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ABSTRACT 
Background: The effects of exercise on physiological systems were an inevitable truth. Especially the 

relationship of exercise with the endocrine system was one of the important focuses of interest. Irisin, Seratonin, 
Melatonin, Leptin, Ghrelin and Apelin hormones, which become a ball of interest recently, were the subjects that 
researchers follow and work with great interest. 
Aim: This study aimed to determine the effect of strength training program applied to handball players on the 

Irisin, Seratonin, Melatonin, Leptin, Ghrelin and Apelin hormones. 
Method: 24 healthy male handball players between the ages of 18-24 participated in the study. Participants were 

randomly divided into two groups (control and experimental). While handball training was applied to the first group 
(control) for 6 weeks, strength training was applied to the second group (experimental). The blood samples of the 
participants were taken on an empty stomach in the morning by experts in the appropriate laboratory environment 
before the training at rest, according to the pre-test and post-test model. In the analysis of the data, descriptive 
statistics (mean, standard deviation) and Shapiro Wilk test, kurtosis, steepness and histogram graph were taken 
into consideration to test the normality of the distribution before starting the analysis, and it was observed that the 
distribution was normal. In this context, Paired Samples t-test was used to reveal intra-group differences and the 
Independent samples t-test statistical techniques were used to reveal differences between groups. The level of 
significance was set at 0.05 and the analyses were made in the Windows SPSS 22 package program. 
Results: It was observed that irisin, apelin and ghrelin levels increased in the experimental group of the strength 

training program applied with the obtained results, it did not change in the control group. It was determined that 
the serotonin level increased in both the strength training group and the control group. While it was observed that 
the leptin level decreased in the Strength group, it did not change in the control group, and it was understood that 
the melatonin level did not undergo any change in both the experimental and control groups.   
Conclusion: As a result, it was concluded that the 6-week strength training protocol applied to athletes caused 

significant changes in irisin, apelin, ghrelin, serotonin, leptin levels of handball players, but did not show any 
change in melatonin levels. 
Keywords: Leptin, Ghrelin, irisin, Strength and Handball 

 

INTRODUCTION 
Some of the physiological changes associated with 
strenuous exercise and their relationship with athletic 
performance are well known. In several studies, various 
physiological responses were associated with cardio-
respiratory, hormonal parameters 1  
 Based on the beneficial principle of exercise, the 
world of science curiously investigates the organism-
exercise relationship and the changes that exercise has 
brought about on the organism2. Endocrine system 
hormones constitute an important part of this researches. 
Endocrine system hormones constituted an important part 
of this researches. Some of them are irisin, leptin, ghrelin, 
melatonin, serotonin, and apelin, which have gained 
serious sympathy especially today. 
 Irisin is expressing as a myokine stimulated by the 
effect of exercise3,4,5.  Irisin is discovered as a thermogenic 
protein that passes from FNDC5 protein's muscle cell to the 
blood as a hormone which is FNDC5 protein gets active 
after the increase in the level of PGC1 alpha expression in 
the muscle cell after exercise, and transforms white 
adipose tissue into brown adipose tissue, causing energy 

wastage3.  6Irisin is included in muscles as a myokine 
called fibronectin type III domain 5 (FNDC5), named after 
the proteolytic product of the FNDC5 protein, by protecting 
people from metabolic problems with regular exercise 
activities. 7It is thought that different cytokines released 
from the muscle called myokines also mediate the effects 
of exercise on the systemic level. Myokines are believed to 
stimulate muscle growth and hypertrophy, increase fat 
oxidation, insulin sensitivity, and stimulate anti-
inflammatory activity8. Bruce M. Spiegelman et al. 
Discovered in 2012 a fresh myokine 3,9, named Irisin, 
inspired by the Greek goddess Iris (the apostle), as the 
hormone that controls exercise-related improvements in 
glucose homeostasis. It has been found that irisin plays an 
important role in the transformation of intraperitoneal 
adipose tissue to brown, and thus an anti-obesity and anti-
diabetic myokine responsibility have been attributed10. 
Ongoing research reveals that irisin can alter adipose 
tissue browning, muscle growth, and energy 
homeostasis11. Leptin, known as the satiety hormone, is a 
peptide hormone similar to cytokines, Containing 167 
amino acids, weighing 16kDA, which control food and 
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weight gain, which means debilitating, and its name derived 
from the Greek word leptos12, 13. Leptin is a protein 
produced by the ob-gene encoded by the mRNA in the lipid 
cell 14,15,16, sending messages to the hypothalamus and 
brain for energy storage and nutrient intake and opening 
the way for the necessary processes17,14. Its main source is 
the abdominal area and subcutaneous adipose tissue. After 
it is transferred to the blood, it reaches the MSS by 
crossing the blood-brain border barrier via its receptors 
(Lep R). This acts as a catabolic factor in reducing the 
leptin hormone's food intake level and increasing energy 
expenditure and preventing weight gain18 because there is 
a linear relationship between leptin levels and body fat. As 
the amount of body fat increases, the leptin level increases. 
The aim is to increase energy expenditure and achieve 
balance. Ghrelin, which is an antagonist of leptin and 
expressed as the hunger hormone, was first discovered by 
19 in the stomachs of rats and humans. Ghrelin orexigenic; 
In other words, its appetite enhancing activation is 
regulated by neurons harbouring specific receptors in the 
hypothalamus, and ghrelin is a versatile regulator of 
metabolism 20,21. Ghrelin receptors are found in 
hypothalamic neurons that regulate food intake and satiety, 
as well as22 they can be found in neurons in non-
hypothalamic brain regions that contribute to eating 
behavior23. It regulates the energy balance in the short term 
by inducing appetite. In the long term, it causes an increase 
in body weight and fat. The ghrelin, which is responsible for 
controlling and regulating stomach movements, tightens 
the stomach walls and brings them closer to each other, 
especially when the stomach is empty. However, when the 
food consumed reaches our intestines, the level of ghrelin 
starts to decrease. Therefore, it can be said that preferred 
food quality and exercise may cause differentiation in 
ghrelin and leptin levels. Of course, these are not the only 
factors that affect ghrelin/leptin levels. Environmental 
factors such as stress, depression, anxiety24, irregular and 
insufficient sleep, cold weather conditions will cause 
changes in the energy balance of the organism and the 
levels will be affected because more glucose is consumed. 
If there is an energy need or deficit in the environment, the 
level of ghrelin increases. It can be said that the energy 
deficit and need that occur especially during and after 
exercise will make changes in the level of ghrelin. In the 
opposite case, which is meeting the energy or the initiation 
of this process causes an increase in leptin level. 
Complications experienced in this situation may result in 
excessive weight gain. 
 Inactivity causes many health problems. One of these 
problems can affect us mentally and psychologically. 
Another hormone popularly known as the happiness 
hormone is serotonin. Serotonin is a monoamine 26,27 
hormone known as 5-hydroxytryptamine (5 HT) and acting 
as a neurotransmitter within the nerve cells and being 
spread in nerve cells27. It is stated that low serotonin will 
cause the emergence of many diseases such as disturbing 
stomach syndromes, vomiting, eating disorders, 
hypertension, pulmonary hypertension, migraine, panic, 
anxiety, being schizophrenic, and depression. Also26, It is 
saying that serotonin plays an important role in many 
physiological changes, including thermoregulation, 
regulation of the cardiovascular system, sleep-wake cycle, 

memory, aggression, and responses to emotions. 
Serotonin release is important to eliminate these adverse 
situations28. About the relationship of serotonin with 
exercise, it is stated that serotonin release and synthesis in 
the central nervous system and serum increase as a result 
of high-intensity exercises. 29 It is saying that physical 
activities performed cause serotonin release and increase. 
30It is stated in a conducted study that exercise causes 
changes in serotonin levels and these changes cause an 
increase in especially long-term exercise. 
 Apelin is another hormone thought to be an effect on 
exercise. Apelin appears as a new member identified for 
the adipose tissue family, isolated by 31 from bovine gastric 
juice. Apelin is an endogenous ligand of the G-protein 
coupled (APJ) receptor and demonstrates its effects by 
binding to APJ. Conducted studies show that apelin has a 
role in the cardiovascular functions32, anterior pituitary 
functions, and regulation of fluid homeostasis33, also plays 
a role in suppressing apoptosis34 and acts as a 
coreceptor35 in human immunodeficiency virus (HIV) 
infection. 36 It emphasized that apelin increases glucose 
utilization and inhibits insulin secretion. Studies have found 
different results in exercise programs applied at different 
paces. However, it is observed that there are increases in 
the level of apelin release generally in medium and low-
intensity exercise programs37. 
 In conclusion, it is stated that the arranging of the 
melatonin hormone's endocrine system plays a part in 
physiological functions such as; the strengthening of the 
immunity, smooth muscle's tonicity, and the blunting of 
gonadal functions38. It is stated that the level of melatonin is 
increased with exercise (it is possible to see contrary 
opinions in the literature) and also that muscle damage 
ratio is lowered by decreasing the inflammation and 
oxidative stress effects with melatonin reinforcement before 
tough exercise. Also, it is stated that melatonin has a 
protective function on cardio-tissue damage caused by 
acute exercises39.  
 This study aimed to reveal the effects of both exercise 
and strength training on the endocrine system by especially 
determining the effects of the strength schedules applied to 
handball players on hunger hormones. 
 

MATERIAL &  METHOD 
Research Design and Participants: The study was 

conducted according to the pre-test, post-test model. The 
sample of the study consisted of 24 volunteer male 
handball players, licensed from Adıyaman municipality, 
between the ages of 18-24, with a height mean of 1.78 cm 
and weight mean was 73.8. The study consisted of 2 
groups: the control group that only trained handball, and 
the experimental group that was applied strength training in 
addition to the handball training. Two measurements were 
taken in the study, pre and post-test. No diet program was 
applied to the participants. The pre-tests of the participants 
were taken before starting the study, and the post-tests 
were taken at the end of 6 weeks. During the study, all 
participants were asked to continue their normal life and 
not to do extra physical activity during the exercise 
protocol. Participants signed a volunteer participation 
certificate before starting their training. 
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Applied Training Programs  
Table 1: Strength Training Program  
Warm-up: Along with running for 10 minutes, dynamic stretching and 

stretching were performed. 

Sequence  Area Movements Repetitions 

1 Chest Chest Press 15 

2 Back Lat Pull Down 15 

3 Forearm Dumbell Curl 15 

4 Back Arm Triceps Extension 15 

5 Shoulder Shoulder Press 15 

6 Leg Leg Curl 15 

7 Leg Leg Extension 15 

8 Abdomen Incline Sit Ups 15 

9 Abdomen Abdominal Crunch Maximal 

10 Waist Hyperextension Maximal 

 
 The weights that the athletes could do at most 15±1 
repetition during the pre-test adaptation week were 
determined. In the training, sets were applied as 1 set in 
the first week, 2 sets in the 2nd week, and 3 sets from the 
3rd week. The rest periods between sets were 1 minute, 
and rest periods between movements were 3 minutes. 
Post-movement stretching was applied to the exercised 
muscles. After the workout, a 5-minute cool-down walk and 
stretching were performed. At the end of 6 weeks, the 
weights that they could do 15 repetitions were updated. 
The movements with the number of repetitions indicated as 
"Maximal" movements performed with body weight, and the 
athletes made the highest number they could.  
 

 
Table 2: Handball Training Program  

Monday Wednesday Friday 

Subject: Ball handling + Dribbling Total Time: 60 
min 

Subject: Handball Passing  
Total Time: 60 min 

Subject: Basic Goal Shot 
Total Time: 60 mins 

Warming up 
Throwing and holding the ball with a match. The 
mother throws and holds the ball in the middle. 
The mother throws and holds a ball across. 
Fainting ball game Dribbling between slaloms. 
Dribbling behind obstacles. 
Dribbling around obstacles. 
Dribbling through obstacles. Saying the numbers 
shown by the coach while dribbling. Cooling down 

Warming up  
Passing in a triangle form, Passer crossing 
in the middle, 
passing while running, Circular passing with 
the double ball, 
Passing in a Square form, passing on the 
wall 
Cross passing with a single ball in a square 
form, Passing with a cross double ball in a 
rectangle, 
Passing with a single ball in a rectangular 
form, Passing by changing direction with a 
double ball (Mother passes continuously 
and then changes position), Passing with a 
double ball with five people 
Cooling down 

Warming up  
Galop Running while arm-circling, pulling the knee up 
and forward, pulling the heels to the hips, with small 
diagonal gliding steps to full-arena. Crossed passing 
with double feet vertical jumping, Passing by jumping 
from one, two and three steps, Passing by jumping 
from the 3-4 meters wall with one-double-reverse leg 
leaping 1-2 steps, shoots at various targets on the 
wall, Jumping shot while walking, Jumping to the 
height in two steps, 
Jumping shot with a 3-step rhythm while running 
Jumping over the bench and shooting on target 
Jumping from a high gymnastic mat into the spaces in 
the goal with different step rhythms 
Jumping shots with different step rhythms over the 
defender 
Jumping shots from the pivot zone in one or two 
steps, 
Cooling down 

 

RESULTS 
 
Table.3. Comparison of Variables Within and Between Groups  

Variables Groups Pre-test Post-test Within Groups Between Groups 

  Mean±Sd Mean±Sd p Pre-test (p)           Post-test(p)         

 
İrisin 

Control 9,20±2,29 9,37±2,29 0,056  
0,607 

 
0,002* Experimental 9,62±2,40 11,54±1,71 0,005* 

 
Serotonin 

Control 13,96±2,57 14,58±3,03 0,040*  
0,817 

 
0,027* Experimental 13,75±2,70 21,70±10,27 0,004* 

 
Melatonin 

Control 94,29±30,72 95,67±31,35 0,052  
    0,826 

 
0,670 Experimental 96,77±34,26 93,87±49,90 0,862 

 
Leptin 

Control 3,73±2,64 3,68±2,53 0,602  
0,845 

 
0,017* Experimental 3,92±2,89 2,03±1,76 0,055 

 
Ghrelin 

Control 1273,90±882,39 1278,22±877,68 0,124  
0,947 

 
0,000* Experimental 1264,48±884,39 2632,67±1187,41 0,000* 

 
Apelin 

Control 1506,21±447,35 1526,00±449,76 0,104  
0,084 

 
0,000* Experimental 1495,84±448,08 2279,46±516,93 0,000* 

* Statistically significant difference, Sd: Standard Deviation, p: Significance level 

 
 General and special dynamic warm-up stretches were 
performed for 15 minutes after each warm-up game. Active 
stretching movements were performed for 10 minutes at 
each cooling 40. 
Biochemical Analysis: Athletes went to the central 

laboratory of Adıyaman University Faculty of Medicine on 
an empty stomach at 08.00-09.00 in the morning before 

and after the handball and strength training, which lasted 
60 minutes 3 days a week for 6 weeks. After the blood 
samples were centrifuged at 4000 rpm3 for 5 minutes in a 
suitable laboratory, serum samples were stored at -70 
degrees until analysis. Irisin, Seratonin, Melatonin, Leptin, 
Ghrelin and Apelin analyses were tested by the ELISA 
method. 
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Statistical analysis: In the analysis of the data, descriptive 

statistics (mean, standard deviation) and Shapiro Wilk test, 
kurtosis, steepness and histogram graph were taken into 
consideration to test the normality of the distribution before 
starting the analysis, and it was observed that the 
distribution was normal. In this context, Paired Samples t-
test was used to reveal intra-group differences and the 
Independent samples t-test statistical techniques were 
used to reveal differences between groups. The level of 
significance was set at 0.05 and analyses were performed 
using the SPSS 22 program for Windows. 
 When Table 3 was examined, while there was no 
difference between the pre-test values of the control and 
application groups (p> 0.05), it was determined that there 
were significant differences between the groups in all 
parameters except for melatonin in the post-test values (p 
<0.05). Moreover, when the differences within the group 
were evaluated, it was determined that there was only a 
significant difference in the serotonin value in the control 
group (p <0.05), and there was no difference in the 
melatonin and leptin values in the experimental group 
(p0.05), but there were statistically significant differences in 
the values of irisin, serotonin, ghrelin and apelin. (p <0.05).  
 According to the results of the study, 6-week handball 
and strength training caused changes in irisin, apelin, 
ghrelin, serotonin, leptin levels of handball players. 
Especially weight training caused changes in the levels of 
iris, ghrelin serotonin and apelin. It was determined that 
there was no significant change in melatonin levels. This 
study has shown that handball training and strength 
training will show positive and meaningful responses to the 
endocrine system, and we can say that appetite will form a 
model for weight control. Besides, we think that the results 
of the study will contribute to the researches on the subject 
as literature. 
 

DISCUSSION 
The study aimed to examine the effects of strength training 
programs applied to handball players for 6 weeks on the 
endocrine system. The results of the study showed that as 
a result of the training, there was no significant increase in 
the pre and post-test values within the group in the irisin 
levels of the male handball players who only trained 
handball. However, this situation is in the opposite direction 
in the experimental group. In other words, in addition to 
handball training, a significant increase in irisin levels within 
the group was detected in the experimental group that used 
strength exercises. This increase in irisin levels was 
thought to be effective due to strength training applied in 
addition to handball training. In other words, when we look 
at the post-test results within the group, it was seen that the 
group that was applied strength training in addition to 
handball training received more mean scores, which was 
thought to be due to strength training applied in addition to 
handball training.  
 41 Training programs were applied for 8 weeks and 3 
days a week to control, aerobics, interval and resistance 
groups, which were formed with individuals who 
participated voluntarily and did not exercise regularly and 
between the ages of 19-24, and a significant increase in 
irisin levels in all groups except the control group were 
found. The change between these groups was aerobic, 

interval, and finally the resistance group, in order. The most 
important increase in irisin level occurred in the group 
doing resistance exercises. 42 In the experimental study 
conducted on rats, it was found that irisin levels of the 
control group did not increase, but the irisin levels of the 
experimental group (high-ranged-low continuous) 
increased more than the control group, and there was no 
significant difference between the experimental groups. 43It 
was found that irisin levels increased after 12 weeks of 
resistance training in older male adults. 44 It was stated that 
as a result of aerobic and anaerobic training applications 
applied to 24 referees and 20 sedentary, irisin levels 
increased regarding training. However, contrary to the 
opinion that different exercise protocols applied increased 
irisin levels, there were studies related that these levels did 
not increase. Many studies reported that acute exercises 
did not cause changes in the level of the iris 45-48. 
 When leptin levels were examined, there was no 
significant difference in the leptin levels of the control group 
that only trained handball and the experimental group that 
did strength training in addition to handball training. 
However, when the post-test values of the groups were 
examined, a significant difference was observed and a 
significant decrease was found in the leptin levels of the 
experimental group. 4926 male soldiers were exercised 5 
days a week for 3 weeks, and at the end of the study, it 
was observed that there were significant decreases in 
leptin levels. During the 12 (3 days getting used to, 9 days 
competition) cycling competition with 11 cyclists and 4 
triathletes, a situation assessment was made and it was 
seen that the leptin levels decreased as a result of the 
competition. In the same study, it was seen that leptin 
levels return to the previous level between 48-72 hours. 51 
At the end of 36 weeks of resistance training, it was 
determined that there were decreases in leptin levels in 
rowers. 52,53 However, some studies found no significant 
change in leptin levels during acute exercises. When a 
general evaluation was made, it was possible to state that 
while the change in serum leptin levels did not reveal a 
significant difference in an acute exercise, there was a 
significant decrease in long-term exercises. 
 When we examined the ghrelin levels in our study, 
while there was no significant difference in the pre-post-test 
values of the control group within the group, a significant 
difference was found in the experimental post-test mean 
scores within the group. At the same time, it was 
determined that there was a significant difference when the 
control group and the experimental group post-tests were 
compared, and the mean scores of the experimental group 
increased more, in other words, the ghrelin levels of the 
experimental group increased more. 54 In the study 
conducted on extremely obese male and female, walking 
activities were applied at the submaximal level and it was 
detected that the ghrelin levels increased after 12 weeks. 55 

The values of ghrelin between male and female were 
examined and it was observed that it was higher in female. 
Later, after the exercise programs applied to these 
participants, it was determined that ghrelin levels increased 
in male with exercise.  
 56 In another study, ghrelin levels were monitored at 3, 
7 and 11 weeks of weight training on 7 athletes, and ghrelin 
levels increased intensity. Moreover, 57 the study found that 
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ghrelin levels increased after a 12-week circular training 
program in obese women. Studies were showing that 
exercise did not alter ghrelin levels as well as studies 
showing an increase in ghrelin levels 58. 59 In the study, no 
change was observed in ghrelin levels as a result of the 
test performed with a submaximal bicycle ergometer for 
one hour at 33, 7, and 20 degrees room temperature. 
Participants who were later taken to rest were retested and 
found no effect on ghrelin levels in temperature difference. 
It was thought that these different results occurring in 
ghrelin levels may be affected by exercise protocols such 
as the duration, intensity, and frequency of exercise 
programs. Another important issue was that the active and 
passive conditions of the ghrelin hormone, which has an 
important role in the evaluation of hunger and satiety, and 
the hours of blood samples taken during the day could 
cause such differences to occur. Because we thought that 
ghrelin, which acts as an antagonist of leptin and in energy 
balance, will increase with exercise due to energy 
expenditure.  
 Moreover, when we look at our research results, there 
was no significant difference in apelin levels within the 
control group, but there was a significant increase in apelin 
levels for the experimental group. While there was a 
significant difference in the post-test values between the 
groups, the handball players in the practice group had the 
highest mean score in this difference. In other words, it was 
thought that strength training, in addition to handball 
training in the practice group, had an important effect on 
the increase of apelin values. 60 It was stated that 
swimming exercises performed on rats can regulate the 
apelin level and have positive effects.  61 In the exercise 
program applied to a group of 54 patients with Type-2 
diabetes, it was observed that only female participants had 
an increase in apelin values. 62 Before starting 50, 200 and 
400 m swimming activity and the last blood samples were 
taken from the swimmers, it was found that there was a 
significant increase in the apelin values in the middle and 
long distance swimming test in the blood serum samples 
taken. In another study, 63 an increase in apelin level was 
observed after high intensity interval training, which was 
applied to 8 healthy male with an average age of 20 years. 
Some studies stated that when the Apelin hormone was 
associated with exercise, increases depending on exercise, 
as well as studies claiming the opposite. 
 64 With the anaerobic sprint test applied to 15 female 
athletes, blood apelin levels were measured before, after 
and 24 hours after exercise, and as a result of the study, it 
was found that there were decreases in apelin values. 
Moreover, 65 aerobic exercise activities were applied to 20 
obese women 3 days a week for 8 weeks and the intensity 
of the exercise was increased from 50% to 70%. As a 
result of the study; It was found that there was a decrease 
in plasma apelin and insulin levels. In the light of this 
information, it could be said that apelin, which has an 
important role in activating glucose metabolism, exercise 
intensity and the differences in energy metabolism 
associated with this violence would be important in the 
secretion of apelin. In the serotonin levels we investigated 
in our study; It was observed that there was a significant 
significance in the serotonin values of the control group, 
where handball training was applied, and the strength 

training group, which was applied in addition to the 
handball training. This situation was encountered with an 
increase in the last test group. In other words, it was 
noteworthy that the strength training practice group applied 
in addition to handball training had higher average scores. 
Besides, in the last test we conducted between the groups, 
it was determined that there was an increase in significant 
levels of serotonin levels and this increase received the 
highest score in the post-test of the experimental group. 
Continuing regular and physical exercises for a long time 
could increase the serotonin level by increasing serotonin 
secretion and expression in the central nervous system or 
blood serum and relaxing the body. 66 In the study, it was 
observed that the serotonin level increased as a result of 
12 weeks of pilates exercise applied to women 3 times a 
week. In previous studies, it was determined that 10 weeks 
of physical exercise on humans increased serotonin levels 
in patients with depression67.  In another study, 68 it was 
found that serotonin levels increased as a result of an 
exercise program designed to travel 60 minutes a day and 
20 meters per minute for 4-5 weeks. 69 Recently, it was 
determined that serotonin levels increased as a result of 
aerobic exercises performed on rats for 20 weeks and 3 
times a week. 70 It was stated that long-term aerobic 
exercise with 16 elderly people, aerobic activities in human 
and animal experiments affected serotonin release and 
there were increases in serotonin levels. In this pathway 
illuminated by the literature, it was possible to say that 
serotonin was stimulated and its release increased, 
especially as a result of long-term physical activities. 
However, in some studies, it was stated that there were no 
increases in serotonin levels or changes as a result of the 
study. When the training programs of these studies were 
examined, it could be said that physical exercises applied 
for short periods did not change or increase serotonin 
levels. 71 The effects of aerobic and anaerobic applications 
on rat serotonin levels were examined after a one-week 
program and no change in serotonin levels was detected. 72 

A step-aerobics, spinning, educational game program was 
applied to 25 people for 60 minutes, and blood samples 
were taken just before and after the program to see if there 
was a change in serotonin levels. Although a statistically 
significant result was not reached at the end of the study, 
there was an increase in the average scores of the step-
aerobic and educational game groups, but a decrease was 
observed in the spinning group, although it was not 
statistically significant. When the melatonin levels of the 
study were examined, there was no significant difference 
between the groups in both groups as a result of the 
strength training applied in addition to the control and 
handball training.  
 When the literature was examined, it was possible to 
encounter opposite results regarding melatonin level and 
change processes. It was stated that as a result of physical 
activity applied to children, after exercise in female, and 5 
hours after the exercise applied to women melatonin levels 
was increased 73-75. Similarly, 76 blood serum samples were 
taken before and just after the climbing activity performed 
on 30 black men and it was found that melatonin values 
increased. Contrary to studies that said exercise increased 
melatonin levels, some studies stated that it did not change 
or decrease it. 77 It was stated that night exercises with high 
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intensity suppressed melatonin release and caused sleep 
problems. In another study, 78 10 healthy sedentary 
individuals with an average age of 22 were applied day and 
night acute exhaustion exercise, and no change in 
melatonin levels was observed at the end of the study. 79 

The rats were given flotation exercises in the dark and light 
environment (15-30 minutes) at 00:30, and the melatonin 
content in the pineal gland of the group exercising in the 
dark decreased, but there was no change in the N-
acetyltransferase (NAT) enzyme, which is important in the 
release of melatonin. It was possible to state that these 
different situations that occur in literature in general, in 
addition to the way of training, the time or dark-light 
environment at which it is applied will have a significant 
effect. In connection with the subject, 80 it was stated that 
the amount of melatonin synthesis and release would be 
significantly affected by light, and it was stated that 
melatonin levels in the blood serum were observed at night 
maximum and minimum levels during the day. 
 

CONCLUSION 
According to the results of the study, 6-week handball + 
strength training caused changes in irisin, apelin, ghrelin, 
serotonin, leptin levels of handball players. It was 
determined that there was no significant change in 
melatonin levels. This study showed that strength training 
combined with handball training caused significant and 
significant differences in the endocrine system. In future 
studies, it could be said that researching different 
hormones and examining their psychological effects would 
provide a different benefit to the literature. 
 

REFERENCES 
1. Cinar V, Mogulkoc R, Baltaci AK. Calcium supplementation 

and 4-week exercise on blood parameters of athletes at rest 
and exhaustion. Biol Trace Elem Res. 2010;134:130–5 

2. Cinar, V., Talaghir, L. G., Akbulut, T., Turgut, M., & Sarıkaya, 
M. (2017). The effects of the zinc supplementation and 
weight trainings on the testosterone levels, Human. Sport. 
Medicine, 17(4), 58-63. 

3. Boström, P., Wu, J., Jedrychowski, M.P., Korde, A., Ye, L., 
Lo, C.J., vd. (2012). A PGC1-alpha-dependent myokine that 
drives brown-fat-like development of White fat and 
thermogenesis. Nature, 481,463- 68. 

4. Schumacher, M.A., Chınnam, N., Ohashı, T., Shah, R.S. ve 
Erıckson, H.P. (2013). The structure of irisin reveals a 
novelinter subunit beta-sheet fibronectin type III (FNIII) 
dimer: implications for receptor activation. J Bıol Chem, 288, 
33738-44. 

5. Palacios Gonzalez, B., Vadillo Ortega, F., Polo Oteyza, E., 
Sanchez, T., Ancira Moreno, M., Romero Hidalgo, S., vd. 
(2015). Irisin levels before and after physical activity among 
school-age children with different BMI: A direct relation with 
leptin. Obesity, 23, 729-32. 

6. Aydin S (2014). Three new players in energy regulation: 
preptin, adropin and irisin. Peptides, 56: 94-110. 

7. HuhJG, Siopi A et al. Irisin in Response to Exercise in 
Humans With and Without Metabolic Syndrome. J Clin 
Endocrinol Metab 100: E453–E457, 2015. 

8. Mahajan RD, Patra SK. Irisin, a novel myokine is an 
independent predictor for sarcopenia and carotid 
atherosclerosis in dialysis patients. Ind J Clin Biochem (Jan-
Mar 2013) 28(1):102–103. 

9. Hecksteden A, Wegmann M, Steffen A, Kraushaar J, Morsch 
A, Ruppenthal S, Kaestner L, Meyer T. Irisin and exercise 

training in humans – Results from a randomized controlled 
training trial. BMC Med. 2013 Nov 5;11:235. 

10. Takei Y., Ando H., Tsutsi K. Handbook of Hormones - 
Comparative Endocrinology for Basic and Clinical Research. 
Chapter 37 – Irisin. 2016. p. Pages 329–30, e37-1–e37-3. 

11. Huh JY. Irisin physiology, oxidative stress, and thyroid 
dysfunction- What next. Metabolısm clınıcal and 
experımental 64 ( 2015 ) 765 – 767. 

12. Özuğuz P, Özuğuz U, Karaca Ş. Leptin ve Deri. Türkiye 
Klinikleri J Dermatol 2012;22.88-96. 

13. Mozafari N, Robati RM, Younespour S. Serum leptin levels 
in pemphigus: a case control study. Biomed Res Int 
2014;2014:853705.) 

14. Prino JB, O’Rahhilly S. Regulation of adipose cell number in 
man, Clinical Science 1997; 92: 311. 

15. Echwald JM, Rasmussen SB, Sorensen TIA, Andersen T, 
Typs-Hansen A, Clausen JO, Hansen L. Identification of two 
novel missense mutation in the human OB gene. Int Journal 
of Obesity 1997; 21: 321-6. 

16. Tuominen JA, Ebeling P, Heiman ML, Stephens T, Koivisto 
VA. Leptin and thermogenesis in humans, Acta Physiol 
Scand 1997; 160: 83-7. 

17. Wilding J, Widdowson P, Williams G. Neurobiology, Britsh 
Medical Bulletin 1997; 53(2): 286-306. 

18. Ergün A. Leptin (Ob Protein). T Klin Tıp Bilimleri 
1999;19.130-6. 

19. Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, 
Kangawa K. Ghrelin is a growth-hormone-releasing acylated 
peptite from stomach. Nature 1999;402:656-60 

20. Müller TD, Nogueiras R, Andermann ML, Andrews ZB, 
Anker SD, Argente J, er al. Ghrelin. Mol Metab 2015;4,437-
60. 

21. Schmid SM, Hallschmid M, Jauch-Chara K, Born J, Schultes 
B. A single night of sleep deprivation increases ghrelin levels 
and feeling of hunger in normal-weight healthy men. J Sleep 
Res 2008; 17 (3):331-4. 

22. Dicson SL, Luckman SM. İnduction of cfos Messenger 
ribonucleic acid in neuropeptite y and growth hormone (GH) 
releasing factor neurons in the rat arcuate nucleus following 
systemic injection of the GH secretagogue, GH-releasing 
peptite-6. Endocrinology 1997; 138:771-77. 

23. Ahima RS, Antwi DA. Brain regulation of appetite and 
satiety. Endocrinol Metab Clin N Am 2008;37.811-23. 

24. Schellekens H, Finger BC, Dinan TG, Cryan JF. Ghrelin 
signalling and obesity:At the interface of stress, mood and 
food reward. Pharmacology and Therapeutics 2012; 
135:316-326. 

25. Nakazato M, Murakami N, Date Y, Kojima M, Matsuo H, 
Kangawa K, et al. A role for ghrelin in the central regulation 
of feding. Nature 2001;409:194-8. 

26. Charnay, Y.,& Leger, L. (2010). Brain serotonergic 
circuitries. Dialogues Clin. Neurosci., 12(4), 471-87. 

27. Pytliak, M., Vargova, V., Mechirova, V., & Felsoci, M. (2011). 
Serotonin receptors - from molecular biology to clinical 
applications. Physiol. Res., 60, 15-25. 

28. Lin, T.W.,& Kuo, Y.M. (2013). Exercise benefit brain 
function: the monoamine connection. Brain Sciences, 3(1), 
39-53. 

29. Klempin, F., Beis, D., Mosienko, V., Kempermann, G., 
Bader, M., & Alenina, N. (2013). Serotonin is required for 
exercise-induced adult hippocampal neurogenesis. J. 
Neurosci., 33(19), 8270-5. 

30. Chaouloff, F., Laude, D., Serrurrier, B., Merino, D., 
Guezennec, Y and Elghozi, J. L. (1987). Braın-Serotonin 
Response to Exercise in The Rat the Influence of Traınıng 
Duratıon. Biogenic Amines, 4(2), 99-106. 

31. Tatemoto K, Hosoya M, Habata Y, Fujii R, Kakegawa T, et 
al. Isolation and characterization of a novel endogenous 
peptide ligand for the human APJ receptor. Biochemical and 



Mine Turgut, Fidan Çinar, Aykut Dündar 

 

P J M H S  Vol. 15, NO. 2, FEBRUARY  2021   851 

Biophysical Research Communications 1998; 251(2): 471-
476. 

32. Katugampola S, Davenport A. Emerging roles for orphan G-
protein-coupled receptors in the cardiovascular system. 
Trends in Pharmacological Sciences 2003; 24(1): 30-35. 

33. Reaux A, De Mota N, Skultetyova I, Lenkei Z, El Messari S, 
Gallatz K, Corvol P, Palkovits M, Llorens-Cortes C. 
Physiological role of a novel neuropeptide, apelin, and its 
receptor in the rat brain. Journal of Neurochemistry 2001; 
77(4): 1085-1096 

34. Tang SY, Xie H, Yuan LQ, Luo XH, Huang J, Cui RR, Zhou 
HD, Wu XP, Liao EY. Apelin stimulates proliferation and 
suppresses apoptosis of Mouse osteoblastic cell line 
MC3T3-E1 via JNK and PI3- K/Akt signaling pathways. 
Peptides 2007; 28(3): 708-18. 

35. Cayabyab M, Hinuma S, Farzan M, Choe H, Fukusumi S, 
Kitada C, Nishizawa N, Hosoya M, Nishimura O, Messele T, 
Pollakis G, Goudsmit J, Fujino M, Sodroski J. Apelin, the 
natural ligand of the orphan seven-transmembrane receptor 
APJ, inhibits human immunodeficiency virus type 1 entry. 
Journal of Virology 2000; 74(24): 11972-11976. 

36. Boucher, J., Masri, B., Daviaud, D., Gesta, S., Guigné, C., 
Mazzucotelli, A., Laurell, C., Tack, I., Knibiehler, B., 
Carpéné, C., Audigier, Y., Sébastien, J., Blache, S., Valet, P. 
(2005). Apelin, a Newly Identified Adipokine Up- Regulated 
by Insulin and Obesity. Endocrinology, 146(4), 1764-1771. 

37. Hüseyin Nasip Ö. Elit Erkek Atletlerde Kısa, Orta,Uzun 
Mesafe Koşu Performansları ile Apelin İlişkisinin 
İncelenmesi, Yüksek Lisans Tezi. İnönü Üniversitesi Sağlık 
Bilimleri Enstitüsü, Malatya, 2015. 

38. Brzezinski, A. (1997). Melatonin in Humans. The New 
England Journal of Medicine, 336(3), 186-195. 

39. Oral, O, Erhan Kara, İsmail Çağrı Akdoğan, Mert İşbilir ve 
Hüseyin Bekir (2014) Melatonin ve Egzersiz İlişkisi, Türk 
Bilim Dergisi Ekim, 1. 

40. Pilça, O., ve Altun, M. (2019). 12 Haftalık Hentbol Teknik ve 
Kuvvet Antrenmanının Atış ve Güç Performansı Üzerindeki 
Etkilerinin Değerlendirilmesi. CBÜ Beden Eğitimi ve Spor 
Bilimleri Dergisi, 14(1), 66-78. 

41. Akbulut, T. (2019) Farklı egzersiz uygulamalarının irisin, ısı 
şok protein 70 ve baz biyokimyasal parametrelere etkisinin 
incelenmesi. Doktora Tezi, Fırat Üniversitesi Sağlık Bilimleri 
Enstitüsü, Elazığ. 

42. Khalafi, M., Shabkhız, F., Alamdarı, K.A. ve Bakhtıyarı, A. 
(2016). Irisin response to two types of exercise training in 
type 2 diabetic male rats. Arak Med University J, 19, 37-45. 

43. Zhao, J., Su, Z., Qu, C. ve Dong, Y. (2017). Effects of 12 
weeks resistance training on serum irisin in older male adults 
front. Physiol, 8,171. 

44. Küçük, H. (2018). Aerobik ve anaerobik kapasitenin serum 
irisin, leptin, ghrelin seviyelerine etkisi. Yayımlanmamış 
Doktora Tezi, Ondokuz Mayıs Üniversitesi Sağlık Bilimleri 
Enstitüsü, Samsun. 

45. Benedini, S., Dozio, E., Invernizzi, P.L., Vianello, E., Banfi, 
G., Terruzzi, I., vd. (2017). Irisin: A potential link between 
physical exercise and metabolism-an observational study in 
differently trained subjects, from elite athletesto non-athlete 
people. Hindawi Journal of Diabetes Research, 7. 

46. Arıkan, Ş. (2018). The effect of acute exercise and gender 
on the levels of irisin in elite athletes. Physical education of 
students, 22(6), 304-307. 

47. Arıkan, Ş., Revan, S., Balcı, Ş.S., Şahin, M. ve Serpek, B. 
(2018). Effect of training on plasma irisin, leptin and insulin 
levels. Int J Appl Exerc Physiol, 2, 1-8. 

48. Kabasakalis, A., Nikolaidis, S.,Tsalis, G., Christoulas, K. ve 
Mougios, V. (2019). Effects of sprint interval exercise dose 
and sex on circulating irisin and redox status markers in 
adolescent swimmers. Journal of Sports Sciences, 37(7), 
827-832. 

49. Gomez - Merino D, Chennaoui M, Drogou C, Bonneau D, 
Guezennec CY. Decrease in serum leptin after prolonged 
physical activity in men. Med Sci Sports Exerc 
2002;34:1594-1599. 

50. Voss SC, Nikolovski Z, Bourdon PC, Alsayrafi M, 
Schumacher YO. The effect of cumulative endurance 
exercise on leptin and adiponectin and their role as markers 
to monitor training load. Biology of Sport 2016;33(1):23-28. 

51. Desgorces FD, Chennaoui M, Gomez-Merino D, Drogou C, 
Bonneau D, Guezennec CY. Leptin, catecholamines and 
free fatty acids related to reduced recovery delays after 
training. Eur J Appl Physiol 2004;93(1-2):153-158. 

52. Weltman A, Pritzlaff CR, Wideman L, Considine RV, Fryburg 
DA, Gutgesell ME, et al. Intensity of acute exercise does not 
affect serum leptin concentrations in young men. Med Sci 
Sports Exerc 2000;32:1556-61. 

53. Zoladz JA, Konturek SJ, Duda K, Majerczak J, Sliwowski Z, 
Grandys M, Bielanski W. Effect of moderate ıncremental 
exercıse, performed. J Physiol Pharmacol. 2005;56(1):63-
85. 

54. Martins C, Kulseng B, King NA, Holst JJ, Blundell JE. The 
effects of exercise-induced weight loss on appetite-related 
peptides and motivation to eat. J Clin Endocrinol Metab 
2010;95(4):1609-1616. 

55. Sartorio A, Morpurgo P, Cappiello V, Agosti F, Marazzi N, 
Giordani C, Spada A. Exercise-induced effects on growth 
hormone levels are associated with ghrelin changes only in 
presence of prolonged exercise bouts in male athletes. J 
Sports Med Phys Fitness 2008;48(1):97-101. 

56. Mäestu J, Jürimäe J, Valter I, Jürimäe T. Increases in ghrelin 
and decreases in leptin without altering adiponectin during 
extreme weight loss in male competitive bodybuilders. 
Metabolism 2008;57(2):221-225. 

57. Kang SJ, Kim JH, Gang Z, Yook YS, Yoon JR, Ha GC, Ko 
KJ. (2018). Effects of 12- week circuit exercise program on 
obesity index, appetite regulating hormones, and insulin 
resistance in middle-aged obese females. J Phys Ther Sci 
2018;30(1):169-173. 

58. King JA, Deighton K, Broom D, Wasse LK, Douglas JA, 
Burns SF, Thackray AE. Individual variation in hunger, 
energy intake and ghrelin responses to acute exercise. Med 
Sci Sports Exerc 2017;49(6):1219-1228. 

59. Busboom M, Laursen T, Shute R, Zak R, Heesch M, Dinan 
N, Slivka D. Leptin, adiponectin, and ghrelin responses to 
different temperature conditions with endurance exercise. 
Med Sci Sports Exerc 2017;49(5S):286. 

60. Chen, S., Xue, F., Jin, H.L., Chen, L., Chen, Y., Wang, G.F., 
Fan, X.F., Gong, Y.S. (2012). Effect of Swimming Exercise 
on the Expression of Apelin and Its Receptor in Pulmonary 
Tissues of Rats with Hypoxic Pulmonary Hypertension. 
Chinese Journal of Applied Physiology, 28(1), 5-8. 

61. Kadoglou, N.P., Vrabas, I.S., Kapelouzou, A., 
Lampropoulos, S., Sailer, N., Kostakis, A., Liapis, C.D., 
Angelopoulou, N. (2012). The Impact of Aerobic Exercise 
Training on Novel Adipokines, Apelin and Ghrelin in Patients 
with Type 2 Diabetes. Med Sci Monit, 18(5), 90-5. 

62. Dündar, A. (2014). Elit Erkek Yüzücülerde Yüzme 
Performansları ile Apelin İlişkisinin İncelenmesi. Doktora 
Tezi, İnönü Üniversitesi, Malatya. 

63. Kon, M., Ebi, Y., and Nakagaki, K., 2019. Effects of a single 
bout of highintensity interval exercise on C1q/TNF-related 
proteins. Applied physiology, nutrition, and metabolism, 
44(1), 47–51. 

64. Sheibani, S., Shemshaki, S., Hanachi, P. (2011). The Effect 
of Rast Exercise on Plasma Levels of Apelin and Blood 
Pressure in Elite Women Runner. Medical Sciences Journal 
is the Property, 6(3). 

65. Sheibani, S., Hanachi, P., Refahiat M. (2012). Effect of 
Aerobic Exercise on Serum Concentration of Apelin, TNFα 



Investigation of Iris, Leptin, Ghreline and Some Hormonal Responses of the Strength Training Program Applied to Handball Players 

 

852   P J M H S  Vol. 15, NO. 2, FEBRUARY  2021 

and Insulin in Obese Women Iranian. Journal of Basic 
Medical Sciences, 15,6. 

66. Hassan, E.EA.,& Amin, A. (2011). Pilates exercises 
influence on the serotonin hormone, some physical variables 
and the depression degree in battered women. World J. 
Sport Sci., 5(2), 89-100. 

67. Fiatarone, M.A., O’Neill, E.F., Ryan, N.D., Clements, K.M., 
Solares, G.R., Nelson, M.E., Roberts, S.B., Kehayias, J.J., 
Lipsitz, L.A., & Evans, W.J. (1994). Exercise training and 
nutritional supplementation for physical frailty in very elderly 
people. N. Engl. J. Med., 330(25), 1769-75. 

68. Wilson, W.M.,& Marsden, C.A. (1996). In vivo measurement 
of extracellular serotonin in the ventral hippocampus during 
treadmill running. Behav. Pharmacol., 7(1), 101-04. 

69. Valim, V., Natour, J., Xiao, Y., Pereira, A.F., Lopes, B.B., 
Pollak, D.F., Zandonade, E., & Russell, I.J. (2013). Effects of 
physical exercise on serum levels of serotonin and its 
metabolite in fibromyalgia: a randomized pilot study. Rev. 
Bras. Reumatol., 53(6), 538-41. 

70. Melancon, M. O., Lorrain, D. and Dionne, I. J. (2014). 
Changes in Markers of Brain Serotonin Activity in Response 
to Chronic Exercise in Senior Men. Applied Physiology, 
Nutrition, and Metabolism, 39(11), 1250-1256. 

71. Flora, R., Theodorus, Muhammed Zulkarnain, Rahmad 
Aswin Juliansyah, Syokumawena. (2016). Effect of 
anaerobik and aerobik excercise toward serotonin in rat 
brain tissue. The Journal of Neurobehavioral Sciences, 3(1), 
3-6. 

72. Şahin, H. (2019). Sedanter bayanlarda farklı egzersiz 
türlerinin melatonin ve serotonin hormonlarına etkisi, Yüksek 
Lisans Tezi, Niğde. 

73. Perez Nevero JL, Jaraba Caballero S, Ibarra de la Rosa I, 
Jaraba Cabellero MP, Guilen del Castillo M, Montilla Lopez 
P, Tunez Finana I, Romanos Lezcano A. Effects of 
competitive physical exercise on neuroendocrine response 
and interleukin-6 liberation in children. An Esp Pediatr. 1999; 
51 (3): 267-72 

74. Carr DB, Reppert SM, Bullen B, Skrinar G, Beitins I, Arnold 
M, Rosenblatt M, Martin JB, McArthur JW. Plasma melatonin 
increases during exercise in women. J of C E&M. 1981; 53: 
224-25. 

75. Monteleone P, Maj M, Franza F, Fusco R, Kemali D. The 
human pineal gland responds to stress-induced sympathetic 
activation in the second half of the dark phase preliminary 
evidence. J Neural Transm Gen Sect. 1993; 92(1): 25-32. 

76. Viswanathan, A. and Schernhammer, E. (2009). 
Dolaşımdaki Melatonin ve Kadınlarda Meme ve Endometrial 
Kanser Riski .Kanser Lett,281, 1-7. 

77. Buxton , O., L'Hermite-Balériaux , M., Hirschfeld , U. and 
Cauter, E. (1997). Egzersizin İnsan Melatonin Sekresyonu 
Üzerine Akut ve Gecikmeli Etkileri. Journal Biol Ritimleri, 
12(6). 568-574. 

78. Demirhan, B. (2011). Gece ve gündüz yaptırılan tükenme 
egzersizlerinin serum melatonin düzeylerine etkisi, Yüksek 
Lisans Tezi, Konya. 

79. Yaga K, Tan DX, Reiter RJ, Manchester LC, Hattori A. 
Unusual reponses of noctural pineal melatonin synthesis and 
secretion to swimming: attempts to define mechanisms. J 
Pineal Research. 1993; 14(2): 98-103. 

80. Baltacı AK. Melatonin immün sistem ve çinko. S.Ü. Tıp Fak 
Derg. 2001; 17: 267-72. 

 
 


