amount of total phenols in the polymeric fraction increased within the
first months of wine aging, Figure 3, suggesting that tannins had been partly
converted to other phenolic polymers rather than precipitated out. Formation of
anthocyanin-tannin complexes (9,10,13-15) may be responsible for part of these
changes, as polymeric red pigments also accumulated. In fact, half of the
anthocyanins originally present in red wine were shown to be converted to
polymeric pigments within the first year of ageing (9). Oxidative coupling is
another possible mechanism since catechin dimers generated by enzymatic oxidation
were resistant to thiolysis (12,40).

In any case, all derivatives formed from grape phenolics in the course of
processing may participate in wine organoleptic properties and eventual health
effects. In particular, both genuine tannins (i.e. proanthocyanidins) and related
tannin-like structures (e.g. oxidation products, tannin-anthocyanin complexes)
should be involved in interactions with proteins, which are responsible for
astringency, haze formation, and perhaps, antibiotic or antiviral properties.

Interactions with Proteins

Studies of protein-tannin interactions were performed using two different
approaches. In the first series of studies, the extent of interaction was estimated by
assaying tannins remaining in solution after removal of the insoluble protein-tannin
complexes (5,26,41). In the second one, various catechin dimers were tested with
regards to their inhibitory effects on enzymes degrading polysaccharides.
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Figure 1. Composition of polymeric tannins (degree of polymerisation>2) in the
seeds and skins of two Vitis vinifera varieties as determined by thiolysis ( O :
procyanidins, # : galloylated procyanidins, M: prodelphinidins )
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Figure 2. Changes of tannin composition (degree of polymerisation >2) during
vinification of Carignane grapes as determined by thiolysis ( :
prodelphinidins (%); - - - - : galloylated units (%); == : mean degree of
polymerisation).




8. CHEYNIERET AL.  Tannins in Grapes and Wines 87

Interactions of Procyanidin Oligomers with Proteins. The influence of
procyanidin structure on their interactions with various proteins, including classical
enology fining agents, a grape arabinogalactan protein (42) and poly (L-prolines) was
investigated in wine-like model solutions (5,41). Among the proteins tested, poly(L-
prolines) showed the highest affinity for all procyanidins, as expected from other
works which clearly established the role of proline in the mechanism of tannin
bonding to proteins (43-45). The affinity of procyanidins towards polyprolines,
casein and gelatins appeared essentially determined by the number of o-
dihydroxyphenyl groups, increasing primarily with the number of galloyl
substituents and also with the degree of polymerisation. The influence of the
interflavanic linkage position was also important, as larger losses of oligomers
containing a C4-C6 bond were measured (47). This presumably indicates that the
shape and flexibility of these molecules allowed easier access of the proteins to the
o-dihydroxyphenyl reactive sites. Complexation with grape arabinogalactan-protein
increased as a function of procyanidin molecular weight, suggesting that the
carbohydrate moiety contributed substantially to the interaction (46), as shown
earlier in the case of salivary glycoproteins (47). When applied to a red wine (Vitis
vinifera, Mourvédre variety), the protein fining treatments did not modify the levels
of catechin, epicatechin and procyanidin oligomers, although absorbances at 280,
420, 520 and 620 nm were lower in all treated wines (41). Thus, it seems that the
lower molecular weight flavanols were protected by other wine components,
presumably polymeric tannins and/or tannin-derived molecules.

Interactions of Grape Seed Procyanidin Fractions with PVP. A crude grape seed
tannin extract (40 mg/l in synthetic wine) was treated with increasing amounts of
polyvinylpyrrolidone (PVP), a polymer interacting strongly with tannins in the same
way as proteins, owing to the proline-like structure of its vinylpyrrolidone
constitutive units (48). Normal-phase HPLC analysis (28) of the supernatants
obtained after centrifugation showed that, with the lower PVP concentrations, the
proportion of tannins insolubilised increased with the molecular weight, Figure 4. At
40 mg/l PVP, most oligomers and polymers (DP >3) were precipitated out whereas
dimers and trimers remained totally soluble. Thiolysis of the supernatants showed
that the average degree of polymerisation decreased as the amount of PVP was
increased from 0 to 98 mg/l. This confirms that larger molecular weight tannins
interact more readily with proteins, thus protecting oligomers. The proportion of
galloylated units in the soluble tannins also decreased with increasing amounts of
PVP, meaning that galloylated procyanidins were selectively precipitated. However,
in the grape seed extract tested, larger molecular weight tannins were also more
galloylated (28) so that the respective influence of DP and galloylation cannot be
distinguished.

Enzymatic Inhibition Studies. In the second series of experiments, the inhibitory
effects of (+)-catechin and of several catechin dimers on polysaccharide hydrolases
were compared. The dimers studied included procyanidin B3 (catechin-(4a08)-
catechin) and dimeric oxidation products, showing biphenyl or ether interflavanic
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Figure 3. Changes of phenolic polymers during vinification of carignane grapes
(---- : total phenols in the polymeric fraction estimated from 280 nm
absorbance in eq. catechin) ; : polymeric pigments estimated from 520
nm absorbance (in eq. malvidin-3-glucoside) ; == : total proanthocyanidins
determined by thiolysis (in eq. catechin).
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Figure 4. HPLC analysis of procyanidins remaining in solution following
addition of PVP to a grape seed tannin extract. 4 : dimers and trimers (mean
degree of polymerisation = 2.3); M, A, X : oligomers (mean degree of
polymerisation = 3.6, 5.4 and 7.8, respectively); % : polymers (mean degree of
polymerisation = 15).
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linkages, identified by Guyot (12). Colorless and yellow solutions containing
mostly catechin dimers, obtained by enzymatic oxidation of catechin respectively at
pH 3 and pH 6 (12,40) were also tested. Among the four enzymes studied,
Aspergillus niger endo-polygalacturonase and almond (Amygdalae dulces) (-
glucosidase were significantly inhibited by tannins.

B-glucosidase activity was assayed by measuring the glucose released from
p-nitrophenyl-3-D-glucose using high performance ionic chromatography (49).
Inhibition of A. dulces {-glucosidase by catechin oxidation products was non-
competitive, as shown earlier for other tanning substances (17,50). A Ki of 2.6 mM
(in catechin equivalent) was calculated for the mixture of colorless products obtained
by enzymatic oxidation of catechin at pH 3.

Endopolygalacturonase activity was measured by viscosimetry using orange
polygalacturonic acid (Sigma) as the substrate. All catechin dimers tested (at 0.5 g/l
each) exhibited similar inhibitory effects, Figure 5. Preincubation of the enzyme
with the inhibitor significantly enhanced the inhibitory effect, as would be expected
from the kinetics of tanning reactions (44). Comparison of individual colorless
dimers showed no obvious structure-activity relationship, and in particular no
marked role of o-dihydroxyphenyl moieties. In fact, one of the C-O linked dimers
was a more powerfull inhibitor than both C-C linked dimers, although it had only
one o-diphenolic group, whereas the other one was less inhibitory. However, the
solution containing yellow oxidation products was more active than the colorless
solution obtained by oxidation at pH 3 (respectively 93% and 65% inhibition at
0.5g/1).

Catechin itself was inhibitory at 3g/l but this effect disappeared after
purification by liquid chromatography on Fractogel, although the original
commercial sample was chromatographically pure. As well, the solution containing
colorless catechin dimers was more inhibitory than its main components, meaning
that most of its activity was actually due to minor compounds. This points out that
contaminants in trace amounts can exert powerfull effects which may be wrongly
attributed to the major product tested.

The other two enzymes studied, namely -mannanase and (3-galactosidase
from Aspergillus niger, were totally unaffected at the concentrations used (up to 3
g/). The various results obtained strongly suggest that inhibition is related to
protein-tannin interactions and depends both on the protein and on the tannin
structure.

Conclusions

The data presented point out the complexity of wine tannin composition and the
difficulties likely to be encountered when studying the structures and properties of
wine phenolics.

Grape tannins consist essentially of proanthocyanidins, which are partly
galloylated procyanidins in seeds, procyanidins and prodelphinidins in skins. Wine
tannin composition is influenced by the fermentation conditions (e.g. skin contact
duration, temperature) as rather polar tannins from skins (prodelphinidins) are more
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inhibition at 0.5 g/1 (%)

B3 CC CO C-O* pH3 pH6

Figure 5. endopolygacturonase inhibition by catechin dimers. B3 : procyanidin
B3; C-C : catechin dimer formed by enzymatic oxidation with a biphenyl linkage;
C-O and C-O* : catechin dimers arising from enzymatic oxidation, showing
ether linkages; pH3, pH6 : mixtures of catechin oxidation products obtained at
pH 3 and pH 6, respectively.
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readily extracted than less polar —and presumably also less accessible— seed
components (galloylated procyanidins). In addition to grape proanthocyanidins, wine
tannins include non-proanthocyanidin tannin-like structures, formed in increasing
amounts as the wine ages. Trihydroxylated compounds (i.e. prodelphinidins and
gallates) and larger molecular weight tannins, which are also more galloylated, seem
to proceed to such derivatives faster than oligomeric procyanidins.

Larger molecular weight tannins were also selectively precipitated by protein
fining agents. In fact, tannin-protein interactions increase both with the degree of
polymerisation and with galloylation but also depend on the protein structure as only
some of the enzymes tested were inhibited by tannins. Structural isomers of
procyanidin dimers arising from catechin oxidation showed tanning effects similar to
that of procyanidin B3 whereas yellow oxidation products were more active.
Enzymatic inhibition studies will be continued using a larger number of isolated
tannins, including in particular the yellow oxidation products. Better knowledge of
the enzyme structure is also needed to interpretate inhibition data in terms of
structure-activity relationships. Finally, the structure of tannin-like compounds in
wine will be investigated further and their properties compared to that of genuine
grape proanthocyanidins.
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Chapter 9

Enantiomeric Analysis of Linalool
for the Study of the Muscat Wine
Flavorings Composition

Fernando Tateo, E. Desimoni, and M. Bononi

Dipartimento di Fisiologia delle Piante Coltivate e Chimica Agraria,
Sezione di Chimica Analitica Agroalimentare ed Ambientale,
Facoltd di Agraria, Universitd degli Studi di Milano,
Via Celoria 2, 20133 Milano, Italy
Enantiomer separation is fundamental in the field of flavours analysis and also in the
analytical control of wines because it gives access to biogenetic information concerning
some flavouring compounds and very often, as a consequence, the corresponding matrix:
it makes possible to determine the enantiomeric excess (ee) and to identify possible
adulterations.
In the "muscat wine flavourings", not necessary those produced for the flavouring of
wines, but also those designed for the flavouring of sauces, seasonings and other semi-
finished products, one of the most useful, and therefore quantitatively preponderant,
components for flavouring impact, is linalool. Generally, this compound is not employed
as such in formulation: for that purpose, essential oils and herbs extracts containing an
amount of it sufficient to the aim, are preferably used.
The study on natural enantiomeric distribution of linalool has been carried out by several
authors on different matrices (essential oils, vegetable extracts, etc.) (1-10).
Enantiomers distribution has turned out to be widely differentiated in examined diverse
natural sources, but distinctive for each of them, with "ee" values referable to a
predominance of R (-) form for some of them, and of S (+) form for the other ones.
On the contrary, neither data concerning enantiomeric distribution of linalool in "muscat

wine" are to be found in bibliography, nor information about the composition of the

© 1997 American Chemical Society
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"muscat wine flavourings" present on the market, designed to enhance low-quality wines,
proves to be published somewhere.
In this paper two "muscat wine flavourings", which can be considered as classical
reference flavourings, present on the international market and conventionally named "E"
and "F", which many others, come onto the same market, draw their inspiration from,
have been examined through chiral analysis by HRGC serial coupling between non-chiral
Easy Wax column and chiral Beta-Dex column. In a parallel way, the enantiomeric
distribution of linalool in two essential oils, Coriander oil and Salvia sclarea essential oil,
which in most cases represent the fundamental raw material for the formulation of the
"muscat wine flavourings", has been examined.
The aim of this work is to evaluate if, from HRGC analysis carried out by serial coupling,
as from "ee" values of the "muscat wine flavourings", it is possible to obtain any
information about the use of the above-mentioned essential oils, known as fundamental
raw materials for the formulation of the flavourings themselves.
As for the quantitative resolution of linalool enantiomers within the adopted analytical
conditions, it has been deemed useful to apply techniques of peak-shape analysis, which
have turned out to be particularly helpful in case of unsufficient resolution of
enantiomeric peaks.
Peak-shape analysis of overlapping peaks is a slowly growing field in chromatography
(see reference 11 and 12 for recent literature information) even if, in principle, it
represents a good alternative to more complex experimental separation, from both the
points of view of speed and economy. The simplest data analysis systems should allow:

1) chromatogram display and expansion

2) baseline removal

3) addition and subtraction of peaks

4) integration and area measurement

5) chromatographic synthesis

Each of the above points can be implemented by different approaches but all can profit of
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previous experience in the field of data analysis. X-ray photoelectron spectroscopy
(XPS), in particular, is a technique in which peak-shape analysis of overlapping peaks is
routinely perfomed (see for example reference 13). As far as we know, even if XP
spectra analysis must necessarily take into account specific aspects of the photoelectron
emission from a solid surface, many of the practical solutions developed for XPS data
system (13-16) can be fruitfully exploited in chromatographic peak analysis.

Some points on which attention was focused in the course of preliminary tests (17)
performed to evaluate the main problems involved in the resolution of overlapping

chromatographic peaks due to linalool enantiomers, are discussed in this paper.

EXPERIMENTAL

Samples

The "muscat wine flavourings" E and F correspond to products present on the
international market of flavourings.

The muscat wine analysed by SPME (solid phase micro extraction) is absolutely a

genuine "moscato reale", wine-made and transformed in Puglia (Cantele stl - Lecce).

GC/MS analysis

HRGC - analysis has been carried out within the following operating conditions:
Column: SPB-5 (30 m x 0,32 mm, 0,25 pm film)
Column temp.: isot.80°C x 10 min, incr. 1°C/min to 120°C,

isot.120°C x 10 min, incr. 3°C/min to 260°C

HRGC - chiral analysis has been carried out within the following operating conditions:
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Serial Columns:
1) Deactivated column (1 m x 0,32 mm i.d.)
2) Easy Wax (25 m x 0,25 mmi.d., 0,25 um film )
3) Beta-Dex 120 (30 m x 0,25 mm i.d., 0,25 pm film)
Column temp.: 60°C x 10 min, incr. 1.5 °C/min to 120°C, 120°C x 5 min,
incr. 3°C/min to 240°C

The SPME has been carried out using a 100 um polydimethylsiloxane fiber (Supelco).

Peak shape analysis
Data analysis concerning linalool was carried out by temporarily adapting the routines at
a homebuilt data station for X-ray photoelectron spectroscopy data (14-16). The

goodness of fit was evaluated using the x2 test specified in reference (13).

RESULTS AND DISCUSSION
HRGC - Chiral Analysis

The comparison between the GC chromatogram concerning Salvia sclarea oil and the
GC chromatogram referring to one of the two "muscat wine flavourings" which have
been discussed in the introduction: (E), allows to point out interesting composition
affinities in particular, a quantitative predominance of linalool and linalil acetate, a
significant presence of o-terpineol and geranyl acetate, a presence of other minor
components (for instance, neryl acetate and B-caryofillene).

The comparison is shown in Figure 1.

Chiral analysis performed on E flavouring, as shown by the comparison of the
chromatograms in Figure 2, points out, as far as linalool is concerned, a quantitative

predominance of S (+) enantiomer, and therefore a enantiomeric distribution substantially
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different from that concerning linalool derived from Salvia sclarea essential oil, in which,
on the contrary, R (-) is quantitatively preponderant.

The columns serial coupling system described in the experimental section , among other
things, allows to compare, as shown in Figure 3, the enantiomeric distribution of some
terpenes (o-pinene, limonene), and, moreover, to emphasize the presence of camphor as
a component much better represented in the "muscat wine flavouring E", than in Salvia
sclarea oil.

Verified that Coriander oil presents a enantiomeric distribution characterized by "ee"
S(+)=54,8 , once "ee" value in Salvia sclarea oil has been calculated, it is possible to
calculate the percentage of linalool derived from the two oils in a muscat wine flavouring
like "E".

It is plain that the predominant sources of linalool are basically the above-mentioned
essential oils. The presence of camphor, among other things, confirms the presence of
Coriander oil.

For the calculation of the enantiomeric ratio of linalool in Salvia sclarea oil, deduced
from peak in Figure 2, see the section "Peak Shape Analysis".

Table 1 contains some data about "ee" values concerning linalool derived from different
mixtures of the two mentioned oils. As to linalool in the "muscat wine flavouring E",
with the same criteria adopted in "Peak Shape Analysis" , the enantiomeric ratio has been

calculated as equivalent to
R(-) =459 S(+) = 54,1 "ee" =S (+) 82

From the comparison of the data contained in Table 1, it follows that the percentage of
linalool derived from Coriander oil is about 33-35% against 65-67% of linalool derived
from Salvia sclarea oil.

On the contrary, the analysis of "muscat wine flavouring F" (Figure 4), shows an
enantiomeric distribution of linalool of the kind of Coriander oils, with a predominance

of S(+) form, according to a "ee" value which is fairly near to that concerning this oil, as
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Fig. 2. Comparison of enantiomeric distribution of linalool in "muscat wine flavouring
E" (A) and in Salvia sclarea essential oil (B).
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S(+)

R()

R(+)

linalool

limonene
geranyl acetate

camphor

ethyl decanoate

linalyl acetate

?

L S()

Fig. 4. Chiral Analysis of "muscat wine flavouring F", showing the enantiomeric
distribution of linalool.
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reported in Table 1. In such a flavouring, neither an appreciable amount of Salvia sclarea
oil, nor other high sources of linalool besides Coriander oil, have turned out to be

employed.

Table 1. To see these "ee" values correspond different "C/S" ratios between percentages
of linalool derived from Coriander oils and percentages of linalool derived from Salvia
sclarea. The excess of S (+) is evident from percentages over 23% of linalool derived

from Coriander oils.

RO) S(+) "ee"
CORIANDER OIL (C) 22,6 71,4 S(+) 54,8
SALVIA sclarea (S) 58,1 41,9 R(-) 16,2
C23/8S711 49,8 50,2 S(+) 0,4
C50/S50 40,3 59,7 S(+) 19,4
C70/S30 33,2 66,8 S(+) 33,6
C90/S 10 26,1 73,9 S(+) 47,8

Another aim of this work is to verify if and to what extent an analysis carried out by
SPME can be useful for the analytical control of the muscat wine flavourings and,
therefore, for a judgement of genuinity about the wine itself.

Figure 5 shows a comparison between two chromatograms concerning to SPME
extracts: one referring to a white wine first deflavoured and then flavoured with "muscat

wine flavouring "E", the other concerning a genuine "moscato reale". It follows that:

- the absorption turns out to be selective; within the adopted conditions linalil acetate

turns out to be extracted to a greater extent that linalool,
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ethyl
linalyl acetate

ethyl decanoate
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Fig. 5. Comparison between SPME extracts refering to "muscat wine flavouring E" (A)
and to "moscato reale" (B).
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- the enantiomeric ratio of linalool turns out to be still calculable, but to an extent which
depends on the quantity;

- the "moscato reale" does not happen to contain linalil acetate in any appreciable
amount;

- the "moscato reale" happens to contain linalool, but the enantiomeric distribution does

not seen to be similar to that of the flavourings "E" and "F".

Peak shape analysis

A first problem in chromatographic peak analysis is the choice of the right peak-shape.
Non-Gaussian peak-shapes can be obtained (12) in chromatographic systems with non-
linear isotherms or slow retention kinetics or can result from deliberate attempts to
overload the column, while asymmetrical peak-shapes can be observed when using too
high sample sizes or because of distortions produced by the elution of the initially
symmetrical peak. In our opinion, until specific investigations will make available a
generally applicable model, a peak-shape must stem from an optimal compromise
between flexibility and ease of use. This means that a peak-shape must be defined by a
sufficient number of parameters to allow for eventual asymmetries and for an easy
calculation of peak-width and area. A possible choice is the Gaussian-Lorentzian sum

(GLS) function

y=H (GLR . e4QIn2 + (1 - GLR)/(1-4Q)

in which H is the peak height, GLR the Gaussian-Lorentzian mixing ratio (GLR=1 means
a pure Gaussian, while GLR=0 means a pure Lorentzian), Q = [(x-T,)/FWHM]z, x-Tp
is the distance from the peak maximum, T, is the retention time, and FWHM the full
width at half maximum. According to previous results (14) the GLS function offers the

following advantages:
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Fig. 6. Peak-shapes obtained by using GLS functions having
different GLR values at constant FWHM.
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Fig. 7. Peak-shapes obtained by using GLS functions having different
FWHM and GLR values.
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i) symmetrical peaks require the definition of only four parameters (T, H, FWHM;
GLR);

ii) asymmetrical peaks can be obtained by using different half widths at half maximum
and Gaussian-Lorentzian mixing ratios on the left and right wing of the GLS function.
This can be done by using six parameters (T,; H; leR-HWHM, right-HWHM, left-GLR,
right-GLR) i.e. by using left-HWHM and left-GLR when (x-T,) is negative and right-
HWHM and right-GLR when (x-T,) is positive; in this way peak is made from two half-
peaks and FWHM = left-HWHM + right-HWHM;

iii) the peak asymmetry factor (AF) can be easily obtained from the same input
parameters (AF = right-HWHM/ left-HWHM).

iv) the GLS function parameters of a given peak can be easily read by inspection of the
experimental chromatograms while for example when using the Gaussian-Lorentzian
product function, the FWHM has to be calculated by using iterative methods; see
reference 13.

Some examples of GLS functions obtained by changing GLR at constant FWHM are
reported in Figure 6. Other examples of GLS functions obtained by changing GLR and
FWHM are reported in Figure 7. Any combination of left and right half-peaks is possible
(14-16).

A second major point is the baseline subtraction, which should be performed in such a
way not to modify peak and areas. A versatile softiware should allow the subtraction of
linear, s-shapes or curved baselines (polynomial, exponential, gaussian or lorentzian tails,
etc): a synthetic example is shown in Figure 8, where two partially resolved peaks are
overlapped to a polynomial baseline (b=a + bx + cx2, etc). This Figure shows that peak
area measurements can be heavily affected by the use of improper baseline functions: a
linear baseline between points A and B (used for both peaks) or between points A and C
(for peak 1) and points C and B (for peak 2) significantly underestimate both peak areas.

A third point is the availability of an efficient test to evaluate the goodness of fit,
essential to minimize the difference between synthetic (baseline plus peaks) and

experimental chromatogram through subsequent iterations. This is particularly crucial in
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iterative routines (see below). A well-known but simple criterion is the chi-square, (x2),
statistical test (13, 15, 16), which allows to estimate the confidence interval of the fit on
properly considering the degrees of freedom in the fitting procedure (16). The %2 is

easily obtained by the equation

x2=2[FG, py,---Pn) - Yexp (i)]2/Yexp(i)

that is by evaluating the sum of the squared differences between the fitting function F (i,
Pt»-» Pp), Which is function of the single channel, i, and of the fitting function
parameters ( py,..., Pp), and the experimental data, Yexp(i), each squared difference being
weighted by Y,(i)1. The lower the x2 , the better the fit.

Additional help in finding out systematic errors in peak-fitting can be obtained (15) by
evaluating the surface difference percentage [100 x (fitted area - experimental
area)/experimental area] and by plotting the residuals [F(i, py,..., Py) - Yexp(i)] below the
peak-fit: systematic errors are easily noticed by non-random fluctuations of the residuals.
Figure 9 B shows the two peaks assigned to linalool enantiomers after the subtraction of
the linear baseline (in this case a linear baseline was selected because the background was
clearly constant: see Figure 2 B). The figure shows the best fit of the real chromatogram.
As it can be seen, the S (+) enantiomer was fitted by a practically symmetrical line shapes
while, in order to minimise the %2 value, an asymmetrical line shape was necessary for
the R(-) enantiometer peak.

The "ee" value estimated in this case was R(-) 16,2.

This preliminary experiment on peak shape analysis has been made by interactive
routines. A much useful and time-saving approach should use iterative analysis, which
only can lead to automation and minimize personal bias of the operator. Iterations are
driven by parameters selected for the goodness of the fit. A comparison of some
algorithms used in chromatography is reported in reference 11 but many different

approaches are detailed in specialised reviews (see for example reference 18). However,
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Fig. 8. The overlapping of two partially resolved peaks on a polynomial
baseline (dashed curve) and erroneous linear baseline.

as shown in a recent paper (16) dealing with a non-linear least squares refinement
method for XPS data analysis, the recovery of the effective peak-shapes in the presence,
for example, of Poisson-distributed noise can be very difficult. This aspect of the
problem will be fronted as soon as a reliable interactive software will be developed in our
laboratory but, according to our experience in spectroscopy data systems, satisfactory
results can be more easily obtained by using iterative routines to refine curve syntheses
obtained by interactive analysis. This approach can be sometime slower that fully
automatic, iterative one, but can help in rejecting non-physical solutions by exploiting
the chemical sense in driving mathematical operations. Work is in progress in this

direction.

Conclusion

Once more this work has allowed to emphasise the usefulness of carrying out the

determination of some molecules by chiral analysis. In this case the enantiomeric
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distribution of linalool has been examined in order to get information about the nature of
the most common essential oils for the production of the "muscat wine flavourings".
Besides, the present research has pointed out the opportunity of critical evaluations
about the results reached by SPME analysis. Moreover, the possibility and the
opportunity of adopting a method of "peak shape analysis" for the evaluation of "ee"

values for enantiomers, even in case of strong overlapping, have been proved.

R(-) i

S(+) : | ‘..; AI.‘.'::

L3 | I

Fig. 9. Comparison of experimental (A) and digitized (B) peaks of linalool in Salvia sclarea essential
oil.

(): digital peaks after linear baseline subtraction;

(A and M): synthesized peaks.

Peak parameters are:

Peak R(-) Peak S(+)
38,075 P' (s) 382
3550 H(q.u)* 1650
0,0527 r-HWHM (s) 0,0589
0,8 r-GLR 0,85
0,0176 I-HWHM (s) 0,0530
0,6 1-GLR 0,7
0,0703 FWHM (s) 0,119
289.22 Area (s.q.u.) 208.99

q.u.* arbitrary units.
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Chapter 10

Monitoring Authenticity and Regional Origin
of Wines by Natural Stable Isotope
Ratios Analysis

Giuseppe Versini, A. Monetti, and F. Reniero!

Centro Sperimentale, Istituto Agrario di San Michele all’Adige,
38010 San Michele all’Adige, Italy

The effectiveness of stable isotopes ratios of hydrogen (D/H, for the
methyl (D/H)) and the methylene (D/H,;) sites of ethanol), carbon (*C/*C
of ethanol) and oxygen (**0/'°O of water) to detect adulterations like
chaptalization or watering and to assess the geographical origin of wines
is affected by the natural variability of these parameters. Their usefulness
in wine origin identification improves when they are used jointly. The
factors which determine their effectiveness in the Italian conditions are
being studied. D/H, and '*0/'®O ratios depend on latitude but, in the
meantime, '*0/'°O is noticeably modified by the meteorological course
during grape ripening. *C/">C and D/H;; show interesting patterns over
regions which modify their relationship with latitude. On a single variable
basis, the most powerful ratios to discriminate between regions are D/H,
and '*0/'0. Quadratic discriminant analysis improves the possibility of
origin identification and, at the same time, is useful to limit adulterations.

Research of the last three decades on stable isotope ratios of some of the elements
involved in organic biosynthetic pathways and particularly represented in plant
photosynthesis main products and in vegetal water like D/H, >C/"*C and *O/°O has
made really appliable the possibility of detecting adulterations in fruit juices and
derivates (/-12). These adulterations are mainly watering and illegal addition of
exogenous sugars from other C; and C, plants. Most of this work has been performed
through isotope ratio mass spectrometry (IRMS) and, at the same time, the possibility
of using these results for geographical origin characterization was guessed (8,12, 14,15).

More recently, the attention focused on grape products, especially wines, through
an important application of nuclear magnetic resonance investigation of site-specific
natural isotope fractionation (SNIF H-NMR) of the deuterium in the methyl and
methylene sites of ethanol. The method, developed by Martin et al. (10,16), has been

2Current address: EC Joint Research Centre, TP 740, 21020 Ispra, VA, Italy

© 1997 American Chemical Society
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recognized in 1987 by the Office International de la Vigne et du Vin (O.I.V.) (17) and
in 1990 by the European Community (EC) (I8) as the official method for ascertaining
the chaptalization of the musts (i.e. the increase of the natural potential alcoholic proof
through the addition of foreign sugar) with beet sugar or to confirm the addition of C,
plant sugars (e.g. corn or cane). The latter is also detectable by *C-IRMS on the whole
ethanol molecule (19,20). In the EC, foreign sugar addition to the musts (2/-22) is
generally not allowed in those countries which have a favourable climate like Italy,
Spain, Portugal and Greece and only limited additions of grape must concentrate or of
a very pure grape sugar solution - concentrated rectified must - are allowed. The
chaptalization is restrictedly allowed in other countries where the climate is less
favourable like France, Germany, Belgium, Luxembourg and the United Kingdom. In
both the situations, the aim is to control production and quality of grape and wine
through different economic policies.

In the SNIF H-NMR method, the ratio of D/H at the isotopomer CH,D-CH,-OH
(D/H,) of ethanol gives the most useful information about the botanic source of sugar
while the variation at the other isotopomer CH,-CHD-OH (D/H,)) is more influenced by
the deuterium content of the fermentation medium (/6). The watering of the medium,
often combined with the addition of sugar, can be detected by NMR analysis of the
deuterium content of water, D/H,,. The natural variability of D/H in both positions and
that of their ratio R=2(D/H,)/(D/H,) can be derived from reference data banks. The
Italian one has gathered about 500 samples per annum since 1987 and these data have
been validated from 1991 onwards by a specific EC committee (23). In the Italian wines,
D/H, and D/H; range between 98 and 107 ppm and from about 124 to 137 ppm (24)
respectively. Their standard deviations per region are between less than 0.5 and 1.9 ppm
for D/H, and from less than 1 up to 4 ppm for D/H,;, similar to those observed in some
French areas (25). The mean D/H, value of beet alcohols is about 92 ppm while that of
C, plants is about 110 ppm (/8). Limited frauds with sugar solutions from a single type
or from mixtures of different plants can be easily detected if the corresponding non-
adulterated samples are available for comparison (26). The assessment of the
chaptalization becomes more difficult without them and when the changes of the isotopic
parameters remain within the range of natural variability of the reference frame such as
the data bank values for a certain growing area. In this case, the EC method suggests to
control the *C/"*C ratio (8%o) of ethanol which could be modified through addition of
C, plant sugar mixed up with beet sugar to mime the natural D/H values. On the other
hand, differently from what happens for the D/H, values of ethanol, beet represents no
exception among the C, plants for the 6°C. In this respect, the natural variability of 8"°C
level in ethanol - as for wine, see (27), whose values are strongly correlated with the
8"C content of the starting sugar - was deeply investigated (e.g. see the final report of
EC-supported project AIR3-ST92-005). To overcome the difficulties of detecting
sophisticated adulterations, further researches have been addressed to find out inter and
intramolecular isotopic correlations which can involve the isotopic elements usually
investigated (28). In orange juices, but also in grape products (29), a linear correlation
between the 8"C content of certain organic acids and sugar has been established. In the
grape products without acids like the concentrated rectified musts, the 8'*C content of
the sugar is correlated to that of glucose of the heterosides (27).

The '*0/"O ratio of water has been already proposed to detect the watering of
unfermented or fermented not rediluted juices (8,30). Its variability in grape products
was studied and the importance of some climatic factors which, differently from D/H and
1C/"C ratios in sugar and ethanol (25,31-33), can determine its variation during grape
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ripening was highlighted. Long term data banks of the '*0/'®0 (8%o) content in wine
water have been set up and investigated.

All the above isotopes are influenced by latitude or by certain general climatic
peculiarities of the growing areas (8,14,25,34) so it was obvious to extend the analyses
from adulteration detection to geographical origin control of grape derivates, both with
univariate and multivariate approaches (14,24,25,34-36). The stable isotope ratio of an
inorganic element determined by the soil characteristics, ¥’St/*Sr, was also used to
support the wine origin control (37).

With respect to the natural variability which exists in the Italian context, in this
paper the practical problems of both adulterations and geographical origin control are
being studied through the analysis of samples of the last three vintages available from
our data bank.

Experimental Section

1496 samples of wines and their distillates were provided by the peripheral offices of the
Control Service against Adulterations in Foods of the Italian Ministry of Agriculture to
set up the national data bank. The samples refer to every region for the vintages 1992-
1994 and were collected at technological ripeness and then crushed, fermented and
distilled in standard conditions at about 93° proof (18,38).

Chemical Analysis. The site-specific quantitative analysis of deuterium in ethanol was
carried out with an AMX 400 Bruker NMR instrument, in accordance with the EC
method (/&) and with a line broadening of 0.5 Hz as previously detailed (24); the results
were expressed as ppm. 8"C of ethanol and 8'30 of wine water were measured with a
SIRA II VG mass spectrometer according to the Italian official method (39) and
literature references (7,40) respectevely; the results were expressed as %o scale against
international standards PDB for carbon and V-SMOW for oxygen isotopes.

Statistical Analysis. Statistical analyses were performed with SAS 6.06 (4/) on a
computer DEC VAX 4000-610 AXP with o.s. VMS 1.5. Univariate analysis of variance
(ANOVA) with subsequently multiple comparisons (Tukey test) have been used to
investigate the regional pattern and the interannual variability of the four isotopic
parameters. This univariate approach was introductory, in order to understand the
behaviour of the variables. Once statistically significant differences were found, a
quadratic discriminant analysis (QDA, 42) was performed to verify the possibility of
regional characterization. This technique has been chosen considering that the normal-
based quadratic rule relative to the linear improves as the covariance matrices become
more disparate and the separation between the groups become smaller (43).

Adulterations and natural variability of D/H,, D/Hy, 6"C and 'O content in wines:
the case of Italian products

Vinegrowing in Italy is a continuum so the evaluation of the isotopic ratios according to
a segmentation into geopolitical regions or areas could oversimplify reality. Among all
the possible splits (e.g. the 20 political regions or the Northern, Central and Southern
areas or those provided by EC regulations (23) like the so-called CIb in the North, CIIIb
in the South and CII), in this work the subdivision into 20 regions (Figure 1) has been
adopted because authenticity declarations usually refer to areas within regions.
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Figure 1. Samples by Italian Regions for the Period 1992-1994.
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Examining the frequency distribution of the isotopic ratios both at the national
and at the regional level, a normal-shaped distribution for the D/H, and D/H;; values was
confirmed (25,34) as well as for ’C/"?C. '80/'°0 was different because, also in regions
with many samples, its distribution had a more irregular behaviour. The >C/**C values
of ethanol show a rather high variability ranging from about —23 %o in the South up to
—28.5 %o in the North; this corresponds (27) to a level in sugar from about —21.5 up to
—27 %o. At the same time, standard deviations per region range between 0.6 and 1.4 %o.
If we consider a mean value of about —11.5+1.5 %o for C, plant alcohol (44), the possible
chaptalization with this sugar could be used to adjust the corresponding D/H; value that
has to be evaluated in relation with the variability of a peculiar area. This worsen with
a mixture containing C; sugar (e.g. with beet sugar where the 8'°C average is about
—27+2 %o (44) for relevant alcohol). The '®0/'%O parameter has a wide range also,
approximately from —3 %o in the North up to 9 %o in the South, with standard deviations
similar to those of D/H; with the exception of the Northern regions where they are
greater. In the meantime, recalling that the *0/'°O into Italian tap water ranges from —10
%o in the North up to —6 %o in the South (35), watering limits can be computed.

Correlation between Isotopic Ratios and Latitude. The seasonal differences among
regions (Table I) often are statistically significant but not powerful. The multiple
comparisons test applied to each variable for the period 1992-1994 (Table II: regions
joined by the same segment are not significantly different) allows us to confirm some
previous results (24,36). D/H, and '®0/'®O show the highest discriminating power
because, in spite of the North-South gradient, the regional overlapping is less
emphasized than for the other parameters. The lowest mean values are in alpine, inland
and at higher latitude regions. The correlation of D/H,; with latitude (Figure 2) is
approximately linear every year while for 6'%0 this correlation is not so. In Figure 3 it
is possible to see that §'*0 in the Southern regions, which are between 36° and 41° North
latitude, have a similar mean level. The other two variables, D/H,; and "’C/"C, generate
more overlapped subgroups including a larger number of regions and in their North-
South gradient there are several exceptions.

Figure 4 shows the relationship between the regional mean values of D/H; and
8'%0 and it is also possible to appreciate the ordination along latitude. On the other hand,
D/H; with 8"C (Figure 5) show a poor correlation due to many exceptions: Calabria is
different from Sicily, Apulia and Basilicata which are all Southern neighbouring regions
with almost the same D/H, mean values but with differences of about 2 %o in their "°C;
Abruzzi, located in Central Italy, shows the same 8'"°C differences from some of its
neighbouring regions like Umbria, Marches and Tuscany. D/H;; with 8'®0 (Figure 6)
again have a complex pattern where some Adriatic regions like Apulia, Molise and
Abruzzi have D/H; mean values lower than others at the same latitude as well as
Trentino-Alto Adige with Piedmont.

Once a precise geographical origin is declared, a multivariate statistical analysis
of the isotopic ratios allows to evaluate product genuineness regarding sugar addition
and/or watering, even though with some limitations. For instance, the difference among
the D/H,, D/H;; and 8'°C levels within regions next to each other such as the ones in
North-Eastern Italy (Trentino-Alto Adige, Veneto and Friuli-Venezia Giulia), which
does not allow a good discrimination among them on the basis of the wine data bank, is
effective for other grape products like the marc distillates ("grappa") (45). Probably, in
this case, the production process levels the variability by mixing lots of raw materials so
the average values are close to those of the data bank but the standard deviations per
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Regional Values and Variability of the Isotope Ratios by Vintage

Table 1. Means (first row) and Standard Deviations (second row)
of Hydroggn Isotopes Ratios

DIH 1 (ppm) D/H I (ppm)
Regions 1992 1993 1994 1992 1993 1994
Abruzzo 10137 10235 102.93 126.54 130.00 131.13
086 128 096 223 156 177
Apulia 103.89 10391 103.47 13035 13124 13113
127 120 1.03 348 243 256
Basilicata 104.86 104.83 103.92 133.40 13408 132.59
176 054 042 173 005 131
Calabria 104.04 104.03 103.22 13426 133.85 133.98
091 066  1.00 273 245  1.00
Campania 103.04 103.18 102.40 13293 13571 130.99
100 125 078 122 146 253
Emilia-Romagna 10039 101.00 101.18 129.67 132.17 13021
113 079 Ll 215 149 209
Friuli-V.G. 10137 102.12 101.74 12857 132.88 132.12
104 186 121 210 189 152
Latium 102.75 10324 103.09 13299 13377 133.08
115 164 134 194 197 203
Liguria 10226 10220 101.01 132.08 132.19 13095
070 072  0.86 348 143 094
Lombardy 99.96 10031 100.19 13155 13174 129.96
102 084 089 179 210 127
Marches 102.04 102.40 101.52 129.60 133.60 131.29
134 104 099 208 194 155
Molise 102.61 10332 102.69 127.77 13002 131.96
034 087 105 104 323 147
Piedmont 99.92 10009 99.96 128.88 130.07 130.07
123 131 L1 261 131  2.09
Sardinia 103.00 102.79 103.27 13128 132,14 132.59
14 135 LIS 136 253 241
Sicily 10450 104.67 104.21 132.85 13397 133.68
139 155 149 277 215 264
Trentino-A.A. 99.43 100.08 100.88 12628 12824 128.96
093 105  0.65 154 160  1.69
Tuscany 101.71 101.63 101.74 13194 131.80 131.88
149 123 142 201 233 197
Umbria 101.31 101.85 101.78 133.15 10393 133.90
129 148 123 187 147 232
Veneto 101.14 101.67 101.81 12893 132.61 131.27

1.31 1.20 1.23 2.57 2.13 2.60




10. VERSINIET AL.  Monitoring Authenticity & Regional Origin of Wines 119
Table I (cont.). Means (first row) and Standard Deviations (second row)
of Carbon and Oxygen Isotopes Ratios
8 13C (%0) 8 180 (%o)
Regions 1992 1993 1994 1992 1993 1994
Abruzzo -2497 -24.04 -24.93 3.41 5.16 5.14
0.96 0.81 0.86 132 0.85 1.66
Apulia -24.64 -2498 -24.87 6.46 7.05 6.75
0.87 0.78 1.00 1.78 1.28 1.05
Basilicata -25.09 -25.61 -25.39 n.a.* 3.88 5.43
1.28 0.48 1.21 na* 0.88 1.87
Calabria 2543 -26.45 -26.61 5.22 7.06 6.67
0.67 0.58 0.99 1.04 0.71 0.95
Campania 22592 -26.05 -26.37 241 4.40 3.34
1.12 1.04 1.13 1.07 0.88 1.48
Emilia-Romagna -26.55 -26.73 -26.89 1.11 331 1.72
0.87 0.58 0.67 221 1.21 1.50
Friuli-V.G. -25.55 -2539 -25.81 2.64 2.07 1.43
0.60 0.87 0.99 2.05 1.55 1.03
Latium -2544 -2520 -25.77 5.33 5.05 4.80
0.64 0.79 0.84 1.13 1.17 1.01
Liguria -26.80 -26.07 -26.04 3.02 3.07 2.02
1.03 0.81 0.95 1.76 1.09 0.79
Lombardy -26.69 -26.66 -26.50 1.25 1.69 1.12
0.65 0.98 1.42 3.01 1.52 1.90
Marches -25.86 -25.87 -26.42 1.38 3.90 2.61
1.10 1.02 1.01 0.97 091 134
Molise -2520 -2490 -26.12 4.02 5.66 5.30
1.06 1.17 0.41 1.04 1.31 1.15
Piedmont -2631 -2690 -26.52 -0.54 0.82 0.72
1.07 0.90 1.05 2.81 1.51 1.42
Sardinia -24.87 -25.63 -25.51 5.13 6.30 6.34
1.07 0.77 1.09 1.6 1.29 1.71
Sicily -25.07 -24.76 -25.32 6.12 7.07 7.54
0.83 0.90 0.79 0.95 1.34 1.55
Trentino-A.A. -26.97 -2734 -26.96 -0.50 0.83 0.52
0.94 0.78 0.80 2.87 2.05 1.16
Tuscany -26.14 -26.05 -25.91 3.84 4.07 4.15
1.23 1.19 1.15 1.63 1.34 1.01
Umbria -26.25 -2630 -26.79 3.53 4.15 3.65
091 0.89 0.89 1.93 1.12 1.36
Veneto -25.81 -25.68 -26.06 1.76 2.53 1.00
0.95 0.92 1.08 232 1.89 1.14

*n.a.: not available
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Multiple Comparisons among Geographical Regions

Table II. Tukey Test for the Regional Means (regions joined by the same
segment are not significantly different; a=5%)

(D/H) I (D/H) II
Sicily Calabria
Calabria Umbria
Apulia Sicily
Basilicata Latium
Latium Campania
Sardinia Tuscany
Molise Basilicata
Campania Sardinia
Abruzzi Liguria
Marches Friuli-V.G.
Liguria Veneto
Friuli-V.G. Lombardy
Tuscany Marches
Umbria Apulia
Veneto Emilia-R.
Emilia-R. Molise
Trentino-A.A. Piedmont
Lombardy Abruzzi
Piedmont Trentino-A.A.

813C 8180
Abruzzi Sicily
Apulia Apulia
Basilicata Calabria
Sicily Sardinia
Sardinia Latium
Molise Molise
Latium Basilicata
Friuli-V.G. Abruzzi
Veneto Tuscany
Tuscany Umbria
Campania Campania
Marches Liguria
Calabria Marches
Liguria Emilia-R.
Umbria Friuli-V.G.
Lombardy Veneto
Piedmont Lombardy
Emilia-R. Piedmont
Trentino-A.A. Trentino-A.A.
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region are smaller and make possible the characterization. Being the distillation
techniques overall similar, a possible distillation effect on this discrimination (46) can
be ruled out.

8'30 and Wheather. A peculiar source of variation for 8'%0 is rainfall during grape
ripening. The consequences are probably stronger than those observed by Dunbar (32),
who supposed a consequent dilution effect on the fruit. This phenomenon is more
evident in the Northern part of Italy, where it often rains at the beginning of autumn:
variations of even 3-4 %o were observed in a few days' time (Figure 7 shows the case of
Piedmont in 1992 and 1993). Furthermore, following the evolution of D/H, 8"°C and
8'80 contents in grape picked in two wineyards of Trentino during the rainy 1992
vintage (47), we observed only the expected limited reduction of the sugar level but no
variations for D/H and 8"C values, as well as for magnesium and sodium contents
(unpublished data). This fact excludes that 8'®0 variation simply depends on a dilution
effect in the berry juice and it would instead suggest the presence of intensive and rapid
exchanges of water between berries and environment. Such observations support
previous results by Forstel (1.5) who noticed that it is not the variety but the harvesting
time that implies a different 60 content in musts. The same author widely discussed
about the connections between the isotopic situation of berries, other vegetative parts of
the plant and the soils at different depths, as well as the air humidity (/4). What here
reported could be explained considering that an isotopic layering of the soil according
to the evaporation is present and can be noticebly modified by heavy rains as deep as
where the layer of the preferential water adsorption by the vine roots takes place. It is
also interesting to notice in Figures 6 and 7 that, for a rain of similar intensity in both
vintages, a different mean decrease of §'*0 is observable. Finally, a further source of
variation that is worth considering is vine irrigation (48).

Considering all the aspects above outlined, the interpretation of 8'*0 (35) to
discover a potential watering of wine requires carefulness, possibly taking into
consideration the usual grape harvesting time for that variety in that region and the
rainfall situation.

Identification of the wine geographical origin by means of multi-isotopic analysis

The information provided by the different isotopes is often complementary so, to verify
the geographical origin of the Italian wines, the analysis has been multivariate. A
previous study carried out by applying linear discriminant analysis (LDA) to the
deuterium variables only was poor of effectiveness because only few regions, the
farthest, do not overlap.

Introducing also the 8">C and 'O variables in the analysis of the 1992 vintage
data (36), it was possible to improve considerably the geographical identification with
an apparent error rate of misclassification of about 25%. In that case, and in the present
work too, to reflect the continuum which exists between vine growing areas, a sample
attribution is considered correct if it is assigned to its known region or to a region which
adjoin the true one. For the data here considered, with a LDA the apparent error rate was
about 50%,; in this case, the previously missing data of Lombardy were also considered.
To improve identifiability, a quadratic discriminant analysis was used. The apparent
error rates for every vintage are presented in Table IlIwhere it is possible to see that about
75% of the samples were correctly assigned. On the whole, most of the regions are better
recognized with some exceptions like Liguria, Veneto and Friuli among the Northern
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regions, Latium, Umbria and Abruzzi among the Central ones and Campania and
Sardinia among the Southern ones. This fact could be partially justified by the limited
number of samples from Liguria and Latium but in most cases it probably depends on
close climatic similarities among even non-bordering politically defined regions. In
particular, we emphasize that the wines of the southern CIIIb regions (Apulia, Sardinia,
Calabria and Sicily) are quite all validated in the same area.

Conclusion

The results derived from the Italian wine pluriannual and multi-isotopic data bank show
an almost stabilized situation that allows us to have a complete idea about the inter-
regional variability of the isotopic ratios here considered. Especially for D/H; and
'80/'%Q, latitude is the most important factor which determines the isotopic variability
while for D/H;; and *C/"*C there are some interesting peculiarities in their distribution
along the peninsula. The discriminant contribution of each isotope to the geographical
origin is also stressed. The odd sensitivity of 6'%0 to rainfall intensity as the main
climatic factor during vintage is also discussed and emphasized to judge the potential
watering of wines.

The reduction of the uncertainity through a quadratic discriminant analysis with
the four isotopes, expressed by the apparent error rate of the reclassification of about
25%, offers a real possibility of limiting adulterations like wine chaptalization and/or
watering. Clearly, this is possible when the geographical origin is officially declared or
ascertained.

These results are even more important considering the vine growing continuum
of Italy, which differs from other European countries.
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Chapter 11

The Epidemiology of Alcohol
and Cardiovascular Diseases

Arthur L. Klatsky

Kaiser Permanente Medical Center, 280 West MacArthur Boulevard,
Oakland, CA 94611

Disparities in the relations of alcohol consumption to
various cardiovascular (CV) conditions have become
evident. Heavier drinking is related to higher prevalence
of cardiomyopathy, hypertension (HTN), hemorrhagic stroke,
and cardiac dysthythmias. Lighter drinking is related to
lower prevalence of coronary artery disase (CAD),
occlusive stroke, and sudden cardiac death. The composite
of these relations in several population studies of
overall CV mortality is a U-shaped curve (lighter drinkers
at lower risk than abstainers or heavier drinkers),
although several other studies show all drinkers, lighter
and heavier, at lower CV mortality risk than abstainers.
Increased non-cardiovascular mortality among heavier
drinkers is found in all studies, with a J-curve for the
total alcohol-mortality relation.

Alcoholic Cardiomyopathy (ACM)

The concept of an independent direct cardiotoxic effect of
alcohol has become accepted. The circumstantial evidence
is substantial, but the absence of specific wmarkers
continues to impede epidemiologic study. Alcohol-
associated CM cannot be distinguished clinically or
pathologically from dilated CM of unknown cause(s).
Historical episodes suggest synergistic myocardial
toxicity of alcohol with arsenic and cobalt; other
cofactors in alcoholic heart disease remain speculative.
A role for thiamine deficiency in low .output chronic heart

© 1997 American Chemical Society
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failure has never been established, although an
interaction with alcohol cardiotoxicity might exist in
malnourished persons.

The most convincing circumstantial evidence for ACM
is the extensive data, in animals and humans, of
nonspecific cardiac abnormalities related to alcohol.
These include structural abnormalities in autopsy and
biopsy studies and demonstration of acute and chronic
functional and metabolic derangements by several
techniques. Two recent reports deserve special mention:
{1) A possible nonoxidative metabolic pathway for alcohol
has been reported by Lapasota and Lange (1) in the heart,
muscle, pancreas, and brain, related to fatty acid
metabolism. Accumulation of fatty acid ethyl esters was
shown to be related to blood alcohol levels and to
mitochondrial metabolism. (2) A report by Urbano-Marquez
et al. (2) showed a clear relation in alcoholics of
lifetime alcohol consumption to structural and functional
myocardial and skeletal muscle abnormalities. The amounts
of alcohol were large -- the equivalent of 120 grams
alcohol/day for 20 years.

As of 1995, a large proportion (~50%) of all cases of
CM are considered to be of unknown cause. The proportion
of CM attributed to alcohol varies markedly in reports,
probably due mostly to differences in the alcohol habits
of the populations under study. Thus, recent reports
include alcohol-attributable proportions ranging from 3.4%
at Johns Hopkins Hospital (3) to 41.9% at the Philadelphia
VA Hospital (4).

The lack of specific markers for ACM necessitates
exclusion of other CV conditions for diagnosis. However,
the probability of synergistic damage includes
cardiotoxity additive to other myocardial damage. For this
reason, persons with heart muscle impairment or major
arrhythmias should be especially strongly advised to limit
alcohol intake to < 3 drinks/day.

Hypertension (HTN)

An association between heavier alcohol consumption and HTN
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Figure 1.
Age-adjusted mean systolic and diastolic blood pressure according
to reported alcohol consumption by race and sex.

Reprinted with permission from The New England
Journal of Medicine; 296: 1194-1200; Copyright 1977
Massachusetts Medical Society.
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reported by Lian in French servicemen in 1915 was largely
ignored for the next 60 years. Since the mid-1970s,
largely because of epidemiologic studies in developed
countries, alcohol ingestion has joined other correlates
of hypertension, such as obesity and salt intake, as a
major focus in research about possible HTN risk factors.
An alcohol-HTN link has been shown in almost all of >50
cross-sectional and 10 prospective population studies in
ambulatory persons in a number of countries (5,6).
Studies differ about whether the alcohol-HTN 1link is

linear or nonlinear (i.e., is a consumption threshold
present) in men; in women the relation is J-shaped or
present only at higher alcohol intake. Studies of

hospitalized alcoholics or problem drinkers have been
conflicting with respect to HTN. It is possible that
chronic alcohol-related conditions such as malnutrition,
cirrhosis, and cardiomyopathy modulate HTN in these
persons.

Two Kaiser Permanente studies are among the largest
of the cross-sectional population surveys. The first
(Figure 1) showed a J-curve in women and a threshold
relation in men, with higher blood pressures at 3+ drinks
per day in both sexes. The findings were independent of
age, sex, and race and, by direct cross-classification, of
smoking, coffee intake, reported past heavy drinking,
education, adiposity and habitual salt use. HTN (>160/95
mm Hg) prevalence was doubled in white men and women
reporting 6+ drinks per day. The second Kaiser Permanente
study showed similar findings in an analysis adjusted
simultaneously for age, adiposity, smoking, coffee, tea,
and seven blood tests (Figure 2). Exdrinkers did not have
higher blood pressure than lifelong abstainers. Study of
drinking variability and intake in the week before
examination suggested rapid regression of alcohol-
associated HTN with abstinence.

Several intervention studies suggest a short-term
pressor effect of 3-8 alcoholic drinks per day, with
short-term drops in blood pressure upon abstention or
marked reduction in alcohol intake. No elevations of
blood pressure due to withdrawal have been seen in these
studies. A few studies present data showing independence
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Reproduced with permission from Circulation;
73: 628-636; Copyright 1986 American Heart
Association.
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of the alcohol-blood pressure association from intake of
salt, physical activity, and psychosocial stress. Even
without confirmation in long-term trials, the intervention
studies support a causal hypothesis between alcohol intake
and HTN. Estimates of possible population attributable
risk range from 5% to 30%. Even if only 5% of HIN is
attributable to alcohol, this may be the commonest cause
of reversikle HTN in developed societies.

The reported acute effects of alcohol on blood
pressure in human and animal studies are inconsistent and
may not be directly relevant to the epidemiologic relation
in humans. There is no known animal model for chronic

studies. 'There is no proof of a sustained effect in
humans via the renin-angiotensin mechanism, cortisol,
catecholamines, increased cardiac output, a

"hypermetabolic state," central nervous system actions, or
autonomic nervous system effects. A recently reported
experiment (7) in normal humans wused intraneural
microelectrodes to demonstrate increased sympathetic
activation in response to i.v. alcohol with a delayed (2nd
hour) blood pressure rise. Inhibition by dexamethasone
suggested a central mechanism via corticotropin-releasing
hormone. There is some current interest on a possible
direct effect upon peripheral vascular tone via a calcium
transport mechanism. Explanations for the alcohol-HTN
association remain speculative; this fact is the major

deficiency in the case for causality. Studies of HTN
sequellae (coronary disease, stroke, congestive heart
failure, renal insufficiency, etc.) ‘are greatly

complicated by the independent trelations of ‘alcohol use to
several common hypertension sequellae.

It is 1likely that the alcohol-HTN is causal.
Reduction of intake in some heavier drinkers is probably
therapeutic, and avoidance of heavier drinking will
probably prove to have an important role in primary
prevention of HTN (8).

Coronary Artery Disease (CAD)

Data showing that major CAD events are more likely to
develop in abstainers than in alcohol' drinkers include
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Figure 3.
Relative Risk of Coronary Artery Disease

Hospltalization® According to Alcohol Use and Other Tralts

95% p
Trait RRT Cl Value
Drinking category
Nondrinkers
Abstainer (reterence) 1.00 —_ —_
Exdrinker 0.99 (0.72, 1.36) 0.93
Drinkers
<1/month 0.93 (0.74, 1.18) 0.57
<1/day, > 1/month 0.65 {0.51, 0.82) <0.001
1-2/day 0.55 (0.42, 0.72) <0.0001
3-5/day 0.54 (0.38, 0.76) <0.001
6-8/day 0.52 {0.26, 1.05) 0.07
29/day 0.47 (0.15, 1.49) 0.20
Age (per 10 years) 2.14 (2.02, 2.27) <0.001
Race (black vs white) 1.02 (0.85, 1.22) 0.84
Sex (male vs female) 2.90 (2.46, 3.40) <0.001
Cigarettes (per 10/day) 1.28 (1.19, 1.37) <0.001
Coffee (cups/day) 1.08 (1.01, 1.15) 0.03
College degree (yes vs no) 0.86 (0.72, 1.03) 0.10

* First for any CAD diagnosis (n = 756).

T Computed from coefficients estimated by Cox proportional hazards
model.

CAD = coronary artery disease; Cl = confidence interval; RR = relative
risk.

Figure 4.
Relative Risk of Any Coronary Artery Disease
Hospitalization According to Alcohol Use Among Persons Free of
Clinical Coronary Artery Disease or Recent Major liiness*®

Drinking 95% P
Category RRT Cl Value
Nondrinkers
Abstainer (reference) 1.00 — -
Exdrinker 0.94 (0.58, 1.55) 0.82
Drinkers
<1/month 0.88 (0.62, 1.25) 0.48
<1/day, >1/month 0.61 (0.43, 0.87) <0.01
1-2/day 0.48 (0.33, 0.70) <0.001
3-5/day 0.50 (0.30, 0.83) <0.01
6-8/day 0.66 (0.23, 1.84) 0.42
29/day 0.51 (0.07, 3.74) 0.51

* n = 336 cases.

T Computed from coefficients estimated by Cox proportional hazards
model.

CAD = coronary artery disease; Cl = confidence interval; RR = relative
risk.
Reprinted with permission from reference 12.
Copyright 1986 by Excerpta Medica Inc.
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international comparisons, time-trend analyses, case-
control studies, and longitudinal studies (9,10). Most
studies of CAD hospitalizations show heavier drinkers at
similar or lower risk of CAD hospitalization than lighter
drinkers (i.e., no U-shaped curve). Several population
studies using CAD mortality as an endpoint also show a
progressive inverse relation to amount of alcohol
consumption, but others show a U-shaped curve. Those
studies which separate lifelong abstainers from past
drinkers suggest that both subsets of nondrinkers are at
higher risk of CAD than drinkers, but some would still
dispute this. Many population studies were not able to
distinguish these subsets of nondrinkers. Where
available, data about choice of type of alcoholic beverage
suggest that beverage choice is a minor factor in CAD
risk. Studies of sudden cardiac death, due mostly to CAD,
also show an inverse relation to alcohol use.

There are plausible mechanisms by which alcohol
drinking might protect against CAD (9,10). These include
a favorable effect upon HDL cholesterol concentration, a
similar favorable effect upon apolipoproteins, and an
antithrombotie¢ action. Controversy about protection
persists, however, on the grounds that correlates of
abstinence and lighter drinking could explain the higher
risk of abstainers. For example, a much publicized
hypothesis advanced by Shaper et al.(11) suggested that
movement of persons at high CAD risk into the abstainer
referent group could explain the U-shaped curve in their
work and that of other investigators.

Our most recent study of alcohol habits in relation
to CAD hospitalizations (12) showed that exdrinkers and
infrequent (<1/month) drinkers were at risk similar to
that of lifelong abstainers. A lower CAD risk was present
among all other drinkers with no U-shaped curve,
independent of a number of potential confounders (Figure
3). These relations were independent of baseline CAD risk
(Figure 4) and beverage choice. The data suggested a
protective effect of alcohol against risk of
hospitalization for CAD.

In a prospective mortality study of total CV
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Figure 5.
Relative risk of death” from varfous cardiovascular conditfons and

cirrhosis according to alcohol use.

RR for each drinking catégory vs. lifelong abstainers

Condition (n deaths) Exdrinkers <1/mo <1/day,>l/mo 1-2/day 3-5/day 6+/day

All CAD (600) 1.0 0.9 0.8 0.7 o068 0.8
AMI (284) 1.0 0.7 0.8 068 058 o
Other CAD (316) 0.9 1.0 0.7 0.8 0.7 1.0

Cerebrovascular (138) 1.0 0.8 0.8 0.8 0.7 1.4
Hemorrhagic (41). 1.4 1.5 1.6 1.8 1.3 4.7
Occlisive (34) 0.9 0.5 0.5 0.3 0.4 -0
Nonspecific (63) 1.1 0.7 0.9 1.0 1.0 1.2

Hypertension (64) 2.8 2.4 1.9 1.3 2.2 2.1

Cardiomycpathy (24) 3.4 8.5% 4.0 5.6 2.4 8.0

Syndromes (82)11 0.6 0.6 0.5 o.s¥ 0.6 1.0

Arterfal (81) .- 1.1 1.6 0.4 1.7 B

Cirrhosis (42) 10.8% 1.4 1.0 4.3 8.1¥ 22,0t

*COnrpnted from coefficients estimated by Cox proportional hazards models
controlled for age, sex, race, _’_?nold.ng, body mass index, marital status,
education p<0.05; .01' p<0.001.
lynable to calculate RR due to insufficient number of cases.

“Includes symptomatic heart disease (n=32), other disorders of heart rhythm
x%(0=22), and ill-defined heart disease (n=28).
Includes arteriosclerosis (n=15), aneurysms (n=23), peripheral vascular
disease (n=2), and arterial embolism and thrombosis (n=1).

AMI = acute myocardial infarction; CAD = coronary artery disease; mo = month;
RR = relative risk

Reprinted with permission from reference 13.
Copyright 1990 by Excerpta Medica Inc.
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mortality (13), exdrinkers had higher age-adjusted CAD and
overall CV mortality risk than lifelong abstainers, but
the difference disappeared when adjusted for other traits.
Among drinkers, there were U-shaped mortality curves
relating amounts of alcohol and both CV and CAD, with a
nadir at 1-2 and 3-5 drinks/day. Subsets free of baseline
risk had similar alcohol-CAD and alcohol-CV mortality
curves. The study demonstrated the expected disparities
between alcohol and various CV conditions (Figure 5). A
number of features of the analysis argued against a
spurious inverse alcohol-CAD relation, including: 1)
independence from baseline lifetime CAD risk, 2) absence
of higher CAD risk among persons reducing alcohol intake
for medical reasons, 3) evidence that the higher
unadjusted CAD risk of exdrinkers is due to confounding,
4) absence of a relation among exdrinkers of CAD risk to
maximal past intake, 5) absence of a relation of
infrequent (<1/month) drinking to CAD risk, and 6) similar
reduction of CAD risk among drinkers of wine, liquor, and
beer.

Another large recent prospective study among women
free of baseline CAD (14) showed a progressive inverse
relation of alcohol use to major CAD events, independent
of prior reduction in alcohol intake and of nutrient
intake (the latter was analyzed in detail). The relative
risk of CAD events in women reporting daily alcohol intake
of 25+ grams/day was 0.4, similar to the findings for
women in the Kaiser Permanente study. Another prospective
study in women showed similar findings (15), and
demonstrated that net beneficial effects of moderate
alcohol use in women was limited by adverse effects to
persons clearly at above-average CAD risk (i.e., those
above 50 years of age). Increased susceptibility of women
(vs. men) to alcohol effects c¢ould include greater
reduction of CAD risk.

Two large prospective studies in men confirm the
lower CAD risk of drinkers, independent of confounders or
baseline disease (16,17). The American Cancer Society
Study (16) was a 12 year prospective mortality study of
276,802 white men; there was a U curve for CAD mortality,
with a RR of 0.8 (vs. abstainers) at 1-2 drinks/day. The
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Health Professional Followup Study of 51,529 men (17) was
well controlled for dietary habits; newly diagnosed CAD
was inversely related to increasing alcohol intake. A
study in both sexes, the Auckland Heart Study (18), was
designed to study the hypothesis that persons at high CAD
risk are likely to become nondrinkers; the analysis-showed
that moderate drinkers had lower CAD risk than both
lifelong abstainers and exdrinkers, thus supporting the
hypothesis that alcohol protects against CAD.

Reduced risk of CAD is present at various ages,
although the impact upon total mortality is clearest in
older age brackets and the adverse effects of alcohol are
greater among younger persons (19). Among persons > 60
years of age, overt or latent CAD may play a role in risk
of death from causes other than CAD (19).

The hypothesis that the apparent protective effect of
alcohol against CAD is mediated by higher HDL cholesterol
levels in drinkers has been examined quantitatively in
three separate studies (20-22). All three analyses yielded
similar findings suggesting that higher HDL levels in
drinkers mediated about half of the lower CAD risk. One of
these studies (22) suggests that both HDL2 and HDL3 are
involved. HDL3 may be more strongly related to lighter
alcohol intake, but is probably related as strongly as
HDL2 to lower CAD risk. There are no similar data about
protective mechanisms other than the HDL link, but some
data support several possible antithrombotic mechanisms
(9,10,22). Thus, multiple mechanisms may play a role.

International comparison studies (23-25) suggest that
wine confers more protection against CAD than beer or
liquor. The "French paradox" concept has arisen from these
data; it refers to the fact that France tends to be an
outlier on graphs of mean dietary fat intake vs. CAD
mortality, unless adjusted for wine alcohol intake (26).
Reports of nonalcohol antioxidant phenolic compounds (27-
29) or antithrombotic substances (30-33) in wine,
especially red wine, have appeared. Inhibition of
oxidative modification of low-density-lipoprotein
cholesterol is probably anti-atherogenic, although
prospective clinical trials of anti-oxidant supplements
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are not yet conclusive (34). Thus, antioxidant substances
in wine are an attractive hypothetical explanation for CAD
protection. However, the prospective population studies
provide no consensus that wine has additional benefits,
and various studies show benefit for wine, beer, liquor,
or all three major beverage types (9,10). In Kaiser
Permanente studies, all three major beverage types show
evidence of protection against CAD (12,13); wine drinkers
fare best with respect to CAD mortality, but drinkers of
red and non-red wine fare equally well (35). Since the
beverage differed in user traits, with wine drinkers
having the most favorable CAD risk profile (36),a
noncausal explanation was favored for the lower CAD risk
of wine drinkers. Drinking pattern differences among the
beverage types are another hypothetical factor. The
wine/liquor/beer issue is unresolved at this time, but it
seems likely that ethyl alcohol is the major factor with
respect to lower CAD risk.

It remains theoretically possible that 1lifelong
abstainers could differ from drinkers in psychological
traits, dietary habits, physical exercise habits, or some
other way which could be related to CAD risk, but there is
no good evidence for such a trait. The various studies
indicate that such a correlate would need to be present in
persons of both sexes, various countries, and multiple
racial groups. A causal, protective effect of alcohol is
a simpler and more plausible explanation (9,10,37,38).

Cerebrovascular Disease

Several reports suggest that alcohol use, especially
heavier drinking, is associated with higher risk of
stroke. Some studies examined only drinking sprees; some
others did not differentiate between hemorrhagic and
occlusive strokes. Several studies have suggested that
alcohol was related only to hemorrhagic stroke. The
Nurse's Health Study (14) showed drinkers to be at higher
risk of subarachnoid hemorrhage, but lower risk of
occlusive stroke.

A Kaiser Permanente study looked at the relations
between reported alcohol use and the incidence of
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Figure 6.
Relative Risk of Cercbrovascular Disease Hospitalization According to Alcobol Use and Other Characteristics
Hemorrhagic stroke (n=69) Occlusive stroke (n=292)

Characteristic RR 95% CI RR 95% Cl
Alcohol use,

Abstainers 1.00 —_ 1.00 —_

Former drinkers 0.78 0.21-2.93 0.97 0.58-1.61

<l/day 0.85 0.41-1.77 0.63° 0.45-0.88

1-2day 0.75 0.30-1.87 0.54° 0.36-0.82

=3/day 138 0.53-3.59 0.44° 0.25-0.76
Age (per 10 years) 1.68* 1.37-2.06 2.38° 2.12-2.68
Sex (female vs. male) 0.83 0.49-1.38 0.57° 0.45-0.74
Race (black vs. white) 235 1.394.00 1.0 0.75-135
Coffee (=4 cups/day) 0.89 0.71-1.12 0.90 0.80-1.01
Smoking (=1 pack/day vs. ncver) 1.85 0.824.14 3.13° 2.04-4.78
Quetclet index (per 0.1 unit) 0.97 0.93-1.01 0.9 0.97-1.01
Syslc'vli: blood'ptessurc (per 10 mm Hg) 1.21° 1.07-137 1.17° 1.10-124
Bascline discase (yes vs. no) 121 0.74-1.98 1.76° 1.40-2.22

RR, relative risk computed from cocfficients estimated by Cox proportional hazards model; Cl, confidence interval.
*Significantly different ( p<0.05) from 1.0.

Reproduced with permission from reference 39.
Copyright 1989 American Heart Association.

Figure 7.
Relative Risk of Supraventricular Arrhythmia in
Persons with High Versus Low Daily Alcohol intake
Persons with SVA
6+ <1
(n=1322) (n=2644) Relative Risk
Rhythm, % No. % No. for6+vs<l pValue
Atrial fibrillation 11 15 05 13 23 '0.02
Atrial flutter 0.6 8 02 6 30 0.05
SVT 04 5 01 2 50 0.03
Prematureatrial 33 43 13 32 30 <0.01
beats
Fibriliation, flutter 16 21 07 19 23 <0.01
or SVT
* Relative risks and p values estimated using McNemar's method for maiched
paws.
SVA= tricular arrhythmia; SVT = tricular dia; <1 = <1
ot S i ST = swpraventriodac tachycar

Reprinted with permission from reference 41.
Copyright 1988 by Excerpta Medica Inc.
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hospitalization for several types of cerebrovascular
disease (39). Daily consumption of 3 or more drinks, but
not lighter drinking, was related to higher
hospitalization rates for hemorrhagic cerebrovascular
disease, especially intracerebral hemorrhage. Higher
blood pressure appeared to be a partial mediator of this
relation. Alcohol use was associated with lower
hospitalization rates for occlusive cerebrovascular
disease; an inverse relation was present in both sexes,
whites and blacks, and for extracranial and intracerebral
occlusive 1lesions (Figure 6). Our data suggest that
heavier drinking increases the risk of hemorrhagic
cerebrovascular events, but that alcohol use may lessen
the risk of occlusive lesions.

At this time there is no consensus about the
relations of alcohol drinking to the various types of
cerebrovascular disease and agreement only that more study
of this important are is needed (40).

Cardiac Dysrhythmias

Increased ventricular ectopic activity has been documented
after ingestion of substantial amounts of alcohol,
although epidemiologic studies have not shown a higher
risk of sudden death in drinkers. Various atrial
dysrhythmias have been reported to be associated with
spree drinking. A Kaiser Permanente study (41) compared
atrial dysrhythmias in 1,322 persons reporting 6+ drinks
per day to dysrhythmias in 2,644 light drinkers. The
relative risk in the heavier drinkers was at least doubled
for atrial fibrillation, atrial flutter, supraventricular
tachycardia, and atrial premature complexes (Figure 7).

Conclusion

This brief survey documents the evidence for disparity in
the relations of alcohol and CV disorders. Published
reviews are available (42,43). Figure 8 summarizes the
relations in tabular form. The figure also emphasizes the
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Figure 8.
THE RELATIONS OF ALCOHOL DRINKING TO VARIOUS CV CONDITIONS

amount. of alcohol

condition small large
cardiomyopathy none ? toxic in
susceptibles
beri-beri none ? none (thiamine
deficiency)
(arsenic) cobalt none ? synergistic
beer disease toxicity
hypertension ?2 0,y.¢ 4 in susceptibles
coronary artery disease | 74
dysrhythmia ? 4 in susceptibles
hemorrhagic stroke 20 4

occlusive stroke $ 73
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disparity between the relations of lighter drinking, with
overall favorable relations and heavier drinking, with
overall unfavorable relations.
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Chapter 12

Wine Antioxidants and Their Impact
on Antioxidant Activity In Vivo

Simon R. J. Maxwell

Division of Clinical Pharmacology, Clinical Sciences Building,
Leicester Royal Infirmary, Leicester LE2 7LX, United Kingdom

There has been considerable interest in the role of dietary antioxidants
such as flavonoids in retarding the development of cardiovascular
disease in human populations. Red wine is a rich source of flavonoid
antioxidants. These compounds have been demonstrated to have potent
antioxidant properties in vitro but their role as antioxidants in vivo
remains to be proven. We have recently developed an enhanced
chemiluminescent assay for antioxidant activity in biological fluids. This
chapter describes the use of this technique to examine changes in serum
antioxidant activity following the ingestion of red wine by healthy
human volunteers.

Cardiovascular disease, principally coronary artery disease and stroke, is the major
cause of premature death and disability in the developed world. Atherosclerosis in the
large arteries supplying blood to the heart or brain is the major pathology underlying
most serious cardiovascular events. Atherosclerosis refers to the progressive deposition
of cholesterol in the vessel wall which in turn leads to blockage of the vessel, restriction
of blood flow to the tissues downstream (ischaemia) and eventually death of those
tissues (infarction). In many cases the final event that precipitates blockage is the
formation of a blood clot (thrombosis) in the diseased vessel. After cell death has
occurred regeneration of cells is impossible and there is irreversible damage to the
function of the heart or brain. A reduction in such cardiovascular events will be
necessary to produce any significant improvement in life-expectancy in the developed
world.

The last thirty years have seen an enormous increase in our understanding of the
development of atherosclerosis. Four major risk factors - hypercholesterolaemia,
hypertension, smoking and diabetes - have been identified. Since smoking, the major
lifestyle risk factor, is now declining increasing interest is being focused on other
aspects of lifestyle such as nutrition and exercise that might influence the rate of

© 1997 American Chemical Society



12. MAXWELL  Wine Antioxidants 151

development of vascular disease. Wine is a popular beverage in the Western world.
This article will briefly review some of the evidence to suggest that wine flavonoids
might have an influence on the development of atherosclerotic vascular disease by
acting as antioxidants. In particular, it will examine whether their potent antioxidant
effects in vitro may be manifest in vivo and whether wine can be considered as an
important source of dietary antioxidants in human nutrition.

Oxidative Stress and Atherosclerosis

Oxidative stresses are ubiquitous throughout the body and arise primarily from oxidants
produced endogenously (e.g. by mitochondrial electron transport or phagocytic cells)
or exogenously by environmental pollution including cigarette smoke or the products of
ionising radiation (/). The four electron reduction of molecular oxygen by
mitochondria is essential to life in all aerobic organisms. Unfortunately, the process is
not completely efficient allowing leakage of the superoxide radical (O2") which is a
precursor for the formation of more potent oxidants such as the peroxide ion (0;2-)
and the hydroxyl radical (OHe). The latter can initiate the peroxidation of lipids and so
disrupt biological membranes and render lipoproteins more atherogenic (2). These
processes are accelerated in the presence of free transition metal ions such as Fe2*,

This sequence of events is of particular relevance to development of
atherosclerosis (Figure 1). A characteristic feature of atherosclerosis is the presence of
lipid-laden macrophages within the intima of arteries. Macrophages in culture are
unable to accumulate significant amounts of rative low-density lipoprotein (LDL)
because of the low number and affinity of LDL receptors on these cells and their down
regulation by accumulated intracellular cholesterol (3). In contrast, the uptake of
oxidized LDL is rapid and not subject to down-regulation. Oxidized LDL is also
chemotactic for macrophages (4) and cytotoxic to the vascular endothelium (5).
Although oxidative mechanisms are clearly not the only pathophysiological events
relevant to atherogenesis (6) it is clear that oxidation of lipoproteins represents a
significant biological threat and should ideally be prevented.

A number of natural antioxidant mechanisms exist to protect against the everpresent
threat of oxidation of LDL. These include proteins such as transferrin, caeruloplasmin
and albumin that limit the availability of metal ions. Another very important protective
influence is the presence of scavenging antioxidant molecules that are readily sacrificed
(oxidized) in preference to more important targets such as LDL. Most of the important
sacrificial antioxidants are derived from the diet and include vitamins such as ascorbate
(vitamin C) and alpha-tocopherol (vitamin E) and polyphenolic flavonoids derived from
sources such as wine, tea and vegetables. The potent antioxidant properties of dietary
flavonoids have stimulated interest in whether flavonoid-rich diets might offer any
protection against diseases such as atherosclerosis and cancer where oxidation is
thought to play an important role. Preliminary evidence from epidemiological studies
suggests that high dietary antioxidant intake may indeed be protective against the
development of vascular disease (7-9).
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Figure 1. The oxidative-modification theory of atherosclerosis.
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Do flavonoids Protect Against Heart Disease?

Although most of these studies have concentrated on the better known antioxidants
such as vitamin C and vitamin E more recent epidemiological studies have focused on
the role of flavonoids. The Zutphen Elderly Study (/0) assessed the flavonoid intake of
805 men aged 65-84 years in 1985 and followed them up for 5 years. Flavonoid intake
analysed in tertiles was significantly inversely associated with death from coronary
heart disease (p=0.015) and showed a trend towards an inverse association with
myocardial infarction (p=0.08). The relative risk of coronary heart disease in the
highest versus the lowest tertile of flavonoid intake was 0.42 (95% CI 0.20-0.88). This
relationship persisted after controlling for all other relevant coronary risk factors.
Hertog et al (/1) also retrospectively reviewed the flavonoid intake of 16 cohorts
originally entered into the Seven Countries Study in 1960 calculated from the original
dietary questionnaire. Over 25 years of follow-up the flavonoid intake was significantly
inversely associated with coronary heart disease mortality and explained 25% of its
variance. The only stronger predictor of coronary mortality was saturated fat intake.

Knekt et al (/2) studied 5133 Finnish men and women aged 30-69 years
recruited between 1967 and 1972. The flavonoid 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 flavonoid
intake. The relative risk between the highest and lowest quarters of intake after
adjusting for other coronary risk factors was 0.69 (95% CI 0.53-0.90) for total
mortality and 0.54 (95% CI 0.33-0.87) for coronary mortality. For men the
corresponding values were 0.76 (95% CI 0.63-0.93) and 0.78 (95% CI 0.56-1.08). It
was suggested that since the intake of vitamin C in the Finnish diet was low dietary
flavonoids may 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
calculations have suggested that the addition of two glasses of red wine to the Western
diet will increase its flavonoid content by 40% (/3). 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. Alcohol in particular may have a
significant protective effect against vascular disease in its own right (/4-18). These
effects can probably be attributed to the potential for alcohol to increase protective
HDL cholesterol levels and decrease platelet aggregation.

However, there have been many claims that there may be benefits associated
with the flavonoid 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 three months while also administering alcohol, beer, white wine, red
wine or water. These beverages reduced the atherosclerotic lesions over the subsequent
3 months to 75%, 83%, 67% and 40% respectively of those found in the water
drinking controls (/9).
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The epidemiological evidence for a specific protective effect of flavonoid-rich
alcoholic beverages is rather more confused (20). 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 high fat intakes, serum cholesterol and smoking remain associated with a low
incedence of coronary heart disease (/8). This circumstance 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 which offers not only the benefits of
moderate alcohol consumption but also the potential benefits of a high flavonoid 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 (21).

Mechanism of Flavonoid Protection against Cardiovascular Disease

The putative cardioprotective benefits of wine have been largely attributed to its
content of flavonoids and their antioxidant activity (22). This, it is suggested, may be
important in reducing the tendency of lipoproteins to become oxidised and participate
in atherosclerosis. There can be little doubt about the activity of flavonoids as
antioxidants in vitro. Many investigators have used a variety of assay systems to study
the antioxidant effects of polyphenols derived from wine and other sources. These
compounds are able to efficiently scavenge a variety of reactive oxidizing species
including superoxide, hydroperoxides and the highly reactive hydroxyl radical (23-30).
Flavonoids are not only scavengers of reactive oxygen species but also chelate iron
which acts as the template for their formation (31,32).

In relation to atherosclerosis it was of particular relevance that flavonoids were
not only free radical scavengers but also potent inhibitors of LDL oxidation. Several
investigators have been able to demonstrate in vitro that LDL is significantly more
resistant to oxidation in the presence of flavonoids derived from red wine and other
sources (33-38). Furthermore, flavonoids are also able to spare alpha-tocopherol
(vitamin E) the major endogenous radical-scavenging antioxidant of LDL (35).

Another important antioxidant effect of flavonoids is related to their ability to
inhibit the lipoxygenases, a group of enzymes which might also be involved in initiating
LDL oxidation (39-4/) and reduction in the production of neutrophil derived oxidants
(42-44). Flavonoids may also modify a number of other cardiovascular risk factors
including cholesterol, blood pressure and thrombosis. However, it is the potent
antioxidant properties of wine flavonoids are thought to be the major mechanism
underlying their putative protection against cardiovascular disease (45). Nevertheless, it
is yet to be resolved whether these well-documented in vitro effects can be translated
into a meaningful alteration in antioxidant protection in vivo.

Impact of Red Wine on Antioxidant Status in vivo

Although there is clearly ample evidence of a powerful antioxidant effect of red wine
flavonoids from a variety of in vitro assay systems only three studies have addressed
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their potential impact in vivo following acute ingestion (Table I). All of these studies
have used the the enhanced chemiluminescent assay for antioxidant activity developed
in our laboratory (46). Briefly, a glowing light emission can be produced by mixing the
chemiluminescent compound luminol with an oxidant (hydrogen peroxide) and an
enhancer phenol (para-iodophenol) in the presence of the enzyme horseradish
peroxidase. The light emission can be detected in a conventional luminometer and
depends on the constant formation of free radical intermediates of para-iodophenol and
luminol (Figure 2). Therefore, serum samples containing radical-scavenging
antioxidants interfere with light emission from the glowing chemiluminescent reaction.
When all of the added antioxidants are consumed (oxidized) in the reaction light
emission resumes (Figure 3). The period of light suppression is then compared with a
standard curve created by adding the water-soluble tocopherol analogue trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) to calculate the antioxidant
activity of the test sample (umol trolox Eq./litre). This technique is very reproducible
(within- and between-batch coefficient of variation for serum samples are 1.7 and 5.0%
respectively), as well as being cheaper and requiring less technical expertise than
previously reported antioxidant assays.

In our study (47) ten healthy students (5 males, 5 females : mean age - 22.0
years, mean weight - 67.2 kg) attended a clinical investigation unit on two separate
afternoons after a four hour fast. Following collection of a basal blood sample each
subject consumed a standard meal alone or with red wine (5.7ml French Bordeaux/kg)
over 30 minutes. Serial blood samples were taken from an indwelling intravenous
cannula for four hours and the serum rapidly separated and cooled. Subjects were given
free access to drinking water throughout the study. Following ingestion of red wine
there was a rapid increase in serum antioxidant activity to reach a peak after 90 minutes
before a gradual decline (Figure 4). The peak antioxidant activity represented a
remarkable 14% increase over basal values. Antioxidant activity was still significantly
elevated at the end of the study at four hours. No such increase was seen after after the
consumption of the meal and water ad libitum.

This study was the first (to our knowledge) to suggest that the ingestion of red
wine was associated with a significant increase in the antioxidant activity of a human
extracellular fluid. Furthermore, the quantitative increases were of a magnitude that had
previously been associated with significant inhibition of LDL oxidation in vitro (36).
This result is perhaps not surprising since the variety of wine used in our study had an
antioxidant activity of 11365pmol/l in the chemiluminescent assay compared to normal
serum values of only 350-550umol/l (46). Indeed, we had found that antioxidant levels
of 10-20mmol/l to be common in red wines as previously mentioned. Such values were
far superior to the antioxidant activity seen in white wine and a range of other
beverages (Figure 5). Assuming all of the antioxidant activity in the red wine given to
our volunteers (mean volume 0.38 litres, equivalent to 4353umol antioxidant activity)
had been absorbed the observed mean rise of 66umol/l suggested a volume of
distribution of 66 litres! Clearly, it would require absorption of only a fraction of the
available antioxidants in red wine distributed throughout the extracellular fluid
compartment to produce the observed increases in serum antioxidant activity. We also
concluded from our study that enhanced chemiluminescence offered a simple technique
for quantifying antioxidant activity in wines or other beverages and their subsequent
impact on body fluids.
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Table 1. Studies examining the impact of red wine ingestion on antioxidant activity
and urate concentration in human serum. All error values are standard deviations.
* The percentage contribution of urate to rises in serum antioxidant activity has
been calculated assuming a 1:1 stoichiometric equivalence between urate and the
assay standard antioxidant trolox (46). AOA = antioxidant activity, ECL =

enhanced chemiluminescence.

Study Maxwell et al [1994] Whitehead et al [1995]
AOA Assay ECL ECL

Subjects (M/F) 5/5 4/5

Wine Bordeaux Red Bordeaux Red
Volume (ml) 383 (mean) 300

Wine AOA (umol/l) 11365 17000

Control Water None

Follow-Up (min) 240 120

Peak Time (min) 90 60

Rise in AOA (umol/l) 66 (14%) 86 (18%)

Rise in Urate (umol/l) 39 (12%)

% rise attributable 55%
to Urate *

Day & Stansbie [1995]
ECL

6/0

Port Wine

250

7079

Water + 40g ethanol
120

30

109 (24%)

81 (23%)

74%
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Figure 2. The enhanced chemiluminescent reaction. The chemiluminescent reagent
luminol (LH-) is oxidized to its radical form (L-°) by the hydrogen peroxide
(H20,)-horseradish peroxidase system. The rate-limiting step of the unenhanced
reaction is overcome by the inclusion of enhancer phenols (E-OH) such as para-
iodophenol. These are more readily oxidized to their radical form (E-O®) than
luminol but can subsequently oxidize luminol and in the process are regenerated to
their reduced form. In this way the rate of transfer of electrons from luminol to the
enzyme is increased with favourable effects on the characteristics of light emission.
Radical-scavenging antioxidants will interfere with the reaction sequence and

suppress light emission.
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Figure 3. The impact of serum, wine and trolox on light emission from the
enhanced chemiluminescent reaction. Antioxidant activity in wine and serum are
calculated by comparison of their t-value with that of the trolox standard solution
to derive values for antioxidant activity in micromoles of trolox equivalents per
litre (umol/1).
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Figure 4. The impact of red wine on serum antioxidant activity in healthy
volunteers. Ten healthy volunteers consumed a standard meal alone (control) or
together with red wine (5.7ml/kg) over 30 minutes. Water was freely available to
subjects throughout both study periods. Antioxidant activity was measured using
the enhanced chemiluminescent assay of Whitehead et al (#6). Results are
expressed as pmol trolox Eq./l and are given as mean + SE. The interaction of
treatment and time has been assessed using analysis of variance. (Reproduced with
permission from ref. 47. Copyright 1994 The Lancet.)
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A very similar experimental methodology was adopted by Whitehead et al (48).
Nine subjects (four men, five women) drank 300ml of red wine (1990 Chateau du Juge
Bordeaux) over a period of 30 minutes and blood was collected at 1 and 2 hours post
ingestion. The red wine itself had an antioxidant activity of 17000umol/l in relationship
to the trolox standard. All subjects showed a rise in serum antioxidant activity after
ingestion of red wine with the mean change being from 486umol/l at baseline to
572umol/l at one hour and 540pmol/l at 2 hours post-ingestion. No increase in
antioxidant activity was observed following ingestion of a similar volume of white wine
in three women. Rises in antioxidant activity of a similar magnitude to red wine were
seen after ingestion of 1g of ascorbic acid in four women. They also reported the
remarkably powerful antioxidant effects of red wine with a selection having mean
activity of 15437 + 3432pmol/l in comparison to white wine of 1106 + 189umol/l.

Both of these studies appeared to demonstrate that the antioxidants of red wine
could have a significant impact on the antioxidant activity of extracellular fluids in vivo.
Two obvious potential confounding factors existed. Firstly, since neither study used an
alcoholic beverage as a control, could rises in ethanol explain the antioxidant response
to red wine? This objection can be safely resisted. Although in some in vitro
experiments ethanol has been shown to have weak antioxidant properties it is
completely inactive in the chemiluminescent assay. This is in marked contrast to
individual flavonoids such as quercetin and other polyphenolic compounds found in
wine such as hydroquinone, gallic acid and 1,2,3-trihydroxybenzene were found to be
very active antioxidants in the assay by both groups. Secondly, could the apparent
increase in antioxidant activity have been a manifestation of alcohol-induced
dehydration? The magnitude of the increases (14% and 18%) suggests that this is
highly unlikely. In our study the subjects were allowed to drink water ad libitum to try
and offset any potential dehydration. Although it remains possible that hydration may
have made a small contribution we remain confident that the observed increase is
genuine.

Although both of the above studies concluded that the powerful in vitro
antioxidant activity of red wine was being absorbed and detected in vivo after its
ingestion this assumption has been challenged more recently. In particular, it has been
questioned whether these acute increases in antioxidant activity can be simply
attributed to the influence of red wine flavonoids. One serum antioxidant that is in high
concentration and likely to influence any antioxidant study is urate. Urate may account
for as much as 60% of serum total antioxidant activity (46,49).

A group from Bristol, UK (50) examined the impact of port wine (a blend of
red wine and brandy) consumption upon urate concentration as well as total antioxidant
activity in serum. Six healthy men consumed 250ml port wine and on a separate
occasion 250ml of water containing the equivalent amount of ethanol (40g). Blood
samples were taken every 30 minutes for 2 hours. The antioxidant activity of the study
port wine was 7079umol/l. A mean increase in serum antioxidant activity of 109umol/l
(24%) (p<0.05) was found after 30 minutes. A similar mean increase in serum urate of
81umol/l (p<0.05) was noted over the same time period. Since urate has previously
been shown to hold a 1:1 stoichiometric equivalence with the trolox standard used in
the chemiluminescent assay (46) it can be inferred that approximately 75% of the
antioxidant increase in this study was directly attributable to increases in urate. This
belief is supported by the fact that the increase in each parameter was highly correlated
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Figure 5. Comparison of the antioxidant activity (umol/l) measured by enhanced
chemiluminescence of a variety of popular beverages.
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(r=0.863, p<0.0001). Both measures declined with a half-life of about two and a half
hours. No significant increase was seen with either parameter when ethanol was
consumed alone. This group also considered the possibility that haemoconcentration
may underlie some of the observed effects but discounted this on the basis that there
were no changes in urea or protein concentrations during the study period.

This significant increase in urate seen by the Bristol group prompted us to re-
examine our own samples for changes in urate. We examined the urate concentrations
at baseline and in the 90 minute samples and found the mean increase in serum urate to
be 39umol/l compared to an antioxidant activity increase over the same period of
66umol/l. Again using the known 1:1 stoichiometric equivalence between urate and
trolox this suggested that 55% of the increase could be attributed to urate (Table I).
Therefore, we can conclude that even with the most optimistic estimate only half of the
antioxidant changes after the acute ingestion of wine can be attributed directly to wine
constituents.

The finding that urate may account for much of the antioxidant change itself
raises further questions. Why does urate rise in response to wine? Is it specific to wine?
Is the rise in urate of any biological significance? Are the antioxidants ingested in wine
absorbed at all? The mechanism of the acute rise in urate in response to red wine is
unclear. The experiments in Bristol seemed to suggest that the effect must reside in the
non-alcoholic component. Whether it is a flavonoid effect and whether it is due to
increased production or reduced urinary excretion is unknown. Urate undoubtedly
plays an influential role in determining the antioxidant activity of the extracellular fluids
but are such increases of any biological relevance? There is evidence to support the
belief that urate does function as a protective antioxidant in vivo and deserves to be
seen as an important antioxidant in human extracellular fluids. Firstly, previous
experiments have confirmed that urate directly scavenges free radicals and other
oxidants in the aqueous environment in vitro forming oxidation products such as
allantoin (57). Secondly, urate stabilizes plasma ascorbate not only by direct radical
scavenging but also by forming a complex with iron to prevent iron-dependent
ascorbate oxidation (52). Once urate has been depleted the oxidation of ascorbate is
greatly facilitated. This action may be of great importance since ascorbate is often
regarded as a pivotal antioxidant of the extracellular fluids. It regenerates alpha-
tocopherol in lipoproteins, is itself regenerated intracellularly and is the most efficient
plasma antioxidant at preventing peroxyl radical initiated lipid peroxidation (53).

It remains to be established that red wine drinking results in an increase in
serum flavonoid concentrations significant enough to mediate the antioxidant effects
observed in these in vivo studies. Unfortunately, much of the work on flavonoid
absorption and bioavailability seems to have been hampered by technical difficulties
over their measurement and their chemical diversity. Previous studies have disputed the
extent of their uptake following ingestion into the gastrointestinal tract (54-55). Unless
increases in flavonoid concentrations in the extracellular fluids in the micromolar range
are achieved it is hard to believe that bulk scavenging of radicals and protection of
lipoproteins against oxidation is a viable proposition. However, lower concentrations
might remain active in other ways. Since most of the relevant pathophysiology in
atherosclerosis may involve lipoproteins that are trapped in microenvironments of the
subendothelial space (6) it is possible that local accumulation of flavonoids may have a
more profound influence than that suggested by the serum studies described above.
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Flavonoids absorbed into lipoproteins themselves where they might have particularly
potent antioxidant activities.

This interpretation is suggested by a more recent study comparing the effect of
two weeks ingestion of red or white wine (400ml/day) in healthy men (56). Using a
different free radical generating system they found that red wine produced a 20%
reduction in the propensity of plasma to undergo lipid peroxidation while white wine
increased this parameter by 34%. Urate measurements were not reported although
other lipid-soluble (lipoprotein-borne) antioxidants such as vitamin E, carotenoids and
vitamin A were unchanged. It is then particularly interesting that the resistance of
isolated LDL to copper-induced oxidation was significantly increased by red wine
consumption but decreased by white wine. This result is of special interest since it
points to the possibility that flavonoids may be modifying the antioxidant behaviour of
LDL in isolation from any of the other water-soluble antioxidants. It also used a non-
specific assay for polyphenols to demonstrate that there was a significant increase in
polyphenol content of the LDL isolated after two weeks of red wine ingestion.

Conclusion and Future Studies

The surprising conclusion from these studies is that acute red wine consumption does
lead to increases in serum antioxidant activity but that, unexpectedly, this appears to
have at least as much to do with increases in serum urate as to any increase in red wine
flavonoids. The mechanism of the increase in urate is unknown but does not appear to
be alcohol-dependent. Urate is undoubtedly an efficient free radical scavenging
antioxidant but whether the increase in serum urate is physiologically significant is
unknown. These changes in antioxidant activity need to be further confirmed by other
groups using alternative techniques for measuring antioxidant status. It is also
important that any future studies are matched with measurements of urate and other
antioxidants.

Perhaps an even more basic issue that is critical to the putative beneficial effects
of red wine is to confirm that there is adequate uptake of flavonoids into the body
following their ingestion into the gastrointestinal tract and whether there is indeed
accumulation on lipoproteins as suggested above. Three of the studies involved acute
wine ingestion. It remains possible that there are other more important long-term
antioxidant effects that occur following chronic wine consumption. From the
perspective of pathophysiology such studies will be the most valuable. However, the
well-recognised impact of regular alcohol consumption on lipoprotein composition and
serum urate can be expected to have a major influence on the outcome of such studies.
Although some recent epidemiological reviews have been less than enthusiastic about
the potential cardiovascular benefits of red wine (20) there remain some very commited
protagonists (57). It is certainly true that red wine is the most potent natural
antioxidant solution in clinical nutrition. What remains to be discovered is to what
extent this activity is translated into meaningful effects in vivo.
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The antioxidant activities of some polyphenolic fractions of grapes and
wines have been tested using in vitro and ex vivo tests. Polyphenolic
fractions were obtained applying a liquid/liquid extraction method and
analyzed by using HPLC/DAD, Ion Spray HPLC/MS and Electrospray
MS. Some tannin/anthocyan interaction compounds were also extracted
and analyzed from wines. EPR spectroscopy, TRAP assay, 2-
deoxyribose assay and a platelet aggregation inhibition test were
performed to test antioxidant activities of polyphenolic fractions. Results
showed that the anthocyans fraction and the fraction containing
procyanidins were very effective in antioxidant activity.

Polyphenols are widely spread in plant kingdom (7). They are present in most edible
fruits and vegetables, and therefore common in the every day diet of many people. It
has been calculated that following a mediterranean diet, one can assume up to 2-3 gr of
polyphenols a day (2). Polyphenols have also a recognized biological activity (3).
Several pharmaceuticals whose active principles belong to the class of polyphenols are
sold in Europe and most of them are extracted from medicinal (or not) plants.
Indications include vasoprotection and activities related to their antioxigen effect. There
are two different mechanisms to explain the antioxigen effect: the first one is a direct
reduction effect on vitamins and fatty acids; the second one is a radical scavenger effect
on exogen and endogen free radicals (4). Among polyphenols, procyanidins (oligomers
of catechin and epicatechin) have been studied for a long time for their biological
activities. Michaud and collaborators (5) in 1981 isolated several procyanidins and
other polyphenols and made comparison among them in order to test their radical
scavenging efficiency. In particular, research has been focused on polyphenols
contained in grapes and wine for several reasons. First, byproducts from wine
production can be an inexpensive source of polyphenols. Second, wine in the
mediterranean diet seems to play a very important role for benefits that can bring to the
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human health. Grapes and wine can be a good source of flavonoids (6), even if wine is
consumed in amounts that are small enough not to be dangerous for the presence of
ethanol. For the above reasons we started a research focused on the study of the
antioxidant activities of the polyphenolic fractions of grapes and their relative wines.
Several studies have been conducted on this topic using in vitro and ex vivo tests (7-
10). Wine is a good example of a slow evolution of the oxidation process in a quite
simple system, thus allowing to study the interaction and the role of some compounds
involved in the protection against the oxidative degradation (/7). For this reason we
chose to analyze two samples of the same wine stored in two different ways and
therefore in two different oxidative status. In this way we could check the biological
activities of the polyphenolic fractions in the same system but in different moments of
the oxidation process. First, we performed a qualitative and quantitative analysis of
polyphenols, and after we tested some fractions and some individual compounds for
their antioxidant activity, using in vitro and ex vivo tests.

Materials and Methods

Grapes and Wines. The grapes were grown in an experimental field in the Chianti
Classico area (Rocca di Castagnoli, Siena, Italy) and belong to the same cultivar and
the same clone (clone Sangiovese R10). The grapes were of the same age and same
pruning system, and were harvested at technological ripening. The wine was produced
under controlled fermentation conditions. During the following six months, the wine
was stored in a stainless steel container. After that, two different samples were prepared
for this research: wine A that was stored for the following 12 months in bottle, and
wine B stored for six months in barrique (small container in oak wood) and for six
months in bottle.

Preparation of teas. Green tea and black tea (from commercial samples) were
prepared to compare their radical scavenging efficiency with that of grapes and wines
samples. Teas were prepared leaving 2 gr of tea leaves in 100 ml of boiling water for 90
sec.

Low Molecular Weight Polyphenols.
Extraction Methods. Liquid/liquid extraction methods, Figure 1, were performed to
obtain several fractions containing single polyphenolic subclasses.

Separation and identification of the compounds. HPLC/DAD analysis were
performed on each fraction, applying chromatographic conditions already described in
(12). HPLC/MS analysis using an Ion Spray Interface and a triple quadrupole was used
to identify the unknown compounds. Negative Ion Spray Mass Spectrometry was
applied to the EtOAc extracts analysis, and Positive Ion Spray Mass Spectrometry to
the aqueous residues of grapes and wines (/3). After the qualitative analysis, a
quantitative analysis on the identified compounds was performed, using the external
standard method.
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Tannin-Anthocyan Interaction Compounds.

Extraction and Identification Methods.

Interaction compounds were separated using a Polyvinilpyrrolidon resin (Polyclar AT)
LC column and flowing water/ EtOH/ HCI 30/70/0.1, as first eluent, then HCOOH
50% and HCOOH 100% respectively. After neutralization with KOH, a further
purification was performed using a short Sephadex LH 20 column, flowing water/
EtOH 50/50 and acetone/ water/ acetic acid 50/50/3 respectively. This allowed to
obtain six fractions successively analyzed spectrophotometrically using the method of
Glories (/4). Further information was obtained using Mass Spectrometry techniques,
such as Infusion Electrospray Mass Spectrometry and Negative Ion FAB.

Biological Activity Tests.

EPR Spectroscopy. The samples (water soluble extracts after dilution, lipid soluble
extracts after dried) were added to an alkaline solution of hydrogen peroxide. A further
addition of acetone to the system generated superoxide ion. A blank was prepared
adding KOH instead of the sample. The time of generation of superoxide ion was
optimized at 60 sec. and after that the solution was frozen in liquid nitrogen. Then, the
frozen blank and the frozen sample solutions were put in the EPR cavity and the O,
signal recorded. From the comparison of the two areas associated with the
perpendicular features of the EPR spectrum, a reduction index was calculated and
converted into a percent scavenger efficiency index.

KOH 40 mM 150ul or KOH 40 mM 100yl + 50 pl of sample
H,0, 0.15M 100ul
CH;COCH; 50ul

Frozen in liquid nitrogen after 60 sec.

Instrumental setting: v= 9.459 GHz, modulation frequency = 100 KHz; field
modulation amplitude = 6.3 G; gain = 1.6 X 104, time constant = 500 ms; microwave
power = 2 mW,; scan time 500 s.

TRAP assay. A suitable method for measuring TRAP (Total Radical-Trapping
Antioxidant Parameter) was applied using the R-Phycoerythrin (R-PE) assay. A
1.5x10-8 M R-PE solution in 75 mM phosphate buffer pH 7 was challenged by 4.0 mM
of an Azoinitiator (2.2'-azobis-(2-amidinopropane) dihydrochloride, ABAP) with or
without a sample (80 pl of a 1:200 dilution to a final pH 7). The decay of R-PE
fluorescence was continuosly monitored every 5 min. in a Perkin-Elmer LS-5
Luminescence Spectrometer as described in a previous paper (15). A known amount of
Trolox, a water soluble analog of vitamin E was used to quantify the results. ABAP
produced a constant flow of peroxyl radicals and TRAP was expressed as pmoles of
peroxyl radicals trapped by a liter of sample.

2-Deoxyribose Assay. The reaction mixture was prepared as follows: 100ul of diluted
samples (1:10 in appropriate buffers to reach pH 7.4) were added to 690 ul of 10 mM
phosphate buffer pH 7.4 containing 2.5 mM 2-deoxyribose. Subsequently, 100 ul of 1.0
mM iron ammonium sulphate premixed with 1.04 mM EDTA were added. Samples
were kept in water bath at 37°C and the reaction was started with 100 pl of 1.0 mM
ascorbic acid followed by 10 pl of 0.1 M H,0,. Samples were mantained at 37°C for
10 min,, then 1 ml trichloroacetic acid (2.8%) was added, followed by 0.5 ml
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thiobarbituric acid (1%) in NaOH 50 mM. Samples were boiled for 8 min., cooled and
the absorbance at 532 nm recorded (16).

Platelet aggregation assay. Blood samples were obtained from consenting human
healthy subjects, fasting from at least 12 hours in B.D. Vacutainer containing 0.129 M
Na-citrate as an anticoagulant. Platelet rich plasma (PRP) was prepared by
centrifugating blood samples at 150 x g for 10 min. Platelets were washed three times
in phosphate buffered saline (PBS) containing 5 mM EDTA, pH 7.4, pooled and
resuspended in PBS without EDTA (/7). 100 ml of lipid soluble extracts (EtOAc
extracts or petroleum ether extract) were dried and resolubilized in 50 ul of methanol
and dissolved in 1.0 ml (final volume) of PBS. Water soluble extracts (aqueous
residues) have been diluted 1:10 in PBS. 10 ul of each samples were then added to 490
ul of PBS containing 3x108 platelets and 1.5 mg/ml of fibrinogen. Platelet aggregation
was induced by 2 uM ADP and samples were incubated for 5 min. at 37°C. The
reaction was stopped by adding 500 pl of trichloroacetic acid (20% w/v). During
platelet aggregation, malondialdehyde was produced and detected using the following
procedure: 500 ml of 0.8 % thiobarbituric acid were added to the solution and boiled
for 8 min. After reaching room temperature, the absorbance at 532 was detected and
the results were plotted and compared with a standard curve obtained using
tetramethoxypropane. Results were expressed as % of platelets aggregation inhibition.

Results and Discussion.

Grapes.

The application of the liquid/liquid extraction method allowed to prepare fractions
containing compounds with similar characteristics. In particular, the application of
HPLC/MS techniques like Negative Ion Spray Mass Spectrometry allowed to identify
several polyphenolic compounds. Phenolic acids and quercitin-3-glucuronide in the
EtOAc extract of the solution adjusted at pH 2 and some procyanidins, catechin,
epicatechin and quercitin-3-glucoside as main components of the EtOAc extract of the
solution adjusted at pH7, were found. Beside kaempferol-3-glucoside, myricetin-3-
glucoside and traces of aglicons quercitin, kaempferol and myricetin, were also found.
The aqueous residue after the EtOAc extraction, was analyzed by Positive Ion Spray
Mass Spectrometry and several anthocyanins were identified. All the identified
compounds are listed in Table I. A quantitative analysis using the external standard
method was performed on these compounds.

Wines.

Two different extraction methods were applied to obtain fractions composed by low
molecular weight polyphenols and tannin-anthocyan interaction compounds.

Low Molecular Weight Polyphenols. A liquid/liquid extraction method similar to that
applied on grapes allowed to obtain EtOAc extracts and aqueous residue similar to that
of the grapes extracts. The main differences were the presence of gallic acid and a
larger concentration of flavonolic aglycones in wines. Free anthocyanins were present in
the aqueous residues even if the relative amounts were different from those found in
grapes. Malvidin-3-glucoside was the most represented anthocyanin in wines. Wine A
showed a higher content in total polyphenols than wine B. In particular, anthocyanic
content was 15% higher in the aqueous residue of wine A than in the aqueous residue
of wine B. Same behaviour had the EtOAc extract of the solution at pH 7, containing
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mainly procyanidins. Probably, during the period spent in barrique, wine B was subject
to a faster maturation process, in a higher oxidative status.

Tannin-Anthocyan Interaction Compounds. During the fermentation some
interaction compounds between catechins and anthocyans are formed in presence of
acetaldehyde. The structures of these compounds were hypotized by Timberlake and
Bridle in 1976 (/8) and further studied by Glories (/4). The application of the
extraction method directly on wine using a Polyvinilpirrolidon resin, allowed to obtain
three fractions that were tested by spectrophotometry. Based on their spectral
characteristics, the presence of interaction compounds were hypotized on the second
and third eluate and a further purification using Sephadex LH 20 was performed. Six
fractions were obtained and analyzed by Infusion Electrospray Mass Spectrometry and
Negative FAB (Fast Atom Bombardment) Mass Spectrometry. Negative Electrospray
Mass Spectrometry showed the presence of signals at 289 m/z and 577 m/z
corresponding to the quasimolecular ions of catechin and dimers of catechins in all the
six fractions, and Positive Electrospray Mass Spectrometry showed a strong signal at
331 m/z corresponding to the quasimolecular ion of malvidin. Further information was
obtained using Negative FAB Mass Spectrometry technique. Mass signals in the range
between 600-800 m/z were found in the first three fractions, and 1000-1200 m/z in the
second three fractions. These molecular weights could be abscribed to tannin-anthocyan
and tannin-anthocyan-tannin interaction compounds as hypotized by Timberlake. A
strong signal at 645 m/z corresponding to the quasimolecular ion of malvidin-
acetaldehyde-catechin was found. Sufficient amounts of these fractions were prepared
to test their biological activity. A part of these fractions was lyophilized to calculate the
concentration of each fraction. Biological tests were performed directly on the fractions
prior to the lyophilization.

Biological tests.

Biological test in vitro and ex vivo were applied on the following fractions:

EtOAc extracts of grapes and wines (whole extract and extract of the solution at pH 7
and pH 2 -see fig.1-)

Aqueous residue of grapes and wines

Petroleum ether extract of grapes

Tannin-anthocyan interaction compounds of wines.

EPR Spectroscopy. Initially, the behaviour of grapes and wines fractions as scavenger
of free radicals was tested by studying the action of O,". EPR spectrometry was used to
allow a direct measurement of the reduction of O," EPR signal intensity. The system
generated superoxide ion O, in stable solutions. All samples were treated in the same
way of the blank. The reduction of the signal intensity was recorded for each sample
and at least three different concentrations were prepared to test the range of linearity. A
percent scavenger efficiency index was calculated for each fraction, taking in
consideration for all the samples, the same dilution factor. Figure 2 shows the frozen
solutions EPR spectra of the blank together with the O," signal of the solution in which
the EtOAc extract of wine A was added. A dramatic reduction of the signal intensity
can easily be seen. After a mathematical elaboration a percent scavenger efficiency
index was calculated for each fraction and they are shown in table II. The dealcoholated
wines, A and B, showed the higher values of scavenger efficiency index, but also the
EtOAc extracts showed a great inhibition of the O, signal.
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Table L List of identified compounds in grapes and wines

Anthocyans

Delphinidin-3-O-glucoside
Cyanidin-3-O-glucoside
Petunidin-3-O-glucoside
Peonidin-3-O-glucoside
Malvidin-3-O-glucoside
Delphinidin-3-(6-O-acetyl)-glucoside
Cyanidin-3-(6-O-acetyl)-glucoside
Petunidin-3-(6-O-acetyl)-glucoside
Peonidin-3-(6-O-acetyl)-glucoside
Malvidin-3-(6-O-acetyl)-glucoside
Delphinidin-3-(6-O-p-coumaroyl)-glucoside
Cyanidin-3-(6-0-p-coumaroyl)-glucoside
Petunidin-3-(6-O-p-coumaroyl)-glucoside
Peonidin-3-(6-O-p-coumaroyl)-glucoside
Malvidin-3-(6-0-p-coumaroyl)-glucoside
Flavonols

Quercitin-3-glucoside
Quercitin-3-glucuronide

Quercitin

Myricetin-3-glucoside

Myricetin

Kaempferol-3-glucoside

Kaempferol

Phenolics acids

Caffeic acid
p-Coumaric acid

Ferulic acid

Vanillic acid
p-OH-Benzoic acid
Gallic acid
Protocatechic acid
Hydroxycinnamoyltartaric acids
Caffeoyltartaric acid
p-Coumaroyltartaric acid
Feruloyltartaric acid
Catechins and Procyanidins
(+) Catechin

(-) Epicatechin
Procyanidin B3
Procyanidin B1
Procyanidin B6
Procyanidin B2
Procyanidin B7
Procyanidin C1

3312 3320 3308 335¢ P44 335L 33(p 338

333¢ 3384 339% 3¢00 G5

Figure 2. Frozen solution EPR spectra of O, of blank (a) and EtOAc

extract of wine (b).
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TRAP assay. The Total Radical-Trapping Antioxidant Parameter, whose acronym
TRAP well emphasizes its meaning, represents the capacity of a substance, or a
mixture, to resist to an artificial induced peroxidation reaction. TRAP value is the result
of the efficiency of the system, accounting for the synergism between antioxidants,
rather than their single concentrations. This means that the TRAP value includes the
effect of unknown and unconsidered compounds, as well as the action of prooxidant
factors. This parameter may represent, therefore, a first approach in the study of the
supposed antioxidant power of a mixture, deriving from a food, a beverage or
something else. The result depends not only on the concentration of the antioxidants in
the solution, but also on some eventual sinergistic effects. Figure 3 shows the decay of
the R-PE fluorescence in samples at increasing concentrations of wine. The lag-phase
of the blank was around 0 min., while increasing amounts of dealcoholated wine gave
longer lag-phases. The chart on the top right of Figure 3 shows that lag-phases and
increasing concentrations of wine are in linear correlation, demonstrating that the
experiment was conducted in the range of linearity. Values of TRAP are shown in
Figure 4 and are expressed in pM of peroxyl radicals trapped by the system in a liter of
solution. The dealcoholated wines A and B showed a very good activity in radical
trapping together with the aqueous residues containing anthocyans. Wine showed the
highest values, but the presence of EtOH (12.4%) could give wrong evaluation in this
system. All fractions of wine A showed higher activity compared of those of wine B.
This could be correlated to the lower amounts in polyphenols of wine B. The activity of
black tea and green tea was compared with the activity of the fractions. Dealcoholated
wines showed an intermediate activity between those of green and black teas. Tannin-
anthocyan interaction compounds were not very active. In particular, Figure 5 shows
the comparison of the results of the TRAP test among the six fractions. The first three
(composed mainly by tannin-anthocyan interaction compounds) were more active than
those showing higher molecular weight (tannin-anthocyan-tannin interaction
compounds).

2-Deoxyribose Assay. Next step concerned the study of the antioxidant activity against
another and more dangerous species of oxygen radicals, the hydroxyl radical (OH'). A
flow of OH' can be generated by using the Fenton reaction summarized below:

Fe2*+ EDTA + H,0, ----> Fe3* + EDTA + OH' + OH

The addition of an electron donor such as ascorbic acid will reduce Fe3* to Fe2* , thus
perpetuating the OH- flow. 2-deoxyribose is a suitable substrate for determination of
hydroxyl radical production in biological and chemical systems (/9). The OH" attack to
the 2-deoxyribose molecule gives rise to malondialdehyde which, heated under acid
conditions, forms a pink chromogen with TBA, showing a strong absorbance at 532
nm. The use of EDTA as an iron chelator is very important. In fact without EDTA, the
inhibition of OH' production can depend not only on the ability of the sample to
scavenge OH', but also on its ability to form complexes with iron (20). This method is
simple, inexpensive, and efficient even at low concentrations. Dealcoholated wines A
and B showed good ability to inhibit the degradation of 2-deoxyribose. EtOAc extracts
of the solution at pH 7 and the aqueous residues gave also good results as shown in
Figure 6. So, applying this test, the fractions containing flavonoidic structures
(procyanidins and flavonols for EtOAc pH 7, anthocyans for aqueous residues) seem to
show the highest activity. Also anthocyans from grapes showed great ability to inhibit
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Table IL. % of inhibition of the O, signal in some wine fractions

Samples Dilution factor Values

1. wine A 1:600 84.62

2. wine B 1:600 84.24

3. dealcoholated 1:600 94.03
wine A

4. dealcoholated 1:600 96.22
wine B

5. EtOAc Tot. (A) 1:600 48.83

6. EtOAc pH 7 (A) 1:600 53.64

7. EtOAc pH 2 (A) 1:600 68.07

Tannin/anthocyan mg/ml Values

interaction compounds

8. fraction 1 0.01 60.32
9. fraction 2 0.01 63.70
10.  fraction 3 0.01 63.90
11.  fraction 4 0.01 60.20
12.  fraction 5 0.01 56.28
Isolated compounds Concentration Values
13.  quercitin-3-O-glucoside 8.3x10-5 60.39

14.  peonidin-3-O-glucoside 5.7x10-3 69.35
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_ TRAP Test
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pum perox. radicals

4 barrique

glass

EtOAc Tot.
EtOAc pH7
EtOAc pH2
Ant.Tot.
black tea

wine without alcohol
green tea

Figure 4. Results of TRAP test on some wine fractions compared with
black and green teas.
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Figure 5. TRAP test values of tannin-anthocyan interaction compounds
fractions.
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the degradation of 2-deoxyribose, probably due to the higher presence of free
anthocyans in grapes respect to wine.

Platelet aggregation assay. Once evaluated the antioxidant effect of wine extracts,
their effect on a more complex cellular model was investigated. Human platelets
represent an ideal model for this purpose for several reasons:

1- The effect of wine on platelet function is supposed to be a possible explanation of
the "French paradox" (21)

2- Nutritional antioxidant compounds can influence platelet aggregation (22-23)

3- Platelets are a tissue easy to obtain from humans and available in a large number
through a simple blood collection followed by centrifugation.

This assay is based on the same principle of the preceding test, with the
malondialdehyde (MDA) produced by stimulated platelets instead of the oxidation of
the 2-deoxyribose. During platelet aggregation, the cyclooxygenase pathway produces
MDA, a reliable marker of the extent of aggregation (/7). In the platelets,
phospholipids of the cellular membrane are involved in the aggregation process, which
occurs when a blood vessel is broken. To stop the event, platelets activate the enzyme
phospholipase A2 that breaks the fatty acid (usually arachidonic acid) from the
phospholipidic molecule. From arachidonic acid, in the cyclooxygenase pathway, cyclic
endoperoxides (PGG2, PGH2) are formed, which by means of thromboxanesyntetase,
form thromboxane (TXA2). This molecule is an aggregating agent and a
vasoconscrictor. For every mole of TXA2, a mole of MDA is produced. The formation
of MDA can be detected using the method previously described. This parameter does
not represent a measure of the antioxidant power of wine, but a more complex balance
in which more than one factor play a role in platelets aggregation (iron chelation,
antioxidant activity on free radicals, antienzymatic activity). The results of this test are
summarized in Figure 7. Dealcoholated wines A and B showed a great ability to inhibit
platelet aggregation in this system. Anthocyans were also very effective to inhibit
platelet aggregation, while EtOAc extracts of the solution at pH 7 and pH 2 showed
almost the same activity, although lower than the others. Fractions of wine A showed in
general higher efficiency than fractions of wine B to inhibit platelet aggregation in vitro,
findings that could be related to the higher total polyphenolic content.

Conclusion

The application of a liquid/liquid extraction method and the application of some
HPLC/MS techniques allowed to separate and identify most of the polyphenols presents
in grapes and wines. The different storage conditions allowed to study the same wine in
different oxidative status. Particular attention has to be paid to the evolution of the
oxidation process. Wine has to be considered as a "living matrix" in which the oxidative
status play an important role on organoleptic properties and antioxidant efficiency. On
the other side, the application of several in vitro and ex vivo tests showed that some
antioxidant activities could be related to the polyphenolic content. The role of these
compounds present in wines has still to be ascertained in living systems, given that in
vitro experimental conditions are far from physiological conditions. However, results of
research indicate that polyphenols in the concentrations present in wines can play an
important role in the evolution of the characteristics of wine and can give an
antioxidative contribution to the human health.
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Chapter 14

Metabolic Syndrome X
and the French Paradox

Linda F. Bisson

Department of Viticulture and Enology, University of California,
Davis, CA 95616—8749

The "French Paradox" is a popularized term referring to the reduction
in incidence of coronary heart disease in the French population, in spite of
significant fat intake. Since moderate alcohol consumption has also been
associated with a reduced risk of coronary heart disease and since the
French diet includes wine as a staple, the explanation of the French
Paradox has been proposed to be due to moderate daily alcohol
consumption. Ethanol increases the level of the so-called "good" HDL
cholesterol. However, the effect of ethanol on cholesterol is predicted to
account for only a fraction of the impact on cardiovascular health.
Increased risk of coronary heart disease has recently been associated with
a physiological syndrome called Metabolic Syndrome X. Metabolic
Syndrome X is also known as insulin resistance syndrome and is an
indicator of increased risk of a cluster of diseases (Reaven, G., 1988,
Diabetes 37:1595). Ethanol is a macronutrient energy source in man. It is
suggested herein that the effect of ethanol on metabolism of other energy
sources may possibly contribute to its effect in reduction of coronary heart
disease.

It is well known that diabetic individuals have a dramatically increased risk of development
of coronary heart disease. In 1988 Dr. Gerald Reaven and colleagues (19,50-52) reported
a correlation between risk for several diseases and impaired glucose tolerance. The failure
of the body to properly respond to glucose and insulin signals and clear the bloodstream of
this energy source seems to be an early predictor of predisposition to disease. They termed
this condition "syndrome X". Since the term "syndrome X" had been previously used to
describe another condition, several alternative names have been suggested: Reavan's
syndrome, insulin resistance syndrome, Metabolic Syndrome X, metabolic cardiovascular
syndrome, and atherothrombogenic syndrome (4,7-10,14,16,19,22,23,29,32,51-53,

62,64, 66). The term "Metabolic Syndrome X" will be used here to refer to this
syndrome.

© 1997 American Chemical Society
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Metabolic Syndrome X is initially manifested as impaired glucose tolerance and a reduced
response of peripheral cells to insulin which leads to high circulatory levels of glucose (51-
53) (Figure 1). The failure of peripheral cells to "recognize" that glucose is present leads
to a cascading disorder of fuel mobilization and metabolism, eventually leading to even
greater insulin resistance and glucose intolerance. In the presence of circulatory glucose,
adipose cells impaired in the ability to respond to insulin continue to mobilize lipid for
transport to the liver for conversion to ketone bodies. The energy stored in fatty acids can
also be used for gluconeogenesis from amino acid carbon. The liver uses a different
mechanism for the detection of glucose than the peripheral cells and is still able to
recognize that glucose is available. This results in a situation of very high levels of both
glucose and lipid circulating in the blood stream and hyperglycemia and dyslipidemia (53).
The high levels of these compounds increases the chance of plaque formation in arteries
and of overt heart disease. In addition, the impairment of the insulin response may
progress to full insulin resistance and diabetes mellitus.

The diseases associated with Metabolic Syndrome X, cardiovascular disease, non-
insulin dependent diabetes mellitus, hyperuricemia, certain dietary cancers, obesity and
hypertension, can be viewed as consequences of the failure to properly recognize the
presence of and respond to fuel sources. This situation will be worsened by excessive
caloric intake. The speed with which a pathological condition develops once glucose
tolerance has become impaired is dependent upon many factors including diet, lifestyle,
and genetic inheritance. Thus, Metabolic Syndrome X appears to define a segment of the
population that, while still clinically healthy, is at increased risk for the development of
overt disease. The loss of glucorecognition that defines Metabolic Syndrome X disrupts
normal macronutrient metabolic interactions. Agents capable of restoring or maintaining
normal fuel source regulation may be protective against the development or progression of
Metabolic Syndrome X.

Epidemiological studies have suggested that alcohol consumption can reduce risk of
both diabetes (50,55) and coronary heart disease (6,15,24,49,54,59,60), two conditions
associated with Metabolic Syndrome X. "The French Paradox" is a term that has become
equated somewhat erroneously with the epidemiological investigations demonstrating a
protective effect of moderate alcohol consumption against coronary heart disease. The
French Paradox actually encompasses several dietary and lifestyle differences between
American and Mediterranean cultures (54). Ethanol consumption is only one of these
differences that may be an important factor in risk of certain diseases. However, the
popularization of the French Paradox has resulted in a much needed re-evaluation of the
role of ethanol in the human diet.

Ethanol is a macronutrient energy source in man and its presence in the diet affects the
metabolism of other fuels as well as the body's response to those fuels. Ethanol enhances
both insulin secretion and glucorecognition when present in the bloodstream at the same
time as glucose (2,13,20,21,30,35,42,44,46,47,57,65). It also depresses lipid mobilization
and fatty acid absorption from the diet (7,11,12,31,38,48,57). These effects of ethanol on
overall macronutrient fuel metabolism may explain the reduced incidence of both coronary
heart disease and type II diabetes that has been observed in populations of moderate
alcohol consumers (50,54,55). The discovery of Metabolic Syndrome X and the
possibility of a corrective role played by dietary ethanol clearly warrants further study.
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Glucose Utilization by Peripheral Cells:
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Figure 1. Glucose utilization in normal peripheral cells and in cells from
individuals with metabolic syndrome X. In the case of normal cells, insulin
stimulates translocation of glucose transporters to the plasma membrane resulting
in the uptake of glucose. In the case of metabolic syndrome X, the insulin-
mediated stimulation of uptake does not occur.
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Ethanol as a Macronutrient

Metabolism of ethanol. Three mechanisms for the oxidation of ethanol have been
proposed: the alcohol/acetaldehyde dehydrogenase pathway, the microsomal ethanol
oxidizing system (MEOS), and catalase (3,39). Since the catalase reaction requires
hydrogen peroxide, its physiological significance has been questioned (3). In the first
pathway, ethanol is converted to acetaldehyde by alcohol dehydrogenase. Acetaldehyde is
then oxidized to acetic acid via aldehyde dehydrogenase. The acetate that is produced
from these two reactions is either further metabolized to acetylCoA by acetate thiokinase,
an ATP-requiring process, or is released from the liver into the bloodstream for use by the
peripheral cells and tissues. The acetylCoA produced from ethanol is then metabolized via
the tricarboxylic acid cycle and electron transport chain.

Ethanol can also be metabolized using the microsomal ethanol oxidizing system, also
known as the cytochrome P450 system (38,39). In the MEOS system the oxidation of
ethanol to acetaldehyde involves molecular oxygen and the reduced cofactor, NADPH. In
contrast to the dehydrogenase pathway, this reaction does not generate potentially energy
yielding NADH,. The MEOS system is not specific for ethanol and is capable of the
oxidation of many other compounds. Also, while alcohol and acetaldehyde
dehydrogenase are present constitutively, the MEOS system is only active if ethanol is
present. Additional research is needed to determine the exact conditions of MEOS
activation in response to dietary ethanol. The variable effects of ethanol on incidence of
cancer (17) are likely a consequence of the role of ethanol in activation of the MEOS
system and the conversion of other compounds in the diet to potential carcinogens.

Unique aspects of ethanol as an energy source. Ethanol is capable of providing energy
for all normal functions of a multicellular organism: cell growth and replication, cell
maintenance and function, physical work and thermogenesis. However, in contrast to all
other human energy sources, there is no macromolecular storage form of ethanol.
Glucose can be stored as glycogen, fats as lipid, and amino acids as protein. While ethanol
can be converted to acetylCoA and might be expected to be utilized in lipid biosynthesis,
this does not appear to be the case (33,39,56). Rather than be stored for future use,
excess ethanol seems to be simply oxidized to carbon dioxide, water and heat by brown
adipose tissue (39). How efficient this conversion is depends upon the level and activity of
brown adipose tissue in an individual (26). There is some evidence that excessive, chronic
alcohol consumption leads to the development of brown adipose tissue in man (26) which
is part of the adaptation to ethanol as an energy source. The consequence of the inability
to store dietary energy consumed as ethanol means that ethanol will be metabolized in
preference to other caloric compounds in a mixture of energy sources. Storage would be
preferred for glucose and fatty acids when consumed in the presence of ethanol. Indeed,
this is exactly what is observed. In addition, dietary uptake of carbohydrate is enhanced
by the presence of ethanol while fatty acid absorption is decreased. The enhancement of
utilization of carbohydrate (glucose) is due to the fact that ethanol is not a substrate for
gluconeogenesis or lipogenesis and cannot be used to build body mass, therefore glucose
must also be consumed. Thus, while ethanol is a source of energy it is not a source of
carbon.

A second unique feature of ethanol as an energy source is the fact that the plasma
membrane is freely permeable to this compound. Fuel consumption in complex
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multicellular organisms is a highly coordinated process. Certain cells and tissues, those
with a vital function, must have a higher priority for fuel use than the non-vital cells and
tissues. For example, the energy needs of the brain must be continually met while muscle
and adipose tissue can survive periods of fast. The vital tissues therefore respond directly
to the presence of an energy source in the bloodstream. In this case, the energy source
functions as a regulatory molecule eliciting a specific cascade of responses from the target
cell leading to the consumption of the energy source and the performance of cell function.

When energy sources are in short supply as would occur during a period of fast, the
vital tissues utilize the available substrate while non-vital tissues do not. This differential
regulation of energy consumption is achieved via hormonal controls. Non-vital tissues do
not respond directly to the presence of glucose in the bloodstream, but will only consume
glucose if directed to do so by the presence of the hormone insulin. The ultimate target of
hormone action is the proteins responsible for the transport of the energy source across
the plasma membrane. A cell can be prevented from consuming an energy source if that
compound is unable to be transported into the cell. Regulation of transporter protein
expression is the primary mechanism utilized by multicellular organisms for the
prioritization of fuel use (34). The fact that ethanol freely diffuses across a plasma
membrane precludes this type of regulation inoperative.

Multicellular organisms have evolved two mechanisms to regulate ethanol use. First,
dietary ethanol is rapidly converted to acetate by the liver which is released into the
bloodstream. Between 50 to 100% of dietary ethanol can be converted to acetate by the
liver (25,41). Cells of the brain can use acetate as efficiently as glucose (37). Since
translocation of acetate across a cell membrane requires a transporter, regulation via
transport can be restored. Second, a cell's ability to utilize ethanol can be controlled by
adjustment of the level and activity of alcohol dehydrogenase. Cells with reduced total
levels of alcohol dehydrogenase will not utilize ethanol as rapidly as those cells containing
a high level of activity of this enzyme.

Interactions of Macronutrient Energy Sources and the Coordination of Fuel
Consumption

There are two metabolic mechanisms for the generation of energy as ATP in eukaryotic
organisms: respiration and fermentation. Only sugars can be fermented. All other energy
sources are metabolized via the tricarboxylic acid cycle and the electron transport chain.
Of these, most are ultimately converted into acetylCoA, the point of entry to the TCA
cycle for respiratory metabolism. Fatty acids, ethanol and amino acids can only yield
energy via this pathway in humans, while glucose and fructose can additionally yield
energy during glycolysis. Lipid is the most dense chemical form of energy, and is therefore
preferred for storage of fuel. As mentioned above, ethanol is unique among the energy
sources in not being converted into a macromolecular storage form. The different
chemical and biochemical characteristics of energy compounds has led to a specific
prioritization of consumption and differentiation of function.

Ethanol and fatty acids. Ethanol and fatty acid oxidation are mutually competitive (48).
Both are directly converted to acetylCoA. Both yield circulating energy sources —
acetate for ethanol and the ketone bodies for fatty acids, which are converted to
acetylCoA post-transport by the recipient cells. The energy derived from fatty acid



14. BISSON  Metabolic Syndrome X and the French Paradox 185

catabolism can be used to generate glucose for fermentative metabolism and formation of
body mass. However, ethanol metabolism does not seem to yield energy that is
recaptured in gluconeogenesis. While neither the carbon of ethanol or fatty acids is
converted to glucose carbon in gluconeogenesis, energy derived from fatty acid
mobilization seems to be able to fuel glucose production in contrast to what is observed
with ethanol. The interaction between ethanol and fatty acid metabolism is quite straight
forward. Ethanol depresses mobilization of fatty acids from adipose tissue (7,31,38,57),
reduces B-oxidation of fatty acids in the liver (11,12), enhances esterification of free fatty
acids to triglycerides (12), increases uptake of unesterified fatty acids by the liver (1) and
decreases absorption of fatty acids from the diet (7,31,38,57). In short, ethanol blocks
fatty acid utilization and directs free fatty acids towards storage as lipid (Figure 2).
Ethanol and its metabolite acetate are then utilized as principal energy source.

Ethanol and carbohydrate. The interaction of ethanol and carbohydrate metabolism is
more complex but still inherently logical. Since the acetate derived from ethanol does not
appear to be utilized in gluconeogenesis (38,39,56), ethanol cannot serve as a source of
carbon to build new cell material and body mass in humans. Ethanol stimulates the
absorption of carbohydrates from the diet (18,47) (Figure 2). The carbohydrate can then
be utilized as carbon source, stored as glycogen or converted to lipid, depending upon the
level of carbohydrate consumed and the needs of the body. Ethanol and acetate serve as
readily utilizable energy sources for vital tissues, such as the brain (25,37,41). Thus the
demand for carbohydrate in the presence of ethanol is restricted to growing or dividing
cells, to cells requiring substrate level phosphorylation for efficient function such as
muscle, or to cells converting glucose to fatty acids for storage such as adipose tissue.
The cells with a higher demand for glucose in the presence of ethanol are the peripheral
cells that normally respond to insulin. It is not surprising, therefore, that ethanol results in
more efficient usage of glucose by the peripheral cells. The greater efficiency of glucose
utilization occurs because ethanol augments the glucose effect on secretion of insulin by
the B cells of the pancreas (46). When glucose and ethanol are both present at the same
time, a higher concentration of insulin is produced by the B cells, leading to a greater
consumption of glucose by the peripheral cells and a lower circulating glucose
concentration than would occur with glucose alone. This ethanol-induced hypoglycemia
has been observed in numerous studies (28,30,35,44,47,65). In essence, circulating
acetate and ethanol substitute for glucose as immediate use energy sources. What is
important is the total concentration of circulating energy sources and not the absolute
concentration of glucose. Thus, when glucose is the sole energy source the level of
glucose in the bloodstream will be set at a higher point than in the presence of ethanol and
acetate.

Ethanol (or acetate) also seems to be able to directly stimulate glucose consumption by
the peripheral cells in an insulin-independent manner, further reducing blood glucose
levels. Ethanol has no effect on the generation of insulin secretion in the absence of
glucose (46). It simply augments the glucose signal for insulin secretion but does not
generate a signal of its own. Ethanol's protective effect against development of coronary
heart disease and adult onset diabetes may be a consequence of'its ability to adjust the
insulin response to glucose and enhance glucorecognition by peripheral cells. These
effects would best be observed if ethanol is consumed simultaneously with other energy
sources, that is, only if ethanol accompanies a meal. If ethanol were consumed such that its
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Figure 2. Effect of ethanol on carbohydrate and fatty acid utilization.
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metabolism is complete by the time of food intake, it would not be predicted to have the
same effects on absorption and metabolism of other macronutrients.

Factors affecting the interplay between ethanol and other macronutrient energy
sources. The pattern of energy source consumption is dramatically influenced by other
dietary and lifestyle factors. The interactions described above occur in the presence of an
overall well-balanced diet of multiple macronutrients and free of micronutrient
deficiencies. Efficient consumption of individual energy sources often requires different
cofactors or vitamins, the micronutrients. A diet deficient in a particular micronutrient
may completely alter the preferences and characteristic pattern of fuel metabolism.
Dietary ethanol seems to depress the uptake of certain vitamins like folic acid, thiamin and
cobalamin (43,61). With chronic, heavy alcohol consumption, these deficiencies can
become acute and negatively impact normal metabolism. Thiamin, as thiamin
pyrophosphate, is required for the decarboxylation of pyruvate derived from glucose. If
pyruvate decarboxylation is prevented due to a thiamin deficiency, glucose will not be fully
metabolized. In this situation, ethanol would block both energy generation and fatty acid
biosynthesis from glucose. Similarly, fatty acid and amino acid catabolism requires
cobalamin (B12). If cobalamin is deficient because of ethanol depression of uptake,
metabolism of these substrates will be much less efficient (6,61). Folic acid is required for
biosynthesis, particularly of nucleotide bases used as building blocks for DNA. The
inability to produce dTTP for DNA synthesis and repair which accompanies folic acid
deficiency will lead to a greater percentage of errors in the DNA and increase the risk of
development of certain cancers (27).

Another critical factor influencing the pattern of energy source consumption is the
energy demand of the body. Physically active individuals will display a greater
requirement for carbohydrate than any other energy source because muscle utilizes
fermentation or substrate level phosphorylation for the production of a high level of
energy quickly. Respiratory substrates seem unable to confer the same level of
performance to muscle tissue as is afforded by glucose. Also, while the physiological
mechanisms of this regulation remain obscure, the storage demand will also influence fuel
use. There will be more efficient utilization of fatty acids under conditions of expansion of
lipid reserves. Lastly, genetic factors and lifestyle influence such things as amount of
brown adipose tissue and muscle mass, which will affect energy storage and demand.

Ethanol and Metabolic Syndrome X. With respect to Metabolic Syndrome X and loss
of glucose tolerance, dietary ethanol would improve glucose tolerance by generating a
higher insulin signal for a given concentration of glucose (Figure 3) and would also
stimulate the peripheral cells to respond to insulin and consume glucose (Figure 4). In this
case, ethanol might be able to restore proper circulating glucose levels and delay or even
prevent the cascading derangement of fatty acid metabolism accompanying the defect in
glucorecognition. Ethanol consumed with carbohydrate would behave differently than
ethanol consumed independently of carbohydrate. This may also explain some of the
discrepancies in the literature on the protective effect of ethanol against coronary heart
disease. The results of such studies would be impacted by the manner in which alcohol is
consumed. This is true in general of metabolic studies.
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Toward a Definition of Moderate Consumption

While moderate consumption of ethanol may be beneficial for reducing risk of certain
diseases, chronic, excessive alcohol consumption clearly leads to disease. The definition
of moderate ethanol consumption remains a critical and open question. It is as
irresponsible to recommend a given amount of ethanol be consumed by the entire
population as it would be to recommend a single level of carbohydrate (glucose)
consumption. In the case of glucose, the "safe" level of consumption obviously would
differ for individuals with diabetes or a predisposition to diabetes as compared to the rest
of the population. The recommended level of carbohydrate consumption would also vary
depending upon the amount of physical activity sustained by the individual.

Similar arguments can be made against a blanket recommendation for a generic level of
ethanol consumption. As a consequence of genetic background, certain individuals are at
high risk of development of physiological disorders from alcohol consumption. The
appropriate level of alcohol consumption for these individuals would be lower than that of
the rest of the population. This situation is exactly analogous to the negative physiological
impact of continued glucose consumption in individuals with type II diabetes. While there
are clearly defined tests to determine the level of glucose intolerance in individuals, there is
no such equivalent assay for ethanol intolerance. Recommendations for specific patterns
of consumption of calorie sources cannot ignore genetic predisposition to adverse effects
from that consumption. In the case of alcohol, it is not yet clear what types of biochemical
markers should be analyzed to define the segment of the population at high risk from
ethanol consumption. However, given the possible protective effect of ethanol against
development of the Metabolic Syndrome X diseases, specifically of type II diabetes and
coronary heart disease, a blanket recommendation to abstain from alcohol is equally
irresponsible. It is imperative that studies be undertaken to refine our understanding of the
role of ethanol in macronutrient metabolism and maintenance of health.

With these caveats in mind, it is possible to begin to define moderate ethanol
consumption. The level of moderate ethanol consumption that would be considered ideal
for the prevention of coronary heart disease or diabetes is clearly dependent upon the
composition of the rest of the diet. If ethanol consumption leads to a micronutrient
deficiency, then that level of consumption is too high. This of course could be corrected
by increasing the content of vitamin-rich foods in the diet as well as by reducing ethanol.
Given the potential involvement of the MEOS system in increased risk of certain cancers,
moderate ethanol consumption can in addition be defined as that level of ethanol that
enhances glucorecognition without sustained induction of the MEOS system. Ethanol
consumption becomes excessive when oxidative metabolism becomes so saturated that
fatty acids begin to accumulate in the liver leading to fatty liver and cirrhosis. In this case,
the optimal level of ethanol will be directly dependent upon the enzymatic composition of
the liver and its metabolic capacity for the conversion of ethanol to acetate. Ethanol
consumption is also excessive when acetaldehyde accumulates as in the case of saturation
of acetaldehyde dehydrogenase. Finally, ethanol consumption is excessive if ethanol
exceeds the level of alcohol dehydrogenase activity and the liver's ability to convert
ethanol to acetate. In this case, circulating ethanol levels are elevated. If ethanol
consumption leads to any one of the above mentioned metabolic scenarios, the level of
consumption is too high. It is important to correlate the protective effect of ethanol
consumption with these indicators of a potential problem to determine if a level of



14. BISSON  Metabolic Syndrome X and the French Paradox 191

consumption can be identified that is desirable from an overall health perspective. Because
of its solubility properties, ethanol is capable of perturbing plasma membrane function
which may lead to a disruption of cellular function and even cell death. Thus, the
recommended level of ethanol consumption to reduce risk of disease will differ based
upon the metabolic capacity of an individual, genetic predisposition to an alcohol-related
disorder, as well as on overall diet and lifestyle. It is unlikely that there will be a single
definition of moderate ethanol consumption, but many definitions depending upon genetic
and physiological factors.

Conclusion: The Need for Further Research

The observation that coronary heart disease may be correlated with an impairment of
glucose tolerance suggests that ethanol's protective effect against the development of this
disease may be a consequence of its known impact on carbohydrate metabolism and role
as a macronutrient energy source in the human diet. Ethanol is able to augment the
glucose-induced secretion of insulin and stimulates glucose consumption by peripheral
cells. The mutually competitive nature of ethanol and fatty acid metabolism may also
explain the health-promoting effects of ethanol on lipid mobilization and metabolism. The
possible effect of dietary ethanol on the development and progression of Metabolic
Syndrome X may in part explain the French Paradox and the beneficial effects of the
Mediterranean diet. Hopefully the arguments presented above have been provocative
enough to stimulate much needed research on the interactions of macronutrient fuels in the
diet and on the role of perturbation of the normal pattern of fuel metabolism in health and

disease.
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The role of oxidative stress in the development of chronic diseases such as
atherosclerotic cardiovascular disease, cancer and autoimmunity, and post-ischemia
injury, trauma and ultimately in aging is under intensive investigation. As the
significance of oxidation in the etiology of disease has been recognized, the ability of
certain nutrients - antioxidants - to retard these processes chemically has led to the
hypothesis that ingestion of such nutrients may prevent these disease states. Wine is
one of the richest natural sources of the flavonoid class of antioxygenic polyphenolics.
To understand how wine and plant phenolics in general could affect health status, it
is necessary to understand the complexity of oxidation as a chemical process and the
biochemistry that has evolved as a response.

Paradoxically, oxidation, the chemical process by which oxygen is added and
withdraws energy from reduced carbon-based molecules, is a life-sustaining process.
It is the coupled transport of electrons, captured from the oxidation of ingested
foodstuffs, in the mitochondria that fuels each of our cells. During a billion-year
evolutionary course within an oxygen atmosphere, living organisms have found free
radical oxidative reactions to be both highly necessary and potentially disastrous to
their highly-reduced constituent macromolecules. The selective pressures of these
forces have produced a complex spectrum of biochemical systems that either utilize
or detoxify products of free radical chain reactions. We are only now beginning to
recognize and understand that these systems interact to control normal growth and
development. As our understanding of the interactions between oxidant-
generating/utilizing systems and the ancillary protective/repair processes grows, so
will our ability to identify points at which normal deviates towards pathological and
where intervention by flavonoids may be beneficial.

‘Oxidative stress’ is a catch phrase that describes a general phenomenon of oxidant
exposure or antioxidant depletion. Oxidant exposure and damage are now believed to
be caused by many events, both chronic and natural and acute and catastrophic (J).
Gross tissue damage accrues, for example, following the induction of oxidative stress
by chemical intoxication or iron overload (2-4). More subtle chronic damage may be
caused by production of reactive species during the course of normal metabolism (5).

© 1997 American Chemical Society
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For example, macrophages release activated oxygen as part of the normal inflammatory
response in order to generate the chemically toxic oxygen radicals that kill invading
pathogens. In this defensive strategy, the health threat of local tissue damage is balanced
against the asset in preventing systemic infection, and further selected for the evolution
of repair systems to effectively respond to this transient damage. However, chronic
inflammation, as occurs in autoimmune disorders, due primarily to overactive host
reactions, creates pathological tissue changes (6,7). That the normally protective
processes can create overt tissue pathology underscores the power of oxidative chemistry
and the risks associated with the biological generation of oxidative species.

These observations suggest that organisms must tolerate a balance between the
benefits and risks of free radical oxidative chemistry. The balance can be shifted in
either a detrimental or beneficial direction by changing the predominance of
prooxidative processes and antioxygenic protection. Studies that test the implications of
this hypothesis are being conducted world wide. Many of these studies are ‘natural
experiments’ in the sense that epidemiology relates disease incidence to genetic and
environmental variables in free-living populations. Evidence from such studies suggests
that a disparity between basal antioxidant protectants and the oxidative stress
experienced by an individual may result in repetitive oxidative damage to sensitive tissue
and plasma targets. Imbalance and repetitive oxidative damage also appear to lead to
functional deterioration and accumulation of potentially toxic by-products of the oxidant
response and repair systems as well.

The concept of balance carries profound implications for the study of oxidation
biology and the etiology of chronic disease. Recently, a further conceptual advance was
made with the recognition that non-essential components of the diet may actively
participate in the oxidative balance of living creatures. The non-essential polyphenolic
compounds in wine were identified as antioxidants whose level in plasma of moderate
wine consumers was proposed to retard the oxidative modification of low density
lipoproteins (LDL), a chemical event causal to atherosclerosis (8).

This review describes the dynamics of oxidative chemistry within biological
systems. The multistage nature of the process is emphasized since complexity forms the
basis for multiple mechanisms of pathogenesis. Furthermore, it is by virtue of the
chronic and pervasive nature of free radical oxidative events that routine dietary
consumption of polyphenolic materials is thought to be of broad benefit.

Chemistry of Oxidation

Thermodynamic equilibrium strongly favors the net oxidation of reduced, carbon-based
biomolecules. The rather paradoxical (and fortuitous) kinetic stability of all biological
molecules in our oxygen-rich atmosphere is due to the unique spin state of the unpaired
electrons in ground state molecular oxygen in the atmosphere. Ground state molecular
(triplet) oxygen is kinetically stable due to the spin state of its unpaired electrons. This
property renders atmospheric oxygen relatively inert to reduced, carbon-based
biomolecules. Hence, reactions between oxygen and protein, lipids, polynucleotides,
carbohydrates, etc. proceed at vanishingly slow rates unless they are catalyzed.
However, once a free radical chain reaction is initiated, the free radicals that it generates
rapidly propagate, interacting directly with various targets and also yielding
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hydroperoxides. These hydroperoxides are readily attacked by reduced metals leading
to a host of decomposition products. Some of these products are capable of causing
further damage, some, formed through self-propagating reactions, are themselves free
radicals; thus, oxidation is re-initiated. A voluminous literature has emerged during the
gradual unraveling of this chemistry among biological lipids, and points to several key
participants in the reaction course (9-10).

Initiators of oxidation eliminate the reactive impediments imposed by the spin
restrictions of ground state oxygen by converting stable organic molecules, RH, to free
radical-containing molecules, R. Oxygen reacts immediately with such species to form
the peroxy radical, ROO'. Initiators of lipid oxidation are relatively ubiquitous, primarily
single electron oxidants, and include trace metals, hydroperoxide cleavage products and
light. A risk of evolving biological systems that use polyunsaturated fatty acids (PUFA)
is that these molecules are oxidized by the ROO species to yield another free radical, R,
and a lipid hydroperoxide, ROOH. This effectively sets up a self-propagating free
radical chain reaction, R'+ O, - ROO - ROOH + R, that can lead to the complete
consumption of PUFA in a free radical chain reaction (/). The ability of the peroxy
radical to act as an initiating, single-electron oxidant drives the destructive and self-
perpetuating reaction of PUFA oxidation.

Decomposition of hydroperoxides formed during lipid oxidation produces a variety
of short-chain aldehydes, ketones and alcohols (9). Products such as these, in addition
to radicals, can damage functional molecules in a variety of ways (Table I) and
compromise the health of the animal. The susceptibility of an individual lipid to
oxidation, and therefore its overall rate of oxidation, is controlled by the ease of
hydrogen abstraction, which in turn is related to the abundance of double bonds on fatty
acids. As the number of double bonds in a molecule increases, the number of methylenic
hydrogens increases as well, which increases the rate of oxidation. For example, the fatty
acids 18:1, 18:2, 18:3 and 20:4 have relative oxidation rates of 1, 50, 100 and 200. The
relative rate of oxidation as a function of number of double bonds may be important to
rates of deterioration of biological molecules in vivo. It has now been documented that
diets high in PUFA require more antioxidant nutrients such as tocopherols to prevent
oxidation and rancidity. Significantly, animals consuming diets high in PUFA also have
been suggested to require additional antioxidant protection to prevent tissue damage.
Unfortunately, to date the precise molecular nature of this increased requirement is not
clear, and many of the studies that purport to show an increase in oxidative damage
actually show only an increase in crude measures of lipid oxidation, namely
thiobarbituric acid-reactive substances (TBARS). The assay for TBARS is
fundamentally unable to distinguish varying oxidative damage between dietary fats since
it is differently responsive to the same amount of oxidation from different levels of
unsaturation. Although on the basis of chemical reactivity, a diet enriched in highly
unsaturated fatty acids would appear to increase the tendency to oxidation and increase
the incidence of all chronic degenerative diseases associated with increased oxidation,
this has not been observed. To the contrary, in many cases the replacement of more
saturated fat diets with highly unsaturated fats, including fish oils, frequently results in
a reduction in atherosclerosis, thrombosis and other chronic diseases (7). Thus, when
considering the myriad effects of dietary fats on tissue oxidation, it is critical to
understand all of the various biochemical and metabolic consequences as well. The
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means by which PUFA actually decrease oxidation in circulating LDL was recently
proposed to be due to a significant reduction in circulating age of the lipoproteins (12).
Similarly, the ability of phenolic phytochemicals from wine to inhibit oxidative
biochemical and metabolic pathways may significantly alter their net effect on tissue
oxidative damage.

Antioxidants and Biological Containment of Inappropriate Oxidation

The chemistry of free radical oxidations is multistage and complex. Oxidation is not a
single catastrophic event. There is no single dangerous or reactive product of oxidation,
rather there are classes of products many of which are both selectively and broadly
damaging. There is no single initiating oxidant that generates all free radicals, rather
there are a great many sources of single electrons. Thus, there is no simple means to
prevent them. Free radicals and their products react with virtually all biologically-
important molecules, and no single defense will protect all targets of oxidative damage.
To counter this diversity of potential devastation, organisms have evolved a variety of
strategies and mechanisms to prevent or respond to oxidative stresses and the presence
of free radicals and their products (Table II). Thus, the corollary to the inherent
complexity of the multistage process of oxidation is that it can be inhibited at one or
more of its many steps.

To fully appreciate the potential health effects of wine phenolics in antioxidant
protection, they must be placed within the context of the overall response of living
organisms to oxidation. Living organisms do not react passively to oxidant stress. This
is not surprising given the precarious dependence of living organisms on the kinetic
impediment of ground state oxygen to prevent their rapid oxidation. All organisms have
evolved highly complex biochemical pathways to deal with oxidation. Pathways range
from regenerating oxidized protectants to extra- and intracellular oxidant recognition
mechanisms to oxidant-sensing genetic response elements. Among higher animals, these
response pathways also extend to wholesale induction of gene families that code for
protection and repair proteins up to the recruitment of distant cells to affected tissues.
The complexity and interdependence of these systems indicate that oxidative stress could
increase requirements for not only direct antioxidants but also those nutrients essential
for proper up-regulation of oxidant defense and repair mechanisms.

Antioxidants

Antioxidant is a broad classification for molecules that may act prior to or during a free
radical chain reaction, at initiation, propagation, termination, decomposition or during
the subsequent reaction of oxidation products with sensitive targets. Antioxygenic
compounds can participate in several of the protective strategies described for higher
animals (Table II). Differences in point of activity are not trivial, and influence the
efficacy of a given compound to act as a net antioxidant or protectant. Distinctions in
how different molecules act can also profoundly affect the impact of oxidation, and its
inhibition, on normal biological function and damage. The alkyl radical, R, is
considered much too highly reactive in an oxygen-rich environment for any competing
species to successfully re-reduce R’ to RH before oxygen adds to form the peroxy
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Table 1. Consequences of Inappropriate Oxidation

Reaction

Examples

Direct oxidation of susceptible
molecules with resultant loss of
function

Adduct formation with loss of
native functions

Oxidative cleavage of

important molecules that
impairs or destroys their
functionality

Liberation of signal molecules
or analogs to signal molecules
that elicit specific but in-
appropriate cellular responses

Oxidation of membrane lipids alters membrane
integrity, promotes RBC fragility and membrane
leakage; oxidation of proteins results in loss of
enzyme catalytic activity and/or regulation

Oxidative modification of the apoB molecule on
LDL prevents uptake by the LDL receptor and
stimulates uptake by the scavenger receptor

DNA cleavage, point, frame shift, deletion and base
damage all translate into altered sequence at
replication

Leukotoxin and eicosanoid analogs activate cellular
responses such as platelet aggregation, and down-
regulate vascular relaxation
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radical, ROO". At this point, however, ROO" is a relatively stable free radical that reacts
relatively slowly with susceptible targets such as PUFA. This is the most widely
accepted point of action for free radical scavenging antioxidants

such as the phenolic tocopherol. Tocopherol can reduce ROO" to ROOH with such ease
that tocopherol is competitive with biologically-sensitive targets such as unsaturated
lipids, RH, even at 10,000-fold lower concentration. The tocopheroxyl radical, A’ is in
general a poor oxidant and reacts significantly more slowly than the original oxidant,
ROO:". Conversion of ROO" to ROOH and formation of A’ effectively imparts a kinetic
hindrance on the propagating chain reaction. The tocopheroxyl radical can be either
re-reduced by reductants such as ascorbate, dimerize with another radical or be further
oxidized to a quinone. These free radical scavenging functions of tocopherol are very
well documented (15).

Tocopherol has vitamin status, and loss of its free radical scavenging properties is
believed to be the basis for its essentialness and the pathologies associated with its
deficiency. That the basis for the essentialness of tocopherol lies in its ability to prevent
oxidative damage raises an important nutritional question: Are these actions also
provided by non-essential polyphenolics present in plants and foods derived from them,
and in particular wine? A host of chemical studies implicate many of the phenolics in
wine as capable of interfering with and inhibiting free radical chain reactions of lipids.
Wine phenolics inhibit lipid hydroperoxide formation catalyzed by metals, radiation and
heme compounds (73, 16). Polyphenolics from wine and other plants scavenge peroxy,
alkoxy and hydroxy radicals and singlet oxygen (/6-18). Flavonoids have been shown
to spare tocopherol consumption in oxidizing lipid systems (19,20). If e-tocopherol is
truly an essential antioxidant and acts in situations that no other compound can, the
sparing effect of non-essential antioxidants may be one of their most important actions.

Antioxidant activity is not limited to prevention of hydroperoxides (Table II).
Hydroperoxides are relatively easily detected, and indicate that oxidation has occurred,
but are not considered to be directly damaging to either to foods or biological molecules.
However, the reductive decomposition of hydroperoxides by reduced metals generates
even more reactive free radicals, the hydroxyl radical, HO', or the alkoxyl radical, RO'.
These strongly electrophilic oxidants react with and oxidize virtually all biological
macromolecules. Furthermore, the alkoxy radical typically fragments the parent lipid
molecule and liberates electrophilic aldehydes, hydrocarbons, ketones and alcohols. Both
the highly reactive hydroxy and alkoxy radicals and the electrophilic aldehydes liberated
with their reduction react readily with polypeptides (proteins) and polynucleotides:
(DNA). Thus, vital additional modes for antioxidant action in protecting biologically-
sensitive molecules include either prevention of hydroperoxide decomposition, reduction
of the alkoxyl radicals or scavenging the electrophilic aldehydes produced. Different
antioxidants vary in their efficacy during this phase of the oxidation progress. Even
tocopherol isomers differ with respect to their ability to prevent decomposition of
hydroperoxides (21,22). The phenolics found in wine vary in their ability to interrupt a
free radical chain reaction with differences detectable among different lipid systems,
oxidation initiators and other antioxygenic components.
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Biology Uses Risky Oxidation Chemistry

Organisms need to cascade and amplify chemical signals to develop appropriate
responses to many stressors, including oxidants. It is notable that many of these
signaling systems are themselves oxidant-generating pathways. Among the most familiar
examples of such signaling are the enzymatic systems that oxidize specific PUFA
moieties to form potent signaling molecules. These molecules, termed oxylipins
(prostaglandins, leukotrienes, etc.), all serve to alert adjacent or responsive cells of a
state of stress. Enzymatically produced oxidized lipids even act on higher order brain
functions such as pain and even sleep. Oxidation of some protein transcription factors
allows binding to 'oxidant response elements' within DNA and directly affect its
transcription. This cascading proliferation of oxidized molecules does accomplish the
tasks of intracellular and multicellular signaling, but also places a burden on oxidant
defense systems. These chemical signals clearly co-evolved with the increasingly
sophisticated oxidant repair systems. Perhaps the presence of these oxidant defenses
(Table II) allowed the non-fatal use of oxidants. The comparative biochemical evidence
is consistent with a parallel evolution of both oxidant response and oxidant signaling
pathways of ever increasing sophistication.

Net Oxidation: A Balance between Prooxidants and Antioxidants

As now described, oxidation is initiated in cells, tissues and fluids by a host of chemical,
and more importantly, enzymatic and protein factors. Many of the oxidation events
initiated by organisms are necessary for, or at least valuable to, the success of the
organism. Thus, organisms use oxidation, but there is a clear risk-benefit relationship
(Table IIT). Biology seemingly accepts the risk because, at least in the short term,
oxidation provides a net benefit. The long-term consequences may only be relevant to
aging organisms and poorly defended tissues. Unfortunately, both situations occur in
humans.

There is a growing point of view that many chronic diseases develop as a result of
unprotected or aberrant oxidation. Repetitive oxidant damage can accrue over a life-time
and greatly influence the health of the individual. Developments in the field of oxidant
biology emphasize the need to re-evaluate antioxidant requirements in relation to cellular
dysfunction. The requirement for oxidant defense will vary with oxidant stress. It is
difficult to believe that antioxidant effects defined under conditions of zero stress are in
any way meaningful for a system under even brief, acute stress such as viral infections,
inflammation, trauma and exposure to environmental pollutants. Even less relevance is
discernible during states of chronic and sustained oxidant stress such as autoimmunity,
chronic infection, elevated circulating lipoproteins or mild antioxidant deficiency. Thus,
estimates of population requirements for antioxidant defense would seem to be best
based on individuals exposed to an ‘average’ or ‘typical’ amount of oxidant stress. The
concept of what constitutes ‘typical’ oxidant stress is undefined. Definition of such a
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parameter would be difficult since a variety of insults can elicit an oxidant stress both
directly and indirectly in ways heretofore unrecognized.

Diseases Associated with Oxidation

Increasing evidence implicates oxygen free radicals as mediators of numerous
degenerative and chronic deteriorative, inflammatory and autoimmune diseases (23),
including rheumatoid arthritis (24), diabetes, vascular disease and hypertension (25, 26),
cancer and hyperplastic diseases (5,27), cataract formation (5,28), emphysema (29),
immune system decline and brain dysfunction as well as the aging process (5). An
imbalance in oxidant-antioxidant activity is involved in free radical-mediated
pathologies such as ischemia-reperfusion and asthma (30).

As outlined in the preceding sections, a number of cellular and organismal processes
are controlled or affected by oxidants or oxidation. Mechanisms for how perturbations
of oxidant balance lead to systemic, multifactorial diseases can now be postulated. In
fact, multiple mechanisms probably operate simultaneously. One of the best examples
of how oxidant imbalance can cause cellular dysfunction and disease is found in the
'French paradox.'

French Paradox - Fat vs. Antioxidant Intake. The association of saturated fatty acid
intake with mortality and morbidity from atherosclerotic cardiovascular disease,
(ASCVD) does not apply for certain French populations. Whereas the reported coronary
mortality per 10,000 people in the USA is 182, the mortality of the French, in general,
is 102, while in the Toulouse region, it is 78 (31). This discrepancy is referred to as the
"French paradox." The French people have similar intakes of saturated fatty acids,
similar risk factors and comparable plasma cholesterol as the US population. The only
dietary factor that showed a negative correlation with ASCVD was wine consumption.
Renaud and de Lorgeril (31) pointed out that while there is an association between
reduced ASCVD and alcohol consumption generally, the “alcohol” in red wine was
superior to that provided in other alcoholic beverages. Thus, it appeared that the
beneficial effects of red wine were partly contributed by components other than alcohol.
To understand how wine could reduce the incidence of ASCVD, we must understand the
pathogenesis of this disease.

LDL Oxidation and ASCVD. The lesions of ASCVD are progressive, that is, they
become larger and more severe over time. The first identifiable is the fatty streak, a
cluster of lipid-engorged macrophages whose appearance earned the name foam cell.
The lipids in these cells were recognized decades ago as largely derived from LDL but
how the macrophage, without an LDL receptor, accumulated such high levels of LDL
was only reconciled recently by the oxidation hypothesis. Oxidative modification of
LDL makes native, and possibly quite benign, LDL a substrate for the macrophage
scavenger receptor, and hence more atherogenic (32,33). Oxidized cholesteryl esters and
other PUFA oxidation products modify LDL and contribute to ASCVD etiology (33).
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The increased atherogenicity of LDL following oxidative modification is proposed to
result from their uncontrolled uptake into subendothelial macrophages by a receptor
specific for damaged (oxidized) particulates, like red blood cells, and LDL (34). The
result of the accumulation of oxidized LDL by these macrophages is a gradual
development of an inflamed and proliferative tissue site that leads ultimately to
atheromatous plaque and vascular disease. An actual heart attack occurs when the
roughened surface of the vascular tissue that overlies the plaque activates platelets,
which form a clot or thrombus and occlude the artery. Platelet activation is also an
oxidant-dependent reaction. Prevention of ASCVD by antioxidant protection could
result from both prevention of peroxidative lipoprotein modification and the additional
effects of antioxidants on cellular or immunological activity (35). As such, there are
several sites at which interference with oxidant generation and its consequences would
slow ASCVD or reduce the incidence of heart attacks. Antioxidants, including those
from wine, may reduce peroxidation of PUFA and LDL and thereby decrease
macrophage foam cell formation. They could reduce chronic inflammation tendencies
by reducing peroxides, down-regulating the arachidonic acid cascade and reducing
platelet aggregability and thrombotic tendencies (36).

The view of oxidation as the key to ASCVD is somewhat at odds with traditional
views of atherosclerotic risk. Elevated LDL is the fundamental correlate of disease
incidence and has captured considerable attention due to its ability to predict death from
ASCVD in humans. However, until quite recently there was no verifiable explanation
for why, if LDL oxidation was causing ASCVD, high levels of LDL should be more
readily oxidized. In experiments using lipoproteins during circulation, Walzem et al.
(12) showed that the susceptibility of lipoproteins to oxidation increases as their age in
circulation increases. Since increased intravascular LDL residence time in humans
almost invariably accompanies elevated plasma LDL cholesterol, the average LDL of
hypercholesterolemics is older. Thus, individuals with high LDL cholesterol are in
essence imposing an elevated oxidant stress on LDL by prolonging their exposure to the
oxidative environment of the intravascular compartment.

If protection of LDL from oxidant stress prevents or slows the development of
ASCVD, it becomes important to determine how and what can protect LDL. Vitamin
E has a well-recognized physiological function as a biological antioxidant in scavenging
free radicals and preventing oxidant injury to PUFA in cell membranes or within the
surface of lipoproteins. Considerable evidence suggests that vitamin E is the major lipid-
soluble free radical scavenger in vivo (37). LDL is the metabolic end-product of very
low density lipoprotein (VLDL) catabolism. The number of tocopherol molecules
present in each LDL particle is determined by the activity of tocopherol transfer protein
during VLDL synthesis. Once secreted, if the protectors of lipoprotein are consumed,
they are not likely to be replenished. Depletion of LDL e-tocopherol precedes LDL
oxidation. LDL contain less than ten tocopherol molecules per particle. Whether or not
this amount of tocopherol as the sole antioxidant protection available to the LDL particle
is adequate or reflective of the conditions that humans evolved with is not known.
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Plant Phenolics as Antioxidants

The relative role of different antioxidants in LDL protection is still controversial. Some
of the controversy stems from differences in methodologies. When water-soluble
oxidants are used in studies of this type, water-soluble plasma antioxidants such as
ascorbate appear to elicit the most effective protection (38). However, when LDL are
isolated and their susceptibility in vitro is measured, preparation of the LDL via
centrifugation and dialysis removes all water-soluble protection; then the lipid-soluble
antioxidants, particularly vitamin E, appear to be the sole protection. Tocopherols are
quite effective in delimiting propagation of free radical chain reactions, and they may
be partially regenerated by other reductants. However, tocopherols do not stop free
radical initiation reactions, hence their action as the sole protectant may be limited.

'Wine Phenolics and ASCVD. Kinsella et al. (36), Frankel et al. (8) and Kanner et al.
(13) proposed that nonalcoholic compounds, the phenolic antioxidants, that are abundant
in red wine are responsible for protection of the French from ASCVD via prevention of
LDL oxidation and inhibition of platelet aggregation. Consumption by the French of red
wine, fruits and vegetables containing phytochemical antioxidants may decrease the
peroxidative tendencies and retard interactions involved in atherogenesis and
thrombosis. Wine phenolics can effectively participate in several antioxidant defenses
(Table II), inhibit platelet aggregation, spare a-tocopherol and may protect sensitive
targets like proteins or DNA.

Phenolic Composition of Grapes, Wines and Foods. Among the numerous natural
constituents of foods, principally of plant origin, that have antioxidant activity are the
polyphenols. The phenolic compounds are primary antioxidants that act as free radical
acceptors and chain breakers. Polyphenols include salicylic, cinnamic, coumaric and
ferulic derivatives and gallic esters. In grapes alone, the following phenolics have been
identified: phenolic acids (hydroxybenzoic, salicylic, cinnamic, coumaric and ferulic
derivatives, and gallic esters), flavonols (kaempferol and quercetin glycosides), flavan-3-
ols (catechin, epicatechin and derivatives), flavanonols (dihydroquercetin,
dihydrokaempferol and hamnoside) and anthocyanins (cyanidin, peronidin, petunidin,
malvidin, coumarin and caffein glucosides). In compounds that are derivatives of
benzoic and cinnamic acids as well as flavonoids, the degree of hydroxylation and
position of hydroxylation are important in determination of the antioxidant efficiency
(39). For example, in white mustard, p-hydroxybenzoic acid is the major phenolic
present, followed by sinapic acid; together, these represent 36% of the total phenolics
(40). Among the antioxidative components of low-pungency mustard flower, the major
antioxidants are sinapic acid, p-hydroxybenzoic acid and trihydroxy phenolic
compounds, such as flavones or flavones (47).

Evaluation of antioxidative activity of naturally-occurring substances has been of
interest; however, there is a lack of knowledge about their molecular composition, the
amount of active ingredients in the source material and relevant toxicity data. The
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proposal that the altered disease risk in specific populations could be explained by a
mechanism involving antioxidant polyphenolics in fruits and fruit products focused
considerable scientific and public scrutiny on the actions of these compounds in human
health. This interest has produced epidemiological studies, mechanistic hypotheses and
testing of oxidant/antioxidant effects in the progression of several diseases. These
diseases can be classified by the aberration in oxidant balance that is believed to cause
them. The breadth of associations between consumption of plant phenolics and improved
human health demands scientific investigation. This research group has focused on
candidate molecules, their absorption and their mechanisms of action (8, 12,13,36). The
research community is now developing testable hypotheses to further assess the
mechanisms of these associations.

Diseases Associated with Direct Oxidation/Damage

DNA Damage and Cancer. Aside from ASCVD, cancer is the most significant chronic
disease associated with direct oxidative damage. In a review of epidemiological
literature on vegetable and fruit consumption and human cancer, Steinmetz and Potter
(42) found a consistent association between higher levels of fruit and vegetable
consumption and a reduced risk of cancer, particularly with epithelial cancers of the
alimentary and respiratory tracts. These authors also addressed possible mechanisms by
which these foods might alter risk of cancer (43). The authors hypothesized that humans
are adapted to a high intake of plant foods that supply crucial substances to maintain the
organism. Cancer may result from decreasing the level of intake of foods that are
metabolically necessary. Among the potentially anticarcinogenic agents in foods are
carotenoids, vitamin C, vitamin E, selenium, dietary fiber, dithiolthiones, glucosinolates,
indoles, isothiocyanates, flavonoids, phenols, protease inhibitors, sterols, allium
compounds and limonene. The complementary and overlapping mechanisms suggested
for these compounds by Steinmetz and Potter (43) include “the induction of
detoxification enzymes, inhibition of nitrosamine formation, provision of substrate for
formation of antineoplastic agents, dilution and binding of carcinogens in the digestive
tract, alteration of hormone metabolism, antioxidant effects, and others.”

The biochemical backgrounds for the actions of cancer-protective factors in fruits
and vegetables were reviewed in detail (44). The authors based their simplified model
on a generalized initiation-promotion-conversion model for carcinogenesis. In this
model, initiators are directly or indirectly genotoxic, promoters are substances capable
of inferring a growth advantage on initiated cells and converters are genotoxic. The
mechanisms of anticarcinogenic substances in fruits and vegetables were related by the
authors to the prevention and inhibition of cancer, notably by antioxidant-related
activities. Among many other compounds discussed, these authors noted that
polyphenols from fruits and vegetables could protect against cancer initiation by
scavenging activated mutagens and carcinogens, acting as antioxidants, inhibiting
activating enzymes and by shielding sensitive structures (e.g., DNA). Mechanisms acting
at the biochemical level towards anti-promotion include the scavenging of activated
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oxygen, stabilization of membranes and the inhibition of ornithine decarboxylase.
Diseases Associated with Oxidant Signaling

With the recognition that cellular stimulation activates oxidant production systems to
generate very potent signal molecules has come the logical possibility that such systems
could be inappropriately stimulated (1/,45,46). Thus, the very systems that respond to
stress may be destructive and exacerbate or even initiate distinct pathological states. The
best described of the stress response systems are the oxygenated fatty acids or
eicosanoids, and several examples of pathologies associated with their excessive
production are known.

Prostaglandins and Thrombosis. The processes of thrombosis are ostensibly those of
inappropriate blood clotting; however, it is actually the culmination of many factors that
produces a clotted artery. The critical principle underlying this pathology, and the
practical problem in successful interventions, is that platelet clotting is ultimately an
absolutely essential event that prevents an individual from excessive bleeding. The
vascular system is basically a plumbing network conducting a relatively viscous fluid
at high flow and pressure. The utility of the self-contained hole-plugging response
system provided by platelet aggregation is obvious. Platelets are the cell type that act
most directly to recognize vessel wall disruptions, to signal a rapid, multicellular
response and then to initiate the construction of a physical barrier to prevent further
blood loss.

In view of the paradigm developed above, it is not surprising that oxidant signaling
systems have evolved in biology to respond rapidly to stress, and that platelets take
advantage of this system as well. Platelets are known to oxygenate arachidonic acid via
two discrete oxygenating systems: the prostaglandin synthetase-thromboxane synthetase
couple that produces thromboxane, the most active platelet aggregating and
vasoconstricting of the arachidonic acid metabolites (and one of the most potent yet
described), and the 12-lipoxygenase enzyme that produces 12(S)-HPETE, an
arachidonic acid hydroperoxide that promotes adherence of platelets to vascular
surfaces. Interestingly, these enzymes are not absolutely required elements of the
platelet-clotting cascade since in their absence platelets will still clot; nevertheless, these
two systems of oxygenating fatty acids act to accelerate and amplify the clotting
processes. Thus, platelets, in response to both appropriate (bleeding) and inappropriate
(atherosclerosis) conditions, actively produce oxidants as a means to cascade the
signaling of clotting. This knowledge has been the basis for developing oxygenase
inhibitors as pharmacological agents to prevent thrombosis, and many prostaglandin
inhibitors, notably aspirin, are widely recommended as antithrombotic agents. Aspirin
is a salicylate phenol originally derived from willow (Salix) bark. The therapeutic
successes of small doses of aspirin beg the question, do natural polyphenolics consumed
in foods that inhibit oxidation inhibit the enzymatic oxygenation of platelets that
promote thrombosis? In vitro, the epithelial lipoxygenase is inhibited by the grape
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phenolic catechin at low micromolar concentrations (47). The platelet enzyme from
humans was found to be inhibited by wine phenolics, the most likely candidate of which
was catechin, which in pure form showed half-maximal inhibition at 1 pM concentration
(Matsuo and German, unpublished).

Leukotrienes and Asthma. Asthma is a prototypical autoimmune condition in which
the excessive recruitment of inflammatory immune cells is distinctive. Several immune
cell modulators are known to be responsible for the bronchoconstriction associated with
allergen challenge to pulmonary mast cells. The most potent bronchoconstricting
substances characterized are the S-lipoxygenase products, the leukotrienes. Again, in
direct analogy with several other signaling systems, when these cells are challenged,
arachidonic acid is released and is actively oxygenated via a free radical oxidation
reaction to a stereospecific hydroperoxide, which in the case of the leukotrienes is
converted by an additional free radical reaction to the leukotriene precursor LTA4. In
the case of asthma, mast cells are considered the main source of histamine and slow-
reacting substances of anaphylaxis, SRS-A, the signal molecules implicated in
bronchoconstriction, but neutrophils and eosinophils are also well known to be
associated with asthmatic lungs. In each case, the recruitment and activation of these
cells is enhanced by the production of oxidized lipids, especially the eicosanoids.
Similarly, cell activity and severity of bronchoconstriction are reduced by
pharmacological agents that block the production of oxidized signal lipids. Various
phytochemicals (plant secondary metabolites), including polyphenolics, have been
documented to inhibit these pathways, and have been argued to be of therapeutic benefit
for inflammatory lung diseases, including asthma.

Diseases Associated with Oxidant-Induced Cell Activation

Phagocyte Activation and Asbestosis. Although the mechanism of lung fibrosis after
asbestos exposure is unknown, observations suggest that neutrophils may play a role in
the development of the lung injury. Lung mediators attract macrophages which then
phagocytize asbestos fibers. Asbestos also exerts a cytotoxic effect on
polymorphonuclear leukocytes, which in response release proteolytic enzymes such as
collagenase and elastase. In addition, asbestos causes the production of highly-reactive
oxidants in neutrophils that are responsible for additional damage to tissues. While the
role of polymorphonuclear leukocytes, such as neutrophils, in pathogenesis of asbestosis
still remains controversial (48), the potential for antioxidant phenolics both as
protectants from direct oxidant damage and for down-regulating oxidant signaling in
recruiting phagocytic cells is evident. The benefits of tocopherol to asbestos-induced
oxidant damage vividly poses the question, could other phenolics from plants interfere
with the aggressive activation and oxidant generation during phagocytosis of asbestos?
Similarly, is this a paradigm of phenolic protection from excessive inflammation?
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Viral Latency and AIDS. Since there is clearly an oxidant scale that biological tissues
have assembled and respond to (Table II), it is not surprising that pathogenic organisms
have adapted to this signaling system as well. Viral genomes have now been
demonstrated to contain oxidant response elements that enable the virus to remain
dormant, in essence to lie in wait, until conditions within the cell are sufficiently
compromised that pathogenic success is more assured. This principle of pathogenic
latency is another condition in which the balance of oxidant stress and antioxidant
protection is important. Whether non-essential antioxidants such as polyphenolics
interfere with such signaling, and if so whether in a positive or net negative direction,
remains to be determined.

The role of reactive oxygen and free radicals in the activation of latent HIV in
infected individuals has been investigated. In 1993, Greenspan (49) hypothesized that
the existence of oxidative stress is an important element in HIV progression and that this
is the basis for the efficacy of phytopharmaceutical substances. Greenspan and Arouma
(50) reviewed evidence to support the premise that a pro-oxidant condition exists in
HIV-seropositive patients. Plants are protected from oxidation-induced cell death by the
synergistic action of primary and secondary metabolites of antioxidants in their cells.
Some of these same metabolites can inhibit cell death resulting from HIV. These authors
proposed a mechanism by which these synergistic antioxidants from plants can inhibit
viral replication and cell killing in HIV infection.

Key Issues

The data are clear: plant antioxidants hold promise for preventing and ameliorating
disease. The scientific questions are now, which compounds are effective and what is
their mechanism of action? A number of key issues remain and must be addressed to
ascertain the contribution of food phenolics to prevention or amelioration of specific
disease processes. These issues include: (I) identification and quantitation of phenolics
in foodstuffs; (ii) determination of the bioavailability to humans and pharmacokinetics
of specific phenolics that exhibit the greatest in vitro activity; (iii) determination of the
molecular structure of specific phenolics in relation to antioxidant function; (iv)
identification and quantitation of phenolic compounds in clinical samples from humans
and in samples from animals; (v) determination of the molecular targets of action and
the doses required to achieve and maintain levels that provide the greatest efficacy; and
(vi) determination of the molecular mechanisms by which disease intervention occurs.

Although some of the above stated issues have been addressed in the literature, much
of the available published data are questionable. The chemistry of oxidation, and the
biological response to oxidation are complex. There is a temptation, irresistible to many
investigators, to use non-specific 'global' indicators of oxidation to discern mechanism
or clinical status. This is a risky approach. The highly interactive nature of oxidant
balance is still being revealed, and what constitutes a relevant global tissue biomarker
of antioxidant status is unknown. The better approach, one that will be more likely to
contribute to our understanding of oxidation and health, is the measurement of specific
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compounds in tissues and biological fluids. The contribution from such experimental
care cannot be overestimated since, until recently, there have been problems related to
the fact that composition and quantitation of phenolics in various foods have been based
upon measurements of total classes of polyphenols as opposed to specific polyphenols.
Other inaccuracies in the literature have resulted from identification and quantitation
being determined by unsophisticated methodology that only recently has been replaced
by analytical techniques with lower detection levels, which are required for quantitation
of minor, but potentially biologically-active compounds. An additional problem that has
been recognized as a vital issue is related to appropriate handling of clinical samples to
be measured for the appearance or disappearance of polyphenols absorbed following
ingestion or other means of administration. To date, no study has determined the proper
methods for collection, transport, storage, etc. most appropriate for application to the
variety of clinical samples (i.e., plasma vs. serum, temperature, binding of polyphenols
to proteins, etc.) prior to measurements of polyphenols. Another issue not yet addressed
in animal or human studies relates to the effects of various foods consumed with
polyphenol-containing foods on the absorption of these antioxidant compounds.

The future of mechanistic research on phenolics in health is full of promise.
Epidemiology has already provided convincing support for the positive outcome. It is
now essential to transform population level correlations into specific responsible
molecules, their mechanisms of action, biomarkers of their status and functions, the most
efficacious methods for delivery and finally to improve the agricultural food supply to
realize fully the value of this intensive scientific scrutiny. In this context, wine will
likely emerge as an unusual delivery vehicle for plant phenolics whose conspicuous
abundance in certain populations has proven to be a key observation in the search for
mechanisms of health improvement.
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Chapter 16

An In Vivo Experimental Protocol
for Identifying and Evaluating Dietary
Factors That Delay Tumor Onset
Effect of Red Wine Solids
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Consumption of fruit and vegetable rich diets is protective against
cancer, however, the actual dietary factors that may be involved are
not known. Recent epidemiologic evidence also indicates that wine
may contain non-alcoholic constituents which protect against cancer.
We describe a transgenic animal model combined with a chemically
defined diet that can be used to identify foods, beverages, and/or their
constituents that delay tumor onset in vivo.

Human epidemiologic studies have recently shown that diets rich in fruits and
vegetables may reduce the risk of some cancers (1, 2). While a number of potential
anticarcinogens have been identified, including vitamins, minerals, and plant
phytochemicals, the specific dietary factors or group of factors that are responsible
for the observed effects is still an unsettled issue (2, 3). .

Animal studies, although varied, have also played an important role in
recognizing the role of diet in cancer prevention and have provided important leads
for understanding the underlying mechanisms involved. However, some of the
variability associated with animal studies has been due to the unavailability of
standardized study protocols involving animal models and diets (4). For example, test
compounds are often administered by intermittent injection or gavage of individual
compounds dissolved in a variety of carrier solvents that may affect their biologic
availability or efficacy. These experimental protocols have not always allowed the
absorption and metabolism of the test agent to be studied.

Most previous animal studies have also used chemically induced cancer
models. These protocols require repeated topical application, intravenous or
intraperitoneal injections, or oral administration of the carcinogens, and they induce

© 1997 American Chemical Society
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tumors with unpredictable kinetics. In the rat and mouse colon cancer models, the
carcinogen is typically injected either in a single large dose or in several smaller doses
over a ~6 week period. In this model, colon tumors do not appear until ~38 weeks
after dosing and the total tumor incidence (total number of mice with tumors) is
~70% --a protocol and tumor incidence which are typical for most chemically induced
animal models (e.g., hamster lung, rat mammary, mouse skin, and mouse bladder) (5).
In addition, the carcinogen dose is usually administered at high doses in order to
induce a significant incidence of tumors in the target tissue. While some human
cancers are induced by chemical carcinogens, the high, genotoxic doses used in many
animal studies can result in a cancer etiology that is quite different from that of natural
cancers caused by repeated low dose exposures. Finally, there is increasing evidence
that many human cancers have a genetic basis and that carcinogen induced animal
models do not reflect the pathogenesis of these cancers.

Transgenic mice models provide the opportunity to evaluate the post-initiation
tumor prevention activity of natural foods and food constituents without the need for
exogenous chemicals. Transgenic mice carrying the human T-lymphotropic virus
type-1 (HTLV-1) transactivator (tax1) gene have been recently described (6). These
mice develop neoplasms externally (snout, ear, foot and tail) and can be genotyped at
an early age, allowing pools of sibling mice with known predisposition for neoplasia
to be studied (7,8).

Recently, well defined amino acid based diets and protocols for producing
animals with well defined nutritional status were also described (9, 10). Incorporation
of individual foods, food fractions, and purified food constituents into these diets at
precise concentrations represents a physiologically relevant way to administer specific
foods or food constituents and to evaluate their effectiveness in cancer prevention.
Using the transgenic mouse model in combination with amino acid based diets, we
describe here a protocol that may be useful for identifying dietary factors which may
delay tumor onset.

Materials and Methods

HTLV-1 Transgenic Mice. This strain of mice was originally derived via micro
injection of the LTR-tax1 gene construct into fertilized eggs from super ovulated
CD1 females crossed with C57BL/6 x DBA2F1 males as previously described (6).
Tail biopsies (~1 cm) were taken from mouse pups at ten days of age and digested
with proteinase K. After extraction, DNA was digested with Bgl II restriction
enzymes, electrophoresed in 0.8% agarose, transferred to nylon membranes (11),
hybridized with 32P-labeled HTLV-1 tax DNA (6) and labeled via the random primer
procedure (12). Membranes were washed and exposed to X-ray film for 24 h.
Presence or absence of a band on X-ray film corresponding to HTLV-1 tax] DNA
was used to classify mice as transgenic or control, respectively. After genotyping, the
mice were housed in individual stainless steel wire bottom cages in a room with a 12-
h light : 12-h dark cycle, a temperature of 20 - 23°C and a relative humidity of 50%.
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The use and care of mice was approved by the IACAUC at the University of
California, Davis.

The snouts, ears, feet and tails were examined daily for the appearance of the
first external tumor. The age of the mouse on the day that the first tumor appeared
was used as the age of tumor onset for that mouse. Tumor latency was chosen as the
endpoint over the alternative endpoint, tumor multiplicity (number of tumors divided
by the number of mice), because.tumor multiplicity is typically determined at a
predetermined time and some animals may not have a tumor at this time.

When tumor mass approached 1% of body weight, an individual transgenic
mouse fed the nonsupplemented diet and a transgenic littermate matched for gender
but fed the wine solids supplemented diet were anaesthetized with ether and bled by
cardiac puncture. Blood (~50 uL) was drawn into microhematocrit tubes for
hematocrit determination. Blood (40 pL) was also transferred into 20 mL of Isoton II
(Curtin Matheson, Hilea, FL) for leukocyte and erythrocyte counts. Hematocrit
values and leukocyte and erythrocyte counts were used to confirm the general health
of the mice. The remaining blood was allowed to clot at 23°C for ~20 min and then
cooled on ice. Serum was separated by centrifugation and transferred to small vials
and stored at -10°C. A 300 pL aliquot of serum from each of 3 mice fed the
nonsupplemented diet and 4 sibling mice fed the supplemented diet were extracted on
a solid phase extraction cartridge and the amount of catechin in the extract was
analyzed by reverse-phase HPLC as described by Lamuela-Raventos and Waterhouse
(13). Identity of the HPLC peak of serum catechin was determined by coelution with
an authentic standard, by light spectroscopy, and by negative ion electrospray mass
spectrometry of the collected peak.

The Diet. Composition of the diet is indicated in Table I. The solids from 750 mL of
red wine (Zinfandel, 1990 harvest, Sonoma Valley, California; wine solids were
prepared by lyophilization of the wine to remove water and ethanol), were
incorporated into 1 kg of the standard amino acid based diet. This ensured that the
wine solids (and the polyphenols contained in the wine solids) were consumed as an
integral part of a nutritionally adequate diet of solid consistency. Incorporating wine
directly into the diet would have required feeding a liquid diet, which has been shown
to alter intestinal microflora and bacterial translocation from the gut (14). We did not
incorporate wine into the drinking water because of concerns for the effects this might
have on fluid, calorie, and nutrient intake and because of difficulties in controlling and
monitoring the polyphenol intake.

Wine solids were added to the diet to yield a measured polyphenol
concentration of 0.044%. This represents a dietary concentration approximately one-
fourth that of a typical human diet (based on a per unit metabolic size comparison)
(15). Small amounts of diet (0.5 - 1 kg) were prepared at a time to ensure that it was
fresh when presented to the mice. Mice had free access to the diet and were fed and
weighed daily.
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Results

Initial body weight, mean growth rates and final body weight of mice fed the wine
solids supplemented diet were not statistically different from those of sibling mice fed
the same diet but without the wine solids supplement (Figure 1). Mean packed
erythrocyte volumes (50 + 3%) and erythrocyte (5.7 + 0.1 x 10'%/L) and leukocyte
(3.1 0.5 x 10°/L) counts of mice fed the wine solids supplemented diet were normal
(16) and did not differ from those of sibling mice fed the same diet but without the
wine solids supplement. Mice on the wine solids supplemented diet reproduced
normally for three successive generations, indicating that there were no ill health
effects associated with consuming the wine solids supplemented diet for prolonged
periods.

Time of tumor onset was significantly delayed in mice fed the diet
supplemented with wine solids (Figure 2, left panel). Mean ages = SEM of tumor
onset in transgenic mice fed the nonsupplemented and supplemented diets were 71 %
4 and 102 * 10 d, respectively, (p < 0.028). First tumors appeared at 55 and 74 days
of age in nonsupplemented and supplemented mice, respectively. All
nonsupplemented mice had a first tumor by 77 d of age, but not until 128 d of age did
all supplemented mice exhibit tumors (Figure 2, right panel).

Catechin concentrations in the serum from four mice fed the wine solids
supplemented diet were higher (1.36 £ 0.28 pmol/L) than the trace concentrations of
catechin (0.26 + 0.06 pmol/L) found in the three sibling mice fed the
nonsupplemented diet. This difference was significant at p = 0.011 using an unpaired
1-tailed student t-test.

Discussion

Chemical Carcinogen Models. As previously discussed, there is increasing evidence
that many human cancers, including those of the colon, breast, and nerve tissues, have
a genetic basis and that carcinogen induced animal models do not accurately reflect
the pathogenesis of these cancers, which are among the leading causes of cancer
deaths in humans. As reviewed by Steele et al. (5) colon cancer is typically induced in
rats and mice with 1,2-Dimethylhydrazine (DMH) or azoxymethane (AOM); DMH
requires in vivo activation to AOM, the ultimate carcinogen. The carcinogen
produces colon adenomas and adenocarcinomas after ~38 weeks. Breast cancer is
typically induced in rats and mice with either the polycyclic aromatic hydrocarbon,
7,12-dimethylbenz(a)anthracene (DMBA) or the direct acting alkylating agent, N-
methyl-N-nitrosourea (MNU). Administration. of MNU is thought to activate the H-
ras oncogene (17) resulting in adenocarcinomas which develop within ~20 weeks.

In these models, high carcinogen doses are administered in order to induce a
significant incidence of tumors in the target tissue, however, tumor incidences less
than 100% are common. These high, genotoxic doses can induce artifactual enzyme
and metabolic changes that are not related to the carcinogenic process.
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Body Weight (g)
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Figure 1. Growth of transgenic mice fed a nutritionally adequate amino acid based diet
(no wine solids) or the same diet supplemented with the solids from 750 mL of red table
wine per kg diet (wine solids).

Reprinted with permission from reference 40. Copyright 1996 American Journal

of Clinical Nutrition, American Society for Clinical Nutrition.
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Table I. Mean age of tumor onset for HTLV-1 transgenic mice

Tumor onset  Fractional
Mean age+  Standard
S.D. Deviation n  Treatment Reference
(days)
93+6 0.0645 6 Control (amino acid diet) Bills et al., 1992
83«5 0.0602 20 Control (casein-based diet) Bills et al., 1993
714 0.0563 7  Control (amino acid diet) Clifford et al., 1996
634 0.0635 5  Control (amino acid diet) Clifford et al., 1996
72+4 0.0556 8 Folate-restricted (amino acid Bills et al., 1992
diet)
93£6 0.0645 20 Calorie-restricted (casein-based Bills et al., 1993
diet)
907 0.0778 20 High fat (casein-based diet) Bills et al., 1993
102 + 10 0.0980 6 Wine-supplemented (amino Clifford et al., 1996
acid diet)
86x6 0.0698 9  Wine-supplemented (amino Clifford et al., 1996

acid diet)
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Transgenic Mouse Models. An animal that gains new genetic information from the
addition of foreign DNA, via addition to the egg, is described as transgenic. Cloned
fragments of DNA carrying the gene of interest are introduced (via microinjection of
DNA or retroviral infection) into the pronucleus of the fertilized egg which is then
implanted into a pseudopregnant mouse. The DNA of interest is integrated into
chromosomes and copies are inherited by the progeny according to Mendelian
genetics. Specific genes can be introduced into the transgenic mice providing animal
models for human genetic diseases (18). Whereas transgenic mice have additional
genetic material, it is also possible to remove or mutate genes thought to play a role in
cancer using embryonic stem cell technology. These mutant mice can also be used for
studying the role of nutritional factors in cancer.

Several transgenic animal models have recently been described which are
providing valuable insight into the molecular events involved in cancer initiation,
promotion, and progression. These models also hold much promise for evaluating the
efficacy of dietary and drug interventions therapies without the drawbacks associated
with the application of chemical carcinogens previously discussed (e.g., repeated
carcinogen application at high doses, unpredictable kinetics, and artifactual metabolic
changes).  Important features of currently available transgenic models for
neurofibromatosis, colon cancer, and breast cancer are summarized in the following
paragraphs.

HTLV-1 Transgenic Mouse Model. The transgenic mice used in the present
study develop nerve sheath tumors that are similar to those occurring in human
neurofibromatosis (7, 8). Neurofibromatosis type-I (NF-1) is the most common
dominantly inherited syndrome in humans that predisposes to neoplasia. In this
syndrome and the related neurocristopathy, neurofibromatosis type-II, peripheral
nerve sheath tumors develop which are initially benign but undergo spontaneous
degeneration into highly aggressive malignant tumors known as neurofibrosarcomas
(19, 20). The propensity for benign neurofibromas to develop into aggressive
malignancies may provide a valuable model to study malignant transformation of
premalignant lesions.

The neoplasms develop externally on the snout, ear, foot and tail and are
easily viewed and assessed. Because tumor growth can be monitored over several
time points, the effects of experimental variables on tumor growth and progression
can easily be monitored. The kinetics of tumor development in the HTLV-1
transgenic mice are well defined and consistent. While the absolute age of tumor
onset is dependent on experimental conditions, a comparison of the fractional
standard deviations for mean ages of tumor onset for 9 different treatment groups in 3
different studies (96 transgenic mice total) ranged from 0.0556 to 0.0980 (Table II).
This indicates a small variability in age at tumor onset in this colony.

Min Mouse Model for Colon Carcinoma. Mutations in the Apc gene are
generally thought to result in colon cancer, one of the leading causes of cancer deaths
in humans. Min (multiple intestinal neoplasia) is a mutant allele of the mouse Apc
(adenomatous polyposis coli) gene and mice carrying this mutation develop intestinal
adenomas similar to those of humans with familial adenomatous polyposis as well as
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those that occur somatically in most sporadic colon neoplasms (21). These mice
develop numerous adenomas throughout the intestinal tract which grow to a
detectable size in 1-3 months, a small portion of which can go on to become
malignant (21, 22). Lesions in other tissue types, consistent with those seen in
humans, can also occur: desmoid tumors, epidermoid cysts, and mammary tumors.

Crossing the Min strain with mice of different genetic backgrounds has
identified modifier loci which can alter the incidence, tissue involvement, and rate of
tumor development (22, 23, 24). These experiments have indicated that mutations to
several genes may play a cumulative role in the multi-step processes involved in tumor
formation and progression to malignant lesions. This transgenic mouse model has
been used to evaluate the chemopreventive effects of nonsteroidal anti-inflammatory
drugs (21) and dietary protease inhibitors (25) on the development of intestinal
tumors,

Since tumors develop internally, and the animals must be killed in order to
observe tumor incidence, tumor multiplicity (the number of tumors counted at one
point in time divided by the total number of mice) is used as the normal endpoint for
this model. While this endpoint can indicate the relative efficacy of experimental
treatments in increasing or decreasing tumor development, the effects on tumor
establishment and maintenance or growth and progression cannot be readily evaluated
with this model, further complicating these types of studies. (21).

Mouse Models for Breast Cancer. Transgenic animal models have also been
used as model systems for studying human breast cancer, one of the major causes of
cancer deaths in women. These models involve mutations to a number of genes
including neu, TGFo, myc, ras, src, and hGH (26, 27, 28, 29). Two promoter
regions, the whey acidic protein (Wap) gene and the mouse mammary tumor virus
(MMTYV) long terminal repeat (LTR) are commonly used. The phenotypic expression
and histopathology of each of these genes have been reviewed (27, 28, 30, 31).
Combinations of one or more of these genes can alter the phenotype displayed,
suggesting that several oncogenes may be involved in the full malignant
transformation (27, 28, 30).

Another transgenic mammary tumor model has recently been described using
the murine Polyomavirus (MPyV) middle T antigen under the control of the MMTV
promoter/enhancer (32). These mice develop rapid neoplasias of the mammary gland
which rapidly metastasize to the lung and provide a model for the metastatic process.

As with the Min mouse model, tumor multiplicity is the common endpoint for
the transgenic breast cancer models. The mammary tumors develop internally and
must be observed antemortem or they require repeated palpation to detect and
monitor tumor onset, a time-consuming and difficult procedure requiring a skilled
technician (33, 34).

The Chemically Defined Diet and Administration of Test Compounds. Studies
on the nutritional effects, metabolism, and biological activity of various nutrients and
drugs have been complicated by difficulties in obtaining a standardized diet (4). This
is especially true for micronutrients that may be critical in cancer prevention. Many



16. EBELER ET AL.  Dietary Factors That Delay Tumor Onset 225

studies have used casein-based diets (e.g., AIN76-A), however, casein is not a pure
substance; it is typically 87.3% protein, 1.8% ash, 1.2% fat, 0.1% lactose, and 9.6%
moisture, and this composition can vary depending on source, processing and storage
conditions (New Zealand Milk Products, Inc., Santa Rosa, CA). Other proteins, such
as soy, which are isolated from natural sources also have variable compositions
dependent on the isolation procedures. The dietary protein source (e.g., casein vs soy
protein) can have important systemic effects, modulating LDL turnover, sterol
excretion, and rate of senescence, and protein turnover (35, 36, 37, 38), further
complicating dietary studies and emphasizing the need for standardized diets.

Unlike protein based diets, the composition of the amino acid based diet
presented in this study can be rigorously defined and controlled, therefore the effects
of one or more dietary factors on tumor onset can be evaluated. Mice fed the
standard amino acid based diet grow normally and exhibit normal hematologic
parameters (9, 10, 39, 40). This amino acid diet also allows the bioavailability of a
food, a food fraction, a specific nutrient, or a drug to be readily determined. For
example, Bills et al. (39) monitored tissue folate levels following consumption of an
amino acid based diet with varying folate levels. They observed changes in tissue
folate levels similar to those observed by other investigators using “standard” diets,
indicating that nutrient absorption and metabolism by mice consuming the amino acid
based diet was normal.

In order to evaluate the potential for toxic effects on growth and reproduction
as a result of consuming the wine solids supplemented diet, we monitored initial body
weights, mean growth rates, and final body weights of the mice in this study (Figure
1). Mice consuming the wine solids supplemented diet were healthy, grew well, and
reproduced normally for 3 successive generations. These results indicate that there
were no adverse effects associated with long term consumption of the wine solids in
the diet. Finally, when wine was consumed as part of a healthy diet, serum catechin
levels increased indicating that catechin, the major phenol of red wine, was absorbed
intact by the mice.

Application of protocol for studying tumor onset: Effects of red wine solids.
Wine has attracted much attention because of its purported health benefits,
particularly with respect to cardiovascular disease (41, 42, 43, 44). However, a
number of recent studies indicate that the nonalcoholic constituents of wine may also
lower the risk of certain cancer types. For example, Longnecker et al. (45) showed
that consumption of beer and liquor, but not wine, was positively related to breast
cancer risk. Freudenheim et al. (46), in a case-control study of breast cancer in
western New York, also found an indication of a decrease in risk associated with wine
intake but a slightly elevated risk associated with increased beer intake (more than 1
drink per day). Macfarlane et al. (47) showed a lowered risk of oral cancer in wine
drinkers compared to beer or spirits drinkers in selected populations in US, Italy, and
China. Therefore, we used the HTLV-1 transgenic mouse/chemically defined diet
protocol described above to specifically evaluate the effects that the non-alcohol
components of red wine may have on tumor onset.
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We observed that transgenic mice consuming wine solids were significantly
older (p = 0.028; Figure 2) when a first tumor appeared, suggesting that red wine
contains compounds which may have beneficial tumor preventive properties. First
tumors appeared at 55 and 74 days of age in nonsupplemented and supplemented
mice, respectively. All nonsupplemented mice had a first tumor by 77 days of age,
while only 30% of supplemented mice had tumors at this time. Not until 128 days of
age did all supplemented mice exhibit tumors.

A delay in tumor onset of ~1 month is biologically significant in terms of the
total lifespan of a mouse (~24 months). In addition, consumption of red wine solids
resulted in a more pronounced effect than observed in the same animal model when
caloric intake was restricted (48), even though restricting caloric intake is well known
to be protective against certain cancer types (49). Because of the genetic nature of
the HTLV-1 mouse model, it is not possible to completely inhibit the tumor
development; however, since tumor development or onset is an early step in the
cancer process, if onset can be delayed and/or prevented, the cancer itself will be
delayed and/or prevented.

The actual wine components which may be responsible for the delay in tumor
onset are unknown. Red wine contains high concentrations of polyphenolic
compounds which are extracted from the grape skins, seeds, and stems during the
winemaking process. While total phenol concentrations of 1200 mg/L (expressed as
gallic acid equivalents) are common in red wines, much lower levels (~200 mg/L) are
found in grape juice and white wines. Grape juice and white wine also contain
predominantly nonflavonoid phenols (e.g., hydroxycinnamates) while red wines
contain predominantly flavonoids, including catechin and epicatechin. Singleton.(50)
has reviewed the occurrence, chemistry, and importance of grape and wine phenolics.

As discussed previously, elevated serum catechin levels were observed in mice
consuming the wine supplemented diet. This does not identify catechin as the active
component, however. Further studies are necessary to identify the specific grape and
or wine component(s) which may be responsible for this effect. The dynamics of
polyphenol metabolism as well as dose response studies are also necessary to establish
the amount of wine solids or individual components that result in a maximum delay in
tumor onset. .

The biological mechanism(s) by which red wine and/or polyphenols may delay
tumor onset are currently unknown. The wine polyphenols may delay tumor onset by
acting as in vivo antioxidants, by inhibiting mutagenicity and damage to DNA, by
altering eicosanoid synthesis, and by preventing or halting the spread of nascent
tumors via alterations in platelet aggregation and angiogenesis (51, 52, 53, 54, 55,
56). '

Using the HTLV-1 animal model, Ebeler et al. (57, 58) have shown that levels
of some lipid peroxidation products are elevated in the tissues and expired air of
tumor-bearing mice compared to non-tumor-bearing controls. Measurement of lipid
peroxidation markers in the breath is a non-invasive procedure and may be valuable
for monitoring in vivo lipid peroxidation status (57, 59). The highly standardized
protocol described here, in which tumors develop externally, provides a sensitive



16. EBELERET AL.  Dietary Factors That Delay Tumor Onset 227

model for characterizing small changes in these lipid peroxidation markers as a
function of tumor growth and progression. Application of this standardized protocol
will now allow us to evaluate the in vivo antioxidative activity of wine and dietary
phenols. This type of mechanistic information is critical for understanding the overall
relationships between diet, lipid peroxidation, and cancer.

Conclusions

Understanding the role of diet in preventing cancer has been delayed because of the
unavailability of reliable study protocols for creating animal models of known and
reproducible nutritional status. We present a transgenic animal model of human
disease, combined with chemically defined diets that can be rigorously controlled and
supplemented with natural foods, food fractions, and purified food constituents. The
protocol is straight forward, uses sibling mice to minimize error, and requires no
sophisticated technical help to monitor and detect a first tumor appearance. Because
tumors in the HTLV-1 mice develop externally, the effects of dietary interventions on
tumor establishment, maintenance, growth, and progression can be readily evaluated.

Using this model we showed that red wine solids, when consumed as part of a
healthy diet, significantly delayed tumor onset. Further studies identifying the wine
component(s) that may be responsible for this effect as well as their biologic
mechanism are currently underway. Application of the protocol described here is a
promising way to identify foods, food fractions, extracts, nutrients, and
anhedreonpeic chemicals which may protect against cancer in vivo.
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A 12% (v/v) ethanol solution and, to a greater extent, wine fed to C3H
male mice inhibited tumorigenesis in their liver and lungs induced by the
carcinogen, ethyl carbamate. Ethyl carbamate (urethane), a water soluble
carcinogen originally used for numerous commercial processes, is a
contaminant of fermentation. Wine phenols used in these studies, i.e.
caffeic acid, catechin hydrate, and gallic acid, without the presence of
ethanol, appeared to enhance liver, but not lung, tumor incidence and
frequency. Thus, outside of the presence of ethanol in wine, no other wine
constituents have been identified that affords protection against cancer
development of ethyl carbamate. Any cancer risk assessment of ethyl
carbamate in wine should take into account this ethanol interaction.

Ethyl carbamate (EC), also known as urethane, urethan, or carbamic acid ethyl ester,
was formerly used in producing amino resins, as a solvent in the manufacture of
pesticides, fumigants and cosmetics and as an antineoplastic drug. These commercial
purposes have ceased and the main public exposure to EC is from its presence as a
natural contaminant present in alcoholic beverages and other fermented products such as
soy sauce (I-3). In one of the largest surveys on wines, EC present in 261 wine
samples ranged from undetected to 102 pg/L. (4). The U. S. Food and Drug
Administration reached an agreement in 1988 with the American Association of Vintners
and the Wine Institute that the weighted average of EC in table wines, containing 14
percent or less alcohol by volume, "is not to exceed 15 parts per billion (ug/L) starting
with wines produced from the 1988 harvest crush" (5). Guidelines in Canada were
established in 1985 limiting the content of EC to 30 pug/L (6).

Carcinogenesis by EC Exposure

EC, the first water soluble carcinogen discovered, can induce many types of tumors in
the lungs, liver, thymus, skin and mammary tissue of laboratory animals (7).
Distribution of EC after dosing, whether by oral or dermal routes (8) or intraperitoneal
injection (9), is widely distributed in tissues and organs. A review of metabolism,
carcinogenic effects and risks from EC exposure has been published (10).
Carcinogenesis is initiated by the oxidation of EC that is probably accomplished by the

© 1997 American Chemical Society
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specific co-factor, cytochrome P-450 IIE1 to a vinyl carbamate, and then epoxidation to
an epoxyethyl species forming etheno adducts with nucleic acids in DNA and RNA of
various tissues (11-14).These studies on carcinogenesis mechanisms have been
accomplished with rodents, but malignant tumors have been observed in nonhuman
primates dosed over a long period with EC (15).

Ethanol Interaction with EC

Waddell, et al (16) discovered that radioactive EC administered to mice in a 12% ethanol
solution showed an inhibition of radioactivity in tissues as compared to the localization
of radioactivity in liver, bone marrow, pancreas and other tissues when EC was
administered in water. Further studies in this laboratory (17) showed that ethanol
delayed EC metabolism with an inhibition of active metabolites. Ethanol inhibits
micronuclei induction by EC in mouse bone marrow erythrocytes (18).

The microsomal ethanol oxidizing system (MEOS) plays a significant role in
ethanol oxidation at high ethanol intake or chronic use of alcohol. Cytochrome P-
450IIE1 is a necessary co-factor in this MEOS pathway (19). Strain A female mice
drinking 10 or 20% ethanol solutions for 12 weeks exhibited significantly reduced
incidences of EC-induced pulmonary tumors (20). Studies in our laboratory showed
that a 12% ethanol solution, or white or red wines containing this same level of ethanol,
fed to C3H mice inhibited EC induced hepatocellular adenomas, hepatocellular
carcinomas. as well as pulmonary tumors (21).

Ethanol inhibition of EC induced carcinogenesis may be due, in part, to
competitive inhibition for cytochrome P-450ITE1. Metabolism of ethanol, especially
under continuous intake, requires this co-factor with the MEOS. The limitation of
cytochrome P-450IIE1 for concomitant EC metabolism to effectively form the ultimate
carcinogen, namely the EC epoxide metabolite, could play a role in this interactive
mechanism.

Wine Interaction with EC

Our initial studies showed that an EC level of 20mg/kg/day in wine given to C3H male
mice for 41 weeks resulted in a decreased incidence and frequency of hepatocellular
adenomas and other liver tumors as compared to mice drinking water, and even
somewhat to a greater extent than ethanol fed mice (21). After alcohol, acids, residual
sugars, and perhaps proline, phenols are the constituents major in amount in many
wines (22). The wine phenol known as caffeic acid, a nonflavonoid, is found in both
red and white wines in appreciable amounts (22). Since caffeic acid has been shown to
inhibit tumor development in mice (23,24), we conducted a study to determine if caffeic
acid, together with either water or a 12% ethanol solution, could inhibit lung and/or
liver tumorigenesis in C3H male mice induced by EC (10 mg/kg body wt/day) with ad
libitum drinking. Caffeic acid was mixed into a semi-purified diet at 0, 200 or 400
mg/kg of diet and the mice were treated via a similar experimental protocol described in
our initial investigation (21). The results of this study, as mean adenoma frequency
(number of tumors/tumor bearing mice) in both liver and lung, are presented in Fig. 1.
Tumor frequency in both mouse tissues were lower with ethanol treatments as repeated
from our earlier work (21). Dietary caffeic acid at 200 mg/kg slightly lowered tumor
frequency in the liver of ethanol treated animals but this lowered frequency did not
continue at the highest caffeic acid level. Indeed, the highest caffeic acid dietary level
with water treatment produced the highest frequency of liver tumors. About 75% of the
total number of mice in this study exhibiting liver tumors were on this caffeic acid/water
treatment. Caffeic acid produced no changes, in either ethanol or water treatments, on
the frequency of lung tumors (Fig.1). It appeared clear that caffeic acid did not enhance
EC induced tumor inhibition and may even be responsible, at high dietary levels without
ethanol, for liver tumor development.
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Figure 1. Mean tumor frequency (number of
tumors/tumor bearing mice) of EC fed mice.
a)Liver b)Lung

CA = Caffeic acid

EC = Ethyl carbamate

Wine Phenols. We conducted a more complete study of wine phenolics using the
averaged amounts of three major phenolics (P) estimated content in red and white wines
(22). P was added to either a 12% ethanol (v/v) solution or water as: caffeic acid,
catechin hydrate, and gallic acid at 140, 50, and 25 mg/L, respectively. The wine
(Cayuga White/Seyval 50:50 blend), was adJusted to 12% ethanol. In addition, a

commercial non-alcoholic (N/A) wine, actually a dealcoholized Chardonnay (.05%
ethanol), and water control completed the five treatments used in this 41 week feeding
study. The purified diet used in the past (21) was again fed to the mice, but only for 12
hrs during the night (~7:30 pm to 7:30 am) in order to attempt to stop diet wastage and
excess body weights. The liquids were fed ad libitum with either O or 20 mg/kg body
wt/day of EC. The incidence and frequency of the two tumor types observed in the liver
by detailed pathology, hepatocellular adenomas and hemangioendotheliomas, are
presented in Table I. The incidence of spontaneous adenomas, as seen in the 0 EC
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Table II Incidence and frequency of alveolar adenomas in C3H mice fed wine,
12% ethanol or water with added
ethyl carbamate (EC) for 41 weeks

Incidence (%)2 Frequency®

Treatment mg/kEg/day Alveolar adenomas

Wine 0 0 0
Ethanol + P¢ 0 0 0

N/A Wine 0 8.3 1.0
Water + P 0 0 0

Water 0 42 1.0
Wine 20 435 1.1£0.3
Ethanol + P 20 43.5 1.2+0.3
N/A Wine 20 58.3 1.8+£0.2
Water + P 20 68.2 1.5+£0.2
Water 20 87.5 1.8+0.2

a Percentage of mice with tumors (n= 21-24). Highly significant (p<0.01) x2
measurement of EC induced tumor development dependent on treatments.

b Number of adenomas/ number of adenoma bearing mice. Values are means + SEM.
No significant differences in treatment frequencies.

¢ Phenolics added. See Table 1.
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treatments, seem to occur in a lesser but similar pattern as occured in the EC treated
groups. The wine treatments had the smallest incidence of tumors, then the following
treatments showed increased tumor incidence: ethanol + P, water, water + phenolics,
and N/A wine. Further pathology results indicated that there were no spontaneous
hemangioendotheliomas, but mice from the EC treated groups of wine and ethanol + P
showed about a 50% less incidence than mice from the other 3 treatments. Additionally,
the frequency of hepatocellular adenomas in mice from both the wine and ethanol + P
groups were significantly lower as compared to water + P and N/A wine treatments.
This data suggests that phenolic intake without the presence of ethanol, either with the
natural phenolics present in a N/A white wine or with 3 major wine phenolics, does not
inhibit EC-induced liver tumors but seems to actually enhance their incidence and
frequency as compared to liver tumor numbers of control mice.

Table II presents the incidence and frequency of lung alveolar adenomas. Very
few tumors occurred spontaneously in the lung as seen in the 0 EC treated groups. The
mice fed either wine or ethanol + P had the lowest incidence and frequency of alveolar
adenomas. However, again it was shown that natural phenolics (N/A wine treatment) or
added P to water produced mice with a somewhat larger incidence of alveolar adenomas
as compared to mice on treatments containing ethanol. The water drinking, control mice
had the highest incidence of EC-induced alveolar adenomas. The trend of tumor
frequency was lowest in the wine and water + P treatments. Although these values were
not signicantly reduced, the lowered frequency appears correlated with the lowered
frequency of hepatocellular adenomas in mice on these treatments (Table I).

Conclusions

EC intake causing tumor induction in liver and lung of C3H mice is inhibited by the
accompanying intake of a 12% ethanol solution or wine. The mechanism of this
interaction are probably the competitive inhibition of the co-factor cytochrome P-
450IIE]1 needed for metabolism of ethanol in the MEOS, thus suppressing EC
metabolism to its ultimate carcinogen.Wine may have other constituents present that
causes somewhat greater protection than ethanol alone against EC carcinogenesis but
does not appear to be the wine phenolics. Indeed, there is some indication from these
data that wine phenolics in water or non-alcoholic wine increases tumorigenesis in the
mouse liver. Any risk assessment of EC should take into consideration this
ethanol/wine protective interaction, especially since the major exposure of the public to
EC now is from alcoholic beverages.
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Chapter 18

Endothelium-Dependent Vasorelaxing Activity
of Wine, Grapes, and Other Plant Products

David F. Fitzpatrick, Ronald G. Coffey, and Paul T. Jantzen

Department of Pharmacology and Therapeutics, College of Medicine,
University of South Florida, Tampa, FL 33612

This study demonstrates that certain wines and extracts of grape
skins and various other fruits, vegetables, nuts, teas and spices
stimulate nitric oxide (NO) generation and secretion by endothelial
cells of the blood vessel wall in vitro, resulting in cyclic GMP-
mediated relaxation of vascular smooth muscle (vasodilation). The
compounds responsible for this activity appear to be of the catechin
type. Since NO is known to decrease platelet aggregation and
adhesion, and to diminish oxidation of low density lipoprotein
(LDL), as well as relax blood vessels, this mechanism could
contribute to the beneficial effects of wine, as well as of plant food
products in general.

Over the past few years, several hypotheses have been advanced to explain the
beneficial effects of wine in prevention of cardiovascular disease, in particular,
atherosclerosis and the subsequent development of coronary heart disease. Several
groups have focused on the antioxidant properties of polyphenolic compounds
present in wine. The antioxidant effect presumably would either prevent formation
of oxygen-derived free radicals such as superoxide, hydroxyl, and peroxyl radicals,
or would act by scavenging and neutralizing these deleterious free radicals. There
is evidence that such steps could lead to decreased oxidation of LDL and
subsequently to diminished or retarded vascular plaque formation in atherogenesis
(1,2).

Another means by which wine components could exert their beneficial effects
is via antithrombotic. mechanisms, either by preventing platelet aggregation or
causing disaggregation of platelets in established thrombi, or decreasing adhesion
of platelets to blood vessel walls. There is evidence to support such an anti-platelet
role of wine (2, 3). .

A third potential mechanism of the beneficial effects of wine components
relates to one of the hallmarks of hypercholesterolemia and developing
atherosclerosis in humans and in experimental atherosclerosis: impairment of

© 1997 American Chemical Society
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endothelium-dependent vasodilation in arteries affected by atherosclerosis (e.g.
aorta, coronaries).

The lumen of all blood vessels is lined with a single layer of endothelial cells.
These cells are now known to produce and secrete a variety of vasoactive
substances, one of the most important of these vasodilating, vasoprotective
substance being nitric oxide (NO) (4,5). Nitric oxide is produced in endothelial
cells by activation of the enzyme, NO synthase (NOS), the activity of which is
dependent on increases in free calcium inside these cells. The substrate for NOS is
the amino acid L-arginine, one of whose terminal guanidino groups is converted to
NO. The other product of the reaction is L-citrulline. This reaction is inhibited by
arginine analogs such as nitroarginine. The NO thus formed (as such or as a
nitrosothiol) easily traverses the endothelial cell membrane and enters the smooth
muscle cell, where it interacts with the enzyme guanylate cyclase to stimulate
formation of cyclic GMP, a second messenger mediating a variety of physiological
responses, included vascular relaxation.

Research over the past few years has shown that an adequate level of NO
production by endothelial cells is extremely important for maintaining a healthy
cardiovascular system. NO exhibits several cardiovascular protective effects in
addition to vasodilation, including a reductions in platelet aggregation and
adhesion, and oxidation of LDL, as well as inactivation of reactive oxygen species
(6). Thus it follows that if too little NO is produced by the endothelium, or if the
response to NO by the effector target (vascular smooth muscle, platelets, LDL) is
impaired, then protection against atherogenesis is diminished. Evidence is
mounting that this is, indeed, the case; there is impairment of endothelium-
dependent vasodilation, increased adhesion of platelets to endothelium, and
enhanced LDL oxidation during development of atherosclerosis. Therefore, if it
were possible to somehow boost NO production by endothelial cells, it might be
possible to prevent or delay progression of atherosclerosis.

Our interest in vascular physiology and pharmacology prompted us to test to
see whether or not wine or grape products might have some effect on endothelium-
dependent blood vessel responsiveness in vitro.

Methods

The system we used to study vascular activity of wines and extracts was the
isolated rat aortic ring preparation (with or without intact endothelium) suspended
in a tissue bath in a physiological salt solution, rigged to measure mechanical
responses to various agents (7,8). Cyclic GMP was assayed by the immunoassay
method of Coffey et al. (9). Grape skin extracts (GSE) were prepared simply by
mincing skins in distilled, de-ionized room temperature water (typically 2 ml
water/gm of skins), then filtering 10 min later. Other extracts were prepared in a
similar fashion. Pure compounds were dissolved in water or other suitable solvent
to give a concentration of 10 mg/ml. Non-aqueous solvent controls were run in
parallel.
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Results

Endothelium-dependent Relaxation of Aortic rings by Grape Skin Extract
(GSE). Initial experiments tested the ability of GSE to cause EDR (Figure 1). The
aortic ring is first contracted with phenylephrine (PE, 1uM), then relaxed with
acetylcholine (ACh), the classical endothelium-dependent relaxing compound,
which is used routinely to test for intactness of the endothelium of the rings. The
tissues are then washed (W) to remove drugs in preparation for testing of GSE.

Upon addition of diluted GSE to a ring of intact rat aorta, a rapid relaxation of
the contracted ring occurs. The mechanism of the relaxation is also indicated in the
figure: The competitive NOS inhibitor N-methyl-L-arginine (L-NMMA) can be
seen to inhibit the relaxation induced by GSE. Furthermore, this inhibition is
reversed by the normal NOS substrate, L-arginine. The ring which had been
denuded of endothelium failed to respond to ACh or GSE. This sequence clearly
shows that GSE causes endothelium-dependent vasorelaxations, and that they are
mediated by NO. (In a limited number of experiments, GSE caused EDR of canine
coronary arteries.)

EDR of Various Grape Products. What about other grape products? Table I
shows the EDR activity of various extracts, wines and some compounds present in
wines. GSE's prepared from both red and white seedless grapes are capable of
virtually 100% relaxation, although the red GSE was more potent. Pulp extracts
had no activity. Concord grape juice is an effective relaxer of the rings.

Wines showed great variability in their ability to cause EDR. In addition to the
wines listed in the table, several others have been tested, and it appears that of the
red wines tested, the cabernet sauvignon samples are consistently more potent and
efficacious vasorelaxers than the others. Occasional samples of others such as
pinot noir or merlot have activity equivalent to the cabernets, but they are quite
variable from sample to sample. Some white wines have some EDR activity, but
again it is variable.

Several polyphenolics present in wine have been tested for EDR. Malvidin,
the flavonoid largely responsible for the color of red wines, is inactive, as is
resveratrol, a natural antifungal compound found in grape skins. Quercetin
produces a very slowly developing vasorelaxation, which is partially (about 50%)
endothelium-dependent, but the relaxation is not reversed by NOS inhibitors.
Other compounds exhibiting at least 50% EDR activity (data not shown) include:
chlorogenic acid, diosmin, flavone, kaempherol, myricetin, and rutin (however,
unlike active compounds extracted from grape skins, none of these compounds are
very water-soluble). Other compounds exhibiting little or no EDR activity include:
apigenin, caffeic acid, (+/-) catechin, p-coumaric acid, ellagic acid, esculetin, gallic
acid (contracts), gentisic acid, lycopene, morin, naringen, phloridzin, vanillin.

Effect of GSE on Cyclic GMP Levels in Rat Aortic Rings. An elevation of
cyclic GMP levels in vascular tissue is considered evidence for involvement of the
NO-cyclic GMP pathway in muscle relaxation. Figure 2a shows the effect of GSE
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Table I. Endothelium-dependent Vasorelaxing Activity of Various Grape Products

Product n ECsg Max. Relaxation (%)
Grape skin extract

red grape 4 -3.12+0.01 100

white grape 3 -2.85+£0.03 9% t4
Grape pulp extract

red grape indeterminable 0

white grape indeterminable 0
Grape juice (Concord) 3 -3.08+0.01 97+5
Red wines

Cabernet Sauv. (Fr '90) 3 -3.221+0.16 863

Cabemnet Sauv. (CA '91) 4 -3.1710.01 8918

Burgundy (CA) 4 -2.1410.05 53+11

Ethanol indeterminable 0
White wines

White Bordeaux (Fr '90) indeterminable 0

Chardonnay (CA '89) 4 -2.451+0.03 20+4
Malvidin indeterminable 0
Resveratrol indeterminable 0
Quercetin 4 -4.00£0.02 9712

Values are means = SEM; 7: no. of batches tested (for extracts) or no. of replicate samples
drawn from the same bottle (wines and pure compounds). ECsg values are log dilutions (for
extracts and wines) or log of molar concentration for pure compounds) giving 50% relaxation.

Fr and CA: French and California wines, respectively.

SOURCE: Adapted from ref. 7.
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Figure 2.  Effects of GSE on cyclic GMP levels in rat aortic rings. A: time-
dependence experiments, B: representative concentration-dependence
experiment. (Reproduced with permission from ref. 7.

Copyright 1993 the American Physiological Society.)
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on cyclic GMP levels in rat aortic rings. GSE augments cyclic GMP accumulation
in the rings within the first minute, and the effect is maintained over the 5 min. of
the experiment (in the presence of a phosphodiesterase inhibitor). The NOS
inhibitor N-nitro-L-arginine (NNA) completely blocks this rise. The cyclic GMP-
stimulating effect of GSE is seen at dilutions as low as 1:500 (Figure 2b), and a
"dose-response" relationship is evident.

EDR Activity of Extracts of Other Plant Products. Several extracts of
commonly consumed vegetables, fruits, teas, and spices have been screened for
EDR activity, and many do indeed possess this type of activity (Table I). Among
the vegetables tested the variability is considerable; corn, cranberry, and eggplant
skin exhibiting the greatest activity. Potato skin and pulp actually enhanced the
phenylephrine-induced contraction (about half of which is endothelium-
independent, and is inhibited by the alpha-adrenergic blocker prazosin in KCI-
contracted aortic rings, data not shown).

In general, the various nut extracts possess high EDR activity, with the skin
usually having greater activity than the "meat". Apples (especially the skin)
exhibit a great deal of activity, as do guava and plum. Strawberry and watermelon
exhibit no activity. Among the teas, green tea showed the greatest activity, and
cinnamon was the best of the spices tested.

Effects of Plant Extracts on Cyclic GMP Levels in Aortic Tissue. As in the case
of grape skin extracts, some plant extracts which caused EDR, also increased cyclic
GMP production, including apple skin extract (ASE) and peanut skin extract (PSE)
(Figure 3). However, strawberry extract (SBE), which had no effect on EDR, did
not affect cyclic GMP levels.

Discussion

Up until 15 years ago most workers in the cardiovascular field considered the
endothelium to be merely a passive barrier which regulated entry and exit of
various blood components into and out of the interstitium. In 1980, Furchgott and
Zawadzki (/0) reported that endothelial cells, upon stimulation by certain
vasodilating compounds such as acetylcholine, produced a substance which caused
relaxation of blood vessels - an endothelium-derived relaxing factor (EDRF). In
1988 the identity of EDRF was reported to be either nitric oxide or an NO-
containing compound (/7).
We have shown that grape products as well as other commonly consumed plant
- foods contain compounds which cause vasorelaxation in vitro by an endothelium-
dependent process involving the NO/cyclic GMP second messenger system. This
demonstrates one possible way in which these foods and beverages could be
cardioprotective. Additionally, as pointed out above, NO is involved in other
potentially cardioprotective mechanisms including prevention of LDL oxidation
and inhibition of platelet stickiness. It would thus appear that this phenomenon is
worthy of further investigation, particularly with regard to identification of the
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Table II. Vascular Relaxing Activity of Aqueous Extracts of Vegetables, Fruits, Nuts, Teas,
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Herbs, and Spices
Vegetables % Relaxation Fruits % Relaxation
Bean Apple
lima 56.51+10.5 red, skin 920+ 0.9
garbanzo 409+ 85 red, pulp 8121154
green 3921+ 6.0 yellow, skin 6931189
Broccoli 4921123 yellow, pulp 23.7+ 74
Cabbage Banana -21.0+ 8.6*
green 268t 3.1 Guava pulp 93.0+ 22
red 426+ 5.1 Orange juice 490+ 4.6
Carrot 501 3.0 Plum
Cauliflower 43.01148 skin 88.1+ 43
Celery 14% 14 pulp 926+ 2.0
Comn 722+ 20 Strawberry 00t 0.0
Cranberry 874% 6.7 Tomato
Eggplant skin 7771 6.2 skin 10.1+ 25
Lentil 482+ 9.7 pulp 50+ 26
Mushroom -21.51+15.8+ Watermelon 0.0+ 0.0
Pea
blackeye 5331 41 Teas
green 356+ 9.5 Black 660+ 64
Potato -52.0% 7.0% Green 910+ 0.7
Rice Sassafras 69.0+ 2.6
brown 121+ 42
white 17.7x 35
Nuts Herbs, Spices
Almond Bilberry 799t 45
skin 4941110 Cinnamon 98.1+ 19
meat 48.11156 Dill 202+ 43
Peanut Garlic
skin 97.0%+ 3.0 fresh extract 648+ 85
meat 60.11+10.3 Kwai extract 58.0t 86
Pecan Onion 43.1+ 9.7
skin 74.0+17.4 Pepper
meat 1441+ 28 red 182+ 438
Walnut meat 76.1113.7 white 17.0+ 22
black 0.0+ 0.0

‘Results are expressed as percent relaxation + SEM, caused by a 1:100 dilution of extract, in

relation to 3 uM ACh-induced relaxation of same tissue in a given experiment (3-5 experiments).

* Extract caused contraction.
SOURCE: Adapted from ref. 8.
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Figure 3.  Effects of extracts of food plant products on cyclic GMP levels in
rat aortic rings. CONT, control; ACh, acetylcholine (3 pM); SBE, strawberry
extract; ASE, apple skin extract; PSE, peanut skin extract; NMMA, N-
monomethyl-L-arginine. All extracts were tested at a dilution of 1:100. Other
details are presented in Methods. (Reproduced with permission from ref. 8.
Copyright 1995 Raven Press Limited.)

EDR-active compounds, and investigation of possible in vivo effects. With regard
to identification of the compounds, preliminary solvent extraction procedures and
HPLC and mass spectrometry analyses indicates that the compounds are of the
catechin type (i.e. flavan-3-ols), possibly galloylated catechins.

The question of whether or not the EDR-active compounds are absorbed
orally has not been answered. However, work by others suggest that these or
similar compounds are indeed absorbed. Absorption of a number of flavonoids
from the gastrointestinal tract into the circulation has been demonstrated, including
quercetin (/2) and epigallocatechin gallate (13). A potentially important study was
reported recently by the Folts group (3) showing that both red wine and grape juice
(but not white wine), administered orally or intravenously to dogs inhibited cyclic
flow reductions (CFRs) in coronary blood flow caused by platelet-mediated
thrombus formation. This indicates that: 1) components other than ethanol are
responsible for the effect, and 2) these compounds are absorbed intact (or in some
active form) in sufficient amounts to produce a biological effect. Experiments to
determine possible in vivo effects of wine are underway in our laboratory, using the
hypercholesterolemic rabbit model. We are also beginning to look at various
components of the NO generation pathway in an attempt to determine the
biochemical site of action of the phenolics.
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Chapter 19

Antithrombotic Effect of Flavonoids
in Red Wine

N. Maalej, H. S. Demrow, P. R. Slane, and John D. Folts!

Department of Cardiology, School of Medicine, University of Wisconsin,
600 Highland Avenue, Madison, WI 53792—3248

Moderate daily consumption of alcoholic beverages is a negative risk
factor for the development of atherosclerosis and coronary artery
disease (CAD), especially in France and other Mediterranean areas
where red wine is regularly consumed with meals. The anti-
thrombotic activity of red wine was suspected to be due to the
alcoholic component. Pure ethanol has been shown to inhibit platelet
aggregation in vitro, ex vivo, and in vivo although a blood alcohol
content (BAC) of 0.2 g/dl or more is required. However, red wine
inhibited platelet activity at a much lower BAC of 0.028 g/dl. We
found that red wine and grape juice, but not white wine, inhibited
platelet activity. Red wine and grape juice contain a wide variety of
naturally occurring compounds including fungicides, tannins,
anthocyanins, and phenolic flavonoids (including flavonols and
flavones). The antithrombotic effect of red wine and grape juice
may be due to the flavonoids common in some vegetable, fruits, and
herbs such as tea. Besides having anti-thrombotic properties,
flavonoids are also anti-oxidants that prevent lipid oxidization
known to contribute to atherosclerosis. Future studies may
demonstrate that the consumption of flavonoid rich foods and
beverages may have protective effects against the development of
coronary artery disease and may decrease the risk of myocardial
infarction due to their platelet inhibitory and antioxidant effects.

“The French Paradox", as it has been publicized by both the scientific and popular
news media, deals with interesting yet confusing statistics regarding the life-style
and the rate of myocardial infarction of the French people. The French eat 3.8
times as much butter as Americans and 2.8 times as much lard (). They have
higher serum cholesterol levels and higher blood pressure than Americans (2).
Other risk factors for cardiovascular disease such as body mass index and cigarette
smoking are comparable in both countries (2). Yet, Americans have a 21/2 times
greater rate of death due to coronary heart disease than the French (2).

A number of hypotheses have been proposed to account for this paradox.
The "Mediterranean diet" may play a role in explaining this paradox. The French
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drink very little milk and eat a large amount of fresh vegetables, fruits, and drink
wine with meals (3-4). The reduction in the incidence of coronary artery disease
(CAD) with the consumption of alcoholic beverages was first noted by Cabot in
1904 (5). Since that time, autopsy, geographic, case-control, cohort, clinical, and
epidemiological studies have been conducted to study the effect of alcohol
consumption on CAD. The majority of these studies show an inverse relationship
between alcohol consumption and CAD (6). This protective effect has been
attributed in part to the ethanol related increase in HDL cholesterol and the reduced
platelet activity.

In the past twenty years, it has become apparent that platelets contribute to the
rate of development of atherosclerosis and coronary artery disease by several
mechanisms (7). In addition, platelet-mediated thrombus formation plays a key role
in unstable angina, myocardial infarction and restenosis after angioplasty or
atherectomy (7-9). One way to study the platelet inhibitory effects of various
compounds in vivo is by using an in vivo model such as the "Folts coronary
thrombosis model" of platelet aggregation and thrombus formation (10-11).
Platelet-mediated thrombi periodically form in the stenosed coronary artery
followed by embolization distally. This produces cyclical reductions in measured
coronary blood flow that is called cyclic flow reductions (CFRs). We have shown
that the CFRs in mechanically stenosed canine arteries can be eliminated by platelet
inhibitors such as aspirin (/1), prostacyclin (/1,12), and the nitric oxide donor
sodium nitroprusside (/3). We have also shown that 1.0 ml/kg of pure ethanol,
producing an average blood alcohol content (BAC) of 0.24 g/dl, inhibits platelet
activity in this model (14-15). Preliminary studies suggested that red wine inhibited
platelet activity and coronary thrombosis in vivo. (I6). To ascertain the anti-
thrombotic activity of wine, we decided to study the effectiveness of red and white
wine in the Folts in vivo model. We also sought to determine if grape juice, a
similar beverage yet without the alcohol content, would have a platelet-inhibitory
effect. This would help to clarify the platelet inhibitory importance of the ethanol
content of wine.

Cardio-Protective Effect of Wine

Wine Consumption and Coronary Heart Disease (CHD). Many studies
found an inverse relationship between mortality and moderate consumption of
wine. Gronbaek, examined the association between intake of wine, spirits, and
beer and the mortality in the Copenhagen city heart study of 13285 subjects. The
results showed that the relative risk of dying decreased from 1 for non drinkers to
0.51 for subjects who drank 3 to 5 glasses of red wine per day. Neither beer or
spirit consumption was associated with reduced risk (/7). Gronbaek also observed
a U shape relationship between alcohol intake and mortality with the lowest risk for
1 to 6 drinks per week (18). Doll assessed the risk of death associated with
alcoholic beverage consumption in 1900 British physicians between the age of 50
and 90. He also found a U shape relationship between all causes of mortality and
alcohol consumption with a minimum mortality for those consuming 1 to 2 drinks a
day (19). Fuchs studied the risk of death in 85709 women of 34-59 years of age.
The relative risk of death in drinkers, as compared to non drinkers, was 0.83-0.88
for women with light to moderate consumption of alcohol (1.5-29.9 g/day
equivalent to 1 to 3 drinks per week). The risk increased to 1.19 for women who
consumed more than 30 g/day (20).

Many epidemiological studies have investigated the relative cardio-protective
benefits of different types of alcoholic beverages. Since 1986, the Framingham
Study (21), the American Cancer Society Study (22), the CORALI Study (23), the
Kaiser-Permenente Study (24), the Health Professionals Study (25), the Nurses
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Health Study (26), and a recent Boston area study (27,28) have all corroborated the
theory of decreased CAD risk with moderate alcohol consumption. Renaud (29),
Nanji (30), and St. Leger (37) have suggested that wine consumption is responsible
for the low levels of CAD mortality in countries with high wine consumption. Both
Nanji and St. Leger found an inverse association between CAD mortality and wine
consumption (r = -0.75 and -0.65 respectively). In case-control studies, Hennekens
gives the relative risk of CAD mortality for light to moderate drinkers (<2 oz of
ethanol/day) as 0.3 for those consuming beer or wine and 0.2 for those consuming
liquor (32). Klatsky gives the relative risk at 0.7 for those preferring beer or wine
but calculates the relative risk for those preferring liquor at 1.0-1.1 (33). Moore and
Pearson reviewed case-control studies and cohort studies showing that moderate
alcohol consumption reduces the risk of CAD to 0.4-0.7 compared to non-drinkers
(6). Criqui explored the effect of wine, beer and spirits consumption on CHD and
mortality in 21 developed countries. He concluded that moderate wine
consumption, particularly wine ethanol, is inversely related to CHD but not to
longevity (34). Other studies have also reported the protective effect of moderate
alcohol consumption against CHD (35-38). Moderate drinking was also associated
with reduced risk of peripheral arterial disease (39,40). Klastky concluded from his
study that the risk for CHD and death is minimal for subjects drinking light to
moderate amounts (up to 2 drinks/day). The consumption of 3 or more drinks per
day has detrimental social, personal, and medical effects that may outweigh any
potential benefits (41,42). Camargo reported that moderate alcohol consumption
reduces the risk of CHD by increasing HDL. In the physicians health study of 22
071 men age between 40 and 48, they observed a synergistic platelet inhibitory
effect when both alcohol and low dose aspirin were taken regularly (43). Anderson
reviewed the risk of alcohol consumption and concluded that there is a protective
effect of alcohol consumption against CHD. However, there is also evidence for a
dose-response relationship between level of alcohol consumption and risk of
developing liver cirrhosis, cancers of oropharynx, larynx, esophagus, liver and
breast, and blood pressure and stroke (44).

Alcohol Effect on Lipids. Numerous studies have attributed the observed
cardio-protective effects of alcohol consumption to an increase in plasma high
density lipoprotein (HDL) cholesterol levels (45-49). Lavy studied the effect of a
two week dietary supplementation of red and white wine on Human Blood
Chemistry, Hematology and Coagulation. He observed that red wine but not white
wine increased the plasma HDL cholesterol by 26 % (45). Clevidence studied the
effect of moderate alcohol consumption (31.5 ml of alcohol mixed with fruit juice),
equivalent to 2 drinks/day, on the lipoprotein profiles of 34 premenopausal women.
With alcohol consumption, HDL cholesterol level increased 10%, LDL levels
decreased 8%, and levels of lipoprotein (a) were unchanged (46). Gaziano observed
that the level of high density lipoproteins cholesterol (HDL) and its HDL2 and
HDL3 subfraction were strongly associated with alcohol (beer, wine, and spirit)
consumption and are suggested to play a part in the reduced risk of MI (28). Langer
observed that the protection of moderate alcohol consumption against CHD is
mediated by the increase of HDL and decrease of LDL (47,48). Razay studied 1048
British women aged 25-69 to examine the relationship between alcohol consumption
(beer, wine, and spirits) and CHD. He found a reduced risk for women who drank
moderately (up to 2 glasses of wine) compared to non-drinkers and heavy drinkers.
He observed that women consuming a moderate amount of alcohol had a lower
plasma concentration of triglycerides, cholesterol, and insulin. They also had a
higher concentration of HDL, HDL2 and HDL3. He attributed the reduced risk of
CHD to lower plasma concentration of triglycerides and insulin, as well as higher
concentration of HDL as well as HDL2 and HDL3 cholesterol (49).
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Effect of Alcohol on the Platelets. Since wine (50) and alcohol
consumption (51-53) has been shown to decrease platelet aggregation, the cardio-
protective effects of alcohol may, in part, be related to platelet activity. Many
scientists feel that a higher HDL cholesterol level does not fully explain the cardio-
protective effects of moderate alcohol consumption (47-48,54-55). Seigneur
studied platelet aggregation and lipid levels of human volunteers who consumed red
wine or white wine for a fifteen day study period. The consumption of both red
and white wine increased HDL levels and the consumption of red wine decreased
ADP induced platelet aggregation (50). Struck compared the effects of red versus
white wine consumption upon serum lipids, clotting factors, oxidation products and
antioxidant levels in 20 adult hypercholesterolemics, over a three-month period. He
observed a reduced thrombin-initiated platelet aggregation from 0.91 to 0.75 U/ml.
Additionally, low density lipoprotein cholesterol (LDL) decreased from 167 to 158
mg/dl. The data suggests that wine possesses both antithrombotic and antioxidant
effects (56).

Renaud studied the effect of alcohol on CHD in industrialized countries. He
observed that serum concentration of HDL in the French population is not higher
than other industrialized countries. However, platelet reactivity in the French
population is lower. He concluded that moderate alcohol consumption does not
prevent CHD through its action on high density lipoproteins and atherosclerosis,
but rather through a hemostatic mechanism. The data showed that platelet
aggregation, which is related to CHD, is significantly inhibited by alcohol at levels
of intake associated with reduced CHD (29,53,57). McGarry evaluated primary
homeostasis in 50 adult patients with idiopathic epistaxis. He observed that the
prolongation of the bleeding time was significantly associated with alcohol use even
at the low consumption of 1 to 10 units per week (58). However, chronic
alcoholics are reported to have higher incidence of cardiovascular, endocrine and
hematological diseases.

Rubin reviewed the acute effects of ethanol on platelet function both in vivo
and ex vivo. Ethanol was observed to inhibit platelet response to specific
physiological agonists (59). Renaud studied the effect of alcohol consumption on
platelet aggregation in 1600 men (aged 49-66). He found that the platelet response
to ADP and collagen but not to thrombin were significantly reduced (60). Mehta
studied the effect of ethanol on human platelet aggregation in vitro. He found that
ethanol in concentrations as low as 10 mg% potentiated the platelet aggregation
inhibitory response of prostacyclin, at 20 mg% it decreased the formation of
thromboxane A2 in whole blood by 41%, and stimulated the formation of
neutrophil prostacyclin by 160% (61). Ridker found a direct association between
alcohol consumption and plasma level of t-PA antigen. This observation supports
the hypothesis that changes in the fibrinolytic potential may be an important
?;c;(;hanism whereby moderate alcohol consumption decreases the risk of CHD

Animal studies have also confirmed the platelet inhibitory effect of alcohol
(63-66). Chabielska demonstrated that ethanol (1, 2, and 4 g/kg) in rats
significantly decreased blood platelet aggregation in a dose dependent manner. The
chronic administration of ethanol (6 g/kg daily for 4 weeks) also altered the
sensitivity of rat platelets to ADP (4 ml/l) (63). Latta found that chronic short term
administration of a moderate amount of ethanol inhibited the enhanced response of
platelets from rabbits with diet-induced hypercholesterolemia, via a thrombin-
induced, thromboxane A2-independent pathway (64). Kitagawa studied the effect
of alcohol on bovine platelet membrane fluidity and platelet adenylate cyclase
activity. He observed that that alcohol increased the platelet fluidity in the central
region of lipid bylayer and the increased the intercellular CAMP concentrations and
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thus inhibited platelet aggregation (65). Smith observed that moderate alcohol
consumption for 4 weeks was associated with reduced platelet count and size in

guinea pigs (66).
In Vivo Studies of the Antithrombotic Effect of Wine

Methods. Adult mongrel dogs of either sex were anesthetized. A left thoracotomy
was performed and the left circumflex coronary artery was dissected out. An
electromagnetic flow probe was placed around the artery to measure blood flow.
The coronary artery was squeezed distal to the flow probe with a special surgical
clamp to produce intimal and medial damage. A plastic constricting cylinder was
then placed around the outside of the injured portion of the artery to produce a 60%-
80% stenosis (Figure. 1). Blood pressure and the electrocardiogram of each animal
were also monitored. Each animal was observed until cyclic flow reductions
(CFRs), due to platelet mediated thrombus formation, were occurring at regular
intervals. In order to permit intragastric administration, an abdominal incision over
the spleen was made and the stomach was exposed. A 15 French Foley catheter
was inserted into the stomach through a small incision in the stomach wall and
secured with a purse string suture. After confirming the position of the catheter, the
corresponding layers and incision were closed and sutured. In parallel to the in
vivo studies, ex vivo whole blood aggregation studies were performed in some
experiments to confirm the in vivo results.

Red Wine Study. Five dogs were prepared as described above and given a 4
ml/kg intragastric infusion of red wine. The red wine, 1987 Chateauneuf-du-Pape,
is 13% alcohol by volume. Cyclic flow reductions (CFRs) were observed during
the initial observation period for all the dogs. In the five dogs, the CFRs were
abolished at an average time of 113132 minutes after wine administration (Figure 2,
(67)). The slopes of the CFRs during this time period decreased gradually. The
average ethanol content of the red wine given was 0.52 ml/kg producing an average
blood alcohol content (BAC) of 0.03610.013 g/dl.

White Wine Study. Five dogs were prepared as described and given 4ml/kg of
white wine intragastrically. The white wine, 1990 Chateau Villotte Bordeaux, is
12% alcohol by volume. Cyclic flow reductions (CFRs) were observed during the
initial observation period for all the dogs. The CFRs were not eliminated in any of
the animals (Figure 3, (67)). The average ethanol concentration of the wine was
0.48 ml/kg producing an average BAC of 0.02410.015 g/dl after the
administration. The slopes of the CFRs were not significantly different after the
intragastric administration of the white wine. The average slope of the CFRs was
-18.4743.56 ml/min® before the wine and was -14.85£5.35 ml/min’ (p = 0.09)
after the administration of white wine.

Grape Juice Study. Ten dogs were prepared as described above. After
observation of CFRs, grape juice was given intragastrically. The grape juice used
was Welch’s 100% natural grape juice with no sugar, artificial flavors, or colors
added. Three doses of grape juice were given: two dogs were given 6 ml/kg, three
dogs were given 8 ml/kg, and five dogs were given 10 ml/kg. The dogs given 6 or
8 ml/kg of grape juice intragastrically showed platelet inhibition by a decrease in the
slopes of the CFRs and spontaneous embolizations of thrombi, yet the CFRs were
not completely eliminated. The CFRs in the five dogs given 10 mlkg were
completely abolished after an average time of 95 + 33 minutes (Figure 4, (67)).
The amount of intragastric grape juice necessary to abolish the CFRs was 2.5 times
greater than the amount of intragastric red wine given. The aggregation response to
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Figure 1. Schematic diagram of the Folts animal model for studying conditions
similar to humans with coronary artery disease. The circumflex coronary artery
is exposed and clamped to produce vessel wall damage. A plastic cylinder 4
mm in length is placed to encircle and constrict the circumflex coronary artery,
producing a 60% to 80% reduction in diameter. An electromagnetic flow probe
measures the blood volume flow in the stenosed artery. Platelet mediated
thrombus formation in the stenosed artery cause cyclic flow reduction in blood
flow (CFRs).
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collagen before the grape juice administration was compared to the response when
the CFRs were ecliminated. The studies showed a 67.6+19.7% decrease in
aggregation to the same concentration of collagen (p<0.01).

Discussion

The “Folts Coronary Thrombosis Model” is an on-line in vivo bioassay for platelet
activity producing cyclic flow reductions (CFRs) in coronary blood flow (10). The
CFRs were abolished by both the red wine and the grape juice when administered
intragastrically. The white wine did not show significant results in eliminating the
CFRs and decreased the slope of the CFRs only slightly. These results suggest that
there are compounds present in red wine and grape juice that are not present, or
present in a lower concentration, in white wine that may be anti-thrombotic and
platelet inhibitory.

Pure ethanol has been shown to inhibit platelet aggregation in vitro, ex vivo,
and in vivo although a blood alcohol content of 0.25 g/dl or more is required
(14,15,51). We previously demonstrated in this model that an average of 1.0 ml/kg
of pure ethanol given intravenously eliminates the CFRs, producing an average
peak BAC of 0.24 g/dl (14). The BAC of the dogs given the red wine was 0.036
g/dl, 14% of the BAC of the dogs given pure ethanol. Since the amount of ethanol
necessary to eliminate the CFRs is greatly reduced when red wine as opposed to
pure ethanol was given, there must be other active platelet inhibitors in the red wine
in addition to the ethanol. These compounds may be the same anti-platelet
compounds that give grape juice it’s anti-thrombotic activity.

Antioxidant Effect of Flavonoids. It has been proposed that the protective
effects of wine, specifically red wine, are possibly due to a large number of
naturally occurring constituents in the beverage. Wine contains a wide variety of
compounds including naturally occurring fungicides, tannins, anthocyanins, and
phenolic flavonoids (flavonols and flavones) (68). The phenolic antioxidant
phytochemicals in wines may be partly responsible for the lower rates of cardiac
disease mortality. Frankel studied the activities of 20 selected California wines in
inhibiting the copper catalyzed oxidation of human LDL. The relative antioxidant
activity correlated with total phenol contents of wines (69). He reported that wine
based antioxidants, flavonoids, are more powerful protectors against heart disease
than alpha-tocopherol (70). Whitehead used a chemilumenescent essay of serum
antioxidant capacity to study the effect of the ingestion of red wine, white wine
and high doses of vitamin C. The in vitro study showed a high antioxidant capacity
of red wine in addition to its ability to increase the antioxidant capacity in vivo (71).
Teissedre studied the in vitro inhibition of LDL oxidation by phenolic antioxidants
from grapes and wines. He found that the more active fractions contained the
components of the catechin family. The catechin oligomers and the procyanadin
dimers (B2, B3, B4, B6, B8) and trimers (C, C2) were extracted, isolated and
purified from grape seed. The procyanadin dimers, B2 and B8, the trimer C1, and
the monomers catechin, epicatechin and myrecetin had the highest antioxidant
activity. The procyanadin dimers B3, B4 and C2 and the monomers gallic acid,
quercetin, caffeic acid, and rutin had the least antioxidant activity (72). Studies
have also shown that the fungicide resveratrol lowers overall cholesterol levels
(73), increases HDL cholesterol levels (50), and inhibits the oxidation of LDL
cholesterol (74).

Antiplatelet Effect of Flavonoids. The naturally occurring flavonoids found
in wine, grape juice and other foods have been shown to decrease platelet
aggregation in vitro (75-78), inhibit platelet aggregation on blood-superfused
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collagen strips in vivo (79), and cause platelet disaggregation of pre-formed platelet
thrombi in vitro (79). Our group has shown that the flavonoids quercetin and rutin
inhibited platelet activity, eliminating the CFRs in the Folts in vivo model (80).
There is also evidence that flavonoids inhibit the production of thromboxane A2
perhaps by inhibiting platelet cyclooxygenase activity (75,77). Flavonoids have
been shown to inhibit the release of serotonin from human platelets (76,81).
Especially interesting are the studies demonstrating that quercetin raises platelet
cAMP levels (78,82), and that myricetin (75), morin (54), and quercetin (54,57,61)
potentiate the increase in cAMP induced by PGI2. Flavonoids (particularly
quercetin, kaempferol, apigenin, and amentoflavone) have been shown to inhibit
CAMP and cGMP phosphodiesterases (83-87). The studies of Ferrel suggest that
flavonoids compete with cCAMP for a nucleotide binding site (83). The inhibition of
cAMP or cGMP phosphodiesterases would raise the platelet levels of CAMP or
c¢GMP. This in turn would lower platelet cytosolic calcium levels, and decrease the
level of in vivo platelet activity (86).

Flavonoids in Clinical Studies. In the Zutphen study middle aged men were
followed for eight years. Their diet was examined and a calculation made of the
quantity of flavonoids consumed. There was a clear inverse relationship between
the intake of dietary flavonoids and heart attacks (87). In other words, those with
the lowest intake of flavonoids had the highest incidence of heart attacks. This
concept of protection with flavonoids was also confirmed in the Seven Countries
Study (88). The predominant flavonoid consumed in the diet of the subjects was
quercetin, with quercetin intake giving essentially the same relative risk as overall
flavonoid intake (89). More recently, a cohort study of 552 men aged 50 to 69
reported that the dietary intake of flavonoids (mainly quercetin) was inversely
associated with stroke incidence (90).

Conclusion

It is therefore possible to speculate that the cardio-protective effects of red wine
consumption observed in the French and other populations may be attributed, in
part, to the ethanol content of the wine and, in part, to the antioxidant and platelet
inhibitory properties of flavonoids in the wine. Since platelet adhesion to damaged
endothelium and subsequent platelet aggregation are major steps in both thrombosis
and atherogenesis, the chronic inhibition of platelet activity by the daily
consumption of flavonoid-containing foods and beverages may retard atherogenesis
and prevent thrombosis. Red wine offers cardio-protective platelet inhibition to
drinkers whereas grape juice (and perhaps other flavonoid-rich foods) extend
platelet inhibition to non-drinkers as well. The potentially beneficial effects of
alcoholic beverages and fruit juices on CAD warrants further study.
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Chapter 20

California Wine Use Leads to Improvement
of Thrombogenic and Peroxidation Risk
Factors in Hyperlipemic Subjects

Tom R. Watkins and Marvin L. Bierenbaum

Kenneth L. Jordan Heart Foundation, 48 Plymouth Street,
Montclair, NJ 07042

Recently, protective benefits have been attributed to moderate wine
consumption, particularly in the case of cardiovascular disease. To
test the efficacy of wine on known risk factors, 180 ml/d of either a
California Chardonnay or Cabernet was given to twenty
hyperlipemic subjects. In this three-month cross-over design, serum
lipids, peroxidized lipid, selected vitamins and platelet aggregation
were compared before and after red and white wine consumption.
No major change occurred in serum lipids as a result of daily wine
usage, though Chardonnay consumption led to a mild decrease in
serum LDL cholesterol fraction that approached significance
(p<0.08). Serum thiobarbituric acid reactive substances, an
indicator of peroxidation declined during the Chardonnay period
(p<0.05), though not during the Cabernet period. Serum a-
tocopherol levels did not change significantly during these short-
term studies. Similarly, serum ascorbic acid data did not change for
either red or white wine alone, though the combined data showed a
modest decline (p<0.05). In these hyperlipemic subjects, both
antithrombogenic and antioxidant benefits resulted from daily use of
either white or red California wine, Chardonnay being more
efficacious. The benefits were attributed, in part, to wine phenols.

Coronary artery disease (CAD) has been attributed to several environmental risk
factors. Roles for serum cholesterol, elevated blood pressure and cigarette
smoking have been well documented (1). Gey (2) in a multi-center study, has
observed that serum a-tocopherol has greater predictive power than any of these
three factors. More recently, in this laboratory we have reported that scorched,
i. e. peroxidized, material in the blood serum which reacts with, hence can be
identified and measured (with thiobarbituric acid, TBARS), represents another
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potent risk factor. Such peroxidation of the so-called 'bad’ cholesterol (mainly in
the LDL particle) has been associated by Steinberg (3) with increased foam cell
deposition, plaque build up and eventually clogged arteries, a disease well known
as atherosclerosis. Adequate intake of dietary antioxidants per se like vitamins E
(4; 5), C (6) and others have been shown to retard peroxidation and inhibit
development of clogged arteries, and other characteristics known to be
associated with atherosclerosis.

Regular, moderate intake of alcohol has been correlated inversely with
the risk of CAD. Moderate alcohol users have lower rates of heart disease, in
general, than abstainers (5). Moore (7) has reviewed data consistent with the
notion that moderate alcohol intake reduced one’s risk of developing CAD by 20
- 30%. This held true for both smokers and non-smokers (5; 8), women (4) and
the elderly (9).

Use of alcoholic beverages was thought to benefit one by way of increased
HDL cholesterol levels, a notion not inconsistent with current thinking (10). In
terms of haemostatic factors, moderate drinkers have lower fibrinogen levels and
elevated fibrinolytic and anti-thrombin III activity (11; 12), which would lead to
decreased clotting activity.

Subsequent reports have shown convincing evidence of the potential
importance of aspirin. After aspirin ingestion, fewer coronary events occur,
implicating the platelet as an important risk factor (Antiplatelet Trialists’
Collaboration, 13). Later, Elwood (14) reported an inverse relationship
between myocardial ischemia and thrombin-induced platelet aggregation and
moderate alcohol intake.

An apparent anomaly has focussed attention recently on yet another
dietary factor. Renaud (15) has reported that the incidence of coronary artery
disease is unexpectedly low in Toulouse, France (a component center of the
MONICA Study), though the dietary (& serum) cholesterol levels are high, fat
intake is relatively high, the smoking incidence is high and the inhabitants are
not particularly fond of regular exercise. In contrast to these French, their
counterparts in Ireland sharing most of these life style features have a much
higher rate of CAD. On the basis of this "French paradox,” he has implicated
regular intake of wine, since the French consume about twice as much wine as
the Irish, 45 versus 20 g/d.

Thrombosis is yet another face of heart disease in general and may be a
more important consideration in China. These scorched fats have been
associated directly with increased thrombogenic risk in hypercholesterolemic
subjects (16). As the scorched fats increase the stickiness of the blood, an
indirect measure of its viscosity or resistance to flow, the risk of a thrombus--a
plug of small blood cells called platelets--rises. Dietary conditions leading to
increased risk would be those abundant in fat, especially scorched fat (as from
fried, fast food), contaminated water, and smoggy air, and at the same time
limited in antioxidants. Antioxidants are nature’s first line of defense in stopping
the scorching. When the intake of fresh fruit and vegetables is limited, as in
America, insufficient antioxidants are present to stop the scorching peroxidation
of tissues. We presently experience very high risk and incidence of heart attack
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and stroke. In addition to the natural antioxidant vitamins and minerals
provided by fruit and vegetables in the diet, other antioxidant substances are
present in food, especially fruit and vegetables, and beverages such as grape juice
and wine. Wine, rich in these potent antioxidant flavonoids, taken on a regular
basis should prevent the scorching of blood fats like cholesterol and triglycerides,
thereby diminishing the risk of atherosclerosis via the ’bad’ LDL cholesterol, and
also decrease the tendency of the blood platelets to become sticky. Would it?
Unbound iron has been known to promote free radical generation (17).
Should constituents in wine effectively bind metals like iron, they might enhance
absorption of iron and other metals. Since elevated serum iron has been
implicated as a cardiovascular risk factor, possibly via platelet activation, were
such binding of metals to occur in serum, one would expect attenuated platelet
aggregation. We recruited five hyperlipemic subjects for a preliminary trial with
tannic acid. We prepared blood drawing tubes with tannic acid to compare
platelet activity in the presence of citrate versus tannic acid. We next drew
blood samples from these hyperlipemic subjects as a pilot study, and measured
platelet aggregation in response to collagen as agonist. The platelet response
was about one-tenth as great in the presence of tannic acid as in the presence of
citrate, despite the fact that a 20-fold more dilute solution was used, Table I.
On the basis of these data, we decided to expand the study.

Table 1. Platelet Aggregation Response to Collagen Agonist in Citrate Treated
& Tannic Acid Treated Venous Blood Samples of Hypercholesterolemic Subjects

Subject/gender Citrate, Q TA,Q
TERVm 18.0 3.5
COPR/m 185 42
IRWG/m 22.0 0.4
LEVC/ 17.0 2.3
STIA/f 315 12
Means 214 £ 59 23 +16°

Individual and group data. Citrate: 0.105 M; T. A.: Tannic Acid: 5.0 mM. N =
5. *P<< 0.01. Data in ohms (2). Conditions: Whole blood diluted in sterile
saline, v/v; doped with human collagen, 2 ug/mL, the mixture incubated for six
minutes.

The aim of this study, then, was to extend the pilot study and examine the
influence of moderate California wine intake, both red and white, on known risk
factors of CAD, serum lipids, peroxidation products, serum vitamins and platelet
activity in the whole cohort.



264 WINE: NUTRITIONAL AND THERAPEUTIC BENEFITS

Materials & Methods.

Twenty hypercholesterolemic subjects (serum cholesterol >5.7 mM/L), aged 36-
72 years (57.5 = 10), both men (16) and women, and free of other know disease,
were selected for this crossover study, Table II. All were normotensive. Only
two smoked cigarettes. All wine was provided by the Research Foundation,
Chardonnay (WHITE, Sutter Home, St. Helena, CA) and Cabernet Sauvignon
(RED, Inglenook Vineyards, Madera, CA). Subjects discontinued all alcohol
intake for two weeks prior to baseline readings for all parameters studied. None
of the cohort had been previously heavy drinkers (i.e., consumed less than three
drinks daily). Half of the subjects were randomly assigned to consume 180
ml/day of either RED or WHITE wine for a four-week period while continuing
to eat a self-selected diet.

Repeat blood sampling was done at the end of four weeks and another
two weeks of alcohol abstinence ensued. Blood was then sampled after this
abstinence period and the second four weeks of crossover wine consumption
started. Upon completion, repeat blood sampling was done. A 24-hour dietary
recall was recorded at the start of each wine period. They were analyzed by the
Nutritionist III program (N> Computing, Medford, OR). The calculated diet
showed an average of 37% of calories derived from fat, with 18% saturated, 13%
monounsaturated and 6% polyunsaturated. Cholesterol content was 430 mg/day
and vitamin E 10 mg. Thirteen of the group were on vitamin supplementation.
This was continued unchanged throughout the study.

Table II. Subjects’ characteristics

Age, years 36-72
Gender, M/F 16/4
Body weight, kg 79.4 = 3.6
Blood pressure, mm Hg
Systolic 131 = 10
Diastolic 83 + 8
Serum cholesterol, mM/L 5.7 £ 025
Smoking habit 2720

N = 20.

Subjects’ vital parameters included weight (initial weight was 79.4 + 3.6
kg), blood pressure and blood values. Blood specimens were drawn by
venipuncture into evacuated citrate containing Vacutainer™ tubes for
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aggregation analysis, except in the comparative study when they were drawn into
tannic acid (Sigma Chemical Co., St. Louis, MO), and a serum separator tube
containing silicone gel and a clot activator for other analyses.

Blood was spun at 3400 rpm for 10 minutes and serum analyzed
immediately, or stored frozen (-20° C.) overnight before analysis. Butylated
hydroxytoluene in ethanol was added to final concentration of 5 uM, keeping the
final ethanol concentration <1%, v/v. A lipid profile was measured on each
subject, including serum cholesterol, triglycerides, high density lipoprotein
cholesterol (HDL) and low density lipoprotein cholesterol (LDL) by difference
(18), using standard chemical methods. All analyses were done under amber
light to reduce photo-induced oxidation. To assess the effect of usual dietary
habit upon peroxidation, the level of malondialdehyde equivalent substances
(TBARS) was measured to quantitate fragments of lipid peroxidation by the
method of Mihara, et al. (19). TBARS was quantitated in uM of 1,1,3,3-
tetramethoxy-propane. In addition, plasma fatty acyl hydroperoxides were
measured with a commercial kit. [These were measured by following the
equimolar release of methylene blue when fatty acid hydroperoxide reacts with
10-N-methylcarbamoyl-3,7-dimethylamino-10H-phenothiazine in the presence of
catalytic amounts of hemoglobin at 675 nm, according to Ohishi, et al. (20).
Cumene hydroperoxide was used as the standard.]

Serum ascorbic acid, vitamin C, was measured spectrophotometrically
using 2,4-dinitrophenylhydrazine as chromagen by Roe’s method (21). Serum a-
tocopherol was separated and quantitated by the HPLC method of Bieri, et al.
(22). The separation was done on a C18 surface in a 5 cm. column with 3 um
mean diameter, using dl-a-tocopheryl acetate as internal standard.

The platelet response was measured with an impedance aggregometer
(Chronolog, Havertown, PA 19108) by the method of Mackie, et al. (23) after six
minutes of incubation at 37° C. Thrombin and collagen were was as agonists to
initiate aggregation. Reagents were obtained from Sigma Chemical Co., St.
Louis, MO, except luciferin-luciferase and collagen, which were obtained from
Chronolog and dl-a-tocopheryl acetate (Roche, Nutley, NJ 07110), unless
otherwise indicated. Solvents, double distilled "HPLC grade’) were purchased
from EM Science (Gibbstown, NJ 08027).

Group means and standard errors were determined and compared using
Student’s paired t test. Differenced data were sequentially analyzed.

The Human Study Scientific Review Committee of the K. L. Jordan
Heart Foundation reviewed and approved the protocol. Subjects had the option
to withdraw at any time during the study.

Results.

Repeat analyses of the self-selected diet during the second wine period showed
no difference, except for the change of wine. In addition, patients experienced
no significant change in body weight or blood pressure level during the study.
The average change in blood pressure during the RED period was: systolic, -0.8
mm Hg, diastolic, -1.7 mm Hg; and for the WHITE period: systolic, -1.5,
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diastolic, -2.25 mm Hg. Similarly, the pulse rate did not change significantly,
either, decreasing by 1.0 beat per minute in the RED period, and increasing by
0.6 beat per minute in the WHITE period.

The in vitro data in Table I show a powerful anti-thrombogenic effect of
tannic acid compared with citrate on whole blood. This blood was taken from
hyperlipemic subjects who were eating self-selected diets as a pilot study. In the
presence of tannic acid, platelet aggregation was about one-tenth the response
seen in the presence of citrated blood. Note that the tannic acid concentration
was 5 mM, whereas the citrate concentration was about 100 mM. The rest of
the results were measured ex vivo after subjects had consumed wine as
described. '

The data of Table III show the serum lipid values of subjects after they
had consumed the RED wine daily over a four-week period. No significant
changes were seen in these measurements. In the table we see similar results for
the WHITE wine period. Again, no significant change occurred in these serum

Table III. Subjects’ Serum Lipid Levels after Four Weeks’ Wine Addendum

Red White Combined
mM/L Base Final Base Final Base Final

Chol 5.65 5.79 585 5.63 5.76 5.66
+0.21 +0.24 +0.28 +0.24 +0.18 +0.16
Trig 0.11 0.13 0.13 0.13 0.12 0.13
+0.01 +0.01 +0.01 +0.01 +0.01 +0.01
HDL 111 1.12 1.13 111 1.12 111
Chol +0.05 +0.07 +0.08 =0.07 +0.05 +0.05
LDL 4.05 4.03 4.31 4.01 4.18 4.02

Chol +0.19 +0.22 +0.24 +0.19*  +0.15 +0.14

Data presented as means + se.m. N = 20. *P<0.08. Chol: cholesterol;
Trig: triglyceride; HDL chol: high density lipoprotein cholesterol; LDL chol:
low density lipoprotein cholesterol. Source: Reproduced with permission from
reference 42.

lipids, though the decrease in LDL cholesterol values approached significance,
changing from 4.31 to 4.01 mM/L, p<0.08. In the table we also see displayed
the combined data for all subjects. No change was observed in these
hyperlipemic subjects after daily wine use for four weeks.

Platelet responses to various agonists appear in Table IV. In the case of
each wine, ATP release after a challenge of thrombin (EC 3.4.21.5, from human
plasma), consumption of either wine resulted in decreased ATP release, being
0.81 initially and 0.68 finally for RED and 0.98 initially and 0.81 finally for
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Table IV. Platelet Responses after Consumption of Wine for Four Weeks

Red White Combined
Agonist Base  Final Base  Final  Base Final

ATP’, 0.81 0.68 0.98 0.81 091 0.75
uwM/L +008 +005 +0.09 006> =+0.06 +0.04°

Coll, ) 143 15.5 14.8 17.1 14.6 16.3
+1.4 +1.3 +19 +1.7 +12 +1.1

ATP, 0.40 0.60 0.51 0.45 0.46 0.52
pM/L™  +006 +0.11 007 006 +005 =*0.06

Data as means + s.em. N = 20. ATP: release of adenosine triphosphate; Coll:
stimulation by collagen, 2 ug/ml. * ATP release to thrombin agonist, 1 NIH
unit/mL; collagen, human, 2 ug/mL. * ATP release to collagen stimulus. *
p<0.05. Source: Reproduced with permission from reference 42.

Table V. Peroxidation Products in Serum after Wine Consumption for Four
Weeks

Red White Combined
uM/L Base Final Base Final Base Final

TBARS 0.96 0.80 1.16 0.77 1.05 0.79
+0.10 +010 +0.02 +0.01*> +0.01 +0.06°

LOPS 1.26 1.29 1.24 1.21 1.25 1.25
+0.14 =+0.12 =+0.13 =+0.14 +0.09 =+0.09

Data as means + s.e.m. N = 20. TBARS: thiobarbituric acid reactive
substances; LOPS: fatty acid hydroperoxides. * p<0.05; ® p<0.01. Source:
Reproduced with permission from reference 42.

WHITE. The combined data for both wines showed a significant decrease in
platelet ATP release, values decreasing from 0.91 to 0.75, p<0.05. No significant
changes occurred in the aggregation response to collagen for either wine.
Likewise, no noteworthy change was observed in ATP release when the platelet
was challenged with collagen.

Consumption of either the RED or WHITE wine resulted in an
antioxidant effect, as shown in Table V. After regular consumption of the RED
wine, TBARS values decreased to 0.80 from 0.96 uM/L, though not significant.
In contrast, after daily drinking the WHITE wine, values decreased markedly
from 1.16 to 0.77 uM/L, p<0.05. Combining the data for all subjects for both
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wines, the mean TBARS values changed from 1.05 to 0.79 uM/L, p<0.01, a
highly significant decrease. No change was measured in the hydroperoxides
values during either wine period.

The baseline and final values for two antioxidant, ascorbic acid, a water-
soluble vitamin, and a-tocopherol, an oil-soluble vitamin, appear in Table VI.
The values are expressed in uM/L. Values of circulating ascorbic acid did not
change during either wine period, though a modest decrease was seen for the
combined data, changing from 88.6 to 80.1, p<0.05. No change was observed in
the serum vitamin E levels, though they, too, tended to decrease somewhat.

Table V1. Serum Vitamin Levels after Consumption of Wine for Four Weeks

Red White Combined
Vitamin Base Final Base Final Base Final
Ascorbate, 88.0 78.9 89.1 806 886 80.1
uM/L +51 +28 +45 +45 +28 +2.8°

a-Toco, uM/L. 383 35.1 52.5 469 46.0 41.6
+2.38 +4.6 +6.5 +60 +39 +39

Data as means + s.e.m. N = 20. ® p<0.05. a-Toco: a-tocopherol.
Source: Reproduced with permission from reference 42.

Analyses of phenolics of the test wines appear in Table VII. The RED
contained 47 ppm of total benzoic acid moieties, the WHITE, 2. Though total
flavan-3-ols was about the same in both wines, being 49 ppm in the RED and 45
ppm in the WHITE, the
WHITE contained 9 ppm catechin versus 3 in the RED. Total
hydroxycinnamates was similar, being 19 ppm in the RED and 15 in the
WHITE, though the WHITE contained 3 ppm of caffeic acid, and the RED
none detected. In terms of total flavonols, the RED contained 12 ppm, the
WHITE 9 ppm; quercetin was not detected in either sample. Anthocyanins were
present at 3 ppm in the RED.

The relative responses of heart and liver enzymes to the addendum of
wine in the diet revealed that despite a significant increase in serum SGOT in
the RED wine group from 17.6 + 0.84 to 19.8 + 1.17, p<0.05, all heart and
liver function studies remained within normal limits. In regard to kidney
function, RED wine use resulted in a significant decrease in BUN from 17.3 +
0.76 to 15.2 + 0.78, p<0.05. All values, however, remained within normal limits.
Additionally, all serum mineral and uric acid concentrations remained within
normal limits, even though serum calcium levels decreased during both wine
periods; RED: 9.54 + 0.06 to 9.39 + 0.08, p<0.07;, WHITE: 9.58 + 0.08 to
9.39 + 0.08, p<0.05; and combined wines: 9.58 + 0.08 to 9.39 + 0.08, p<0.01.
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No significant changes were seen in serum phosphorus or uric acid levels.
Finally, fibrinogen levels showed slight but insignificant increases for all
categories, (mg/dL): RED: 2775 + 6.29 to 278.1 + 11.17; WHITE: 272.1 +
8.20 to 282.2 + 10.34; and combined wines: 275.1 + 5.00 to 280.0 + 7.59.

Table VII. Phenolic Composition of Test Wines

Red (CS, nv) White (CH, *90)

Gallic acid 42

Total benzoic acid 47 2
Catechin 3 9
Epicatechin 0 0
Total Flavan-3-ols 49 45
Caffeic acid 0 3
Total Hydroxy- 19 15
cinnamates

Quercetin 0 0
Total Flavonols 12 9
Anthocyanins 3 0

Data in ppm. CS: cabernet sauvignon; CH: chardonnay; NV: non-vintage.
Analyses kindly provided by Dr. Andrew Waterhouse, University of California,
Davis, CA.

Discussion.

Over the past twenty years, moderate use of alcohol has been associated with
attenuation of heart disease risk, compared with non- or heavy drinking. In
terms of the lipid etiology of heart disease this decreased risk was associated
with modestly increased HDL cholesterol levels (Criqui, 24; Castelli, 25). Others
have disagreed (Moore, 7; Renaud, 15), suggesting that the differences were too
small to be important. Others have suggested that the decreased fibrinogen
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levels along with associated fibrinolytic and antithrombin III acitivity in users of
alcohol may account for the apparent protection (11; 12). Renaud, et al. (15)
have focussed our attention on wine, particularly red wine, for its beneficial
effects on attenuating platelet activity. Siegneur’s (26) further work with wine,
platelet and serum lipids has added additional support to the importance of wine
in a healthy diet. Folts (27) has demonstrated the kinetic character of this effect
of wine upon platelet activity both in a dog model and more recently in human
subjects, noting a more potent response in the case of red wine. This has been
attributed to several phenolics (28) as well as the resveratrol content of wines
(29; 30; 31). In addition, Fitzpatrick (32) has demonstrated that red wine usage
also modulates vascular tone, leading to relaxation of the endothelium,
suggesting the potential importance of wine in improving hypertension.

In these hyperlipemic subjects regular wine consumption of 180 ml/day
did not lead to improved serum lipid changes. Seigneur et al. (26) have reported
that use of 500 ml/day of wine led to increased levels of LDL cholesterol. At
the modest levels we administered, no such elevation of serum lipids was
measured. In fact, a modest, nearly significant (p<0.08) decrease in LDL
cholesterol was seen in our subjects during the WHITE period.

The results here presented have shown that both red and white California
wines lead to improved platelet in as little as four weeks. In particular, the
response to thrombin led to significantly attenuated thrombin response of the
platelets of these hyperlipemic subjects.

On the other hand, the data here presented have shown that a regular
addendum to the diet of as little as 180 ml/day of either RED or WHITE
California wine resulted in significantly decreased levels of peroxidation products
circulating in the serum as malondialdehyde equivalent material, here labelled
TBARS. The actual level reached significance (p<0.05) only during the WHITE
period. However, TBARS values also decreased during the RED period. Since
the subjects diets remained stable during the test periods, it is inferred that the
wine contributed substance(s) which inhibited peroxidation. Frankel, et al. (33)
have reported the potent, antioxidant potency of red wine in inhibiting
peroxidation in vitro of LDL lipoprotein lipid. In a more recent paper from
their laboratory (34) they have surveyed many wines, testing both reds and
whites in this bioassay system. Though the reds outperformed the whites, the
white also contained phenolics which demonstrated antioxidant potency. Sharpe,
et al. (35) have reported that 200 ml/day of red wine (French, Ardeche region)
resulted in decreased LDL cholesterol levels in young (mean age 37.2 years),
normolipemic subjects. These positive results with a white wine addendum also
corroborate earlier results obtained by Klurfeld, et al. (36), who fed rabbits
hypercholesterolemic diets with water, beer, whiskey, white or red wine. Though
pure alcohol resulted in just 75% the incidence of atherosclerosis, whiskey, 83%,
white wine, 67%, and red wine, merely 40% the incidence of water drinking
mates.

Since white wines bear very limited levels of trans-resveratrol (30), we
infer that catechin--and possibly caffeic acid--play an important role in the
beneficial antioxidant effects observed in the white over the red wine here tested
in these human subjects. Other yet unidentified substances may also be
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implicated in the antioxidant protection here observed. We have not precluded
the possible importance of a substance inadvertently present from wine
processing (e. g, ellagic acid, V. Singleton, personal communication). We have
shown in this laboratory (7) an inverse relation between the tendency of platelets
to aggregate and serum a-tocopherol levels: with supplementation of vitamin E,
TBARS, hydroperoxides and platelet aggregation decreased in
hypercholesterolemic subjects.

Membrane dynamics may be enhanced by flavanoids in wine, and other
foods. Decreased thrombin response for the combined wines suggested that
sufficient phenolics are present in the white wine to influence platelet membrane
dynamics. Throughout the RED and WHITE periods, levels of vitamin E did
not change significantly, though platelet membrane stability was apparently
enhanced, since the thrombin response was attenuated, Table 4. The modest
decrease in ascorbic acid values observed suggested that it may have been used
to recycle phenols (37), or its turnover may have been decreased in the presence
of wine flavonoids. Uptake and metabolism of phenolics may distinctly differ,
such that some present in the WHITE may have been preferentially bioavailable.
In recent uptake studies Maxwell, et al. (38) have reported that in serum
antioxidant potential increased significantly above baseline for at least four hours
after red wine (5.7 ml/kg) taken with a meal. Whitehead, et al. (39), have
recently reported a study in which serum antioxidant potential was increased in
the serum of nine human subjects after taking 300 ml of red wine, with an
average increase of 18% at one hour and about 10% at two hours; in
comparison, a modest effect was observed with white wine, 4% at one hour and
7% at two hours. Such changes in serum total antioxidant capacity do not
necessarily correlate directly with a functional test, such as platelet aggregation
tendency.

With the data available in this study no means exists to assign a
mechanism to explain the apparent advantage of WHITE over RED here
presented with certainty. Klatsky (40) has aptly pointed out using a very large
cohort that wine did not necessarily confer greater protection than other forms
of alcohol. Further, even ethanol itself in modest doses also exerts potent
membrane effects, as common experience testifies. As we noted in studies with
polyunsaturates (41) in membrane systems, even modest levels of 5 mole%
markedly modify membrane functions, such as respiration. We have reported
tests of actual in tissue functional capacity, platelet performance. It is presumed
that publication of absorption and metabolism studies from the Davis group and
others will shed further light on this point in due season.
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