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Abstract — Aims: The present study analyzed the association between weekend ethanol and high-sucrose diet on oxygen consump-
tion, lipid profile, oxidative stress and hepatic energy metabolism. Because resveratrol (RS, 3,5,4’-trans-trihydroxystilbene) has been
implicated as a modulator of alcohol-independent cardiovascular protection attributed to red wine, we also determined whether RS
could change the damage done by this lifestyle. Methods: Male Wistar 24 rats receiving standard chow were divided into four
groups (n = 6/group): (C) water throughout the experimental period; (E) 30% ethanol 3 days/week, water 4 days/week; (ES) a
mixture of 30% ethanol and 30% sucrose 3 days/week, drinking 30% sucrose 4 days/week; (ESR) 30% ethanol and 30% sucrose
containing 6 mg/l RS 3 days/week, drinking 30% sucrose 4 days/week. Results: After 70 days the body weight was highest in ESR
rats. E rats had higher energy expenditure (resting metabolic rate), oxygen consumption (VO2), fat oxidation, serum triacylglycerol
(TG) and very low-density lipoprotein (VLDL) than C. ES rats normalized calorimetric parameters and enhanced carbohydrate oxi-
dation. ESR ameliorated calorimetric parameters, reduced TG, VLDL and lipid hydroperoxide/total antioxidant substances, as well
enhanced high-density lipoprotein (HDL) and HDL/TG ratio. Hepatic hydroxyacyl coenzyme-A dehydrogenase (OHADH)/citrate
synthase ratio was lower in E and ES rats than in C. OHADH was highest in ESR rats. Conclusions: The present study brought new
insights on weekend alcohol consumption, demonstrating for the first time, that this pattern of ethanol exposure induced dyslipidemic
profile, calorimetric and hepatic metabolic changes which resemble that of the alcoholism. No synergistic effects were found with
weekend ethanol and high-sucrose intake. RS was advantageous in weekend drinking and high-sucrose intake condition ameliorating
hepatic metabolism and improving risk factors for cardiovascular damage.

INTRODUCTION

Weekend alcohol (ethanol) consumption is widely provided
as snacks, meal accompaniments and aperitif just prior to a
high-sucrose diet (Mattes, 2006), but there are several con-
cerns about this lifestyle that should be addressed.
Sucrose-rich diet has been blamed as causally related to the

incidence of obesity in populations, changing oxygen con-
sumption, energy expenditure (Novelli et al., 2010), inducing
dyslipidemia and increasing the risks for cardiovascular
damage (Seiva et al., 2010). The links between obesity and
health adverse effects were derived from the evidence that
during energy metabolism, the mitochondrial respiratory chain
represents a major intracellular source of reactive oxygen
species (ROS), and the use of dietary sucrose for energy gener-
ation may result in higher ROS, thus inducing oxidative stress,
an imbalance between oxidants and antioxidants in favor of the
former. Oxidative stress plays a crucial role in atherosclerosis
and hepatic metabolic changes (Novelli, 2005).
On the other hand, dose-dependent atherogenic and anti-

atherogenic properties may constitute a main pathophysiolo-
gical link between alcohol consumption and cardiovascular
diseases, but the mechanisms that are triggered for these
actions are yet poorly understood. Recently we have reported
that alcoholism-induced adverse effects were related to
enhanced energy expenditure and calorimetric changes,
which were reflected on lipid profile and hepatic oxidative
stress (Seiva et al., 2009a, b), but results are conflicting as to
whether drinking pattern modifies lipid levels (Murray et al.,
2002; Tolstrup et al., 2006; Trevisan et al., 2001). Therefore,
the question is if the balance between beneficial and harmful
effects of ethanol is affected by drinking pattern.

Although alcohol consumption and high-sucrose diet have
been frequently associated with a cluster of metabolic dis-
orders (Novelli et al., 2009, 2010; Seiva et al., 2009a, b),
neither the precise mechanism of, nor whether weekend
ethanol consumption may aggravate high-sucrose diet-related
adverse effects have been recognized.
Resveratrol (RS; trans-3,4,5-trihydroxystilbene) a polyphe-

nol from grape, Morus species, has been shown to be respon-
sible for the cardiovascular benefits associated with moderate
red wine consumption (Turner et al., 1999). Experimental
studies have pointed beneficial effects of RS such as,
improvement of lipid profile and lipoprotein metabolism
(Milde et al., 2007; Wang et al., 2005), enhanced insulin sen-
sitivity (Baur and Sinclair, 2006; Park et al., 2007), antioxi-
dant activity (Oak et al., 2005) and prolonged survival (Baur
et al., 2006). However, some reports point adverse effects of
resveratrol administration (Bandele et al., 2008; Seve et al.,
2005; Szkudelski, 2006). Recent research in our laboratory
demonstrated that continuously long-term RS intake was dis-
advantageous in standard-fed condition, since it enhanced
hepatic oxidative stress (Rocha et al., 2009). Interestingly,
there is still a lack of information linking RS, weekend
ethanol consumption and high-sucrose intake conditions.
Therefore, a question must be addressed, what are the

effects of weekend ethanol and RS consumption in high-
sucrose intake condition?
Thus, the aim of this study was to analyze the association

between weekend alcohol and RS consumption with high-
sucrose diet intake on energy expenditure, oxygen con-
sumption, lipid profile, oxidative stress and hepatic energy
metabolism. We used a rat model, with three weekdays
alcohol and RS consumption, to study an unresolved issue in
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the field of alcoholism and risk factors for cardiovascular
damage that is the effect of weekend-alcohol consumption
and its association with RS intake, in high-sucrose diet
condition.

EXPERIMENTAL PROCEDURES

Animals

All experiments and procedures were performed in accord-
ance with the Guide for the Care and Use of Laboratory
Animals published by the US National Institute of Health,
and approved by the Ethical Committee of the Institute of
Biological Sciences, São Paulo State University, UNESP,
Brazil (authorization number 76/07). Male Wistar 24 rats,
75 days old, were individually housed in polypropylene
cages in an environmentally controlled, clean-air room with
a temperature of 22 ± 3°C, 12-h light:dark cycle, a relative
humidity of 60 ± 5% and received a standard chow (Purina
Ltd., Campinas, SP, Brazil) containing 26.5% protein, 40.0%
carbohydrate, 3.8% fat, 4.5% fiber, by weight and 3.0 kcal/g
of metabolizable energy. Taking into account the hormonal
influences in female, we used only male rats.
The animals were randomly divided into four groups of

six rats each. The control group (C) received water through-
out the experimental period. To simulate a free living situ-
ation in which ethanol consumption was drinking during the
weekend (Ferreira and Willoughby, 2008), the (E) group was
allowed to drink 30% ethanol aqueous solution during 3
days/week and drink water during the other 4 days of the
week. The (ES) group was allowed to drink a mixture of
30% ethanol and 30% sucrose aqueous solution during 3
days/week and drink 30% sucrose aqueous solution during
the other 4 days of the week. The ESR group was allowed to
drink 30% ethanol and 30% sucrose solution containing 6
mg/l RS (3,5,4’-trans-trihydroxystilbene) during 3 days/week
and drink 30% sucrose during the other 4 days of the week.
As physical dependence on ethanol can be produced without
nutritional impairment in rodents (Novelli et al., 1996, 1997;
Seiva et al., 2009a), and alcohol-induced hepatic abnormal-
ities can occur without overt nutritional deficiencies (Seiva
et al., 2009b), the same diet was used for all animals. Food,
water, sucrose and ethanol aqueous solutions were provided

ad libitum. The total experimental period was 70 days.
Recently we have reported the effects of RS (Rocha et al.,
2009) and sucrose (Novelli et al., 2007, 2009, 2010) on mor-
phometric and calorimetric parameters, as well on lipid
profile, oxidative stress and hepatic energy metabolism in
rats. Therefore, to study the interactions between the effects
of ethanol, sucrose and RS, only sucrose and RS-treated
groups were not included in the experimental design.
The RS dose took into account that the average concen-

tration of RS in wine is 5 mg/l, and that the moderate daily
consumption of wine is 250 ml (Dong, 2003). Therefore, the
mean daily intake of RS in this condition is approximately
0.02 mg/kg in humans (Juan et al., 2002). In accordance
with these values, we selected a dose that is about 25 times
higher than this estimate, but that was under the maximal tol-
erated dose (Baur and Sinclair, 2006; Crowell et al., 2004).
The daily RS intake (mg/day) was calculated from the
amount of aqueous solution ingestion, and the time of treat-
ment was based on early experiments (Rocha et al., 2009).
The Table 1 indicated that ESR rats received 0.247 ± 0.014
mg/day RS, thus an average of 0.75 mg/day/week (7.5 mg
RS during the experimental period of 10 weeks). This value
corresponded to 0.53 ± 0.03 mg/kg/day, 1.59 mg/kg/week
and 15.9 mg/kg during all experimental period. Food intake
and drinking solutions were evaluated daily at the same time
(9:00–10:00h) as the difference between food and drinking
solution given and the leftover. The body weights were
determined once a week. The food intake, ethanol consump-
tion, caloric value of rodent chow (3 kcal/g), sucrose (4 kcal/
g) and ethanol (7 kcal/g), were used to obtain a total energy
intake (kcal/day) = [mean food consumption per day (g) × 3]
+ [amount of sucrose intake per day (g) × 4] + [amount of
ethanol intake per day (g) × 7].

Indirect calorimetry

After 60 days of the experimental period, rats were fasted
overnight (12 h) and placed into metabolic chambers
(airflow = 1.0 l/min) of a computer-controlled indirect calori-
meter (CWE, Inc., St. Paul, USA). Respiratory quotient
(RQ) and energy expenditure, namely resting metabolic rate
(RMR) were measured using a respiratory-based software
program (software MMX, CWE, Inc., USA). Average
oxygen consumption (VO2) and average carbon dioxide

Table 1. General characteristics and nutritional parameters of rats

C E ES ESR

Initial body weight (g) 337.9 ± 33.9 342.3 ± 35.2 327.6 ± 33.0 338.4 ± 27.4
Final body weight (g) 422.8 ± 17.4 444.9 ± 23.3 420.5 ± 27.9 465.8 ± 25.2ab*c

Body weight gain (g) 79.6 ± 17.6 102.6 ± 17.8 96.1 ± 15.5 124.7 ± 18.5ac

Food consumption (g/day) 24.52 ± 1.12 23.24 ± 1.26 11.99 ± 1.56ab 12.39 ± 1.37ab

Energy from chow (kcal/day) 67.4 ± 3.1 63.9 ± 3.5 32.9 ± 3.4ab 34.1 ± 3.7ab

Aqueous solution intake (mL/day) 42.57 ± 1.84 35.46 ± 1.69a 36.84 ± 1.79a 41.22 ± 0.83bc

Average ethanol consumption (g/day) 0.00 ± 0.00 4.56 ± 0,47a 4.74 ± 0.44a 5.29 ± 0.47abc

Energy from ethanol (kcal/day) 0.00 ± 0.00 31.9 ± 3.2a 33.2 ± 3.4a 37.1 ± 4.7a

Sucrose consumption (g/day) 0.00 ± 0.00 0.00 ± 0.00 11.50 ± 1.26ab 12.36 ± 0.80ab

Energy from sucrose (kcal/day) 0.00 ± 0.00 0.00 ± 0.00 46.4 ± 5.1ab 49.5 ± 3.2ab

Total energy intake (kcal/day) 67.40 ± 3.1 95.8 ± 5.2a 112.5 ± 2.8ab 120.7 ± 1.5abc

RS intake (mg/kg/day) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.53 ± 0.03abc

Values are means ± SD of the mean and analyzed by a multifactorial analysis of variance followed by Tukey’s test. Groups: C, control group; E, weekend
alcohol group; ES, weekend alcohol and high-sucrose diet intake; ESR, weekend alcohol and RS with high sucrose diet intake. Significantly different from the
C group, aP < 0.001; significantly different from the E group, bP < 0.001, b*P < 0.01; significantly different from the ES group cP < 0.001.
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production (VCO2) were integrated over periods of 15 min.
Carbohydrate and fat oxidation were calculated from the no
protein oxygen consumption, their relative oxidative pro-
portions and the amount of oxygen consumed per gram of
substrate oxidized (Labayen et al., 1999): carbohydrate oxi-
dation = VO2 × (RQ − 0.707)/0.293 × 0.746; fat oxidation =
VO2 × (1 − RQ)/0.293 × 0.746, where VO2 is measured in
liters per minute, 1.00 is the RQ for total carbohydrate oxi-
dation, 0.707 is the RQ for total fat oxidation, 0.293 is the
difference between 1.000 and 0.707, 0.746 is the number of
liters of oxygen consumed per gram glucose oxidized.

Biochemical determinations

After 70 days of the treatments (4 days after water drinking),
rats were fasted overnight (12 h). The animals were anesthe-
tized (0.1 ml i.p. of 1% sodium barbiturate) and sacrificed by
decapitation. Blood was placed into a centrifuge tube and
allowed to clot to obtain the serum that was separated by
centrifugation 1400 g for 10 min. The triacylglycerol (TG),
total cholesterol and high-density lipoprotein cholesterol
(HDL) were determined in serum by enzymatic method (test
Kit CELM, Modern Laboratory Equipment Company, São
Paulo, Brazil). The very-low-density lipoprotein cholesterol
(VLDL), low-density lipoprotein (LDL) (Friedewald et al.,
1972), total protein (Lowry et al., 1951), total antioxidant
capacity or total antioxidant substances (TAS, Randox
Laboratories Ltd., Crumlin, Co., Antrim, UK) and lipid
hydroperoxide (LH, Jiang et al., 1991) were also determined
in serum. Alanine transaminase (ALT, E.C.2.6.1.2.) was
determined in serum (CELM, Modern Laboratory Equipment
Company, São Paulo, Brazil) to link ethanol intake with
toxic effects (Novelli et al., 1997; Seiva et al., 2009a, b).
The liver was rapidly removed and samples of 200 mg

were homogenized in 5 ml of a cold 0.1 M phosphate buffer
pH 7.4. Tissue homogenates were prepared in a motor-driven
teflon glass Potter Elvehjem, tissue homogenizer (1 min,
100 g). The homogenate was centrifuged at 10 000 g for 15
min. The supernatant was analyzed for total protein (Lowry
et al., 1951), lipid hydroperoxide (LH, Jiang et al., 1991),
antioxidant and metabolic enzymes.
GSH peroxidase (E.C.1.11.1.9.) was assayed using 0.15 M

phosphate buffer pH 7.0 containing 5 mM EDTA, 0.0084 M
NADPH, 4 μg of GSH reductase, 1.125 M sodium aside and
0.15 M GSH (Nakamura et al., 1974). Catalase (E.C.1.11.1.6.)
activity was determined in reaction mixture of 50 mM phos-
phate buffer pH 7.0 and 10 mM hydrogen peroxide at 240 nm
(Aebi, 1974). Superoxide dismutase (E.C.1.15.1.1.) activity was
measured using superoxide radical (O2

−)-mediated-nitroblue tet-
razolium (NBT) reduction by an aerobic mixture of NADH and
PMS. The complete reaction system consisted of 50 mM phos-
phate buffer pH 7.4, 0.1 mM EDTA, 50 μM NBT, 78 μM
NADH and 3.3 μM PMS (Ewing and Janero, 1995).
The hepatic energy metabolism was assessed by

β-hydroxyacyl coenzyme-A dehydrogenese (OHADH, E.
C.1.1.1.35) and citrate synthase (CS, E.C.4.1.3.7) activities
(Bass et al., 1969).
Enzyme activities were performed at 25°C using a micro-

plate reader (μQuant-MQX 200 with Kcjunior software to
computer system control, Biotech Instruments, Winooski,
Vermont, USA). The spectrophotometric determinations
were performed in Pharmacia Biotech spectrophotometer

with temperature-controlled cuvette chamber (UV/visible
Ultrospec 5000 with Swift II applications software to compu-
ter system control, 974212, Cambridge, England, UK). All
chemicals and solvents were from Sigma (St. Louis,
Missouri, USA).

Statistical analyses

Values are presented as means ± standard deviation (SD).
Statistical comparisons were carried out by multifactorial
analysis of variance followed by Tukey’s test. Statistical sig-
nificance was set at P < 0.05 (Systat Software, USA).

RESULTS

General characteristics of rats and nutritional parameters

The body weight gain and final body weight were compar-
able in ES, E and C groups. The final body weight and body
weight gain were highest in ESR rats. Food consumption and
energy from chow were lower in ES and ESR than in E and
C rats. Aqueous solution intake was lower in E and ES than
in C, but ESR rats had higher aqueous solution intake and
ethanol consumption than E and ES. There were no signifi-
cant changes in ethanol consumption and energy from
ethanol comparing E and ES rats, as well in sucrose con-
sumption and energy from sucrose between ES and ESR
rats. The total energy intake was higher in E than in C, in ES
than in E and in ESR than in ES rats (Table 1).

Indirect calorimetry

E rats had higher RMR, RMR adjusted per body weight,
VO2, VO2/body weight, fat oxidation, as well lower RQ and
carbohydrate oxidation than C. Interaction of weekend
ethanol and high-sucrose consumption normalized RMR,
RMR/body weight, RQ, VO2, carbohydrate and fat oxi-
dation. The association of weekend ethanol consumption, RS
and sucrose enhanced the RMR, RMR/body weight, VO2

and fat oxidation, but reduced the RQ and carbohydrate oxi-
dation, comparing with ES and C groups. The carbohydrate
oxidation and VO2/body weight were higher in ESR than in
E rats (Table 2).

Biochemical determinations

There were no significant alterations in serum total protein
and total cholesterol among the groups, while glucose was
lower in E, ES and ESR than in C. E rats had higher TG,
VLDL, as well lower HDL/TG ratio than C. ES normalized
TG and VLDL, but significantly enhanced HDL and HDL/
TG ratio. TG and VLDL were lower in ESR than in C, E
and ES rats. ESR rats had the highest HDL/TG ratio. ALT
was higher in E, ES and ESR than in C (Table 3). The LH/
TAS ratio was higher in serum of E and ES rats than in
C. LH/TAS ratio was lower in serum of ESR than in E and
ES rats (Fig. 1).
Table 4 shows that hepatic CS activity was higher in ES

than in E and C rats. ESR rats had lower CS activity than ES
and higher CS activity than E and C rats. The OHADH/CS
ratio was lower in ES than in E, and lower in E than in C
rats. ESR rats had higher OHADH/CS ratio than ES. The
OHADH was highest in ESR rats. There were no significant
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differences in hepatic GSH peroxidase, between the groups.
Hepatic SOD and catalase were highest, while LH was
lowest in ESR rats.

DISCUSSION

The majority of the metabolic conditions that accompanied
alcohol consumption and sucrose-rich diet remain clinically

silent, and only become manifest when health damage is
effectively installed, therefore, any strategy to reduce the dis-
orders of these lifestyle conditions may have particular
importance. RS has been implicated as a modulator of
alcohol-independent cardiovascular protection that is alleg-
edly conferred by drinking red wine (Turner et al., 1999).
However, the basis for such observation has not been com-
pletely established.
To the best of our knowledge this is the first study that

evaluated the interaction between three weekdays ethanol
and RS consumption with high-sucrose diet intake on calori-
metric parameters, some markers of oxidative stress and
hepatic energy metabolism, which certainly would bring new
insights on high-sucrose diet and ethanol adverse effects
control.
Note that weekend drinking rats gained a similar amount

of weight than C, despite the fact that the animals of the E
group ingested an estimated 38% more calories per day
(Table 1). Hence this was the case, then where are the extra
calories going?
The alcoholic beverage energy paradox, increased energy

intake without weight gain, is most likely attributed to
increased energy expenditure (Mattes, 2006). In fact, as pre-
viously reported in alcoholism (Seiva et al., 2009a, b), RMR
was approximately 20% higher in E rats than in
C. Therefore, a minor fraction of the available energy was
used for ATP synthesis in weekend ethanol consumption
(Table 2). Alcohol-induced thermogenesis was higher in
healthy non-alcoholic subjects (Suter and Tremblay, 2005).
This condition may be in part related to induction of micro-
somal ethanol oxidizing system for ethanol metabolism,

Table 3. Serum determinations

C E ES ESR

Protein (g/dl) 7.25 ± 0.65 7.24 ± 0.78 6.29 ± 0.47 6.75 ± 0.54
Glucose (mg/dl) 180.82 ± 19.34 132.42 ± 13.07a 132.45 ± 13.85a 130.29 ± 14.28a

TG (mmol/l) 1.14 ± 0.07 1.99 ± 0.05a 1.14 ± 0.09b 0.89 ± 0.04abc

Cholesterol (mmol/l) 2.26 ± 0.22 1.97 ± 0.18 2.35 ± 0.23 2.14 ± 0.14c

VLDL (mmol/l) 0.23 ± 0.02 0.39 ± 0.01a 0.23 ± 0.01b 0.18 ± 0.02abc

LDL (mmol/l) 0.61 ± 0.25 0.68 ± 0.15 0.59 ± 0.19 0.62 ± 0.17
HDL (mmol/l) 1.42 ± 0.05 0.63 ± 0.08a* 1.53 ± 0.03a*b* 1.34 ± 0.06c*

HDL/TG 1.24 ± 0.04 0.31 ± 0.04a 1.34 ± 0.03ab 1.51 ± 0.05ab

ALT (mmol/l) 50.11 ± 5.08 82.51 ± 6.33a 74.18 ± 7.59a 90.97 ± 7.00ac

Values are means ± SD of the mean, and analyzed by a multifactorial analysis of variance followed by Tukey’s test. Groups: C, control group; E, weekend alcohol
group; ES, weekend alcohol and high-sucrose diet intake; ESR, weekend alcohol and RS with high sucrose diet intake. Significantly different from the C group,
aP < 0.001, a*P < 0.01; significantly different from the E group, bP < 0.001, b*P < 0.01; significantly different from the ES group cP < 0.001, c*P < 0.01.

Table 2. Calorimetric parameters of rats

C E ES ESR

RMR (kcal/h) 1.01 ± 0.18 1.39 ± 0.14a* 1.19 ± 0.13b* 1.45 ± 0.16a*c*

RMR/body weight (kcal/h kg) 2.38 ± 0.42 3.12 ± 0.22a* 2.83 ± 0.08b* 3.11 ± 0.09a*c*

RQ 0.99 ± 0.15 0.72 ± 0.15a* 0.87 ± 0.08b* 0.74 ± 0.11a*c*

VO2 (ml/min) 2.35 ± 0.48 3.36 ± 0.19a* 2.76 ± 0.21b* 3.22 ± 0.10a*c*

VCO2 (ml/min) 2.28 ± 0.21 2.34 ± 0.01 2.36 ± 0.03 2.31 ± 0.01
VO2/body weight (ml/min kg) 5.56 ± 0.13 7.55 ± 0.16a 6.56 ± 0.32ab 6.91 ± 0.12ab

Carbohydrate oxidation (mg/kg min) 1.48 ± 0.34 0.11 ± 0.04a 0.90 ± 0.17b 0.27 ± 0.05a*b*c*

Fat oxidation (mg/kg min) 0.86 ± 0.36 2.39 ± 0.97a 1.33 ± 0.15b* 2.13 ± 0.05a*c

Values are means ± SD of the mean and analyzed by a multifactorial analysis of variance followed by Tukey’s test. Groups: C, control group; E, weekend
alcohol group; ES, weekend alcohol and high-sucrose diet intake; ESR, weekend alcohol and RS with high-sucrose diet intake. Significantly different
from the C group, aP < 0.001, a*P < 0.01; significantly different from the E group, bP < 0.001, b*P < 0.01; significantly different from the ES group, cP < 0.001,
c*P < 0.01.

Fig. 1. LH/TAS ratio in serum of rats. Values are means ± SD of the mean
and analyzed by a multifactorial analysis of variance followed by Tukey’s
test. Groups: C, control group; E, weekend alcohol group; ES, weekend
alcohol and high-sucrose diet intake; ESR, weekend alcohol and RS with
high sucrose diet intake. Significantly different from the C group, aP <
0.001; significantly different from the E group, bP < 0.001; significantly

different from the ES group, cP < 0.001.
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since part of the body’s energy expenditure is accounted for
the liver, thus increasing oxygen consumption as showed in
both VO2/body weight and VO2 consumption. There was
also lower RQ and higher fat oxidation that could be other
mechanism by which weekend alcohol consumption main-
tained the body weight gain.
Taking into account the total energy intake (Table 1), and

the normalized energy expenditure (Table 2), there was an
unexpected maintenance of body weight gain in ES rats.
Assuming that the rats had the same amount of activity, this
was associated with enhanced carbohydrate oxidation in ES
rats, despite the lower fat oxidation in these animals. It was
evident that a lower energy intake from chow was compen-
sated by additional calories from the sucrose and ethanol
solutions, and that high-sucrose intake in ES rats induced a
rise of its own oxidation. Stimulation of carbohydrate oxi-
dation was not surprising, since the change in fuel selection
is controlled by carbohydrate intake, and when carbo-
hydrate oxidation rises in response to intake there is a pro-
found counter-regulatory suppression of fat oxidation
(Wilson-Fritch et al., 2004). The RQ and carbohydrate oxi-
dation indicated that extra sucrose in ES rats was able to
replace fat as the main substrate (Table 2).
In contrast, the lower carbohydrate oxidation in ESR rats,

as well the higher fat oxidation than ES, indicated reduction
of the calorimetric changes due high-sucrose diet. On the
other hand, there was higher energy expenditure and oxygen
consumption than C, demonstrating analog of alcoholic
changes, as found in E rats. Therefore, alcohol effects count
more in combination with a high-sucrose diet condition.
Curiously, RS had no effects on food consumption, but sig-
nificantly enhanced the average ethanol palatability, as com-
pared with ES, and this may be per se a considerable effect
of the association between RS, sucrose and ethanol. Further
studies may be considered to clear this open question.
The highest final body weight with ethanol-sucrose-RS

combination indicated the efficiency of energy storage. It has
been repeatedly demonstrated that overweight and obesity
are associated with a cluster of metabolic disorders, includ-
ing cardiovascular diseases (Novelli et al., 2007;
Pinheiro-Mulder et al., 2010; Poudyal et al., 2010). However,
variables other than the traditional body composition and
lipid profile may be further improving the discrimination of
obesity effects, mainly on cardiovascular system (Novelli
et al., 2010). Despite this apparent adverse effect of RS,
sucrose and ethanol association, RS improved the oxidative
stress, since enhanced TAS concentrations and reduced LH/
TAS ratio in ESR rats (Fig. 1), and this beneficial effect was

reflected on serum lipids. As previously reported in alcohol-
ism (Seiva et al., 2009a, b) and high-sucrose intake condition
(Novelli et al., 2007, 2009, 2010), E and ES rats had higher
LH/TAS ratio indicating serum oxidative stress.
Emerging data on the ‘antioxidant hypothesis’ have indi-

cated that oxidative stress affect cellular signals, damaging
cellular DNA, protein and lipids. ROS react with protein
thiol moieties to produce a variety of sulfur oxidation states,
thus diminishing the cellular uptake of lipids from the blood,
inducing dyslipidemia (Brizzi et al., 2003)
It has been reported that the hypertriglyceridemia accom-

panies ethanol consumption in spite of hepatic fat accumu-
lation (Crouse and Grundy, 1984). Therefore, fatty acids
synthesized in the liver were not the source of the hypertri-
glyceridemia, rather than plasma free fatty acids were the
major precursors of TG and of VLDL in weekend ethanol
consumption condition (Table 3). Delayed lipolysis of
VLDL because of the competition for the site of lipoprotein
lipase between VLDL from hepatic origin and chylomicrons
from intestinal origin could lead to the formation of TG-rich
lipoprotein remnants. In these conditions, TG-rich lipopro-
tein remnants abnormally interact with HDL, changing the
clearance of these lipoproteins. Weekend alcohol consump-
tion induced dyslipidemia, decreasing HDL/TG ratio
(Table 3). There is an established relationship between the
regular light alcohol consumption, 5–10 g/day, and the inci-
dence of cardiovascular disease (Ojeda et al., 2008; Puddey
et al., 1999). Our results showed dyslipidemic profile with
4.56 ± 0.47 g/day ethanol intake during 3 weekdays, demon-
strating that this pattern of alcohol consumption had adverse
effects, increasing the risk for cardiovascular damage.
There was a protective effect of RS and sucrose intake in

weekend ethanol consumption enhancing HDL/TG ratio. RS
depressed TG and VLDL in the ESR group, and VLDL is a
LDL serum precursor (Novelli, 2005). Several studies have
shown effects of RS reducing TG, LDL and VLDL levels
(Cho et al., 2008; Rivera et al., 2009). A wide range of
dosage have been tested with various rats and mice models
ranging between 1 and 50 mg/kg, or 0.01 and 0.025% diet
(Ahan et al., 2008; Cho et al., 2008; Rocha et al., 2009).
ESR rats ingested 1.59 mg/kg body weight/week RS, and RS
was found to reduce blood cholesterol from 10 mg/kg body
weight or more (Rivera et al., 2009). Since the biochemical
determinations were obtained after 10 weeks of treatment,
the effects of various concentrations of RS remain to be
determined.
A notable finding of this study was the RS effect on

hepatic tissue. The enhanced hepatic OHADH clearly

Table 4. Hepatic energy metabolism and oxidative stress

C E ES ESR

OHADH (nmol/mg protein) 119.5 ± 12.5 118.8 ± 9.1 130.3 ± 10.8 149.8 ± 11.5abc

CS (nmol/mg protein) 24.5 ± 2.8 27.6 ± 2.3 37.8 ± 2.2a*b* 33.3 ± 3.3a*b*c*

OHADH/CS 4.95 ± 0.20 4.30 ± 0.26a* 3.45 ± 0.29ab 4.52 ± 0.36c

LH (nmol/g tissue) 386.9 ± 5.7 396.9 ± 11.6 399.1 ± 6.9 344.0 ± 13.1abc

Superoxide dismutase (nmol/mg protein) 7.38 ± 0.81 8.85 ± 0.71 8.19 ± 0.46 9.56 ± 0.89ab*c

Catalase (nmol/mg protein) 0.21 ± 0.09 0.15 ± 0.06 0.30 ± 0.08 0.69 ± 0.09abc

GSH peroxidase (nmol/mg protein) 253.9 ± 37.8 263.2 ± 27.7 300.3 ± 29.1 272.4 ± 25.1

Values are means ± SD of the mean and analyzed by a multifactorial analysis of variance followed by Tukey’s test. Groups: C, control group; E, weekend
alcohol group; ES, weekend alcohol and high-sucrose diet intake; ESR, weekend alcohol and RS with high sucrose diet intake. Significantly different from the
C group, aP < 0.001, a*P < 0.01; Significantly different from E group, bP < 0.001, b*P < 0.01; Significantly different from the ES group cP < 0.001, c*P < 0.01.
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indicated that ESR rats had higher fatty acid degradation than
E, ES and C. Despite the lower CS activity, RS in ESR rats
normalized the OHADH/CS ratio (Table 4), indicating ade-
quate fatty acid oxidation relative to flux of metabolites
through tricarboxylic acid cycle. The increased fat oxidation
in ESR rats than in ES could be associated with RS modu-
lation of AMPK (AMP-activated protein kinase), a sensor of
cellular energy status, being activated by increased AMP/ATP
ratio. Stimulation of AMPK inhibits the expression of
fatty acid synthase and lipid synthesis induced by high
carbohydrate intake (Hou et al., 2009). Under these con-
ditions, there is decreased activity of acetyl coenzyme-A
carboxylase, reducing the malonyl coenzyme-A. As a conse-
quence, decreased production of malonyl coenzyme-A, results
in upregulation of lipid oxidation (Novelli, 2005), thus a
decrease in fatty acid synthesis and an increase in its
oxidation.
OHADH is rate-limiting enzyme in catalyzing fatty acid

breakdown in hepatic tissue and thus plays an important role
in liver energy metabolism. Since alteration of hepatic
OHADH activities may contribute to hepatic dysfunction,
uncovering physiopathological mechanisms that lead to the
alteration of OHADH activity may be of prime importance
to understand alcohol disorders. CS is the key enzyme for
the control of the flux of metabolites through tricarboxylic
acid cycle. Note that weekend ethanol consumption signifi-
cantly reduced the OHADH/CS ratio (Table 4), indicating
depressed fatty acid oxidation pathway relative to aerobic
metabolism in hepatic tissue of E animals. Therefore, despite
the whole higher fat oxidation observed from calorimetric
parameters (Table 2), there was an inadequate hepatic oxi-
dation of fatty acids. Excess of fatty acids that are not oxi-
dized from tricarboxylic acid are sequestered for TG
synthesis and hepatic accumulation.
The calorimetric changes due the weekend ethanol and

sucrose intake were found in hepatic tissue of ES rats. The
higher hepatic CS activity as well lower OHADH/CS ratio in
ES than in E rats indicated depressed fatty acid degradation
and enhanced hepatic glucose oxidation, giving substrate for
tricarboxylic acid cycle in hepatic tissues of these animals
(Table 4).
The metabolic changes found in hepatic tissue may be, at

least in part, antioxidant mediated. The biological antioxi-
dant defense system is an integrated array of enzymes and
antioxidants. These include SOD that catalysis the destruc-
tion of O2

− by dismutation and hydrogen peroxide for-
mation, catalase and GSH peroxidase that catalyze the
conversion of hydrogen peroxide to water (Novelli, 2005).
Note (Table 4) that no significant changes were found in
LH and antioxidant enzymes in E and ES rats. As SOD
and catalase enhanced in ESR rats, despite the maintenance
of GSH peroxidase, we can affirm that O2

− generated by
SOD activity was scavenged by catalase, thus reducing the
hepatic LH (Table 4).
There is no evidence of a direct role for RS on superoxide

dismutase activity. However, RS might enhance the ability
of copper ions to linkage SOD active site, even if no dietary
copper had been added. There are two forms of SOD.
Cytoplasmic SOD has a Cu–Zn active site, and increased Cu
availability may, in principle, enhance SOD activity. RS was
reported to enhance the ability of copper ions to linkage
DNA (Burkitt and Duncan, 2000).

Curiously, E, ES and ESR rats had lower serum glucose
than C, indicating that weekend ethanol consumption was
able to induce analog hepatic effects of alcoholism (Novelli,
2005). The decreased serum glucose levels found in all
experimental groups was associated with alcohol intoxication
efficacy of gluconeogenesis that is decreased by ethanol inhi-
bition of hepatic glucose-phosphatase activity. The effects of
weekend alcohol consumption were evidenced in all exper-
imental groups, by higher serum ALT, reflecting the ethanol
toxicity on liver cells (Novelli et al., 1997; Seiva et al.,
2009a). Hence, the liver is regarded as one of the central
metabolic organs, regulating and maintaining homeostasis,
small changes may have long-term important effects on
health. However, despite the highest ALT level in ESR rats,
RS significantly enhanced antioxidant defences and
depressed hepatic oxidative stress and this may have long-
term beneficial effects on hepatic function.
In conclusion, the present study brought new insights on

weekend alcohol consumption and RS intake, demonstrating
for the first time that this pattern of alcohol exposure
induced dyslipidemic profile, enhanced energy expenditure
and induced calorimetric and hepatic metabolic changes,
which resemble that of the alcoholic condition. The associ-
ation of weekend alcohol and high-sucrose intake had no
synergistic effects on alcohol induced adverse effects. RS
intake, despite the effects enhancing the alcohol preference,
was advantageous in weekend drinking and high-sucrose
intake condition on energy expenditure, hepatic metabolism,
oxidative stress and lipid profile, thus improving risk factors
for cardiovascular damage.
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