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ABSTRACT

Objective: Weinvestigated the effects of endurance training with differ-
ent frequencies on the blood antioxidant enzymes activities and indexes
of lipid, protein and DNA damage after exhausted exercise. M ethods: 30
non-athlete healthy subjects were divided into two experimental groups
(A and B) and one control group (C), involving 10 peoplein each group.
All groups underwent Bruce test. Then experimental groups were sub-
jected to five-week endurance training with different frequencies. All
groups underwent treadmill exercise for the second time 72 hour after last
week. After each Bruce test, blood sampling was obtained from capital
vein for biochemical measurements. Results: In groupsA and B, antioxi-
dant enzyme activitiesand the level s of oxidative damage biomarkers after
endurance training were significantly higher than before training condi-
tion. After endurance training, higher enzyme activities were found in
groupsA, B, followed by C. Thelevels of oxidative damage biomarkersin
group A and B after endurance training were significantly higher as com-
pared with control group. The lowest levels of these indexes were related
to control group. Conclusions: This study suggests that high and low
training frequencies increases the antioxidant enzyme activities and the
levels of oxidative damage biomarkers. However, increase in antioxidant
enzyme activitiesis moreremarkablein high frequency training.
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INTRODUCTION

During normd mitochondrid metabolism, 2%6t05%
of the consumed oxygen (VO,) may beconverttofree
radica ssuch asreactive oxygen species (ROS), which
areinvolved in the pathology of many diseases® in-
cluding diabetes, inflammation, cancer, cardiovascular

disorders, and process of ageing®®. Exerciseisassoci-
ated with anincreasein VO, and resultsinincreased
production of freeradicall"*9. ROS can react with cel-
lular componentssuch aslipids, proteins, and DNAE9,
that leadsto formation of oxidative stressbiomarkers,
including ma ondialdehyde (MDA), reactive carbonyl
derivatives(RCD), and 8-hydroxy-2'-deoxyguanosine
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(8-OHdG)*¢l. Cells are protected from free radical
damage by enzymati c and non-enzymati c antioxidant
mechanismg624, Themgjor antioxidant enzymesare
superoxide dismutase (SOD), glutathi one peroxidase
(GPX), and catalase (CAT).

Freeradica formation dueto exerciseisraised up
ascompared with rest levels. Therefore, antioxidant en-
zymeactivitiesareincreased subsequently*®, Many
studies have shown that improvement in antioxidant
defense after endurance exerciseisdueto compatibil-
ity in antioxidant defense system(*21831, Related Stud-
iesreported no change or decreasein antioxidant de-
fense system after endurance exercises*23, Most of
these studies have used different protocols, resulted
various consequences®#+3, Thereisno standardized
protocolsthat have been used in exercisetraining.

Differenceintraining programsisdueto difference
intensity, frequency and duration of exercisg®l. Dueto
importance of exerciseprogram designing, itisneces-
sary to know commodioustraining programsto gain
ided results, preventing expense, timeand energy wadte.

Thisstudy aimed to investigate whether different
frequenciesof training at the sameintensity and dura-
tion affect the anti oxidant system of the body.

METHODS

Subjects

Thirty hedthy, non-athletevolunteerswererandomly
choseninthisstudy. They aged 20-25 years. Themain
indicatorsin thisresearch were no smoking and a co-
hol, nointakeof antioxidant supplements, no history of
heart disease and respiratory failure, and no anti-in-
flammatory drugs. Subjectsgavether informedwritten
consent to participatein the study. They weredivided
into two experimenta groups of ten people (groupsA
and B) and one control group of ten people (C). All
groups underwent treadmill exercisetesting using the
Bruce protocol. Then group A and B were subjected
to afive-week endurancetraining (groupA; 20 minutes
per day and 6 days per week, group B; 40 minutes per
day and 3 days per week). Thesegroupsexercised at
the sameintensity (75% to 85% maximal heart rate)
and their heart rate monitored with polar S810 heart
rate monitor. Group C remained without exercise. 72
hours after |ast exercise session, al groups underwent
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treadmill exercisefor secondtime.

Exercisetreadmill test (Brucetest)

Brucetest wasdoneby treadmill. It had seven steps
and each step took 3 minutes. At the beginning, the
slope of the treadmill was 10% and itsrate was 2.7
km/h. Ineach 3 minutes, thed op increased 2% and the
rateincreased 1.47 times. It continued until the subject
was unableto run®,

Samples

After each Brucetest blood sampling wasobtained
from capitd vein. Blood sampleswerewithdrawn into
heparini zed tubes. Heparinized whole blood samples
wereimmediately centrifuged at 3000 rpmin4 °C for
10 minutes. The supernatant was aspirated and col-
lected as serumand stored at - 70 °C. To separate eryth-
rocytes, the buffy coat was drained and the sediment
waswashed four timeswith 3 ml of 0.9% sodium chlo-
ride solution, and was centrifuged under the same con-
ditions. Aliquotsof thewashed erythrocyteswerely-
sed by freezing (-20°C) for 24 h and then they were
used for measurements.

Antioxidant enzymesassay

The SOD activity in erythrocyteswas measured
according to the method of Misra& Fridovichi? on
thebasisof their ability toinhibit freeradica chainoxi-
dationinwhich O, wasachain-propagating radica and
theautooxidation of epinephrinewasincluded. Human
erythrocyte SOD was used as astandard and the ac-
tivity wasexpressed in Unit/g.Hb.

CAT activity wasdetermined by monitoringthedis-
appearance of H,0, at 240 nm. CAT activity was ex-
pressed asunit/mg.protein. Oneunit of enzymewasthe
amount necessary to decompose 1 umol of H,O, per
min at 25°CP,

GPX activity wasmeasured by themethod of Paglia
& Vdenting?, Heparinized wholeblood (0.05ml) was
diluted with 1 ml diluting agent, incubated for 5min,
and then 1 ml of doublestrength Drabkin’s reagent was
added and mixed well. GPX catal ysesthe oxidation of
glutathione (GSH) by cumene hydroperoxide. Inthe
presence of GSH reductase and ni cotinamide adenine
dinucleotide phosphate (NADPH), the oxidized GSH
wasimmediately converted to the reduced form with
the concomitant oxidation of NADPH toNADP*. The

e, BIOCHEMISTRY

Hn Tndéan g%wumé



90 Effect of different frequencies of endurance training

BCAIJ, 6(3), 2012

Regular Peper ===

decreasein absorbance at 340 nmwas measured by a
spectrophotometer.

M easur ement of oxidativedamage biomarkers

MDA concentration in plasmawas measured by
thehigh-performanceliquid chromatography technique
(moddl 4225; Unicam, LCD/Analytical) inwhich the
MDA-thiobarbituric acid (TBA) adduct was sepa-
rated®, Briefly, plasmalipoperoxideswere hydrolyzed
by boiling in diluted phosphoric acid. MDA wasre-
actedwith TBA toyield theMDA-TBA adduct. The
protein-free extract wasfractionated on aC18 column
of octadecyl silicagel to separatethe MDA-TBA ad-
duct by elution with methanol/phosphate buffer and
guantified by aspectrophotometer at 532 nm (moddl:
crysta 200; Unicam LCD/Anayticd Inc.).

RCD weredetected by their reactivity with DNPH
to form protein hydrazones and their amount eva uated
at 370 nm and expressed in nmol/mg.protein®,

8-OHdG levelsweremeasured essentialy asde-
scribed previously®. Briefly, an automated column
switching LCEC method for 8-OHdG was based on
theuniquesdlectivity of theintegra porouscarbon col-
umnfor purines.

Sampleswereinjected onto aC8 column and the
band containing 8-OHdG was then quantitatively
trapped on acarbon column. Thesdectivity of the car-
bon columnfor 8-OHAG allowed e imination of inter-
fering peaks by washing the column with asecond mo-

TABLE 1 : Physical characterisitic of studied groups before and

bile phase and then el uting 8-OHdG to an anal ytical
C18 columnwith anidentical mobile phasecontaining
adenosineto displace8-OHAG Detection with series
colorimetric dectrodesprovidesquditetive certainty for
8-OHdG peak by responseratios.

Satistical analysis

Valueswere expressed asmean+ SEM. The re-
sultswereanayzed by one-way analysisof variance
(ANOVA) followed by Paired-Samples T Test to
evaluate the significance of the differences between
groups using Statistical Packagefor Social Science
(SPSS16.0for windows). A p<0.05level of signifi-
cance was used.

RESULTS

Anthropometric characteristicsof voluntary subjects
aredemonstrated in TABLE 1. Subjects were at the
same range of age with mean of 22.5 to 22.6 years.
Therewere no significant differences between groups
inheight, weight, and BM1 asthey were eva uated be-
foreand after endurancetraining. In groupsA and B,
VO, increased significantly after endurancetraining
as compared to before endurancetraining (p < 0.05),
but therewasno sgnificant differencein control group
(p>0.05). Inaddition, differencesinVO,,  werenot
significant between groupsA, B, and C beforeand af -
ter exercise (p > 0.05).

after endurance training. Data are expressed as mean = SEM.

Groups Age Weight Height BMI V Ozmax (MI/kg.min)
Group A before 225+22 71.91+4.4 1.76 £3.3 23.21+2.4 36.21 +£2.3*
(N=10) after 225+22 71.88+4.5 1.76+3.3 23.20+ 1.6 40.47+2.1
Group B before 226+2.2 68.16 £ 5.4 1.75+4.4 22.25+3.3 39.99 + 2 4%
(N=10) after 226+22 68.17+5.2 1.75+ 4.4 22.25+3.2 44.89+22
Group C before 225+24 63.9+1.2 173+5.4 21.35+23 40.14+3.7
(N=10) after 225+2.4 63.9+1.2 1.73+54 21.35+3.6 41.03+3.7

* Differed significantly with respect to after (p < 0.05).

Antioxidant enzyme activitiesbefore and after en-
durancetrainingingroupsA, B, and Carepresentedin
TABLE 2. Ineach studied group, SOD, GPX, and CAT
activity elevated after five weeks. In groupsA and B,
which undergone endurancetraining, these enzymes
adtivitiesafter endurancetrainingweresignificantly higher
with respect to beforetraining (p < 0.05). However, in
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group C, which had no training activity, SOD, GPX,
and CAT did not differ significantly during the study
time(p>0.05). SOD, GPX, and CAT activity of group
A and B ater endurancetrainingweresignificantly higher
as compared with control group (p < 0.05), but there
were not any significant difference before endurance
training (p> 0.05).
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TABLE 2: Antioxidant enzymeactivitiesbeforeand after endurancetrainingin groupsA, B, and C in exhaustive state.

Enzyme Group befor e endurance training after endurance training
Group A (N = 10) 1975.30 + 68.90* 5471.50 + 230.13°"
(SL?/ET)] 4.pr0) Group B (N = 10) 1943.10 + 67.13* 3588.20 + 157.26'
Group C (N = 10) 1925.10 + 32.90 1984.00 + 44.99
opx Group A (N = 10) 85.60 + 2.37* 189.80 + 12.17°"
_ * 1
(U/mg.pro) Group B (N = 10) 93.38+3.19 130.69+ 6.61
Group C (N =10) 88.67 +3.39 93.34+£2.99
CAT Group A (N = 10) 766.00 + 35.52% 1516.90 + 101.58°"
— \l
(Uimg.pro) Group B (N = 10) 736.10 + 13.92% 1146.60 + 33.30

Group C (N =10)

686.20+21.22

722.70+ 18.41

* differed significantly as compared with enzyme activity after endurancetraining (p < 0.05). © differed significantly as compared
with group B (p < 0.05). " differed significantly as compared with group C (p < 0.05).

TABLE 3 demonstrates the levels of oxidative
damage biomarkersbeforeand after endurancetrain-
ingingroupsA, B, and C. Blood samples collected
after fiveweek endurancetraining revealed higher lev-
elsof MDA, RCD, and 8-OHdG in group A and B,
and differences were meaningful between samples
collected before and after endurance training (p <
0.05). In group C, there were no significant differ-

encesfor thesethreeindexes after fiveweek study (p
> 0.05). MDA, RCD, and 8-OHdG concentrations
after endurancetraining differed significantly between
groupsA and C aswell as between groups B and C
(p <0.05), but they were not significant before en-
durancetraining (p > 0.05). RCD concentration were
higher ingroup A and B and then C but 8-OHdG level
followed thisorder, B >A >C.

TABLE 3: Thelevelsof oxidative damage biomarkers before and after endurancetraining in groupsA, B, and Cin

exhaustive state.

Biomarker Group befor e endurance training after endurance training
Group A (N =10) 187.90 + 5.50* 237.10+ 11.57"
MDA Group B (N = 10) 187.80+ 5.06* 238.60+ 6.81"
(wmol/mg.pro)
Group C (N = 10) 201.70 + 6.08 212.20+11.42
RCD Group A (N =10) 131.20+2.65* 201.10+ 5.721
— % \l
(nmol/mg.pro) Group B (N = 10) 128.50+2.98 189.40 +4.50
Group C (N = 10) 129.20 +4.02 127.70+5.34
8 OHUG Group A (N = 10) 32.53+ 1.25*% 40.73+ 1.56"
n _ 1
(nmol/mg.pro) Group B (N = 10) 33.14+ 1.42% 4457 + 1.47
Group C (N =10) 3241+ 1.16 33.59+1.32

* differed significantly as compared with after endurancetraining (p < 0.05). " differed significantly as compared with group C

(p<0.05).
DISCUSSION

Inthisresearch, weinvestigated the effects of en-
durancetraining with different frequencies on anti-
oxidant enzymeactivitiesand thelevelsof selective
oxidative damage biomarkers after exhaustive exer-
cise. No study reported the effect of endurancetrain-
ing frequency on adaptive responsesin body to en-
counter with exhaustive conditions. However many

studies have investigated the effect of exerciseon
antioxidant enzyme activitieg?**1, Most of themre-
ported increased antioxidant enzyme activities after
exercise®43, Our findings, in agreement with other
studies, showed significant increasein antioxidant
enzyme activitiesin trained groups with respect to
control. ROS activate specific redox-sensitive tran-
scription factors, such asAP-1 and NF-kB in the
promoter regionsof genesencoding SOD, GPX, and
CAT1, The body increases the production of anti-
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oXidant enzymes as an adaptive responseto over-
comethe effects of ROS.

Last studies investigated oxidative damage
biomarkers after training are controversial. Some of
them reported no differencein oxidative damage after
training®". Others reported decrease’>?” and in-
creasd™? in oxidative damage biomarkers. Our results
showed higher levelsof oxidative damage biomarkers
intrained groups. Thisincoherence may bedueto e-
ther training protocol sthat have been used or thekind
of biomarkersthat have been measured.

Theeffectsof intensty and duration of training pro-
tocol sare studied in many researches??®. They found
that high intensity and moretimearemoreeffectivein
elevation of oxidativeindexes. No study showed the
effect of frequency on the body in humans. Herewe
investigated the effect of low and high training fre-
guency on antioxidant defense at the sameintensity
and timein non-athl ete peopl es. Souza-Rabbo et al 2!
reported the effect of different training frequency on
oxidative stressin liver and heart of rats. Hefound
that antioxidant enzyme activity and lipid damagelev-
elsin high frequency trained group was lower than
group with low frequency training. It isinconsistent
with our resultsthat showed no significant difference
in oxidative damage between high and low frequency
groups. Thisincoherencemay be dueto type of target
tissues and the same volume of training between
groups. In addition, thevolume of exercisein Souza-
Rabbo et al .Y research was not the same between
trained groups.

Our resultsshowed that increasein antioxidant en-
zymes activity ismoreremarkablein trained group
with high frequency. It may be dueto the short inter-
vals between exercise sessions and more challenge of
body against free radicals. In group B, because of
moreintervals between exercise sessions, body had
moretimeto recovery.

In conclusion, this study suggeststhat high fre-
guency training increases the antioxidant defense
against freeradical formed during exercise. Never-
thel ess, wefound higher oxidative stressand damage
together withthiselevation in antioxidant defense. More
studies are necessary to design training protocol sthat
increase anti oxidant enzyme activities and decrease
the oxidative damage.
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