
Does Long-term Exercise Modulate Oxidant/Antioxidant Status in
Humans? Comparison between Lipid Peroxidation and Catalase

Activity in Fresh and Stored Samples*

Ana [verko,a Sandra Sobo~anec,b Tihomir Balog,b,** Borka Ku{i},b

Vi{nja [verko,b and Tanja Marottib

aSchool of Medicine, University of Zagreb, [alata 3, HR-10000, Zagreb, Croatia
bDepartment of Molecular Medicine, Rudjer Bo{kovi} Institute, P.O. Box 180, HR-10002, Zagreb, Croatia

RECEIVED NOVEMBER 26, 2004; REVISED MARCH 2, 2005; ACCEPTED MARCH 15, 2005

Physical activity may have beneficial effects on the balance between oxidant stress and the de-
fense system. The purpose of this study was to evaluate the influence of exercise on oxi-
dant/antioxidant status in both sexes during autumn and winter periods. Since all women were
tested in a low estrogen phase, the possibility to test the same parameters in plasma stored at
low temperature would be of great importance. Oxidant changes in plasma were determined by
measuring the concentration of thiobarbituric acid reactive substances (TBARS). Antioxidant
capacity was measured by catalase (CAT) activity in lysate of erythrocytes. The results showed
significantly higher TBARS concentrations in untrained men compared to women. Antioxidant
capacity was of the same value in both sexes. Exercise did not change the oxidant/antioxidant
status of either sex. The results indicate that women were more protected from oxidant pro-
cesses than men. This finding points to the role of lipid peroxidation in higher incidence of
myocardial infarction in men during winter. Significant changes in the oxidant/antioxidant sta-
tus in stored plasma allowed greater reliability of TBARS and CAT measurements only in fresh
samples.
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INTRODUCTION

Free radicals are derived either from the normal essential
metabolism in human body or are part of the pathome-
chanism followed by increased amounts of free radical
damage products, particularly markers of lipid peroxida-
tion in body fluids. On the other hand, the body main-
tains a pool of compounds with antioxidant activity but
the main system of defense against damage by free radi-
cals is the enzymatic system that opposes oxidation.1

Imbalance between the production of free radicals capa-

ble of causing peroxidation of the lipid layer of cells and
antioxidant defense of the body causes oxidant stress.
Oxidant stress is possibly involved in exercise inflam-
matory conditions, multiple organ dysfunction, ischemic
and reperfusion damage, myocardial infarction, stroke or
other diseases (cancer, atherosclerosis, nephropathy, rhe-
umatoid arthritis, etc.).2,3,4 Maxwell et al.5 pointed out
that the intensity of exercise and training level of the
subjects affects the lipid peroxide (LPO) value. In some
studies, acute physical exercise has been reported as a



stressor with a potential to increase LPO, primarily through
mitochondrial superoxide and hydrogen peroxide gener-
ation, but also via other mechanisms such as ischemia-
reperfusion, catecholamine and neutrophil activation.6

Regular physical exercise may influence the adaptive re-
sponses that have been shown to protect against oxidant
stress induced by exercise. On the other hand, Rokitzky
et al. 7 found LPO amounts to decrease immediately after
a marathon and Hübner et al. 8 in long-distance skiers. A
very inconsistent pattern of oxidant stress produced dur-
ing exercise may, on the other hand, greatly influence
antioxidant function. Toskulkao and Glinsnkon9 reported
that trained runners had higher, Tessier et al.10 decreased
and Duthie et al.11 unchanged antioxidant capacity com-
pared to untrained subjects.

Nowadays it is often speculated that factors such as
species, sex, tissue, age, circadian or seasonal variations
as well as environmental factors (cold, climatic factors)
may influence the oxidant/antioxidant status in humans
and mammalian species.12,13,14,15 Investigations of Sheth
et al.16 and Boulayet et al.17 demonstrated a higher win-
ter incidence of acute myocardial infarction, stroke and
varical bleeding mortality. Results of Chang-Sheng et
al.18 have showed that the warm climate of subtropical
regions does not affect the frequency of myocardial in-
farction. Age and sex difference in skeletal muscle LPO,
where men appeared to be more vulnerable to oxidant
damage than women, was observed by Pansaransa et
al.19 Recently, such questions have been extended to ox-
idant stress induced by various types of exercise. It ap-
pears that hormonal and exercise-induced oxidant/anti-
oxidant status in both sexes of humans and animals are
related in some way.20,21 These findings suggest that any
study of oxidant stress and antioxidant capacity must
take into account seasonal variations and hormonal sta-
tus of the subjects.

The purpose of the present study was to investigate
the influence of long endurance exercise on the plasma
concentration of TBARS (indicator of oxidative stress
and free radical-mediated lipid peroxidation) and CAT
(antioxidant enzyme activated in oxidant stress) in both
sexes during autumn and winter periods. In women, each
plasma sample (i.e., low estrogen phase) has to be tested
in the same hormonal period. Thus, the possibility to test
the same parameters in plasma and lysate of erythro-
cytes stored at low temperatures would be of great help.
The aim of our examination was to compare the oxida-
tion process and antioxidant capacity in fresh and stored
plasma.

EXPERIMENTAL

Chemicals

Trichloroacetic and hydrochloric acid were purchased from
Merck, Darmstadt, Germany. Thiobarbituric acid, hydrogen

peroxide and other chemicals of analytical grade were ob-
tained from Sigma, St. Louis, USA.

Experimental Design

The study involved professional hockey players (men, aver-
age age 28.0±5.0) and professional soccer players (women,
average age 20.6±2.3), as well as age and sex matched un-
trained, non-sporting (control) volunteers (men, average age
24.0±2.5; women, average age 22.6±2.5). Female subjects
were all in a low estrogen phase of their menstrual cycle.
All subjects were thoroughly examined clinically for hema-
tological, biochemical and vital parameters, which were
found within normal limits. Blood was drawn from the cu-
bital vein between 9 and 10 a.m. In highly-trained (endur-
ance exercised) men and women, heparinized blood was
taken prior to training. Heparinized blood samples were
centrifuged and plasma was separated immediately (3000 g
x 5 min at +4 oC). Part of the plasma was tested for oxi-
dant/antioxidant capacity fresh while the other part was
stored at –20 oC and the same parameters were determined
7 days later. The study was approved by the local ethics
committee and informed-consent documents were procured.

Biochemical Analyses

Oxidation of polyunsaturated lipids generates end products
of peroxides, TBARS, mainly malonedialdehyde. Measure-
ment of such aldehydes provides a convenient index of ge-
neral LPO. TBARS levels in plasma were determined spec-
trophotometrically by reaction with 2-thiobarbituric acid to
give a red product absorbing at 535 nm, as described by
Buege and Aostin.22 TBARS concentration were expressed
in nmol per ml of plasma. CAT was determined spectro-
photometrically as described by Aebi23 by measuring ab-
sorbance changes in the reaction mixture using the final
concentrations of 10 mol dm–3 H2O2 and 50 mol dm–3 phos-
phate buffer (pH = 7.0) at 240 nm during a time interval of
30 s after sample addition. The CAT activity was expressed
as the amount of hydrolised H2H2 per minute (�mol min–1)
per mg of hemoglobine (Hb)

Statistical Analysis

Data were reported as means ± SEM of n experiments, each
representing an individual person. Student’s t-test was ap-
plied to define the difference between groups. The level of
significance was set at p<0.05.

RESULTS

TBARS Concentration and CAT Activity in Plasma
of Untrained and Exercised Humans of Both Sexes

TBARS concentration in untrained-control women was
significantly lower (p<0.0001) in comparison to untrain-
ed-control men (Figure 1). Exercise had not effect on the
lipid peroxidation process either in men or women. De-
creased TBARS concentration in exercised men and ex-
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ercised women remained at the same level as in the con-
trol group (about 18 %).

In contrast, CAT activity was of the same value in
untrained groups of both sexes. No difference in CAT
activity between untrained/exercised men and women
was observed.

TBARS Concentration and CAT Activity in Plasma
of Untrained and Exercised Humans of Both Sexes
Stored at –20 oC

TBARS concentration in plasma during a storage period
of 7 days at –20 oC remained unchanged in control-un-
trained men and women (Figure 2). In contrast, a signifi-

cant decrease in TBARS concentration occurred on day
7 after plasma storage at –20 oC in exercised men and
women (p<0.0001; p<0.002, respectively).

Storage of samplies for 7 days at –20 oC for men
and women was associated with decreases in the CAT
activity in both control (approx.: men 30 %; women 28
%) and exercised subjects (approx.: men 38 %; women
30 %) (Figure 3) (p<0.00001).

DISCUSSION

Oxygen involved in the oxidation of substrates to pro-
duce energy in normal metabolic processes can produce
oxygen radicals. Body oxygen uptake is greatly increased
during intense exercise (100–200 times).24 Most of this
oxygen is transformed to water, but approximately 4 %
is converted into superoxide within the electron trans-
port system. However, the oxidant/antioxidant status of
the body in normal physiological conditions and in exer-
cise seems to depend on various factors, such as the type
of exercise, intensity and duration of exercise, sex, age,
etc.25

Our results confirm such a finding. The group of
control untrained as well as exercised men showed high-
er LPO levels compared to their women counterparts. In
contrast, CAT activity remained unchanged in the two
groups and sexes. Lower LPO levels were observed in
untrained women compared to untrained men, perhaps
partly due to the protective effect of female sexual hor-
mones against LPO. Goodman et al.26 found aged wo-
men more sensible to low density lipoproten (LDL) oxi-
dation and cardiovascular disease than aged men due to
failure of the protective role of estrogens after the meno-
pause. It is also known that incidence of myocardial in-
farction is lower in women than in men (except after the
menopause) and men appear to be more susceptible to
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Figure 1. (a) Thiobarbituric acid reactive substances (TBARS) con-
centration and (b) catalase activity (CAT) in control and exercised
men and women during autumn and winter. Data are presented
as mean value ± SEM. n = number of subjects. *p< 0.0001, con-
trol women vs. control men; #p<0.0001, exercised woman vs.
exercised men.
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Figure 2. Thiobarbituric acid reactive substances (TBARS) concen-
tration in fresh plasma and plasma stored at –20 oC for 7 days of
control and exercised men and women. Data are presented as
mean value ± SEM. n = number of subjects. #p<0.002, fresh
vs. stored plasma of exercised women; ##p<0.0001, fresh vs.
stored plasma of exercised men.
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Figure 3. Catalase activity (CAT) in fresh plasma and plasma stor-
ed at –20 oC for 7 days of control and exercised men and wom-
en. Data are presented as mean value ± SEM. n = number of
subjects. *p<0.00001 fresh vs. stored plasma of control men and
control women; #p<0.00001, fresh vs. stored plasma of exercis-
ed men and exercised women.



oxidant stress than women.19 Viña et al.27 demonstrated
that female mitochondria produce approximately half
the amount of lipide peroxide (LP) of those of males.
Ovariectomy abrogates this protective effect. They main-
tain that estrogen activates the low density lipoprotein
MAP kinase pathway. MAP kinase activates the muclear
factor kappa B (NFkB) signaling pathway, which in turn
activates antioxidant enzyme genes.

Protective role of estrogens as free radical scaven-
gers in exercise-induced increase in LPO parameters in
amenorrheic female athletes was demonstrated by Ayres
et al.28 as well. Also, estrogen and progesterone play an
important role during exercise substrate utilization in ex-
plaining gender differences. Estrogen has been reported
to decrease glucose utilization but may increase lipid
availability by stimulating lipolysis.29,30 More energy is
derived from fat oxidation and less from carbohydrate
oxidation during exercise in women compared to men at
the same relative intensity.31 However, the data of Schmitt
et al.32 point to exercise-induced selective increase in
mRNA levels of enzymes, which are involved in enhan-
ced lipid utilization during moderate-intensity exercise
in the muscles of endurance-trained male subjects. These
results push forward the idea that during moderate inten-
sity and regular physical exercise in endurance-trained
males (such as our exercised men group), the substrate
source could be lipids like in the exercised women group.
However, it is important to note that estrogen may have
an antioxidant role and is a naturally occurring antioxi-
dant33 while this is not the case with testosterone.34 Mo-
reover, there are some data on oxidant stress in men
showing a prooxidant effect of testosterone.35 This phe-
nomenon may explain the high levels of LPO in exer-
cised men as opposed to women, especially when we
take into account that CAT activity was not changed ei-
ther in untrained or exercised subjects of both sexes.
This is supported by the observation that sex steroids
may have indirect effects through interaction with other
hormones, especially catecholamines. Exercise induced
a significantly stronger catecholamine response in men
that in women. One of the major effects of catecholamines
is stimulation of lypolysis. Catecholamines and autooxi-
dation enhance myocardial and skeletal muscle oxidant
metabolism, thereby potentially increasing LPO produc-
tion, which is associated with heart impairment.36 In
contrast, it appears that in women other pathways may
be also involved in lowering the level of the oxidation
process. One of them is the contribution of micronutrient
depletion in exercised women.37 Recent results from our
laboratory (unpublished data) have pointed to the need
to consider seasonal variations in the oxidant/antioxidant
status as well. In this study, we chose to determine CAT
activity because it is more likely to be activated in stress
conditions than glutathione peroxidase (Gpx) or super-
oxide dismutase (SOD). Still, the question remains how

to explain the unchanged CAT activity in endurance-
trained men and women. In fact, there are many conflict-
ing reports concerning exercise-induced variation in
blood antioxidant activity.38,39,40 Which antioxidant en-
zyme and under which conditions an enzyme can be ac-
tivated is still a controversy. Namely, each of the antioxi-
dant systems may have a different response to exercise,
depending upon their biochemical and molecular mecha-
nisms of regulation.41 However, many studies preceding
our research failed to detect marked adaptive responses
to chronic exercise, especially during moderate intensity
exercise in endurance-trained subjects.11,42 Also, Bailey
et al.43 indicated that oxidant stress may be considered
as a biological prerequisite for adaptation to physical
stress in men. He suggests that controlled free radicals
may prove to be an important component of the signal
transduction sequence, which could adjust homeostasis
and initiate protective adaptation. Such adaptive respon-
se against oxidant stress may constitute a beneficial ef-
fect of exercise induced by long endurance training.44

The finding presented herein led us to conclude that
homeostasis, which is essential for the prooxidant/anti-
oxidant balance, is better regulated in control women as
well as during prolonged physical exercise than in (un-
trained/trained) men. Regarding the oxidation process in
fresh vs. stored plasma, only in fresh plasma of untrained
men and women the TBARS concentration did not chan-
ge during storage to day 7 at –20 oC. In exercised sub-
jects of both sexes, the TBARS concentration decreased
significantly (approx. 30 %). Thus, our opinion is that
plasma storage for 7 days at –20 oC is useful only for
LPO determination in untrained samples. Storage-asso-
ciated alterations in CAT antioxidant activities were much
more pronounced that in LPO concentration. According
to our results, the degree of CAT activity depletion in
stored plasma of untrained and exercised men and wo-
men is approximately 40 %. This means that storage of
samples at –20 oC for determination of CAT activity is
definitely not applicable.

The results of oxidant/antioxidant processes in fresh
plasma and plasma stored for 7 days at –20 oC are very
important because of the crucial role of hormones, which
may play an essential role in the oxidant/antioxidant sta-
tus of both sexes. In women, it is time consuming to test
each plasma sample separately, since it has to be tested
in the same hormone period. Unfortunately, the results
of the present study suggest greater reliability of measu-
rements only in fresh due to the significant variation of
LPO level and CAT activity in samples stored at –20 oC.

In conclusion, although some authors found that oxi-
dant stress was induced in long-term exercise, this did
not appear in the exercise regime employed in this study.
Despite the absence of oxidant/antioxidant response in
exercised subjects, there were evidences of significantly
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higher oxidant stress in untrained and exercised men
compared to women.

The results of this study, the first study of this kind
to be conducted on young men and women during the
autumn and winter periods, suggest that a relationship
exists between oxidant stress and physiological factors
such as sex. Seasonal variation or environmental factors
(e.g., cold) have to be taken into consideration when the
oxidant/antioxidant status in exercise is tested. Also, the
data offer an opportunity to improve causative preventi-
on to withstand supplementing physical activity with/with-
out a diet rich in nutrients or vitamins.
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Modulira li dugotrajno vje`banje oksidacijski/antioksidacijski status ljudi?
Usporedba izme|u lipidne peroksidacije i aktivnosti katalaze u svje`oj i

pohranjenoj plazmi

Ana [verko, Sandra Sobo~anec, Tihomir Balog, Borka Ku{i}, Vi{nja [verko i Tanja Marotti

Tjelesna aktivnost mo`e imati korisne u~inke na ravnote`u izme|u oksidativnoga stresa i obrambenoga sus-
tava. Svrha ovog rada je bila procijeniti utjecaj vje`banja na oksidacijski/antioksidacijski status u oba spola
tijekom jeseni i zime. Budu}i da su `ene bile istra`ivane u niskoj estrogenskoj fazi od velike je va`nosti mo-
gu}nost ispitivanja nekih pokazatelja u plazmi pohranjenoj na niskim temperaturama. Oksidacijske promjene u
plazmi odre|ene su mjerenjem koncentracije tiobarbiturno reaktivnih supstanci (TBARS). Antioksidativna spo-
sobnost mjerena je aktivno{}u katalaze (CAT). Rezultati su pokazali statisti~ki zna~ajno visoku koncentraciju
TBARSa u netreniranih mu{karaca u odnosu na `ene. Nasuprot tome, antioksidacijska sposobnost bila je iste
razine u oba spola. Vje`banje nije promjenilo oksidacijski/antioksidacijski status u oba spola. Rezulti pokazuju
da su `ene za{ti}enije od oksidacijskih procesa od mu{karaca. Taj nalaz ukazuje na ulogu lipidne peroksidacije
u ve}oj pojavnosti sr~anoga infarkta u mu{karaca. Zna~ajne promjene u oksidacijskom/antioksidacijskom sta-
tusu u pohranjenoj plazmi dopu{taju ve}u pouzdanost mjerenja TBARSa i CATa samo u svje`oj plazmi.
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