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This study compared the effects of different training methods (continuous and interval) carried out in a
hot environment on glutathione s-transferase level (GST). The study group comprised 30 male
volunteers who do not exercise regularly. The participants were categorized into 2 groups, continuous
running (CRG, n: 15) and interval running (IRG, n: 15). The participants followed a training program on 3
days per week for 8 weeks. Comparison of the pre- and post-training samples showed a statistically
significant increase in GST value (P < 0.01) within the interval running group (IRG) and a significant
decrease in GST value (P < 0.01) within the continuous running group (CRG). GTS values were
compared on the basis of the pre-test and post-test results of various training methods carried out in a
hot environment. In this scope, statistically significant differences were observed between the groups
in the pre-tests (p < 0.05) and the post-tests (p<0.01). As a result, it can be said that the CRG in a hot
environment had a greater effect on oxidative stress by increasing lipid peroxidation, and the IRG
prevented the formation of free radicals by producing a positive increase in the glutathione s-

transferase level.
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INTRODUCTION

Oxygen consumption inherent in cell growth leads to the
generation of a series of reactive oxygen species (ROS)
(Gllgin et al., 2003a, 2004a and b; Oktay et al., 2003).
They are continuously produced by the body’s normal
use of oxygen such as respiration and some cell-
mediated immune functions. ROS include free radicals
such as superoxide anion radicals (0,"), hydroxyl
radicals (OHe) and non-free radical species such as
hydrogen peroxide (H,O,) and singlet oxygen (‘O,)
(Gllgin, 2006a, and b, 2007). ROS are continuously
produced during normal physiological events and can
easily initiate the peroxidation of membrane lipids,
leading to the accumulation of lipid peroxides (Gdilgin;
2010; Gllgin and Dastan, 2007; Balaydin et al., 2010;

Abbreviations: ROS, Reactive oxygen species; ETDA,
ethylenediaminetetraacetic =~ acid; ELISA, enzyme-linked
immunosorbent assay; MDA, malondialdehyde; CRG,
continuous running group; IRG, interval running group; GST,
glutathione s-transferase.

Serbetci and Glulgin, 2010; Gilgin et al., 2010a; 2010b).
ROS are also capable of damaging crucial biomolecules
such as nucleic acids, lipids, proteins and carbohydrates
and may cause DNA damage that can lead to mutations.
If ROS are not effectively scavenged by cellular
constituents, they lead to disease conditions. ROS have
been implicated in more than 100 diseases (Halliwell and
Gutteridge, 1990; Gilgin et al., 2004c, 2005a and b,
2006a and b).

All aerobic organisms have antioxidant defences,
including antioxidant enzymes and antioxidant food
constituents, to remove or repair the damaged molecules.
Antioxidant compounds can scavenge free radicals and
oxidative damage (Ak and Gluilgin, 2008; Gilgin et al.,
2007a, 2009a, 2010c; Talaz et al., 2009).

The level of oxidative damage which can occur during
physical training is not only determined by the formation
of free radicals, but also by the defence capacity of
antioxidants. While it is expressed that especially acute,
intensive training may cause oxidative stress, it is
suggested that regular endurance training can reduce
oxidative stress and muscle damage after the exercise,



3850 Afr. J. Biotechnol.

and develop antioxidant defence capacity (Finaud et al.,
2006; Galassetti et al., 2006; Elosua et al., 2003).

Physical exercises require new arrangements in the
organism. However, physiological adaptations becomes
more important if the organism, which is in a more
intensive arrangement compared with the resting
position, is exposed to stress resulting from a different
sources. Thus, the adaptations of organisms to altitude,
underwater, in hot and cold environments, the physio-
logical stresses and the precautions are discussed (Goto
et al., 2003; Durstine et al. 2001; Stein and Colditz 2004).

The effects of climate change are evident in every
aspect of our lives. Increased temperatures associated
with climate change may exacerbate the negative effects
of outdoor sporting activities. The pre-season preparation
period of many sports generally coincides with the
summer months.

Depending on the climatic conditions of this season,
training carried out in hot weather increases the
importance of the issue. These training programs
specifically include exercises that improve endurance.
These endurance exercises use a range of different
training models, which often use interval and continuous
running methods. Also, the effects of the interval and
continuous running methods on the antioxidants and
oxidative stress, two of the physiological changes
occurring in our body, in hot weather are subjects of
debate.

In the light of the earlier information, the purpose of the
present study is to compare the effects of continuous
running and interval running models, two training
methods aimed at improving endurance, which are often
carried in a hot environment during pre-season prepa-
ration, on glutathione s-transferase level and to assess
the results within the framework of the literature.

MATERIALS AND METHODS
Subject selection

Thirty male students from Physical Education and Sports School,
Atatiirk University, participated in this study. The subjects were
categorized into 2 groups, termed continuous running (CRG, n: 15)
and interval running (IRG, n: 15). The subjects trained for three
days per week for 8 weeks in a hyperthermic environment in which
the average temperature was 29 to 34<C. The training w as carried
out on the athletic field of Physical Education and Sports School,
Atatuirk University.

The body weights of the subjects were measured (barefooted,
wearing t-shirt and tights) using a bascule with 0.01 kg sensitivity.
Weather temperature and humidity were taken from official data
from the Erzurum Provincial Directorate of State Meteorology.

Exercise program

The target number of heart beats of the subjects in the continuous
running group was determined by means of the Karvonen method
(Ozer, 2006) and the subjects followed 25 to 60 min duration
running exercises with 50 to 70% intensity on three days per week

for 8 weeks. The maximal running times over distances of 250, 400,
650 and 900 m were determined for each subject, and a common
interval training program was applied at 250, 400, 650 and 900 m;
subjects were required to run using pyramidal loading method at an
intensity of 60 to 80% (250, 400, 650, 900, 650, 400 and 250 m).
The interval-training group also exercised for 3 days per week for 8
weeks. The exercise was applied until the heart rate reduced to 120
to 130 between the loadings. In order to make the subjects adapt to
the training, the interval training program was applied as 1 set for
the first two weeks, 2 sets from the third week to the seventh week
and 3 sets in the last two weeks. Both groups completed warm up
exercises for 5 to 10 min before starting the training and 5 to 10 min
of cooling down exercises after the training.

Blood sample

Blood uptake and haemolyzate preparation were performed as in
previous studies (Beydemir et al., 2003; Giul¢in et al., 2004d,;
Beydemir and Gilgin, 2004; ArasHisar et al., 2004; Hisar et al.,
2005a and b). Blood samples were taken 2 days before and 2 days
after the two different training programs, each of which lasted for 8
weeks, for comparison. The samples were taken into normal
biochemistry and ethylenediaminetetraacetic acid (ETDA) tubes.
The samples taken into the ETDA tubes were inverted 3 to 5 times.
After the samples in the biochemistry tubes were left at room
temperature for 20 min, they were stored at -80C prior to analysis.
For the analysis, the samples were centrifuged at 3500 rpm for 5
min to precipitate the shaped particles (Gllgin et al., 2005b, 2008a,
2009; Coban et al., 2008, 2009; Beydemir et al., 2005; Sentiirk et
al., 2008; 2009; Oztirk Sarikaya et al. 2010).

Glutathione s-transferase level (GST) activity assay

GST assay reactive was adjusted at 36.20 ml 0.1 M K-phosphate
buffer and pH was taken as 6.5 on the day of measurements. At
that time, the microplate which was sample pipetted was covered
up and kept at 25, the assay reactive was mixed slightly after
being incubated at 37C for 3 min and its kinetic reading was
carried out in an enzyme-linked immunosorbent assay (ELISA)
Reader at 340 nm. The results were printed out as GST (U/L) after
being calculated from the standard graph (Donald et al., 1967).

Statistical analysis

The data analysis was carried out using the Statistical Package for
the Social Sciences (SPSS) (version 15.0) statistical analysis
program. The arithmetic averages and the standard deviations of
the data were calculated and given as descriptive statistics. The
Mann-Whitney U test, which is a nonparametric test, was used to
examine the differences between independent groups, and the
Wilcoxon test, which is a nonparametric test, was used to examine
the differences between the dependent groups. Values of p < 0.01
and p < 0.05 were taken as the significance level

RESULTS

This study compared the effects of two different
endurance-training programs (interval and continuous
running), conducted in hot conditions, on glutathione s-
transferase enzyme. The study was carried out in an
average temperature of 29.40 + 1.49C and average
humidity level was 50.71 + 8.46%. The average and
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Table 1. Average and standard deviation of continuous and interval running groups

before and after exercises.

Variables CRG?® IRG®
Age (year) 22.73+3.51 24.27+2.71
Height (cm) 1.73 +0.06 1.75 +0.06

_ Pre-test 71.99 +10.70 75.35 +7.14
Weight (k9) - p ot test 70.30 + 12.57* 73.46 + 6.89*

*p < 0.05, **p < 0.01, % Mean + SD, IRG: Interval running group, CRG: Continuous running

group.

Table 2. Comparison of pre-test and post-test GST level of the interval

running group.

Interval running group (IRG)

Variable Pre-test Post-test 2
X SS X SS
GST (U/L) 10.80 1.08 12.94 0.48 -3.181**

GST: Glutathione S-transferaze; **p < 0.01.

Table 3. Comparison of pre-test and post-test GST level of the continuous

running group.

Continuous running group (CRG)

Variables Pre-test Post-test 7
X SS X SS
GST (U/L) 12.38 2.03 10.13 2.05 -3.408**

GST: Glutathione S-transferaze; **p< 0.01.

standard deviation of continuous and interval running
groups before and after exercises is given in Table 1. The
results in Table 2 shows that after training was carried in
a hot environment, there was a significant increase in the
level of GST of the IRG (p < 0.01). The results in Table 3
show that, after training in a hot environment, there was a
significant decrease in GST value of the CRG group (p <
0.01).

The pre-test and post-test GST values were compared
according to the different training methods used in a hot
environment. Statistically significant differences between
the groups were seen in the pre-tests (p < 0.05) in
comparison with the post-test results (p < 0.01)

Tissue damage can occur during sports activities,
depending on muscle damage, thermal temperature and
ischemia reperfusion. The sports scientists depend on
the ROS production during sports activities and some
elements such as mitochondrial electron transfer chain,
xanthine oxidase system, the metal catalyzed reactions
and activated neutrophiles (Peake and Suzuki, 2004). It
is thought that malondialdehyde (MDA) causes oxidative
stress in direct proportion to the intensity and the
duration of the exercises and increases lipid
peroxidation reactions. In situations in which oxygen use
is low, the superoxide radical and its derivatives are
deactivated by the antioxidant defence. However, in an

exercise in which oxygen consumption increased
considerably, these defence mechanisms may not
keep up with the formation of free radicals and this
may result in cell damage (Cheeseman and Slater,
1993). If the level of free radicals exceeds the
antioxidant capacity, the fats, proteins and other parts
of the cells will be oxidized (Clarkson and Thompson,
2000; Smith and Miles, 2000). Endurance exercises
were used in most of the experimental studies examining
the oxidative stress which results from exercise and its
exact effect on plasma antioxidants or fat peroxidation
(Sanchez et al., 1995).

Instances of heat exhaustion occurring during and after
exercise cause the increase of reactive oxygen species
(Salo et al., 1991). In a study by Osorio et al. (2003), it
was suggested that exercise under thermal stress
increased the effectiveness of antioxidants; also,
although the metabolic responses continued, a mother
was exposed daily to extreme heat stress, which had a
dangerous effect on the baby and it was necessary, when
swimming, to avoid hot water, since it could damage
foetal development

In the study carried out in a hot environment, it was
observed that while there was a significant increase in
the GST value of the IRG before and after the training (p
< 0.01 level, Table 2), there was a significant decrease in
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Table 4. Comparison of pre-test and post-test GST values
between groups.

Variable Group . z
comparison
Pre-test 11.59 1.79 -2.178 *
GST(UL) Post-test 11.54 2.19 -3.505**

GST: Glutathione S-transferaze; *p < 0.05; **p < 0.01; %: Mean *
SD.

the values of the CRG before and after the training (p <
0.01, Table 3). When the values were compared
according to the pre-test and post-test results of the
different training methods, it was seen that there are
statistically significant differences between the groups at
p <0.05 and < 0.01 levels (Table 4).

Many previous studies stated that a regular training
program clearly increased the GST levels (Melikoglu et
al., 2008). In this study, it is seen that the interval training
method shows parallel results to the findings of previous
studies. Gul et al. (2006) examined the effects of
endurance training and acute exhaustive exercises on
the antioxidant defence mechanisms in rats. The training
group exercised on a treadmill for 1.5 h per day, 5 days a
week for 8 weeks. Both the training and the control
groups then carried out exhaustive exercises. It was
found that the GST level in the trained and untrained rats
was not affected by the acute exhaustive exercise.

Kaldirimci (2010) conducted a study that involved
basketball training at 60 and 75% max VO, on 3 days per
week for 12 weeks. There was a significant increase in
the GST values of the basketball players and, as a result,
this increase raised the antioxidant activities of the
physical exercise, which continued for long periods and
caused adaptations in the antioxidant defense. In another
study, it was observed that although acute exercise
caused a decrease in the GST activities of the liver tissue
of untrained rats, this decrease was also seen in trained
rats. It was stated that the GST activity in the livers of the
rats doing endurance exercise was not affected.
Moreover, acute exercise-induced GST-reduction is
prevented in trained rats and ROS production is probably
reduced. These are partially responsible for the positive
effects of the endurance training. Also, it was determined
that there was a decrease in the fat tissue around the
testicles of rats doing endurance training and this
decrease might affect the body composition, depending
on the use of fats rather than carbohydrates as the
source of energy during the endurance training (Oztasan
et al., 2007).

In the present study carried out in a hot environment, it
was seen that there was a statistically significant increase
in the interval running group, a statistically significant
decrease in the continuous running group and statistically
significant differences in the comparison of the pre-test
and post-test values between the groups.

Consequently, it can be said that the continuous running
training in a hot environment affected the oxidative stress
much more by increasing lipid peroxidation, while the
interval running prevented the formation of free radicals
by providing a positive increase in the glutathione s-
transferase level.

In conclusion, it can be suggested that athletes and
their trainers should generally apply the interval exercise
program in order to reduce oxidative stress to a simpler
state while doing endurance training in a hot environ-
ment.

ACKNOWLEDGEMENTS

The author would like to avail this opportunity to thank Dr.
Akar Karako¢ and Dr. ilhami Gulgin, instructors at the
Department of Chemistry, Faculty of Sciences, Atatlrk
University, for assisting in the biochemical analyses of
the study.

REFERENCES

Ak T, Giilgin | (2008). Antioxidant and radical scavenging properties of
curcumin. Chem. Biol. Interact. 174: 27-37.

ArasHisar S, Hisar O, Beydemir S, Giilgin |, Yanik T (2004). Effect of
vitamin E on carbonic anhydrase enzyme activity in rainbow trout
(Oncorhynchus mykiss) erythrocytes in vitro and in vivo. Acta Vet.
Hung. 52: 413-422.

Balaydin HT, Giilgin I, Menzek A, Goksu S, Sahin E (2010). Synthesis
and antioxidant properties of diphenylmethane derivative
bromophenols including a natural product. J. Enzym. Inhib. Med.
Chem. 25: 685-695.

Beydemir S, Giilgin |, Kifrevioglu OI, Ciftci M (2003). Glucose 6-
phosphate dehydrogenase: In vitro and In vivo effects of dantrolene
sodium. Pol. J. Pharmacol. 55: 787-792.

Beydemir S, Giilgin | (2004). Effect of melatonin on carbonic anhydrase
from human erythrocyte in vitro and from rat erythrocyte in vivo. J.
Enzym. Inhib. Med. Chem. 19: 193-197.

Beydemir S, Gillgin I, Hisar O, Kifrevioglu Ol, Yanik T (2005). Effect of
melatonin on glucose-6-phospate dehydrogenase from rainbow trout
(Oncorhynchus mykiss) erythrocytes in vitro and in vivo. J. Appl.
Anim. Res. 28: 65-68.

Clarkson PM, Thompson HS (2000). Antioxidants: What role do they
play in physical exercise and health. Am, J. Clin. Nutr. 72: 637-645.
Cheeseman KH, Slater TF (1993). An ntroduction to free radical

biochemistry. Brit Med. Bull. 49: 481-493.

Coban TA, Beydemir S, Giilgin |, Ekinci D (2008). The inhibitory effect
of ethanol on carbonic anhydrase isoenzymes: in vivo and in vitro
studies. J. Enzym. Inhib. Med. Chem. 23: 266-270.

Coban TA, Beydemir S, Giilgin I, Ekinci D, Innocenti A, Vullo D,
Supuran CT (2009). Sildenafil is a strong activator of mammalian
carbonic anhydrase isoforms |-XIV. Bioorg. Med. Chem. 17: 5791-
5795.

Donald EP, Wiliam NV (1967). Studies on the quantitative
characterization of erythrocyte glutathione peroxidase. J. Lab. Clin.
Med. 70: 158-169.

Durstine JL, Grandjean PW, Davis PG, Ferguson MA, Alderson NL,
Dubose KD (2001). Blood lipit and lipoprotein adaptations to
exercise: a quantitative analysis. Sports Med. 31: 1033-1062.

Elosua R, Molina L, Fito M, Arquer A, Sanchez-Quesada JL, Covas MI,
Ordonez-Llanos J, Marrugat J (2003). Response of oxidative stress
biomarkers to a 16- week aerobic physical activity program and to
acute physical activity in healthy young men and women.
Atherosclerosis. 167: 327-334.

Finaud J, Scislowski V, Lac G, Durand D, Vidalin H, Robert A, Filair E



(2006). Antioxidant status and oxidative stress in professional rugby
players: evolution throughout a season. Int. J. Sports Med. 27: 87-93.

Galassetti PR, Nemet D, Pescatello A, Rose-Gottron C, Larson J,
Cooper DM (2006). Exercise, caloric restriction and systemic
oxidative stress. J. Investig. Med. 54: 67-75.

Goto C, Higashi Y, Kimura M, Noma K, Hara K, Nakagawa K,
Kawamura M, Chayama K, Yoshizumi M, Nara | (2003). Effect Of
Different intensities of exercise on endothelium dependent
vasodilation on humans: Role of endothelium-dependent nitric oxide
and oxidative stress. Circulation. 108: 530-535.

Gil M, Demircan B, Taysi S, Oztasan N, Gumustekin K, Siktar E, Polat
MF, Akar S, Akcay F, Dane S (2006). Effects of endurance training
and acute exhaustive exercise on antioxidant defense mechanisms in
rat heart. Comp. Biochem. Physiol. A. Mol. Integr. Physiol. 143: 239-
245.

Giilgin I, Oktay M, Kiregci E, Kifrevioglu Ol (2003a). Screening of
antioxidant and antimicrobial activities of anise (Pimpinella anisum L.)
seed extracts. Food Chem. 83: 371-382.

Giilgin I, Beydemir S, Alici HA, Elmastas M, Biiyilkokuroglu ME (2004b).
In vitro antioxidant properties of morphine. Pharmacol. Res. 49: 59-
66.

Giilgin I, Beydemir S, Bilyiikokuroglu ME (2004d). In vitro and in vivo
effects of dantrolene on carbonic anhydrase enzyme activities. Biol.
Pharm. Bull. 27: 613-616.

Giilgin |, Mshvildadze V, Gepdiremen A, Elias R (2004a). Antioxidant
activity of saponins isolated from ivy: a-Hederin, hederasaponin-C,
hederacolchiside-E and hederacolchiside F. Planta Med. 70: 561-
563.

Giilgin . Kufrevioglu OI, Oktay M, Biyiikokuroglu ME (2004c).
Antioxidant, antimicrobial, antiulcer and analgesic activities of nettle
(Urtica dioica L.). J. Ethnopharmacol. 90: 205-215.

Giilgin I, Beydemir S, Sat IG, Kufrevioglu Ol (2005a). Evaluation of
antioxidant activity of cornelian cherry (Cornus mas L.). Acta Aliment.
Hung. 34: 193-202.

Giilgin I, Berashvili D, Gepdiremen A (2005b). Antiradical and
antioxidant activity of total anthocyanins from Perilla pankinensis
decne. J. Ethnopharmacol. 101: 287-293.

Giilgin I, Beydemir S, Hisar O (2005b). The effect of a-tocopherol on the
antioxidant enzymes activities and lipid peroxidation of rainbow trout
(Oncorhynchus mykiss). Acta Vet. Hung. 53: 425-433.

Giilgin I, Mshvildadze V, Gepdiremen A, Elias R (2006a). Screening of
antioxidant and antiradical activity of monodesmosides and crude
extract from Leontice smirnowii Tuber. Phytomedicine. 13: 343-351.

Giilgin |, Elias R, Gepdiremen A, Boyer L (2006b). Antioxidant activity of
lignans from fringe tree (Chionanthus virginicus L.). Eur. Food Res.
Technol. 223: 759-767.

Giilgin | (2006a). Antioxidant activity of caffeic acid (3,4
dihydroxycinnamic acid). Toxicolology. 217: 213-220.

Giilgin [ (2006b). Antioxidant and antiradical activities of L-Carnitine.
Life Sci. 78: 803-811.

Giilgin | (2007). Comparison of in vitro antioxidant and antiradical
activities of L-tyrosine and L-Dopa. Amino Acids. 32: 431-438.

Giilgin I, Elmastas M, Aboul-Enein HY (2007a). Determination of
antioxidant and radical scavenging activity of basil (Ocimum
basilicum) assayed by different methodologies. Phytother. Res. 21:
354-361.

Giilgin I, Dastan A (2007). Synthesis of dimeric phenol derivatives and
determination of in vitro antioxidant and radical scavenging activities.
J. Enzym. Inhib. Med. Chem. 22: 685-695.

Giilgin I, Beydemir S, Coban TA, Ekinci D (2008a). The inhibitory effect
of dantrolene sodium and propofol on 6-phosphogluconate
dehydrogenase from rat erythrocyte. Fresen. Environ. Bull. 17(9A):
1283-1287.

Giilgin I, Beydemir S, Hisar O, Koksal E, Reiter RJ (2009a). Melatonin
administration increase antioxidant enzymes activities and reduce
lipid peroxidation in the rainbow trout (Oncorhynchus mykiss,
Walbaum) erythrocytes. Turk. J. Vet. Anim. Sci. 33: 241-245.

Giilgin I, Elias R, Gepdiremen A, Taoubi K, Koksal E (2009a).
Antioxidant secoiridoids from fringe tree (Chionanthus virginicus L.).
Wood Sci. Technol. 43: 195-212.

Tas 3853

Giilgin I, Elias R, Gepdiremen A, Chea A, Topal F (2010c). Antioxidant
activity of bisbenzylisoquinoline alkaloids from Stephania rotunda:
Cepharanthine and fangchinoline. J. Enzym. Inhib. Med. Chem. 25:
44-53.

Giilgin [ (2010). Antioxidant properties of resveratrol: A structure-activity
insight. Innov. Food Sci. Emerg. 11: 210-218.

Giilgin |, Kirecci E, Akkemik E, Topal F, Hisar O (2010a). Antioxidant
and antimicrobial activities of an aquatic plant: Duckweed (Lemna
minor L.). Turk. J. Biol. 34:175-188.

Giilgin [, Bursal E, Sehitoglu HM, Bilsel M, Géren AC (2010b).
Polyphenol contents and antioxidant activity of lyophilized aqueous
extract of propolis from Erzurum, Turkey. Food Chem. Toxicol. 48:
2227-2238.

Halliwell B. Gutteridge JMC (1990). Role of free radicals and
catalyticmetal ions in human disease: an overview. Method Enzymol.
186: 1-85.

Hisar O, Beydemir S, Giilgin I, ArasHisar S, Yanik T, Kiifrevioglu Oi
(2005a). The effect of melatonin hormone on carbonic anhydrase
enzyme activity in rainbow trout (Oncorhynchus mykiss) erythrocytes
in vitro and in vivo. Turk. J. Vet. Anim. Sci. 29: 841-845.

Hisar O, Beydemir S, Giilgin i, Kiifrevioglu OI, Supuran CT (2005b).
Effect of low molecular weight plasma inhibitors of rainbow trout
(Oncorhyncytes mykiss) on human erythrocytes carbonic anhydrase-
Il isozyme activity in vitro and rat erythrocytes in vivo. J. Enzym.
Inhib. Med. Chem. 20: 35-39.

Kaldirnmci M (2010). The effect of training on G6FD and antioxidant
activities. Turk. J. Rheumatol. 25: 34-36.

Oktay M, Giilgin |, Kufrevioglu Oi (2003). Determination of in vitro
antioxidant activity of fennel (Foeniculum vulgare) seed extracts.
Lebensm Wissen Technol. 36: 263-271.

Osorio RAL, Christofani JS, Almeida VD, Picarro IC (2003). Swimming
of pregnant rats at different water temperatures. Comp. Biochem.
Phys. Part A. 135: 605-611.

Ozer MK (2006). Physical fitness (In Turkish). Second Edition. Ankara:
Nobel Press.

Oztagan N, Timur H, Siktar E, Guimistekin K, Akar S, Dane S, Gul M
(2007). Effects of endurance training on gonadal fat pad and
verticular mass in rat. Biol. Sports. 24: 265-273.

Oztiirk Sarikaya SB, Giilgin I, Supurana CT (2010). Carbonic anhydrase
inhibitors. Inhibition of human erythrocyte isozymes | and Il with a
series of phenolic acids. Chem. Biol. Drug Des. 75: 515-520.

Peake J, Suzuki K (2004). Neutrophil activation, antioxidant
supplements and exercise-induced oxidative stres exercise. Exerc.
Immunol. Rev. 10: 129-141.

Salo DC, Donovan CM, Davies KJA (1991). HSP70 and other posible
heat shock or oxidative stressprotein are inducedin skeletal muscle,
heart and liver during exercise. Free Radical Biol. Med. 11: 239-246.

Sanchez-Quesada JL, Holms-Serradesanferm R, Serrat J, Grima JR,
Gonzalez-Sastre J, Ordonez LJ (1995). Increase of Idl susceptibility
to oxidation occurring after intense, long duration aerobic exercise.
Atherosclerosis. 118: 297-305.

Smith LL, Miles MP (2000). Exercise induced muscle njury and
inflammation. Philadelphia. 401-411.

Stein CJ, Colditz GA (2004). Modifable risk factors for cancer. Brit. J.
Cancer. 90: 299-303.

Sentiirk M, Gillgin |, Ciftci M, Kiifrevioglu Of (2008). Dantrolene inhibits
human erythrocyte glutathione reductase. Biol. Pharm. Bull. 31:
2036-2039.

Sentiirk M, Giilgin |, Dastan A, Kiifrevioglu OI, Supuran CT (2009).
Carbonic anhydrase inhibitors. Inhibition of human erythrocyte
isozymes | and Il with a series of antioxidant phenols. Bioorg. Med.
Chem. 17: 3207-3211.

Serbetci Tohma H, Gillgin | (2010). Antioxidant and radical scavenging
activity of aerial parts and roots of Turkish liquorice (Glycyrrhiza
glabra L.). Int. J. Food Propert. 13: 657-671.

Talaz O, Giilgin |, Géksu S, Saracoglu N (2009). Antioxidant activity of
5,10-dihydroindeno[1,2-b]indoles ~ containing  substituents  on
dihydroindeno part. Bioorg. Med. Chem. 17: 6583-6589.



