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Abstract. Study Objectives: This study aimed to compare oxidative stress levels and enzyme activities in biath-
lon skiers and sedentary athletes. Methods: A total of 30 participants, 15 biathlon athletes, and 15 sedentary 
athletes, were included in the study. The athletes were not subjected to a training program but were asked to 
refrain from eating or drinking after 10:00 PM the day before the samples were taken. Blood samples were 
taken from the participants after they were informed about the tests. SOD, CAT, and GPx enzyme activities, 
which are among the lipid peroxidation products, MDA, and antioxidant enzymes, were evaluated spectro-
photometrically. Results: It was showed that SOD (p<0.001), CAT (p<0.01), and GPx (p<0.001) enzyme 
activities were higher in the biathlon athletes compared to those of the sedentary athletes and that the level of 
MDA, an important lipid peroxidation product, was lower in the biathlon group than in the sedentary group 
(p<0.001). Conclusion: As a result, SOD, CAT, and GPx enzyme activities, which are among the lipid per-
oxidation products of MDA and antioxidant enzymes, were evaluated spectrophotometrically. It was deter-
mined that MDA level, which is among the important lipid peroxidation products, decreased in the biathlon 
group and that SOD, CAT, and GPx enzyme activities were increased in the biathlon group compared to the 
sedentary group.
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Introduction

The biathlon, an endurance sport that requires a 
high level of concentration, is an Olympic winter com-
petition that combines cross-country skiing and rifle 
shooting (1, 2). High performance in this sport depends 
on skiing speed, shooting accuracy, and minimizing 
the time spent shooting (1-3). In addition, this tough 
endurance sport requires switching between various 
sub-techniques that require different relative degrees of 
the use of the upper and/or lower body while skiing on 
changing terrains. In addition to performance values and 
physiological parameters, a significant improvement has 
been observed in the quality of athletic performances in 
worldwide biathlon competitions, particularly in terms 

of biomechanical and motor control factors, such as 
postural control, rifle stability, shoulder strength, trig-
gering or aiming strategies (4-10). It is known that cer-
tain enzymes, like MDA, SOD, CAT, and GPX, which 
are among the antioxidants important for metabolism, 
are affected by free radicals. In the light of this infor-
mation, this study aimed to determine and compare the 
oxidative stress levels and antioxidant enzyme activities 
in biathlon athletes and sedentary athletes.

Materials and Method

The study included 30 athletes, 15 biathlon ath-
letes, and 15 sedentary athletes. The athletes were 
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not subjected to a training program, and measure-
ments were taken at rest after the participants were 
informed about the tests. The participants were asked 
to refrain from eating or drinking after 10:00 PM the 
day before the samples were taken. The blood sam-
ples were taken in the morning between 9:00 and 
10:00 AM. A 5 ml blood (fasting) sample was taken 
from the forearm veins and placed into biochem-
istry tubes that were centrifuged at 5000 rpm for 
10 minutes. The obtained serum samples were then 
placed into Eppendorf tubes and stored at -80 de-
grees until biochemical analysis. The blood samples 
were centrifuged, and their serums were separated 
in the biochemistry laboratory of the Faculty of Sci-
ence at Yüzüncü Yıl University. Next, malondialde-
hyde (MDA), superoxide dismutase (SOD), catalase 
(CAT), and glutathione peroxidase (GPx), enzyme 
activity levels were determined spectrophotometri-
cally in the biochemistry laboratory of Van Yüzüncü 
Yıl University, Faculty of Science, Department  
of Chemistry.

Determination of malondialdehyde (MDA) level

The level of malondialdehyde, a lipid peroxida-
tion product formed as a result of the reaction of fatty 
acids with free radicals, was determined using a spec-
trophotometer at 532 nm. Results were expressed in 
µmol/L (11).

Determination of superoxide dismutase (SOD) level

Determination of superoxide dismutase enzyme 
activity was performed according to the method devel-
oped by Williams et al. The enzyme activity values were 
calculated by recording the enzyme activity changes at 
505 nm. Results were expressed in U/m1 (12).

Measurement of catalase (CAT) enzyme activity

CAT enzyme activity levels were determined ac-
cording to the method developed by Aebi et al. Serum 
samples were treated with Tris and HCl at pH 7.4. 
The absorbance change of the enzyme in the serum 
samples was measured at 240 nm with a spectropho-
tometer. Results were expressed in U/m1 (13).

Determination of Glutathione peroxidase (GPx) level

GPx levels were determined according to the 
method developed by Paglia and Valentine. Following 
the standard principle, the enzyme activity was calcu-
lated by measuring the change in absorbance at 340 
nm with the decrease of NADPH. Results were ex-
pressed in U/L (14).

Statistical Analysis

Descriptive statistics were expressed as mean, 
standard deviation, and minimum and maximum val-
ues. The student t-test was used for the comparison of 
groups. The statistical significance level was taken as 
5% in the calculations, and the SPSS 11th Statistical 
Package Program was used to perform the calculations.

Results

SOD, CAT, and GPX enzyme activities, which 
are among the lipid peroxidation products, MDA, 
and antioxidant enzymes, were evaluated spectropho-
tometrically. Evaluation of the results showed that 
the level of MDA, an important lipid peroxidation 
product, was lower in the biathlon group compared 
to that of the sedentary group (p<0.001) (Figure 1). 
SOD (p<0.001) (Figure 2), CAT (p<0.01) (Figure 3), 
and GPx (p<0.001) (Figure 4) enzyme activities were 
found to be higher in the biathlon group compared to 
those of the sedentary group.

Discussion

The current study found that the MDA levels in 
biathlon athletes were significantly lower than those 
in the sedentary group (p<0.001) (Figure 4). Previous 
studies have shown that MDA levels were higher in 
some diseases and lower in healthy individuals (17-19). 
Algül et al. (2018) reported low MDA levels in those 
who exercised (20). Results from previous studies on 
this subject generally support those found in the pre-
sent study. SOD is an important enzyme that scavenges 
peroxide anion radicals and prevents lipid peroxidation 
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Figure 1. MDA levels of groups (*** p<0.001)

Table 1. Antioxidant Enzyme Levels of Sedentary Athletes and Biathlon Athletes

Parameters Sedentary Biathlon p

MDA (μmol/L) 40.72 ± 6.21 13.89 ± 3.96 ***

SOD (U/m1) 645.65 ± 306.62 1552.20 ± 327.21 ***

CAT (U/m1) 1.12 ± 0.92 1.92 ± 1.00 **

GPx (U/L) 29.93 ± 5.61 45.09 ± 5.54 ***

The data are expressed as mean ± standard deviation ** p<0.01. *** p<0.001
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Figure 3. CAT levels of groups (** p<0.01)

due to free radicals (15-21). The present study found 
that SOD (p<0.001) enzyme activities were higher in 
the sedentary group compared to those of the biathlon 
group (Figure 2). Yavuz et al. (2018), in their study, 
observed higher SOD enzyme activity in the patient 
group compared to that of the control group (22), a 

finding consistent with that found in the present study. 
CAT is among the important enzymes that prevent 
free radical accumulation and lipid peroxidation (16). 
Catalase is an enzyme that can be used for common 
and analytical purposes as a compound of hydrogen 
peroxide or glucose biosensors to remove hydrogen 

s4c238
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peroxide, or as an oxidizer or bleach for sterilization 
purposes (23). Evaluation of CAT (p<0.01) enzyme 
activity in the present study showed that it was higher 
in the biathlon group compared to that of the seden-
tary group (Figure 3). Kaplan et al. (2013) reported in 
their study on antioxidant enzyme levels and the effect 
of exercise on syndrome X and the slow coronary flow 
phenomenon that exercise increased CAT enzyme ac-
tivity (24). In the study by Kıyıcı et al. (2010) inves-
tigating blood antioxidant levels after speed exercises 
in alpine skiers, it was reported that CAT enzyme ac-
tivity levels increased after exercise  (25). The related 
findings reported in the literature support the results 
of the present study. GSH-Px plays an important role 
in cell defense against reactive oxygen species (15) It 
was found in the present study that GPx (p<0.001) 
(Figure 4) enzyme activities were higher in the biath-
lon group than in the sedentary group. Li et al. (2012) 
determined in their study on the effects of salidro-
side on extensive exercise-induced oxidative stress in 
rats that GSH-Px enzyme activities increased in the 
rats after exercise, a finding that supports the results 
observed in the present study (26).

Conclusion

As a result, SOD, CAT, and GPX enzyme activi-
ties, which are among the lipid peroxidation products, 
MDA, and antioxidant enzymes, were evaluated spec-
trophotometrically. It was determined that the level of 
MDA, an important lipid peroxidation product, was 
lower in the biathlon group compared to the seden-
tary group and that SOD, CAT, and GPx enzyme ac-
tivities were higher in the biathlon group than in the 
sedentary group.
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