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Moderate red-wine consumption partially prevents body weight gain in

rats fed a hyperlipidic dietB
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Department of Biochemistry and Biotechnology, Unitat d’Enologia del Centre de Referència en Tecnologia dels Aliments de la Generalitat de Catalunya,
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Abstract

Red wine is a beverage that can exert a broad spectrum of health-promoting actions both in humans and laboratory animal models if

consumed moderately. However, information about its effect on body weight is scarce. We have evaluated the effect of moderate red wine

consumption on body weight and energy intake in male Zucker lean rats fed a hypercaloric diet for 8 weeks. For this purpose, we used three

5-animal groups: a high-fat diet group (HFD), a high-fat-diet red-wine-drinking group (HFRWD), and a standard diet group (SD). After

8 weeks, the HFRWD group had a lower body weight gain (175.66 F 2.78% vs 188.22 F 4.83%; Pb.05) and lower energy intake (269.45 F
4.02 KJ/animal.day vs 300.81 F 4.52 KJ/animal.day; Pb.05) and had less fat mass at epidymal location respect to the whole body

weight (0.014 F 0.001 vs 0.017 F 0.001; Pb.05) than the HFD group. However, the red wine didn’t moodified the fed efficiency 0.012 F
0.001 g/KJ for HFRWD group versus 0.013 F 0.001 g/KJ for the HFD one (P=.080). These findings, though preliminary, show that

moderate red wine intake can prevent the increase of body weight by modulating energy intake in a rat diet-induced model of obesity.

D 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Red wine is a component of the traditional Mediterra-

nean diet. It is rich in polyphenols and has well-known

health-promoting properties if consumed moderately. It has

been established that an association exists between

moderate red-wine consumption and a lower risk of

mortality due to cardiovascular disease in humans who

consume diets rich in cholesterol and saturated fat (the

bFrench ParadoxQ) [1– 4]. The relationship between red-

wine consumption and body-weight control, however, is
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still unclear because human studies on the subject are

scarce and sometimes collateral [5]. A recent study in

obese humans (The Copenhagen City Heart Study)

indicated that prolonged moderate red-wine consumption

(but not of other alcoholic beverages) tended to decrease

abdominal obesity [6]. However, this effect has not been

observed by other authors [7,8].

Rats fed a high-fat diet (HFD) rapidly develop obesity.

Moreover, feeding of laboratory rats with HFD in conjunc-

tion with sucrose will exert synergistic effects on adiposity

and increase total body weight. This diet has proved to be a

useful model of the putative effects of Western diet in

human obesity [9].

The purpose of this study was to examine the effect of

red wine on body weight gain and development of obesity.

Specifically, we assess the effect of moderate voluntary red-

wine consumption on body weight, ingested energy,

epidydimal adiposity and feed efficiency in a rat model of

diet-induced obesity.
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2. Methods

2.1. Animals and diets

Six-week-old male Zucker Fa/? rats were purchased from

Charles River Laboratories (Santa Perpètua de la Mogoda,

Spain). Animals were bred at the Animal Service of the

Rovira i Virgili University under controlled conditions of

light (12 h on–12 h off), humidity (50%) and temperature

(20–228C). Prior to the beginning of the experiment, rats

were maintained for 1 week in metabolic cages (habituation

period). Animal procedures used were approved by the

Ethics Committee of the Rovira i Virgili University.

Semipurified diets, in powder format, were supplied by

Mas Bové (IRTA, Reus, Spain). The diet formulation

conformed to the American National Research Council

requirements. The standard diet (SD) contained the follow-

ing in weight percentage: 60% cornstarch, 18.6% casein,

13% wheat fiber, 4% lard, 1.6% sunflower oil and 3%

dl-methionine, vitamins and minerals. The HFD contained

30% sucrose, 17.7% wheat fiber, 18% casein, 30% lard,

1.6% sunflower oil and 3% dl-methionine, vitamins and

minerals. See Table 1 for the energy composition of the

diets. The diets were isonitrogenous for percent total protein

contribution.

2.2. Red wine

The red wine (Appellation Controleé Priorat, Scala Dei,

Spain) was a young one and contained 13% (v/v) ethanol

and 2.09 g/L total polyphenol content expressed as acid

gallic units. The total polyphenolic content of the wine

was assayed by the Folin-Ciocalteu assay [10]. Briefly,

Folin-Ciocalteau reagent was prepared by diluting a stock

solution (Panreac, Barcelona, Spain) with distilled water

(1:10, v/v). A sample of the wine or gallic acid standards

(50 Al) were added to 5 ml of diluted reagent in a test tube

followed by 4 ml of Na2CO3 (75 g/L). The tubes were

stirred and kept at ambient temperature for 2 h. Absor-

bance at 675 nm was recorded, and wine total polyphenol

content was calculated.

2.3. Induction of obesity and wine administration

At 7 weeks of age, the animals weighed 236–264 g and

were individually housed in metabolic cages and main-

tained in them throughout the experimental period. The
Table 1

Energetic value of experimental diets

SD HFD

Gross energy content (kJ/g) 14.65 19.84

% Energy as protein 21 16

% Energy as carbohydrate 68 26

% Energy as lipid 11 58

Synthetic diets differed mainly in fat and carbohydrate contributions to the

caloric value and were identical in terms of vitamins, minerals and fiber. The

SD was low in saturated fat and contained mostly complex carbohydrates

(starch). In the HFD, lard was the main source of lipid, and sucrose was the

source of carbohydrate.
animals were randomly assigned to one of dietary treat-

ment groups of five animals each. Group 1 was fed a SD,

Group 2 was fed a HFD and Group 3 was fed a high-fat

diet and had free access to water and red table wine

(HFRWD). Wine was administered in individual drinking

troughs and renewed daily. All studies were carried out for

8 weeks after the introduction of the diet. The animals’

body weight and food, water and wine consumption were

measured daily.

Total energy intake (EI) was calculated in each group

considering the energetic density of each diet and that of the

red wine (3.2 kJ/ml).

The ratio between grams of body weight gained per

energy consumed, termed feed efficiency (FE), was calcu-

lated to indicate the amount of body weight gained per

kilojoule of energy consumed.

At the completion of the study, the animals were

sacrificed, and the epidydimal fat pads were excised and

weighed.

2.4. Glucose determination

Blood glucose was measured in the tail of the animals

by a glucometer after 8 h of fasting (Glucocard, Menarini,

Spain).

2.5. Calculations and statistical analysis

Results are expressed as meanFS.E.M. Effects were

assessed using ANOVA or Student’s t test. We used

Tukey’s test of honestly significant differences to make

pairwise comparisons. All calculations were performed

using SPSS software.

3. Results

To assess the effect of moderate red-wine consumption

on body weight, we worked on an animal model of obesity

based on a high-caloric diet. The red-wine group con-

sumed an average of 1.70F0.38 ml/day per animal. The

ingestion of red wine was regular in all animals throughout

the 8-week experimental period and corresponded to a

dose of 3.4F0.79 mg/day per animal of total polyphenols.

The mean daily water consumption was similar in the three

groups studied (18F1.5, 18.7F1.1 and 17.7F1 ml/day for

SD, HFD and HFRWD, respectively). We did not find any

differences in liquid consumption (including wine) be-

tween groups.

The percentage of final body weight with respect to

initial body weight in animals that followed SD, HFD or

HFRWD was 160.88F2.83%, 188.22F4.83% and

175.66F2.78%, respectively. All three values were signif-

icantly different (Pb.05) (see Fig. 1A). The ingestion of red

wine counteracted part of the increase in body weight

induced by a HFD after an 8-week period.

Mean daily EI was different in all three groups. The

mean EI of the HFRWD group was smaller (269.45F
4.02 kJ/animal per day) than that of the HFD group



Fig. 1. Body weight and energy intake in rats fed a HFD with or without

red-wine consumption or a SD. (A) Body weight changes throughout the

experimental period expressed as a percentage of initial weight. (B) Daily

energy intake for 8 weeks of treatment of animals fed a SD, HFD or

HFRWD. (C) Epidydimal fat pad weights vs. total body weight ratio after

feeding with SD, HFD or HFRWD. Data are meanFS.E.M. (n =5). The

letters (A–C) indicate statistically significant differences between diets

( P b.05).
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(300.81F4.52 kJ/animal per day) (P b.05). As we

expected, the SD group ingested less energy (232.32F
2.26 kJ/animal per day) than the animals on HFD with or

without wine (see Fig. 1B).

In consequence, we found that accrued EI during the

experimental period was significantly different between

the three groups. For the HFRWD group, this was

14.75F0.64 MJ/animal; for the HFD group, 16.49F0.39

MJ/animal; and for the SD group, 13.068F0.29 MJ/

animal (Pb.05).

Feed efficiency in the HFRWD group was similar

to that of the HFD group (0.012F0.001 vs. 0.013F
0.001 g/kJ; P=.080). However, we found significant dif-

ferences in FE between the HFD group and the SD
group (0.013F0.001 and 0.011F0.001 g/kJ; Pb.05). These

results indicated that red wine itself did not modify FE,

although a HFD did.

The epidydimal fat pad weight vs. total body weight

of animals was significantly different between the three

groups (Pb.05). It was higher in the HFD group (0.017F
0.001) than in the SD group (0.011F0.001) and smaller

in the HFRWD group (0.014F0.001) (see Fig. 1C). As

shown, changes in body weight are reflected in epididymal

fat pad mass.

Blood glucose levels for the SD, HFD and HFRWD

groups were 4.07F0.13, 4.65F0.17 and 4.39F0.21 mM,

respectively. No differences were found in blood glucose

due to red-wine ingestion. The glucose values were normal.
4. Discussion

In this work, we have reproduced the model for

voluntary wine consumption previously assayed in our

laboratory in which the red-wine consumption of rats was

equivalent to moderate red-wine consumption in humans

[11]. We found that moderate red-wine consumption

prevents the increase in body weight of rats fed a HFD

and that this effect is mainly mediated by a decrease in the

energy intake. Thus, red wine counteracts in part the

overfeeding induced by the hyperlipidic diet that causes

obesity to animals.

Because red wine is a complex mixture of polyphe-

nolics, ethanol and water, we cannot ascertain which

specific component of wine is responsible for these

effects. It has been shown that ethanol ingestion per se

does not modify the amount of ad libitum energy intake in

humans in the following meal [12]. On the other hand,

some actions of polyphenolics present in red wine on

body weight control have been reported in both humans

and laboratory animal models. In humans, catechin

increases the metabolic rate and fat oxidation levels, and

in obese rodents it reduces body weight [13,14]. Epi-

gallocatechin gallate reduces body weight and food intake

in laboratory animals, as has been reported by Kao et al.

[15]. Tebib et al. [16] showed that a diet supplemented

with grape seed tannins induced laboratory rats to gain

less weight than was expected. In the work of Tebib et al.

[16], the polyphenolic dose was approx. 1 mg/day per

animal, which is similar to the dose of 3.4 g/day per

animal consumed by the wine-receiving group in the

present study.

It is possible that red-wine ingestion could modulate the

mechanisms of satiety. The ability of red-wine polyphe-

nolics to interfere with fat absorption has been recently

reported in humans [17]. It is possible therefore that there

are differing metabolic responses to red-wine ingestion in

individuals fed a regular diet and in those receiving a

hyperlipidic one because of the supposed delay in fat

absorption induced by red wine.



M.V. Borgalló et al. / Journal of Nutritional Biochemistry 17 (2006) 139–142142
A recent study in humans about the effect of red-wine

consumption on ad libitum energy intake shows an

enhancement of caloric consumption compared to carbon-

ated soft drink or beer. The absence of a water-drinking

group and of free access to water could explain the observed

results [18].

On the other hand, an organotoxic effect induced by

moderate red-wine consumption on rats has to be discarded,

as stated by previous results in Ref. [11]. No alteration in the

activities of plasma marker enzymes of tissue damage was

found in animals receiving a similar quantity of red wine for

6 months [11].

This study was designed to assess whether moderate

wine consumption influences body weight gain in animals

that develop obesity. We have shown that red-wine

consumption prevents body weight gain in rats fed a

hyperlipidic diet by reducing the energy ingested and

maintaining the FE. Further studies are needed to ascertain

which components of red wine are responsible for this effect

and to determine the underlying physiological and meta-

bolic mechanisms involved.
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