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Summary. The aim of this study was to investigate the effect of serum leptin in rats performing various duration swimming exercises. In the study, 30 healthy albino wistar male rats with an average weight of 180-220
grams were divided into 5 groups including; control, water exercises, 15, 30 and 60 minutes swimming groups.
Animals were swim-exercised for 90 days. At the end of 90 days, after performed urethane anesthesia, blood
samples were taken by intracardiac way. Collected blood was analysed according to procedures. Data were
analyzed by using SPSS 15. One-way anova and tukey multiple comparison test were performed in the study.
The homogeneity of the variances was examined by Levene’s statistic. Results showed that the leptin levels
were as follows: control (1480,00 pg/ml), water exercise (705,83 pg/ml), 15 (602,33 pg/ml), 30 (396,67 pg/
ml) and 60 (435,83 pg/ml). Statistically significant difference was found between control and 30 minutes
swimming group (p=0,012) and control and 60 minutes swimming group (p=0,017) (p<0,05). It is determined that 3 months of different terms (15, 30, 60 minute) of swimming exercise reduces the levels of leptin.
Keywords: swimming exercise, rat, leptin

Introduction
Biochemical parameters differ in terms of the
type, intensity, period and continuity of the exercise.
The effect mechanism of recently discovered leptin
hormone which has significant roles in energy homeostasis and the association between leptin and exercise
have been assessed with various acute and chronic exercise practices (1-18). In these studies, the dominant
thought is that short-term (<12 weeks) acute exercises
do not influence leptin levels or have a very little effect (1, 6, 7, 9, 13-15), while long term (>12 weeks)
and long term chronic exercises influence serum leptin
levels (4, 5, 8, 10, 12, 16, 18). However, there are studies which show that leptin levels decrease as a result of
acute exercises (2, 3, 11, 17).
Several investigators reported that exercise may
result in reductions depending on the duration and

calorie expenditure whereas others have reported no
change in leptin concentrations. Exercise doesn’t generate decrease in leptin concentrations; Torjman et al.
(1999), Weltman et al. (2000), Kraemer et al. (2002).
Besides, exercise that generated decrease in leptin concentrations; Zafeiridis et al. (2003). In general, the decrease in leptin concentration after a long-term exercise (≥ 60 min) has been attributed to diurnal reduction
in circulating leptin and hormonal changes induced by
exercise. Exercises of very long duration that generated
a sufficient energy imbalance (kilocalorie intake versus
kilocalorie expenditure) suppress the amplitude of the
diurnal rhythm of leptin (21).
Information regarding the response of serum leptin to a single bout of resistance exercise is limited. In
contrast to continuous running of moderate intensity, heavy resistance exercise is a potent nonoxidative
stimulus that produces differential neural, metabolic,
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and neuroendocrine responses (9). Exercise is another
physiological stress that may alter leptin secretion. In
rats, ob mRNA levels were found to be decreased immediately and 3 h after a prolonged exercise bout to
exhaustion (22). Significant reductions in serum leptin
levels were observed after exercise training, but these
were explained by changes in fat mass. One study performed in animals has shown that acute exercise in rats
was associated with a 30% reduction of the expression
of the ob gene in the adipose tissue (23).
According to some authors, low leptin concentration was probably due to weight reduction. Thus,
short-term training (< 12 weeks) and long-term training (≥ 12 weeks) have disparate findings concerning
leptin concentration. The reduction of leptin has been
attributed to alteration in energy balance, improvements in insulin sensitivity, alteration in lipid metabolism and lipid concentration and unknown factors
(21). Within this framework, a significant relationship is thought to exist between serum leptin level
and type of exercise. Further, the characteristics of a
sport affect the serum leptin levels of an athlete who
does that sport (24). Physical activity is important for
long-term regulation of body weight, partly because it
increases the resting metabolic rate. Weight reduction
after physical exercise is correlated with reductions in
plasma leptin concentrations in obese middle-aged
women. However, results regarding the effects of exercise on plasma leptin concentrations, independent of
fat mass, are conflicting (25).
Leptin levels and body mass index have a positive relationship (26, 27). Leptin has a critical role
on regulation of body weight and also body fat mass.
Given the key role of leptin on regulation of body
weight and prevention of obesity, it seemed that leptin levels were decreased during the elevation of body
weight. But most obese humans have higher circulations of leptin. It has been indicated that obesity
might induce state of leptin resistance (28). Moreover,
Leptin is one of a growing number of adipocytokines
that play an important role in the regulation of body
weight by coordinating metabolism, feeding behavior,
energy balance, fertility and neuroendocrine responses. Originally thought to be exclusively produced by
adipocytes, it is now evident that leptin is expressed,
in lesser amounts, in many fetal and adult tissues
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including: placenta stomach, mammary gland, skeletal
muscle, pancreas, and bone (29).
Leptin, which is the product of obesity gene (30),
regulates weight and food intake in both animals and
people, suppresses hunger (31) and decreases food intake (32), increases energy use and prevents fat accumulation (25, 9, 33, 34, 35). The most important effect
of leptin on energy expenditure is providing increase in
thermogenesis (17). In addition, leptin has been found
to have a great number of metabolic and endocrine
functions (36, 37, 38, 39) and also have a role in obesity, bone development, wound healing (40), fetus development (41), start and development of adolescence
in children (37), hypertension and heart diseases (42,
16), and the regulation of gastrointestinal functions
and glucose metabolism (42, 33, 43).
The association of leptin, which is found to have
a great number of functions for human metabolism,
with exercise is still not clear. We can say the effects
of physical exercise on leptin are still being discussed
and currently controversial. When studies conducted
so far are examined, the effect of different durations of
chronic exercise on leptin has not been researched yet,
to the best of our knowledge. Thus, the purpose of this
study is to show the effects of long and different durations of swimming exercise (15, 30, 60 minutes for 3
months) on the leptin levels of rats.

Materials and Methods
Adult male Wistar rats weighing 180–220 gr.
were used throughout this study after at least 1 week of
acclimatization. All described procedures were approved
by the local ethics committee. Animals were housed in
groups of 5 and were allowed free access to food and
water, except for the short time that the animals were
removed from their cages for the experiments. All
animals were kept in a temperature controlled (22±1ºC)
environment on a 12-h light/dark cycle.
Experimental Design
Rats were assigned to the following experiments
and groups: (Group 1) control group; (Group 2) 15
minutes-trained for 90 days; (Group 3) 30 minutestrained for 90 days; (Group 4) 60 minutes- trained for
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90 days (Group 5) adapted to the water. Each animal
group was composed of six rats.
The adaptation to the water proceeded during experimental period. The purpose of the adaptation to
water was to reduce stress without promoting a physical training adaptation (44, 45).
Exercise training program
The swimming was performed in water at a
temperature of 32-33ºC between 11.00-13.00 A.M.
Training period lasted 90 days and consisted of 15, 30,
and 60 minutes of daily sessions for seven days/week
without workload. Exercise was performed by swimming in three training glass tanks (length 100 cm,
width 50 cm, depth 50 cm) containing tap water.
At the end of 90 days, after performed urethane
(1.25 g/kg) anesthesia, blood samples were taken by
intracardiac way. Blood samples were collected into
EDTA bottles for hormonal assay.
Analyzes were made in Samsun Veterinary Control
Institute Biology Laboratory. In leptin analysis; Sigma
Rat Leptin Elisa Kit was used. All reagents and samples
were taken to room temperature (18–25°C) before use.
All standards and samples were repeated twice.
100 ml of each standard and samples were added into
appropriate wells. Well were covered and incubated for
2.5 hours at room temperature with gentle shaking by
Heidolph Tiramax 1000 orbitel shaker. The solution
was discarded and washed 4 times with 1x Wash Solution. Each well was washed and filled with 1x Wash
Buffer (300 ml) using a multichannel pipette. At each
step removal of liquid was completed for good performance. Biotinylated antibody was prepared and added
100 ml of 1x prepared to each well and was incubated
for 1 hour at room temperature with gentle shaking.
The solution was discarded and washed 4 times with
1x wash solution. Each well was washed and filled with
1x Wash Buffer (300 ml) using a multichannel pipette.
100 ml of prepared Streptavidin solution was added
to each well and incubated for 45 minutes at room
temperature with gentle shaking. The solution was
discarded and washed 4 times with 1x Wash Solution.
Each well was washed and filled with 1x Wash Buffer (300 ml) using a multichannel pipette. 100 ml of
TMB One-Step Substrate Reagent (Item H) to each
well was added and incubated for 30 minutes at room

temperature in the dark with gentle shaking. 50 ml of
Stop Solution was added to each well and was read
at 450 nm immediately. The mean absorbance of each
data was calculated. On the sigma plot software, the
standards were plotted on the curve and the curve was
drawn at these points. By using this standard curve,
the leptin concentrations of the samples were calculated in pg/ml.
Data were analyzed using SPSS 15 (Statistical
Package for the Social Sciences) package and the error rate was determined as 5%. One-way anova was
used to determine the differences between the groups,
and the Tukey’s Multiple Comparison Test was used
to determine which groups the difference was in when
the difference was found. The homogeneity of the variances was examined by Levene’s statistic.

Results
Serum leptin levels of rats which were trained
with swimming exercises of different durations (15,
30, 60 minutes for 3 months) are given in the tables
below respectively.
In the study, the highest average leptin values were
found in the control group, while the lowest average
leptin values were found in the 30 minutes swimming
group.
Statistically significant difference was found
between control and 30 minutes swimming group
(p=0,012) and control and 60 minutes swimming group
(p=0,017) (p<0,05). Differences were found between
groups (p=0,010).

Discussion
In the present study, statistically significant difference was found between control and 30 minutes
swimming group and control and 60 minutes swimming group when rats which were trained for 15, 30
and 60 minutes of swimming for three months were
examined.
No statistically significant differences were found
between the leptin levels of the control and water adaptation group. Short exercises during the one-week
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Table 1. Post-swimming exercise serum leptin values and One Way Anova results
Groups
n
x–
sd
		
pg/ml

F

Control

6

1480,00

870,05

Water adaptation

6

705,83

513,98		

15 Minutes of swimming

6

602,33

491,48

30 Minutes of swimming

6

396,67

269,48		

60 Minutes of swimming

6

435,83

242,54		

p

4,179

0.010

p<0,05

Table 2. Post-swimming exercise serum leptin values and paired comparisons
Groups
n
x–
ss
Control
Water
		
pg/ml			
adaptation
		
p
p
0,114

15 min.
30 min.
swimming swimming
p
p

60 min.
swimming
p

0,057

0,012

0,017

0,997

0,846

0,900

0,960

0,981

Control

6

1480,00

870,05		

Water adaptation

6

705,83

513,98			

15 Minutes of swimming

6

602,33

491,48				

30 Minutes of swimming

6

396,67

269,48					

60 Minutes of swimming

6

435,83

242,54					

1,000

p<0.05

long process of water adaptation were not found to
create stress-induced leptin changes. Although not
significant, decreases in leptin levels of the water adaptation group when compared with the control group
decreased leptin levels of one-week long water exercises; however, this decrease was not sufficient and supports our thought that stress-induced leptin decreases
are not experienced.
Statistically significant difference was found
between the control group and the 30 minute
swimming group in terms of leptin levels. In their
study they applied a training of 9 weeks treadmill
exercise-every day for the first two weeks and twice
a day for the following 7 weeks, which started with
30 minutes and got 2 minutes longer every day, Zhao
et al. (2011) found a significant decrease in the leptin
levels of rats (n=16) (35). In another study, Kondo et
al. (2006) found decrease in leptin levels as a result of
exercises they applied on 8 obese women for 7 months4-5 days a week and 30-60 minutes a day (12). In a
study conducted on women between the ages of 40 and

49 who were in premopausal period and who were not
doing regular exercise (n=40), Gözlükaya (2008) found
significant changes in the leptin hormone levels of the
quick tempo group as a result of 54-minute walking
exercise which started as 30 minutes a day and increased
3 minutes a week for five days a week in 10 weeks
(46). Another study showed that 30 min of swimming
exercise caused a 30% reduction in leptin levels in lean
but not obese (fa/fa) Zucker rats (22). Zafeiridis et al.
(2003) controlled the effects of maximum strength,
muscular hypertrophy and resistance exercise protocols
on serum leptin concentrations. Leptin concentrations
significantly decreased 30-minute into recovery after
exercise protocols compared with the respective
baseline values. While decreases are found in leptin
levels in all studies as a result of exercises, data from
investigations examining single exercise bouts suggest
that serum leptin concentrations are unaltered by short
duration (41 minutes or less), non-exhaustive exercise,
but may be affected by short duration, exhaustive
exercise (47). Weltman et al. (2000) found that 30 min
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of exercise at various intensities and caloric expenditure
(from 150 ± 11 to 529 ± 45 kcals) in 7 healthy young
men did not cause modifications in leptin levels during
the exercise and during the recovery (3.5 hours) (20).
Exercise programs preferred in studies have been
planned as 9,10 and 12 weeks, for periods of 30 minutes
and more. According to the results of this study, it can
be said that at least 9-10 week-long regular exercise
programs with unit periods of 30 minutes and more
can cause significant changes in leptin levels.
In the present study, statistically significant
difference was found between the control group and
the 60-minute swimming group in terms of leptin
levels. Benatti et al. (2008) applied swimming exercises
on rats (n=18) which lasted 40 minutes for 5 days in
the first week and continued as 5 days a week and 60
minutes a day for the following 8 weeks. They found
that 9-week long swimming exercises decreased the
serum leptin levels of rats irrespective of their body fat
mass. In their study they applied a diet for 4 months
and an hour long moderate exercise 3-4 days a week on
obese men (n=15) (48). Pasman et al. (1998) found with
blood samples taken from the study group at months
0, 2, 4, 10 and 16 that exercise decreased plasma leptin
levels irrespective of body fat change. In their study
they examined the association between diet, exercise
and obesity (4). Murakami et al. (2007) found that as a
result of 60-minute long aerobic exercise for three days
a week during 12 weeks decreased leptin levels (49).
Moazami et al. (2013) found that 24-week long aerobic
exercise (three days a week, for 60 minutes) decreased
serum leptin levels in obese women (n=15) (50). While
the results of the aforementioned studies are similar to
the results of our study, the study period of our study is
12 weeks, as in Murakami et al. (2007)’s study; however,
the frequency of their exercise is different from our
study. The fact that the results are similar in all these
studies although different exercises were applied in
different intensities and frequencies shows that the
type, content, intensity or frequency of exercise is not
effective on the change in leptin levels and the change
can occur as a result of regular and long-term exercises.
Benatti et al. (2008)’s results showed that 9 week-long
exercise can cause significant decreases in leptin levels
and this shows that 9 week and longer regular exercises
which last longer than 30 minutes can be enough.

In the present study, no statistically significant
difference was found when the results between control
group and 15-minute swimming group and water
adaptation group and 15-minute swimming group
measurement results were compared. Akbarpour (2013)
applied a running exercise program on obese men (n=16)
for 12 weeks as three days a week. Following 10 minute
long warm up, the running period was 15 min for the first
session, and every two sessions 1.5 min was added to the
running period in a stepwise manner until the running
period reached 30 min. The running exercise program
was found to decrease serum leptin levels significantly
(p=0,003); there were decreases in the leptin levels in
interval measures conducted at the end of 6th week;
however, the decrease was not found to be significant
(51). This was thought to occur as a result of insufficient
training period and intensity. These two studies show
the significance of both unit exercise duration and longterm chronic exercises to have significant decreases in
leptin. In our study, it was found that 15-minute long
exercises decreased leptin levels; however, this decrease
was not significant, while 30 and 60-minute long
exercises caused significant decrease. According to these
results, it can be said that to obtain significant decreases
in leptin levels, unit exercise durations are as important
as long-term exercises and 15-minute long exercises
are not sufficient. The fact that the average leptin levels
of the 15-minute swimming group were higher than
both 30 and 60-minute swimming group supports this
thought.
As a conclusion, while swimming exercises for
30 and 60 minutes during 12 weeks decreased the
serum leptin levels of rats significantly, this significant
decreasing was not found in 15-minute exercises.
There are no experimental animal studies in literature
conducted with parameters similar to ours in literature.
Studies conducted in this field with different procedures
and different approaches will give healthier information.

Acknowledgements
In order to conduct the study, B.30.2.ODM.0.20.
09.00-050.04–08 numbered Ondokuz Mayıs University Animal Experiments Local Ethical Board report was taken on
30.01.2013.

6

References
1. Hickey MS, Considine RV, Israel RG, Mahar TL, McCammon MR, Tyndall GL, Houmard JA, Caro JF. Leptin is
related to body fat content in male distance runners, Am J
Physiol. 1996; 271: 938-40.
2. Tuominen JA, Ebeling P, Laquier FW, Heiman ML, Stephens T, Koivisto VA. Serum leptin concentrations and fuel
homeostasis in healthy men. Eur J Clin Invest 1997; 27:206211.
3. Leal-Cerro A, Garcia-Luna PP, Astorga R, Parejo J, Peino
R, Dieguez C, Casanueva FF. Serum leptin level in male
marathon athletes before and after the marathon run, J Clin
Endocrinol Metab, 1998; 83, 2376-2379.
4. Pasman W J, Westerterp-Plantenga MS, Saris WHM. The
effect of exercise training on leptin levels in obese males. Am.
J. Physiol. 1998; 274: 280-286.
5. 
Gutin B,Ramsey L,Barbeau P,Cannady W,Ferguson
M,Litaker M,Owens S, Plasma leptin concentrations in
obese children: Changes during 4-mo periods with and without physical training. AmJClin Nutr.1999; 69: 388-94.
6. Kraemer RR, Kraemer GR, Acevedo EO, Hebert EP, Temple E,Bates M,Etie A,Haltom R,Quinn S, Castracane V D.
Effects of aerobic exercise on serum leptin levels in obese females. Eur J Appl Physiol. 1999; 80: 154-158.
7. Houmard JA, Cox JH, MacLean PS, Barakat HA. Effect of
short-term exercise training on leptin and insulin action. Metabolism. 2000; 49: 858-61.
8. Kraemer RR, Chu H, Castracane VD. Leptin and exercise.
Exp Biol Med (Maywood). 2002; 227: 701-708.
9. Zafeiridis A, Smilios I, Considine RV, Tokmakidis SP. Serum leptin responses after acute resistance exercise protocols.
J Appl Physiol. 2003; 94: 591-597.
10. Miyatake N, Takahashi K, Wada J, Nishikawa H, Morishita
A, Suzuki H, Kunitomi M, Makino H, Kira S, Fujii M.
Changes in serum leptin concentrations in overweight japanese men after exercise. Diabetes Obes. Metab. 2004;6:332337.
11. Christ ER, Zehnder M, Boesch C, Trepp R, Mullis PE,
Diem P, Décombaz J. The effect of increased lipid intake on
hormonal responses during aerobic exercise in endurancetrained men. Eur J Endocrinol. 2006; 154:397-403.
12. Kondo T, Kobayashi I, Murakami M. Effect of exercise on
circulating adipokine levels in obese young women. Endocr
J. 2006; 53: 189-195.
13. Pomerants T, Tillmann V, Karelson K, Jürimäe J, Jürimäe T.
Ghrelin response to acute aerobic exercise in boys at different stages of puberty. Horm Metab Res. 2006; 38: 752-757.
14. Kraemer RR, Castracane VD. Exercise and humoral mediators of peripheral energy balance: and adiponectin. Exp Biol
Med. 2007; 232:184-194.
15. Kyriazis GA, Caplan JD, Lowndes J, Carpenter RL, Dennis
KE, Sivo SA, Angelopoulos TJ. Moderate exercise-induced
energy expenditure does not alter leptin levels in sedentary
obese men. Clin J Sport Med. 2007;17(1):49-51.
16. Nia F R, Hojjati Z, Rahnama N, Soltani B. Leptin, heart

H. Acar, E. Tutkun

disease and exercise. World Journal of Sport Sciences. 2009;
2 (1): 13-20.
17. Tsao T-H, Hsu C-H, Yang C-B, Liou T-L. The effect of
exercise intensity on Serum leptin and C-reactive protein
levels J Exerc Sci Fit, 2009; 7(2): 98-103.
18. Bjersing, J. L., Larsson, A., Palstam, A., Ernberg, M., Bileviciute-Ljungar, I., Löfgren, M., Gerdle B, Kosek E.,
Mannerkorpi, K. Benefits of resistance exercise in lean
women with fibromyalgia: involvement of IGF-1 and leptin. BMC Musculoskeletal Disorders, 2017; 18, 106. http://
doi.org/10.1186/s12891-017-1477-5.
19. Torjman MC, Zafeiridis A, Paolone AM, Wilkerson C,
Considine RV. Serum leptin during recovery following
maximal incremental and prolonged exercise. Int J Sports
Med, 1999; 20: 444-450.
20. Weltman A., Pritzlaff C.J., Wideman L., Considine R.V.,
Fryburg D.A., Gutgesell M.E., Hartman M.L., Veldhuis
J.D. Intensity of acute exercise does not affect serum leptin concentrations in young men. Medicine and Science in
Sports and Exercise,2000; 32, 1556-1561.
21. Bouassida A.,Zalleg D.,Bouassida S.,Zaouali, M., Feki
Y.,Zbidi A.,Tabka Z. Leptin, its implication in physical exercise and training: a short review, Journal of Sports Science
and Medicine 2006; 5, 172-181.
22. Sandoval DA.,Davis SN. Leptin metabolic control and regulation, journal of diabetes and its complications 2003;17;
108– 113.
23. R
 usse, Lp., Collıe,G., Gagnon,J., Leon,As., Rao,Dc.,Skınner,
Js., Wılmore,Jh., Nadeau,A., Zımmet,Pz., Bouchard, C.,
Acute and Chronic Effects Of Exercise On Leptin Levels İn
Humans, Journal of Applied Physiology, 1997; 83(1), 5-10.
24. Doğan E.,Tasmektepligil MY., Cankaya S. An Investigation of the leptin levels of footballers and wrestlers in terms
of aerobic capacity, Anthropologist, 2015; 19(2): 355-359.
25. Reseland JE, Anderssen SA, Solvoll K, Hjermann I, Urdal
P, Holme I, Drevon C. Effect of long-term changes in diet
and exercise on plasma leptin concentrations. Am J Clin
Nutr. 2001; 73: 240 –245.
26. Ibarra-Reynoso L del R, Pisarchyk L, Pérez-Luque EL, Garay-Sevilla ME, Malacara JM. Dietary restriction in obese
children and its relation with eating behavior, fibroblast
growth factor 21 and leptin: a prospective clinical intervention study. Nutr Metab (Lond). 2015;12:31.
27. Lewis KA, Brown SA. Searching for Evidence of an AntiInflammatory Diet in Children: A systematic review of randomized controlled trials for pediatric obesity ınterventions
with a focus on leptin, ghrelin, and adiponectin. Biol Res
Nurs. 2017;19(5):511-530.
28. 
Izadi,V.,Saraf-Bank,S.,Azadbakht,L. Dietary intakes and
leptin concentrations. ARYA Atherosclerosis, 2014; 10(5),
266–272.
29. Morash,BA.Imran A.,Wilkinson D.,Ur E.,Wilkinson M.,
Leptin receptors are developmentally regulated in rat pituitary and hypothalamus, Molecular and Cellular Endocrinology 2003; 210, 1–8.
30. Zhang Y, Proenca R, Maffei M, Barone M, Leopold L,

7

The effect of different term swimming exercise in rats on serum leptin levels

Friedman JM. Positional cloning of the mouse obese gene
and its human homologue. Nature 1994:372(6505);425-32.
31. Fantuzzi G, Faggioni R. Leptin in the regulation of immunity, inflammation, and hematopoiesis. J Leukocyte Biol,
2000; 68, 437-446.
32. Cooper JA, Watras AC, Paton CM, Wegner FH, Adams
AK, Schoeller DA. Impact of exercise and dietary fatty acid
composition from a high-fat diet on markers of hunger and
satiety. Appetite. 2011; 56(1):171-178.
33. Ziylan Y Z, Baltacı A K, Moğulkoç R. Leptin transport
in the central nervous system cell biochemistry and function
Cell Biochem Funct. Review Article.2009;27:63-70.
34. Bouassida A, Chamari K, Zaouali M, Feki Y, Zbidi A,
Tabka Z. Review on leptin and adiponectin responses and
adaptations to acute and chronic exercise. Br J Sports Med
2010; 44: 620-630.
35. Zhao J, Tian Y, Xu J, Liu D, Wang X, Zhao B. Endurance
exercise is a leptin signaling mimetic in hypothalamus of
wistar rats, Lipids Health Dis. 2011;10:225.
36. Tsolakis C, Vagenas G, Dessypris A. Growth and anabolic
hormones, leptin, and neuromuscular performance in moderately trained prepubescent athletes and untrained boys. J
Strength Cond Res. 2003;17(1):40-46.
37. Ünal M, Ünal DÖ, Baltacı AK, Moğulkoç R, Kayserilioğlu
A. Investigation of serum leptin levels in professional male
football players and healthy sedentary males Neuroendocrin
Lett. 2005; 26(2): 148-151.
38. Baltacı AK, Moğulkoç RA, Öztürk A. Testosterone and
zinc supplementation in castrated rats: Effects on plasma
leptin levels and relation with LH, FSH and testosterone,
Life Sciences 2006; 78: 746-752.
39. Bozan G. Serum leptin and bone metabolism markers in
obese children. Eskisehir Osmangazi University Faculty of
Medicine, Department of Pediatrics, Speciality Thesis in
Department of Pediatrics, Eskisehir, 2010; 1-45.
40. Werner S, Grose R. Regulation of wound healing by growth
factors and cytokines.Physiol Rev.2003; 83: 835-870.
41. Hoggard N, Hunter L, Duncan JS, Williams LM, Trayhurn P, Mercer JG. Leptin and leptin receptor mRNA and
protein expression in the murine fetus and placenta. Proceedings of the National Academy of Sciences of the United
States of America 1997; 94(20):11073-11078.
42. Ahima, RA.,Dushay J., Flier, SN., Prabakaran, D., Flier,JS.
Leptin accelerates the onset of puberty in normal female
mice, J. Clin. Invest. 1997; 99:3, 391–395.
43. Özcan A. Sıçanlarda kronik egzersiz sonrası leptin, ghrelin, resistin düzeyleri ve bu düzeylere fluvastatin ve kafeik
asit fenetil ester in (cape) etkisi Konya Selçuk Üniversitesi
Meram Tıp Fakültesi Biyokimya Anabilim Dalı. Uzmanlık

Tezi. 2009; 7-68.
44. Souza MA, Oliveira MS, Furian AF, Rambo LM, Ribeiro
LR, Lima FD, Dalla Corte LC, Silva LF, Retamoso LT,
Dalla Corte CL, Puntel GO, de Avila DS, Soares FA,
Fighera MR, de Mello CF, Royes LF. Swimming training prevents pentylenetetrazol-induced inhibition of Na+,
K+-ATPase activity, seizures, and oxidative stress. Epilepsia,
2009; 50: 811–823.
45. Yi X, Cao S, Chang B, Zhao D, Gao H, Wan Y, Shi J, Wei
W, GuanY. Effects of acute exercise and chronic exercise on
the liver leptin – Ampk - Acc signaling pathway in rats with
type 2 Diabetes. Journal of Diabetes Research. 2013;4. Article ID 946432, 9 pages, 2013. doi:10.1155/2013/946432.
46. 
Gözlükaya F. Premenapozal dönemdeki bayanlarda 10
haftalık farklı yürüyüş hızında yapılan antrenmanların adiponektin, ghrelin ve leptin hormonları üzerine etkisi. Celal
Bayar Üniversitesi, Sağlık Bilimleri Enstitüsü.Manisa. Unpublished master’s thesis. 2008; 11-21.
47. Hulver MW and Houmard JA. Plasma leptin and exercise:
recent findings. Sports Med. 2003; 33(7): 473-82.
48. Benatti FB, Polacow VO, Ribeiro SML, Gualano B, Coelho
DF, Rogeri PS, Costa AS, Lancha Junior AH. Swimming
training down-regulates plasma leptin levels, but not adipose tissue ob mrna expression. Braz J Med Biol Res. 2008;
41: 866-871.
49. Murakami T, Horigome H, Tanaka K, Nakata Y, Katayama Y, Matsui A. Effects of dietwith or without exercise on
leptin and anticoagulation proteins levels in obesity, Blood
Coagul Fibrin 2007;18: 389-394.
50. Moazami M, Bijeh N, Gholamian S. The response of plasma leptin and some selected hormones to 24-weeks Aerobic
exercise in inactive obese women. International Journal of
Sport Studies. 2013; 3 (1): 38-44.
51. Akbarpour M. The Effect of aerobic training on serum
adiponectin and leptin levels and ınflammatory markers of
coronary heart disease in obese men. Biology of sport; 2013;
30(1): 21-27.

Correspondence:
Erkut Tutkun,
Faculty of Sport Science, Uludag University,
16058 Nilüfer/Bursa/Turkey.
Tel: + 90-224-2940685
Fax: + 90-224-2940997
Gsm: +90-5326587696
E-mail: erkuttutkun@uludag.edu.tr

