
egular exercise has the dual effect of producing oxidants and thus
oxidative stress, while at the same time inducing antioxidant enz-
ymes thus increasing antioxidant synthesis.

Regular physical activity, associated with a balanced diet, is considered
an important factor for health.1 However, exhaustive and/or intense phys-
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Evaluation of Systemic Oxidant and
Antioxidant Status in

Amateur Adolescent Athletes

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Physical exercise in athletes creates various changes in the oxidant-an-
tioxidant balance. Regularly performed, moderate exercise has many beneficial effects, whereas in-
tense exercise can produce damage in skeletal muscle and other tissues. MMaatteerriiaall  aanndd  MMeetthhooddss::  To
investigate and compare the oxidative-antioxidative status and oxidative stress index in amateur
adolescent athletes with those of a healthy control group of similar age and sex but with a normal
lifestyle, and to determine any relationship between total oxidative status (TOS), total antioxidative
capacity (TAC), oxidative stress index (OSI) and regular exercise. The study group consisted of 64
adolescent amateur athletes who for 2 years had regularly undertaken 2 hours of training per day
at least 3 days per week. RReessuullttss::  Significantly high levels of total antioxidative capacity, total ox-
idative status, oxidative stress index and lipid hydroperoxide were found in the athlete group in
comparison to the control group (p< 0.0001). CCoonncclluussiioonn::  We suggest that there is a dual effect as-
sociated with amateur adolescent athletes taking regular exercise over a long time in that oxidative
stress appears with the development of oxidants, and at the same time induces antioxidant enzymes
thus increasing antioxidant synthesis.

KKeeyy  WWoorrddss::  Adolescent; exercise; oxidative stress

ÖÖZZEETT  AAmmaaçç::  Sporcularda fiziksel egzersizin oksidan-antioksidan dengesinde çeşitli değişiklikler
yaptığı gösterilmiştir. Bu çalışmada amatör adölesan sporcularda oksidan, antioksidan durum ile
oksidatif stres indeksini aynı yaş ve cinsiyetteki sağlıklı kontrol grubu ile karşılaştırmak ve düzenli
egzersiz yapmanın total oksidatif durum (TOD), total antioksidan kapasite (TAK) ve oksidatif stres
indeksi (OSİ) üzerindeki etkisini değerlendirmek amaçlandı. GGeerreeçç  vvee  YYöönntteemmlleerr::  Çalışma grubu
amatör olarak sporla uğraşan 64 adölesan sporcu ile  benzer yaş ve cinsiyette 32 sağlıklı katılımcıdan
oluştu. Amatör olarak sporla uğraşan 64 adölesan, en az haftada 3 gün, günde 2 saat düzenli olarak
antrenman yapıyordu. Kontrol grubu sporla uğraşmıyor ve normal olarak hayatlarını devam
ettiriyorlardı. BBuullgguullaarr::  Amatör adölesan sporcularda TAK, TOD, OSİ, lipid hidroperoksit (LOOHs)
değerleri kontrol grubu ile karşılaştırıldığında (p< 0.0001) kontrol grubuna göre anlamlı derecede
yüksek bulundu. SSoonnuuçç::  Bu çalışmanın bulguları, amatör adölesan sporcularda uzun süre boyunca
düzenli egzersiz yapmanın, bir yandan oksidan oluşumu ile oksidatif stresi ortaya çıkarırken, diğer
yandan da antioksidan enzimleri indükleyip antioksidan sentezini artırarak çift etki gösterdiğini
düşündürmektedir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Adölesan; egzersiz; oksidatif stres
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i cal ac ti vity can in du ce di se a ses, in ju ri es and chro -
nic fa ti gu e, which can le ad to over tra i ning syndro -
me, partly be ca u se of fre e ra di cal (FR) to xi city. FRs
are pro du ced ex ten si vely du ring physi cal exer ci se
and alt ho ugh they exert po si ti ve ef fects on the im-
mu ne system and es sen ti al me ta bo lic func ti ons,
they are al so in vol ved in mus cu lar fa ti gu e, many
di se a ses and the age ing pro cess.1-4 An ti o xi dants are
com po nents that sup press FR and the ir harm ful ef-
fects. If the pro duc ti on of FR is lar ger than an ti o -
xi dant ac ti vity, the re is an oxi da ti ve stress sta te
with cell da ma ge.5 Physi cal ac ti vity in cre a ses FR
pro duc ti on and the an ti o xi dant uti li za ti on. Nut ri -
ti on pro vi des an im por tant so ur ce of an ti o xi dants
but it has of ten be en re por ted that ath le tes had an
in suf fi ci ent mic ro nut ri ent supply.6,7 It has al so be -
en shown that oxi da ti ve stress co uld in cre a se du r-
ing pe ri ods of in ten si ve tra i ning.8,9

Re gu larly per for med, mo de ra te exer ci se has
many be ne fi ci al ef fects, whe re as in ten se exer ci se
can pro du ce da ma ge in ske le tal musc le and ot her
tis su es.10,11 Des pi te the gro wing amo unt of da ta, the
re la ti ons hip bet we en physi cal ac ti vity and oxi da -
ti ve stress is far from be ing li ne ar. Ex pe ri men tal ev-
i den ce in di ca tes that ex ha us ti ve exer ci se in du ces
li pid pe ro xi da ti on, DNA da ma ge and al te ra ti on of
the an ti o xi dant de fen se system.12-16 Con ver sely, the
pro tec ti ve ef fects of tra i ning are usu ally as so ci a ted
with the up-re gu la ti on of en do ge no us an ti o xi dant
de fen se and re pa ir systems, thus exp la i ning why
ath le tic in di vi du als disp lay less cell da ma ge than
se den tary ones.17-19

Com pa ra ti vely, du ring en du ran ce exer ci se
the re is a 10- to 20-fold in cre a se in who le body
oxy gen con sump ti on and oxy gen up ta ke in the ac-
ti ve ske le tal musc le in cre a ses 100 to 200-fold.20-22

The body has a comp lex an ti o xi dant de fen ce sys-
tem to mi ni mi ze the FR da ma ge wit hin the cells,
to the cell mem bra nes and in the ex tra-cel lu lar flu -
id.23-26,27 Wit hin the stra tegy to ma in ta in re dox ba l-
an ce in oxi dant con di ti ons, the blo od trans por ting
an ti o xi dants to every part of the body, plays a cen-
tral ro le.

The aim of this study was to in ves ti ga te and
com pa re the oxi da ti ve-an ti o xi da ti ve sta tus and OSI

in ama te ur ado les cent ath le tes with tho se of a he -
althy con trol gro up of si mi lar age and sex but with
a nor mal li fest yle, and to de ter mi ne any re la ti ons -
hip bet we en to tal oxi da ti ve sta tus (TOS), to tal an-
ti o xi da ti ve ca pa city (TAC), oxi da ti ve stress in dex
(OSI) and re gu lar exer ci se. 

MA TE RI AL AND MET HODS

SUB JECTS

The study gro up con sis ted of 64 ado les cent ama te -
ur bas ket ball pla yers (57 boys, 7 girls) who for at
le ast 2 ye ars had re gu larly un der ta ken 2 ho urs of
tra i ning per day at le ast 3 days per we ek. The con-
trol gro up was for med from 32 he althy ado les cents
of si mi lar age (24 boys, 8 girls) who did no sports
and led a nor mal li fe. They we re se lec ted among
he althy ado les cents who pre sen ted to our pe di at ric
cli nic. The girls in both the study and con trol gro -
ups we re post-me narc he.

Both gro ups we re in for med not to eat, drink
or ta ke any an ti o xi dant me di ci ne for 3 ho urs pri or
to samp le col lec ti on.

All en rol led par ti ci pants we re he althy with no
fa mi li al or per so nal his tory of di a be tes or dysli pi -
da e mi a and with nor mal thyro id, he pa tic and re -
nal func ti ons. Sub jects we re with drawn from the
study if the re was any in di ca ti on of car di o vas cu lar
di se a se, physi cal dis com fort or chro nic ill ness or if
exer ci se was li kely to trig ger ast hma. The qu es ti -
on na i re to be used was de ve lo ped by re se arc hers. A
fa ce-to-fa ce in ter vi ew was ma de with the par ti ci -
pants and a de ta i led fo od fre qu ency qu es ti on na i re
was comp le ted in or der to ob ta in in for ma ti on abo -
ut the ir di e tary ha bits. A fo od con sump ti on qu es ti -
on na i re was used to re cord the con sump ti on
fre qu ency and da ily con sump ti on of dif fe rent types
of fo od of the par ti ci pants. The types of fo od con-
su med by the sub jects we re re cor ded in the forms
as por ti on or as we ight for every me al, da ily, 1-3
ti mes a we ek, 3-5 ti mes a we ek, on ce in two we -
eks, and on ce a month. The se fo od types we re ca t-
e go ri zed as da iry pro ducts, egg, me at, gra ins, dry
be ans, bre ad and ce re als, fresh fru it and ve ge tab -
les, oil, su gar, des serts, drinks and the ir sub gro ups.
The da ily energy amo unts ob ta i ned from dif fe rent



fo od gro ups of the study and the con trol gro ups
we re cal cu la ted and re cor ded by using the da ta on
the fo od con sump ti on qu es ti on na i re.

No sub ject was ta king any drug known to af fect
li pid and li pop ro te in me ta bo lism. Spe ci al ca re was
ta ken to exc lu de sub jects who we re ta king ana bo lic
drugs, vi ta mins or ot her an ti o xi dants or who we re
smo kers. No sub ject was fol lo wing a spe ci al di et.

The amo unt of sport un der ta ken we ekly, the
num ber of ye ars they had be en do ing that sport, di-
e tary ha bits, per so nal and fa mi li al he alth his tory,
so ci o-eco no mic po si ti on, smo king ha bit or ex po su -
re to smo king, use of vi ta mins or me di ca ti on we re
qu es ti o ned.

The qu a lity, qu an tity and fre qu ency of con-
sump ti on of red me at, chic ken, fish, eggs, ve ge tab -
les, fru its, milk pro ducts and soft drinks was si mi lar
for all sub jects. The eco no mic and so ci o-cul tu ral
sta tus was si mi lar in both the study and the con-
trol gro up. The di e tary ha bits of both gro ups we re
si mi lar.

Pri or to the study, all sub jects we re me di cally
exa mi ned. The ir me di cal and spor ting his to ri es we -
re re cor ded. The study pro to col was ap pro ved by
the Lo cal Et hics Com mit te e. The de ta ils of the
study we re exp la i ned to the par ti ci pants pri or to
en roll ment and all par ti ci pants pro vi ded in for med
con sent.

ME A SU RE MENTS

The ages of the par ti ci pants we re re cor ded; he ights
we re me a su red to the 0.1 cm and we ight we re me -
a su red to the 0.1 kg in both gro ups. Res pi ra tory
func ti on was me a su red by one flow tes ter scre en
mark spi ro me ter and the systo lic and the di as to lic
blo od pres su re was me a su red by stet hos co pe and
sphygmo ma no me ter. He art ra te was me a su red
from the wrist ra di al ar tery by co un ting the pul se
with the in dex and midd le fin gers over 15 se conds
then mul tipl ying by 4 to gi ve the num ber of be ats
per mi nu te.

SAMP LES

Blo od samp les we re with drawn in to he pa ri ni zed
tu bes from a cu bi tal ve in and we re im me di a tely

sto red in ice. Plas ma was se pa ra ted from cells by
cen tri fu ga ti on at 3000 rpm for 10 min. Plas ma sam-
p les we re sto red at -80°C un til analy sis. 

ME A SU RE MENT OF TO TAL 
AN TI O XI DA TI VE CA PA CITY OF PLAS MA

The to tal an ti o xi dant sta tus of the plas ma was de-
ter mi ned using a no vel-au to ma ted me a su re ment
met hod, de ve lo ped by Erel.28 In this met hod, hy-
droxyl ra di cal, which is the most po tent bi o lo gi cal
ra di cal, is pro du ced. In this as say, the an ti o xi da ti -
ve ef fect of the samp le aga inst the po tent fre e ra di -
cal re ac ti ons, which are ini ti a ted by the pro du ced
hydroxyl ra di cal, is me a su red. The as say has ex cel -
lent pre ci si on va lu es of lo wer than 3%. The re sults
we re ex pres sed as mmol Tro lox equ i va lent/l.

ME A SU RE MENT OF TO TAL PE RO XI DE CON CEN TRA TI ON
OF PLAS MA (LO OHs)

The to tal pe ro xi de con cen tra ti ons of the plas ma
samp les we re de ter mi ned using the FOX2 met hod
with mi nor mo di fi ca ti ons.29,30 The FOX2 test system
is ba sed on oxi da ti on of fer ro us ion to fer ric ion by
va ri o us types of pe ro xi des con ta i ned wit hin the
plas ma samp les, to pro du ce a co lo red fer ric-xyle nol
oran ge comp lex who se ab sor bency can be me a su -
red. The FOX2 re a gent was pre pa red by dis sol ving
am mo ni um fer ro us sulp ha te (9.8 mg) in 250 mmol
H2SO4 (10 mL) to gi ve a fi nal con cen tra ti on of 250
mmol fer ro us ion in acid. This so lu ti on was then ad -
ded to 90 mL of HPLC-gra de met ha nol con ta i ning
79.2 mg buty la ted hydroxy to lu e ne (BHT). Fi nally,
7.6 mg xyle nol oran ge was ad ded and stir red to ma -
ke the fi nal wor king re a gent (250 mmol am mo ni um
fer ro us sulp ha te, 100 mmol xyle nol oran ge, 25
mmol H2SO4, and 4 mmol BHT in 90% vol/vol met -
ha nol in a fi nal vo lu me of 100 mL). The blank wor -
king re a gent con ta i ned all com po nents of the
pre vi o us re a gent ex cept fer ro us sulp ha te. Ali qu ots
(200 Al) of plas ma we re mi xed with 1800 Al FOX2
re a gent. Af ter in cu ba ti on at ro om tem pe ra tu re for
30 min, the vi als we re cen tri fu ged at 12.000 g for
10 mi nu tes. Ab sor ban ce of the su per na tant was
then de ter mi ned at 560 nm. The to tal pe ro xi de con-
tent of the plas ma samp les was de ter mi ned as a
func ti on of the ab sor ban ce dif fe ren ce bet we en the
test and the blank tu bes using a so lu ti on of H2O2 as
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stan dard. The co ef fi ci ent of va ri a ti on for in di vi du -
al plas ma samp les was less than 5%.

ME A SU RE MENT OF TO TAL OXI DANT STA TUS

TOS of se rum was de ter mi ned using a no vel au to -
ma ted me a su re ment met hod as pre vi o usly des cri -
bed.31 Oxi dants pre sent in the samp le oxi di zed the
fer ro us ion-o-di a ni si di ne comp lex to fer ric ion. The
oxi da ti on re ac ti on was en han ced by glyce rol mo le-
cu les abun dantly pre sent in the re ac ti on me di um.
The fer ric ion pro du ced a co lo red comp lex with
xyle nol oran ge in an aci dic me di um. The co lor in-
ten sity, which co uld be me a su red spec trop ho to -
met ri cally, was re la ted to the to tal amo unt of
oxi dant mo le cu les pre sent in the samp le. The as say
was ca lib ra ted with hydro gen pe ro xi de and the re-
sults we re ex pres sed in terms of mic ro mo lar hydro -
gen pe ro xi de equ i va lent per li ter (mmol H2O2

equ i va lent/L).

OXI DA TI VE STRESS IN DEX

The per cen ta ge ra ti o of to tal pe ro xi de le vel to the
TAC le vel was con si de red the OSI.30 To per form
the cal cu la ti on, the re sult unit of TAC, mmol Tro -
lox equ i va lent/l, was chan ged to mmol Tro lox equ -
i va lent/l and the OSI va lu e was cal cu la ted using the
fol lo wing for mu la; OSI=[(To tal pe ro xi de, mmol/l)/
(TAC, mmol Tro lox equ i va lent/l)/100].

ME A SU RE MENT OF LI PID PRO FI LES

Plas ma trigl yce ri de, to tal cho les te rol, low-den sity li -
pop ro te in (LDL), high-den sity li pop ro te in (HDL)
and very low-den sity li pop ro te in (VLDL) le vels we -
re me a su red by au to ma ted che mistry analy ser (Ae -
ro set, Ab bott, USA) using com mer ci al kits (Ab bott). 

Sta tis ti cal Analy sis

Stu dent’s t-test and chi-squ a re analy ses we re per-
for med using SPSS for Win dows, Re le a se 11.5 com-
pu ter prog ram (SPSS). A p< 0.05 was con si de red
sig ni fi cant.

RE SULTS

The study con sis ted of 64 ado les cent ama te ur ath-
le tes (57 boys, 7 girls) and a con trol gro up of 32
he althy ado les cents of si mi lar age (24 boys, 8 girls)

who did no sports and led a nor mal li fe. The me -
an age was 15.2 ± 1.9 ye ars for the ath le te gro up
and 14.8 ± 1.5 ye ars for the con trol gro up. The me -
an he ight was 164.5 ± 11.5 cm and 162.2 ± 8.5 cm
and the me an we ight 54.2 ± 12.5 kg and 53.1 ±
10.4 kg for the ath le te gro up and the con trol gro -
up res pec ti vely. In the ath le te gro up body mass
in dex (BMI) was (kg/m²) 19.8 ± 3.2 and in the
con trol gro up, 20.0 ± 2.4. In terms of age, gen der,
he ight, we ight and BMI, the re was no sta tis ti cally
sig ni fi cant dif fe ren ce bet we en the two gro ups
(Tab le 1).

No dif fe ren ce was se en bet we en the two gro -
ups in the pre-study me a su re ments of systo lic and
di as to lic blo od pres su re le vels, pul se and res pi ra -
tory ra te.

The re was no sta tis ti cally sig ni fi cant dif fe ren ce
bet we en the two gro ups for res pi ra tory func ti on tests,
ar te ri al blo od pres su re, pul se and res pi ra tory ra te.

The TAC, TOS and OSI va lu es of the ama te ur
ado les cent ath le tes we re sig ni fi cantly high in com-
pa ri son to the con trol gro up. In a sta tis ti cal com-
pa ri son of TAC, TOS, LO OHs and OSI va lu es
bet we en the two gro ups, the ath le tes’ va lu es we re
sig ni fi cantly high in all pa ra me ters (Fi gu re 1, Fi gu -
re 2, Fi gu re 3, Fi gu re 4 ), (Tab le 2).

The re was no sta tis ti cally sig ni fi cant dif fe ren -
ce bet we en the two gro ups for trigl yce ri de, cho les -
te rol, HDL-cho les te rol, LDL-cho les te rol, and
VLDL-cho les te rol le vels (Tab le 3).

Variables Amateur Adolescent Control 
Athletes (n= 64) Group (n= 32) p

Sex (M/F) 57/7 24/8 p= 0.07, 

OR: 0.36 (0.12-1.13)

Age (year) 15.2 ± 1.9 14.8 ± 1.5 p= 0.34

Height (cm) 164.5 ± 11.5 162.2 ± 8.5 p= 0.30

Weight (kg) 54.2 ± 12.5 53.1 ± 10.4 p= 0.67

BMI (kg/ m²) 19.8 ± 3.2 20.0±2.4 p= 0.75

TABLE 1: Demographic and clinical characteristics 
of amateur adolescent athletes and control group. 

Values are expressed as mean ± SD.

BMI; body mass index.



DIS CUS SI ON

In our study, the ath le te gro up had sig ni fi cantly
hig her va lu es of to tal an ti o xi dant ca pa city, to tal
oxi da ti ve sta tus, oxi da ti ve stress in dex and amo -
unt of li pid hydro pe ro xi de than the con trol gro -
up.

In mo dern me di ci ne, re gu lar physi cal exer ci se
is an im por tant to ol in the pre ven ti on and tre at -

ment of di se a ses. Alt ho ugh in ten se ex ha us ti ve ex-
er ci se in cre a ses oxi da ti ve stress, exer ci se tra i ning
was shown to up-re gu la te an ti o xi dant pro tec ti -
on.32

Re cently it has be en sug ges ted that the pro-
duc ti on of fre e ra di cals de pen ded upon the in cre a -
se of oxy gen con sump ti on in the hu man body, with
a cle ar re la ti ons hip with exer ci se. Exer ci se le ads to
mo re fre e ra di cal pro duc ti on and in cre a sed me ta -
bo lic pro ces ses by in cre a sing the oxy gen con sump -
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FIGURE 1: Mean values ± SD of the total oxidative status (TOS) according
to groups.
The TOS level was significantly higher in the athlete group in comparison to the control
group (p< 0.0001).

FIGURE 2: Mean values ± SD of lipid hydroperoxide (LOOHs) according to
groups. 
The LOOHs value was significantly higher in the athlete group in comparison to the con-
trol group (p< 0.0001).

FIGURE 3: Mean values ± SD of the oxidative stress index (OSI) according
to groups
The OSI level was significantly higher in the athlete group in comparison to the control
group (p< 0.0001).

FIGURE 4: Mean values ± SD of the total antioxidative capacity (TAC) ac-
cording to groups. 
The TAC level was significantly higher in the athlete group in comparison to the control
group (p< 0.0001).
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ti on ac cor ding to the stre nu o us ness and du ra ti on
of the exer ci se.33

Re cent re ports sug ges ted that mild and re gu lar
exer ci se co uld in cre a se the an ti o xi dant ca pa city.34,35

From this po int of vi ew, the cells are pro tec ted
from the in jury ca u sed by fre e ra di cal pro duc ti on
be ca u se an ti o xi dant le vels in cre a se in tho se who
exer ci se re gu larly. The ge ne ral opi ni on is that
physi cal ac ti vity plays a be ne fi ci al ro le in the pre-
ven ti on of di se a se.36

The as si mi la ti on for ce of the to tal an ti o xi dant
ca pa city is we a ke ned by the in di vi du al me a su re -
ments of the li kely ef fects of dif fe rent an ti o xi dants
on each ot her in vi vo. TAC, the an ti o xi dants pre s-
ent in the bi o lo gi cal flu id, se ems to ha ve the ca pa -
city to pro tect mem bra nes and ot her cell
com po nents from oxi da ti ve da ma ge.27

The re fo re, re ports sug gest that to de ter mi ne
the plas ma TAC and TOS, bi o lo gi cal me a su ring of

all an ti o xi dants known to be pre sent in plas ma (or
se rum) and the ir cu mu la ti ve ef fect will yi eld in for-
ma ti on that is mo re va lid. Thus, in our study we
used a test sho wing the to tal oxi dant-an ti o xi dant
sta te. This is the first study on this sub ject with am-
a te ur ado les cent ath le tes using the met hod de ve lo -
ped by Erel.5,28 This met hod enab led the study to
be simp le, eco no mi cal, ti me sa ving and ac cu ra te.
Mo re o ver, this met hod can al so show the to tal
body oxi dant-an ti o xi dant va lu es re li ably, ea sily and
che aply.28,31

Chro nic exer ci se was shown to in cre a se the
an ti o xi dant de fen se and re du ce the ba sal le vel of
oxi da ti ve stress in adult hu mans, des pi te ot her stu -
di es yi el ding no such ef fect.37,38

In a study of eli te ski ers af ter 2 days of vi go ro -
us exer ci se, the re was an in cre a se in plas ma to tal
an ti o xi dant ca pa city and no sign of an in cre a se in
the le vel of oxi da ti ve stress.39 Anot her study of wo -
men wrest lers re por ted an in cre a se in oxi da ti ve
stress with exer ci se and a fall in the an ti o xi dant ca-
pa city.40 The an ti o xi dant le vel in cre a sed wit hin 40
mi nu tes af ter swim ming when com pa red to ba se li -
ne in 800-met re swim mers.41

In ad di ti on to the stu di es sug ges ting that dif fe -
rent forms of exer ci se le ad to dif fe rent le vels of ox-
i da ti ve stress, the re are ot hers sho wing that
long-term tra i ning im pro ves the an ti o xi dant de fen -
ses.23,25,42,43

Rat her than exer ci se in cre a sing oxi da ti ve
stress, long-term ha bi tu al exer ci se al ways cre a tes
oxi da ti ve stress whi le im pro ving the an ti o xi dant
system. Whi le our fin dings of a sig ni fi cant in cre a -
se in TAC in the ath le te gro up in com pa ri son to the
con trol gro up is in ac cor dan ce with the re sults of
so me stu di es, they con tra dict with ot hers.44-49

Even tho ugh the sub jects in our study gro up
we re ama te ur, they had be en exer ci sing re gu larly
for se ve ral ye ars and to ok part in com pe ti ti ve sport.
We sug gest that this may ac co unt for the in cre a sed
TAC in the ama te ur ath le te gro up.

LO OHs va lu es had sig ni fi cantly in cre a sed con-
cur rently with TOS in the ath le te gro up. Re ac ti ve
oxy gen de ri va ti ves bro ught abo ut by li pid pe ro xi -
da ti on are one of the best in di ca tors of the le vel of

Amateur adolescent Control 
athletes (n= 64) group (n= 32) p

TAC (mmol Trolox equiv./l) 1.07 ± 0.14 0.92 ± 0.12 < 0.0001

LOOH (µmol H2O2 Eqiv./L) 3.95 ± 0.9 3.05 ± 0.43 < 0.0001

TOS (mmol H2O2/l) 11.15 ± 3.20 8.11 ± 2.27 < 0.0001

OSI (AU) 10.67 ± 3.63 9.0 ± 2.93 0.027

TABLE 2: Oxidative and antioxidative parameters of
the amateur adolescent athletes and the control group.

Values are expressed as mean ± SD.

TAC, total antioxidative capacity; LOOH, lipid hydroperoxidase; TOS, total oxidative
stress; OSI, oxidative stress index; AU, Arbitrary Unit.

Amateur adolescent Control 
athletes (n= 64) group (n= 32) p

Triglyceride (mmol/L) 1.47 ± 0.87 1.66 ± 1.29 > 0.39

Cholesterol (mmol/L) 4.62 ± 1.06 4.54 ± 1.01 > 0.22

HDL-cholesterol (mmol/L) 1.37 ± 0.34 1.39 ± 0.39 > 0.65

LDL-cholesterol (mmol/L) 2.5 ± 0.58 2.37 ± 0.71 > 0.55

VLDL-cholesterol (mmol/L) 0.67 ± 0.40 0.76 ± 0.59 > 0.39

TABLE 3: Lipid profiles of the amateur 
adolescent athletes and the control group. 

Values are expressed as mean ± SD.

HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very low-density
lipoprotein.
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mo le cu lar da ma ge.50 Se ve ral stu di es ha ve shown
that li pid pe ro xi da ti on pro du ced by exer ci se was
hig her in re la ti on to the con trol gro up.1,51 Ho we -
ver, anot her study has fo und no dif fe ren ce in li pid
pe ro xi da ti on.52

The high va lu es of TOS and LO OHs in the ath-
le te gro up we re pa ral lel to the fin dings in ot her stu -
di es, whe re as stu di es with conf lic ting da ta al so
exist. Ho we ver, sin ce ama te ur ath le tes we re tra i -
ning re gu larly and we re ac ti vely ta king part in
sports du ring the study pe ri od, the re was tho ught
to be a re la ti ons hip bet we en the ex tra tra i ning do -
ne at ti mes of fre qu ent spor ting com pe ti ti ons and
the sig ni fi cantly high le vel of oxi da ti ve stress. Ne -
vert he less, as so ci a ted with this in cre a se in the ox-
i dant-an ti o xi dant ca pa city, the ath le tes’ oxi da ti ve
stress in dex in cre a sed. The re sults on this sub ject
in the li te ra tu re are va ri o us, of which so me are in
ac cor dan ce with our re sults and so me are not.45-50

The ma in re a son for the va ri ab le fin dings may be
that each study com pri sed par ti ci pants of dif fe rent
so ci o-eco no mic le vels, dif fe rent age gro ups and
with dif fe rent spor ting ac ti vi ti es. So me re ports in-
di ca ted that supp le men ting an ti o xi dants wo uld in-
cre a se exer ci se per for man ce.53

The next step to get de ta i led in for ma ti on on
the ef fect of the re dox ba lan ce will be to com pa re
a con trol gro up aga inst a gro up of ama te ur ado les -
cent ath le tes on a di et rich in an ti o xi dants. Thus,
the da ma ging ef fect of the re dox ba lan ce on the
DNA of ama te ur ado les cent ath le tes on an an to xi -
dant-rich di et or with the ad di ti on of supp le ments
may be in ves ti ga ted.

CONC LU SI ON

The in cre a se in to tal an ti o xi dants, oxi dants, oxi da -
tive stress and li pid hyper pe ro xi da ti on in ama te -
ur ado les cent ath le tes is con nec ted to long-term
re gu lar exer ci se and has the du al ef fect of oxi dant
de ve lop ment le a ding to oxi da ti ve stress and at the
sa me ti me in du cing an ti o xi dant enz ymes gi ving
ri se to an ti o xi dant synthe sis. Even in ama te urs,
the spor ting ac ti vity streng the ned the an ti o xi dant
system, but in com pa ri son with the con trol gro -
up, the re was a hig her le vel of oxi da ti ve stress. To
re du ce this high le vel of oxi da ti ve stress in ama -
te ur ado les cent ath le tes and to pro tect aga inst
harm ful ef fects it may be use ful to ha ve a di et rich
in an ti o xi dants or to ta ke an ti o xi dant supp le -
ments.
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