
ABSTRACT Red wine polyphenols (RWPPs) were obtained
from red wine by absorption and elution from a resin column. Red
wine (375 mL/d), white wine (375 mL/d), RWPPs (1 g/d, equiva-
lent to 375 mL red wine/d) in capsules, RWPPs (1 g/d) dissolved
in white wine, or a control alcoholic drink (40 g ethanol/d) was
given to groups of 6–9 healthy men for 2 wk. Plasma LDL was
separated by ultracentrifugation and desalted by dialyzing against
a phosphate buffer without EDTA. In the copper-catalyzed perox-
idation of LDL (copper-diene assay), the mean lag time increased
by 17.8 min after red wine, 14.2 min after RWPP capsules, and
11.7 min after RWPPs in white wine. These groups also showed
decreases in thiobarbituric acid–reactive substances, lipid perox-
ides, and conjugated dienes and increases in plasma and LDL
polyphenols. The only change with white wine was an increase in
thiobarbituric acid–reactive substances; there were no changes
after the control drink. In a second study, RWPPs (1 and 2 g/d) and
vitamin E [1000 IU (671 mg)/d] were given for 2 wk. In the cop-
per-diene assay the addition of 10 mmol EDTA/L abolished the
increased lag time of 17.7 min seen with 1 g RWPP/d and changed
the increased lag time from 13.2 to 4.5 min seen with 2 g RWPP/d.
Vitamin E increased lag time by 67.6 min with dialysis without
EDTA and by 50.5 min with EDTA. When the column method was
used for desalting LDL, all 3 treatments produced an increase in
lag time. The failure of some authors to obtain antioxidant effects
with the consumption of red wine may be due to the differing tech-
niques. Am J Clin Nutr 1998;68:258–65.

KEY WORDS Lipid peroxidation, red wine, white wine,
polyphenols, LDL, men, antioxidants

INTRODUCTION

A moderate consumption of alcohol-containing beverages
decreases mortality (1–4) from coronary artery disease (CAD)
and one mechanism of protection may be the increased plasma
concentration of HDL cholesterol (5). It was proposed that the so-
called French paradox, the low CAD mortality in France despite
a diet high in saturated fat, can be explained by the population’s
high consumption of wine (6). A moderate intake of wine is asso-
ciated with lower mortality from CAD compared with spirits or
beer (7–9). A major question is whether red wine is superior to
other alcoholic beverages in its putative cardioprotective effect.

Red wine but not white wine contains abundant polyphenols,
which inhibit the oxidation of human LDL in vitro (10). Oxida-
tion of the polyunsaturated lipid components of LDL with reac-
tive oxygen species may have a role in atherosclerosis (11).
Whether wine polyphenols can reduce the susceptibility of LDL
to oxidation in vivo is controversial. An Israeli group (12)
claimed that the consumption of red wine but not white wine by
volunteers reduced the propensity of LDL to undergo lipid per-
oxidation (in response to copper ions), determined by decreases
in the content of thiobarbituric acid–reactive substances
(TBARS), lipid peroxides, and conjugated dienes in LDL as well
as a substantial prolongation of the lag phase before oxidation.
The antioxidant effects were not secondary to changes in plasma
vitamin E or b-carotene content but were related to the elevation
in polyphenol concentrations in plasma and LDL. A Dutch group
(13) examined the effect of the nonalcoholic components of red
wine by reducing its alcohol content. The dealcoholized red wine
did not affect the susceptibility of LDL to copper-mediated
oxidative modification as measured by lag time before and after
red or white wine consumption. The results of the Dutch study
did not show a beneficial effect of red wine consumption on LDL
oxidation. The design of the 2 studies differed considerably, the
most important difference being the method used for the copper-
catalyzed peroxidation.

The present study was designed to investigate the discrepan-
cies in results reported by the 2 groups. The study protocol used
by the Israeli group was followed as much as possible.
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Different methods for removing EDTA from LDL prepara-
tions before oxidation were also compared. In addition, total
polyphenols were extracted as a powder from the same red wine
used in our study and were then given to volunteers to investigate
the importance of wine polyphenols as antioxidants in the
absence of alcohol.

SUBJECTS AND METHODS

Subjects

The study protocol was approved by the local research ethics
committee of the Papworth Hospital NHS Trust. All subjects
signed informed consent documents. Thirty healthy men aged
35–65 y who were nonsmokers, normolipemic, nonobese, and con-
suming a standard UK diet participated in the study. The volunteers
discontinued wine consumption 2 wk before each study. All volun-
teers were asked to maintain their usual diet and lifestyle.

Study 1: comparison of red and white wines, red wine
polyphenols, and the control alcoholic drink

The volunteers were divided into groups of 6–9 subjects and
given daily for 2 wk the following: 1) French Cabernet sauvi-
gnon red wine (1/2 bottle, 375 mL); 2) French vin ordinaire
white wine (1/2 bottle, 375 mL); 3) French vin ordinaire white
wine (1/2 bottle, 375 mL) plus 1 g red wine polyphenols
obtained as described below; 4) red wine polyphenols as a pow-
der (see below), 1 g in 2 gelatin capsules; and 5) a control drink
(400 mL/d) containing 10% (by vol) ethanol as vodka and
lemonade (containing no polyphenols) obtained from a super-
market. For practical reasons only 6 subjects were studied per
week. They were allocated randomly to the various groups with
a period of ≥ 4 wk between each treatment period.

Study 2: comparison of red wine polyphenols and vitamin E

Twenty of the above mentioned volunteers from the previous
study were divided into groups of 6–9 subjects and were given
daily for 2 wk the following: 1) a black currant–flavored drink
containing 1 g red wine polyphenols [The drink was a commer-
cially available drink powder containing sugar, citric acid, sodium
citrate aspartame, and synthetic flavor (Cambridge Manufacturing
Co Ltd, Corby, United Kingdom) to which 330 mL water was
added immediately before consumption.]; 2) capsules containing 2
g red wine polyphenols/d as a powder, prepared as described
below; and 3) 1000 IU (671 mg) RRR-a-tocopherol/d (Lane
Health Products Ltd, Gloucester, United Kingdom).

Six subjects were studied weekly and were allocated randomly
to either receive the black currant–flavored drink or the capsules
containing 2 g red wine polyphenols/d with a period of 4 wk
between each treatment period. Subjects given 1000 IU RRR-a-
tocopherol/d were treated at the end of the study because vitamin E
can be retained in LDL for many weeks after a dose is adminis-
tered. The 2 studies took place in sequence over 9 mo and the prod-
ucts were divided equally and consumed after lunch and dinner.

Preparation of red wine polyphenols

The red wine polyphenols were manufactured by Nutriproducts
Ltd (Grandview, Leeds, United Kingdom). Their method of man-
ufacture involves the absorption and removal of the polyphenols by
an absorbent resin column from the same Cabernet sauvignon red
wine described above. Red wine was filtered to remove sedi-

ment, distilled under vacuum at a pressure of 30 3 103 Pa at
75–80 8C for 1 min, cooled and concentrated under vacuum at
55 8C, and then cooled quickly to 25 8C by refrigeration. The con-
centrated wine was passed through an absorbent polystyrene
resin column Diaion HP-20 Relite (Supelco Ltd, Poole, United
Kingdom), which was then washed with distilled water. The
polyphenols were eluted with 45–50% ethanol. The eluate was
then concentrated to 35% dry matter under vacuum distillation at
55 8C and spray-dried under nitrogen to produce a powder with a
moisture content of 3–4%. The polyphenol powder had a dark
red color, was soluble in water or aqueous alcohol, and was quite
palatable but with an astringency similar to that of red wine.

Polyphenol contents and intake

The Folin-Ciocalteau method (14) was used to determine total
polyphenols (in gallic acid equivalents): red wine, 1.6 g/L; white
wine, 0.2 g/L; red wine polyphenol powder, 450 mg/g; white
wine containing red wine polyphenol powder, 1.8 g/L; and alco-
holic drink, 0 g/L.

The red wine and red wine polyphenol powder from which it
was obtained were analyzed by ETS Laboratories (St Helena,
CA). One gram of the powder was dissolved in 25 mL methanol,
diluted 1:1 with deionized water, centrifuged at 10 000 3 g for 3
min at room temperature, and injected into an HPLC apparatus
according to a method that quantifies some of the major con-
stituents in wine (15). Undiluted red wine was also injected for
similar analysis. The intake (mg/d) of phenolic compounds from
the 375 mL red wine and the 1 g red wine phenols used in study
1 are presented in Table 1.

The chief differences between the wine and powder were that
the powder contained virtually no phenolic acids because they
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TABLE 1
Intake of phenolic compounds from red wine (375 mL) and red wine
polyphenols

Peak number and
wine phenolic compounds1 Red wine2 Polyphenol powder3

mg/d mg ·g–1 · d–1

1. Catechin 8 11
2. Epicatechin 6 7
3. Procyanidin dimers 18 12
4. Procyanidin polymers 170 190
5. Quercitin glycosides 3 1.7
6. Quercetin 0.4 1.8
7. Myricetin glycosides 0.8 1.1
8. Myricetin 0.4 0.4
9. Anthocyanin glycosides4 4.5 56
10. Polymeric anthocyanidins 8 9
11. Gallic acid 13 0.8
12. Other phenolic acids5 13 2
13. trans Resveratrol 3 3
14. cis Resveratrol 0.8 0.3
Total 248 296

1 Peaks 1–4 are quantified as catechin, peaks 6 and 8 as quercetin, peaks
5 and 7 as quercetrin, peaks 9 and 10 as malvidin, peaks 11 and 12 as gal-
lic acid, and peaks 13 and 14 as trans resveratrol.

2 Vintage 1993 kept for 2 y.
3 Prepared from the vintage 1993 red wine before bottling and kept at

5 8C.
4 Delphinidin, cyanidin, peonidin, petunidin, and malvidin glucosides.
5 Syringic, caftaric, caffeic, para-coumaric, and coutaric acids.
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were not extracted by the resin column used for its preparation
and the powder contained <12 times more anthocyanin glyco-
sides (chiefly malvidin glycoside) than the wine. Presumably
this was because of the precipitation of these compounds, which
occurs when red wine is aged.

Separation of plasma

Blood samples were drawn into K3EDTA (1 mmol/L) 12 h
after dinner, before and at the end of the 2-wk period of wine
consumption. Samples were centrifuged at 2000 3 g for 15 min
at 4 8C to obtain plasma. Aliquots of plasma (for lipid and
polyphenols) were stored at 270 8C before being analyzed. All
other analyses were started on the same day that blood was
drawn and samples were stored at 4 8C until processed.

Plasma antioxidant indexes

Plasma lipid peroxides (16) were estimated by lipid absorption
with PHM-L liposorb gel (Calbiochem-Novabiochem, Nottingham,
United Kingdom) and suspension of the gel in CHOD-iodide reagent
(BDH-Merck, Lutterworth, United Kingdom). The mixture was then
shaken for 60 min at room temperature and centrifuged at 10000 3 g
for 3 min at room temperature, and the optical density of the super-
nate was measured at 405 nm. Plasma total antioxidant status (17)
was measured by using 2,29-azino-di-[3 ethylbenzthiazoline sul-
fonate], peroxidase, and hydrogen peroxide obtained as a kit (Ran-
dox Laboratories, Crumlin, United Kingdom).

LDL antioxidant indexes

Separation of LDL

LDL was separated by density gradient ultracentrifugation
with a Beckman bench top model Optima TLX with a TLA 100.4
rotor (Beckman, Palo Alto, CA). The density of 24 mL plasma
was adjusted to 1.3 kg/L by adding solid sodium bromide.
Aliquots of 1 mL were layered under 2 mL of a 1.006-kg/L den-
sity solution. Spinning took place at 540 000 3 g for 20 min at
4 8C. The orange-yellow LDL band (<0.4 mL from each tube)
was removed and pooled. Aliquots of 1 mL were added to 1 mL
of a 1.154-kg/L density solution layered under 1 mL of a 1.063-
kg/L density solution and spun for 30 min at 540 000 3 g at 4 8C.
The visible LDL layer (containing 0.7–1.0 g LDL protein/L) was
removed and processed immediately. All density solutions con-
tained EDTA (2 mmol/L) as an antioxidant.

Subsequent treatment of LDL

All reagents were prepared by using reverse osmosis water
treated with an ion-exchange resin column to remove trace ele-
ments (Elga, High Wycombe, United Kingdom). Three methods
of treating the LDL were used. Method A was used exclusively
in study 1 and all 3 methods were used in study 2.

Method A (final dialysis without EDTA). LDL (2.5 mL) was
dialyzed against 5 L of 10 mmol sodium phosphate-buffered
saline (PBS)/L containing 2 mmol EDTA/L with a dialysis cas-
sette (Slide-A-Lyzer Perstorp; Pierce Chemical Co, Rockford,
IL) at 4 8C for 1 h, then with 5 L of 10 mmol PBS/L without
EDTA at 4 8C overnight.

Method B (continuous dialysis with EDTA). LDL was
removed and dialyzed at 4 8C as above except that dialysis was
with 10 mmol EDTA/L in 10 mmol PBS/L.

Method C (column treatment). LDL was passed through an
EcNo-pac 10DG desalting column (Bio-Rad, Hemel Hempstead,

United Kingdom) (18). The column was washed twice with 10
mmol PBS/L and treated by mixing with 5 g chelex-100 resin/L
(Bio-Rad) and decanting the liquid. LDL (600 mL) was then
loaded on the column and eluted with 3 mL PBS buffer at a flow
rate of 0.6 mL/min with a peristaltic pump (Ismatec, Weston
Super Mare, United Kingdom).

LDL oxidation

Lipoprotein (diluted with 10 mmol PBS/L to give a final con-
centration of 50 mg LDL protein/L) was incubated in the presence
of copper sulfate (5 mmol/L) at 37 8C for 5 h (19) and oxidation
was terminated by refrigeration and addition of 0.1 mmol
EDTA/L. LDL oxidation was determined as follows. Lag time was
determined by continuously measuring (20) the increase in
absorbance at 234 nm according to the method developed by
Esterbauer et al (21). At the end of the incubation, conjugated
diene formation (21) was determined by measuring the difference
of absorbance at the end of the reaction and at baseline and by
using the extinction coefficient of 2.95 3 104 (mol/L)21 · cm21.
TBARS (22) were determined by adding 1 mL TCA:TBA:HCL
reagent (15% trichloroacetic acid:0.375% thiobarbituric acid:0.25
mol HCl) to a 0.5-mL aliquot of the LDL solution (oxidized as
above), mixing the sample, and heating it in boiling water at
100 8C for 10 min. The absorbance of the supernate was measured
against a blank at 535 nm and the concentration of TBARS was
calculated by using an extinction coefficient of 1.56 3 105

(mol/L)21 · cm21. Lipid peroxides (23) were determined by using a
commercially available reagent (cholesterol color reagent,
CHOD-iodide method; Diagnostic Merck, Darmstadt, Germany).

Other assays

Plasma and LDL polyphenols were measured by the Folin-
Ciocalteau reaction (14) with a gallic acid standard. The results
were expressed as mg gallic acid/g protein. Plasma and LDL pro-
tein were measured by the Bradford method (24) by using the
Bioquant reagent (Merck, Darmstadt, Germany). Plasma lipids
were measured by conventional methods with kits (Instrumenta-
tion Laboratories Ltd, Milan, Italy).

Statistics

All results are given as means ± SD. For each index, differ-
ences between the before and after values were compared by the
paired t test (two-tailed). Analysis of covariance with baseline
values as covariants was performed to compare different treat-
ments. P values were calculated by using the adjusted means.
The computer software programs EXCEL (version 5; Microsoft,
Redmond, WA) and ASTUTE (DDU Software, Leeds, United
Kingdom) were used for the computations.

RESULTS

In both studies 1 and 2, there were no significant baseline dif-
ferences in any index between treatments.

Study 1: comparison of red and white wine, red wine
polyphenols, and the alcoholic drink

As shown in Table 2, after 2 wk, plasma polyphenols increased
38% with red wine, 27% with white wine plus 1 g red wine
polyphenols, and 28% with red wine polyphenol capsules, but not
with white wine. Plasma lipid peroxides decreased by 32% with
red wine, 29% with white wine plus 1 g red wine polyphenols, and
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28% with red wine polyphenol capsules. With white wine con-
sumption there was an increase of 23% in lipid peroxides.

The LDL-associated antioxidant effects of the consumption of
red wine, white wine plus 1 g red wine polyphenols, and red
wine polyphenol capsules were all in the same direction and of
similar magnitude (Table 3). LDL polyphenols increased 26%,
62%, and 29%, respectively. In the copper-catalyzed peroxida-
tion assay, lag time increased 31%, 21%, and 27%, respectively;
the formation of TBARS decreased by 22%, 24%, and 25%,
respectively; conjugated dienes decreased by 15%, 11%, and
12%, respectively; and lipid peroxides decreased by 22%, 23%,
and 25%, respectively. After white wine there was a 21%
increase in TBARS and a 14% increase in conjugated dienes. No
oxidative or antioxidative effects were observed after the control
drink. In the copper-catalyzed peroxidation assay the lag times
and shape of the curves for baseline samples before treatment
were comparable with those published by the Israeli group (12).

Analysis of covariance showed that for almost all compar-
isons there was no significant difference between any of the
groups in which red wine polyphenols were administered (red
wine, white wine plus 1 g red wine polyphenols, and red wine
polyphenol capsules). In every comparison there was a signifi-
cant difference between groups administered white wine or the
control drink and those given red wine polyphenols (Tables 1 and
2). There was a trend for all of the alcoholic drinks to produce an
increase in plasma HDL cholesterol, which was only significant
with white wine plus red wine polyphenols and alcohol. No

significant changes in plasma lipids were observed with the red
wine polyphenol capsules (Table 4).

Study 2: comparison of red wine polyphenols and vitamin E

The objectives of this study were to determine the concentra-
tion of total antioxidants in plasma and to compare different
methods of preparation of LDL before the copper-diene assay
(Table 5). Total antioxidants in the plasma were increased by
11% and 15% by red wine polyphenols (1 and 2 g/d, respectively)
and by 7% by vitamin E. When EDTA was omitted from the final
dialysis buffer, red wine polyphenols consumption either as a
drink (1 g/d) or capsules (2 g/d) produced an increase in lag time
of 30% and 21%, respectively, and of 12% and 22%, respectively,
by the column method. The addition of EDTA to the dialysis
buffer abolished the effect with 1 g red wine polyphenols/d and
resulted in only a small increase in lag time of 7% with 2 g/d.
There were no significant differences between the lag times
obtained by the dialysis without EDTA and the column method.

Analysis of covariance showed no significant differences in
the increase in lag time between the drink and capsules. Vitamin
E produced a large increase in lag time with the dialysis without
EDTA and with the column method of 107% and 110%, respec-
tively. Inclusion of EDTA in the dialysis buffer resulted in an
increase of 66%, which was not significantly different from the
increase after the other 2 methods. The increase in lag times with
vitamin E was significant (analysis of covariance), being 4–5-
fold greater than with red wine polyphenols.
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TABLE 2
Concentration of polyphenols and lipid peroxides in plasma of volunteers consuming red wine, white wine, white wine with added polyphenols, polyphenol
powder, or alcohol (control) for 2 wk1

Supplement Plasma polyphenols Plasma lipid peroxides

mg/g protein µmol/L

Red wine (375 mL/d) (n = 9)
Baseline 16.2 ± 5.72 2.2 ± 0.6
After 2 wk 22.6 ± 2.7 (23.2)a,B 1.5 ± 0.3 (1.3)A

Change 6.4 ± 3.0 20.75 ± 0.3
P3 0.002 0.04

White wine (375 mL/d) (n = 9)
Baseline 18.9 ± 5.1 1.7 ± 0.6
After 2 wk 20.3 ± 1.5 (20.4)a,c,D,E 2.1 ± 0.6 (2.2)A,B,C,D

Change 1.4 ± 3.6 0.4 ± 0.3
P 0.45 0.02

White wine (375 mL/d) + polyphenol powder (1 g/d) (n = 6)
Baseline 17.6 ± 4.2 1.7 ± 0.5
After 2 wk 22.6 ± 1.7 (22.9)c,F 1.2 ± 0.2 (1.2)B

Change 5.0 ± 2.4 20.5 ± 0.2
P 0.02 0.01

Polyphenol powder (1 g/d) (n = 9)
Baseline 21.0 ± 3.0 1.9 ± 0.6
After 2 wk 26.9 ± 5.4 (26.6)g,B,D,F 1.4 ± 0.3 (1.3)C

Change 5.8 ± 2.4 20.5 ± 0.3
P 0.02 0.02

Alcoholic drink (400 mL10% ethanol/d) (n = 6)
Baseline 23.9 ± 1.2 1.6 ± 0.2
After 2 wk 24.0 ± 1.5 (23.2)g,E 1.5 ± 0.2 (1.6)D

Change 0.1 ± 0.2 20.1 ± 0.2
P 0.86 0.46

Experimental SD (ANCOVA) 3.04 0.41
1 Adjusted means (in parentheses) within a column with the same superscript are significantly different: P<0.05 (lowercase), P<0.01 (uppercase).
2 x– ± SD.
3 Paired t test.
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DISCUSSION

The ability of red wine consumption to increase antioxidant
activity in vivo has been highly controversial. The findings of
another study published in this Journal by an Israeli group (12)
were disputed 1 y later by the findings of a Dutch group, also
published in this Journal (13). There were some major differences
in the protocols used by these 2 groups, primarily in the product
studied and in the techniques for analysis of LDL oxidation
(Table 6). The findings of our study largely agreed with the find-
ings of the Israeli group (12). In our study, red wine consumption
increased plasma and LDL polyphenols and enhanced antioxidant
activity as judged by decreased plasma total peroxides, increased
lag time, and decreased LDL lipid peroxides and TBARS in the
copper-catalyzed peroxidation of LDL-conjugated dienes.

However, our group (UK) observed much less antioxidant
activity with red wine consumption than did the Israeli group
(IS) (lag time: UK, 31%; IS, 380%; TBARS: UK, 22%; IS, 44%;
conjugated dienes: UK, 15%; IS, 48%; lipid peroxides: UK,
30%; IS, 40%). This could be explained by the much greater
increase in total polyphenol concentration in LDLs observed by
the Israeli group (UK: 26%; IS: 400%). A 16-fold difference in
effect cannot be explained easily. The Folin-Ciocalteau method

for determination of polyphenols is unreliable because any sub-
stance containing a phenolic group could interfere. Future
research should use HPLC analysis as currently being developed
by those working in this field.

The Israeli group (12) found that white wine consumption had
a prooxidant effect, which was partially confirmed by us (lag
time: UK, 0%; IS, 33%; TBARS: UK, 21%; IS, 28%). The reason
for this effect is unclear. Thus, red wine but not white wine had
antioxidant activity when given to volunteers, and this difference
was most likely due to the content of wine polyphenols, which are
abundant in red wine but not in white wine. A polyphenol extract
of red wine obtained as an alcohol-free powder gave the same
results as did red wine and had equivalent antioxidant activity
both in plasma and in LDL. The difference observed between the
results of the Israeli (12) and Dutch (13) groups could not be
explained by the use of dealcoholized wine by the Dutch. The
Israeli group suggested that the effect of white wine may have
been due to the prooxidative properties of alcohol (25), but we
found no changes with a control solution of alcohol.

EDTA is often added to plasma and LDL to chelate trace
quantities of copper or iron, which could catalyze the oxidation
of lipids (26). Others (19) prefer to desalt LDL and remove
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TABLE 3
Concentration of LDL polyphenols and copper-catalyzed peroxidation assays in volunteers consuming red wine, white wine, white wine with added
polyphenols, polyphenol powder, or alcohol (control) for 2 wk1

LDL LDL copper-catalyzed peroxidation

Supplement Polyphenols Lag time TBARS2 Conjugated dienes Lipid peroxides

mg/g protein min µmol/g protein µmol/g protein µmol/g protein

Red wine (375 mL/d) (n = 9)
Baseline 33.6 ± 6.63 51.6 ± 7.5 34.7 ± 5.7 685 ± 75 236 ± 84
After 2 wk 42.3 ± 8.1 (44.1)A 69.3 ± 18.3 (71.6) A,B 26.9 ± 4.8 (27.5)A 579 ± 84 (624)b,c,A,D 155 ± 57 (131)A,B

Change 8.7 ± 5.1 17.8 ± 10.8 27.8 ± 0.9 2106 ± 57 281 ± 24
P4 0.001 0.008 0.0004 0.0008 0.008

White wine (375 mL/d) (n = 9)
Baseline 39.3 ± 6.0 63.8 ± 18.6 30.1 ± 6.0 732 ± 126 170 ± 48
After 2 wk 38.5 ± 9.9 (36.4)A,B,C 63.6 ± 9.1 (58.2) c,A 36.5 ± 6.9 (39.4)A,B,C,D 833 ± 138 (848)A,E,F,G 188 ± 57 (203)A,C,D

Change 20.7 ± 9.3 20.2 ± 5.1 6.5 ± 0.9 101 ± 90 18 ± 9
P 0.82 0.95 0.0001 0.012 0.22

White wine (375 mL/d) + 
polyphenol powder (1 g/d) 
(n = 6)

Baseline 31.1 ± 2.7 54.8 ± 2.5 39.9 ± 3.9 809 ± 83 217 ± 73
After 2 wk 45.8 ± 8.8 (49.2) d,B 66.5 ± 5.1 (66.7)d 30.5 ± 2.7 (28.5)B 719 ± 49 (685)b,E,H 128 ± 56 (115)C,E

Change 14.7 ± 6.1 11.7 ± 2.7 29.3 ± 1.2 290 ± 49 289 ± 17
P 0.0001 0.007 0.0003 0.007 0.005

Polyphenol powder (1 g/d) (n = 9)
Baseline 37.0 ± 4.5 51.7 ± 5.7 37.9 ± 13.5 803 ± 71 216 ± 39
After 2 wk 47.6 ± 6.3 (47.0)e,C 65.9 ± 12.9 (68.1)c 28.3 ± 6.9 (27.3)C 709 ± 45 (680)c,F,I 149 ± 45 (136)D,F

Change 10.6 ± 6.6 14.2 ± 7.2 29.6 ± 6.0 293 ± 66 267 ± 6
P 0.002 0.006 0.02 0.004 0.004

Alcoholic drink (400 mL 
10% ethanol/d) (n = 6)

Baseline 39.4 ± 4.9 54.0 ± 5.1 36.5 ± 5.6 750 ± 127 137 ± 49
After 2 wk 43.7 ± 1.7 (41.4)d,e 56.6 ± 4.7 (57.3)d,B 29.3 ± 2.0 (29.0)D 770 ± 76 (767)D,G,H,I 174 ± 47 (208)B,E,F

Change 4.3 ± 4.4 2.6 ± 3.4 27.2 ± 6.1 20 ± 76 36 ± 3
P 0.08 0.14 0.07 0.6 0.18

Experimental SD (ANCOVA) 6.46 10.66 4.02 56.7 40.3
1 Adjusted means (in parentheses) within a column with the same superscript are significantly different: P<0.05 (lowercase), P<0.01 (uppercase).
2 Thiobarbituric acid–reactive substances.
3 x– ± SD.
4 Paired t test.
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EDTA after its separation and use either dialysis or an absorption
column. In the method used by the Dutch group (13 ), EDTA is
not removed, but excess copper is added to compensate for the
chelating effect of EDTA. To determine the importance of the
preparation of LDL before oxidation, we compared dialysis with
and without EDTA and a column method. When red wine
polyphenols were given at a dose of 1 and 2 g/d, results from
dialysis without EDTA and the column method were comparable
and resulted in increased lag times of > 6 min. Adding EDTA to
the dialysis buffer had a pronounced effect. With the 1-g/d dose
there was no increase in lag time and with the 2-g/d dose the
increase was only 4.5 min compared with 13.2 min for dialysis
without EDTA and 11.8 min for the column method. Thus, there
was an inhibiting effect of EDTA in the copper-diene assay when
polyphenols were examined. The failure of the Dutch group (13)
to obtain an increase in lag time and hence enhanced antioxidant
activity could be explained by the relatively high concentration
of EDTA in their LDL samples.

In copper-catalyzed peroxidation of LDL, vitamin E is a sacri-
ficial antioxidant and conjugated diene formation commences
when all of the vitamin E present has been oxidized (27). During
dialysis without EDTA it is possible for antioxidants such as vita-
min E in LDL to be oxidized (28) by trace amounts of metals pres-
ent in the buffer; this would lead to faster peroxidation of LDL and
reduced lag time. The mechanism by which polyphenols protect
LDL from oxidation is unknown. There are several possibilities. It
is known that red wine polyphenols function as metal chelators
similar to EDTA in the ex vivo copper-catalyzed peroxidation of
LDL (29–31). First, polyphenols could form a complex with some

of the copper added during the catalyzed peroxidation of LDL.
Second, they could protect vitamin E from oxidation because of
trace elements in the dialyzing medium or by radical trapping.

We prefer the first possibility because it fits with the data we
obtained with the column method, ie, the possibility of oxidation of
vitamin E was limited and the lag time was prolonged. It is well estab-
lished that dietary supplements of vitamin E given in large quantities
(1000 IU/d) increase the vitamin E content of LDL and increase the
lag time in copper-catalyzed peroxidation (32). To study the impor-
tance of vitamin E, the same 3 methods for desalting LDL before oxi-
dation were compared in volunteers given a large dose of vitamin E.
For dialysis without EDTA, dialysis with EDTA, and the column
method the lag times were 67.6, 50.5, and 64.6 min, respectively.
Thus, EDTA had no inhibiting effect on the copper-diene test at the
low concentrations of EDTA (10 mmol/L) used in the dialysis
buffer. This finding also suggests that there was no loss of vitamin
E during dialysis without EDTA.

Further work is needed to test the hypothesis that polyphenols
act by chelating trace elements without EDTA and to determine
the mechanism by which this occurs. Such a property could be
important in vivo because polyphenols could provide LDL with a
component in situ for chelating trace elements and inhibiting cat-
alytic peroxidation.

The Israeli group found an increase in HDL cholesterol with
red wine but not with white wine. We found no significant
changes on HDL cholesterol with red wine or red wine polyphe-
nols. It is well known that alcohol intake increases HDL cho-
lesterol (33) and we found that alcohol alone and white wine
with added polyphenols raised HDL cholesterol. We conclude
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TABLE 4
Concentration of total cholesterol, HDL cholesterol, LDL cholesterol, and triacylglycerol in plasma

Supplement Cholesterol HDL cholesterol LDL cholesterol Triacylglycerol

mmol/L

Red wine (375 mL/d) (n = 9)
Baseline 5.69 ± 1.411 0.94 ± 0.27 3.82 ± 1.20 2.03 ± 0.75
After 2 wk 5.76 ± 0.93 0.96 ± 0.15 3.84 ± 0.99 2.06 ± 0.90
Change 0.07 ± 0.84 0.01 ± 0.18 0.02 ± 0.63 0.02 ± 1.20
P2 0.82 0.87 0.92 0.96

White wine (375 mL/d) (n = 9)
Baseline 5.76 ± 1.20 0.99 ± 0.21 3.76 ± 0.99 2.29 ± 0.75
After 2 wk 5.70 ± 1.35 1.02 ± 0.21 3.71 ± 1.14 2.09 ± 0.72
Change 20.06 ± 0.57 0.03 ± 0.06 20.04 ± 0.45 20.20 ± 0.33
P 0.78 0.081 0.78 0.11

White wine (375 mL/d) + polyphenol powder (1 g/d) (n = 6)
Baseline 6.03 ± 1.37 1.18 ± 0.12 4.13 ± 1.05 1.63 ± 1.20
After 2 wk 6.08 ± 1.13 1.25 ± 0.15 4.22 ± 0.96 1.35 ± 0.76
Change 0.05 ± 0.49 0.07 ± 0.05 0.08 ± 0.25 20.28 ± 0.49
P 0.82 0.0253 0.46 0.21

Polyphenol powder (1 g/d) (n = 9)
Baseline 5.79 ± 1.05 0.97 ± 0.21 3.85 ± 0.90 2.38 ± 2.40
After 2 wk 5.71 ± 0.99 1.00 ± 0.30 3.78 ± 0.66 2.08 ± 1.77
Change 20.08 ± 0.36 0.03 ± 0.12 20.07 ± 0.33 20.30 ± 0.69
P 0.54 0.40 0.56 0.23

Alcoholic drink (400 mL 10% ethanol/d) (n = 6)
Baseline 4.14 ± 0.71 0.82 ± 0.25 3.00 ± 0.56 0.70 ± 0.12
After 2 wk 4.56 ± 0.83 0.98 ± 0.29 3.18 ± 0.69 0.88 ± 0.29
Change 0.42 ± 0.71 0.16 ± 0.12 0.18 ± 0.59 0.18 ± 0.22
P 0.22 0.0353 0.50 0.10

1 x– ± SD.
2 Paired t test.
3 P < 0.05.
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that 2 wk was not long enough to observe a significant effect in
all groups receiving alcohol. No changes in lipids were
observed by the Dutch group, as was expected because their
wine was dealcoholized.

St Leger et al (34) were the first to draw attention to the
inverse association between wine consumption and mortality
from CAD in different countries and they expressed the hope
that the factor in wine would never be isolated because it was

already present in a palatable form. Not everyone shares their
view. If the increased antioxidant capacity produced by red wine
polyphenols has any clinical benefit, especially in the preven-
tion of CAD, the use of wine polyphenols as a food ingredient
could be advantageous in populations for whom alcohol is pro-
hibited because of social, health, or religious reasons.

Although some authors do not believe that wine consumption
prevents CAD (35), the intake of flavonols, which are abundant in
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TABLE 5
Plasma total antioxidant status and lag times in copper-catalyzed peroxidation with different methods for desalting LDL in volunteers consuming red wine
polyphenols or vitamin E for 2 wk1

Lag time

Plasma total Dialysis Dialysis
Supplement antioxidant status without EDTA (A) with EDTA (B) Column (C)

mmol/L min

Wine polyphenols
Drink (1 g/d) (n = 6)

Baseline 1.8 ± 0.252 60.0 ± 9.1 64.3 ± 9.3 54.2 ± 11.3
After 2 wk 1.9 ± 0.25 (1.7)a,B 77.7 ± 20.6 (80.3)A 64.5 ± 9.6 (68.1)A 60.6 ± 11.5 (61.4)A

Change 0.2 ± 0.25 17.7 ± 7.6 0.3 ± 0.2 6.4 ± 0.25
P3 0.0008 0.02 0.94 0.005

Capsules (2 g/d) (n = 6)
Baseline 1.3 ± 0.25 62.7 ± 6.1 67.7 ± 8.8 54.0 ± 5.4
After 2 wk 1.5 ± 0.25 (1.6)a 75.8 ± 6.9 (74.8)B 72.2 ± 7.6 (73.4)B 65.8 ± 5.4 (66.7)B

Change 0.2 ± 0.25 13.2 ± 0.7 4.5 ± 1.2 11.8 ± 0.25
P 0.03 0.004 0.024 0.003

Vitamin E (1000 IU/d) (n = 8)
Baseline 1.5 ± 0.28 63.1 ± 5.1 76.6 ± 9.9 58.5 ± 6.2
After 2 wk 1.6 ± 0.09 (1.6)B 130.8 ± 10.8 (129.1)A,B 127.1 ± 23.5 (122.2)A,B 123.1 ± 12.7 (121.5)A,B

Change 0.1 ± 0.28 67.6 ± 5.7 50.5 ± 13.5 64.6 ± 6.5
P 0.0002 <0.0001 0.00054 <0.0001

Experimental SD (ANOVA) 0.082 10.1 16.3 9.84
1 Adjusted means (in parentheses) within a column with the same superscript are significantly different: P< 0.05 (lowercase), P<0.01 (uppercase). There

were no significant differences between the results with the column method and those with dialysis with and without EDTA.
2 x– ± SD.
3 Paired t test.
4 Significantly different from dialysis without EDTA, P<0.01.

TABLE 6
Differences in protocols between the Israeli and Dutch groups

Israeli group (12) Dutch group (13) Present study

Product Red and white Israeli wines Dealcoholized Italian wines French wines
Amount given (mL/d) 400 550 375
Study duration (wk) 1–2 4 2
Prediet treatment No change Low flavonoid diet, 2 wk white wine Without wine 2 wk
Subjects 17 men (25–45 y) 19 men, 5 women (23–63 y) 26 men (35–65 y)
Temperature of plasma storage (8C) 4 280, with saccharose 4, analysis same day
Plasma estimations

Polyphenols Done Not done Done
TBARS assay with AAPH Done Not done Not done
Lipids Done Done Done
Lipid peroxides Not done Not done Done

Subsequent preparation of LDL after UC Dialysis against PBS, EDTA added and Dialysis against PBS,
no EDTA in final not removed no EDTA in final 
dialyzing buffer dialyzing buffer

LDL estimations Polyphenols Not done Polyphenols
Amount of copper used for peroxidation (mmol/L) 10 38 5
Estimations with copper peroxidation Lag time, Lag time, Lag time,

conjugated dienes, conjugated dienes, conjugated dienes,
TBARS, lipid peroxides oxidation rate TBARS, lipid peroxides

1 TBARS, thiobarbituric acid–reactive substances; PBS, phosphate-buffered saline; UC, ultracentrifugation; AAPH, azobis(2-amidinopropane).
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wine, has been shown to be inversely correlated with mortality
from CAD (36, 37). Red wine significantly reduced aortic ather-
osclerosis in cholesterol-fed rabbits compared with white wine or
spirits (38). It is not clear what amounts of polyphenols are
absorbed from red wine or whether their putative benefit is due to
an antioxidant effect. The value of wine polyphenols can only be
established by primary or secondary prevention trials in relatively
large numbers of the population or patients with CAD. In view of
the potential benefit, such trials seem appropriate.

We thank David Frape for statistical advice and assistance, Judy West for
technical assistance, and Wolfgang Leonhardt (University of Dresden) and
Richard Bruckdorfer (Royal Free Hospital, London) for advice on the
methodology used.
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