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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 #- 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.
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1. Introduction membrane lipids, and cytosolic proteins from free

Melatonin (N-acetyl-5-methoxytryptamine), the radical damage (R.J.Rerter, L.Tang, J.J.Garcia, et al.,
main hormone of the pineal gland, has ubiquitous 1997, S.J.Kim, R.J.Reiter, W.Q1 et al., 2000).
actions as a direct as well as an indirect antioxidant, Physical exercise is well known to be
free radical scavenger and metal chelating effect associated with cellular activation of the blood cells
(I.Gulgin, M.E.Buyukokuroglu, M.Oktay, 2002, Das A, (F.C.Mooren, K.Volker, 2001). It was reported that by
A.Belagodu, R.J.Reiter, S.K.Ray, N.L.Banik, 2008 ), helping the regulation of energy metabolism, melatonin
also, other organs and tissues including retina, gut, reduces the use of liver glycogen after exercise by
ovary, testes, bone marrow and lens have been reported increasing the liver glycogen stores in rats where
to produce melatonin as well (D.X.Tan, exercise is done (C.D.N.B. Silva, T. Julie, Alonso-Vale
L.C.Manchester, R.J.Reiter et al., 1999). Once formed Mic, et al.,, 2007). The influence of exercise on
melatonin is not stored within the pineal gland but melatonin secretion is still a subject of intense research.
diffuses out into the capillary blood and cerebrospinal In many researches melatonin secretion was explained
fluid (J.Zhou, S.Zhang, X.Zhao, T.We1, 2008). Besides in response to exercise since noradrenalin is necessary
directly detoxifying a variety of highly reactive for at the control of increasing catecholamine secretion
molecules, melatonin also stimulates antioxidant and melatonin synthesis during the physical exercise
enzymes (R.Hardeland, C.Backhaus, A.Fadavi, 2007). (A. Altun, M. Yaprak, M. Aktoz, et al., 2002, G.Gerra,

Melatonin is known to influence a variety of LR.Caccavar, N.Reali, et al.,1993 ).
biologic processes including the control of seasonal A resent research in human has indicated that
reproduction, circadian rhythms, influences the melatonin levels increase because of stress after
immune system, neuroendocrine, cardiovascular, and exercise in long distance runners (Lopez BD, Urquijo
immune functions as well as thermoregulation (Gulgin C., 2007). Another research showed that there was no
I, Buyukokuroglu ME, Kufrevioglu OI, 2003, significant change in melatonin levels in the blood
Beydemir §, Gulcin I, 2004, Gulgin 1., 2008). samples collected before exercise, during and after
Melatonin and its metabolites show potent antioxidant exercise (A.K.Baltaci, B.Cumraligil, M.Kilic et
ability both in vitro and in vivo, and they scavenge al.,2007).
hydrophilic and hydrophobic reactive oxygen species Injuries in cold and hot environment (heat
(ROS) (D.X.Tan, L.C.Manchester, M.P.Terron et al., stroke, exhaustion, frostbite) are state that occurs
2007). Additionally, this molecule functions in during exercise. Exercise sustained at a sufficient
protecting cell components such as nuclear DNA, intensity and duration may elevate core body
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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 Firat University Experimental Animal Research
Center (FUDDAM). The study was carried out in
Atatiirk University Research Center of Experiment
Animals and the study was approved by the Ethical
Committee of the Atatiirk University (AUHADYEK,
Ethical Committee Report No: 2008-51). All surgical
procedures and protocols used here were in accordance
with Guidelines for Ethical Care of Atatiirk 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 (Bayramoglu
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.
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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,
sedentary group used only melatonin
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.

23°C):  This
and had not

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°C, 23°C and 37°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 puL 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 §,
GULCIN [, 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?*)
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 H>O,
consumption according to the method of (AEBI H.,
1984). The reaction mixture contained 25 pL
hemolysate, 0.5 mL 10 mM H>O» 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 pmoles HO» decomposed by
using the H>O, extinction coefficient 36 pMlcm!
(ARASHISAR S, HISAR O, BEYDEMIR S, GULCIN
I 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 H»>O, (0.2 mL, 0.2M).
Change in absorbance at 470 nm was recorded for 2
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min at intervals of 15 sec. The enzyme activity was
expressed as enzyme unit.min'gHb' (ARASHISAR S,
HISAR O, BEYDEMIR S, GULCIN 1. et al., 2004).

Glutathione Reductase Activity

Glutathione reductase activity was estimated by
the method of (GOLDBERG D.M, SPOONER RI.,
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'.gHb'!
protein using the molar extinction coefficient 6.23 uM~
lem! . (ARASHISAR S, HISAR O, BEYDEMIR S,
GULCIN 1. 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 uL of plasma sample was mixed in
(0.44 M) HsPO4 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 uL supernatant was analyzed by HPLC
(HP, Agilent 1100 modular systems with FLD detector,
Germany): Column, RP-C18 (5 pm, 4.6 x 150 mm,
Eclipse VDB-C18. Agilent) elution, methanol (40:60,
v/v) containing 50 mM KH,PO, 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-tetracthoxypropane) 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 Duncan’s 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°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°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°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°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
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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 1.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.CUNEOQO, et al., 1999). There have been some
researches concerning the in vitro and in vivo
antioxidant properties of melatonin (M.Kog, S.Taysi,
M.E. Buyukokuroglu, 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°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. Christofanl, 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,
Christofanl 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.
Cagnaccl, R. Soldani, C. Romoglono., 1994, C.V. Van
Den Heuvel, D.C. Kennaway, D.Dawson’ 1999). While
(A.Cagnaccl, 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
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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

Parameter  Temperature { €} Mean=5D. P Mean 25 D. P
MDA 10 0.7 £ 013" 031012
{rmolin) 23 0452 008 0,000 026 £ 0.1 0,000+
37 0.2 2 006° 0452 0.0F
50D 5 éoég *01 ;3?. 0000+ gég : f g: 0.54
. 26+ habt ..
(B Uimlmin) £l 533£07% 766+ 240
R 10 039:008 0274007
(Buigh) 23 0331004 0llo 025005 0608
57 030+005 023+ 004
POD 10 183x032 2002032
(EUIgHb) 23 155 2053 0575 170036 03%
k) 159034 186 0.24
car 10 774 344244 245 566285
(BuigHh} 23 25051321 0080 156 80¢4830 0.243
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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: significantly differences in among a>b>c
exercise groups. **P<0.001: significantly difference
beetwen a and b  exercise groups. **¥*P<0.001:
significantly difference among a>c>b  melatonin-
exercise groups.
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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°C than ME 23°C and ME 37°C than E 37°C.
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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°C than E 23°C and
MS 23°C than S 23°C.
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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°C than
ME 10°C and E 23°C than ME 23°C.
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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.
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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.



