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SUMMARY

The cells continuously produce free radicals and reactive oxygen species as a part of metabolic
processes. Increased aerobic metabolism during exercise is a potential source of oxidative stress. Also,
anaerobic physical activity and oxidative stress are interrelated because the intense anaerobic activity
leads to damage proteins, lipids and nucleic acids in muscle cells and blood. Complex system of an-
tioxidant defense, which has the enzymatic and non-enzymatic part, has a role in protecting tissues
from excessive oxidative damage. Most of the research conducted so far about the impact of various
forms of physical activity on levels of oxidative stress is confirmed by changes in biomarkers that
indicate lipid peroxidation and proteins modification. Untrained persons, as opposed to trained, are
more susceptible to major changes in the body caused by oxidative stress during physical activity. The
results of researches have shown that there are no significant differences between the genders in the
level of oxidative stress during physical activity and response to antioxidant supplementation possibly
applied. Itis interesting that, despite of numerous studies, the exact location of oxidative stress origin
during physical activity has not been reliably established. In addition, research results provide insuf-
ficient evidence on the effectiveness of using antioxidant supplementation to increase the defense
against oxidative stress. It is necessary further investigation about the redox status and oxidative stress

during physical activity in adolescent athletes.
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INTRODUCTION

The cells continuously produce free radicals and
reactive oxygen species (ROS) as a part of the meta-
bolic processes. Free radicals are defined as molecu-
les or parts of molecules that have one or more odd
number of electrons in the outer cloud layer. They
are characterized by a very short half-life and parti-
culatly high degree of reactivity. Harmful effects of
free radicals originate from their innate tendency to
get to the stage of electronic stability thus reacting
with the first neighboring stable molecule taking away
an electron and creating a new free radical. The af-
fected molecule becomes unstable itself and enters
into reaction with other molecules it gets near to,
which results in disruption of cell components. Free
radicals are created primarily during the process of
oxidative phosphorylation in mitochondria (Martino-
vié, Dopsaj, Kotur Stevuljevi¢, & Nesi¢, 2009). The
highest number of free radicals emerging in vitro are

or originate from reactive oxygen species (superoxide,
hydroxyl, alkoxyl, peroxyl and hydroperoxyl) or reac-
tive nitrogen species (nitric oxide, nitrogen dioxide,
peroxynitrite oxidized) (Cooper, Vollaard, Choueiri,
& Wilson, 2002). As a counterweight to the emerging
of free radicals there is a system of antioxidant pro-
tection which can be divided into two sections: en-
zymatic — composed of superoxide dismutase (SOD),
catalase (CAT), paraoxonase and glutathione peroxi-
dase (GPX); and non-enzymatic — composed of the
substances such as: vitamins A and C, retinol, biliru-
bin, uric acid, reduced glutathione, thiols, coenzyme
Q10, stress proteins, albumin, as well as transport
proteins and proteins responsible for Fe2+ i Cu2+
deposition (transferrin — iron-carrying proteins in
plasma and ferritin — a protein that is used to store
intracellular iron, keeping it in soluble and nontoxic
state), which bind potentially hazardous metal ions
and disable their participation in production of free
radicals (Martinovic et al., 2009). Antioxidant enzymes
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are endogenous and their formation may be altered
by certain factors. The factors of increased produc-
tion of enzymatic antioxidants include physical acti-
vity and training (Finaud, Lac, & Filaire, 2000).

Physiologists’ filed of interest was carlier limited
only to the matter of oxygen supply, especially for
those who studied the response of organism to physi-
cal activity. However, the interest in oxygen radicals
has increased as soon as the oxidative paradox was
discovered, which motivated them to raise the issue
whether the excessive oxygen supply during exercise
can lead to oxidative stress and potential risks for
biological system. (Jenkins, 2000).

The first indications that physical activity results
in tissue damage caused by means of free radicals
appeared in 1978, so the remaining three decades
witnessed a significant increase in knowledge on that
particular matter. It is well known that both active
and inactive skeletal musculature produce reactive
oxygen and nitrogen species though it still remains
unclear the exact place of origin of oxidants during
exercise (Powers & Jackson, 2008).

Free radicals get neutralized if exposed to a com-
plex system of antioxidant defense system (Urso &
Clarkson, 2003). Enzymatic and non-enzymatic an-
tioxidants play an important role in tissue protection
caused by excessive oxidative damage. This is parti-
cularly emphasized during exercise since physical
activity is related to the production of free radicals
in terms of intensity and duration of exercise as well
as the physical condition of a human body. In case a
low intake of antioxidants through diet and modifi-
cation of antioxidant system takes place, antioxidant
nutrient food supplements are established to be be-
neficial (Jones, 2008). However, the theoretical basis
according to which antioxidants should improve at-
hletic performance has not been clarified. In general,
the research have confirmed that antioxidant supple-
ments do not improve athletic performance but only
the antioxidant status. On the other hand, higher
amounts of antioxidants in regular diet may yield
negative effects. Therefore, the composition, durati-
on of intake and proper dosage of antioxidant su-
pplements are to be conducted in a strictly controlled
manner (Finaud et al., 2000).

METHODS FOR OXIDATIVE
STRESS ASSESSMENT

Oxidative stress may be examined by measuring
the following:
e Free radicals;

* Damage to lipids, proteins and DNA molecules
caused by the effects of free radical formation;
* Activity of enzymatic antioxidants.

Measurement of free radicals

The production of reactive oxygen species can be
measured by the means of spectroscopic method.
Still, this method is not the most appropriate on
humans due to the toxicity of materials used during
this process. The examination is therefore conducted
by taking blood samples, which initially get exposed
to stabilizer of reactive oxygen species then centrifu-
ged and finally the serum gets analyzed spectrosco-
pically. Here the problem is that the application of
this method cannot avoid the short half-life of the
reactive oxygen species.

Measurement of oxidative damage
on lipids, proteins and DNA molecules

The negative effects of free radicals can be mani-
fested on various biomolecules (lipids, proteins and
DNA molecules), and as a result of their interaction
there is an increased permeability of cell membranes
alongside with accelerated catabolism of proteins and
gene mutation (Martinovi¢ et al., 2009).

Lipid peroxidation

The basis for measurement of oxidative stress is
the measurement of the level of lipid peroxidation
in the cell membrane. The lipid peroxidation decom-
poses lipids onto a large number of primary oxidati-
ve products such as conjugated dienes (lipid hydro-
peroxidase), and secondary oxidative products
including malondialdehyde (MDA), F2-isoprostane
or exhaled pentane, hexane or ethane. The measure-
ment of conjugated dienes, as primary products of
lipid peroxidation, is often used for this purpose.

MDA is also used in measurement of oxidative
stress though it should not be the first choice in re-
search since it is only a secondary product. This
substance originates in the course of autoxidation of
fatty acids. It is common to be measured through its
reaction with thiobarbituric acid.

In addition to thiobarbituric acid, the concentra-
tion of thiobarbituric reactive species is often used
as index of lipid peroxidation (TBARS) (Cubrilo et
al., 2011).

Another way to examine oxidative damage on lipids
is the analysis of pentane, hexane and ethane in the
exhaled air. This is a non-invasive method but still
insufficiently precise because the mentioned gasses
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may originate in other ways, not just by means of
oxidation.

The most recent finding indicate that F2-isopro-
stanes, while undergoing peroxidation, produce ara-
chionic acids, which are catalyzed by free radicals.
Some studies show that quantification of F2-isopro-
stane can be a reliable method in assessment of en-
dogenous lipid peroxidation and oxidative damage as
well as other blood markers, namely oxidized LDL
or antibodies for oxidized LDL.

Protein modifications

Modifications on proteins caused by free radicals
induce the formation of carbonyl groups at spots in
chains where amino groups are located. The increa-
sed amount of carbonyl is linked to oxidative stress.
That is why the measurement of carbonyls is the
method most commonly used in determining the
degree of the oxidative damage on proteins. For
more precise measurement of protein oxidation
carbonyl/protein ratio is used. This method is more
beneficial due to the long period of half-life of car-
bonyl. Besides, the high amount of carbonyl may
reveal cumulative effects of oxidative stress, which is
of crucial importance for studies dealing with longi-
tudinal observation of the subject.

The alternative method is the quantification of
oxidized amino acid (e.g. 0-o-dityrosine). The advan-
tage of this method lies in the fact that it is non-in-
vasive (urine sample), but the interpretation of the
obtained results is limited.

Modifications on DNA molecules

Reactive oxygen species cause several types of
damage on DNA molecules: chain breaks, damages
on protein bonds and basic modifications. Numero-
us methods are used to quantify these damages. The
most applicable one is the method of the marker
nucleotide 8-hydroxy-2-deoxyguanosine (8-OHdG),
which originates in oxidation of a guanine caused by
a free radical.

Other indirect markers of oxidative stress

Creatine kinase (CK) and myoglobin are markers
of cell muscle damage. These markers can also be the
indirect markers of oxidative stress because the lipid
peroxidation causes damage on cell membrane. Howe-
ver, creatine kinase and myoglobin are not the speci-
fic markers of oxidative stress especially among at-
hletes that have a high percentage of these substance
due to the athletic characteristics (e.g. physical contact),
which may cause cell damage. Moreover, trained

sportsmen record higher basal value of both of the-
se substances.

Measuring antioxidants

* Enzymatic antioxidant activity (SOD, CAT, GPX)
is often examined in various research. This
method is valid if we need to evaluate the qua-
lity of antioxidant defense of an organism at
rest, but it also can account for the importance
of oxidative stress especially after the physical
activity.

* Quantification of antioxidant vitamins (A, C i
E) in plasma is a common method for assessment
of antioxidant defense and vitamin (A, C and
E) insufficiency. Same as the antioxidant enzymes,
the concentration of antioxidant vitamins is
changed as a result of the oxidative stress and
can therefore be used as an indirect marker of
the oxidative stress.

* Other antioxidants that can be used for oxida-
tive stress measuring include: thiol protein (GSH
as the most important thiol protein in our body
and GSSH as its oxidized form), uric acid (in-
sufficiently reliable), allantoin (as an oxidized
product of uric acid).

* Measuring the total antioxidant capacity (TAC-
total antioxidant capacity), which gives an insight
into the scope of the response of all antioxidants
taken together (Finaud et al., 2000).

OXIDATIVE STRESS
AND PHYSICAL ACTIVITY

The physical activity is considered to lead to an
increase in the production of reactive oxygen species
potentially causing cell damage. Stress proteins repre-
sent one of the general protective mechanisms which
enable the cells and the organism to overcome stress.
The precise relationship between physical activity,
stress proteins and reactive oxygen species still rema-
ins unknown. Up-to-date information from different
research are insufficient if an antioxidant food su-
pplement is to be recommended for either athletes
of physically active persons (Radovanovi¢ & Ranko-
vi¢, 2004).

Intensive physical activity causes oxidative stress
by all means. There is no evidence this leads to short-
-term effects on athletic performance though it may
have long-term but not necessarily damaging effects
on health. In a study conducted in 2001, it was empha-
sized that mitochondria in the muscle cells represent
an important source of reactive substances (interme-
diates) such as: superoxide, hydrogen peroxide and
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FIGURE 1
Hypothetical model of reactive oxygen species effect

on muscle fatigue (modified according to Finand et al., 2006).
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Legend: ATP — Adenosine triphosphate; IP — Inorganic phosphate; RINS — Reactive nitro-
gen species; ROS — Reactive oxygen species.

probably hydroxyl radical. The study proved that
mitochondria can even produce nitric oxide, which is
also related to the production of oxidants mitochon-
drial function (Leeuwenburgh & Heinecke, 2001). A
study conducted in vitro indicates that mitochondria
may play a minor role in the creation of free radicals
whereas Hem proteins are increasingly more impor-
tant in terms of oxidative stress induction. The inte-
raction between metmyoglobin and methemoglobin
with peroxides can be a significant source of the
oxidative stress during (Cooper et al., 2002).

Aerobhic exercise

Davies, Quintanilha, Brooks, and Packer (1982),
were first to prove that physical activity increased the
production of free radicals. Many following studies
dealt with the effects of exercise on the oxidative
stress. They were predominantly concerned with the
following sports: running, swimming and bicycling.
The aerobic exercise was found to be linked to the
increase in oxygen consumption VO,, which resulted

in an increase in both free radical production and
activity. However, it was observed that such a pheno-
menon was not evident at exercising of low intensity
(<50% VO,max). In that case the antioxidant capa-
city was not surpassed and damages induced by free
radicals did not take place. The production of free
radicals and oxidative stress were higher if a more
intensive physical activity was to be applied.

The increased aerobic metabolism during exerci-
se is potentially a source of the oxidative stress.
Since the health benefits of regular exercising are
well-known, the possibility of the oxidative stress
reduction caused by the adaptation to physical acti-
vity was looked into. That implied the increase of
antioxidant defense, decrease of basal production of
antioxidant production, and reduced loss of radicals
during oxidative phosphorylation (Leecuwenburgh &
Heinecke, 2001).

The increased production of reactive oxygen and
nitrogen species as well as oxidative stress occur among
top athletes when exposed to the maximum load
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regardless of the type of energetic demand of a
particular sport (acrobic, acrobic-anaerobic, anaerobic).
The effects of longtime training of various sports
(bicycling, rowing and tackwondo) onto the parame-
ters of the oxidative stress at rest have been examined.
The progressive loading test in its interval from the
fourth to tenth minute of resting has been applied
for this purpose. The results of the study have showed
that training practice of various sports affects the
establishment of different basal level of nitrite and
concentration of thiobarbituric reactive species
(TBARS) in such a manner that tackwondo records
the lowest level of nitrite, followed by bicycling and
rowing with the highest level of nitrite, whereas in
terms of TBARS level rowing has the lowest level
followed by tackwondo and bicycling. However, in
terms of the level of parameters of the oxidative
stress, no significant difference has been determined
regardless of the type of sport and irrespective of
the ten minute long resting period (Cubrilo et al.,
2011).

Although the benefits of anaerobic physical acti-
vity cannot be disputed, there is plenty of evidence
that a high intensity anaerobic physical activity leads
to oxidative stress. The prolonged and intensive ana-
erobic exercise drastically affects the increase of re-
active oxygen species production, which results in
antioxidant insufficiency and leads to the oxidative
stress, cell mutations, tissue and immune system da-
mage.

The anaerobic physical activity and oxidative stress
are closely linked in the sense that the intensive ana-
erobic physical activity results in damage of proteins,
lipids and nucleic acids in muscle cells and blood.
There is evidence that regular anaerobic physical
activity increases the oxidative stress. Large number
of research abounds in details on aerobic physical
activity but still lack to fully clarify the issue of oxi-
dative stress and anaerobic physical activity. According
to current knowledge, the oxidative modifications are
similar to those caused by the oxidative stress during
aerobic physical activity, but that is still to be thoro-
ughly researched.

OXIDATIVE STRESS DURING
PHYSICAL EXERCISE IN
HEALTHY PERSONS

The reactive oxygen species play an important
role as mediators of damage and inflammation of
skeletal muscle after strenuous physical activities.
Large amount of these compounds is formed from
the increased oxygen consumption in mitochondria
and increased electron transport flux (Sacheck &
Blumberg, 2001). The reactive oxygen species (ROS)
have a double effect on the contractile ability of rested
skeletal muscles. The low level of reactive oxygen

species in basic conditions is necessary for normal
production of muscle force. The selective consump-
tion of ROS in an unfatigued muscle by means of
superoxide dismutase or catalase causes decline of
force. As opposed to that, the mean values of ROS
induce the increase of force. This positive effect has
been confirmed at higher concentrations of ROS; the
production of force recedes depending on the time
and quantity. During strenuous physical activity these
compounds contribute to the occurrence of acute
muscle fatigue. ROS occur in muscles faster than they
can be amortized by endogenous antioxidants. As
ROS get accumulated in a muscle that performs labor,
the production of force gets inhibited in it. Other
factors that can increase activity of ROS include aging,
muscle injuries and some diseases (Radovanovi¢ &
Rankovi¢, 2004).

Oxidative stress during physical
activity in untrained persons

Many studies have examined the difference among
genders in terms of the oxidative stress during exer-
cise and the influence of antioxidant supplements
(vitamins E and C). The results show that women at
rest have higher level of antioxidants when compared
to men. The markers of oxidative stress (protein
carbonyl, oxidized and reduced glutathione, malon-
dialdehyde, vitamins C and E in plasma) as the re-
sponse on physical activity of similar scale and inten-
sity almost grow equally at both genders (Goldfarb,
McKenzie, & Bloomer, 2007).

The study that examined the influence of physical
activity and food supplementation with carnitine
onto the oxidative stress arising as the response on
aerobic and anaerobic power test recorded the fol-
lowing results: MDA was under a minimal influence
of physical activity but had lower values at rest among
groups of respondents who undergone carnitine
diet supplementation, whereas the values of hydrogen
peroxide and xanthine oxidase higher after the physi-
cal activities in all groups. The physical activity ac-
companied by carnitine supplementation may have
influence on the MDA level decrease at rest. However,
the influence on biomarkers of the oxidative stress is
relatively small (Bloomer & Smith, 2009).

The use of dietary antioxidants, such as vitamin
E, in order to reduce the oxidative damage on muscles,
has mixed success. The difference in the obtained
results is due to the testing of different antioxidants,
the nature and extent of physical activity, age and
physical condition of the respondents, as well as the
applied methodology for the study of oxidative stress
(Sacheck & Blumberg, 2001).
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A high-calorie diet causes the oxidative stress
while acute physical activity can potentially reduce
stress. The influence of physical activity on triglyce-
rides and glucose in obese Caucasian women was the
subject of the following study. Lipemia and oxidative
stress after meals are lower in obese black women
when compare to obese white women, while the
acute physical activity before a high-calorie diet did
not generate any changes in the state of organism
after meals in both groups (Bloomer, Cole, & Fisher
Wellman, 2009).

The gender and the status of physical fitness may
influence the oxidative stress after meals. All the
analyzed biomarkers of oxidative stress (malondial-
dehyde, hydrogen peroxide, activity of xanthine
oxidase, protein carbonyl and triglycerides) showed
lower values in trained persons except for the TEAC
(trolox equivalent antioxidant capacity), which further
indicates that gender, and not the status of physical
fitness, influence on the oxidative stress after meals.
Women are also recorded to have a significantly lower
level of oxidative stress biomarkers after meals when
compated to men (Bloomer, Ferebee, Fisher Wellman,
Quindry, & Schilling, 2009).

Older organisms are more susceptible to the oxi-
dative stress during exercise due to the biochemical
changes taking place with aging thus contributing to
the formation of reactive oxygen species. The old age
is also known to be prone to increased muscle inju-
ries, and the inflammatory response of "the old"
muscle may lead to the extended oxidative stress (Ji,
2001).

Oxidative stress during physical
activity in trained persons

The production of ROS is linked to the muscle
activity and depends on genes. In this regard, there
is considerable interest in the possibility of these
mediators to be part of muscle adaptation on the
physical activity. Muscles adapt to physical activity by
increasing gene expression in the regulation of anti-
oxidant enzymes including superoxide dismutase,
catalase and glutathione peroxidase (Radovanovi¢ &
Rankovi¢, 2004).

The parameters of oxidative stress are gender-
-determined in athletes, which accounted for the
examination or relation between iron transport pro-
teins (serum ferritin and transferrin, soluble transfer-
rin receptor) and C-reactive proteins as proteins of
acute-phased reaction with oxidative stress. Some 73
sportswomen and 65 sportsmen took part in the
following study. The results showed that transferrin
and ferritin as well as the proteins of acute-phased

reaction were negatively related to the oxidative stress.
The authors concluded that the variations in the level
of ferritin may have contributed to a different level
of the oxidative stress among sportsmen and sport-
swomen. The largest share in the variability of all
parameters of the oxidative stress (46.3%) was attri-
buted to the gender difference. The sportswomen
were thus showed to be more susceptible to the
oxidative stress (Dopsaj, Martinovi¢, Dopsaj, Stevuljevic,
& Bogavac Stanojevi¢, 2011).

An athlete’s diet is often accompanied with anti-
oxidant supplements in order to offset the oxidative
stress occurring at physical strain. Research results
still provide insufficient evidence on the reduction of
the oxidative stress if such dietary supplementation
is to be applied, though an increase in the oxidative
capacity has been established (Urso & Clarkson, 2003).

The antioxidant supplementation (vitamins C and
E, and selenium) combined with an eccentric exerci-
se with additional burden (of the flexor in the elbow
joint) in young trained showed that: applied program
of physical activity influenced the reduce the amount
of biomarkers in oxidative stress (protein carbonyl in
plasma, malondialdehyde, oxidized and reduced glu-
tathione); the antioxidant supplements affected the
reduced increase of malondialdehyde and protein
carbonyls (Goldfarb, Bloomer, & McKenzie, 2005).

The effect of two different forms of antioxidant
supplementation (vitamins E and C in one case and
fruit and vegetable juice concentrate in the other) on
the oxidative stress during aerobic exercise in trained
men and women was the subject in Bloomer, Falvo,
Fry, Schilling and Smith’s (2009) study. The results of
the study indicated that both types of supplementa-
tion, administered in the course of two weeks, affect
the reduced increase of protein carbonyls after the
aerobic physical activity lasting for 30 minutes, whe-
reas they had no effect on changes in MDA and
8-OhdG (Bloomer, Goldfarb, & McKenzie, 2000).

The influence of antioxidant supplementation in
top female volleyball players in the course of six-
-week training period in preseason was the subject of
the following study. The twenty-eight respondents
were divided into two groups: experimental (7 = 16),
in which the volleyball players took the antioxidant
cocktail (vitamin E, vitamin C, zinc gluconate and
selenium), and control group (# = 12) in which su-
pplementation was not administered. The blood
samples were taken before and after the six-week
training period. The following were put on the analysis:
levels of reactive oxygen metabolites (ROM) as de-
pendent variables and malondialdehyde; superoxide
anion radical, "advanced" products of protein oxida-
tion and lipid hydroperoxide as independent variables.

6
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The correlation between the levels of reactive oxygen
metabolites and other parameters of the oxidative
stress was reduced in the experimental group and it
was also observed that the application of antioxidant
supplementation in the preseason prevents antioxidant
defense depletion (Martinovic et al., 2011), which was
found to be important bearing in mind that female
athletes were established to be more susceptible to
the oxidative stress (Dopsaj et al., 2011).

Radovanovic¢a et al. (2008) examined the change
in certain biomarkers of the oxidative stress during
Tae Bo (7 female respondents, 12 weeks of training
sessions) and Pilates training sessions (7 female re-
spondents, 12 weeks of training sessions). The blood
samples were taken at rest both at the beginning and
in the end of the appropriate training period, and they
were analyzed in order to establish the markers of
the oxidative stress (malondialdehyde, catalase in
plasma, carbonyl and sulthydryl groups, total antio-
xidant status). Statistically significant increase of the
total antioxidant status after Tae Bo training session
as well as the activity of catalase in plasma after Pila-
tes training program were the most important findin-
gs of this research. Due to different metabolic de-
mands during these two types of training sessions,
the conclusion was that the increased oxygen con-
sumption was not sole mechanism causing the oxi-
dative stress during exercise.

The health consequences of increased oxidative
stress during training or performing a highly strenuo-
us sport have not been totally elucidated though it is
a well-known fact that such a physical activity is rela-
ted to the improvement of endogenous antioxidant
defense. A research conducted on well-trained men
practicing and competing in triathlon showed that the
level of all analyzed biomarkers of oxidative stress
returned to the initial level (the level before compe-
tition) five days after the race, and that there was a
correlation between the state of being well-trained,
markers of the oxidative stress and the activity of
antioxidant enzymes. To conclude, the alternatives of
the antioxidant defense system in this population
prevent the occurrence of long-term oxidative stress
during intensive physical strain (Neubauer, Konig,
Kern, Nics, & Wagner, 2008).

The research examining changes in parameters of
anaerobic and aerobic capacities alongside with the
biomarkers of oxidative stress among eight selected
judoists during 12-week long training program in
preseason showed that the increase in parameters of
anaerobic capacity was accompanied by the increase
balance disorder between reactive oxygen species and
the overall antioxidant system in the organism, stati-
stically significant increase in the values of malondi-

aldehyde in erythrocytes and catalase in plasma
(Radovanovi¢, Brati¢, Nurki¢, Kafentarakis, & Kolias,
2008).

The study of Radovanovi¢, Brati¢, and Nurkic¢
(2008) dealt with the oxidative stress markers in young
judoist during four weeks preparation period training
program which included: strength training, training
techniques and judo fights (randors). Ten young ju-
doists were part of this study. The blood samples
were taken at rest before and after four weeks prepa-
ration period training program, and the analysis in-
cluded changes in oxidative stress markers (MDA,
CAT, carbonyl and sulthydryl groups and total anti-
oxidant status). The obtained results indicated that
such a training program did not bear any statistically
significant effects on the parameters of oxidative
stress in well-trained young judoists, so the conclusi-
on was that oxidative defense in the organism was
sufficient in dealing with the oxidative stress.

During twelve weeks comparative strength-endu-
rance training program, the authors monitored the
change of oxidative stress parameters in 14 judoists
divided into the experimental and control group.
Besides, the effects of such a training program were
compared to the normal training program effects in
terms of maximal oxygen consumption, parameters
of anaerobic capacity, situational-motor abilities and
body composition. The obtained results showed that
the comparative strength-endurance training led to
an increase in maximal oxygen consumption and
anaerobic capacity, but also caused the balance disoz-
der between reactive oxygen species and antioxidant
system of the entire body. This study also considered
the possibility that pro-oxidants represented a stimu-
lus for the increase of antioxidant defense aiming to
achieve maximum adaptation on such a type of trai-
ning (Radovanovi¢ et al., 2009).

The length of sports experience also has an effect
on occurrence, level and possibility of adaptation on
the oxidative stress. The study of Martinovic et al.
measured the parameters of oxidative stress in 54 top
female volleyball players, which were divided in three
groups depending on the length of their sports expe-
rience: 1st group — under 8 years of experience, 2nd
group - from 8 to 10.5 years of experience, 3rd gro-
up — over 10.5 years of experience; all in order to
examine the influence of years long training on the
oxidative stress. As the most reliable indicators the
following were singled out: activity of superoxide
dismutase (SOD) — statistically significant higher
values in group 3 as opposed to group, and the level
of superoxide anion — statistically significant lower
values in group 3 as opposed to group 1. The status
of parameters of oxidative stress pointed to a high
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percentage (68.5%) in terms of the existence of
differences in occurrence and adaptation onto the
oxidative stress in top female volleyball players with
different length of sports experience (Martinovi¢ et
al., 2009).

There are still few available data concerning the
system of antioxidant defense and its response to
exercise in adolescents and young athletes. The effect
of years long training of handball on the redox status
of adolescent players (from 16 to 19 years of age) as
well as the correlation between the homeostasis redox
and aerobic power was examined in the study of
Dordevi¢ et al. (2011). The collected blood samples
included 33 young handball players and 14 non-at-
hletes of the same age who underwent the test of
maximum progressive load in order to establish their
VO, max. The handball players showed a much higher
activity of superoxide dismutase and much lower
activity of catalase; the most evident results were
present in those who had low or average aerobic
power. The aerobic power and years long regular
exercise proved themselves to have important influ-
ence in redox status improvement in the youth and
adolescents, which provides for the better adaptation
on the oxidative stress (Ibid).

The application of similar anaerobic physical ac-
tivities (squats and sprints) at anaerobically trained
persons resulted in minor differences in the level of
oxidative stress and muscle tissue injuries. Physiolo-
gical responses in that case were probably reduced
due to the adaptation of organism on regular and
strenuous anaerobic (Bloomer, Falvo, Fry, Schilling,
& Smith, 20006a).

The study of Dordevic et al. (2010) examined the
interaction between nitrogen oxide and anion radicals
during the increasing load in 19 top-class footballers.
The analysis of blood samples collected during the
last 10 seconds of each phase of the maximal pro-
gressive load test indicated that the regression lines
of nitrites and superoxide anion radicals surpass the
level of anaerobic threshold, which may have hinted
that the very anaerobic threshold could have been of
the utmost importance in both anaerobic and aerobic
metabolism. The long-time physical activity proved
to have an increasing effect in terms of bioavailabi-
lity of nitrogen oxide and have positive correlation
compare to the maximal oxygen consumption.

OXIDATIVE STRESS DURING
PHYSICAL ACTIVITY IN
PERSONS WITH IMPAIRED
HEALTH STATUS

Oxidative stress and disbalance between the pro-
duction of reactive oxygen species and capacity of

antioxidant defense of an organism is closely linked
with the age and different illnesses such as: cardiova-
scular and respiratory diseases and diabetes.

Persons with disturbed metabolism of lipids and
glucose have an increased risk of oxidative stress
after meal. The effects of acute physical activity on
the level of triglycerides and biomarkers of the oxi-
dative stress have been examined in prediabetic women,
who exercised 15 minutes after meal. The results
showed that this type of physical activity did not
have any influence on the level of triglycerides and
the occurrence of oxidative stress, so it could be as-
sumed that a more intensive exercising was to be
called for if measurable effects were to be come at
(Melton, Tucker, Fisher Wellman, Schilling, & Bloom-
er, 2009).

Atalay and Laaksonen (2002) collected many data
on the interdependent mechanisms, which increase
the production of reactive oxygen and nitrogen spe-
cies and reduce the antioxidant defense in diabetics.
The modern medicine considers the regular exercising
to be of great importance in treatment of diabetes.
Although acute exhausting exercise increases the
oxidative stress, the study showed that regular physi-
cal activity regulates the antioxidant defense. Should
regular exercise prove to have any protective effects
against the oxidative stress in diabetics, which would
have a direct impact on the use of physical activity as
a safe therapeutic modality in the treatment of dia-
betes.

Programmed physical activity is one of the key
elements in accomplishment of sound glycemic con-
trol and attenuation of possible cardiovascular dise-
ases resulting from diabetes type 2. The leading cli-
nical findings emphasize the therapeutic benefit of
exercising, so patients with such diseases should be
stimulated to participate in specially designed inter-
vention programs (Praet & van Loon, 2009).

CONCLUSION

The discovery of the so-called oxidative paradox
inspired the researches to intensify their efforts in the
realm of oxidative stress, antioxidant defense and the
influence of physical activity on these phenomena.
Neatly all studies from the last decade dealing with
the oxidative stress and physical activity analyzed
MDA, 8-ONdG and protein carbonyls as biomarkers
of change occurring in an organism. Most of the
studies confirmed the changes in biomarkers indica-
ting lipid peroxidation and modifications on proteins.
Untrained persons, as opposed to the trained ones,
are more susceptible to major changes in the body
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caused by oxidative stress during physical activity. The
results of researches have showed that there are no
significant differences between the genders in the
level of oxidative stress during physical activity and
the response of the body on the application of anti-
oxidant supplementation; however, the latest findin-
gs reveal that female athletes are more susceptible to
oxidative stress than male athletes. The proteins re-
sponsible for transport and deposition of iron (trans-
ferrin and ferritin) should be punt under a more de-
tailed examination in the context of monitoring the
occurrence and adaptation onto the oxidative stress.
Practicing and training of different types of sports
affects the establishment of different basal levels of
nitrite and concentration of thiobarbituric reactive
species (TBARS). The regression lines of nitrite and
superoxide anion radicals surpass the anaerobic thre-
shold at maximal progressive load testing, which in-
dicates that the anaerobic threshold could be of
great importance when discussing both anaerobic and
aerobic metabolism.

The increased oxidative stress typically occurs
after meal so the physical activity, taking place before
or after meal, does barely nothing to affect that phe-
nomenon, especially among people with impaired
health status. It is noteworthy that despite numerous
relevant studies, the exact place of oxidative stress
occurrence remains unidentified, as well as the exact
benefit of antioxidant supplementation as a response
to oxidative stress. With an ever increasing number
of the youth being exposed to strenuous trainings, it
becomes necessary to devote attention to research
dealing with antioxidant defense, redox status and
antioxidant stress among this population.
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