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Abstract 

Objective: This research is made to determine the factors which affect the succsess and failure of the sportsmen 

competing at elite level in the branch of Muay-Thai in Turkey championship.The universe of the research involves 

Muay-Thai sportsmen at elite level and participating to Turkey Championship.The sampling group is constitued by 80 

successful and 80 unsuccessful sportsmen in Turkey Championship. 

Method: In the research, a survey has been made to determine the factors affecting sportsmenôs success and 

failure and by intervieving face to face with sportsmen participating to competition, datas have been collected.The 

findings have been analyzed stastically by using frequency method. 

Discussions and Conclusion: After the research which has been made to determine the factors affecting the 

success and failure of sportsmen participating to Muay-Thai Turkey Championship, has been carried out, it can be 

conclued that while many factors are well to the fare in successful sportsmen, in failed sportsmen motivation, stress, 

regular training and lack of strategy are well to the fare. 
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Introduc tion 

The Far-Eastern sports are made to gain physical 

fitness, defense and mental discipline.(N. Merrilee, M. 

A. Zetaruk, D.Z. Violan, J. M. Lyle, 2000; J. C. Cox, 

1993, S. Savaĸ, A. Uĵraĸ, 2004). Muai-Thai is a type of 

martial arts of Thailand which allows boxing, kicking, 

using of knee and elbow. It is a branch of sports which 

provides physical and mental evolution and emphasizes 

discipline and respect momentously (C. Boykin, 2002, 

S. Gartland, M.H.A. Malik and M. E. Lovell, 2001). 

       The concept of success is approached in terms of 

two aspects. In the first one, it is evaluated according to 

that a sportsmanôs fulfilling a movement function.In 

the second one, success shows the result of this sports 

activity (C. Ķkizler, 1994). Motivation is defined as 

mechanisms which direct organism to behavior, 

determine the regularity and permanence of these 

behaviours and provide various interior and exterior 

factors determinig and giving aim to behaviour and 

working of these factors (A. Aydēn, 2001). 

       One of the factors affecting the success of the 

sportman is the trainer.The trainer makes private 

practices to make the sportsman successful and to have 

the sportsman gain factors like motivation and 

necessary personality features. However a sportsman is 

capable and he practices, he needs help of trainer to 

win (E. Baĸer, 1998). The aim of this study is to 

determine the factors affecting the success and failure 

of the sportsmen participating to Turkey Championship 

in the branch of Muai-Thai. 

Material and Method 
 The aim of the research is to determine the 

factors affecting the success and failure of elite 

sportsmen competing at Muai-Thai Turkey 

Championship in Antalya. The system of the research 

involves sportsmen who participate to Turkey 

Championship and compete at Muai Thai at an elite 

level. The sampling group is constitued by 80 

successful and 80 unsuccessful sportsmen in Turkey 

Championship. 

 Datas have been collected to achieve the goal 

of the research in two ways. Firtsly, the literatur related 

to the subject has been scanned and then a survey has 

been made to determine the factors affecting the 

success and failure sportsmen for the aim of the 

research. Datas have been collected by interviewing 

face to face with sportsmen participating to the 

competition and by defining 24 survey questions one 

by one under a headline which have been measured in 

SPSS programme, answer chics to each defined 

question have been coded numerically.After all the 

question forms have been enrolled to the SPSS 

programme, by taking frequencies and percentages of 

each question, table documentaries have been 

developed. 
 

 

Table 1: The interior and exterior factors affecting the success of 
subjects participating to the research 
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Table 2: The interior and exterior factors affecting failure of the 

subjects participating to the research 

 

 
 
 Discussion 

There have been an intense stress and anxiety on 

sportsmen in competition period.If they can not be 

controlled, they can affect success and performance of 

the sportsmen negatively and they can cause failure (V. 

Yēlmaz, Z. Korun­, 2004). Essentially, to prevent the 

factor of failure which is a negative result for 

sportsman and trainer, the factors causinf failure should 

be determined. 

 Therefore; in the study to determine the 

factors affecting success and failure of sportsmen 

participating to Muai Thai Adults Turkey 

Championship, the factors like strength, resistance, 

flexibility,  family, climateireferee, practicing regularly 

the place they are practicing,technique 

dominance,tactic dominance, being coordinated better 

than rival,physical fitness, diet, saloon and materials 

are assessed individually on 80 successful and 80 

unsuccessful sportsmen. At the result of the assessment, 

it can be seen that while in the success of the 

successful sportsmen,many factors are well to the fore, 

in the failure of unsuccessful sportsmen, only 

motivation, stress, lack of regular practice and lack of 

tactic are well to the fore. 

 According to Akandere (2000), this negative 

effect of motivation and stress on sportsmen shows 

parallellism with the study of M.C. CUE (1984) named 

as ñstress in junior mecal students, relationship to 

personality and performanceò (M. Akandere, 2000, 

M.C. Cue, 1984). G¿m¿ĸ and his friends (2006) have 

cited that in their study named as ñExamination of 

Instant Anxiety Level according to Score Sequence in 

Professional Football Teamsò, at the result of 

subjective assessment of sportsman, the perception of 

possible failure is certainly followed by anxiety 

reaction (M. G¿m¿ĸ, I.T. Ulusoy, F. Yamaner, T.C. 

Akalēn, 2006). 

 In the study of Yēlmaz and his friends (2004) 

named as ñThe relation between the Anxiety Levels 

before and after Competition Performanceò,when it is 

thought that sportsmen have too intense stress and 

anxiety in competition periods, it has been concluded 

that uncontrolled anxiety case affects performance  of 

sportsmen negatively and it also causes failure. (V. 

Yēlmaz, Z. Korun­, 2004). In the study of Çoksevim 

and his friends (2006) named as ñThe Inventory 

Fēndēngs of the Permanence, Circumstance and short 

symptom in Kick Boxing sportsmen before and after 

matchesò,the study has been made on 20 national 

sportsmen in the branch of Kick Boxing and it has been 

observed that in competition sports, even in sportsmen 

at upper level,there is an intense anxiety before the 

match (B. ¢oksevim, N. Sarētat, 2006). The reason of 

this is determined as the cause of sportsmenôs being 

sensually stressful before the competition can be the 

excitement of being elite sportsman, heavy 

concentration, getting a high degree and the thought of 

being champion.These studies support our research 

results. 

 Conclusions 

 It appears that each one of the factors 

affecting failure of sportsman related to one another, 

and if there is a lack of oe of them, it causes failure of 

sportsman. Therefore, until the competition time,the 

conditions before competition, the relation between 

trainer and sportsman,the frequency and regularity of 

training affect both success and failure of sportsman. 

So, it is thought that trainers and families of sportsmen 

should be made conscious. 
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Abstract 

This study was carried out to investigate the effect of 2 hour technical boxing training upon antioxidant 

Malondialdehyde (MDA) and trace metals (Zinc ï Selenium) levels. The study was participated by 30 male boxers from 

different weights with an average age of    20.09 ± 1.22 years. The participants were fed with a zinc and selenium free 

diet before the study and they were asked not to use and Zn- Se containing vitamins or tablets. There were 5cc venous 

blood samples taken from the participants and the participants were subjected to 2 hour training program after a 15 

minute resting period. They 5 cc venous blood samples were taken from the participants at exhaustion. The Zn-Se and 

MDA levels were determined by ICP and Conti method respectively. The comparison of the pre and post training MDA 

and Zn-Se values revealed that there was a statistically significant difference  between them (p<0.01).  The results 

showed that the boxing training resulted a decrease in both the MDA and Zn-Se levels in blood. There was a positively 

directed weak correlation observed between post training MDA, Zn and Se levels which gave no significant difference. 

Keywords: boxers, technical,  sportive. 

 

 

 

Introduction  
Zinc is a micro nutrient necessary for more than 

300 enzymes in the body. Zinc takes an important role 

in many metabolic processes and regulates the 

hormone balance of the body. It is also important for 

immune system, productive system, wound healing, 

skeletal development and intestinal functions 
16 

.Zinc 

status has an important effect upon physical 

performance. Athletes may have a zinc deficiency 

induced by poor diet and loss of zinc in sweat and 

urine. Limited data exist on the relationship of 

performance and zinc status (M. Hazar. 2009) 

Selenium is an essential micro nutrient for the 

human body needed in trace amounts. It attaches to the 

proteins in order to form selenoproteins, a class of 

important anti oxidants.  The antioxidant property of 

selenoproteins prevents the harm made by free radicals 

on cell membrane. Free radicals are the side products 

of oxygen metabolism and promote chronic diseases 

such as cancer and heart problems. Other 

selenoproteins take role in the regulation of the thyroid 

function and immunization system (M Conti., 

P.C.Morand, P. Levillain, A.Lemonnier, 1991). The 

biological active form of selenium is its organic form. 

Inorganic selenium is rapidly discharged from the body. 

In nature the plants convert selenium in to its organic 

form. Selenium is one of the minerals which show the 

most rapid decrease.   In his article ñSelenium .It is 

time to act ñpublished in British Medical Journal in 

1997 M.P. Rayman states that there has been a 50 % 

decrease in the level of Se taken from food in last 22 

years. He also emphasizes the increase in cancer, heart 

diseases and impotency during the same period. The 

people with irregular feeding habits or cigarette 

smokers are particularly at risk because of selenium 

deficiency. Selenium deficiency is particularly 

effective in weakening of the immunization system. 

The daily recommended intake of Selenium is 55 g 
1
.  

Intensive exercises require excessive oxygen use and 

consequently increases the amount of free radicals 

formed. The body responds it by activating the 

antioxidant mechanism and administration of 

antioxidants in pain treatment may be employed to 

decrease the doses of analgesics (P.M. Clarkson 1991;  

H. Çakir, Farkli ķiddette Uygulanan, 2006). 
Malondialdehyde (MDA) is a product formed 

by the peroxidation of polyunsaturated fatty acids . 

MDA forms as a result of peroxidation of the fatty 

acids containing three or more double bonds. These 

fatty acids in mammalians are mainly aracidonic and 

docosahegzanoic acids. The oxidation of oleic and 

linoleic acids result in the formation of lesser amount 

of MDA .The resulting MDA effects the ion exchange 

mechanism in the cell membrane and cross links the 

compounds on it thus changing  the ion permeability 

and ion activity . Athletes are capable to discharge 

MDA in rapid manner as a result of regular exercises. 

However the increase   in the rate of oxygen use may 

result the reactive oxygen species to overcome the 

immunization barrier and result in oxidative stress 

( P.M.Clarkson, 1991).This study revealed that acute 

loading resulted no statistically significant changes in 

MDA content of athletes. This may be explained with 

the fact that the boxers are capable of coping with 

oxidant species as a result of the adaptation they 

developed against acute sportive loadings. 

The athletes as a result of regular training are 

able to remove MDA from the cells in a rapid way. The 

adoption against the resulting oxidative products, 

formed as a result of intensive training, developed with 

intensive exercises may be responsible for the 
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chronically low MDA levels observed in 

athletes( P.M.Clarkson, 1991). 

This study revealed that here was a significant 

change in the MDA levels as a result of acute exercise. 

This may be attributed to the high level of adaptation 

which the boxers developed against oxidative stress.   

This study was carried out to investigate the 

change of the level of oxidant product MDA and anti 

oxidant Zn-Se as result of 2 hour intensive boxing 

exercise and to elucidate any relation between them. 

Materials and methods
 

 Physical and physiological measurements 

Measurement of age, height and weight  

Age of the participants is given in years.  Height 

of the participants was measured with a metric scale on 

bare feet. The body weights were determined on bare 

feet with only shorts on with a Nan brand scale with an 

accuracy of  0.01 kg. All the measurements were 

taken one day before the start of the study.   

Resting Heart-rate: The resting heart beat rates 

of the participants were recorded with a stethoscope at 

the morning of the day before the study at sitting and 

resting position. The results are given as beat per 

minute  

Taking blood samples  

There were 5cc of venous bloods taken from the 

left arms of the participants with heparinzed syringes 

by an expert nurse at rest position before the start of 

the training. The blood routes were kept open with a 

cut down catheter sealed with a plaster. The 

participants were allowed to rest for 15 minutes and 

subjected to 2 hours technical boxing training. There 

were 5 cc bloods collected from the participant at 

exhaustion just after the end of the exercise. The blood 

samples had been coded, centrifuged and kept at 

refrigerator before they were used for trace metal 

analyses.   

Experimental method  

ICP- OES Protocol microwave digestion 

procedure   
Zinc and Se analyses were carried out in the 

laboratories of Science Faculty of Gazi University. 

Blood samples were drawn from the antecubital vein of 

the subjectôs right before, immediately after and I5 

minutes after exercise. Sample preparations and 

measurements: On the I mL blood samples was added 

2.0 mL HNO.i and the samples were digested in 

Berghof/Microwave Digestion system MWS-3 

microwave apparatus. The microwaves were kept at 

160 °C for 5 min and at 190, 100 and 80 °C for 10 min 

each. The totally digested samples were diluted to 10 

mL with the addition of deionized water 18.3 18.3 

mohm cm
-1
.Zinc was analyzed directly using 

inductively coupled plasma optical emission 

spectrometry (ICP-OES, Perkin Elmer, Optima 5300 

DV, USA).There were 100,250,500 and 750 ug/L 

standard Se solutions were prepared from its   1000 

ppm standard solutions and a calibration curve was 

plotted. Then selenium analyses of each sample were 

performed by making at least five readings. The results 

are tabulated in Table 2 Selenium was converted to its 

hydride before the analyses .  1 mL of 10% HCL was 

added onto 1 mL of digested blood samples and kept at 

90 °C for 20 minutes. The samples were analyzed with 

the use of   Perkin Elmer Optima 5300 DV model ICP-

OES after they were cooled down.   

Malondialdehyde (MDA) analysis 
MDA measurements were carried out in the 

laboratories of Faculty of Medicine of  Gaziantep 

University. Plasma lipid peroxidation was evaluated by 

a fluorometric method based on the reaction between 

MDA and thiobarbituric acid (TBA) (Conti Method). 

Briefly, 50 ɛL of plasma was added to 1 mL of 

10 mmol/L diethylthiobarbituric acid (DETBA) 

reagent in phosphate buffer (0.1 mol/L, pH 3), mixed 

for 5 s and incubated for 60 min at 95 °C. Samples 

were placed in ice for 5 min and then 5 mL of butanol 

were added. The mixture was shaken for 1 min to 

extract the DETBAïMDA adduct, and then centrifuged 

at 1500 × g for 10 min at 4 °C. Fluorescence of the 

butanol extract was measured at the excitation 

wavelength 5 

39 nm and the emission wavelength of 553 nm. 

1, 1, 3,3-Tetraethoxypropane(Sigma) was used as a 

standard solution and the values were presented in 

ɛmol/L.
 3
  

Training protocol of the participants  

Intensity of loading: 70 ï 90 % sub maximal 

Time: 2 hours 

Resting: 5 minutes; for exercise 3 ï 7 

(Stretching) 

1 - 15 minutes warm up (running) 

2 - 15 minutes warm at rest (stretching) 

3 - 5 x 3 minutes shadow boxing (5 round x 3 

minutes) 

4 - 5 x 3 minutes bag beating. 

5 - 5 x 3 minutes modeling (Direct, uppercut, 

swing) 

6 - 5 x 3 minutes sparring 

7- 10 x 2 minuteôs lapa 

8 - 10 minutes stretching 

Statistical analyses of the data 

The analysis of the data obtained was carried 

out by the use of SPSS 10.0 statistical software. The 

comparison of the pre and post training measures was 

made by paired simple t-test and the relations between 

two variables were evaluated by the use of   Pearson 

Correlation technique. 

Results 

Physical parameters of the participants   
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Table 1. Physical parameters of the participants. 

 
 

Pre and post exercise blood zinc levels of 

the participants  

 

Table 2. The statistical analysis revealed that 

there is a significant difference between the pre and 

post- training Zinc values of the participants [t (29) =6. 

23; p<0.01].  

 

 

 

Pre and post exercise blood selenium levels of the 

participants 

Table 3. The statistical analysis revealed that 

there is a significant difference between the pre and 

post- training Se values of the participants [t (29) 

=11.41; p< 0.01].  

 
Pre and post exercise blood MDA levels of 

the participants   

 

Table 4. The statistical analysis revealed that 

there is a significant difference between the pre and 

post- training MDA values of the participants   [t (29) 

=8.13; p< 0.01]. 

 

 

Correlation between pre test Zn and MDA levels  

Table 5. There is a low level negative directed significant correlation between the pre test MDA and Zn levels of 

the participants [r=-0.329; p>0.05]. 

  Pre test Zn 
Pre test 

MDA  

Pre test Zn 

 

 

Pearson Correlation 1 -,329 

Sig. (2-tailed) . ,076 

N 30 30 

 Correlation between post- test Zn and MDA levels  

Table 6. There is medium level positive directed significant correlation between the post test MDA and Zn 

levels [r=-0.244; p> 0.05]. 

  Post test Zn Post test 

MDA  

Post test Zn Pearson Correlation 1 ,244 

Sig. (2-tailed) . ,193 

N 30 30 

 

Correlation between pre test Se and MDA levels  

Table 7. There is a medium level negative directed significant correlation between between the pre test MDA 

levels of the participants [r=-0.504; p< 0.05]. 

  Pre test Selenium 
Pre test 

MDA  

Pre test Selenium 

 

 

Pearson Correlation 1.000 -.504 

Sig. (2-tailed) . .005 

N 30 30 

** Correlation is significant at the 0.01 level (2-tailed). 
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Correlation between post- test Se and MDA levels  

Table 8. There is a low level positive directed week an in significant relation between the post test MDA and Se 

levels [r=-0.202; p> 0.05]. 

  Post test Selenium 
Post test 

MDA 

Post test Selenium 

Pearson Correlation 1.000 -.202 

Sig. (2-tailed) . .285 

n 30 30 

 

Discussion  

Burn et al. have investigated the serum zinc 

levels of 20 gymnasts (9 males and 11 females) and 

found that the average serum zinc level was 

0.599±0.026 mg/L which was below the value obtained 

116 sedentary control group (0.81±0.014 mg/L).The 

average serum zinc level he level of girls (0.557±0.023 

mg/L) was found to be lower than that of boys 

(0.651±0.044 mg/L). These values were found to be 

significant at (p<0.01) level. There was also a positive 

correlation between the isometric adductor muscle 

strength and blood zinc level (p<0.05). 

Cordova et al.studied the blood zinc levels of 12 

volleyball players and 12 controls and found that there 

was an increase in both of them after the exercise. 

They also observed that 24 h zinc discharge with urine 

showed a 22% increase in volleyball players and 

showed a slight decrease in the control group. There 

was an enormous increase in the discharge of zinc with 

sweat in volleyball players (300%) as a result of 

prolonged exercise while this value remained 30% for 

the control group. The serum zinc levels of athletes 

increased by 4% in athletes and 2% in controls. Van 

Loan et al (J.F.Run, C.Dieu-Cambrezy, A.Charpiat  

C.Fons, C.Fedou, J.P.Micallef, M.Fussellier, L.Bardet 

A.Orsetti) nvestigated the effect of zinc loss upon the 

muscle functions and they found that plasma zinc level 

showed a decrease of 67% as a result of isokinetic 

extension. They also observed that the loss of zinc 

caused a significant decrease in muscle strength and 

total work capacity. 

There is no consensus about the status of the zinc level 

with the physical exercise while others say the opposite. 

Some of the researchers claim that the blood zinc 

levels decrease. Kaya (F.Rslan,2009), A. Hazar 

(Ikukawa., A. Kobayashi., 2002), Aslan (An Loan Md., 

B. Sutherland, N. Lowe., J.R.Turnlund ., JC.King, , 

1999), Van Loan et al (J.F.Brun, C.Dieu-Cambrezy, 

A.Charpiat, C. Fons., C. Fedou., JP. Micallef, 

M,Fussellier, L.Bardet,   A. Orsetti A,1995).Kikukawa 

and Kobayashi This study showed that Zinc level 

decreased from 245.64 ± 15.70 g / L to 216.70 ± 

10.29 g /L as a result of acute training. 
As an integral part of glutathione peroxydase 

and tioredoxine reductrase selenium probably interacts 

with each compound which effects the antioxidation 

balance. Among the critical components of the 

antioxidant enzymes are copper, zinc (as süperoxide 

dismutase) and iron (catalase). Selenium acts in the 

limitation of the oxidation of fats and supports the 

activity of vitamin E as glutathione peroxidase  The 

experiments carried out on animals showed that 

selenium and vitamin E complement each other and 

revealed that selenium may prevent some of the 

complications stem from the deficiency of vitamin E 

(M Conti., P.C. Morand., P.Levillain, A.Lemonnier, 

1991).Few results are available concerning Se 

concentration during or following physical activity (M. 

Jose., L. Alonso., A. B. Barrera., J.´ A. Cocho, De J., 

Jose´ M. F. Bermudezb., P. B. Barrera., 2005; Ga 

Milias., T. Nomikos, E. Fragopoulou, S. 

Athanasopoulos, S. Antonopoulou, Biofactors, 

2006).The selenium concentrations obtained for each 

samples are follows: For the human placenta between 

0.56 and 1.06 µg/g , for the umbilical cord blood 51.1ï

104.2 µg/g  , for the maternal blood between 57.3 and 

117.9 mg/l and for hair and nails  0.22ï1.5 µg/g and 

0.46ï1.57 µg/g (R. Kyta., V. Holecek.,I. Pekárková, 

J.Krejcová., J.Racek, L.Trefi,A.Yamamotová, 2003) 

Milias et al (H C. Ukaski., 2004)examined the effect of 

eccentric exercise upon baseline serum levels of 

selenium (Se), a trace element that participates in both 

antioxidant and anti-inflammatory systems, affects the 

overall response to injury. Thirteen males performed 

36 maximal eccentric actions with the elbow flexors of 

the non-dominant arm on a motorized dynamometer. 

The main finding of this study was that baseline Se 

serum levels were associated inversely with CK, LDH 

and flexed arm angle (FANG )  and positively with 

isometric torque (MIT), and range of motion (ROM) 

(p<0.05). These data suggest that beyond overt Se 

deficiency, suboptimal Se status possibly worsens 

muscle functional decrements subsequent to eccentric 

muscle contractions. This study showed that selenium 

level decreased from 277.18 ± 1.15 g / L to 208.42 ± 

5.78 g /L as a result of acute training. 

The literature results related to the MDA 

response towards an acute exercise are sporadic. There 

are reports claiming the MDA levels decreased, 

increased or unchanged after the exercise (H.Çakir, F. 

ķ. Uygulanan, 2006).  

Athletes are able to discharge MDA from the 

cells in a rapid manner as a result of adaptation 

developed by regular exercise. This may explain the 

chronically low MDA levels observed in athletes  after 

strenuous exercise (H.¢akir, F. ķ. Uygulanan, 

2006).When we look at the studies related to the 

change of the anti oxidant protection mechanism we 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Milias%20GA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nomikos%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fragopoulou%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Athanasopoulos%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Antonopoulou%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Biofactors.');
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see that there is a decrease in MDA levels after 

sportive activities. The MDA levels were observed to 

show a statistically significant decrease as a result of 

acute exercise. The MDA value showed a decrease 

from 4.99 to 3.47 mol/L. This is in perfect 

concordance with the studies of ¢akēr (2006) who 

found a statistically significant decrease at MDA levels 

at the end of the fourth week in two groups of 

participants subjected to a two different 6 week 

endurance training (p<0.05)
  

N.Cases, A.Sureda, 

I.Maestre, P.Tauler, A.Aguilo , A.Cordova ,et al., 

2006). However Cases et al 
8
.stated that there was no 

significant change in the MDA levels  as a  result of 

cycling races which took  235 and 255 minutes 

respectively in their study carried out on 177 cyclists 

(p>0.05) (8). Robertson et al. reported that the MDA 

levels of sedentaries were higher than the runners after 

an acute exercise in their study they carried out on 6 

sedentaries and 20 runners making different exercises 

(margaritis i., tessier f., prou e., marconnet p., marini j-

f., 1997). Aslan et al. (J.Pincemail, J.Lecomte, 

J.Castiau et al., 2000) applied a 15-20 minute sub-

maximal running training protocol to 15 healthy male 

participants and observed a significant increase in the 

MDA levels after the training period (p<0.01). 

T.Sinoforoglu (reported that the MDA levels of the 

athletes did not show any significant difference after a 

50 min aerobic (p>0.05). However there was a 

significant decrease in the sedentaries after the exercise 

(p<0.01). S.Gonenc (Jd. Robertson., Rj. Maughan, Gg 

Duthie., PC. Morrice., 1991) reported that there was a 

significant change in the MDA levels of children after 

4 week swimming exercise (p<0.05). 

This study also revealed that MDA levels 

decreased from 4.99 ±1.16 to 3.47 ± 0.99 µmol/L after 

the exercises which comply well with literature values.  

There was not any significant difference in 

MDA values. This is due to the fact that regular 

exercising activates the anti oxidant defensive 

mechanism which increases the removal of MDA from 

the body. The main reason for the decrease in MDA 

levels in our study increased antioxidant defensive 

mechanism of the athletes as a result strenuous 

exercises. However as a result of increased oxygen 

utilization during sportive loading process which may 

surpass the anti oxidant defensive mechanism may 

eventually cause an oxidative stress. The decrease in 

MDA levels after the exercise may be attributed to the 

adaptation mechanism boxers developed.  

In conclusion there was a significant decrease in 

Zn-Se and MDA levels as a result of acute sportive 

training (p<0.01). This may be explained by the quick 

adaptation of the boxers to the oxidative stress as a 

result of regular training. The decrease in Zn and Se 

levels may be attributed by the increased free radical 

production as a result of increased oxygen use during 

the physical activity which in turn activates the 

antioxidation mechanism. 
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ABSTRACT 

The purpose of the study is to investigate the professional footballersô perceptions of their administratorsô 

transformational leadership styles and its effect on the team. The population of the study is consist by 4902 professional 

footballers that play in Turkish Professional Football Leagues, also the sample of the study consisted 1014 footballers 

from 65 teams that selected by random sampling. ñTransformational Leadershipò questionnaire had used for data 

collecting to determine the transformational leadership level of club administrators. In data analyzing; frequency, 

homogeneity of variances, oneïway ANOVA, Tamhan-T2 and Tukey tests had used. According to the findings it had 

determined that the 44,1 % of the subjects were 23ï29 ages, 70,3 % had graduated from primary school and 48,3 % of 

them had job experience of 7ï10 years. According to the results of analyze, transformational leadership style 

perceptionsô sub-factors of ñSuggested Motivationò and ñIndividual Supportò has a significant difference with the 

variable of age (p<,05). As a result, it had found out that administrators who have transformational leadership have 

more effect on footballers. By those data, it could be said that administrators who have transformational leadership 

feature helps the footballers to reach the reachable and peak goals and they also respect to success and trustful players.   

Key Words: Footballer, Administer, Transformational Leadership.  

 

 

Introductēon 

Football plays an important role in 

multicultural communication as other sportive 

activities in 21
st
 century. In this global activity century, 

football clubs try to reach their aims and targets. Long 

term success depends on suitable goals of clubsô 

management structure and managing in efficiency and 

modern methods H.Mollaogullarē, 1998. Increasing the 

rivalry in football also changing the administratorsô 

social statues, methods, tools, values and life styles. In 

this changing process, one clubsô being success and 

getting peak performance from club footballers related 

to having powerful leadership skills. The most 

important issue of this kind of leadership is warning the 

club staff for moving to adapting changes
10

. 

The key of being transformational leadership 

is ñchangingò. Transformational leaderships define 

themselves as represantitives of changing. Leaders 

gains priority to moral values like; top ideals, freedom, 

justice, equality, peace. They donôt care about effecting 

their followers by fear, greed, jealous and hate
21

. 

Football club administrators obtain to 

recognize the footballers or club staff about their 

capacities, skills, confidence, so they can motive 

themselves and becoming succsess, and at last novelty 

begins in club atmosphere
10

. If the club administrators 

have transformational leadership ability, football clubs 

can have changing, cooperation, peak performance and 

can increase quality, intellectual accumulation in an 

institutional culture (H.Mollaogullarē, 1998). 

Transformational leadership is suitable behavior 

concept in sport clubs like other organizations. So, 

transformational leaders behaviorsô dimensions and its 

effects on staff, become a popular research area. 

Thereôre some researches in football clubs 

about trainnersô transformational leadership features as 

apply them ñmiddle levelò administrators. Tozonoglu 

(2003), found that thereôs no significant difference 

between trainnersô age, marital status variables and 

leadership styles in various sports (E.Tozoglu, 2003).E. 

Koruk, 2003, expressed that reaching of a trainnerôs 

goal is equal to reaching own clubôs goal. In 

V.O.Celikôs ,2005, research, it had found that amateur 

football trainners in Eskisehir generally having 

transformational leadership features. By these 

researches, administratorsô transformational leadership 

features means that it gains to footballers knowing their 

positive and negative features, solving problems in 

team by suitable ways, encouraging to express their 

feelings, being a model, showing their love and 

compassion, supporting their self respect and how to 

deal with loosing and how to be flexible in hard times 

(V.O.Celikôs , 2006.)  

In football clubs, especially adaptation 

between footballers and its affectivity had searched in 

the context of transformational leadership researches. 

Football clubs are the effective research subjects that 

contain relations between individuals and group 

dynamics by producing own values. The problems 

which appears from administrative structure in football 

donôt determine clearly yet, this study has been done 

since it was required. Thus, the purpose of this study is 

to determine the relation of footballersô perceptions on 

their administratorsô transformational leadership styles. 

 Methods 

In this section, the model of the search, 

population and sampling, the method of data collecting, 

data collecting tool and its validity and reliability and 

details of statistical techniques which are used for data 

analysis had summarized. Literature searching and 
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descriptive method is chosen, to be able to find out the 

current situation.  

 
Table 1: The number of Professional 

Football Teams and Players 

Table 1 indicates the population of footballers 

from 151 teams-4721 players in 2007-2008 football 

season according to data of Turkish Football Federation, 

Professional Football Division. The sampling of the study 

is existing from 65 professional teamsô 1014 players by 

using random sampling method. 

 ñIndividual Information Formò, which 

developed for footballers, was used in the study. 

Transformational Leadership questionnaire was formed 

as dependent variable of the study. Professional 

footballersô age, education status, period of professional 

football playing, playing duration in a team and the status 

of league are choosen as independent variables. 

Transformational Leadership Questionnaire (TLQ) was 

used to determine the leadership style. Itôs validity and 

reliability had been done by Cemaloglu
7
. While 

adapting the questionnaire to sport, in order to prevent 

meaning corruption, the questionnaire was supported 

by 3 philologists, and was formed by specialists of area, 

as well. To determine the applicability of the 

questionnaire, adding to sampling, the questionnaire 

was applied to 200 active footballers at Ankaraspor, 

Ankaragucu, Genclerbirligi and Hacettepe football clubs, 

and corrections had been done according to the feedbacks. 

There are 40 items in data collecting tool; Ideal Effect, 

Suggested Motivation, Intellectual Stimulation and 

Individual Support factors each containing 10 items. In 

this study, transformational leadership sub-dimensions 

had been calculated and the data related to results were 

excluded. 5 Likert questionnaire had used in the study; 

Never (0), Rarely (1), Sometimes (2) Often (3) and 

Always (4). SPSS had been used for analyzing the data.  

To find out reliability of questionnaire, the 

pre-test had been applied to 200 footballers 

(Ankaraspor, Ankaragucu, Genclerbirligi and Hacettepe 

clubs). The factor value is between 71 and 89. Total 

variance of transformational leadership is 63. and the 

Cronbach alpha is 94. 

Individual Information Form and 

Transformational Leadership Questionnaire had been 

applied to professional football club administrators, 

technical directors, trainers, footballers in a duration of 

11 months from April-2007 to February-2008. The 

questionnaire had being filled by subjects voluntarily. 

In the study, professional and active footballers were 

preferred. In the study, statistical method for data 

evaluation; frequency, percentage, T-test and one-way 

variance analyze (ANOVA) was used to determine the 

significant difference. If the result of the test was 

meaningful, Scheffe test from Post Hoc test had used-

( S. Buyukozturk. 2006).  

 Results 
In this part ñTransformational Leadershipò 

data had been shown.  Demographic features of 

sampling group and perceptions of transformational 

leadership categorized as clubs. Also club 

administratorsô transformational leadership 

approachesô effect on efficiency had been searched. 

Frequency and percentage data about age, education 

status, job experience, playing duration in team and the 

status of league had been shown in the table 2. 

Table 2. Individual Features of Professional 

Footballers 

   

 
 

Footballers 44,1 % are 23ï29 years old and 7 % 

is 37 years and up. Footballers 70,3 % graduated from 

elementary school, 1,4 % have master degree. 

Footballersô 48,3 % have 7ï10 years and 3,1 %  have 

1ï3 years job experience. Footballersô 32,4 % plays in 

3
rd
 league and 7,6 %  plays in Super League. 

 

Table 3. ANOVA of Footballersô Transformational 

Leaderships Perception According to Age Variable  

 
 

In table 3, thereôs an significant difference 

between transformational leadership styleôs perception 

according Suggested Motivation [F(3-1010=2,53 , 

P<,05] and Individual Support [F(3-1010=2,80 , P<,05] 

sub-factors and age variable. 
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So, administratorsô transformational 

leadership perceptions to Suggested Motivation and 

Individual Support sub-factors significantly difference 

related to age variable. Thereôs no significant 

difference between Ideal Effect and Intellectual 

Stimulation sub-factors related to age variable (p>,05). 

Scheffe test had been done for determining the 

difference, it was found that Suggested Motivation sub-

factor in 18-23 years old,     =34,95 recognized positive 

in top level, +36 years old footballersô Individual 

Support (X=24,42) determined lower. 

 

Table 4. ANOVA of Footballersô Transformational 

Leaderships Perception According to Education 

Level  

 
 

 

According to analyze results, thereôs no significant 

difference in footballersô perception of their 

administrators transformational leadership style (p>,05). 

Thus, professional footballersô administratorsô 

perceptions to transformational leadership not changing 

according to education level variable. In data, thereôs 

no significant difference in education variable, but itôs 

found out in scheffe test, footballersô (graduated from 

High School) perception more positive (X= 35,20) in 

Suggested Motivation sub-factor, also itôs found out 

Master degree footballersô perception more negative 

(X= 29,21) in Individual Support sub-factor.  

 

Tablo 5. ANOVA of Footballersô Transformational 

Leaderships Perception According to Playing 

League Status Variable 

 

4. Discussion  

In Table 2, 44 % of professional footballers in 

23ï29 years old. After beginning the football and in the 

period of beeing professional they have hard working 

tempo, so that makes these age parameters normal. 

Studies on professionel footballers like F.N. Arslan, 

1995, he had found age avarage as 24,6 years
2
 and also 

Y. Ocak, 1996, had found age as 24,5 years in his 

study
16
. Iyemôs (2007), results had showed that 47,4 % 

of subjectsô age as 25 years C. Iyem, 2007, these 

results show similarity with this study. In groups there 

are young footballers (16ï22 years old - 20 %), so it 

could be said that clubs paying more attention to young 

footballersô age of beginning to football and also 

education level. Footballers over 37 (%,7) is very low, 

it can be a proof for this issue. The high education level 

of footballers brings quality in the team. Doĵanôs 

(1993) research (45,3 %) and Erolôs (1997) research 

showed that (69,1%) footballersô education level is 

mostly secondary education (B.Dogan, 1993, M.Erol, 

1997). Research data shows that 48,3 % of footballers 

have 7-10 years and 3,1 % of them have 1-3 years job 

experience. Playing in a professional team requires 

minimum 16 years old. In table 1, the age range 

recognized as 23-29 years. Footballers in the study 

have playing in the same team 4-6 years (38,6 %) and 

11 years/over (3,2 %). Also 32,4 % of them plays in 

the same team in 3
rd 

League and 17,6 % of them in 

Super League.According to data of Turkish Football 

Federation, professional leagues continue by 151 teams 

(Turkcell Super League 18 teams, 1
st 

Leagues 18 teams, 

2
nd

 Leagues 50 teams and 3
rd 

Leagues 65 teams). By 

the way, being more teams in 2
nd 

and 3
rd
 Leagues 

related to number of footballers.  Plans to reach the 

aims and targets of clubs must contain all conditions, 

the changeable sport ñfootballò and clubs with a 

complex structure make forced to administrators to 

behave with Suggested Motivation and Individual 

Support S.Arēkan, 2001. In this situation, 

administrators become an inspiration tool for high 

performance, getting new perspectives, a healthy club 

atmosphere, determining visa verse expectations and 

loyalty to most wanted aim. In this clubs that having 

this atmosphere, footballers who can have face to face 

communication with administrators knows that theyôre 

listening, paying attention to their ideas and encourages 

with respect (R.Yigit  2002). In this relation, always 

thereôs feedback and correlation of individual needs. 

Administer who encourages the development, shares 

the authority. In this period, it could be said that 

administrators show respect, trust and tolerance to 

some mistakes. (O. Gokkaya, 2005). In Scheffe test 

results Suggested Motivation sub-factors of 18-23 ages 

footballers are more positive from footballers in +36 

ages (X= 34,95), also theyôre positive in Individual 

Support (X=24,42). Administrators preparing an 

atmosphere by Suggested Motivation and Individual 

Support, is important to getting personality, using 

initiative, respecting others and having experiences. 



Ovidius University Annals, Series Physical Education and Sport / SCIENCE, MOVEMENT AND HEALTH ,  

Vol. 10 ISSUE 1, 2010, Romania 

Our JOURNAL is nationally acknowledged by C.N.C.S.I.S., being included in the B+ category publications, 2008-2010.
 

The journal is indexed in: 1. INDEX COPERNICUS JOURNAL MASTER LIST. 2. DOAJ DIRECTORY OF OPEN ACCES JOURNALS, 2009
 

  

17 

 

According to these data, administratorsô reaching the 

aims, solving the problems, moving together with 

footballers, communicating and motivating them 

always makes positive effects on young footballers. In 

+36 ages group, footballers feel that administrators are 

insufficient in Individual Support dimension. These 

data shows that building a collective conscious changes 

from club to club, also it could be said that +36 ages 

footballers do not need individual support, theyôre 

providing individual support (A. Berber, 2001). 

According to H.B.Yēldērēm, 2004, age of workers is 

related to gaining satisfaction. By aging, people having 

less satisfaction. This situation supports Davisôs study. 

Especially + 36 ages footballers by more experience 

feel more habits to social life. It could be said that, this 

situation cause an important effect to decreasing of 

footballers expectations from their football career. In 

table 4, thereôs an significant difference between 

footballersô perception on administratorsô 

transformational leadership and education levels 

(p>,05). So, it could be comment as homogeneity and 

peak level of professional education of footballers give 

them an opportunity to show their abilities and skills. 

In table 5, transformational leadership styles sub 

factors of Ideal Effect [F(3-1010=4,52,P<,05], 

Suggested Motivation [F(3-1010=3,74, P<,05], 

Intellectual Stimulation [F(3-1010=10,76, P<,05] and 

Individual Support [F(3-1010=12,27, P<,05] have a 

significant difference with League Status variable 

(p<,05). Professional footballersô administrators 

transformational leadership styles perceptions differed 

by the League Statue. Transformational Leadership 

sub-factor Ideal Effect is more important for 2
nd 

and 3
rd
 

League players than Super League players. But it could 

be said that reaching high performance level by only 

this feature. Transformational leadership feature must 

practice and care about totally. In Suggested 

Motivation sub-factor, thereôs a significant difference 

in Super League and 3
rd 

League, in Intellectual 

Stimulation sub-factor thereôs a significant difference 

between Super League and 1
st
, 2

nd
 and 3

rd
 Leagues. In 

Individual Support sub-factor, thereôs a significant 

difference between Super League and 1
st
, 2

nd
 and 3

rd
 

Leagues (p<,05).It could be said that 2
nd 

and 3
rd
 

Leagues footballers want to see own administrators in 

passion, integration with team, desire and rage. Itôs 

determined that, Super League footballers had been less 

positive perceived in Ideal Effect dimension (X=30,84), 

Suggested Motivation (X=30,21), Intellectual 

Stimulation ( X = 30,21) and Individual Support sub 

factors (X =28,62). Thus Super League clubs have a 

more institutional administrative structure according to 

other teams and having more participation to 

management. There are important results in some 

studies about sport clubs and also other areas in this 

subject.   al. 2005, found out transformational 

leadership increases institutional addiction (A. Ceylan, 

H. Keskin, S. Eren, 2005). C. Arslantas, 2007, had 

searched 233 subjects in a firm in two departments, it 

had found out that, transformational leaderships all 

dimensions effects being psychological strong in 

different ways. H. Zerenôs, 2006, research results 

showed that primary school teachers ñsometimesò 

participated to school principalsô transformational 

leadership styleôs individualized attention dimension. 

As a result, itôs determined that administrators who 

have transformational leadership feature have an 

determinative effect on footballers. Administrators who 

have transformational leadership feature, helps the 

footballers to reach the reachable and peak goals, give 

moral and they also respect to success and trustful 

players in the clubs that they managed.  
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SUMMARY  

Carnitine plays an important role in lipid metabolism by transporting long-chain fatty acids into the mitochondria 

for beta-oxidation.The aim of this study was to explain the effect of acute L-carnitine on antioxidant levels and lipid 

peroxidation in rats exposed to thermal stress. 

Eight groups (E18°C, E28°C and E38°C  exhaustive swimming groups; CE18°C, CE28°C and CE38°C  L-

carnitine and  exhaustive swimming exercises groups; CS28°C (the sedentary group which is given carnitine); S28°C 

( only the sedentary group), were formed and a total of 48 Sprague Dawley male rats, weighing 250-300 g were used in 

this study. In the study, the L-carnitine was given to the groups 1-1.5 hours before the exercises in the doses of 100 

mg/kg by intraperitoneal (i.p.) way. Exhaustive swimming tests were made in a rectangle shaped glass water tank that 

was 80x60x60 cm
3
 in size. Uncoordinated movements and staying under the water for 10 seconds without swimming at 

the surface were accepted as the exhaustion criteria of the rats. In the blood samples, the SOD, GR, POD and CAT are 

analyzed with spectrophotometric method, and MDA is analyzed with HPLC-FLD method. In the statistical analysis of 

the study, Anova, Duncan and T Tests are used.  

According to the results of the study, the MDA level of the CE18°C group is significantly higher than those of 

CE28°C and CE38°C groups (p<0.05). While the GR levels of E18°C group is significantly higher than the CE18°C 

group (p<0.05,), the POD levels are significantly low (p<0.05,). The POD levels of CE28°C group is significantly 

higher than those of E28°C group (p<0.05).  

The findings that are gathered at the end of the study showed that the oxidative stress increases under 

hypothermic circumstances and it cannot prevent the free radical formation of the L-carnitine under hypothermic 

conditions, in addition it increases the antioxidant activity under thermal stress. The L-carnitine supply under thermal 

stress may show an antioxidant effect and be useful in sports activities.          
Keywords: L-carnitine; exercises; rat, water temperatures, antioxidant enzymes; lipid peroxidation. 

 

 

1. Introduction 

The adaptation in skeletal muscle to endurance 

training includes increases in mitochondrial content, 

respiratory capacity, capillary density and lipid 

oxidation capacity (K.Sahlin, RC. Harris, 2008). L-

carnitine plays a key role in lipid metabolism 

(M.S.Aoki., Almeida ALRA., F.Navarro, LFBP. Costa-

Rosa., RFP.Bacurau, 2004). L-carnitine (4-N-

trimethyylammonium-3-hydroxybutyric acid), stored 

within skeletal muscle tissue (E.Broad, C. Bolger, 

S.Galloway, 2006) and cardiac muscle as either free or 

acyl carnitine (FB. Stephens, DC.Teodosiu,  D. 

Laithwaite, E.J. Simpson, L. Paul, P.L.Greenhaff,  

2006), and plays important physiological roles 

shuttling the long-chain fatty acids across the inner 

mitochondrial membrane for ATP production and ɓ-

oxidation in peripheral tissues (I.Gülçin, 2006).  

It is still a subject of discuss whether the 

administration of L-carnitine improves performance of 

intensive endurance exercise (E.P.Brass, 2000). Several 

researchers indicated that L-carnitine supplement, have 

benefitial effects on exercise performance and thus it  

increases fat oxidation during prolonged exercise, 

preserves glycogen stores and delays the onset of 

fatigue ( F.B.Stephens, D.C. Teodosiu, and P.L. 

Greenhaff, 2007, J.S. Volek,  W.J.Kraemer, M.R. 

Rubēn, A.L. Gomez, N.A. Ratamess, and Gaynor, 2002, 

C. Greigh K.M.Finch, D.A.Jones, M. Cooper, 

A.J.Sargeant 1987), clained that in researches they 

carried out with various different exercise, taking 

carnitine before exercise or increasing of acute 

carnitine have no effect on performance, and  , 

Ransone et al.,  L- carnitine has no effect on the lactic 

asid accumulation in max. anaerobic exercises. 

The body core temperature during exercise 

varies depending on enviromental conditions, such as 

the situation of training and acclimatization, the 

duration and intensityof exercise, and individual 

differences (Soultanakis-Aligianni, H.N.). During 

physicial exertion an understanding of 

thermoregulation is important in protecting athletes 

from injuries and in managing physicial performance 

under cold and heat conditions.  

Thermal stress combined with physical exertion 

may lead to rise in bady core temperature (C.L.Lim, 

C.Byrne, J.K.Lee, 2008, G.A.Khomenok, A. Hadid, 

O.P.Bloom, R.Yanovich, T.Erlich, O.R.Tal, A. Peled, 

Y.Epstein, D.S.Moran, 2008). Many endogenic 

mechanisms serve in thermoregulation responces 

(Reilly, T., Drust, B., and Gregson, W., 2006). 

However the literature knowledge related to the effects 

of L-carnitine on the exercise done hypothermic and 
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hyperthermic ambient. (G.P.C.Janssens, J. Buyse, 

M.Seynaeve, E.Decuypere, R.D.Wēlde, R.D., 1998),  

announced that heat production  has decreased in 

exercising pigeons after L-carnitine supplementation. 

Exercise intolerance  carnitine palmitoyl-transferase 

enzyme deficiency (CPT II) has been postulated to 

depend on low-carbohitrate-high-fat diet, exhaustive 

exercise, fasting, hypothermia and insomnia 

( M.C.Orngreen, R.Ejstrup, J.Vissing, 2003), and 

especially, it created skeletal muscle  damage 

( A.Gentili E.Lannella, F.Masciopinto, M.E.Latrofa,  

L.Giuntoli, S.Baroncini , 2008).  

In this study, we researched the effect of acute 

L-carnitine on antioxidant levels and lipid peroxidation 

in rats exposed to thermal stress. L-carnitine is an 

antioxidant, and it prevent accumulating end product of 

lipid oxidation ( I. Gülçin, 2006). 

2. Material and methods 

2.1. Chemicals 

L-carnitine, Nitroblue tetrazolium (NBT), 

xanthine, xanthine oxidase, oxidized 

glutathione,tiobarbituric acid (TBA), NADH and 

ABTS were obtained from Sigma company (Sigma-

Aldrich GmbH, Sternheim, Germany). L-carnitine was 

obtained from Sigma (Sigma-Aldrich GmbH, 

Sternheim, Germany). All other chemicals used 

were  Analytical grade and obtained from either 

Sigma-Aldrich or Merck. 

2.2. Animals and groups 

In this study, 48 healthy Sprague Dawley male 

rats, weighing 250ï300 g, 4ï6 months of age, were 

provided from Fērat University Experimental Animal 

Research Center (FUDDAM). The study was carried 

out in Atatürk University Research Center of 

Experiment Animals and the study was approved by 

the Ethical Committee of the Atatürk University 

(AUHADYEK, Ethical Committee Report No: 2008-

51). All surgical procedures and protocols used here 

were in accordance with Guidelines for Ethical Care of 

Atatürk University Research Center of Experiment 

Animals. 

The rats were kept under special conditions 

and were sheltered in cages, each of which has 6 rats, 

at the room temperature (25°C). The food (Bayramoĵlu 

Yem Sanayi, Erzurum, Turkey) and water were 

supplied for 12ïhour day and night cycles. In the study, 

the L-carnitine was given to the groups 1-1.5 hours 

before the exercises in the doses of 100 mg/kg by 

intraperitoneal (i.p.) way. 

E (exercises, 18°C): The exhausted swimming 

exercises group at the temperature of 18°C). 

E (exercises, 28°C): The exhausted swimming 

exercises group at the temperature of 28°C   

E (exercises, 38°C): The exhausted swimming 

exercises group at the temperature of 38°C. 

CE (L-carnitine-exercises, 18°C): The 

exhausted swimming exercises group with L-carnitine 

at pharmacological dosage (100 mg/kg) at the 

temperature of 18°C.  

CE (L-carnitine-exercises, 28°C): The 

exhausted swimming exercises group with L-carnitine 

at pharmacological dosage (100 mg/kg) at the 

temperature of 28°C.  

CE (L-carnitine-exercises, 38°C): The 

exhausted swimming exercises group with L-carnitine 

at pharmacological dosage (100 mg/kg) at the 

temperature of 38°C.  

S (sedentary, 28°C): at 28°C, the sedentary 

group which no any practise (the control group). 

CS (L-carnitine-sedentary, 28°C): The 

sedentary group at the temperature of 28°C with L-

carnitine at pharmacological dosage (100 mg/kg) (the 

control group) 

Exercise Protocol 

Maximal intensely exhausted swimming 

exercises were applied to exercise and L-carnitine 

exercise groups in test group  

Adaptation Training: For the rats to have 

adaptation, they were first made to have swimming 

exercise in a pool, 80 x 60 x 60 cm
3
 for 5 minutes at 

28
o
C during 5 days (This temperature is the most 

appropriate for rat metabolism). A resistance of 2200 V 

and a digital thermometer (GEMO, micro software and 

PID thermo controlled device) were used to warm up 

the pool. After swimming exercise, the rats were dried 

with towels, made to rest for 30 minutes at a warm 

place and taken to cages. 

Training:  Training of Maximal Exhaustive 

Swimming Exercise. The exercise group (n:36) were 

made to swim at 18
o
C, 28

o
C and 38

o
C until they felt 

tired. Beginning uncoordinated actions (unability of 

floating by minor extremity actions), remaining under 

water for 10 seconds without swimming were 

determined as tiredness criteria (RAL, Osorio,  J.S. 

Christofani, VD. Almeida, AK.Russo, IC.Picarro, 

2003). 

Determination of temperatures 

American Health Assembly (AHA), approved of 

normal body temperature as 36.5ï37.2°C. The body 

temperature of rats is the same as those of humans. A 

naked person can keep body inner temperature fixed 

between 12.5°C and 55°C in dry weather (E. Siktar). 

For the body to feel the heat depends on the 

temperature of the weather, moisture rate and wind 

rate. 26ï30
o
C is the optimal temperature for 

performance in water sports ( G.A.Brooks,  T.D.Fahey, 

1985).   

In this study the temperature was determined 

10
o
C more or less than average temperature 28

o
C as 

optimal temperature for performance, under 10
o
C 

hypothermic (18
o
C), over 10

o
C hiperthermic (38

o
C). In 

present study to determine temperature values of water, 

under 16
o
C and over 38

o
C posed risk for rats. The rats 

made to swim at 14 and 39
o
C died and had severe 

complications in 5-10 minutes (three out of six). 

Drawing of blood 

Venous blood was drawn from the vein portae 

into a sterile plastic syringe (10 mL) using a sterile 

needle. Half of the drawn blood (5 mL) was added to a 
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plastic test tube containing 50 µL of heparin (1:100) to 

be used for the antioxidant enzymes assay, and the 

other 5 mL of drawn blood was added to a glass 

vacationer containing 15% EDTA (0.054 mL/4.5 mL) 

to be used for MDA levels. 

2.4. Preparation of Hemolysate 

Erythrocytes were isolated from fresh rat blood, 

which was obtained from the University Hospital 

Blood Centre following low-speed centrifugation at 

1500 rpm for 15 min (MSE, MISTRAL 2000) by 

removal of plasma and buffy coat. The red cells were 

washed twice with 0.9% w/v NaCl and hemolyzed with 

1.5 volumes of ice-cold water. Ghost and intact cells 

were then removed by high speed centrifugation at 

20000 rpm for 30 min (Heraeus Sepatech, Suprafuge 

22) at 4°C. 

2.5. Hemoglobin Estimation 

The hemoglobin (Hb) concentration in 

hemolysate was determined by the 

cyanmethaemoglobin method. All studies were 

performed at +4°C (Olcay H, Beydemir ķ, G¿l­in Ķ, et 

al. Supuran, C.T, 2005).  

2.6. Antioxidant Enzymes Activity Assays 

SOD activity 

SOD activity is one of the most important 

indicators of tissue antioxidant capacity. SOD activity 

determination was performed in the samples before and 

after adding trichloroacetic acid (TCA, 20%), as 

described. In this method, xanthine-xanthine oxidase 

complex produces superoxide radicals that react with 

nitroblue tetrazolium (NBT) to form a farmazane 

(NBT
2+

) compound. SOD activity is measured at 560 

nm by detecting inhibition of this reaction. By using 

blank reactions in which all reagents are present except 

the supernatant sample and by determining the 

absorbance of the sample and blank, SOD activity is 

calculated (Sun Y, Oberley L, Li Y, 1988).  

Catalase activity 

Catalase activity was assayed by monitoring the 

decrease in absorbance at 240 nm due to H2O2 

consumption according to the method of (Aebi H., 

1984).  The reaction mixture contained 25 ɛL 

hemolysate, 0.5 mL 10 mM H2O2 and 0.9 mL 30 mM 

potassium phosphate buffer (pH 7.3). The decrease in 

absorbance was recorded at 240 nm for 60 sec. Enzyme 

activity was expressed as ɛmoles H2O2 decomposed by 

using the H2O2 extinction coefficient 36 ɛM
ï1

cm
ï1

. 

Peroxidase activity 

Peroxidase activity was measured by the method 

of (Shannon LM, Kay E, Law JY., 1966). For this 

purpose, 0.1 mL hemolysate was taken up into 1.7 mL 

0.05 M potassium phosphate buffer (pH 7.3). Then 0.5 

mL ABTS was added. The reaction was started by 

addition of 0.2 mL 0.2 M H2O2. Change in absorbance 

at 470 nm was recorded for 2 min at intervals of 15 sec. 

The enzyme activity was expressed as enzyme 

unit.min
ï1

gHb
ï1

. 

Glutathione Reductase Activity 

Glutathione reductase activity was estimated by 

the method of (Goldberg DM, Spooner RJ., 1983).  To 

0.1 mL haemolysate 2.5 mL 120 mM potassium 

phosphate buffer (pH 7.3), 0.1 mL 0.015 mM EDTA 

and 0.1 mL 0.065 mM oxidised glutathione were added. 

After 5 min, 0.05 mL 9.6 mM NADH were added and 

mixed. The absorbance was recorded at 340 nm at 

intervals of 15 sec. The enzyme activity was expressed 

as nmole NADH oxidised minï1.gHbï1 protein using 

the molar extinction coefficient 6.23 µMï1cmï1. 

Determination of MDA 

MDA concentrations in blood plasma samples 

were measured by the high-performance liquid 

chromatography with fluorescent detection (HPLC-

FLD) previously described . Briefly 50µL of plasma 

sample was mixed in (0.44 M) H3PO4 and (42 mM) 

tiobarbituric acid (TBA), and incubated for 30 min in a 

boiling water bath. After rapidly cooling on ice, an 

equal volume alkalen methanol was added to the 

sample, votex, centrifuged (3000 rpm for 3 min), and 

the aquous layer was removed.  

Then, 20 µL supernatant was analyzed by HPLC 

(HP, Agilent 1100 moduler systems with FLD detector, 

Germany): Column, RP-C18  (5 µm , 4.6 x 150 mm , 

Eclipse VDB- C18. Agilent) elution, methanol (40:60, 

v/v) containing 50 mM KH2PO4 buffer (pH 6.8) flow 

rate 0.8 mL/min. . Fluorometric detection was 

performed with excitation at 527 nm an emission at 

551 nm. The peak of MDA-TBA adduct was calibrated 

a TEP (1,1,3,3- tetraethoxypropane) standart solition 

procedded in exactly the same as plasma and urine 

sample (Khoschsorur GA,  Winklhofer-Roob  BM,  

Rabp H, 2000).  

2.7. Statistical Analysis 
The experimental results were performed in 

triplicate. The data were recorded as mean  standard 

deviation and analyzed by SPSS (version 11.5 for 

Windows 2000, SPSS Inc.). One-way analysis of 

variance ANOVA was performed by procedures. 

Significant differences between means were 

determined by Duncanôs Multiple Range tests, and 

p 0.05 was regarded as significant, and p 0.01 was 

very significant.  

3. Results 

According to effect of L-carnitine, there was no 

difference between the groups took place the same 

water temperature (as E18°C and CE18°C ) with regard 

to levels of MDA in Fig.1. The SOD values for serum 

increased significantly in the CE 38°C group according 

to the E 38°C group (P<0.05).The mean of standard 

derivations of groups respectively, 6.96±0.88 and 

10.02±2.08. There was no difference between the E 

18°C group and the CE 18°C group, between the E 

28°C group and the CE 28°C group and between the S 

28°C group and the CS 28°C group in Fig.2. 

In Fig. 3, GR levels decreased significantly the 

CE 18°C than the E 18
o
C group (P<0.05). The values 

of CE 18°C and the E 18
o
C group were found as 0.31± 

0.07 and 0.21±0.07. Not significant between E 28°C 

and CE 28°C, E 38°C and CE 38°C and S 28°C and CS 

28°C. While it was determined a significant increase in 
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the levels of POD the CE 18°C group compared with 

the E 18°C group and the CE 28°C group compared 

with the E 28°C group (P<0.05), was decreased 

significantly the S 28°C group according to the CS 

28°C group (p< 0.05).The mean of standard derivations 

of groups respectively, 2.97±1.20 and 4.45±0.75;  2,87 

± 0,57 and 3,77 ± 0,32;  2.37±0.94 and 4.03±0.58) in 

Fig 4. The CAT values were not significant in any 

groups in the same temperature in Fig 5. 

According to the effect of thermal stress, the 

levels of MDA, while there were no different 

significantly among exercise groups, among L-

carnitine-exercise groups, the levels of MDA of CE 

18°C group increased more than the CE28°C and the 

CE38°C group. SOD levels decreased a significantly 

the E 38°C group compared with the E 18°C group and 

the E 28°C group (p< 0.01).  GR levels, the E18°C and 

the E38°C group increased significantly according to 

the E 28°C group (p< 0.05). CAT levels are not 

significant both exercise groups and L-carnitine-

exercise groups in different temperature in Tab.1. 

4. Discussion  
In this study was aimed that at the rats are made 

acute swimming exercises at different water 

temperatures is determined the effect of carnitine and 

thermal stress on the free radical accurance and 

antioxidant, no different significant in the L-carnitine-

exercise and exercise groups took part in the same 

temperature at serum MDA level (fig 1). The SOD 

levels of 38°C L- carnitine exercise group is significant  

than 38°C exercise group ( P<0.05) (fig. 2). GR levels 

decreased significantly the CE 18°C than the E 18
o
C 

group (P<0.05) (fig. 3). 

 The POD levels of 28°C L-carnitine exercise 

group was higher than 28°C exercise group (P<0.05). 

The POD levels of 28°C L-carnitine- sedentary group 

increased significantly compared with the 28°C 

sedentary group (fig.4). 

L-carnitine is a essential subject which supplies 

transportation of fat acids long-chain from stoplasma to 

mitochondria that is known as energy stocks for cells 

(C.J. Reouche, 1996, W.O.Hulsmann, A.Peschechera 

E.Martelli, 1994). It increases the general metabolic 

activity (T.M.Hagen, J.Liu, J.Lykkesfeldt, C.M.Wehr, 

T.Russell, I.V.Vinarsky, J.C.Bartholomew, 2002) by 

developing mitochondrial functions. Besides, L-

carnitine prevents oxidative stress, the cellular 

respiratory and enzym activities protects  versus 

oxidative damage, and regulate the nitric oxidation 

(D.S. Sachan, N.Hongu, M. Johnsen., 2009).  L-

carnitine is an antioxidant, and it prevents 

accumulating end product of lipid oxidation (G¿l­in, Ķ., 

2006). It is a tricarbondialdehid which has been 

produced by the dissuasion of multiple unsaturated fat 

acids being reacted to malondialdehid (MDA) 

peroxidation which is the lost combination of lipid 

peroxidation (B.E.Kurutaĸ, G.F.Ķnan­ M.Kēlēn­ 2004, 

G. Cighetti, L.Duca, L. Bortone, S. Sala, I.Nava, 

G.Fiorelli, M.D.Cappellini, 2002). (K. Karanth,  K. 

Jeevaratnam, 2005) recorded that it helped the lipid 

peroxdation and prepared protection against oxidative 

destructions regulating the distribution of blood in L-

carnitine supplement exercise and the GSH in the 

muscles, blood and liver at the trained rats in a period 

of six montly. (P.Rajasekar, CV.Anuradha, 2007). 

Found out that the external L-carnitine increased the 

insulin sensivity and decreased lipogliko toksitite and 

oxidative destruction in the skeleton muscles at the rats 

which are fed by fruktoz in their studies (J.S.Volek, 

W.J.Kraemer, M.R.Rubēn, A.L.Gomez,N.A. Ratamess, 

and P.Gaynor, 2002)  reported in their studies that the 

serum MDA level significantly increased after the 

resistance exercises to the while body, the MDA level 

reached the pre-exercises level in 15 minutes in the 

group where carnitine was realized and the MDA level 

decreased to the normal values in 180 min in the 

placebo group. 

Being different from these studies the acute 

exercise may be the reason of so much influence of L-

carnitine on MDA. Because, numerous studies in 

literature were stated that the realization of L-carnitine 

was not put given any positive result so for during 

acute exercise. (P. Colombani, C.Wenk, I.Kunz, S. 

Krahenbuhl, M.Kuhnt, M. Arnold, P.Frey-Rēndova, W. 

Frey, W.Langhans, 1996) determined that acute L-

carnitine was not raised the running performance 

before and during long-run (20km. marathon). (Nuesch 

R, Rosetto M, Martēna B., 1999)  reported that 1g. of 

L-carnitine that was taken before and after the exercise 

made at the treadmill didnôt improve the maximum 

exercise performance as well. 

In our study the parameters of SOD, GR, POD 

and CAT were determined as the sign of the 

antioxidant system. While at the exercise group raised 

the GR level at hypothermic condition, at the L-

carnitine groups increased SOD and POD levels. It can 

be said that L-carnitine is only influential on POD and 

SOD. In the some studies, L-carnitine was defined as 

an antioxidant which prevents the gathering of the last 

production of lipid oxidation (Fabriello RG, Calabrese 

F., 1988).   

Namely, In the other study it was reported that 

L- carnitinee was turned the changes happend in the 

brain at old rats upside down, as an antioxidant (S. 

Kumaran, B.Deepak, B.Naveen, C.Panneerselvam 

2003). Findings in another study stated that the 

supplements of L-carnitine ( 2g/ day) has reduced free 

radical occurrence and tissue destruction and the purine 

production before and after the mild squat exercise 

(J.S.Volek, W.J. Kraemer, M.R.Rubēn, A.L.Gomez, 

N.A. Ratamess and P. Gaynor, 2002).  L-carnitine has 

also protective influence on the 3-nitropropionic acid 

(3-NPA) induced neurotoxicity which increased by 

hypothermia (Z.C.Binienda, S.F.Ali, 2001). Although 

the studies which show the influence of L-carnitine 

related with hot and cold environment are few, the 

findings of this study support the findings of other 

studies. So, in this study, it can be said that the 

hypothermic conditions have given on additional lead 

to the metabolism in the CE 18ºC group and it 

http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&doc=4&db_id=&SID=R1dL1o6OPGF8fGMgjb4&field=AU&value=Karanth%20J&ut=000235055500005&pos=1
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&doc=4&db_id=&SID=R1dL1o6OPGF8fGMgjb4&field=AU&value=Jeevaratnam%20K&ut=000235055500005&pos=2
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increased the use of fat acids during acute aerobic 

swimming exercises. 

The increase of the POD level in advance of 

the L-carnitine groups in the sedanter groups may 

result the influence of L-carnitine antioxidant. (Sachan 

DS, Hongu N, Johnsen M., 2005) reported that choline 

and carnitine supplementation reduced oxidative stress,
 

and the mild exercise regimen was not a deterrent to 

this outcome
 
in humans. (J.D.Robertson, R.J.Maughan, 

G.G.Duthie, P.C.Morrice,1991) found out that the 

MDA values are higher in sedentary after the acute 

exercises in their study they made on twenty  runners 

who make six sedentary and different exercises. In 

another study, it was stated that the increase of GSH, 

GSSD is related with LDL hydroperoxides and MDA 

decreases and 8-epi PGF2 Ŭ decreases (L.Tesoriere, 

D.Butera, A.M.Pintaudi, M.Allegra, M.A.Livrea, 2004).  

These findings seem to be similar to our study. 

On the other hand, at the rats swimming at 

18°C, 28°C and 38°C, in terms of thermal stress 

influence, the MDA levels did not shown significantly 

differences among exercise groups (18,28, 38°C). It 

increased other much more in the 18°C L-carnitine-

exercise than  in the 28 and 38°C group (P<0.05). 

There is not so much differences at the SOD levels in 

the 18°C and 28°C exercise groups where as both 

groups are quite bigger in terms of SOD levels than the 

38°C exercise groups ( P<0.01). The GR levels in the 

28°C exercise group reduced much more than the 

18°C-38°C groups( P<0.05). Although in the 18°C-

28°C groups there is only a slight difference among the 

POD levels, the POD levels have been  recognized 

quite high between these two groups the 38°C exercise 

group ( P<0.05, table 1). Due to thermal temperature 

and ischemi-reperfuzyon tissue destruction may happen 

during sportive activities. Scientists of sports have 

explained the reason of the ROT production took place 

during the sportive activities with the chain of 

mitokondriyal electron transfer, the ksantin oxidaz 

system, reactions with metal catalizör and active 

nötrofillers (J.Peake,  K.Suzuki, 2004).  Although the 

reactive oxsygen types (G.Cohen, R.Heikkila., 1974) 

have been related with some physiology- biochemical 

events such as O2 consumption, lactic acid production 

(H.B.Demopoulos, J.P.Santomier, M.L.Seligman, 

1986)  and hyperthermia (T.Matsuzuka, N.Sakamoto 

M.Ozawa, A.Ushitani, M.Hirabayash, Y.Kanai, 2005) , 

in literature, the relation between them have not been 

completely yet (L.L. Ji, R.G. Fu, E.W. Mitchell., 1992).  

The literary knowledge related with the 

influence of L-carnitine on the exercises made in 

hypothermic and hyperthermic condition is limited. 

There is a few information about the regulation of 

energy metabolism and cardiac function of the 

hibernating animals in hipotermic conditions. Darel 

and et al. reported that the energy matabolism increases 

in the rat heart during hypotermia regardless off 

cardiac work on their study (D.D.Belke, L.C.H. Wang, 

G.D.Lopaschuk, 1997).  Events such as diet with low 

carbohydrate, high fat, long exercise, starving, extreme 

cold and insufficient sleeping lead to deformation 

especially in sceleton muscules increasing fat acid 

oxidation and causing carnitinee palmitoyl-transferase 

enzyme deficiency (CPT II) (A. Gentili, E. Lannella, F. 

Masciopinto, ME. Latrofa, L. Giuntoli, S. Baroncini., 

2008).  The effect of carnitine supplement changes 

depending on the duration and type  of exercise, 

generate of the experiment, duration and amount of 

dose, and its permenant steady use (M. Shaý, 1998).  

Although the amount of L-carnitine we have used is 

enough under normal exercise conditions, it may be 

insufficient to reduce the MDA level in the negative  

conditions of hipotermic environment. 

In literature there are studies of the same 

opinion that hypothermic conditoin created more stress . 

Osorio et al.emphasized that they reached the highest 

TBARS at 39°C in thermal stress situation in their 

study on pregnant rats (R.A.L. Osorio, J.S. Christofani, 

V.D. Almeida, A.K. Russo, I.C. Picarro., 2003).  In rats, 

reactive oxygen types increase heart, skeleton muscle, 

plasma during exercise, and it stimulates the 

antioxidant mechanism (S. Kumaran, B. Deepak, B. 

Naveen, C. Panneerselvam, 2003). It is an important 

reactor against thermal depression antioxidant defence 

mechanism on trained animals (R.A.L. Osorio, J.S. 

Christofani, V.D. Almeida, A.K. Russo, I.C. Picarro, 

2003).  In this study the difference of SOD, POD and 

GR levels among the heat groups proves it. 

(R.A.L. Osorio, J.S. Christofani, V.D. 

Almeida, A.K. Russo, I.C. Picarro, 2003). Examined 

that the metabolic response to exercise doesnôt change 

under thermal stress on pregnant rats. Furthermore, 

they recommended avoiding hot water as it would be 

dangerous for the baby when the mother is under 

extreme hot and cold stress and would be hazardous for 

the fatal development at water temperature while 

swimming although the metabolic responses continue.  

In this study, the ineffectiveness of temperature 

differences in L-carnitine-exercise groups in terms of 

antioxidant levels show that the effects of L-carnitine 

increase in hypothermic and hyperthermic situations. In 

a study it has been claimed that when met with 

standard antioxidants which are natural antioxidant 

such as Ŭ-tocoferol, the L-carnitine activities are 

effective antioxidants in strength decreasing of 

different in vitro evaluations such as combination with 

metals, cleaning of hydrojen peroxide, removing 

superoxide anyone and DPPH radicals (I.Gülçin, 2006).  

Consequently, in this study in which the effect 

of carnitine has been researched according to different 

water temperatures,  it has been thought that, the 

significantly increase of the MDA level in hypotermic 

situation in the carnitine group according to the effect 

of thermal stress, is related with the additional load on 

metabolism caused by hypotermic conditions and the 

increase in utilization the fat acids during swimming 

exercises. The increase of SOD, POD and CAT levels 

in favour of L-carnitine between the sedanter group 

and L-carnitine sedanter group reflects the positive 

effect of L-carnitine on oxidative stress without being 
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under any stress (heat or exercise). Providing 

additional carnitine in increasing the antioxidant levels 

in the organism especially against the harmful effects 

us oxidative stress under thermal stress may be useful  

for athletes. However,  It has been considered that it 

would be useful in experiencing this practive in both in 

the vitro and in the vivo studies in long duration 

endurance exercise under thermal stress. It can be taken 

into consideration that the acute exercise may be 

restrictively useful to provide a clear result under 

thermal situation. 
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Table1: Effect of thermal stress on values of MDA, SOD, GR, POD and CAT in exercise and L-Carnitine -exercise 

groups at different water temperature. 

 

 

Exercise  Groups L-CarnitineïExercise Groups 

  

Parameter         Temperature           Mean ±S.D.                  P     

 

   Mean ±S.D.                  P 

MDA  

(nmol/ml) 

18
o
C 

28
o
C 

38
o
C 

0,42 ± 0,24  

0.402 

0,43 ± 0,10
 b
  

0.019* 0,32 ± 0,17 0,26 ± 0,09
 a
 

0,27 ± 0,07 0,23 ± 0,13
 a
 

SOD 

(EU/ml) 

18
o
C 

28
o
C 

38
o
C 

13,08 ± 3,54
 a
  

0.002** 

10,61 ± 1,41  

0.947 10,18 ± 1,40
 a
 10,66 ± 2,90 

6,96 ± 0,88
 b
 10,2 7± 2,04 

GR 

(Eu/gHb) 

18
o
C 

28
o
C 

38
o
C 

0,31 ± 0,07
 a
  

0.012* 

0,21 ± 0,07  

0.146 0,17 ± 0,09
 b
 0,21 ± 0,03 

0,28 ± 0,04
 a
 0,27 ± 0,05 

POD 

(EU/gHb) 

18
o
C 

28
o
C 

38
o
C 

2,97 ± 1,20
 b
  

0.012* 

4,45 ± 0,75  

0.338 2,87 ± 0,57
 b
 3,77 ± 0,32 

4,57 ± 1,26
 a
 4,23 ± 1,09 

CAT 

(Eu/gHb) 

18
o
C 

28
o
C 

38
o
C 

282,24±71,32  

0.519 

293,72±58,67  

0.949 241,06±81,08 276,58±88,67 

311,86±146,57 280,20±128,29 

 

 

 

 *P<0.05: signiýcantly difference beetwen  a>b **P<0.01( in exercise  groups) Signiýcantly difference beetwen a>b (in 

exercise  groups). ***P<0.05: signiýcantly difference beetwen b>a (in  L-Carnitine and exercise groups). 

 

 

 
Figure 1. 

 

Figure 1. Effect of L-carnitine on MDA  levels in exercise and L-carnitine-exercise groups situated the same 

temperature. E, exercise groups; CE, L-carnitine-exercise groups; S, sedentary groups; CS, L-carnitine-sedentary 

groups. No significant differences between the groups took place in the same water temperature ( P>0.05). 
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Figure 2 

Figure 2. Effect of L-Carnitine on SOD levels in exercise and L-carnitine-exercise groups situated the same 

temperature. E, exercise groups; CE, L-carnitine-exercise groups; S, sedentary groups; CS, L-carnitine-sedentary 

groups. (*P<0.05), CE 38°C significantly different than E 38°C. 

 

 

 

 
Figure 3 

 

Figure 3: Effect of L-Carnitine on GR levels in exercise and L-carnitine-exercise groups situated the same 

temperature. E, exercise groups; CE, L-carnitine-exercise groups; S, sedentary groups; CS, L-carnitine -sedentary 

groups. (*P<0.05), 18°C E significantly different than CE 18°C. 
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Figure 4 

   

  Figure 4: Effect of L-Carnitine on POD levels in exercise and L-carnitine-exercise groups situated the same temperature. 

E, exercise groups; CE, L-carnitine-exercise groups; S, sedentary groups; CS, L-carnitin-sedentary groups. 

(*P<0.05), E 18°C significantly different than CE 18°C, E 28°C significantly different than CE 28°C, S  

significantly different than CS. 

 

 
 

Figure 5 

Figure 5: Effect of L-Carnitine on CAT  levels in exercise and L-carnitine-exercise groups situated the same 

temperature. E, exercise groups; CE, L-carnitine-exercise groups; S, sedentary groups; CS, L-carnitin-sedentary 

groups. No significantly differences between the groups took place in the same water temperature ( P>0.05). 
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Abstract 

Melatonin has a lipophilic property and is produced in a variety of organs including the pineal gland. It possesses 

several physiological properties that may play an important role in physiology and pathophysiology. Eight groups (E 

10°C, E 23°C and E 37°C chronic treadmill exercise groups; ME 10°C, ME 23°C and ME 37°C melatonin chronic 

treadmill exercise groups; S 23°C and MS 23°C sedentary and melatonin-sedentary groups respectively) were formed 

and a total of 48 Sprague Dawley male rats, weighing 250-300 g were used in this study. In the study, the groups which 

took melatonin were given the related substance 5 mg/kg per day before the exercise for 4 weeks by intraperitoneally 

(I.P.) way. At the end of the training period (4 week) the rats were killed. Blood samples were collected for antioxidant 

and lipid peroxidation levels determinations. In the statistical analyses Anova, Duncan and t- test were used. MDA, GR 

levels are higher than those of ME23°C groups. GR level is higher in E10°C group compared to ME 10°C group. Serum 

MDA levels of the E 37°C group are lower than those of ME37°C group. Serum SOD levels are the same in E 23°C and 

E 37°C groups, SOD levels of both of then are lower than those of the E 10°C group. SOD levels in the sedentary and 

the other melatonin-sedentary group were significantly different. It was found out in the study that oxidative stress 

appeared most in cold environment, melatonin did not prevent oxidative stress in cold and hot environment but it 

activated antioxidant system and decreased emergence of free radicals at normal temperatures.  

Keywords: Melatonin, rat, environmental stress, antioxidant enzymes, lipid peroxidation. 

 

  

1. Introduction 

Melatonin (N-acetyl-5-methoxytryptamine), the 

main hormone of the pineal gland, has ubiquitous 

actions as a direct as well as an indirect antioxidant, 

free radical scavenger and metal chelating effect 

(I.Gul­ēn, M.E.Buyukokuroglu, M.Oktay, 2002, Das A, 

A.Belagodu, R.J.Reēter, S.K.Ray, N.L.Banēk, 2008 ), 

also, other organs and tissues including retina, gut, 

ovary, testes, bone marrow and lens have been reported 

to produce melatonin as well (D.X.Tan, 

L.C.Manchester, R.J.Reēter et al., 1999). Once formed 

melatonin is not stored within the pineal gland but 

diffuses out into the capillary blood and cerebrospinal 

fluid (J.Zhou, S.Zhang, X.Zhao, T.Weē, 2008). Besides 

directly detoxifying a variety of highly reactive 

molecules, melatonin also stimulates antioxidant 

enzymes (R.Hardeland, C.Backhaus, A.Fadavē, 2007). 

 Melatonin is known to influence a variety of 

biologic processes including the control of seasonal 

reproduction, circadian rhythms, influences the 

immune system, neuroendocrine, cardiovascular, and 

immune functions as well as thermoregulation (Gul­ēn 

I, Buyukokuroĵlu ME, Kufrevēoĵlu OI., 2003, 

Beydemēr ķ, Gul­ēn I., 2004, Gul­ēn I., 2008). 

Melatonin and its metabolites show potent antioxidant 

ability both in vitro and in vivo, and they scavenge 

hydrophilic and hydrophobic reactive oxygen species 

(ROS) (D.X.Tan, L.C.Manchester, M.P.Terron et al., 

2007). Additionally, this molecule functions in 

protecting cell components such as nuclear DNA, 

membrane lipids, and cytosolic proteins from free 

radical damage (R.J.Reēter, L.Tang, J.J.Garcēa, et al., 

1997, S.J.Kēm, R.J.Reēter, W.Qē  et al., 2000). 

 Physical exercise is well known to be 

associated with cellular activation of the blood cells 

(F.C.Mooren, K.Volker, 2001). It was reported that by 

helping the regulation of energy metabolism, melatonin 

reduces the use of liver glycogen after exercise by 

increasing the liver glycogen stores in rats where 

exercise is done (C.D.N.B. Silva, T. Julie, Alonso-Vale 

Mic, et al., 2007). The influence of exercise on 

melatonin secretion is still a subject of intense research. 

In many researches melatonin secretion was explained 

in response to exercise since noradrenalin is necessary 

for at the control of increasing catecholamine secretion 

and melatonin synthesis during the physical exercise 

(A. Altun, M. Yaprak, M. Aktoz, et al., 2002, G.Gerra, 

I.R.Caccavar, N.Reali, et al.,1993 ).  

 A resent research in human has indicated that 

melatonin levels increase because of stress after 

exercise in long distance runners (Lopez BD, Urquijo 

C., 2007). Another research showed that there was no 

significant change in melatonin levels in the blood 

samples collected before exercise, during and after 

exercise (A.K.Baltaci, B.Cumraligil, M.Kilic  et 

al.,2007).  

 Injuries in cold and hot environment (heat 

stroke, exhaustion, frostbite) are state that occurs 

during exercise. Exercise sustained at a sufficient 

intensity and duration may elevate core body 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gerra%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Caccavari%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Reali%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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temperature to the upper limit of its thermoregulatory 

zone (T. Reilly, B. Drust, W.Gregson, 2006). Strategies 

which tend to reduce the body temperature before the 

exercise provides an important limit without reaching 

the body temperature vitally and make performance 

improve. Such improvements are shown with the 

reduction in body temperature by using pre-cooling 

maneuver before exercise (F.E.Marino, 2002). 

In view of these observations, the aim of this 

study was to investigate the effects of melatonin on the 

antioxidant and lipid peroxidation levels in rats which 

exposed to environmental stress, such as exercise 

training at cold and hot conditions. 

2. Material and methods 

2.1. Chemicals 

Melatonin, Nitroblue tetrazolium (NBT), 

xanthine, xanthine oxidase, oxidized glutathione, 

thiobarbituric acid (TBA), NADH and ABTS were 

obtained from Sigma company(Sigma-Aldrich GmbH, 

Sternheim, Germany). Ammonium thiocyanate was 

purchased from Merck. Trichloroacetic acid (TCA) and 

the other chemicals used were of analytical grade and 

obtained from either Sigma-Aldrich or Merck. 

2.2. Animals and groups 

In this study, 48  healthy Sprague Dawley male rats, 

weighing 250-300 g, 4-6 months of age, were provided 

from Fērat University Experimental Animal Research 

Center (FUDDAM). The study was carried out in 

Atatürk University Research Center of Experiment 

Animals and the study was approved by the Ethical 

Committee of the Atatürk University (AUHADYEK, 

Ethical Committee Report No: 2008-51). All surgical 

procedures and protocols used here were in accordance 

with Guidelines for Ethical Care of Atatürk University 

Research Center of Experiment Animals. 

The rats were kept under special conditions 

and were sheltered in cages, each of which has 6 rats, 

at the room temperature (25°C). The food (Bayramoĵlu 

Yem Sanayi, Erzurum, Turkey) and water were 

supplied for 12-hour day and night cycles. The rats 

were divided into eight equal groups. The groups 

which took melatonin were given the related substance 

5 mg/kg per day before the exercise for 4 weeks as 

intraperitoneally. Body weights were measured 

weekly. 

E 10 (Exercise, 10°C): The chronic treadmill 

exercise group in a laboratory at 10°C.  

E 23 (Exercise, 23°C): The chronic treadmill 

exercise group in a laboratory at 23°C.  

E 37 (Exercise, 37°C): The chronic treadmill 

exercise group in a laboratory at 37°C.  

ME (Melatonin - Exercise, 10°C): The chronic 

treadmill exercise group with melatonin at 

pharmacological dosage (5 mg/kg) in a laboratory at 

10°C. 

 ME (melatonin-exercise, 23°C): The chronic 

treadmill exercise group with melatonin at 

pharmacological dosage (5 mg/kg) in a laboratory at 

23°C. 

  ME (melatonin-exercise, 37°C): The chronic 

treadmill exercise group with melatonin at 

pharmacological dosage (5 mg/kg) in a laboratory at 

37°C. 

 S (sedentary, 23°C): The sedentary group on 

which no application was employed at 23±2°C (the 

control group).  

MS (melatonin-sedentary, 23°C): This 

sedentary group used only melatonin  and had not 

exercise at 23±2°C. 

 The groups which took melatonin were given 

the related substance 5 mg/kg per day before the 

exercise for 4 weeks intraperitoneally. 

 

Exercise Protocol 

The same exercise programs were applied to 

exercise and melatonin exercise groups in test groups. 

During the test, digital thermometer (GEMO, micro 

software and PID thermo controlled device) was used. 

Adaptation Training: For the rats to have 

adaptation they were made to have exercise on 

treadmill for 10-15 min, at 20 m/min during per week 

(MAY TME 9805 treadmill exerciser, Commat Ltd., 

Ankara, Turkey). Adaptation training was made at 

23°C laboratory temperature. 

Loading Training: The exercise groups (n:36) 

were made to endurance training in laboratories at 

10
o
C, 23

o
C and 37

o
C. The exercise was done 6 days a 

week during 4 weeks. Endurance training was 

gradually increased training of speed and time during 

four weeks. A standard mild electric shock deterrent 

was used intermittently when necessary to coerce the 

rats to run. The physical training program was 

performed for 4 week as described in Table 1. At the 

end of the fourth week, rats were killed by decapitation 

on each training day, laboratory temperatures were 

regulated in accordance with exercise group 

temperatures (10, 23 and 37°C). 

Determination of temperatures 

American Health Assembly (AHA) approved 

normal body temperature as 36.5-37.2°C. A naked 

person can keep body inner temperature fixed between 

12.5°C and 55°C in dry weather (SIKTAR E., 2009). 

For the body to feel the heat depends on the 

temperature of the weather, moisture rate and wind rate 

(FOX BOWERS FOSS., 1988). During exercise body 

metabolism increases 20-25 times. Unless heat loss 

mechanisms (radiation, conduction, convection and 

evaporation) function, body inner heat increases 1-

1.8°C every 5 minutes and 75-90 Kcal of temperature 

is produced [20]. In this study the temperatures were 

regulated in accordance with the room temperatures at 

which humans and rats live (22-23°C). Moisture rate 

was taken into consideration and 10°C was accepted 

hypothermic, 37°C hiperthermic. We determined in 

pre-studies that the rats had difficulty under and over 

these temperatures. The rats tolerated up to +4°C. 

Drawing of blood 

Venous blood was drawn from the vein portae 

into a sterile plastic syringe (10 mL) using a sterile 
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needle. Half of the drawn blood (5 mL) was added to a 

plastic test tube containing 50 µL of heparin (1:100) to 

be used for the antioxidant enzymes assay, and the 

other 5 mL of drawn blood was added to a glass 

vacationer containing 15% EDTA (0.054 mL/4.5 mL) 

to be used for MDA levels. 

2.4. Preparation of Hemolysate 

Erythrocytes were isolated from fresh rat blood, 

which was obtained from the University Hospital 

Blood Centre following low-speed centrifugation at 

1500 rpm for 15 min (MSE, MISTRAL 2000) by 

removal of plasma and buffy coat. The red cells were 

washed twice with 0.9% w/v NaCl and hemolysed with 

1.5 volumes of ice-cold water. Ghost and intact cells 

were then removed by high speed centrifugation at 

20000 rpm for 30 min (Heraeus Sepatech, Suprafuge 

22) at 4°C. 

2.5. Hemoglobin Estimation 

The hemoglobin (Hb) concentration in 

hemolysate was determined by the 

cyanmethaemoglobin method. All studies were 

performed at +4°C (OLCAY H, BEYDEMIR ķ, 

GULÇIN I, et al., 2005). 
2.6. Antioxidant Enzymes Activity Assays 

SOD activity 

SOD activity is one of the most important indicators of 

tissue antioxidant capacity. SOD activity determination 

was performed in the samples before and after adding 

trichloroacetic acid (TCA, 20%), as described 

(DURAK I, ANBOLAT O, KACMAZ M, et al., 1998). 

In this method, xanthine-xanthine oxidase complex 

produces superoxide radicals that react with nitroblue 

tetrazolium (NBT) to form a formazane (NBT
2+

) 

compound. SOD activity is measured at 560 nm by 

detecting inhibition of this reaction. By using blank 

reactions in which all reagents are present except the 

supernatant sample and by determining the absorbance 

of the sample and blank, SOD activity is calculated 

(DURAK I, CANBOLAT O, KACMAZ M, et al., 

1998). 

Catalase activity 

Catalase activity was assayed by monitoring the 

decrease in absorbance at 240 nm due to H2O2 

consumption according to the method of (AEBI H., 

1984). The reaction mixture contained 25 ɛL 

hemolysate, 0.5 mL 10 mM H2O2 and 0.9 mL 30 mM 

potassium phosphate buffer (pH 7.3). The decrease in 

absorbance was recorded at 240 nm for 60 sec. Enzyme 

activity was expressed as ɛmoles H2O2 decomposed by 

using the H2O2 extinction coefficient 36 ɛM
-1
cm

-1
 

(ARASHISAR ķ, HISAR O, BEYDEMIR ķ, GÜLÇIN 

Ķ. et al., 2004). 

Peroxidase activity 

Peroxidase activity was measured by the method 

of Shannon et al. (SHANNON LM, KAY E., LAW JY. 

1996). For this purpose, 0.1 mL hemolysate was taken 

up into potassium phosphate buffer (1.7 mL, 0.05 M, 

pH 7.3). Then 0.5 mL ABTS was added. The reaction 

was started by addition of H2O2 (0.2 mL, 0.2M). 

Change in absorbance at 470 nm was recorded for 2 

min at intervals of 15 sec. The enzyme activity was 

expressed as enzyme unit.min
-1
gHb

-1
 (ARASHISAR ķ, 

HISAR O, BEYDEMIR ķ, GÜLÇIN Ķ. et al., 2004). 

Glutathione Reductase Activity 

Glutathione reductase activity was estimated by 

the method of (GOLDBERG D.M, SPOONER RJ., 

1983). To 0.1 mL hemolysate 2.5 mL 120 mM 

potassium phosphate buffer (pH 7.3), 0.1 mL 0.015 

mM EDTA and 0.1 mL 0.065 mM oxidized glutathione 

were added. After 5 min, 0.05 mL 9.6 mM NADH 

were added and mixed. The absorbance was recorded 

at 340 nm at intervals of 15 sec. The enzyme activity 

was expressed as nmole NADH oxidized min
-1
.gHb

-1
 

protein using the molar extinction coefficient 6.23 µM
ï

1
cm
ï1

 . (ARASHISAR ķ, HISAR O, BEYDEMIR ķ, 

GÜLÇIN Ķ. et al., 2004). 

Determination of MDA 

MDA concentrations in blood plasma samples 

were measured by the high-performance liquid 

chromatography with fluorescent detection (HPLC-

FLD). Briefly 50 µL of plasma sample was mixed in 

(0.44 M) H3PO4 and (42 mM) tiobarbituric acid (TBA), 

and incubated for 30 min in a boiling water bath. After 

rapidly cooling on ice, an equal volume alkaline 

methanol was added to the sample, vortex, centrifuged 

(3000xg for 3 min), and the aqueous layer was 

removed.  

Then, 20 µL supernatant was analyzed by HPLC 

(HP, Agilent 1100 modular systems with FLD detector, 

Germany): Column, RP-C18 (5 µm, 4.6 x 150 mm, 

Eclipse VDB-C18. Agilent) elution, methanol (40:60, 

v/v) containing 50 mM KH2PO4 buffer (pH 6.8) flow 

rate 0.8 mL/min. Fluorometric detection was 

performed with excitation at 527 nm an emission at 

551 nm. The peak of MDA-TBA adduct was calibrated 

a TEP (1,1,3,3-tetraethoxypropane) standard solution 

preceded in exactly the same as plasma and urine 

sample (KHOSCHSORUR GA, WINKLHOFER-

ROOB BM, RABL H, et al., 2000). 

2.7. Statistical Analysis 
The experimental results were performed in 

triplicate. The data were recorded as mean  standard 

deviation and analyzed by SPSS (version 11.5 for 

Windows 2000, SPSS Inc.). One-way analysis of 

variance ANOVA was performed by procedures. 

Significant differences between means were 

determined by Duncanôs Multiple Range tests, and 

p 0.05 was regarded as significant, and p 0.01 was 

very significant.  

3. Results 

Melatonin caused a significant increase in the 

MDA levels of the E 23°C group compared with the 

ME 23°C group (P<0.05), and the ME 37°C group, 

compared with the E 37°C group (P<0.05) (The mean 

of standard derivations of groups respectively, 

0.45±0.08 and 0.26±0.13; 0.29±0.06 and 0.45±0.09). 

There was no difference between the E 10°C group and 

the ME 10°C group and between the S 23°C group and 

the MS 23°C group in Fig.1. 
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The SOD values for serum increased 

significantly in the ME 23°C group according to the E 

23°C group (P<0.05) and the MS 23°C group 

according to the S 23°C group (P< 0.001). The mean 

and standard deviation of ME 23°C and E 23°C groups 

was determined respectively as 6.56±0.778 and 

8.26±1.06, and E 23°C and MS 23°C groups as 5.61 ± 

1.04 and 9.34 ± 0.65. The SOD values were not 

different significantly between the others groups in 

Fig.2.  

In Fig. 3, GR levels decreased significantly 

the ME 10°C than the E 10
o
C group (P<0.05) and the 

ME 23°C group than the E 23°C group (P<0.05). 

While values of ME 10
o
C and E 23°C groups were 

found as 0.39 ± 0.08 and 0.27±0.07, the values of ME 

23°C and E 23
o
C groups were determined as 0.33±0.04 

and 0.25±0.05. Not significant between E 37°C and 

ME 37°C and S 23°C and MS 23°C. POT and CAT 

values were not significant in any groups in the same 

temperature (Fig. 4 and 5). 

According to the effect of heat stress, MDA 

levels of E 10°C group were significantly different 

from E 23°C group and E 37°C group. E 23°C group 

was significantly different from E 37°C group. Also, 

SOD levels increased a significant E 10°C group 

compared with E 23°C group and E 37°C group. MDA 

levels, ME 10°C group increased significantly 

according to ME 23°C group and ME 37°C group, and 

ME 23°C group decreased from ME 37°C group. GR, 

POD and CAT levels is not significant both exercise 

groups and melatonin-exercise groups in different 

temperature in Tab.2. 

4. Discussion  
The aim of this study was to investigate the 

effects of environmental stress like prolonged training 

on antioxidant and lipid peroxidation levels. According 

to the effect of melatonin, the highest MDA levels 

were obtained in 23°C exercise group and 37°C 

melatonin-exercise group in the present study (Fig.1). 

SOD level increased in 23°C melatonin-exercise group, 

and GR level increased significantly in 23°C and 10
o
C 

exercise groups (Fig 2 and 3).  

 During the normal aerobic, mechanism form 

reactive oxygen species (ROS) such as superoxide 

anion and hydroxyl radical in the body (Y.J. Kim, J.E. 

Chung, M.Kurisawa, H.Uyama, et al., 2004). Physical 

activity increases the generation of reactive oxygen 

species in several ways. As oxidative phosphorylation 

increases in response to exercise, Catecholamines that 

are released during exercise, including prostanoid 

metabolism, xanthine oxidase, NAD(P)H oxidase, and 

several secondary sources, such as the release of 

radicals by macrophages recruited to repair damaged 

tissue, there will be a concomitant increase in free 

radicals (J.Peake, K.Suzuki, 2004, M.L.Urso, 

P.M.Clarkson. 2003). During exercise, tissue injury 

may result from muscle damage, thermal stress and 

ischaemia/reperfusion. When produced in excess, 

neutrophil-derived ROS may overwhelm the body's 

endogenous antioxidant defense mechanisms, and this 

can lead to oxidative stress observed that aerobic 

training decreased lipid peroxidation (levels of 

TBARS) under high intensity exercise regimes 

(J.Peake, K.Suzuki, 2004, F.Marzatico, O.Pansarasa, 

L.Bertorelli et al. 1997, M.M.Kanter , L.A.Nolte, 

J.O.Holloszy, 1993).  

  This study has indicated that SOD, increased 

particularly in cold environment, induced more 

oxidative stress according to the other temperatures 

(Price MJ, Campbell I.G. 2002), pointed out that 

continuous increases in aural temperature, skin 

temperature and heat storage were observed during 

exercise in warm conditions when compared with cool 

conditions, indicating an increased thermal strain 

during exercise, although the thermal stress remained 

constant. 

The reason that not among melatonin groups is a 

significant may proceed from antioxidant effect of 

melatonin. Melatonin, released
 
from the pineal gland 

had role for regulation of several biological functions 

such as sleep, reproduction, circadian rhythm and 

immune function (A.Brzezinski, 1997), cells and 

tissues protect against oxidative damage (A.Brzezinski , 

1997, R.J.Reiter, 1993). Additionally, melatonin 

affects renal function, acting directly on water and 

electrolyte function (E.Skotnicka, A.J.Hynczak, 2001) 

preserve glycogen stores in exercised rats through the 

mediation of carbohydrate and lipid utilization 

(R.C.Mazepa, M.J.Cuevas, P.S.Collado, et al., 1999), 

and increase the exercise-induced secretion of growth 

hormone in humans (D.R.Meeking, J.D.Wallace, 

R.C.CUNEO, et al., 1999). There have been some 

researches concerning the in vitro and in vivo 

antioxidant properties of melatonin (M.Koç, S.Taysi, 

M.E. Buyukokuroĵlu, N. Bakan. 2003, S.TAYSI, 

H.Ucuncu, M.Elmastas, et al. 2005, R.J.Reiter, L.Tang, 

J.J.Garcia et al. 1997), It was observed that the 

function of melatonin removing hydroxyl radical 

stronger 5 times than glutathione and 15 times than 

mannitol, and that the function of its scavenger 

peroxide radical stronger 2 times more than vitamin E 

(R.J.Reiter, 1996). However, its antioxidant and anti-

inflammatory effect have not been searched in exercise 

performance. 

The ergogenic effect of melatonin is limited 

on exercise performance in literature. Mclellan et al. 

(TM Mclellan, IF Smith, GA Gannon, et al., 2000), 

investigated the effect of 2x1 mg doses of melatonin on 

the thermo-regulatory responses and tolerance time to 

intermittent treadmill walking at 3.5 km/h in a 

environment chamber at 40
o
C, and concluded that this 

low dose of melatonin had no impact on tolerance to 

uncompensable heat stress and that trials conducted in 

the early afternoon were associated with an increased 

rectal temperature tolerated at exhaustion that offset 

the circadian influence on resting rectal temperature 

and thus maintained tolerance times similar to those of 

trials conducted in the morning. In another study, 

McClellan et al. (R.A.L. Osorio, J.S. ChristofanI, VD 

Almeida et al., 2003) examined the effect of 5 mg dose 
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of melatonin induced a lower rectal temperature 

response at rest in both a cool (at 23°C) and hot 

environment (at 40°C).They reported that the small 

decrease in rectal temperature following the ingestion 

of 5 mg of melatonin at rest in a cool environment had 

no influence on subsequent tolerance during 

uncompensable heat stress. 

 In results of this study, while it has useful 

effect of melatonin in normal temperature, increasing 

in MDA levels has been thought to have a negative 

effect in hot environment. A research suggest that 

hyperthermia in sedentary rats presents smaller effect 

over lipid peroxidation than hypothermia (Osorio RAL, 

ChristofanI JS, Almeida VD et al., 2003). 

 According to the effect of heat stress, both at 

10°C exercise groups and at 10°C melatonin-exercise 

groups were attained in the highest of MDA levels 

(Tab. 1). These results indicated that in a cold 

environment occurred more stress than the other 

environment temperatures (at 23°C and 37°C). 

Exogenous melatonin administration has a clear 

hypothermic effect under resting conditions (A. 

CagnaccI, R. Soldani, C. Romoglono., 1994, C.V. Van 

Den Heuvel, D.C. Kennaway, D.Dawson
,
 1999). While 

(A.CagnaccI, J.A.Elliott, S.S.C.Yen, 1992), Cagnacci 

and co-workers determined that 2.5 mg dose of 

melatonin was reduced 0.3°C body temperature at rest 

on female, the other researches reported that 0.1, 0.3, 1 

and 10 mg doses of melatonin were decreased the body 

temperature 0.12°C and 0.2°C respectively in 

individuals who were given 1 and 10 mg doses of 

melatonin (S.Aizawa, H.Tokura, T.Morita, 2002) and 

(Reid K, C.Van Den Heuvel, D.Dawson, 1996) 

examined the change of body temperature was 0.28°C 

(5 mg dose of melatonin). Also, it was conceived that 

cold exposures in dark significantly decreased 

melatonin levels in pineal glands and serum in quails 

(P.P.Lee, A.E.Allen, S.F.Pang, 1990). 

 There were some adverse researches reporting 

that melatonin increased in literature (T.M.Lee,  

W.G.Holmes, I.Zucker, 1990). Likewise, conclude that 

pharmacological doses of melatonin induce 

hypothermia in hens by increasing nonevaporative skin 

heat losses and slightly increasing respiratory 

evaporation in chicken (I.Rozenboim, L.Miara, 

D.Wolfenson, 1998).  

 With respect to this knowledge, it may be 

thought melatonin does not prevent the oxidative 

damage relating to that it fall off body temperature and 

decrease its quantity in cold environment. However, it 

has not known completely hypothermic effect of 

melatonin on exercise. Atkinson et al. declared that the 

administration of exogenous melatonin leads to 

hypnotic and hypothermic responses in humans, which 

can be linked to immediate reductions in short-term 

mental and physical performance (G.Atkinson, B.Drust, 

T.Reilly et al., 2003). These effects may still be 

apparent 3-5 hours after administration for some types 

of cognitive performance, but effects on physical 

performance seem more short-lived depending on the 

dose of melatonin. Furthermore, they stressed that the 

hypothermic effects of melatonin lead to improved 

endurance performance in hot environments is not 

supported by evidence from studies involving military 

recruits who exercised at relatively low intensities.  

 As a conclusion, it was found out in the study 

that oxidative stress appeared most in cold 

environment, melatonin did not prevent oxidative 

stress in cold and hot environment but it activated the 

antioxidant system and decreased emergence of free 

radicals at normal temperatures. 
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Table 1: The exercise was done 6 days a week during 

four weeks. Training of speed and time gradually 

increased during four weeks. *2% uphill gradient 
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Table 2: Effect of heat stress on values of MDA, SOD, 

GR, POD and CAT in exercise and melatonin-exercise 

groups at different temperature 

*P<0.001: signiýcantly differences in   among a>b>c  

exercise groups. **P<0.001: signiýcantly difference 

beetwen a and b  exercise groups. ***P<0.001: 

signiýcantly difference among  a>c>b  melatonin-

exercise groups. 

 

 
Figure 1.Effect of melatonin on MDA levels in 

exercise and melatonin-exercise groups situated the 

same temperature. (E, exercise groups; ME, melatonin-

exercise groups; S, sedentary groups; MS, melatonin-

sedentary groups. ) (* P<0.05), significantly different E 

23
o
C than ME 23

o
C and ME 37

o
C than E 37

o
C. 

 
Figure 2. Effect of melatonin on SOD levels in 

exercise and melatonin-exercise groups situated 

the same temperature. (E: exercise groups, ME: 

melatonin-exercise groups, S: Sedentary groups, 

MS: Melatonin-sedentary groups.) (* P<0.05), 

significantly different ME 23
o
C than E 23

o
C and 

MS 23
o
C than S 23

o
C. 

 

Figure 3: Effect of melatonin on GR levels in exercise 

and melatonin-exercise groups situated the 

same temperature. (E, exercise groups; ME, 

melatonin-exercise groups; S, sedentary 

groups; MS, melatonin-sedentary groups.) 

(*P<0.05), significantly different E 10
o
C than 

ME 10
o
C and E 23

o
C than ME 23

o
C. 

 
Figure 4: Effect of melatonin on POD levels in 

exercise and melatonin-exercise groups 

situated the same temperature. (E, exercise 

groups; ME, melatonin-exercise groups; S, 

sedentary groups; MS, melatonin-sedentary 

groups.) (P>0.05), No significantly difference 

among groups in same temperature. 

 

 

 
Figure 5: Effect of melatonin on CAT levels in 

exercise and melatonin-exercise groups 

situated the same temperature. (E: exercise 

groups; ME, melatonin-exercise groups; S, 

sedentary groups; MS, melatonin-sedentary 

groups. ). (P>0.05), No significantly difference 

among groups in same temperature. 

 

 

 


