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SAŽETAK

Superoksid dismutaza (SOD), prva linija antioksidativnog 

zaštitnog sistema, enzim je koji je u prethodnim istraživanjima 

bio najpodložniji promenama usled uticaja trenažnog procesa. 

Ovaj enzim je takođe bio onaj po kom su se dobro utrenirani i 

netrenirani ispitanici istraživanja razlikovali. Cilj naše studi-

je bio je utvrđivanje razlike u odgovoru parametara redoks 

ravnoteže na jednokratno fi zičko vežbanje kod ispitanika sa 

različitom bazalnom aktivnosti SOD. 24 mlada rukometaša 

podvrgnuta su maksimalnom progresivnom testu opterećenja. 

Neposredno pre i nakon testa opterećenja ispitanicima su 

uzeti uzorci krvi, radi biohemijske analize parametara re-

doks ravnoteže – u plazmi je određivan nivo superoksid anjon 

radikala (O2-), hidrogen peroksida (H2O2), azotnog monok-

sida (NO, određivanog preko nitrita NO2-), indeksa lipidne 

peroksidacije (TBARS), a u eritrocitima aktivnost superoksid 

dismutaze (SOD) i katalaze (CAT). Jednokratno vežbanje 

izazvalo je statistički značajne promene svih praćenih param-

etara, osim O2-, a najznačajnije promene uočene su u grupi 

ispitanika sa najnižom bazalnom aktivnosti SOD. Značajnije 

korelacije pronađene su između bazalne aktivnosti SOD 

i H2O2, i SOD i NO (NO2-). Ovi rezultati navode nas na 

zaključak da bazalna aktivnost SOD određuje efekte vežbanja 

na redoks ravnotežu.

Ključne reči: oksidativni stres, redoks ravnoteža, super-

oksid dismutaza, sportisti, vežbanje.

ABSTRACT 

Superoxide dismutase (SOD), a fi rst line of defence en-

zyme in red blood cells, has been commonly found to be in-

fl uenced by chronic exercise and can be used to diff erentiate 

between well-trained subjects and controls. Th e aim of our 

study was to assess the diff erences in the pro-oxidant and an-

tioxidant responses to acute exercise in subjects with diff erent 

basal levels of SOD activity. For this study, 24 young hand-

ball players were subjected to a maximal graded exercise test, 

and blood samples were taken immediately before and after 

the exercise. Th e blood samples were used to determine the 

levels of superoxide anion radicals (O2-), hydrogen peroxide 

(H2O2), nitric oxide (NO, estimated by measuring nitrites 

NO2-), lipid peroxidation (estimated by measuring thiobar-

bituric acid reactive substances, TBARS), SOD activity and 

catalase (CAT) activity. Acute exercise induced statistically 

signifi cant changes in all of the investigated biochemical 

parameters of redox homeostasis except O2-, and the most 

signifi cant changes in these parameters were observed in the 

group of athletes with the lowest pre-exercise SOD activity. 

Signifi cant correlations were found between the basal SOD 

activity and H2O2 and between basal SOD activity and NO 

(NO2-). Th ese results suggest that pre-exercise SOD activity 

determines the eff ects of exercise on redox homeostasis.

Keywords: oxidative stress, redox homeostasis, superox-

ide dismutase, athletes, exercise.

Abbreviations used:

ADS - antioxidative defence system;
CAT - catalase;
GGSG - oxidised glutathione;
GPx - glutathione peroxidase;
GSH - reduced glutathione;
GXT - graded exercise test;
RBCs - red blood cells;
RONS - reactive oxygen and nitrogen species;
ROS - reactive oxygen species;
SOD - superoxide dismutase;
TBARS - thiobarbituric acid reactive substances.

Korišćene skraćenice

ADS - antioksidativni odbrambeni sistem
CAT - katalaze
GGSG - oksidisani glutation
GPx - glutation peroksidaza
GSH - redukovani glutation
GXT - progresivni test opterecenja
RBCs - crvena krvna zrnca
RONS - reaktivne kiseonične i azotne vrste
ROS - reaktivne kiseonične vrste
SOD - superoksid dismutaza
TBARS - reaktivne supstance vezane za tiobarbituričnu kiselinu
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INTRODUCTION

Oxidative stress is a condition in which the cellular pro-

duction of pro-oxidants exceeds the capacity of the anti-

oxidant defence system (ADS) to render the pro-oxidants 

inactive (1). The generation of reactive oxygen and nitro-

gen species (RONS) occurs as a consequence of normal 

cellular metabolism, but excessive production of RONS, 

which appears to be induced by both psychological and 

physical stress, may contribute to pathological processes 

and diseases (2, 3).

Exercise training is associated with numerous health 

benefits (4, 5), but it can also be viewed as an intense physi-

cal stressor that could lead to increased cellular oxidative 

damage (6). It has been suggested that acute exercise in-

duces oxidative stress in the blood (7-12), but that repeat-

ed exposure of the system to increased RONS production 

from chronic exercise training leads to an upregulation 

in the body’s ADS (7, 8, 13, 14). This improvement in the 

ADS should provide adaptive protection from RONS dur-

ing subsequent training sessions as well as during exposure 

to non-exercise related conditions (15).Because the levels 

of superoxide dismutase (SOD), a first line of defence en-

zyme in red blood cells (RBCs), were commonly found to 

altered by the influence of both acute and chronic exercise 

(17-19) and could be used to differentiate between well-

trained subjects and controls (13, 20, 21), we hypothesised 

that the levels of SOD pre-exercise (basal) activity would 

determine the extent of oxidative stress induced by acute 

exercise. Thus, the aim of our study was to assess the dif-

ferences in the responses to acute exercise in subjects with 

different basal levels of SOD activity.

MATERIAL AND METHODS

Subjects 

The research was performed with a group of 24 male 

athletes who were all young handball players. All partici-

pants were healthy, used no medications or supplements, 

and were non-smokers. They were asked not to perform any 

heavy physical activity in the 24 h before the test and not to 

consume alcohol in the 48 h before the test. All participants 

and their parents gave written informed consent. The study 

was done in accordance with the Helsinki Declaration and 

approved by the Ethical committee of the Medical Faculty, 

University of Kragujevac.

Protocol

The research period started at 8 AM in the morning. 

After the participants filled in a standard sports medicine 

questionnaire and passed a standard sports medicine ex-

amination, a blood sample was taken from an antecubital 

vein. Body composition was estimated with the bioimped-

ance method using a Biospace InBody 720 apparatus. Next, 

the athletes were subjected to a maximal graded exercise 

test (GXT) on a bicycle ergometer (Kettler AX1). The load 

was set to 2 W/kg and was increased every 3 min for 50 W; 

the subjects were instructed to ride at 60 rpm. We hypoth-

esised that the maximal oxygen consumption (VO
2 

max) 

was reached when the oxygen consumption reached a pla-

teau (the time at which increasing the workload does not 

cause an increase in oxygen consumption) (22). Oxygen 

consumption was directly measured using a Cosmed Fit-
mate Pro apparatus. Immediately after finishing the GXT, 

another blood sample was collected.

Later, during the data analysis, the athletes were divid-

ed into three groups based on their basal SOD activity: 1) 

athletes with low basal SOD activity, 2) athletes with aver-

age basal SOD activity, and 3) athletes with high basal SOD 

activity. Group classification was performed according to 

tertiles that were generated from the basal SOD activity 

values of all subjects because there are not widely accepted 

cut-off values.

Biochemical assays 

Blood samples were taken from an antecubital venule 

and placed into a Vacutainer test tube containing a sodium 

citrate anticoagulant. Blood was centrifuged to separate the 

plasma from the RBCs. Biochemical parameters, including 

superoxide anion radicals (O
2

-), hydrogen peroxide (H
2
O

2
), 

nitric oxide (NO), thiobarbituric acid reactive substances 

(TBARS, an index of lipid peroxidation), SOD and catalase 

(CAT) were measured spectrophotometrically.

Determination of antioxidant enzyme activities

Isolated RBCs were washed 3 times with 3 volumes of 

ice-cold 0.9 mmol/l NaCl, and hemolysates containing ap-

proximately 50 g/l haemoglobin (Hb) (prepared according 

to the protocol of McCord and Fridovich (23)) were used 

for the determination of CAT activity. CAT activity was 

determined according to Beutler (24). Lysates were diluted 

with distilled water (1:7 v/v) and treated with chloroform-

ethanol (0.6:1 v/v) to remove Hb (25). Then 50 μl catalase 

buffer, 100 μl sample and 1 ml of 10 mM H
2
O

2 
were added 

together. Spectrophotometric measurements were obtained 

at 360 nm. Double distilled water was used as a blank probe. 

SOD activity was determined by the epinephrine method 

of Misra and Fridovich (26). Briefly, 100 μl of lysate and 1 

ml of carbonate buffer were mixed, and then 100 μl of epi-

nephrine was added. SOD activity levels were determined 

by spectrophotometric measurements at 470 nm.

Nitric oxide determination

NO decomposes rapidly and forms stable metabolite 

nitrite/nitrate products. Nitrite (NO
2

-) levels were deter-

mined as an index of NO production using Griess reagent 

(27). Briefly, 0.1 ml of 3 N perchloride acid (PCA), 0.4 ml of 

20 mM ethylenediaminetetraacetic acid (EDTA) and 0.2 ml 

of plasma were put on ice for 15 min and then centrifuged 

for 15 min at 6000 rpm. After pouring off the supernatant, 

220 μl K
2
CO

3
 was added. Nitrites levels were measured at 

550 nm. Double distilled water was used as a blank probe.
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Superoxide anion radical determination

Levels of the superoxide anion radical (O
2

-) were mea-

sured using a Nitro Blue Tetrazolium (NBT) reaction in 

Tris buffer with the collected plasma samples and mea-

surements were obtained at 530 nm (28).

Hydrogen peroxide determination

The method for determination of H
2
O

2
 levels was based 

on the oxidation of phenol red in the presence of horseradish 

peroxidase (POD) (29). Briefly, 200 μl of sample with 800 μl 

of Phenol Red Solution (PRS) and 10 μl of POD were mixed 

(1:20). The H
2
O

2
 measurements were obtained at 610 nm.

Determination of lipid peroxidation

by measurement of TBARS

The degree of lipid peroxidation in plasma was esti-

mated by measuring TBARS. TBARS were measured by 

incubating plasma in 1% thiobarbituric acid (TBA) and 

0.05 NaOH at 100°C for 15 min and then performing spec-

trophotometric readings at 530 nm. Double distilled water 

was used as a blank probe. A TBA extract was obtained by 

incubating 0.8 ml plasma and 0.4 ml trichloro acetic acid 

(TCA) on ice for 10 min and then centrifuging the sample 

for 15 min at 6000 rpm. This method was previously de-

scribed by Ohkawa (30).

Statistics

Statistical analysis was performed using the statistical 

package SPSS 10.0 for Windows. The results are expressed 

as the means ± standard deviation in the text and in the 

tables or as the means ± standard error of the mean in the 

figures. After testing the distribution of the data with a 

Shapiro-Wilk test, the difference between the mean values 

from two related samples (i.e., before and after the GXT) 

were assessed by a Paired t-test or Wilcoxon test, where-

as the difference between the mean values between the 3 

groups gathered at a similar sampling time were assessed 

either by an ANOVA or a Kruskal-Wallis test. Correlation 

between the various variables was determined by a bivari-

ate correlation, by using either Pearson’s or Spearman’s co-

efficient of correlation.

RESULTS 

Demographic and clinical characteristics of the study 

subjects are shown in Table 1. The GXT induced changes 

in 5 out of the 6 investigated parameters of redox homeo-

stasis (Table 2).  Based on tertiles calculated from the basal 

SOD activity values of each subject, three groups were 

established, including  athletes with low basal SOD activ-

ity (n=8; 291.0±141.9 U/g Hb x103),  athletes with average 

basal SOD activity (n=8; 1508.9±440.9 U/g Hb x103), and  

athletes with high basal SOD activity (n=8; 4980.7±1417.3 

U/g Hb x103).

A correlation was not found between the VO
2 
max and 

the level of basal SOD activity (i.e., VO
2 

max did not dif-

fer between the “basal SOD groups”, P=0.823; correlation 

between basal SOD activity and VO
2 

max, r=0.966). Cor-

Characteristic X±SD

Age (years) 16.1±0.6

Height (cm) 182.5±5.8

Weight (kg) 77.0±9.5

Body mass index 23.1±2.6

Fat (%) 11.3±4.4

Muscle (%) 50.4±2.5

Duration of sports

engagement (years)
6.8±1.8

Maximal oxygen

consumption (ml/kg/min)
46.7±6.1

Table 1. Demographic and clinical characteristics of the study group.

Parameter

(X±SD)

Graded exercise test P
Pre- Post-

О
2
- (nmol/ml) 5.6±4.8 6.3±5.5 .466

H
2
О

2
 (nmol/ml) 2.8±1.6 4.5±2.8 .001**

NО
2 
-  (nmol/ml) 2.2±1.5 3.0±0.8 .037*

TBARS (μmol/ml) 0.1±0.1 0.5±0.3 .000**

SOD (U/g Hb x103) 2260.2±2189.9 1353.2±2123.6 .016*

CAT (U/g Hb x103) 11.0±8.5 5.2±4.1 .002**

Table 2. Pre- and post-exercise values of the parameters of
oxidative stress in all athletes.

Parameter SOD Before GXT

О
2
- before GXT -. 135

О
2
- after GXT -. 129

H
2
О

2
 before GXT -. 508*

H
2
О

2
 after GXT -. 500*

NO
2
- before GXT  . 497*

NO
2
- after GXT -. 163

TBARS before GXT  . 167

TBARS after GXT -. 286

CAT before GXT -. 275

CAT after GXT  . 220

SOD after GXT  . 750**

Table 3. Correlation coeffi  cient (r) of superoxide dismutase (SOD)

activity before the graded exercise test (GXT) and the other redox

parameters measured before and after the GXT.

relations generated by comparisons of basal SOD activity 

with all investigated biochemical parameters before and 

after GXT are shown in Table 3. Statistical differences of all 

investigated biochemical parameters between the groups 

defined by basal SOD activity are shown in Table 4 and in 

Figures 1-6; these figures also show the significant changes 

of certain parameters in each group before and after GXT. 
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Pre-exercise SOD

activity group

X±SD Test

Razlika između 2 merenjaBefore GXT After GXT

О
2
- (nmol/ml)

Low (n=8) 6.8±5.5 6.0±5.6 P=1.000

Average (n=8) 3.5±2.4 5.5±4.0 P=0.154

High (n=8) 6.5±5.6 7.4±7.1 P=0.889

Test

Razlika medju grupama
P=0.324 P=0.968

H
2
О

2
 (nmol/ml)

Low (n=8) 3.8±2.1 6.5±2.2 P=0.035*

Average (n=8) 2.9±1.2 4.2±2.6 P=0.090

High (n=8) 1.6±0.4 2.8±2.5 P=0.069

Test

P=0.012*

Low vs. high P=0.010**

Average vs. high P=0.010**

P=0.047*

Low vs. high P=0.010**

NО
2
- (nmol/ml)

Low (n=8) 1.0±1.1 3.3±0.9 P=0.002**

Average (n=8) 2.6±1.5 2.7±0.6 P=0.776

High (n=8) 2.8±1.3 2.9±0.8 P=0.798

Test

P=0.021*

Low vs. average P=0.027*

Low vs. high P=0.008**

P=0.339

TBARS (μmol/ml)

Low (n=8) 0.12±0.10 0.61±0.53 P=0.018*

Average (n=8) 0.13±0.08 0.34±0.06 P=0.000**

High (n=8) 0.15±0.09 0.47±0.25 P=0.026*

Test P=0.784 P=0.228

SOD (U/g Hb x103)

Low (n=8) 291.0±141.9 75.2±97.4 P=0.025*

Average (n=8) 1508.9±440.9 673.6±653.8 P=0.066

High (n=8) 4980.7±1417.3 3310.9±2757.8 P=0.198

Test

P=0.000**

Low vs. average P=0.000**

Low vs. high P=0.000**

Average vs. high P=0.000**

P=0.000**

Low-average P=0.007**

Low-high P=0.000**

Average-high P=0.010**

CAT (U/g Hb x103)

Low (n=8) 12.6±7.8 3.9±1.7 P=0.020*

Average (n=8) 10.7±4.1 6.4±6.2 P=0.123

High (n=8) 6.5±1.6 5.8±2.9 P=0.423

Test P=0.185 P=0.583

Table 4. Pre- and post-exercise values of pro-oxidants and antioxidants in the groups of athletes defi ned by

pre-exercise superoxide dismutase (SOD) activity.
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Figure 1. Levels of superoxide anion radical (nmol/ml) before and after 
GXT in the groups of athletes defi ned by basal SOD activity (results are 
presented as the means ± SE).

Figure 3. Levels of nitrites (nmol/ml) before and after the GXT in the 
groups of athletes defi ned by basal SOD activity (results are presented as 
the means ± SE).

Figure 5. Activity of SOD (U/g Hb x103 nmol/ml) before and after the 
GXT in the groups of athletes defi ned by basal SOD activity (results are 
presented as the means ± SE).

Figure 2. Levels of hydrogen peroxide (nmol/ml) before and after the 
GXT in the groups of athletes defi ned by basal SOD activity (results are 
presented as the means ± SE).

Figure 4. Levels of TBARS (μmol/ml) before and after the GXT in the 
groups of athletes defi ned by basal SOD activity (results are presented as 
the means ± SE).

Figure 6. CAT activity (U/g Hb x103 nmol/ml) before and after the GXT 
in the groups of athletes defi ned by basal SOD activity (results are pre-
sented as the means ± SE).
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Superoxide anion radical

No significant difference was found in the levels of 

O
2

- either between groups or between pre- and post-GXT 

measurements in any group.

Hydrogen peroxide

Significantly different values of H
2
O

2
 were observed be-

tween the groups both before (P=0.012) and after the GXT 

(P=0.047). Before the GXT, the group with high basal SOD 

activity had significantly lower levels of H
2
O

2 
than both the 

average and low basal activity groups (P=0.010 for both). 

In addition, after the GXT, there was a significant differ-

ence in the H
2
O

2
 levels between groups (P=0.047), but this 

difference was only between the groups with low and high 

SOD activity (P=0.010). The levels of H
2
O

2
 were signifi-

cantly changed after GXT only in the group with low basal 

SOD activity (P=0.035).

Nitric oxide (nitrites)

NО
2

- differed between the groups in the samples col-

lected before the GXT (P=0.021). The group with low basal 

SOD activity had lower levels of NО
2

- than both the aver-

age and high basal SOD activity groups (low vs. average, 

P=0.027; low vs. high, P=0.008). The levels of  NО
2

- signifi-

cantly changed after the GXT only in the group with low 

basal SOD activity (P=0.002).

Index of lipid peroxidation – TBARS

Lipid peroxidation did not differ between groups, 

but TBARS levels increased after the GXT in all groups 

(P=0.018, P=0.000, P=0.026 for low, average and high basal 

SOD activity groups, respectively).

Superoxide dismutase

SOD remained significantly different between the 

groups after the GXT (P=0.000) (low vs. average, P=0.007; 

low vs. high, P=0.000; average vs. high, P=0.010). SOD 

activities significantly changed after the GXT only in the 

group with low basal SOD activity (P=0.025). 

Catalase

CAT activity did not differ between the groups, but 

there was a significant change observed between the CAT 

measurements before and after the GXT in the group with 

low basal SOD activity (P=0.020).

DISCUSSION

Oxidative stress has been suggested to play a primary or 

secondary role in the development of more than 100 acute 

and chronic human diseases (31-33). In sports medicine, 

it is thought that increased oxidative stress may be associ-

ated with chronic fatigue syndrome (34, 35) and might also 

be related to overtraining syndrome (8, 36-38). Overload 

training can lead to an impaired antioxidant defence and 

the absence of the anticipated adaptations to training (39) 

as well as distortion of the redox state balance (8). Further-

more, overload training can induce inflammation, which 

is related to oxidative stress (37). Thus, the importance of 

understanding the effects of exercise on redox homeostasis 

and finding a method to alleviate the extent of its harmful 

effects represents one of the most important goals in exer-

cise physiology research.

Data on the acute effects of exercise on redox homeo-

stasis in humans are controversial because of the many 

types of exercise and experimental conditions used in pre-

vious studies, which do not allow for comparisons between 

studies (9, 12, 17, 18, 40-50). The extent of oxidative stress 

induced by an acute bout of exercise depends on many fac-

tors, such as exercise mode, intensity, and duration and the 

participant’s state of training, gender, age, and nutrition 

habits (7,52).

In our study, a maximal progressive exercise test in-

duced significant changes in nearly all of the investigated 

parameters, which suggests that this kind of exercise is a 

potent oxidative stress inducer or that the ADS in our sub-

jects was not able to efficiently resist the generated pro-

oxidants. Variable results have been reported by previous 

studies that investigated redox homeostasis disturbance 

after some type of ergometer maximal test (46-51). De-

kany, who explored the antioxidative status of basketball, 

handball, water polo and hockey players, formed his study 

groups based on their measured (increasing or decreasing) 

SOD activity with exercise (47). Tauler et al. reported that 

a maximal exercise test on a cycle ergometer produced no 

changes in the erythrocyte antioxidant enzyme activities 

of amateur sportsmen (48). Moreover, Podgorsky report-

ed no change TBARS levels after a maximal incremental 

treadmill test (49). A study by Antoncic-Svetina et al. sug-

gested that ergometry induced production of hydroxyl 

radicals and a systemic oxidative stress response in healthy 

subjects (50). Demirbag et al. demonstrated that treadmill 

exercise testing increased oxidants and decreased total an-

tioxidant capacity, shifting the balance towards the oxida-

tive state, but this stress was not enough to produce DNA 

damage (51). The only conclusion that can be drawn from 

these data is that additional, more homogenous studies are 

needed to clarify the influence of maximal ergometer tests 

on redox homeostasis.

During the analysis of the oxidative status of the ath-

letes at rest, depending on the basal SOD activity of the 

group, it was noticed that there was a linear correlation 

between SOD and all other measured parameters, with the 

exception of O
2

-; however, this correlation was statistically 

confirmed only for SOD and H
2
O

2
 (negative correlation) 

and SOD and NO
2

- (positive correlation). The study sub-

jects with the lowest basal SOD activity had the highest 

levels of H
2
O

2 
and the highest CAT activity, whereas their 

NO (NO
2

-) levels were the lowest. A negative correlation 

between SOD and CAT was not found to be statistically 

significant in this study, but we have observed a similar 

correlation in more than one of our previous studies (un-

published data). The correlation between SOD activity 
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and H
2
O

2
 levels

 
could be explained by H

2
O

2
-induced inhi-

bition of SOD activity; according to Blum and Fridovich, 

decreased SOD activity strongly suggests the presence of 

H
2
O

2
, which has been demonstrated to inhibit SOD ac-

tivity in vitro (53). Regular exercise training not only im-

proves antioxidant defence, but also improves endothe-

lial function, i.e., it increases NO bioavailability (54, 55). 

Thus, subjects who had improved antioxidant defence, 

which was estimated by SOD activity, had higher levels of 

NO (NO
2

-). This finding explains the positive correlation 

between NO (NO
2

-) and SOD in subjects at rest. Another 

previously suggested phenomena, NO-mediated CAT in-

hibition (56, 57), is confirmed by our data; as shown in 

Table 4, the subjects who had the highest NO (NO
2

-) lev-

els, the low basal SOD activity group, had the lowest CAT 

activity at rest. Exercise induced a significant rise in NO 

(NO
2

-) levels only in the low basal SOD group, which was 

accompanied by a significant decrease in CAT activity 

(the only significant decrease in CAT activity observed). 

Thus, at rest, the group with low basal SOD activity at rest 

had both the lowest NO (NO
2

-) and highest CAT activity 

levels. Upon the significant increase in NO (NO
2

-) levels, 

NO-mediated inhibition of CAT likely occurred, result-

ing in this group having the lowest CAT activity. Exercise 

also induced significant changes in H
2
O

2 
levels and SOD 

activities in this group, which was the only group, once 

again, in which significant changes of these parameters 

occurred. In addition, this finding supports the theory of 

H
2
O

2
-mediated SOD inhibition.

Our finding that TBARS levels were increased in all 

athletes, regardless of basal SOD activity, supports the 

presumption that this type of intensive exercise has great 

potential to induce oxidative damage. Additionally, recent 

data from other investigations have suggested a positive 

correlation between NO (NO
2

-) and TBARS (58). As in-

dicated by the index of lipid peroxidation, it appears that 

RONS (i.e., NO/NO
2

-) induced damage of the cellular 

membrane. However, particular attention should be given 

when evaluating TBARS because it has been suggested 

that this measurement should be subject to caution due 

to potential malondialdehyde (MDA) overestimation (8); 

nevertheless, it has been accepted as a general marker of 

lipid peroxidation.

The finding of our study that in all study participants, 

5 out of 6 investigated parameters of oxidative stress were 

changed due to an acute bout of exercise is important, but 

it is even more important that the statistical significance 

of this change has its roots in the group of athletes with 

the lowest basal SOD activity. This finding leads us to con-

clude that the pre-exercise SOD activity level determines 

the effects of exercise on redox homeostasis.

A limitation of our study is that we did not measure gluta-

thione peroxidase or the ratio of reduced glutathione to oxi-

dised glutathione, which should be a topic of further investi-

gation. Finding correlations of these parameters of the redox 

state with SOD activity would help to further understand the 

influence of physical activity on redox homeostasis.
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