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Background: Normal metabolic functions generate highly reactive compounds called free radicals s (S AR enlihe
in the body. Exercise is accompanied by increased oxygen consumption and enhanced Reactive
Oxygen Species (ROS)/free radical production in humans. These molecules react with cellular
molecules such as proteins, lipids and carbohydrates, and denature them. As a result of this,
vital cellular structures and functions are lost and ultimately resulting in various pathological
conditions. Aims and Objective: The objective of this study was to determine the effect of E-ISSN: 2091-0576
physical exercise on lipid peroxidation and antioxidant enzymes in apparently healthy individuals. P-ISSN: 2467-9100
Materials and Methods: A total of 96 samples were collected from apparently healthy adults aged

between 18 and 25 years before and after morning exercise session. The samples were analyzed

for Total Antioxidant Activity (TAS), pro-oxidant biomarker- malondialdehyde (MDA) and

antioxidant enzymes — catalase (CAT) and glutathione peroxidase (GPx) by spectrophotometic

method. Results: The result shows that TAS after exercise was significantly higher (p <0.001)

than the level before exercise. The MDA level of the subjects after exercise was equally

statistically significantly (p <0.001) higher than the level before exercise. This study therefore

shows that aerobic exercise increases pro-oxidant markers and possibly induces oxidative stress,

the effect of which is countered by an increase in TAS, CAT and GPx. Conclusion: Oxidative

stress following exercise may not deter the benefits of physical exercise.
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INTRODUCTION by the highly powerful antioxidant systems of the cell.' The
enzymatic and non-enzymatic antioxidant defenses include
The ability of the cell to utilize oxygen has provided  superoxide dismutase (SOD), glutathione peroxidase (GPX),
humans with the benefit of metabolizing fats, proteins,  catalase (CAT), ascorbic acid (vitamin C), a-tocopherol
and carbohydrates for energy. Oxygen is a highly reactive ~ (vitamin E), glutathione (GSH), B-carotene, and vitamin
molecule that is capable of becoming part of potentially — A.** Whenever the balance between ROS production and
damaging molecules commonly called free radicals or reactive antioxidant defense is lost, ‘oxidative stress’ results which
oxygen species. About 5% or more of the inhaled oxygenis  through a series of events deregulates the cellular functions
converted to ROS such as superoxide, hydrogen peroxide  leading to various pathological conditions.>®
and hydroxyl radicals by univalent reduction of oxygen.'
Thus cells under aerobic condition are always threatened with Aerobic exercise is accompanied by increased oxygen
the insult of ROS, which however are efficiently taken care of consumption which in turn may increase ROS production.
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Many studies suggest that such physical activity enhanced
ROS production both in animals and in humans.” However,
this phenomenon cannot occur with low exercise intensity.
In such a case, antioxidant capacity is not overwhelmed
and ROS-induced damage does not appear. Moreover, the
more intense the exercise is, the more important the ROS
production and the oxidative stress are.® The increase of
free radical production specific for the anaerobic phase
of exercise may be mediated through various pathways
in addition to electron leakage which is thought to be the
main source of ROS due to acrobic exercise.”! Ischemic
reperfusion of the active muscle is greatly involved in
oxidative stress during and after the anaerobic phase of
exercise. This type of exercise significantly enhances the
catabolism of purins and provokes a fast deoxygenation
which increases the activity of xanthine oxidase and
accelerates free radical production. Therefore, this study
was carried out to measure the effect of exercise on the
activity of antioxidant enzymes in erythrocytes, and MDA
level and total antioxidant concentration in plasma in
sedentary young men.

MATERIAL AND METHODS

Subjects

Ninety six (96) apparently healthy non smoking male
and female subjects aged between 18 and 30 years were
recruited for this study from Enugu State University
Teaching hospital, Parklane, Enugu. Informed consent
was obtained from all the participants after 30 minutes
talk show on exercise and its health benefits. The criteria
for inclusion were established as follows: age bracket of
18-30 years, consent to participate in all stages of data
collection, no history of injury in the one month prior to
the study. The exclusion criteria includes: self reported
history of myocardial infarction, cardio-pulmonary
disease, or any organ dysfunction or those on any form
of medication.

Blood collection

Blood samples were collected from the subjects before
and after a bout of exercise performed between 6:30 am
and 8:30 am and before any breakfast after an overnight
fast. 10 mls of blood was drawn from each subject from
the anticubital vein before exercise and immediately after
exercise into plain sterile test tube. The clotted samples

were centrifuged to extract the serum which was stored
at -20°C.

Biochemical analysis

Malondiadehyde (MDA), a measure of lipid peroxidation,
was analyzed using the method of Ohkawa et al., 1979."
In this method 2.5 ml of 10% trichloroacetic acid and
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0.5 ml of plasma were mixed in a tube and incubated for
15 min at 90°C before cooling with cold water. The mixture
was subsequently centrifuged at 3000 rpm for 10 min.
Thereafter, 2 ml of the supernatant was added to 1 ml of
0.675% TBA solution in a test tube. The tube was sealed
and incubated at 90°C for 15 min and then cooled to room
temperature. The optical density was measured at 532 nm
by a spectrophotometer. MDA was expressed as nmol/ml.

Total antioxidant status (TAS) was assessed according to
the method of Koracevic et al., 2001.!2 It was based on the
principle that a standardized solution of Fe-EDTA complex
reacted with hydrogen peroxide by a Fenton-type reaction,
leading to the formation of hydroxyl radicals. These reactive
oxygen species degraded benzoate, resulting in the release
of TBARS. Antioxidants from the added human serum
caused suppression of the production of TBARS that
was proportional to their concentration. This reaction was
measured spectrophotometrically at 532 nm and the inhibition
of colour development was used as a measure of the TAS.

Catalase activity was measured following the method
of Aebi, 1984." Briefly, the activity was determined by
measuring the decrease in absorbance at 240 nm of a
reaction mixture consisting of H,O,, in phosphate buffer,
pH 7.0 and requisite volume of serum sample. The
molar extinction coefficient of 43.6 M cm™' was used
to determine catalase activity. The specific activity was
calculated and was expressed as umoles/min/mg of total
protein. Glutathione Peroxidase activity was determined
using the Flohe and Gunzler method of 1984."

Ethics

The procedures followed in this study were in accordance
with the ethical standards of University of Nigeria ethics
committee on human experimentation.

Statistical analysis
Results were expressed as mean T standard deviation (SD).
For the comparison, unpaired Student t-test was used.

RESULTS

The serum pro-oxidant biomarker — malondialdehyde
(MDA) of adolescent volunteers after an aerobic exercise
was elevated (1.78+0.2) with percentage increment of 147%
compared with the basal level (0.721+0.02). The p value of
<0.05 showed a statistically significant difference between
the post-exercise and per-exercise values (Figure 1).

Catalase activity in serum of the adolescent volunteers was
also elevated after exercise (0.3131+0.01) with percentage
increment of 20.4% relative to the basal level of 0.26+0.01
as shown in Figure 2.
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Glutathione peroxidase activity after physical exercise
showed a slight increase (0.7410.02) with percentage
increment of 19.4% compared with the basal level
(0.62£0.02) as shown in Figure 3.

The mean TAS of 77.31£3.675 after exercise was
statistically significantly higher (p<0.001) than the mean
TAS of 22.201+2.486 before exercise (Figure 4).

DISCUSSION

While regular exercise is associated with numerous health
benefit, it can be viewed as an intense physical stressor
leading to increased oxidative cellular damage, likely due to
enhanced production of ROS." A single bout of exercise
can result in activation of several distinct systems of radical
generation. Many studies have reported that acute aerobic
exercise contributes to oxidative stress, especially when
performed at high intensity levels and this can be linked to
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Figure 1: Malonaldehyde (MDA) level in the serum of subjects before
and after an exercise session. *P<0.05 (unpaired Student’s t-test)
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Figure 2: Catalase (CAT) level in the serum of subjects before and
after an exercise session. *P<0.05 (unpaired Student’s t-test)

18

increased pro-oxidant activity and inadequate antioxidant
activity relative to pro — oxidants.'

Only exercise of sufficient intensity or duration appears to
lead to increase in free radical production to overwhelm the
antioxidant defenses.!™"? As the results have shown, there
is a significant increase in the serum malondialdehyde, a
marker of lipid peroxidation due to oxidative stress in the
volunteers after an intensive bout of physical exercise. This
agtrees with the findings made by Miyazaki et al., 2001*in
which they stated that a single bout of exercise increased
blood level of MDA. Other studies by Balci et al., 2010*
and Branth et al., 2009** also showed that MDA increased in
untrained individuals doing acute exercise in unusual (high)
intensity and the rise in serum MDA levels is dependent
on exercise intensity.

The serum levels of catalase activity in the adolescent
volunteers were elevated after exercise than the basal level.
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Figure 3: Glutathione peroxidase (GPx) level in the serum of subjects
before and after an exercise session. *P<0.05 (unpaired Student’s
t-test)
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Figure 4: TAS level in the serum of subjects before and after an
exercise session. ***p<0.001 (unpaired Student’s t-test)
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This is in line with the work by Tian et al., 2010, where
they investigated the oxidant and antioxidant status before
and after exercise in adolescent runners and found that
catalase level increased 2hrs after the run.

Glutathione peroxidase (GPx) activity showed an elevated
value from the basal to the post-exercise value by 16.2%
and this increase was found to be significant. In this study,
both the catalase (CAT) and glutathione peroxidase (GPx)
activities were raised from their basal values after physical
exercise. This work also supports the findings of Vider
et al, 2007** where they reported that CAT increased
after exercise at maximal intensity. It is also in support
of the studies conducted by Cebrian et al, 2006* which
demonstrated that CAT and GPx activities were raised after
exercise than at rest. The increased CAT and GPx activities
during exercise provide not only protection from ROS but
also attenuate aging process and promote health.

CONCLUSION

This study shows that oxidative stress following exercise do
exist, but may not deter the benefits of physical exercise.
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