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The effects of a white wine enriched with polyphenols (PEWW) from Chardonnay grapes and of a
sparkling red wine (SRW) from Pinot Noir and Chardonnay grapes were studied for the first time on
early atherosclerosis in hamsters. Animals were fed an atherogenic diet for 12 weeks. They received
by force-feeding PEWW, SRW, ethanol 12% (ETH), or water as control (mimicking a moderate
consumption of ~2 red wine glasses per meal for a 70 kg human). Plasma cholesterol concentrations
were lower in groups that consumed PEWW and SRW accompanied by an increase in the ratio apo
A-1/apo B. Liver-specific activities of superoxide dismutase and catalase were significantly increased
by PEWW (38 and 16%, respectively) and by SRW (48 and 15%, respectively). PEWW and ETH
significantly increased plasma antioxidant capacity and vitamin A concentrations. Aortic fatty streak
area (AFSA) was significantly strongly reduced in the groups receiving PEWW (85%) and SRW (89%)
in comparison with the control. AFSA was reduced by ethanol to a lesser extent (58%). These data
suggest that tannins from the phenolics-enriched white wine induce a protective effect against early
atherosclerosis comparable to that produced by sparkling red wine containing tanins and anthocyanins
and dissociated from the antioxidant action of these compounds.

KEYWORDS: Atherosclerosis; phenolics-enriched white wine; sparkling red wine; phenolic compounds;
tannins; ethanol; hamsters

INTRODUCTION the “French paradox,” that is, a low mortality rate in France

Over the past 15 years various epidemiological studies havefrom CVD despite a high consumption of saturated fat and
strongly demonstrated that moderate consumption of alcoholic Smoking habits similar to those of other countries, can be
beverages is associated with reduced mortality and risk of explained by the population’s moderate and regular consumption
cardiovascular disease (CVD)+3). It has also been reported  of red wine. The unique atherogenic effect of red wine resides
that the consumption of red wine, which contains phenolic in the action of polyphenoldl(). Ethanol alone does not account
compounds that have a number of antioxidant propertdgs ( for the healthful benefits of wine. Nevertheless, recent authorita-
imparts greater benefits in the reduced risk of CVD in wine tive reviews do not support thisl2, 13), and results from
drinkers. The greatest degree of cardioprotection is related togbservational studies, where individual consumption can be
the ingestion of red wine rather than white wine, beer, or spirits assessed in detail and linked directly to coronary heart disease,
(5-9). It was proposed by Renaud and de Lorger)(that  provide strong evidence that a substantial proportion of the

) — . benefits of wine, beer, or spirits is attributable primarily to the
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46—100%, whereas white varieties achieved onty686 inhibi- Table 1. Phenolics Levels in Wines
tion (15—17). The antioxidant activity of wines positively
correlated with their total phenol content, as well as with the mg/L
concentration of individual phenolics. phenolic PEWW?2 SRW?
A potentially important clinical corollary of the atherosclerosis total phenols content® 1425 570
oxidation theory is that inhibition of LDL oxidation may also total catechins? 371.90 53.82
inhibit atherosclerosis independent of lowering plasma choles- red polymers® NF 272.10
terol concentrations. Red wine has been seen to increase g?‘teChé"l g?gg 177-3915
antioxidant capacity in some animal and in vivo/ex vivo studies. d:mg B2 5820 3.49
It was found that moderate consumption of red wine protects dimer B3 59,20 NF
rats from oxidation in vivo 18). Red wine has been shown to dimer B4 29.30 NF
increase serum antioxidant capacity in humakg 20) and to protocatechuic acid NF NF
e L g caftaric acid 83.40 3.69
reduce the susceptibility of human plasma lipid peroxidation cafeic acid 390 789
(21, 22). There is evidence that oxidatively modified LDL plays gallic acid 2530 10.02
a crucial role in atherogenesig3;, 24). Lipid peroxidation is delphinidin NF 1.27
indeed an initial step in the atherosclerosis pathology, and cyanidin-3-glucoside NF 0.21
evidence is increasing that oxidative modification of LDL is peo”!g!”'3'9'”°°5'de HE ig;
involved (23). In humans, fatty streak lesions can usually be pmi,?ir;'m']” NE 123
found in the aorta, coronary, and cerebral arteris).(It has p-coumaric acid NF 3.09

been shown that Golden Syrian hamsters fed a fat-rich diet ellagic acid NF 169
develop dyslipidemia and atherosclerotic plaques, similar in
many respects to human atheron26,(27). Hamsters were 2 Phenolic-enriched white wine. ? Sparkling red wine. ¢ Expressed as gallic acid
selected for this study because decreased plasma cholesterol arfguivalent. ¢ Procyanidin dimers B1, B2, B3, B4 + catechin + epicatechin.
aortic fatty streak area (AFSA) have been reported in hamsters

fed hypercholesterolemic diets following consumption of phe- Table 2. Composition of the Diet (Grams per Kilogram)

nolics (28—30), a red wine phenolic extract (31), or red wine

. . diet ingredient exptl diet diet ingredient exptl diet
or dealcoholized red wine (32). _g d : g — d
White wines exhibit low polyphenol content and a low casen 200 mineral mix* 3%
L Lo : . pL-methionine 3 vitamin mix 10
antioxidant potential in comparison to red wir@sj. On the corn starch 393 lard 150
other hand, we previously produced a white wine called  sucrose 154 cholesterol 5
“Paradoxe blanc” enriched with polyphenols and in particular ~ cellulose 50

tanins (34) that exhibited beneficial effects on diabe®5).(
This is the main reason for determining in the present study @ Mineral mixture contained the following (mg/kg of diet): CaHPO,, 17200; KCI,
whether this polyphenols-enriched Chardonnay white wine 4000; NaCl, 4000; MgO, 420; MgSOs, 2000; Fe,0s, 120; FeSO4-7H;0, 200; trace
(PEWW) administered to hamsters also affected the develop- £ments 400 (MnSOsH,0, 38; CuSOx5H:0, 20 ZnSOs-7H,0, 80; CoSO4 7H:0,
ment of atherosclerosis. A sparkling Pinot Noir—Chardonnay %18 Kb 0.32); suficient starch to bring to 40 g (per kg of diet). » Vitamin mixture
. s . . _contained the following (mg/kg of diet): retinol, 12; cholecalciferol, 0.125; thiamin,
red wine (SRW) was a}lso tested; this wine conta'”S.reOI .phenollc 40; riboflavin, 30; pantothenic acid, 140; pyridoxine, 20; inositol, 300; cyanoco-
polymers_(anthocyanlns) anq a lower level Of_ tanins in com- balamin, 0.1; menadione, 80; nicotinic acid, 200; choline, 2720; folic acid, 10;
parison with PEWW. Comparison was made with 12% ethanol. p.aminobenzoic acid, 100: biotin, 0.6: sufficient starch to bring to 20 g (per kg of
To do so, an aortic wall response to a high-cholesterol/low- diet).
antioxidant diet was triggered in Syrian hamsters to induce fatty
streak formation and atherosclerosis emergence; we then evalupumps, and a diode array detector coupled to a Hewlett-Packard Chem
ated the possible preventive effect of the administration of the Station was used for solvent delivery and detection. A Hewlett-Packard
wines. column packed with Nucleosil 100 C18 (2504 mm, 5um particle
size) was used for the stationary phase with a flow of 0.7 mL/min.
The solvents used for separati@8) were as follows: solvent A, 50
mmol/L dihydrogen ammonium phosphate adjusted to pH 2.6 with
Wines. PEWW from the Chardonnay variety (alcohol level of 13.5% orthophosphoric acid; solvent B, 20% A with 80% acetonitrile; solvent
vol) was produced as previously describe&)( by Virginie-Castel C, 200 mmol/L orthophosphoric acid adjusted with ammonia to pH
Winery at Béziers (France); this is a commercial wine called “Paradoxe 1.5. Elution was performed with a gradient previously descrild&d. (
Blanc vintage 1999". Briefly, viticultural areas of southern France were Detection was carried out at 280, 313, 365, and 520 nm. Wine phenolics
chosen for their phenolic potential. Grapes were fermented and treatedlevels are shown ifTable 1.
following a process close to red wine production with temperature  Animals. Weanling male Syrian Golden hamsters were received from
variation control and maceration. Wine chemical analyses have alreadyElevage Janvier (Le Genest-St-Isle, France), weighing8g, and
been reported (36). SRW was obtained from Pinot and Chardonnay were randomly separated into four groups< 8/group) of statistically
grapes by Chandon do Brazil. This wine contains an alcohol level of equal weight. They were maintained in plastic cages in a temperature-
11.4% vol and was produced according to the closed tank method; controlled environment (2& 1 °C) subjected to a 12-h light/dark cycle
this is a commercial wine called “Chandon, vintage 2002". (lights on at 7:00 a.m.) and allowed free access to both food and water.
Standards and HPLC Analysis. (+)-Catechin, (—)-epicatechin, Diets and Feeding ProceduresHamsters were fed for 12 weeks a
protocatechuic acid, caffeic acid, gallic acigkcoumaric acid, and semipurified atherogenic dietéble 2) in which the cholesterol content
ellagic acid were obtained from Aldrich (St. Quentin Fallavier, France). had been set at 0.5% and which was supplemented with 15% lard at
Cyanidin-3-glucoside, peonidin-3-glucoside, delphinidin, peonidin, and the expense of starch and sucrose; no selenium, vitamin C, and vitamin
myristin were obtained from Extra Synthése (St. Quentin Fallavier, E were added to this diet. Animals were given food daily for 12 weeks,
France). Caftaric acid was provided by Dr. Ursa Vorshek. Procyanidin and uneaten food was weighed daily. The hamsters of each group were
dimers B1, B2, B3, and B4 were obtained from grape seeds as additionally force-fed daily either tap water (control), 12% ethanol
previously reported 37). HPLC analysis with UV detection was  (group ETH), or phenolics-enriched white wine (group PEWW) or
performed using a Hewlett-Packard model 1090 with three low-pressure sparkling red wine (SRW). The volume of solutions force-fed was

MATERIALS AND METHODS
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adjusted daily to the weight of hamsters: it was established by quantitative colorimetric technique according to the kit supplier's
extrapolating 500 mL/day average wine consumption, that is, about instructions (Kit NX2332; Randox, Mauguio, France). The assay is
two glasses per meal for a 70 kg human to the equivalent for the daily based on the incubation of a peroxidase an@Hwith 2,2'-azinobis-
weight of hamsters. This represents a volume of 7.14 mL/(kg of body (3-ethylbenzthiazoline sulfonate) (ABTS) to produce the radical cation
wt-day). ABTS'*. This has a relatively stable blue-green color, which is measured
Analytical Procedures. At the end of the 12 week experimental  at 600 nm. Antioxidants (albumin, uric acid, ascorbic acidpcopherol,
period, hamsters were deprived of food for 18 h and were anesthetizedglutathione, angs-carotene) in the sample suppressed ABT&lor
with an intraperitoneal injection of pentobarbital (60 mg/mL at a dosage production to a degree proportional to their concentration.
of 60 mg/kg of body weight). Blood was drawn by cardiac puncture The liver was perfused with 0.15 mol/L KCI to remove residual
with heparin-moistened syringes, and plasma was prepared by cen-blood, rapidly excised, rinsed in ice-cold saline, blotted dry, weighed,
trifugation at 2000dor 10 min at 4°C and then stored at80°C until sectioned for analyses, and stored in liquid nitrogen. Liver was
analysis. Plasma total cholesterol (TC), high-density lipoprotein homogenized in 4 volumes of ice-cold 0.1 mol/L potassium phosphate
cholesterol (HDL-C), and triglycerides (TG) were determined according buffer (pH 7.4), and the homogenate was spun at 1§#0015 min
to commercially available enzymatic methods (respectively, no. 401, at 4°C. The supernatant was then centrifuged at 10§G0060 min
352-4, and 343, Sigma Chemicals, Saint Quentin Fallavier, France). at 4 °C, and cytosols were stored at 8Q for subsequent assay of
Plasma very low-density and low-density lipoprotein cholesterol superoxide dismutase (SOD), glutathione peroxidase (GSHPx), and
(nonHDL-C) was precipitated with phosphotungstate read@3)t @énd catalase (CAT) activities. SOD was assayed according to the method
HDL-C was measured in the supernatant. Plasma apolipoprotein A-1 of Paoletti and Mocali (49); 1 unit of SOD activity was defined as the
(apo-A1l) and apolipoprotein B (apo-B) concentrations were determined amount of protein that produced 50% inhibition of the rate of NADH
using Sigma turbidimetric immunoassay kits 356 and 357, respectively, oxidation observed in a control without sample and in a medium
as previously described). Plasma iron and copper were assayed on containing triethanolaminediethanolamine HCI buffer (100 mM),
a flame atomic absorption spectrophotometer (Spectra AA10/20, Varian NADH (7.5 mM), EDTA (100 mM), MnC} (50 mM), and mercapto-
Instruments, Les Ulis, France). Plasma samples (1 mL) were treatedethanol (10 mM). This activity of Se-GSHPx was measured according
with 2 mL of pure nitric acid at room temperature during 24 h until to the method of Wendeb(Q) using 0.2 mmol/L hydrogen peroxide as
digested, diluted to 10 mL if necessary, and filtered through ash-free the substrate and including 1.0 mmol/L sodium azide to inhibit catalase,
filter paper under pressure before analysis as described eallipr ( so that only GSHPx activity was measured. Catalase was assayed
Standards solutions were obtained from iron and copper standardaccording to the method of Ael®{), which measures the degradation
solutions (Sigma, Steinheim, Germany) by dilution with deionized water of H,O, at 240 nm in potassium phosphate buffer (50 mM) at pH 7.0.
twice distilled. The cytosolic protein content was determined by using a commercial
Plasma malondialdehyde (MDA) was measured using a fluorometric protein assay (Sigma, Saint Quentin Fallavier, France) according to
assay (42) initially performed by Yaggi et ahJ). After isolation of the method of Smith et al5@) and using bovine serum albumin as
lipids by precipitating them with serum protein using phosphotungstic Standard.
acid, the pellet obtained is incubated at 95 in the presence of Aortic Tissue Processing.Following blood collection and liver
thiobarbituric acid (TBA). By this procedure, TBA-reacting substances removal, the intact aorta was first perfused with phosphate-buffered
in blood serum are easily removed, and the reaction products aresaline containing 1 mmol/L Cagand 15 mmol/L glucose for 5 min,
measured by fluorometric assay (excitation at 515 nm and emission atthen with 0.1 mmol/L sodium cacodylate buffer, pH 7.4, containing
535 nm). 2.5 mmol/L CaCl}, 2.5% paraformaldehyde, and 1.5% glutaraldehyde
Measurement of plasma advanced oxidation protein products (AOPP)for the fixation of the vasculature. The aorta was carefully dissected
level was performed using technical recommendations described by between sigmoid valves and-8 cm after the aortic arch and thoroughly
Witko-Sarsat et al. (44) and modified by Wratten et 45 Briefly, cleaned of loose adventitial tissue; the aortic arch was cut free, opened
AOPP were measured by spectrophotometry using a microplate readedongitudinally along the outside of the arch, pin corked, immersed in
(Spectra Kontron, Tecan-France, Trapes, France) and were calibratedresh fixative solution, and stored at°€ until staining. The aortic
with chloramine-T (Sigma, St. Louis, MO) solutions, which absorb in arches were then first rinsed for 48 h in 0.1 mol/L sodium cacodylate
the presence of potassium iodide at 340 nm. In test wells ;206f buffer, pH 7.4, containing 30 mmol/L Ca£dnd 250 mmol/L sucrose.
plasma was diluted 1/5 in phosphate-buffered saline (PBS). In standardThe arches were then rinsed in distilled water, stained for 40 s in Harris
wells, 50uL of 1.16 M KI (Sigma, St. Louis, MO) was added to 1 mL ~ hematoxylin, rinsed in distilled water, and then quickly rinsed in 70%
of chloramine-T solution (0, 10, 30, 50, 70, or 1081). Then, 10QuL isopropyl alcohol; finally, they were stained in Oil Red O for 30 min
of acetic acid was added in both test and standard wells. Finally, after according to the method of Nunnari et ab3j and rinsed in 70%
a 2 min gentle agitation, absorbance of the reaction mixture was read isopropyl alcohol and then in distilled water. Each aortic arch was then
at 340 nm. AOPP concentrations were expressed as micromoles peidirectly displayed on a glass slide, endothelium side up, covered with

liter of chloramine-T equivalents. Agquamount mounting medium and cover slips and observed en face
Plasma vitamin A and E concentrations were measured simulta- PY light microscopy. All segments were photographed using a video
neously by high-performance liquid chromatography (HPL42) (ising digitizer. The area covered by foam cells (aortic fatty streak lesion)

the material from Waters chromatography (Millipore Waters, Les Ulis, Was analyzed quantitatively using a computer-assisted morphometry
France). Vitamins A and E were extracted from plasma in the presence System and expressed as a percentage of the total area surveyed.
of tocopherol acetate as an internal standard. After centrifugation, the ~ Statistical Analyses.Data are shown as the measSEM, n = 8
supernatant was separated and extracted with hexane and evaporated€asurements/group. Data were subjected to logarithmic transformation
until dryness; the dry residue was redissolved in methanol and usedWhen necessary to achieve homogeneity of variances. Statistical analysis
for chromatography separation. The HPLC apparatus was equipped withof the data was carried out using the Stat View IV software (Abacus
a Novopack 150« 3.9 mm column (4:m particle size, reverse phase) ~ Concepts, Berkeley, CA) by one-way ANOVA followed by Fisher's
and a spectrophotometric detector (Millipore-Waters Lambda max 480) protected least significant difference test. Differences were considered
with ultraviolet detection at 292 nm. to be significant aP < 0.05.

Plasma advanced glycation end products (AGES) concentration was
determined by fluorometric assay derived from Munch et 46)( RESULTS AND DISCUSSION

Briefly, plasma was diluted 50-fold with 4. Fluorescence was then . . . . .
recorded in duplicate on a Wallac Victor fluorometer (excitation at Phenolics levels in wines (PEWW and SRW) are given in

355 nm and emission at 460 nm) and expressed in arbitrary units (AU) 1abPle 1. The level of total phenols shows that PEWW is 2.5
after subtraction of fluorescence of blank.(). richer in total phenols and 6.9 times richer in catechins (sum

The antioxidant capacity of plasma was measured as Trolox Of procyanidin dimers B1, B2, B3, and B4 and monomeric
equivalents, that is, a quantitative value for general antioxidant levels catechins) in comparison with SRW. Red polymers (anthocya-
in biological samples47, 48), which was assayed in plasma with a  nins) are found in only SRW and represent 47.8% of SRW total
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Table 3. Effects of Force-Feeding Water (Control), 12% Ethanol, Polyphenols-Enriched Chardonnay White Wine (PEWW), or Sparkling Pinot Noir
Red Wine (SRW) on Body Weight, Food Intake, and Plasma Lipid and Apolipoprotein Concentrations of Hamsters Fed an Atherogenic Diet for 12
Weeks?

control ethanol 12% PEWW SRW

initial body weight, g 708+ 1.7a 71.3 £ 1.10ab 67.3+1.7b 67.9+1.6¢
final body weight, g 107.9 +4.0b 115.6 + 2.4ab 116.8+2.3a 114.0 + 1.9ab
food intake, g/day 5.47 + 1.16a 5.46 £ 1.32a 5.29 £ 0.36a 5.20£0.97a
TC,> mmol/L 10.39 £ 0.65a 9.65 + 0.54ab 8.96 £ 0.20b 8.90 £ 0.28b
HDL-C,¢ mmol/L 3.74+0.37 3.71+0.15 3.61+0.14 3.50+0.17
TG, mmol/L 1.37+0.17 1.15+0.10 119+0.12 1.26 +0.07
apo A-1, g/L 1.70 £0.21a 2.20+£0.12b 1.98 + 0.09ab 1.94 +0.15ab
apo B, g/L 0.36 +0.03 0.29 +0.02 0.32+0.01 0.30 £ 0.02
apo A-1/apo B 4.64 +0.58a 7.38 £ 0.66h 6.07 £0.24b 6.44 £0.77b

@Values are means + SEM, n = 8. Data were analyzed by one-way ANOVA followed by the least significant difference test. For each dietary treatment, means in a
column with different letters differ, P < 0.05. ? Total cholesterol. ¢ High-density lipoprotein cholesterol. ¢ Triglycerides.

Table 4. Effects of Daily Force-Feeding Water (Control), 12% Ethanol (ETH), Polyphenols-Enriched Chardonnay White Wine (PEWW), or Sparkling
Pinot Noir Red Wine (SRW) on Plasma AGEs,? AOPP,? MDA,¢ Vitamins A and E, PAC,4 and Iron and Copper Concentrations in Hamsters Fed an
Atherogenic Diet for 12 Weeks®

control ETH PEWW SRW
AGEs, arbitrary units 7282 301 6638 £ 279 6695 + 220 7189 + 220
AOPP, umol/L 74.16 £ 9.36 46.95+10.10 55.14 +10.09 77.54 +£21.02
MDA, mmol/L 451 +0.40a 6.81 + 0.44b 5.44 +0.29a 2.73+0.45¢c
PAC, mmol/L 0.976 +0.034a 1.081 £ 0.050b 1.126 + 0.024b 0.932+0.103a
vitamin A, mmol/L 1.25+0.11a 1.61+0.05b 1.67 +0.09b 1.45 + 0.04ab
vitamin E, mmol/L 4.03+040 435+0.26 3.75+0.37 3.89+0.24
iron, mg/L 1509 + 118 1595 + 55 1843 + 900 1306 + 132
copper, mg/L 661 + 136 647 + 60 696 + 81 662 + 130

a Advanced glycation end products. ? Advanced oxidation protein products. ¢ Malondialdehyde. ¢ Plasma antioxidant capacity. € Values are means + SEM, n = 8. Data
were analyzed by one-way ANOVA followed by the least significant difference test. For each dietary treatment, means in a column with different letters differ, P < 0.05.

phenols. Administration of PEWW significantly increased the wine effect in humans2Q), although increased PAC in the
final body weight of animals in comparison with the control ethanol-treated group is unclear and could be attributed to some
group (Table 3), although no groups differed in food consump- high values coming from three animals in the ETH group.
tion. After 12 weeks, plasma lipids (Table 3) indicated a Nevertheless, it has been reported by Waddington et al. (57)
decreased TC level in animals receiving SRW or PEWW in thatin apo E-deficient mice, red wine polyphenols had no effect
comparison with control and ETH groups. A nonsignificant on markers of lipid peroxidation. Because it has been shown
decrease in TC level appeared in the ETH group in comparisonthat the phenolic fraction plays a role in the increase of PAC
with controls. Triglycerides and HDL-C are found at equal levels (23), the phenolic enrichment of the white wine (especially in
for the different groups. Ethanol induced a greater increase in tannins) is probably responsible for this comparative antioxidant
apo A-1 concentration (29.4%) than wines (15.3% on average) effect obtained with red wines. In the case of SRW, plasma
in comparison with controls, although the wine effect was antioxidant capacity was not increased in comparison with
nonsignificant. Apo B plasma levels decreased in PEWW, SRW, control. Plasma vitamin A concentration was significantly
and ethanol groups in comparison with the control. Therefore, increased by PEWW and ethanol treatmeiiiah(e 4) but not
the ratio apo A-1/apo B is significantly higher for animals by SRW (nonsignificant increase). Any treatment was able to
receiving ethanol, PEWW, and SRW in comparison with modify significantly plasma vitamin E levelsTéble 4). No
controls. Giving PEWW and SRW to hamsters induced de- difference was observed in plasma iron and copper. Plasma
creased cholesterol levels, favoring a preventive effect againstmalondialdehyde level (lipid peroxidation marker) was found
atherosclerosis because hypercholesterolemia is known as do be significantly increased in the ETH group, but in SRW an
major risk of cardiovascular diseases. Plasma TC decreasesmportant significant decrease in this marker was observed in
without modification of HDL-C concentrations can be related comparison with control and PEWW groupEaple 4). SRW
to an increase in the part of HDL induced by PEWW and SRW. is able to reduce lipid peroxidation. An explanation could be in
This is in agreement with data obtained in humans after ingestiona protective effect of plasma and membrane poly-unsaturated
of small volumes of ethanob@) or wine 65). The tendency  fatty acids by red wine phenolics, as yet reporte8)( Cellular
of PEWW and SRW to decrease apo B and to increase apoperoxidases, responsible of lipoproteins oxidatibf)( could
A-1 levels suggested a possible modification of plasma lipo- be less inhibited by white wines, and this can explain the slight
proteins metabolism through a hepatic elimination of cholesterol, effect of PEWW on MDA level. In addition, 12% ethanol and
resulting in an increased apo A-1/apo B ratio. These effects arePEWW reduced plasma AOPP and AGEs concentrations, which
close to those obtained with red wine, that is, a LDL decrease are two markers for protein peroxidation. Liver enzyme activities
in rat (56) and an apo A-1 increase in humabs)( involved in body antioxidant system are given Tiable 5.
Plasma antioxidant capacity (PAC) is significantly increased GSHPx activity did not change in the experimental groups;
in PEWW and ETH groups in comparison with control and however, selenium deficiency in the experimental diet probably
SRW (Table 4); this suggests a protective effect of the induced a low activity of this enzyme. PEWW and SRW
phenolics-enriched white wine comparable to the reported red significantly increased liver SOD and CAT activities in com-
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Table 5. Effects of Force-Feeding Water (Control), 12% Ethanol (ETH), Polyphenols-Enriched Chardonnay White Wine (PEWW), or Sparkling Pinot
Noir Red Wine (SRW) on Liver Superoxide Dismutase (SOD), Glutathione Peroxidase (GSHPx), and Catalase (CAT) in Hamsters Fed an

Atherogenic Diet for 12 Weeks?

units mg~? of protein

control ETH PEWW SRW
SOD 7.28+1.15a 6.74 £0.97a 10.07 £ 1.51b 10.78 £ 1.82b
GSHPx (x 1079 11.47+1.93 977177 10.93 +2.37 11.32+£2.95
CAT 108.27 + 4.94a 100.32 + 6.62a 125.20 + 8.49b 125.04 + 6.59b

2Values are means + SEM, n = 8. Data were analyzed by one-way ANOVA followed by the least significant difference test. For each dietary treatment, means in a

column with different letters differ, P < 0.05.

ETH

4 b

PEWW

SRW

2 4 6 8 10
Aortic fatty streak area (%)

Figure 1. Effects of daily force-feeding water (control), 12% ethanol (ETH),
phenalics-enriched white wine (PEWW), or sparkling red wine (SRW) on
aortic fatty streak area (AFSA) in hamsters fed an atherogenic diet for 12
weeks. Values are means + SEM, n = 8. Bars with different index letters
differ, P < 0.05.

parison with control and ethanol groups. As SOD produces

hydrogen peroxide from superoxide anion, the increased SOD

specific activity could partly explain the increase in CAT
activity, allowing hydrogen peroxide degradation.

Our most interesting finding is summarized kigure 1,
showing a significant reduction of hamster aortic fatty streak
development by PEWW (85%), SRW (89%), and ethanol, to a
lesser extent (58%) in comparison with controls. Phenolics
enrichment of a white wine give a preventive effect on

mechanism involved in the prevention of the development of
the aortic disease was not only a direct antioxidant eff28}. (

As suggested by otherSY), it is possible that alternative actions
for wine polyphenols took place, such as the inhibition of
smooth muscle cell proliferation62) or the regulation of
adhesion molecules (63—65), which may influence atheroscle-
rotic development. Also, it must not be ruled out that the effect
of wine on atherosclerosis may be a result of synergism between
the phenolic compounds, as previously suggested by us from
their vasorelaxant effects on rat aortic ring9) and shown
(66, 67) for antioxidant and antiplatelet effects, or between
phenolic compounds and vitamine B1)j. These authors
suggested that phenolic acids accounted for most of the radical-
reducing activity of red wine; in this way, phenolic acids and
total catechins content of PEWW, which were 5- and 7-fold
higher, respectively, than those of SRW could be responsible
for the beneficial effects of PEWW.

In conclusion, white wine with red wine properties not only
was efficient in inducing plasma antioxidant capacity similar
to that of a red wine 33) but also had beneficial effects on
diabetes, a pathology associated with atherosclerosis as risk
factor on cardiovascular diseas88). Moreover, whatever are
the involved mechanisms, we have shown here that tannins from
the phenolics-enriched white wine induce a protective effect
comparable to that obtained with sparkling red wine containing
tannins and anthocyanins. Because wine phenolic compounds
such as catechin, quercetin, and resveratrol given at nutritional
doses mimicking a moderate consumption of two glasses of red
wine per meal prevent the development of atherosclerosis

atherosclerosis comparable to that supplied by a sparkling regthrough several indirect mechanisms independent of the inhibi-

wine. For comparison, in our previous works on hypercholes-
terolemic hamsters, a red wine phenolic extract dissolved in
ethanol reduced AFSA by only 6298%), and pure phenolic
molecules given at nutritional dose30] induced significant
AFSA reductions, that is;)-catechin (84%), quercetin (80%),
andtrans-resveratrol (76%). Our results show that white wine
obtained following a process close to that of red wine production

contained a remarkable concentration of polyphenols. On the

contrary, the original white wine exhibited a low polyphenol
content (34). Elsewherdsigure 1 demonstrates that PEWW,

despite its 3-fold higher concentration of polyphenols, reduces

AFSA similarly, or even higher than the SRW. The phenolics
concentration of PEWW accounts for this beneficial effect
because some authoB2(33,60) have previously demonstrated

that white wine polyphenols are more potent antioxidants than
red wine polyphenols when compared on similar concentration

bases. Elsewhere, recent works by Stocker and O’Hali@&En

and Waddington et al. (57), respectively, demonstrated that
dealcoholized red wine and red wine polyphenols decrease
atherosclerosis in apolipoprotein E gene-deficient mice, inde-

pendently of inhibition of lipid peroxidation in the artery wall,

and corroborated our previous results suggesting that the main

tion of lipid peroxidation 80), it will be essential in the future

to study the effects of the different individual tannin structures
alone (monomers, oligomers, polymers) or in mixture and to
explore their mechanisms of action involved in atherosclerosis
prevention.

ACKNOWLEDGMENT

We thank Adolphe Tourscher (Virginie-Castel) and Philippe
Mevel (Chandon do Brasil) for wine sample supply.

LITERATURE CITED

(1) Klatsky, A. L.; Friedman, G. D.; Siegelaub, A. B. Alcohol
consumption before myocardial infarctioAnn. Intern. Med
1974,81, 294—301.

(2) Kozararevic, D. J.; McGee, D.; Vojvodic, N.; Racic, Z.; Dawber,
T.; Gordon, T.; Zukel, Y. Frequency of alcohol consumption
and morbidity and mortality: the Yugoslavia cardiovascular
disease studyLancet1980,1, 613—616.

(3) Goldberg, D. M.; Hahn, S. E.; Parkes, G. J. Beyond alcohol:
beverage consumption and cardiovascular mortadity.. Chim.
Acta 1995,237, 155—187.



9828 J. Agric. Food Chem., Vol. 53, No. 25, 2005

(4) Kanner, J.; Frankel, E.; Grant, R.; German, B.; Kinsella, E.
Natural antioxidants in grape and winds.Agric. Food Chem.
1994,42, 64-69.

(5) St Leger, A. S.; Cochrane, A. L.; Moore, F. Factors associated
with cardiac mortality in developed countries with particular
reference to the consumption of wirleancet1979,1, 1017—
1020.

(6) Klatsky, A. L.; Armstrong, M. A.; Friedman, G. D. Alcohol and
mortality. Ann. Intern. Med1992,117, 646—654.

(7) Ruf, J. C.; Berger, J. L.; Renaud, S. Platelet rebound effect of
alcohol withdrawal and wine drinking in rat#rterioscler.
Thromb. Vasc. Biol1995,15, 140—144.

(8) Rimm, E. B.; Klatsky, A.; Grobbee, D.; Stampfer, M. J. Review
of moderate alcohol consumption and reduced risk of coronary
heart disease: is the effect due to wine, beer or spiits®led.

J. 1996,312, 713—736.

(9) Truelson, T.; Gronbaek, M.; Schnohr, P.; Boysen, G. Intake of
beer, wine, and spirits and risk of stroke: the Copenhagen Heart
Study. Stroke1998,29, 2467—2472.

(10) Renaud, S.; de Lorgeril, M. Wine, alcohol, platelets, and the
French paradox for coronary heart disedsgncet1992, 339,
1523—-1526.

(11) Renaud, S.; de Lorgeril, M. The French paradox: diet factors
and cigarette smoking-related health riskan. N. Y. Acad. Sci
1993,686, 299—309.

(12) Rimm, E. B.; Williams, P.; Fosher, K.; Criqui, M.; Stampfer,
M. J. Moderate alcohol intake and lower risk of coronary heart
disease: meta-analysis of effects on lipids and haemostatic
factors.Br. Med. J.1999,319, 1523—-1528.

(13) Rimm, E. B.; Klatsky, A.; Grobbee, D.; Stampfer, M. J. Review
of moderate alcohol consumption and reduced risk of coronary
heart disease: is the effect due to beer, wine or spiBts®ed.

J. 1999,312, 731-736.

(14) Teissedre, P.-L.; Frankel, E. N.; Waterhouse, A. L.; Peleg, H.;
German, J. G. Inhibition of in vitro human LDL oxidation by
phenolic antioxidants from grape and wide.Sci. Food Agric.
1996,50, 55-61.

(15) Frankel, E. N.; Kanner, J.; German, J. B.; Parks, E.; Kinsella, J.
E. Inhibition of oxidation of human low-density lipoprotein by
phenolic substances in red winleancet1993,341, 454—457.

(16) Frankel, E. N.; Waterhouse, A. L.; Kinsella, J. E. Inhibition of
human LDL oxidation by resveratrdlancet1993,341, 1103—
1104.

(17) Frankel, E. N.; Waterhouse, A. G.; Teissedre, P. L. Principal
phenolic phytochemicals in selected California wines and their
antioxidant activity in inhibiting oxidation of human low-density
lipoproteins.J. Agric. Food Chem1995,43, 890—894.

(18) Roig, R.; Cascon, E.; Arola, L.; Blade, C.; Salvado, M. J.
Moderate red wine consumption protects the rat against oxidation
in vivo. Life Sci.1999,64, 1517—1524.

(19) Maxwell, S.; Cruickshank, A.; Thorpe, G. Red wine and
antioxidant activity in serumLancet1994,344, 193—194.

(20) Whitehead, T. P.; Robinson, D.; Allaway, S.; Syms, J.; Hale,
A. Effect of red wine ingestion on the antioxidant capacity of
serum.Clin. Chem.1995,41, 32-35.

(21) Fuhrman, B.; Lavy, A.; Aviram, M. Consumption of red wine
with meals reduces the susceptibility of human plasma and low-
density lipoprotein to lipid peroxidatiod®m. J. Clin. Nutr1995
61, 549—-554.

(22) Serafini, M.; Maiani, G.; Ferro-Luzzi, A. Alcohol-free red wine
enhances plasma antioxidant capacity in humanNutr. 1998,

128, 1003—1007.

(23) Steinberg, D.; Parthasarathy, S.; Carew, T.; Khoo, J. C.; Witzum,
J. L. Beyond cholesterol: modifications of low-density lipopro-
tein that increase atherogenicity. Engl. J. Med.1989, 320,
915—-924.

(24) Witzum, J. L.; Steinberg, D. Role of oxidized lipoprotein in
atherogenesisl. Clin. Invest.1991,88, 1785—1792.

(25) Lusis, A. J. Atherosclerosidlature 2000,407, 233—241.

Auger et al.

(26) Filip, D. A.; Nistor, A.; Bulla, A.; Radu, A.; Lupu, F,;
Simionescu, M. Cellular events in the development of vascular
atherosclerotic lesions induced by experimental hypercholester-
olemia. Atherosclerosisl987,67, 199—214.

Nistor, A.; Bulla, A.; Filip, D. A.; Radu, A. The hyperlipidemic

hamster as a model of experimental atherosclerdsieroscle-

rosis 1987,68, 159—173.

Auger, C.; Laurent, N.; Laurent, C.; Besanc P.; Caporiccio,

B.; Teissedre, P. L.; Rouanet., J.-M. Hydroxycinnamic acids do

not prevent aortic atherosclerosis in hypercholesterolemic golden

Syrian hamsterd.ife Sci.2004,74, 2365—2377.

Auger, C.; Gérain, P.; Bichon, F.; Portet, K.; Caporiccio, B.;

Cros, G.; Teissedre, P. L.; Rouanet, J.-M. Phenolics from

commercialized grape extracts prevent early atherosclerotic

lesions in hamsters by mechanisms other than antioxidant effect

J. Agric. Food Chem2004,52, 5297—5302.

Auger, C.; Teissedre, P. L.; Gérain, P.; Lequeux, N.; Bornet,

A.; Serisier, S.; Besawon, P.; Caporiccio, B.; Cristol, P.;

Rouanet, J.-M. Dietary wine phenolics catechin, quercetin and

resveratrol efficiently protect hypercholesterolemic hamsters

against aortic fatty streak accumulatiagh.Agric. Food Chem.

2005,53, 2015—2021.

Auger, C.; Caporiccio, B.; Landrault, N.; Teissédre, P. L.;

Laurent, C.; Cros, G.; Besane, P.; Rouanet, J.-M. Red wine

phenolic compounds reduce plasma lipids and apolipoprotein B,

and prevent early aortic atherosclerosis in hypercholesterolemic

Golden Syrian hamster#lgsocricetus auratysJ. Nutr. 2002,

132, 1207-1213.

Vinson, J. A,; Teufel, K.; Wu, N. Red wine, dealcoholized red

wine, and espacially grape juice, inhibit atherosclerosis in a

hamster modelAtherosclerosi2001, 6762.

(33) Fuhrman, B.; Volkova, N.; Suraski, A.; Aviram, M. White wine
with red wine-like properties: increased extraction of grape skin
polyphenols improves the antioxidant capacity of the derived
white wine.J. Agric. Food Chem2001,49, 3164—3168.

(34) Landrault, N.; Poucheret, P.; Jenin, C.; Baconin, J.; Gasc, F.;
Cros, G.; Teissedre, P.-L. Enrichissement phénolique de vin blanc
issu du cépage charbonnann. Fals. Exp. Chim2000,951,
165—178.

(35) Landrault, N.; Poucheret, P.; Azay, J.; Krosniak, M.; Gasc, F.;
Jenin, C.; Cros, G.; Teissedre, P.-L. Effect of a polyphenols-
enriched chardonnay white wine in diabetic rafis. Agric.
FoodChem2003,51, 311—318.

(36) Landrault, N.; Poucheret, P.; Ravel, P.; Gasc, F.; Cros, G
Teissédre, P.-L. Antioxidant capacities and phenolics levels of
french wines from different varietes and vintag&sAgric. Food
Chem.2001,49, 3341—-3348.

(37) Carando, S.; Teissédre, P.-L.; Pascual-Martinez, L.; Cabanis, J.-
C. Levels of flavan-3-ols in french wined. Agric. Food Chem.
1999,47, 4161—4166.

(38) Lamuela-Raventos, R. M.; Waterhouse, A. L. A direct hplc
separation of wine phenolicAm. J. Enol. Vitic1994,45, 1-5.

(39) Weingand, K. W.; Daggy, B. P. Quantitation of high-density
lipoprotein cholesterol in plasma from hamsters by differential
precipitation.Clin. Chem.1990, 36, 575—580.

(40) Rifai, N.; King, M. E. Immunoturbidimetric assays of apolipo-
protreins A, Al, All, and B in serumClin. Chem.1996, 32,
957—-961.

(41) Clegg, M. S.; Keen, C. L.; Lénnerdal, B.; Hurley, L. S. Influence
of ashing technigues on the analysis of trace elements in animal
tissue. . Wet ashing3iol. Trace Elem. Re€981,3, 107—115.

(42) Cristol, J. P.; Bosc, J. Y.; Badiou, S.; Leblanc, M.; Lorrho, R.;
Descomps, B.; Canaud, B. Erythropoietin and oxidative stress
in haemodialysis: beneficial effects of vitamin E supplementa-
tion. Nephrol. Dial. Transplant1997,12, 2312—2317.

(43) Yaggi, K. A simple fluorometric assay of lipoperoxide in blood
plasma.Biochem. Med1976,15, 212—216.

(27)

(28)

(29)

(30)

(CHY)

(32



White and Red Wines Prevent Atherosclerosis in Hamsters

(44) Witko-Sarsat, V.; Friedlander, M.; Capeillere-Blandin, C.;
Nguyen-Khoa, T.; Nguyen, A. T.; Zingraff, J.; Jungers, P.;
Descamps-Latscha, B. Advanced oxidation protein products as
a novel marker of oxidative stress in uremikadney Int.1996,

49, 1304—1313.

(45) Wratten, M. L.; Sereni, L.; Tropea, F.; Tetta, C. Hemolipodialysis
removes hydrophobic toxins and reduces oxidative stress in an
in vitro model systemNephrol. Dial. Transplant.1998, 13,
A184.

(46) Minch, G.; Keis, R.; Wessels, A.; Riederer, P.; Bahner, U.;
Heidland, A.; Niwa, T.; Lemke, H. D.; Schinzel, R. Determi-
nation of advanced glycation end products in serum by fluores-
cence spectroscopy and competitive ELIEAIr. J. Clin. Chem.
Clin. Biochem.1997,35, 669—677.

(47) Rice-Evans, C.; Miller, N. J. Total antioxidant status in plasma
and body fluidsMethods Enzymoll994,234, 279—293.

(48) Koechlin, C.; Couillard, A.; Cristol, J. P.; Chanez, P.; Hayot,
M.; Le Gallais, D.; Prefaut, C. Does systemic inflammation
trigger local exercise-induced oxidative stress in COMFHDP.
Respir. J.2004,23, 538—544.

(49) Paoletti, F.; Mocali, A. Determination of superoxide dismutase
activity by purely chemical system based on NAD(P)H oxidation.
Methods Enzymoll990,186, 209—220.

(50) Wendel, A. Glutathione peroxidasdethods Enzymol981, 77,
325—333.

(51) Aebi, H. CatalaseMethods Enzymoll984,105, 121—-126.

(52) Smith, S. K.; Krohn, R. I.; Mallia, A. K.; Provenzano, M. D;
Fujimoto, E. K.; Goeke, N. M.; Olson, B. J.; Klenk, D. K.
Measurement of protein using bicinchoninic aéddal. Biochem.
1985,150, 76-85.

(53) Nunnari, J. J.; Zand, T.; Joris, |.; Majno, G. Quantification of
Oil red O staining of the aorta in hypercholesterolemic rfaig.
Mol. Pathol.1989,51, 1-8.

(54) Belleville, J. The French paradox: possible involvement of

ethanol in the protective effect against cardiovascular diseases.

Nutrition 2002,18, 173—177.

(55) Lavy, A.; Fuhrman, B.; Matkel, A.; Dankner, G.; Ben-Amotz,
A.; Presser, D.; Aviram, M. Effect of dietary supplementation
of red or white wine on human blood chemistry, hematology
and coagulation: favorable effect of red wine on plasma high-
density lipoproteinAnn. Nutr. Metab1994,38, 287—294.

(56) Cascon, E.; Roig, R.; Ardevol, A.; Salvado, M. J.; Arola, L.;
Blade, C. Nonalcoholic components in wine reduce low-density
lipoprotein cholesterol in normocholesterolemic ratpids 2001,

36, 383—388.

(57) Waddington, E.; Puddey, I. B.; Croft, K. D. Red wine polyphe-
nolic compounds inhibit atherosclerosis in apolipoprotein E-
deficient mice independently of effects on lipid peroxidation.
Am. J. Clin. Nutr.2004,79, 54-61.

J. Agric. Food Chem., Vol. 53, No. 25, 2005 9829

(58) Frémont, L.; Gozzelino, M. T.; Linard, A. Response of plasma
lipids to dietary cholesterol and wine polyphenols in rats fed
polyunsatured fat dietd.ipids 2000, 35, 991—999.

(59) Rifici, V. A.; Stephan, E. M.; Schneider, S. H.; Khachadurian,
A. K. Red wine inhibits the cell mediated oxidation of LDL and
HDL. J. Am. Coll. Nutr.1999,18, 137—143.

(60) Lamuela-Raventos, R. M.; de la Torre-Boronat, M. C. Beneficial
effects of white winesDrugs Exp. Clin. Res1999,25, 121—

124.

(61) Stocker, R.; O’'Hallaran, R. A. Dealcoholized red wine decreases

atherosclerosis in apolipoprotein E gene-deficient mice inde-

pendently of inhibition of lipid peroxidation in the artery wall.

Am. J. Clin Nutr.2004,79, 123-130.

lijima, K.; Yoshizumi, M.; Hashimoto, M.; Kim, S.; Eto, M.;

Ako, J.; Liang, Y. Q.; Sudoh, N.; Hosoda, K.; Nakahara, K.;

Toba, K.; Ouchi, Y. Red wine polyphenols inhibit proliferation

of vascular smooth muscle cells and downregulate expression

of cyclin A gene.Circulation 2000,101, 805—11.

Murase, T.; Noriaki, K.; Tadashi, H.; Shibuya, Y.; Nishizawa,

Y.; Tokimitsu, I.; Kita, T. Gallates inhibit cytokine-induced

nuclear translocation of NF-B and expression of leukocyte

adhesion molecules in vascular endothelial celigerioscler.

Thromb. Vasc. Biol1999,19, 1412—-1420.

Canali, R.; Francesco, V.; Nobili, F.; Mengheri, E. Reduction

of oxidative stress and cytokine-induced neutrophil chemoat-

tractant (CINC) expression by red wine polyphenols in zinc
deficiency induced intestinal damage of fatee Radical Biol.

Med. 2000,11, 1661—1670.

Koga, T.; Meydani, M. Effect of plasma metabolites ef){

catechin and quercetin on monocyte adhesion to human aortic

endothelial cellsAm. J. Clin. Nutr.2001,73, 941—948.

(66) Saint-Cricq de Gaujelac, N.; Provost, C.; Vivas, N. Comparative
study of polyphenols scavenging activities assessed by different
methods.J. Agric. Food Chem1999,47, 425—431.

(67) Shanmganayagam, D.; Beahm, M. R.; Osman, H. E.; Krueger,
C. G.; Reed, J. D.; Folts, J. D. Grape seed and grape skin extract
elicit a greater antiplatelet effect when used in combination than
when used individually in dogs and humadsNutr.2002,132,
3592—-3598.

(62)

(63

~

(64)

(65)

Received for review April 29, 2005. Revised manuscript received August
25, 2005. Accepted October 11, 2005. C.A. was supported by a grant
from the French Research and Technology Ministry.

JF050988M



