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ABSTRACT

The purpose of this study was to investigate tfectsf of repetitive swim training on oxidative sgeantioxidant
system and inflammatory response in juvenile swimnien young male swimmers (12.7 £ 0.4 years aid) 19
young female swimmers (12.1 + 0.3 years old) waptuded in the study. Swimmers prepared for thesdny
participating in a sixteen-week training programlo8d samples were obtained at three time pointsnduswim
exercise: at the beginning of the training seadmefdre training), after eight weeks of training daait sixteen weeks
of training. The main findings of this study arefalfows: (1) Child swimmers experienced greatedative stress
after exhaustive exercise than untrained subjestshewn by increased NO levels, protein carbomyld,increased
plasma and erythrocyte TBARS levels, as well asedeed protein sulfhydrils in plasma and blood; G3H levels
and SOD activity increased significantly, while GBK activity was significantly lower after swimmiegercise;
and (3) IL-6, IL-8, Hsp-72, and CRP expression lleveere elevated in response to repetitive swimrakggcise. In
conclusion, these findings suggest that swimmiaupitrg leads to increased oxidative damage anchimfhatory
response in juvenile swimmers. It remains to berd@hed how oxidative damage and inflammatory raspanay
be connected under these training conditions irfile swimmers.
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INTRODUCTION

During a resting state, a range of cellular proegsexternal factors, and/or disestes can lead to the formation
of reactive oxygen/nitrogen spec{@NOS). In healthy individuals, these RNOS are pozdi at levels well within
the capacity of the body's antioxidant defence esyst however, if left unchecked, RNOS can oxidis# ce
constituents, such as lipids and nucleic acidglitepto deterioration of cellular structural areiture, signalling,
and viability [11, 40]. Physical exercise is a st@ known to alter physiologic and metabolic fiord responses
[36]. The cellular and molecular mechanisms undeglythese changes are poorly understood. Althowyersl
studies have demonstrated regular physical acticétyses concerted adaptations of antioxidant andatwve
damage repair systems [33] several researchersdtyen that strenuous exercise can increase thrdugtion of
RNOS, leading to an oxidative stress condition ati@rised by lipid peroxidation and protein oxidatproducts
[25]. Strenuous physical exercise has also been implidateleleterious effects of RNOS on genomic DNAaas
result of increased oxygen consumpt[8h The RNOS permeate the cell nucleus and react WA [29, 31]
which results in DNA strand breaks and the formmatid modified nucleotide base and sugar productsTBe
presence of these modified products is a hallmdrioxidative stress, as they are not present duriagnal
nucleotide metabolism. Past studies have primatilised the 8-hydroxydeoxyguanosine (8-OHdG) asmag, in
some investigations, have shown that elevated 8®Hidmarker levels are presenturine and serum samples
from individualsengaged in high levels of physical acti\iBp].
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There is scarcity of literature on cellular respEn exercise-induced oxidative damage in childhéothis study,

we first aimed to examine the effect of swimmingmise on oxidative stress in juvenile swimmers. fdllowed
routine biochemical markers of oxidative stresg,,dipid peroxidation, MDA protein carbonyls in plasma and
blood, andserum total antioxidant status (TAS). Given thatiehship between oxidative stress and inflammatory
response, we also wanted to determine if swimmixgrase could induce inflammatory response in jileen
swimmers subsequent to oxidative stress. Despitsubstantial evidence indicating that strenuoesase induces
oxidative stress and inflammatory response, dateelading antioxidant defence and inflammatory mwes in
response to exercise are scarce. To shed lightisimssue, we studied known inflammatory markecuiding such

as Heat shock protein 72 (Hsp72), Nitric oxide (N@)6, IL-8, and C-reactive protein (CRP) during strenuous,
volitional exhaustive exercise in juvenile swimmers

MATERIALS AND METHODS

This study was carried out in accordance with tleel@ration of Helsinki. The study was approved lg éthics
committee of Uludag University and Cerrakp&ledical Faculty. Ten young male swimmers (12(0/4tyears old)
and nineteen young female swimmers (12.1 + 0.3syelal) from the reserve team of a club, with arrage age of
12.4 + 0.3 years, volunteered for the study. Fersaienmers body mass index 14.8 + 2.3 while the realenmers
body mass index 15.8 + 1.6 were found. They wdreveimmers on amateur teams. In choosing the veknst at
least three years of swimming experience, theinittg program, and the conditions in which theyagbiced were
taken into consideration. Field experiments werdgomed on the subjects in the 25 m Bursa indodamsaing
pool, with an air temperature of 25 + 2 °C and watenperature of 24 + 2 °C. Three Casio 2000 chmeters were
used for the calculations. Official race rules wapplied when determining the swimming times of siibjects.
Swimmers prepared for the races by participating #ixteen-week training program. The swimmers detafdthe
general training period, which included at the begig of the training season (before training), &ets of aerobic
endurance (Indurance-l), 8 weeks of aerobic endergiindurance—Il), and a 2-week taper (peak) period
Throughout the biochemical experiments, subject®wasked to maintain their usual diets, to get adegsleep at
nights, not to drink coffee or tea or undertake agsistance training before the experiments, andoase any
medication. None of the female subjects had expeei@ menarche. On the day of the exercise tesgulbjects ate
a light, carbohydrate-rich breakfast. The exertgés¢ was carried out 2-4 h after breakfast.

Blood sampling and preparation

The study participants were subjected to blood $iagypdietary assessment, anthropometric measursmand
performance measurements at three time pointaeabeginning of the training season (baselinegr afight weeks
of training (8 w), and at sixteen weeks (16 w) m@iring. Venous blood samples were collected imatetii. At
each time point, blood was drawn from the antealhiein into two evacuated collection tubes-onetaining
N&EDTA (2 ml) and the other heparin (6 ml). From tieparinised tube, one millilitre of blood was imrizely
pipetted into another tube to measure the exteBiNk damage. Two millilitres of blood from the hepésed tube
was evaluated for red cell lipid peroxidation, ghiiione, and glutathione peroxidase activity. Rengi blood was
centrifuged at 3000 rpm for 10 min to fractionatasma. Plasma samples were stored at -80 °C foothér
biochemical analyses. The EDTA-containing blood wasd for haematological analysis. Complete bloelil c
counts, and haemoglobin (Hb) and haematocrit (lée®ls were measured in an automated haematologjysan
(Sysmex-SE9000, Japan).

Analyses of oxidative stress markers

The 2-thiobarbituric acid reactive substances (TBARsuch as malondialdehyde, which are final prtslo€ lipid
peroxidation, were detected photometrically. Theuls of this procedure are given as nmol TBARSfmgtein
[10] MDA levels in plasma were measured via thelarbituric acid reaction according to the methbdPtacer et
al., (1996). Values of MDA were expressed as pmalflplasma. Total thiobarbituric acid-reactive dabses
(TBARS) were expressed as MDA.

Total protein sulfhydri(TP-SH) levels were measured spectrophotometricaliyg Ellman's reagent, 5,5'-dithiobis-
2-nitrobenzoic acid (DTNB), with the thiol-disulfidinterchange reaction between DTNB and free tiol/iding
the basis of the spectrophotometric assay [21]alTtotein carbonyl groups were measured as arcatidn of
oxidative damage to proteins. Plasma and erytheopybtein carbonyl contents were measured by finshing
labelled protein hydrazone derivatives using 2,#itebphenylhydrazine (DNPH) [22]. NOx levels inggsima
samples were determined based on the reductioitrafento nitrite by vanadium chloride [24]. Nigitevels (NQ)
levels were measured by the Griess reaction [14§. dbsorbance of total nitrite after conversion masasured at
540 nm (Shimadzu UV spectrophotometer, model 1288an).
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Assays for antioxidant enzymes

Erythrocyte GSH content was estimated using théorktescribed by Beutler [4]. Erythrocyte SOD \dttiwas
measured using a colorimetric method [37]. The s#pd red blood cells were washed aiséd to analyse enzyme
activities (SOD, GPxCaf. The haemolysate was mixed with ice-cold 0.05 M phase buffeccontaining 1 mM
EDTA. The SOD was extracted from the supernatairtg chloroform-ethanol, and measured using a odethat
exploits theenzyme’s ability to inhibit the reduction of nitdale tetrazolium (NBT) via superoxide generation (by
the reaction ophotoreduced riboflavin and oxygen). To determiddl @ctivity, erythrocytes were sonicated in a 50
mM phosphate buffer and the resulting suspensian aeatrifuged at 3,000 g for 10 min. The supernatant was
used for the enzyme assay. CAT activity was meadshyethe rate of decrease in®} absorbance at 240 nm [1].
Enzyme activity was expressed as u/L. Serum Glista¢ghperoxidise (GSH-Px) activity was measuredreatly by
monitoring the consumption of NADPH at 340 nm [38]colorimetric assay was employed to determinerplka
total antioxidant status (TAS) (TAS, Randox Laboris, UK). The results of TAS were expressed asolthm
TBARS, carbonyl levels, SOD, CAT, and GSH-Px atyidata were expressed in relation to protein cotmagon
estimated using a standard bovine serum albumired@s].

Analyses of inflammatory markers

The plasma level of Hsp70 in serum was detectedavieommercially available sandwich ELISA (Stressgen
Biotechnology, Victoria, BC, Canada). The amountHsp 72 in serum was estimated from the calibratiorve
which ranged from 0.78 to 50 ng/mL. Plasma IL-6 din@ concentrations were determined with an ELIEA
using 96-well plates (Quantikine High SensitiviB&D Systems Minneapolis, MN). The plasma level ®#F-Cwas

measured immediately with an autoanalyser (Aero&bbott) using a commercial spectrophotometric (€til
Diagnostics GmbH, Germany).

Values are reported as the mean + SD. All data wermally distributed and underwent equal variatesting. The
experiments were analysed with the general lineadeh of SPSS 11.5 for Windows (SPSS, Chicago, IL).
Significance p < 0.05) was determined with a one-way ANOVA, TUukeySD test.

RESULTS

All measured oxidative stress biomarker valuesshmvn in Figure 1. As shown in Figure 1, a siguwifit decrease
in lipid peroxidation end products (TBARS) in theythrocytes of juvenile swimmers was observed afight
weeks of swimming exercise training. However,gngicant increase in erythrocyte TBARS levels veliserved
in the juvenile swimmers after sixteen weeks ofrsming training. In addition, plasma TBARS levelowed no
significant alteration throughout the physical tiag period. Swimming training also caused incesas NO and
total protein carbonyls levels, whereas total proteulfhydrils decreased significantly throughobt tphysical
training period.
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Figure 1: Effect of swim training on oxidative stress markers
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Blood samples were obtained before training (BT)3 @h (8 w) and 16 th weeks (16 w) of swimming reiee.
Lipid peroxidation (LP) products as thiobarbituaicid reactive substances (TBARS) were determinedlyithrocyte
(E-LP) and in plasma (P-LP). Total protein cardengTP-C), total protein sulfhydryl (TP-SH) levelgere
determined in plasma as described in Methods secbata are presented as the mean + SDp &,0.05 with

respect to control (BT); kjp < 0.01 with respect to control (BT); p,< 0.001 with respect to control (BT); and d,
p < 0.05 with respect to 8 w values.
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Figure 2: Effect of swim training on antioxidative system.

Blood samples were obtained before training (BT)3 @h (8 w) and 16 th weeks (16 w) of swimming reiee.
Eryhtrocyte catalase (CAT), superoxide dismutas®Of glutathione peroxidase (GSH-Px) activities,d an
glutathione (GSH) levels were determined as desdrib Methods section. Total antioxidant status$J & plasma
was also measured. Data are presented as thein®&@ana, p < 0.05 with respect to control (BT); p< 0.01 with
respect to control (BT); @ < 0.001 with respect to control (BT); andpdk 0.05 with respect to 8 w values.
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Figure 3: Effect of swim training on inflammatory response markers.
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Blood samples were obtained before training (BT)3 @h (8 w) and 16 th weeks (16 w) of swimming reiee.
Heath shock protein 72 (Hsp72), interleukin-6 ([l.-&nd interleukin-8 (IL-8) levels were determiniedplasma
using ELISA. Plasma C-reactive protein (CRP) levetse deremined spectrophotometrically. Data aesqnted as
the mean + SD. ap < 0.001 with respect to control (BT); p< 0.01 with respect to 8 w values; andod; 0.001
with respect to 8 w values.

DISCUSSION

To examine acute oxidative stress in response géocese, most researches have assessed various reideers in
blood and urine. We chose to study the oxidantaidant balance in the various components of bl@od., red
blood cells and plasma) for several reasons. Hilstd is a readily available source to study aidamxt/antioxidant
imbalance. In addition, it is important to use miaily invasive methods in the case of childrensaspling of
muscle tissue is usually not ethically feasibleblood, it may be mosippropriate to evaluate lipid peroxidation
levels and carbonylated protein, possibly in emtigte membranes. Second, blood is an important pdol
antioxidant defences in the body. Third, blood readily available medium in order to investigdte putative link
between oxidative stress and inflammatory respojiis

Most authors suggest that competitive athleticvdgtiat an early age may prompt an increase in RD8 a
decrease in antioxidants. Previous studies addigeisé role of physical exercise in oxidative strasd antioxidant
status in juvenile people have shown conflictingutes. Two recent reports suggest that acute swiagrinicreases
oxidative stress in children, and child swimmersikit higher oxidative stress and lower antioxidaapacity
compared to untrained counterparts at rest [13]th@nother hand, Cavas and Tarhan [7], found nfergifices in
antioxidant status. Kabasakalis et al. (2009), mégaeported that the blood redox status of pubesswimmers
exhibited no significant alterations throughout myethree weeks of swimming training. The data pmntsd here
demonstrate that the blood markers of oxidativeatgto lipids (TBARS) and proteins (carbonyls) wiei@eased
as a result of strenuous swimming training in julesubjects. We found no significant changes, harein

plasma MDA levels compared to baseline values dftersixteen-week swimming exercise program, wigchn

disagreement with reports indicating increasedrpéa®MDA after cycling exercise in young people [231r results
indicate that ROS production during exercise wasaxtensive enough to elicit a significant increaselasma
MDA after exercise, because once aldehydes, likeAlViibe formed and enter circulation, they are rigpectcreted.

One of the primary objectives of this study wasnestigate anwlterations in the antioxidant status of blood and
plasma.Scavenger enzyme systems and endogenous anticxidgpresent a line of defence against oxidative
damage to lipids, proteins, and DNA induced byaasistimuli, such as exercise [32]. In the presardy, exercise
caused a significant increase in CAT and SOD dgtivi erythrocytes. Moreover, erythrocyte GSH-Pxiaky
decreased as a consequence of modified swimmingniga We postulate that this improvemémtantioxidative
protection results from the repetition ofi@n-damaging mild oxidative stress. In other wotls,observed changed
in SOD, CAT, and GSH-Px activity may be specifigaklated to swimming training, since these alterat also
occur in both adolescent and young athletes. Tliede constitutes an interesting opportunity for itholchl
research. Besides activating antioxidant defersesd) as SOD and CAT, the presented swimming trgiregimen
does not appear to protect juveniles from the diidatress induced by exercise, as indicated tneased levels of
TBARS and protein carbonyls. Additionally, we obsmt increased glutathione (GSH) levels and decdease
glutathione peroxidase (GSH-Px) activity in reddalacells (Figure 2). It is our opinion that therease in blood
GSH is probably due to export from peripheral tessisuch as skeletal muscle [19].

Plasma TAS is an accurate index of oxidative stregsch provides a measure of total plasma defeagaénst
RNOS [5]. The results of this study revealed ahtliput not statistically significant, increaseTAS levels. This
result is in accordance with a study by Kabasaletlial. [20], in which they reported that a slightrease TAS
levels in child swimmers after a 23-week exerciaming period. But Gougoura, et al, [13], found/éy TAS levels
in child swimmers compared to untrained countegpattrest. Possible explanations for the discregpaaald relate
to the methodologies used in the different studlestime points examined, the levels of trainifighe participants,
or differences in exercise conditions.

Highly reactive NO is produced by a variety of selind acts as an intracellular messemgenany biological
processes. NO has a short biological half-life sncpidlyconverted into the stable metabolites nitrite aitichte.
In plasma, nitrite is rapidly oxidised to nitraf@eterminatiorof nitrite and nitrate (NOxin body fluids like plasma
andurine is widely used as a marker of NO productih Some experimental studies have indicated ailpless
relationship between exercise and NO. There is elédence that strenuous exercise increases (UybGttold) the
metabolic production of NO iplasma[18]. Thus,we evaluated the NO levels of juvenile swimmerd &ound
training caused an increase in NO levélsis is, to the best of our knowledge, the firgtichl evidence suggesting
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that NO may be related to increased oxidative stireguvenile swimmers. NO has been shown to icteséth free
radicals such as superoxide,(Q it couples with @ to produce peroxynitrite, a compound harmful tdutar
structures. Peroxynitrite and other products haa@nlinked to several interactions that may contglio cellular
injury, including lipid peroxidation (e.g., MDA) @rprotein oxidation (e.g., sulfthydrils ) [16,17].

Mechanisms for the maturity- and age-dependent gdwarin inflammatory cytokine responses to exereise
unknown, but may involve oxidative stress. Exeraisay also induce inflammatory reactions similathe acute
phase response occurring in injury or infectionef€ise increases cellular metabolism and thus emsathe
leakage of oxygen-derived free radicals into plagh®d Oxidative stress (i.e., free radicals) igitately connected
to cytokine gene transcription in various tissukesmunological reactions lead to an augmented géioeraf
reactive oxygen species (ROS) by leukocytes, a amgsim that is partly mediated by cytokines likespia
interleukin-8 (IL-8) and tumour necrosis facto(TNFo). Exercise-induced changes such as depresseteptitin
of lymphocytes, impaired neutrophil function, or Bldamage have been shown to occur in leukocytengblves
and are assumed to be induced in part by oxidatiess [26]. In addition, heat shock protein 72p(M8) has been
implicated as a signalling molecule in the immueagponse to exercise. A duration- and intensity-deeet role for
Hsp72 in the exercise-induced changes of the immesgonse may be assumed [12]. Studies of theninfl@ory
cytokine response and exercise in children arececdraking these data into account, we also ewadutite link
between swimming exercise and inflammatory respo®asma levels of Hsp 72 and IL-6 and IL-8 were
significantly higher in our juvenile swimmers comga to resting situations. Recent symposium repansaled
that IL-6 and IL-8 can be produced in skeletal nristuring exercise in children [34Walsh and colleague
demonstrated that acute exercise can increase Hspfi2 peripheral circulation [39]. They hypotlesi that an
acute bout of physical exercise would increase Rgpdhe or protein expression in contracting skeletascle,
which would then be released, resulting in an iaseein Hsp72 within the blood. In addition, recemidence
suggests that Hsp72 can stimulate cytokine prooluci immune cells as demonstrated by the incregsed
inflammatory cytokines including ILfi TNF-, and IL-6 [3]. Moreover, superoxide anions candle®
inflammatory cytokine production. They have beerovah to interact with GSH-Px, reducing its activity.
Furthermore, reaction with NO can lead to the fdromaof peroxynitrite and hydroxyl radicals, whietould
amplify the inflammatory process. Moreover, inceshgeneration of superoxide radical has been showarrelate
with DNA damage [6].

CONCLUSION

In conclusion, these findings suggest that swimntiagning leads to increased oxidative damage afidmmmatory
response in juvenile swimmers. It remains to bermeihed how oxidative damage and inflammatory raspanay
be connected under these training conditions iarjilg swimmers.
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