
The interaction of exercise training and ethanol on the myocardial antioxidant enzymes and the oxida-
tive stress markers was investigated in the Wistar strain male albino rats. We also tested the interactive
effects of exercise training and ethanol on the age-associated free radical production and antioxidant
defense system. We found a significant decrease (p<0.05) in the activity levels of superoxide dismutase
(SOD) and catalase (CAT) in the myocardium of old rats when compared to young rats by 26% and 58%,
respectively, suggesting the onset of age-dependent decrease in the myocardial antioxidant enzyme sys-
tem. In contrast to the decreased antioxidant enzyme activity, xanthine oxidase (XOD) and lipid peroxi-
dation (LPO) levels were elevated, suggesting the age-induced oxidative stress. Exercise training signif-
icantly (p < 0.05) elevated the activities of SOD, CAT, XOD and LPO levels in both the age groups of
animals. Ethanol consumption significantly lowered the SOD and CAT activities in both the age groups,
whereas a significant increase was observed in the XOD and LPO levels. In contrast, the combination of
exercise training plus ethanol lowered XOD and LPO levels in both the age groups of rats compared to
ethanol treated rats. A significant (p < 0.05) increase in the activities of SOD and CAT was reported in
the rats treated with the combination of exercise training plus ethanol. This increase was more pro-
nounced in the younger rats than the older rats. The findings of the present investigation on the potential
role of antioxidant enzymes to counter the ethanol-induced pro-oxidants showed an increase with the
interaction of exercise training. With age, a decrease in the antioxidant enzyme capacity was observed.
This reveals that the old age rats were more affected to the pro-oxidants when compared to the young age
rats. In conclusion it is demonstrated that two months treadmill endurance exercise training is beneficial
to both young and old rats in improving antioxidant defense to challenge the oxidative stress in the
myocardial tissue and thereby successfully countering the free radical production due to ethanol intoxi-
cation.
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INTRODUCTION

As age advances, several enzymes show an increase, while some decrease and some
do not show any change in their activities [15, 22, 23]. These specific alterations in
the enzymes must have inflicted a great impact on the process of aging. Wei [47]
proposed that during aging in the organisms, the production of Reactive Oxygen
Species (ROS) increased as a result of the functional deterioration of mitochondria.
Under normal physiological conditions, approximately 1–5% of the oxygen con-
sumed by mitochondria in human cells is converted to O2

–•, H2O2 and other ROS
[48]. ROS play a crucial role in the pathophysiology of ischemic heart disease by
causing cardiac dysfunction and cell death [11]. Human cells can dispose off ROS by
coordinated expression and functioning of an array of free radical scavenging
enzymes [48]. However, these antioxidant defense systems are not perfect and are
subjected to alteration during aging.

Exercise is known to evoke numerous physiological changes in vital organ sys-
tems of the body. Among those changes, the most important is the enhanced respira-
tion and utilization of oxygen in the body. The antioxidant enzyme activity is prone
to being altered by changes in oxygen consumption (oxidative stress). Response of
an antioxidant enzyme is dependent on the type, mode, intensity, frequency and dura-
tion of exercise, animal species, tissue specificity and the extent of exposure to drugs
and chemicals.

Chronic ethanol ingestion leads to alcoholic cardiac myopathy, an impaired car-
diac function, including decreased cardiac contraction, ventricular hypertrophy, car-
diac output and electrophysiologic abnormalities [35]. When ethanol is ingested, it
reaches the organs of highest blood flow and then presents itself either to effect the
total organism or to be affected by the organism’s detoxifying or removal apparatus.
Chronic exposure to excessive ethanol consumption has adverse effects on virtually
all organs and tissues in the body [40]. Nordmann et al. [36] showed however, that
free radical mechanisms could be involved in the adverse ethanol effects even in tis-
sues poorly metabolizing ethanol, such as the heart or the central nervous system.
Ethanol consumption has been demonstrated to increase the rate of hydrogen perox-
ide (H2O2) and hydroxyl radical (•OH) generation in isolated mitochondria in the
presence of metal ion-chelate complexes [28].

Physical training can readily produce a profound improvement of functions,
essential for physical fitness in old age and thus effectively postpone physical dete-
rioration for some individuals up to 10–20 years [6]. Both healthy individuals and
those with chronic illness and functional handicaps can improve their performance
and therefore, their quality of life can be increased by physical activity [5]. Because
exercise will increase oxygen consumption and the status of AOE, it may be a means
of decreasing the toxicity that several chemicals produce. Both exercise as well as
ethanol is known to exert oxidative stress to vital organs and tissues of the body [10,
30]. However, the interactive effects of the combination of both on the myocardium
are not known. The question to be answered is whether exercise will decrease the free
radicals and oxidative stress that ethanol may generate. Both aging and chronic



ethanol consumption have been found to produce changes in lipid composition and
antioxidant defense. Severity of intoxication, withdrawal and release of gamma-
aminobutyric acid following chronic ethanol consumption has been shown to be
associated with age. It is logical, therefore, that differences in the cardiovascular
response to ethanol consumption, when comparing younger with older individuals,
may exist. Elderly people may be more susceptible than younger people to the oxida-
tive stress, induced by alcohol drinking. As the number of elderly drinkers in the pop-
ulation is quite large, who are also doing regular exercise; the effects of regular exer-
cise on aging and ethanol-induced oxidative injury deserve thorough investigation.
The main objectives of the present investigation are (i) to examine whether treadmill
exercise training could alter the effects of ethanol-induced oxidative stress in the
myocardium of both young and old age groups of rats (ii) to investigate the interac-
tive effects of exercise training and ethanol on the age-associated free radical pro-
duction and antioxidant defense mechanism.

MATERIALS AND METHODS

Animal care and training protocol

Wistar strain male albino rats were used in the current investigation. Approved by the
Institutional Animal Ethics Committee (Regd No. 438/ 01/a /CPCSEA /dt.
17.7.2001) in its resolution number 9/IAEC/SVU/ZOOL/dt. 4.3.2002. Jang et al. [20]
studied age related changes in 2.5, 5, 10 and 23 months of Wistar strain rats. In their
study 12 months age group rats were considered old and showed signs of aging.
Indira Sriram and Jhansi Lakshmi [19] also reported endurance exercise induced
alterations in antioxidant enzymes of aging rats, which were of 12 months age. Thus,
the literature pertaining to selection of age group in the field of ‘exercise science and
aging’ is variable in various studies.

Maintenance of animals for three years long period to attain maximum age in the
laboratory is practically difficult. Research studies involving very old animals and
doing exercise training with these animals has a major limitation in that, it is excep-
tionally difficult to train very old animals without causing minor and/or major leg
injuries. Moreover, it is unclear, if the changes are due to training and/or inflamma-
tion. The intensity and duration of exercise training may also change with very old
animals. The puberty of the rat reaches in between 50–60 days (i.e. 2 months). So,
any time after two months is considered as matured age. Hence, in the present study,
3 months age group was considered as “young” and 18 months age group was con-
sidered as “old” for effective comparison of aging process in relation to exercise.

Male wistar strain albino rats weighing 160–185 g were used in the present study
and were fed with a standard rat pellet diet and water ad libitum. The animals of each
age (Young/Old) were divided into four batches. Each batch consists of six animals.
In this experimental design each age group has 4 batches and all batches in respec-
tive age group were handled equally as mentioned below.

Interactive effects of exercise and ethanol on myocardial antioxidant system 175

Acta Biologica Hungarica 58, 2007



176 K. PUSHPALATHA et al.

Acta Biologica Hungarica 58, 2007

Batch I: Sedentary control (SC)

The rats were put on the treadmill belt for 5 minutes for equivalent handling and were
treated with normal saline via orogastric tube.

Batch II. Exercise training (Ex)

The rats were made to run on the treadmill for about 30 minutes at a speed of 23
m/min/5 days in a week for a period of 2 months utilizing an incremental belt speed.
The running program was scheduled between 6.00 AM and 8.00 AM and the rats
were treated with normal saline via orogastric tube.

Batch III. Ethanol (Et)

The rats were administered with 20% ethanol (2 g/kg body weight) daily via orogas-
tric tube for 2 months.

Batch IV. Exercise training and ethanol (Ex + Et)

The rats were exercised on the treadmill as described in group II and 5 minutes after
exercise, the animals were given ethanol as described in group III daily for 2 months.

The batches of rats selected for exercise training were acclimatized one week on
treadmill belt prior to experiments. Initially they were exercised on treadmill 5
min/day at a belt speed of 23 m/min, with a progressive increase to 30 min/day over
a period of one week and thereafter for 30 min/day at 23 m/min for a total training
period of 12 weeks of training. Gentle hand prodding and mild electric shock (20 mV,
1.67 Hz) were combined to encourage the animals to run throughout the study.

Tissue processing

The animals were sacrificed after 24 h of the last exercise session by cervical dislo-
cation. The heart tissue was excised at 4 °C, washed with ice cold saline and blotted.
After the atria and great blood vessels were trimmed, the ventricles were weighed
and the apex was cut and immediately immersed in liquid nitrogen and stored at
–80 °C for biochemical analysis and enzymatic assays. Before assay, the tissues were
thawed, sliced and homogenized under ice-cold conditions.



Analytical procedures

Chemicals and solvents

Epinephrine, Triton X-100 RS, Dithio-bis-nitrobenzoic acid (DTNB), glutathione
reductase (GR), reduced glutathione (GSH), sodium dodecyl sulfate were obtained
from sigma chemicals (St. Louis, MO, USA). All organic solvents were of spectral
grade and general chemicals were of reagent grade.

Biochemical Assays

Preparation of tissue extract

Five % (W/V) tissue homogenate was prepared in ice cold 50 mM sodium phosphate
buffer (pH 7.0) containing 0.1 mM EDTA and centrifuged at 10,000 rpm for 10 min.
at 4 °C in cold centrifuge and the supernatant was used as enzyme source for the esti-
mation of SOD and CAT.

Superoxide dismutase (SOD)

Superoxide dismutase activity was determined according to the method of Misra and
Fridovich [34] at room temperature. Tissue extract (100 µl) was added to 880 µl
(0.05 M, pH 10.2, 0.1 mM EDTA) carbonate buffer; 20 µl of 30 mM epinephrine
(in 0.05% acetic acid) was added to the mixture and measured at 480 nm for 4 min-
utes. Activity was expressed as the amount of enzyme that inhibits the oxidation of
epinephrine by 50%, which is equal to 1 unit.

Catalase (CAT)

Catalase activity was determined by a slightly modified version of Aebi [2] at room
temperature. EtOH (10 µl; 100%) was added per 100 µl of tissue extract and then
placed in an ice bath for 30 minutes. After 30 min the tubes were kept at room tem-
perature followed by addition of 10 µl of Triton X-100 RS. In a cuvette containing
200 µl of phosphate buffer and 50 µl of tissue extract, 250 µl of 0.066 M H2O2 (in
phosphate buffer) was added and decrease in optical density was measured at 240 nm
for 60 seconds. The molar extinction coefficient of 43.6 M cm–1 was used to deter-
mine catalase activity. One unit of activity is equal to the μ moles of H2O2 degraded/
min/mg protein.

Interactive effects of exercise and ethanol on myocardial antioxidant system 177

Acta Biologica Hungarica 58, 2007



178 K. PUSHPALATHA et al.

Acta Biologica Hungarica 58, 2007

Xanthine oxidase (XOD)

Xanthine oxidase activity was estimated by the dye reduction method of Srikanthan
and Krishnamurthy [46]. Tissue homogenate (10%) was prepared in 0.25 M sucrose
solution and was centrifuged at 2500 g for 15 minutes. The assay mixture contained
100 µmoles of sodium phosphate buffer (pH 7.4), 50 µmoles of xanthine, 0.1 µmole
of NAD, 0.4 µmoles of INT and the enzyme source. The reaction was initiated by the
addition of 20 mg of enzyme source and incubated at 37 °C for 30 min. The reaction
was stopped by the addition of 5 ml of glacial acetic acid and the formazan formed
was extracted into toluene and read at 495 nm against toluene blank. The activity was
expressed in µmoles of formazan formed/mg protein/hour.

Lipid Peroxidation (LPO)

This assay was used to determine malondialdehyde (MDA) level as described by
Ohkawa et al. [38]. Five % tissue homogenate was prepared in ice-cold 1.5% KCl.
The tissue homogenate (200 µl) was added to 50 µl of 8.1% sodium dodecyl sulfate
(SDS), vortexed and incubated for 10 min at room temperature. Twenty percent
acetic acid (375 µl; pH 3.5) and 375 µl of thiobarbituric acid (0.6%) were added and
placed in a boiling water bath for 60 min. The samples were allowed to cool at room
temperature. A mixture of 1.25 ml of butanol: pyridine (15 : 1) was added, vortexed
and centrifuged at 1000 rpm for 5 min. The colored layer (500 µl) was measured at
532 nm using 1,1,3,3-tetraethoxy propane as a standard.

Protein

Protein was estimated by the method of Lowry et al. [32] using bovine serum albu-
min as standard.

Statistical analysis

Comparison of estimated parameter values among treatments [SC, Ex, Et and Ex + Et
(4 levels)] and age [Young and Old (2 levels)] has been carried out using Two-way
Analysis of Variance (ANOVA) with multiple (six) observations in each combina-
tion. The F-value due to age, due to treatment and due to interaction is obtained from
the ANOVA, run with the help of SPSS 11.5. Multiple comparisons using Dunnet’s
test have been carried out to compare the mean of each treatment with control sepa-
rately for younger and older age groups.



RESULTS

In the present study a significant (p < 0.05) age-dependent decrease in the activities
of SOD and CAT was observed in the rat myocardium in all treatment groups indi-
cates degradation of ROS scavenging enzymes, which are lowered with age (Figs 1
and 2). Where as, XOD and LPO levels were significantly (p < 0.05) enhanced with
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Fig. 2. Effect of exercise (Ex), ethanol (Et) and combination of the two (Ex + Et) for a period of 2 months
on Catalase (CAT) activity in myocardial (Heart) tissue of male albino rats of Young (3 months) and Old
(18 months) age groups. Values represent mean ± SD, n = 6 rats. The values are significantly different

(p < 0.05) compared to sedentary control (SC) (*), exercise ( ) and ethanol ( )

Fig. 1. Effect of exercise (Ex), ethanol (Et) and combination of the two (Ex + Et) for a period of 2 months
on Superoxide dismutase (SOD) activity in myocardial (Heart) tissue of male albino rats of Young
(3 months) and Old (18 months) age groups. Values represent mean ± SD, n = 6 rats. The values are
significantly different (p < 0.05) compared to sedentary control (SC) (*), exercise ( ) and ethanol ( )
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age, which clearly established susceptibility of myocardium to peroxidation (Figs 3
and 4). Exercise training to the animals for a period of 2 months significantly
enhanced the SOD, CAT, XOD and LPO levels in the myocardium of both younger
(26%, 57%, 20% and 16%, respectively) and older (23%, 51%, 30%, 23%, respec-
tively) age groups of rats demonstrates, ROS scavenging machinery was upregulat-
ed due to exercise training.

Fig. 3. Effect of exercise (Ex), ethanol (Et) and combination of the two (Ex + Et) for a period of 2 months
on Xanthine Oxidase (XOD) activity in myocardial (Heart) tissue of male albino rats of Young
(3 months) and Old (18 months) age groups. Values represent mean ± SD, n = 6 rats. The values are
significantly different (p < 0.05) compared to sedentary control (SC) (*), exercise ( ) and ethanol ( )

Fig. 4. Effect of exercise (Ex), ethanol (Et) and combination of the two (Ex + Et) for a period of 2 months
on Lipid peroxidation (LPO) in myocardial (Heart) tissue of male albino rats of Young (3 months)
and Old (18 months) age groups. Values represent mean ± SD, n = 6 rats. The values are significantly

different (p < 0.05) compared to sedentary control (SC) (*), exercise ( ) and ethanol ( )



Ethanol treated rats showed a significant (p < 0.05) decrease in the activity of SOD
and CAT in both the age groups established low levels of enzyme activity due to
ethanol intoxication, where as a significant increase was observed in the XOD and
LPO levels with ethanol consumption. The combination of exercise plus ethanol sig-
nificantly (p < 0.05) elevated the SOD and CAT activities when compared to ethanol
treated rats (Figs 1 and 2). This increase was more pronounced in the younger rats
(11% and 293%, respectively) than the older rats (18% and 33%, respectively). The
combination decreased the XOD and LPO levels in both the age groups of rats com-
pared to ethanol treated rats, suggests that the exercise training is possibly modulat-
ing the antioxidant enzyme machinery to overcome the ethanol induced ROS pro-
duction (Figs 3 and 4).

DISCUSSION

The results of the present study demonstrated an age-dependent decrease in SOD and
CAT activities. Similar decrease was reported by several investigators in human
skeletal muscle [32] and in rat liver and myocardium [22, 23]. The age-dependent
decrease in the SOD activity observed in the present study indicates either reduced
synthesis of the enzyme or elevated degradation or inactivation of the enzyme as age
advances. An age-dependent increase in the activity of XOD and LPO was observed
in the present study. The elevated levels of XOD might result in generation of free
radicals of oxygen and thereby increased uric acid production and lipid peroxidation.
Our studies also reported similar age-dependent increase in uric acid [26]. The ele-
vated enzyme activity also indicates the nitrogen balance of the tissue, where XOD
is produced when the native form of XDH is altered by sulfhydral oxidation or by
limited proteolysis [9]. Ji et al. [21] observed progressive increase in MDA levels of
muscle with age. Increased MDA content with age implies that senescent myocardi-
um may not have sufficient antioxidant defense to cope with the increased oxidative
stress.

The enhanced SOD activity suggests that its activation results from augmented
exercise-linked mitochondrial O2∙

– production. Increased catalase activity in the pre-
sent study suggests its active involvement in decomposition of hydrogen peroxide
during treadmill exercise. Several studies demonstrated that exercise training
increase the SOD and CAT activities in heart, liver, lung and skeletal muscle of rat
[14, 22, 23]. We observed a significant increase in the XOD enzyme activity in the
myocardium of treadmill exercised rats of both the age groups, when compared to the
sedentary controls. Similarly, swimming training increased XOD activity in young
and old rats [12] and the extent of increase being greater in old mice than in young
mice [37]. Conversion of XDH to XOD under exercise-induced stress might be one
of the reasons for elevated XOD activity in the present study. High levels of XOD
activity observed in the myocardium of exercised rats also suggest that the tissue
favors detoxification of ammonia by channeling the same towards uric acid synthe-
sis thereby maintaining nitrogen balance in the tissue on one hand and providing

Interactive effects of exercise and ethanol on myocardial antioxidant system 181

Acta Biologica Hungarica 58, 2007



182 K. PUSHPALATHA et al.

Acta Biologica Hungarica 58, 2007

antioxidant on the other hand under oxidative stress. The heart is an aerobic organ
and has one of the highest mass-specific oxygen consumption rates in the body;
therefore, the heart copes with high rates of oxidant formation and stress. Heart tis-
sue has four times less SOD activity than the liver, and the catalase activity is also
extremely low [45]. Reflective of this stress is the accumulation of MDA in hearts of
chronically exercised animals. The present results also support the idea [21] that
chronic exercise has dual effects: chronic exercise results in oxidant formation and
oxidative stress and perhaps as a consequence induces antioxidant enzymes and
antioxidant synthesis that minimize the effect of oxidants.

Several studies reported that the activities of SOD and CAT were decreased with
ethanol consumption in the liver, heart, brain, kidney, skeletal muscle and serum [21,
39]. The current results are in consistent with the above results. Ethanol metabolism
by cytochrome P450 leads to the formation of hydrogen peroxide, a precursor of a
more potent ROS, such as the hydroxyl radical, which is decomposed by CAT.
Riebiere et al. [43] reported that ethanol load elicits a decrease in the activity of
extra-peroxysomal catalase, which precedes a reduction in the cytosolic Cu/Zn-SOD.
Since O2•

– radicals can inactivate catalase [27] while H2O2 can inactivate Cu/Zn-
SOD [13], an over production of O2•

– could represent the initiator of the observed
disturbances in both enzymes (Figs 1 and 2). XOD activity was enhanced after expo-
sure to ethanol suggesting that XOD might have contributed to enhance free radical
production and lipid peroxidation following ethanol administration. Abbondanza et
al. [1] reported an increase in the XOD form after repeated ethanol administration
and an increase in the intermediate XDH/XOD form (able to react with O2 as well as
with NAD+ as electron acceptor) after prolonged ethanol feeding. Level of lipid per-
oxidation (LPO) could be taken as a marker for the oxidative stress. Hence, LPO was
detected in the present study. The depletion of myocardial GSH levels along with
increased levels of lipid peroxidation in chronic ethanol-fed rats reflected the oxida-
tive injury to the myocardium. GSH depletion in the tissue has been reported to be a
prime factor in the potentiation of lipid peroxidation [49]. Data from our lab, which
also showed depleted levels of GSH, attests these results [26]. 

It has been reported that ingestion of ethanol adversely influenced treadmill exer-
cise performance in humans [26]. Exercise combined with ethanol consumption pro-
duced a synergistic increase in hepatic cytochrome P 450-dependent activity [4]. In
the present study, the combination of exercise training and ethanol ingestion aug-
mented both SOD and CAT activities in the myocardium of both the age groups of
rats, whereas, this increase in catalse activity was more in younger rats than older age
group, suggesting that exercise training may help to develop a resistance in the heart
to cope with ethanol induced oxidative injury and to maintain the antioxidant system.
It was also suggested that the increase in body temperature during exercise, as evi-
denced by enhanced heat production, might also increase the activity of hepatic
enzymes involved in the metabolism of ethanol [46]. Thus, most of the ingested
ethanol following exercise may be rapidly metabolized. The enhanced SOD activity
may be due to a compensatory mechanism to cope with excess O2•

– radicals. The
combination of exercise plus ethanol significantly decreased the XOD activity in



both the age groups, however this decrease was more pronounced in older age group
when compared to younger rats. This may be due to down regulation of purine
metabolism that leads to the low profile of xanthine, hypoxanthine levels which are
necessary for high activity of XOD. The combination of exercise plus ethanol
decreased the lipid peroxidation levels almost to normalcy that was observed in
sedentary control rats. Kendrick et al. [27] reported that ingestion of ethanol adverse-
ly influenced treadmill exercise performance in humans. The combination of chron-
ic exercise and ethanol ingestion resulted in a decrease in myocardial lipid peroxida-
tion, suggesting that ethanol ingestion following chronic exercise training may help
to ameliorate the alterations caused by ethanol or exercise alone. Several investiga-
tors reported similar decrease in LPO with the combination of exercise plus ethanol
in rats [16, 17].

The present findings suggest that both aging and ethanol treatment influences the
oxidative stress and antioxidant capacity in the myocardial tissue of rats. The find-
ings of the present investigation on the potential role of antioxidant enzymes to
counter the ethanol-induced pro-oxidants showed an increase with the interaction of
exercise training, however, with age, a decrease in this antioxidant enzyme capacity
was observed. This reveals that the old age rats were more affected to the pro-oxi-
dants when compared to the young age rats. To conclude, the present findings on
antioxidant enzymes (superoxide dismutase and catalase) and oxidative stress mark-
ers (lipid peroxidation and xanthine oxidase) demonstrate that two months treadmill
endurance exercise training is beneficial to both young and old rats in improving
antioxidant defense to challenge the oxidative stress in the myocardial tissue and
thereby successfully countering the free radical production due to ethanol intoxica-
tion. Thus, this study has clinical and pharmacological relevance in countering the
ROS mediated alcoholic cardiac myopathy and certain degenerative diseases associ-
ated with aging by performing treadmill endurance exercise
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