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Abstract

Purpose Epidemiological studies suggest that a moderate

consumption of wine is associated with a reduced risk of

cardiovascular diseases and with a reduced mortality for all

causes, possibly due to increased antioxidant defences. The

present intervention study was undertaken to evaluate the

in vivo effects of wine polyphenols on gene expression in

humans, along with their supposed antioxidant activity.

Methods Blood haemorheology and platelet function

were also evaluated. In order to avoid interferences from

alcohol, we used de-alcoholised wine (DAW) with differ-

ent polyphenol content. A randomised cross-over trial of

high-proanthocyanidin (PA) red DAW (500 mL/die, PA

dose = 7 mg/kg b.w.) vs. low-PA rosé DAW (500 mL/die,

PA dose = 0.45 mg/kg) was conducted in 21 post-meno-

pausal women in Florence, Italy. Oxidative DNA damage

by the comet assay and gene expression by microarray was

measured in peripheral blood lymphocytes, collected dur-

ing the study period. Blood samples were also collected for

the evaluation of haematological, haemostatic, haemorhe-

ological, and inflammatory parameters.

Results The results of the present study provide evidence

that consumption of substantial amounts of de-alcoholised

wine for 1 month does not exert a protective activity

towards oxidative DNA damage, nor modifies significantly

the gene expression profile of peripheral lymphocytes,

whereas it shows blood-fluidifying actions, expressed as a

significant decrease in blood viscosity. However, this effect

does not correlate with the dosage of polyphenols of the

de-alcoholised wine.

Conclusions More intervention studies are needed to

provide further evidence of the health-protective effects of

wine proanthocyanidins.

Keywords Proanthocyanidins � Wine � DNA damage �
Comet assay � Microarray � Transcriptomics

Introduction

There is consistent evidence that a diet rich in fruits and

vegetables is associated with lower incidence of cardio-

vascular diseases and some types of cancer [1, 2]. It has
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been hypothesised that this might be due to the phenolic

content of these foods. Natural polyphenols have been

extensively studied in experimental models for their anti-

oxidant, antiinflammatory, anticancer, and cardiovascular-

protective actions [3–5].

Wine is one of the main dietary sources of polyphenols

in some western countries [6]. Epidemiological studies

suggest that moderate consumption of wine is associated

with a reduced risk of cardiovascular disease [7] and with

reduced mortality for all causes [8]. These effects might

derive at least in part from increased antioxidant defences

[9]. In fact, intervention studies have shown that wine and

wine extracts improve plasma antioxidant status [10, 11],

increase protection from oxidation of LDL and DNA [10,

12], and reduce F2 isoprostane production [13]. However,

the antioxidant activity of wine and wine extracts has not

been confirmed in other intervention studies with red wine

[14, 15], and even a pro-oxidant action of red wine has

been described [15], which, however, has been associated

with the alcoholic component [16].

The different biological activities of polyphenols rely not

only on their free-radical scavenging action but also on the

ability of modulating protein activity and expression. An

inhibitory effect of wine polyphenols on the expression of

genes of inflammatory pathways has been described in vivo

in the rat colon mucosa of naı̈ve and carcinogen-treated

animals [17, 18]. Grape seed procyanidins vary the

expression of genes related to cholesterol metabolism in rat

liver, and that could partly explain the beneficial effects of

wine on the lipidemic profile [19]. In vitro, wine polyphe-

nols have been shown to reduce smooth muscle cell prolif-

eration in rat aorta through the inhibition of the expression

of transcription factors and cyclin A [20] and to influence

the expression of specific genes involved in cell adhesion

and fibrinolysis in cultured primary human endothelial cells

[21]. Pathways related to cholesterol and lipoprotein

metabolism have also been shown to be modulated by wine

polyphenols in cultured hepatocytes [22]. No gene expres-

sion data have been produced in humans up to date.

Blood haemorheology and platelet function are related

to the pathogenesis of cardiovascular diseases [23, 24].

Recently, some studies showed an influence of dietary

habits on lipid, inflammatory and haemorheological vari-

ables [25], but no data on the effect of polyphenols and

such parameters have been published.

With these premises, the present intervention study was

undertaken to evaluate the in vivo effects of wine poly-

phenols on gene expression and on haematological, hae-

morheological and inflammatory parameters in humans,

along with their supposed antioxidant activity. We chose to

use de-alcoholised wine to be able to significantly increase

the daily intake of the polyphenols in the study, without

interferences from alcohol.

Materials and methods

Recruitment of volunteers

This study was approved by the Azienda Universitaria

Ospedaliera Careggi, Florence, Italy, Health Authority’s

Ethics Committee. All the employed procedures were in

conformity with the Declaration of Helsinki for medical

research involving human subjects. Flyers advertising for

the trial were posted in clinics and laboratories at the

University of Florence, at the blood donor clinics, among

women’s health initiative groups and in other out-patient

clinics in Florence, Italy. The flyer briefly explained the

study, the eligibility criteria, and invited interested women

to telephone to our office for enrolment. Selection criteria

included being a healthy post-menopausal woman (no

menstrual periods in the last 12 months), non smoker or

ex-smoker, with no history of treated hypercholesterolaemia

and/or hypertension, no history of cancer, cardiovascular

disease, diabetes or other important chronic conditions, no

current use of aspirin, other medications, and antioxidant

vitamins. Eligibility criteria included the willingness to

adhere to the study protocol, involving consumption of de-

alcoholised wine with high or low proanthocyanidin (PA)

content and some dietary restrictions, as indicated in detail in

the following text. Volunteers were not paid to participate.

They all signed a written consent form.

One kick-off meeting was organised to describe the details

of the study, to obtain informed consent, and to start distrib-

uting study material (questionnaires, measuring container for

the de-alcoholised wine, vial for urine collection).

Eighty potentially eligible women were contacted to

obtain the final sample of 21 volunteers. The characteristics

of the subjects are reported in Table 2. One of the women

withdrew from the study at the end of the second study

period, because of temporary illness, leaving 20 subjects

for data analyses.

Intervention design

The intervention was a crossover design in which the effect

of a de-alcoholised red wine rich in PA and in other pheno-

lic compounds (red DAW) was compared with that of a

de-alcoholised rosé wine (rosé DAW), with a lower PA and

polyphenol concentration (Fig. 1). Volunteers were ran-

domly assigned to either treatment, and in the following

4 weeks (first period), they consumed 500 mL per day of

DAW, divided in two portions of 250 mL during the two

main meals of the day (lunch and dinner). After a 3-week

wash-out period, the treatments were crossed over (subjects

on red DAW in the first period were shifted to rosé DAW in

the second and vice versa) for further 4 weeks (second per-

iod). Although the two de-alcoholised wines were visibly
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different (red vs. rosé), subjects were unaware of their PA

concentration. In order to avoid interference with other

dietary sources of PA, the subjects were asked to adhere to a

low-proanthocyanidin (LPA) diet starting 2 weeks before

the beginning of the trial and throughout the study, including

the wash-out period between first and second study

periods. The foods not allowed in the LPA diet were wine,

beer and other alcoholic beverages, apples, plums and dried

prunes, grapes, and raisins (other fruit permitted, if peeled),

strawberries, blueberries, raspberries, blackberries, etc., fruit

juices (except citrus), nuts, hazelnuts, almonds, pistachios,

chocolate and cocoa, green tea, teas with berries, karkadé,

rose hip tea (black tea maximum one cup/day), legumes with

coloured skin (white beans and chickpeas permitted).

Volunteers were seen at the CSPO clinic at baseline and

at the end of each treatment period for body measurements

(height only at the first visit, weight without cloths, waist,

and hip circumferences), blood pressure and heart rate

measurements, blood drawing, urine collection and a

detailed 24-hour diet recall interview. At the baseline visit,

subjects were also asked to hand-in the EPIC self-admin-

istered dietary and lifestyle questionnaires [26] that they

had received at the kick-off meeting and completed at

home [27, 28]. After 2 weeks from enrolment, a phone

interview was conducted to obtain a qualitative 24-hour

diet recall.

Source and preparation of the wines used in the study

The DAW (360 L each) have been produced at the INRA

experimental winery (Gruissan, France), from Syrah grapes

harvested in September 2005 from the experimental

domain. The low-PA DAW (rosé DAW) was made by

destemming, crushing and immediately pressing the

grapes, followed by fermentation of the liquid phase; the

high-PA DAW (red DAW) was obtained by flash release

(a process known to increase PA content by about 20–30%)

[29] and fermentation on skins. After alcoholic and malo-

lactic fermentation, de-alcoholisation was performed by

evaporation under reduced pressure in 45 L batches at a

temperature below 40 �C. The DAW batches were pooled

and stored at 4 �C under nitrogen atmosphere and then

formulated (with glycerol, sugar, and aromas), filtered,

bottled, and pasteurised.

Composition of the de-alcoholised wines

Traditional oenological analyses (concentration of ethanol,

glycerol, sugar, total and volatile acidities, pH) were per-

formed according to the official methods of the European

Union [30].

Anthocyanins, hydroxycinnamic acids, flavonol mono-

mers, flavonols, and stilbenes were analysed by reversed

phase high-performance liquid chromatography with diode

array detection (HPLC–DAD) as described earlier [29].

Calibration curves were established using t-caftaric acid

isolated in our laboratory to quantify hydroxycinnamic

acids at 320 nm, malvidin 3-O-glucoside and quercetin

3-glucoside from Extrasynthese (Genay, France) to quan-

tify, respectively, anthocyanin pigments at 520 nm and

flavonols at 360 nm, trans resveratrol to quantify stilbenes

at 305 nm, and (?) catechin and (-) epicatechin to

quantify each of the flavanol monomers at 280 nm from

Sigma (St Louis, MO,USA).

Proanthocyanidin composition was determined by

phloroglucinolysis followed by HPLC analysis The con-

centrations of (?)-catechin, (-)-epicatechin, phloroglu-

cinol derivatives of (-)-epigallocatechin, (?)-catechin,

(-)-epicatechin, (-)-epicatechin 3-gallate and the total

quantity of tannins in mg/L were determined from peak

areas at 280 nm using calibration curves established using

external standards, either commercial ((?)-catechin and

(-)-epicatechin) or isolated, and purified in our laboratory.

The mean degree of polymerisation (mDP) was calculated

as the ratio between the summed molar concentrations of

all released constitutive units and the summed molar con-

centrations of lower constitutive units.

The results of the composition analyses of the de-alco-

holised wines are provided in Table 1. The red DAW

contained much higher levels of PA (14 fold) but also

WASH OUT 
3 weeks

Withdrawn n=0

Received rosé DAW n=11 
treated for 4 weeks 

2 visits (every 4 weeks)

Eligible subjects n=21

Randomised n=21

  Withdrawn n=1

Received red DAW n=11 
treated for 4 weeks

2 visits (every 4 weeks)

Received red DAW n=10 
treated for 4 weeks 

2 visits (every 4 weeks)

Received rosé DAW n=10 
treated for 4 weeks

2 visits (every 4 weeks)

CROSS OVER 

WASH OUT
3 weeks

Fig. 1 Trial profile, summarising the flow of the study subjects.

Red DAW = de-alcoholised wine, high in proanthocyanidines; rosé

DAW = de-alcoholised wine, low in proanthocyanidines. For details

of subjects and procedures, see Methods and Table 3
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higher levels of other phenolic compounds than the rosé

DAW, while values for all other measured parameters were

similar in both DAWs. Glycerol, glucose, and fructose

have been added to improve the palatability of the wines.

The administered PA doses were 434 mg/die (i.e. about

7 mg/kg b.w./die) in the red DAW group, and 30 mg/die

(i.e. about 0.45 mg/kg b.w./die) in the rosé DAW group.

Dietary intake measurements

At baseline, dietary habits were measured by the EPIC food

frequency questionnaire. Frequencies of consumption of

standard or specifically reported portions were transformed

into grams of daily consumed food and beverages and daily

nutrient intakes [28]. In addition, at each visit, subjects

were interviewed by the study dietician about food and

beverages consumed in the previous 24 h. Food con-

sumption data were transformed into average daily con-

sumption of food, beverages, and nutrients, by means of the

nutritional software Microdiet, Downlee Systems Ltd, UK.

The software includes, in addition to UK food composition

data, also the same Italian food tables applied to the EPIC

questionnaire [31].

Haematological, haemostatic and haemorheological

parameters

Thirty mL of peripheral blood was collected from an

antecubital vein at each visit. Blood was drawn in different

vacutainers depending on the analyses to be performed.

Samples for comet assay and gene expression analysis were

collected in EDTA-treated tubes. Haematological deter-

minations were performed using an automated assay with

ADVIA 2400 and Centaur XP instruments (Siemens

Medical Solutions Diagnostics S.r.l., Milano, Italy).

Whole-blood viscosity (WBV, shear rates 0.512–94.5 s–1)

and plasma viscosity (PLV) were measured in EDTA-

anticoagulated samples using a Rotational Viscosimeter

Low Shear 30 (Contraves, Zurich, Switzerland). Platelet

aggregation was measured in citrate-anticoagulated blood

using a PFA-100� (Platelet Function Analyzer–100) with

Epinephrine-collagen and ADP-collagene cartridges. All

analyses were carried out blindly by laboratory personnel.

Interleukin-1b (IL-1b), interleukin 1 receptor antagonist

(IL-1ra), interleukin-4 (IL-4), interleukin-6 (IL-6), inter-

leukin-8 (IL-8), interleukin-10 (IL-10), interleukin-12

(IL-12), interferon-inducible protein (IP-10), interferon-c
(IFN-c), monocyte chemoattractant protein-1 (MCP-1),

macrophage inflammatory protein 1-a (MIP-1a), macro-

phage inflammatory protein 1-b (MIP-1b), tumour necrosis

factor-a (TNF-a), and vascular endothelial growth factor

(VEGF) levels were determined by using the Bio-Plex

cytokine assay (Bio-Rad Laboratories Inc., Hercules, CA,

USA) according to manufacturer’s instructions.

Lymphocyte isolation

One EDTA tube was brought within 3 h from collection to

the laboratory for analyses of DNA damage. Lymphocytes

were isolated utilising Lymphoprep separation medium

(Gibco, UK). About 200 lL of whole blood was diluted 1:4

with cold RPMI 1640 medium (Sigma). Then, 200 lL of

Lymphoprep medium was carefully layered to the bottom

of the centrifuge tubes. After centrifugation at 1,0009g for

5 min, at room temperature, gradient-separated lympho-

cytes were recovered, diluted to 1.5 mL with RPMI 1640

medium and centrifuged again at 1,0009g for 5 min, at

4 �C. The resulting cell pellets were resuspended in PBS

and counted in a Neubauer chamber. Membrane integrity

was assessed by the Trypan Blue exclusion method.

Lymphocyte DNA damage and response to in vitro

oxidative stress

The comet assay was used to measure both basal and

induced DNA oxidation. Aliquots of the fresh lymphocyte

suspension containing about 200,000 cells were further

centrifuged at 250 9g for 10 min, and the resulting pellets

were re-suspended in LMA (low melting point agarose),

layered on microscopic slides and run through the comet

assay as previously described [32]. Detection of oxidative

DNA damage was carried out by means of the Fpg enzyme

Table 1 Composition of the de-alcoholised wines (DAW) used in

this study

DA Wine

Red Rosé

Total proanthocyanidins (mg/L) 868.2 61.4

Flavanol monomers (mg/L) 14.0 –

Total anthocyanins (mg/L eq. malvidin

3-glucoside)

219.6 37.4

Total hydroxycinnamic acids (mg/L eq.

caftaric acid)

145.1 75.5

Total flavonols (mg/L eq. quercetin

3 glucoside)

16.0 1.2

Total stilbenes (mg/L eq. trans resveratrol) 7.2 0.2

Alcohol (% at 20 �C) 0.30 0.56

pH 3.87 3.88

Total acidity (g/L H2SO4) 3.35 3.2

Free sulphur anhydride (mg/L) 17 7

Total sulphur anhydride (mg/L) 77 65

Glycerol (g/L) 16.3 16.3

Glucose ? fructose (g/L) 17.7 19.9

280 nm absorbance (10 mm) 72.7 17
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(formamidopyrimidine DNA glycosylase), which intro-

duces breaks at sites of oxidised purines such as 8-oxo-20-
deoxyguanosine. The value of DNA damage obtained in

slides without enzyme incubation estimated the basal

number of DNA strand breaks, whereas specific DNA

oxidative damage on purines was assessed for each subject

by subtracting the basal number of breaks (buffer-

incubated slides) from the number of breaks obtained

incubating the slides with Fpg. The enzyme dilution was

chosen based on a calibration curve of enzyme activity,

performed as described in Pitozzi et al. [33]. Microscopic

analysis was carried out by means of a Labophot-2

microscope (Nikon, Tokyo, Japan) provided with epifluo-

rescence and equipped with a rhodamine filter (excitation

wavelength 546 nm; barrier 580 nm). The images of 100

randomly chosen nuclei per slide were captured and ana-

lysed using a custom-made imaging software coupled with

a CCD camera (model C5985, Hamamatsu, Sunayama-

Cho, Japan). Each point was run in duplicate.

In vitro exposure to H2O2. In order to evaluate the

response of lymphocytes to oxidative stress, immediately

after the inclusion of the cells in agarose and the solidifi-

cation of the gel, one slide from each volunteer was

immersed for 5 min in a solution of 500 lM H2O2 in PBS

[32]. The incubation was conducted at 4 �C to inhibit DNA

repair. After completing the incubation with H2O2, the

slides were transferred to the lysis solution and run through

the rest of the procedure as described. The damage induced

by H2O2 was measured as induced DNA strand breaks,

without employing the Fpg enzyme.

Lymphocyte gene expression analysis

Ten mL of peripheral blood was collected in EDTA and

processed within 3 h after blood drawn for gene expression

analysis. Peripheral blood lymphocytes were isolated via

density gradient centrifugation using LymphoprepTM

(Axis-Shield, Oslo, Norway) as described. Lymphocyte

pellets were stored at -80 �C in RNAlater (Qiagen, Milan,

Italy) until RNA extraction.

After thawing, the RNA was extracted using the RNeasy

Midi kit (Qiagen, Milan, Italy) according to the manufac-

ture’s instruction; the RNA quality was assessed using an

Agilent 2100 Bioanalyzer (Agilent Technologies, Palo

Alto, CA). Samples whose RNA integrity number was

greater than 8.0 were used for mRNA profiling by micro-

array analysis. We performed 40 microarray analyses,

corresponding to 20 paired samples (before and after

treatment) and to ten subjects (after period I and after

period II).

Amplification and labelling of RNA samples were per-

formed according to the manufacturer’s specifications,

using the GeneChip Expression 3’ Amplification OneCycle

Target labeling and Control reagents (Affymetrix

Cat#900493). After completion of the labelling protocol,

the concentration of the cRNA was measured using the

NanoDrop; the cRNA profiles were analysed using the

Bioanalyzer to check that the overall length of cRNA was

up to 1,000 bp. Hybridisation of labelled RNA samples to

the GeneChip array was performed according to manu-

facturer’s specifications. The arrays were scanned using the

Affymetrix GeneChip Scanner 3000 7G. All these proce-

dures were performed at the ServiceXS (Leiden, The

Netherlands), using the ‘‘NuGO array’’, a GeneChip array,

designed by the Network of Excellence NuGO specifically

for Nutrigenomic studies; this array contains in part com-

mon probesets that are also present on the Affymetrix

Human Genome U133 Plus 2.0 Array, and in part

newly designed probesets (http://blog.bigcat.unimaas.nl/

*martijn/NuGO/annotations/).

Affymetrix data in the form of CEL files were checked

for quality control and normalised by the RMA method

using the web-based Bioconductor software. A two-class,

paired t-moderated analysis was performed by SAM [34];

each treatment (T1 = rosé wine; T2 = red wine) was first

compared to the relative baseline, T1 vs B1, T2 vs B2; after

that, for each subject, the log ratio of treatment 1 (T1/B1)

was compared to the log ratio of treatment 2 (T2/B2).

Microarray data were also analysed via Gene Set

Enrichment Analysis (GSEA) (http://www.broad.mit.edu/

gsea/) a microarray data-mining method used to identify

significant enrichment of pre-defined groups of gene sets,

including metabolic or signalling pathways, groups of

genes previously found to be up- or down-regulated by a

particular stimulus, genes located in the same chromosomal

location, etc.

Briefly, data were mapped on 1230 gene sets (from

c2.symbols.gmt) downloaded with the GSEA package and

measured for the enrichment of genes at the top or bottom

of the gene list to determine their correlation with the gene

set’s phenotype. We used the GSEA pre-ranking tool

applied to the SAM statistics calculated on log ratios and

the following parameters: enrichment statistic, weighted;

permutation type, gene_set; permutation number, 1000;

and gene set size restrictions, 15 minimum, 500 maximum.

Gene sets significantly modulated by the wine treatments

were identified using a nominal p-value and a multiple

hypothesis testing FDR \ 0.05.

Statistical methods

Descriptive statistics were performed to provide general

information on the sample of volunteers. The analyses on

DNA damage, haemostatic, and haemorheological param-

eters were carried out with STATA 9.2 (Stata Statistical

Software: Release 7. College Station, TX: StataCorp LP).
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To evaluate the effect of treatment and period and the

presence of carry-over, responses obtained during the first

period were compared with those obtained in the second

period, considering the sequence of the treatment, i.e.

‘‘Low–High’’ corresponding to rosé DAW in the first per-

iod and red DAW in the second period and ‘‘High-Low’’

corresponding to red DAW in the first period and rosé

DAW in the second period.

Indicated with yijk, the logarithm of the response

observed on k-th subject in the period j = 1, 2 of group i =

Low, High, we use the usual parameterisation, based on

[35], yijk = l ? sik ? pj ? si ? ki,j-1 ? eijk, where pj

(j = 1, 2) is the period effect; si (i = Low, High) is the

direct treatment effect, kL,1 kH,1 are the carry-over effect

parameters; sik is the random subject effect (i.i.d.) with

mean 0 and variance rs and eijk are white-noise random

error.

Standard tests for two period cross-over trials were

applied [35]. Two-sample t-tests were applied to assess, for

each outcome, hypothesis of equality of carry-over effect

H0 : k1 = k2, treatment effect H0 : sL = sH/k1 = k2, and

period effect H0 : p1 = p2/k1 = k2, and to derive point

estimates with 95% confidence interval for the differences

on treatment. The term exp (sH - sL) gives the geometric

mean ratio by treatment group, and the term exp (p1 - p2)

gives the geometric mean ratio by period.

To evaluate the differences of the response observed

upon treatment compared to baseline values, the Mann–

Whitney test was used unless otherwise indicated. Treat-

ment assignment, period and their interaction, and clinical

characteristics (age, sex, cardiovascular risk factors) were

taken into account using a random effect general linear

model.

Results

The study sample is described in Table 2. In the course of

the study, the volunteers did not show any significant

change in anthropometric parameters or in blood pressure.

No change was found during the treatment in blood cell

counts, haemoglobin content, glucose and urea, platelet

function. At the end of period I, an increase in triglycerides

(from 82.60 to 100.90 mg/dL, p \ 0.01 paired Student’s t

test) and total cholesterol (from 221.60 to 241.00 mg/dL,

p \ 0.05 paired Student’s t test) was found in the high-PA

group in comparison to baseline, whereas no difference

between the groups was detected in period II. Among the

measured rheological parameters (plasma viscosity and

blood viscosity measured at different flow rates), none was

differentially modified by either treatment. As summarised

in Tables 3 and 4, there was no significant difference

between the two treatments (red vs. rosé) on any of the

analysed biomarkers, including lymphocyte oxidative

DNA damage. A significant period effect was found for

DNA damage and some rheological and platelet aggrega-

tion parameters (Table 4).

A different statistical analysis was then performed to

analyse the effect of the combined treatments compared to

baseline, adjusting for the type of treatment and period. No

significant effect on either basal or induced lymphocyte

DNA oxidative damage was found at the end of the treat-

ment with the two DAW (Table 3). A significant decrease

in blood viscosity was detected at rate 0.512 and 2.370,

Table 2 Characteristics of the study subjects

Mean SD* Min Max

Subjects characteristics (unit)

Age (years) 55.3 3.9 45.9 63.8

Weight (kg) 63.9 11.1 44.0 9.3

Height (cm) 158.9 7.4 142.0 173.0

BMI (kg/m2) 25.3 4.0 18.3 34.0

Waist (cm) 79.8 8.0 68.0 96.0

Hip (cm) 100.8 7.7 85.0 117.0

Waist-to-hip ratio 0.79 0.05 0.77 0.88

Diastolic blood pressure (mmHg) 80.5 6.9 70.0 90.0

Systolic blood pressure (mmHg) 126.8 10.0 110.0 150.0

Concentration (unit)

Glucose (mg/dL) 0.89 0.07 0.78 1.02

Triglycerides (mg/dL) 0.4 26.8 31.0 152.0

Total cholesterol (mg/dL) 220.3 27.5 168.0 278.0

HDL cholesterol (mg/dL) 65.0 12.0 51.0 91.0

LDL cholesterol (mg/dL) 140.5 25.2 99.0 202.0

Daily nutrient intake form FFQ ** (unit)

Energy (kcal) 1,991 474 1,106 2,775

Energy (kJ) 8,331 1,981 4,628 11,607

Total protein (g) 76.2 18.2 38.3 109.2

Total fat (g) 75.8 20.8 43.8 112.3

Saturated fatty acids (g) 0.36 7.50 13.24 43.13

Monounsaturated fatty acids (g) 38.0 12.0 19.7 60.7

Polyunsaturated fatty acids (g) 8.3 2.1 5.5 12.1

Cholesterol (mg) 320.4 89.2 143.9 509.4

Carbohydrates (mg) 0.10 67.44 140.0 370.1

Dietary fibre (g) 21.7 5.0 14.4 31.5

Alcohol (g) 8.6 9.3 0 30.8

Vitamin C (mg) 147.2 57.6 47.2 250.9

Folic acid (lg) 280.7 68.2 174.8 443.7

Retinol equivalents (lg) 981 367 359 1,610

Retinol (mg) 377 189 128 769

Beta carotene equivalents (lg) 3,620 1,778 939 7,494

Vitamin E (mg) 7.8 2.1 3.5 11.0

Vitamin D (lg) 2.57 1.01 0.87 5.69

* Standard deviation

** Food frequency questionnaire, administered at baseline
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Table 3 Measurements of the outcome variables during the study

Baseline 1 End of treatment 1 Baseline 2 End of treatment 2

DNA Fpg-sensitive sites Low–high 15.36 ± 1.69 11.17 ± 1.24 11.84 ± 2.43 14.37 ± 1.10

High-low 15.29 ± 1.60 12.24 ± 1.57 8.70 ± 1.23 14.55 ± 1.38*

Induced DNA oxidative damage Low–high 47.18 ± 2.80 45.29 ± 2.39 42.65 ± 2.90 45.49 ± 2.91

High–low 45.28 ± 2.60 47.00 ± 2.56 40.71 ± 2.35 48.59 ± 1.52*

Platelet aggregation time (epi) Low–high 159.00 ± 13.91 144.09 ± 9.71 127.00 ± 9.72 125.44 ± 11.72

High–low 132.50 ± 9.31 124.70 ± 8.83 128.18 ± 7.61 122.36 ± 4.95

Platelet aggregation time (ADP) Low–high 103.64 ± 5.72 106.00 ± 5.52 87.60 ± 6.13 84.11 ± 6.17

High–low 88.20 ± 5.11 99.50 ± 7.46 91.18 ± 5.32 91.00 ± 3.85

(PLV) Low–high 1.28 ± 0.01 1.28 ± 0.01 1.27 ± 0.01 1.28 ± 0.01

High–low 1.29 ± 0.01 1.25 ± 0.01 1.27 ± 0.01 1.30 ± 0.01*

Fibrinogen Low–high 368.36 ± 14.77 365.18 ± 15.40 372.80 ± 17.87 365. 56 ± 12.43

High–low 371.40 ± 17.96 378.20 ± 16.21 369.64 ± 10.34 363.00 ± 17.97

WBV (0.512) Low–high 26.00 ± 0.95 23.89 ± 0.57** 22.64 ± 0.55 22.97 ± 0.61

High–low 25.92 ± 1.08 23.92 ± 0.53** 23.14 ± 0.64 23.48 ± 0.65

WBV (2.370) Low–high 12.15 ± 0.52 10.81 ± 0.25* 10.53 ± 0.24 10.66 ± 0.31

High–low 11.97 ± 0.64 10.84 ± 0.20 10.73 ± 0.31 10.81 ± 0.25

WBV (1.040) Low–high 7.81 ± 0.35 7.07 ± 0.13 7.10 ± 0.14 7.02 ± 0.11

High–low 7.91 ± 0.43 7.14 ± 0.13 6.86 ± 0.06 7.01 ± 0.11

WBV (20.400) Low–high 5.87 ± 0.15 5.61 ± 0.09* 5.73 ± 0.05 5.60 ± 0.04

High–low 5.84 ± 0.11 5.84 ± 0.31 5.55 ± 0.09 5.57 ± 0.06

WBV (94.500) Low–high 4.29 ± 0.02 4.26 ± 0.01* 4.26 ± 0.01 4.26 ± 0.01

High–low 4.28 ± 0.02 4.26 ± 0.01 4.25 ± 0.01 4.27 ± 0.01

Total cholesterol Low–high 223.09 ± 7.28 231.36 ± 14.39 244.20 ± 12.68 235.22 ± 12.76

High–low 221.60 ± 10.75 241.00 ± 12.48 226.55 ± 6.18 231.82 ± 6.67

Values of the main outcome variables, measured at the beginning (baseline) and at the end of each period (mean ± S.E. of 9–10 subjects)

Fpg-sensitive sites and induced DNA oxidative damage measured with the comet assay were expressed as % DNA in tail. Platelet aggregation

time (induced by epinephrine or ADP) was expressed in seconds (s), PLV= plasma viscosity in mPA*s and fibrinogen plasma levels in mg/dL.

WBV=whole blood viscosity at different shear rates (from 0.512 to 94,500 s-1) was expressed as mPA*s. Total plasma cholesterol was expressed

as mg/dL. *p \ 0.05, ** p \ 0.01 statistically significant difference from baseline

Table 4 Comparison of treatment with red vs. rosé DAW

Estimated treatment

effect: red vs. rosé DAW

95% CI Estimated period

effect: II vs. I

95% CI

DNA Fpg-sensitive sites 1.01 0.64;1.58 1.75* 1.11;2.74

Induced DNA oxidative damage 1.11 0.87;1.41 1.06 0.83;1.35

Platelet aggregation time (epi) 0.88 0.71;1.10 0.85 0.68;1.05

Platelet aggregation time (ADP) 1.04 0.88;1.23 0.72** 0.61;0.85

Plasma viscosity (PLV) 0.99 0.97;1.02 1.04** 1.01;1.07

Fibrinogen 0.99 0.89;1.11 0.99 0.88;1.10

Blood viscosity (0.512) 0.82 0.92;1.05 0.94 0.88;1.00

Blood viscosity (2.370) 0.99 0.93;1.06 0.98 0.92;1.04

Blood viscosity (1.040) 1.00 0.94;1.07 0.98 0.92;1.05

Blood viscosity (20.400) 1.05 1.01;1.08 0.95** 0.92;0.98

Blood viscosity (94.500) 1.00 0.99;1.01 1.00 0.99;1.01

Total plasma cholesterol 1.03 0.90;1.17 1.01 0.89;1.15

The estimated treatment effect is expressed as the ratio of the geometric means of the repeated measures (red/rosé DAW, n = 10). The estimated

period effect is expressed as the ratio of the geometric means of the repeated measures (study period II/I, n = 10). 95% CI = 95% confidence

intervals of the ratios. * p \ 0.05, ** p \ 0.01 parametric tests; Jones & Kenward (1989). For details of subjects and procedures, see Methods

and Table 2
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which was independent of the type of treatment (Tables 3

and 4). No treatment effect was found on any of the

measured inflammatory cytokines (data not shown).

For gene expression analysis, 4 of 40 analysed arrays did

not pass the quality control; these arrays plus their 4 paired

arrays were consequently removed. After this step, it was

possible to analyse data from 8 subjects after period I and

after period II.

SAM analysis did not find differences comparing each

treatment to its baseline. Comparing the log ratio of

treatment 1 versus the log ratio of treatment 2, we did not

find differences either. Therefore, we decided to perform a

GSEA analysis which is a computational method that uses

predefined gene sets and ranks of genes to identify sig-

nificant biological changes in microarray data sets and it is

especially useful when gene expression changes in a given

microarray data set is minimal or moderate.

GSEA produced an enrichment score (ES) of pathways

modulated by the treatments: 269 pathways were signifi-

cantly modulated after red DAW treatment compared to

rosé (nominal p value \ 0.05), 12 of them had also a

FDR q-value, which takes into account the multi-test,

less then 0.05 (Table 5). The microarray data were sub-

mitted to ArrayExpress (http://www.ebi.ac.uk/microarray-

as/ae/; Experiment name: Effects of de-alcoholised wines

in post-menopausal women ArrayExpress accession code:

E-MEXP-2616).

Discussion

The main positive effect observed in this study was a

reduction in blood viscosity upon DAW consumption. This

effect was not dependent on the amount of PA in the wine,

as it was induced by both red and rosé.

Our data did not show any significant change in the

basal levels of DNA oxidative damage in peripheral lym-

phocytes, measured as Fpg sites with the comet assay. Nor

did we observe any protective effect of either treatment

towards in vitro–induced oxidative stress in the same

cells. A marked decrease in 8-hydroxydeoxyguanosine

(8-oxodG) levels in blood leucocyte DNA upon wine con-

sumption in humans has been reported by Leighton et al.

[10]. However, antioxidant effects have not been consis-

tently found in human studies with wine [14, 15, 36, 37].

Epidemiological studies showed that increased blood

viscosity is associated with several cardiovascular risk

factors as well as with both prevalent and incident car-

diovascular diseases [24, 38]. Mechanisms by which ele-

vations in rheological factors may promote cardiovascular

events are different and include increases in blood pressure,

shear stress, ischaemia, and blood-vessel wall interactions.

Recently, an influence of diet on haemorheological and

inflammatory parameters has been showed [26], indicating

a possible beneficial role of nutrition in decreasing the

thrombotic burden related to these alterations. The mech-

anism through which DAW induced a decrease in blood

viscosity, not dose-related with polyphenol content, is not

clear. One possibility is that this effect is simply related

to higher water intake with DAW. The hyper-hydrating

activity of glycerol [39], which is present in sub-

stantial amounts in DAW, might also contribute to such an

effect.

Previous human studies with wine have shown a ten-

dency towards amelioration of the lipidemic profile, par-

ticularly for cholesterol levels [11, 15, 36]. In the present

study, we detected instead a tendency towards an increase

in total cholesterol and triglyceride levels: however, such

an effect was rather small and present only in the first

period of treatment. It is possible that slight oscillations in

the lipidemic profile were induced by the diet changes

involuntarily associated with DAW consumption rather

than by the DAW itself. Another possibility is that these

changes were at least partly due to a higher glucose–fruc-

tose intake (9–10 g/die) associated with DAW. High

fructose intake is increasingly recognised as a causative

factor in the development of pre-diabetes and the metabolic

syndrome [40].

The above-mentioned discrepancies with previous

studies employing wine might be partly due to the alcohol

component, which besides having its own biological effects

might modify polyphenol bioavailability. This last point is

still a matter of debate: polyphenol absorption in healthy

human subjects has been reported to be similar in aqueous

and alcoholic matrices [41], whereas alcohol did modify

quercetin absorption and metabolism in the rat everted

jejunal sac model [42]. Ethanol, fat, and emulsifiers can

modify polyphenol solubility and as a consequence

absorption [43]. Thus, it is conceivable that different

matrices can give rise to differences in plasma levels and

lifetime of the parent polyphenolic compounds and their

metabolites. Finally, these discrepancies might also be due

to the interference at the functional level from other DAW

components such as glycerols and sugars, present in lower

amounts in non-de-alcoholised wine.

Microarray data were analysed using two approaches:

SAM, to identify statistically significant changes in gene

expression, GSEA, to determine any coordinated differ-

ential expression (enrichment) in sets of functionally rela-

ted genes. While SAM did not detect significant changes in

gene expression, GSEA highlighted subtle but extensive

differences between the treatments. SAM and GSEA

results are not in contrast: if several genes of a given

pathway are up- or down-regulated with a small variation

of fold change, this may not be detected by traditional

analyses, although the difference between treatments may

26 Eur J Nutr (2011) 50:19–29
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be biologically relevant. In our experiments, GSEA sug-

gests a possible immunomodulatory activity of red wine;

red DAW treatment, in fact, compared to the rosé, induced

up-regulation of gene pathways related to the interferon

response cascade, encoding proteins with an antiviral role

and apoptosis regulators.

Beverages rich in antioxidants, such as green tea, exhibit

immunomodulatory properties in vitro [44]. It has been

reported that a moderate consumption of red wine did not

affect immune responses in healthy men [45, 46]. How-

ever, a large cohort study, carried out to test whether

alcohol intake has any effect on the risk of developing a

common cold, demonstrated that wine consumption

(especially red wine) was inversely associated with the risk

of common cold [47].

The small effects on gene expression in vivo reported in

the present study appear to be in contrast with those

obtained in experimental animal models in vivo, where the

modulation of pathways, such as the inflammatory ones,

has been repeatedly shown [17, 18]: however, it is neces-

sary to consider that in animals the attained doses are about

10 times higher than those used in human studies including

the one reported here and that many observations were

carried out on the gastrointestinal tract, where the attained

concentrations of polyphenols or their metabolites are

considerably higher.

Furthermore, plasma levels of a panel of inflammatory

cytokines did not change significantly upon the employed

treatments, although some polyphenol metabolites have

been reported to have anti-inflammatory activity [48].

In conclusion, the results of the present human study

provide evidence that consumption of substantial amounts

of de-alcoholised wine for 1 month does not exert a pro-

tective activity towards oxidative DNA damage in

peripheral lymphocytes, but shows blood-fluidifying

actions. However, this effect does not depend on the

amount of PA in the de-alcoholised wine, since it was

observed both with high and low PA content wine.

More intervention studies are definitely needed to pro-

vide further evidence of the health-protective effects of

wine PA. The use of de-alcoholised wine in these studies

allows the separation of the effects of the alcoholic and

non-alcoholic components, but introduces at the same time

a series of variables, such as modifications in PA bio-

availability and, above all, the intake of significant amounts

of sweeteners, which can make the interpretation of the

results more difficult. On the other hand, sweeteners are

unavoidable components of DAW, which would otherwise

be not palatable for consumers.
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