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Introduction 
 

he weight balance is an important 

determinate factor of life expectancy 

(1). Obesity is caused by increased 

energy intake, which this disorganizing in 

energy balance leads people to weight gain 

and slimming is due to the decrease in energy 

intake, and energy consumption, thus it is 

logical that adjusting the energy intake and the 
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Abstract 
Objective: Appetite regulation has a great impact on energy 

homeostasis. This study aimed to compare the response agouti-

related protein (AGRP) and neuropeptide Y (NPY) to a single high 

intensity interval training (HIIT) in obese and underweight men. 

Materials and Methods: This semi-experimental research 

conducted on 40 obese and underweight men who were divided into 

four groups including experimental groups (10 obese, and 10 

underweight men) and control groups (10 obese, and 10 underweight 
controls). Both groups were evaluated by biochemical measurements 

in two stages of pre-test and post-test. HIIT was carried out to the 

experimental groups during one session. Data were analyzed using 

one-way ANOVA and T-test using SPSS 21 software. 

Results: NPY levels showed a significant difference in pre and 

post-test in both experimental groups, NPY increased 6.14% in obese 

men and 25.50% in underweight men, which was significant in both 

obese (P-value= 0.002) and underweight (P-value= 0.007) groups. In 

addition, AGRP levels increased 1.91% in obese men and 6.65% in 

underweight men, although this was not significant (P-value= 

0.098). However, no significant differences were observed among 

groups in the levels of NPY and AGRP (P-value= 0.114). 

Conclusion: The results of the present study showed that HIIT can 

increase the amount of AGRP and NPY in obese and underweight 

men. Therefore, appetite neuropeptides increase after a training 

session, which should be considered in the balance of energy and 

food intake after exercise. 

Keywords: Agouti dependent protein, Neuropeptide Y response, 

High intensity interval training, Obesity 

 

D
ow

nl
oa

de
d 

fr
om

 ij
do

.s
su

.a
c.

ir 
at

 1
9:

42
 IR

D
T

 o
n 

S
at

ur
da

y 
Ju

ne
 2

6t
h 

20
21

   
   

   
 [ 

D
O

I: 
10

.1
85

02
/ij

do
.v

13
i2

.6
47

8 
]  

https://ijdo.ssu.ac.ir/article-1-631-en.html
http://dx.doi.org/10.18502/ijdo.v13i2.6478


Agouti-dependent protein, Neuropeptide Y & HIIT
 

 

96 IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 13, NUMBER 2, SUMMER 2021 

 
 

energy consumption can reduce or increase 

body weight (2). Therefore, the balance of 

energy intake and consumed by people should 

be carefully controlled. The energy 

homeostasis system is regulated by central and 

environmental factors (3). The hypothalamus 

is important in controlling nutrition and energy 

balance by secreting various neuropeptides 

and chemical transmitters (4). Agouti-related 

protein (AGRP) and neuropeptide Y (NPY) 

are two well-known environmental and central 

factors in regulating energy intake and body 

weight. AGRP as one of the most potent 

appetitive peptides enhances centrally 

controlled food intake behavior, when 

centrally controlled. On the other hand, 

deficiency in the amount or expression of 

AGRP leads to increased metabolism (5). 

NPY, a peptide hormone, is also produced in 

different parts of the body, especially the 

hypothalamus (Appetite adjustment area) (6). 

It is the most abundant hypothalamic peptide 

and  its most important effect is the 

stimulation of dietary behavior (7). In 

addition, studies have shown that inhibition of 

NPY, appetite suppression and underweight 

(8). In some studies the role of exercise 

examined in preventing, controlling, and 

reducing body fat. Exercise can help regulate 

body weight by affecting appetite hormones 

and altering energy intake (9). In the 

meantime, high intensity interval training 

(HIIT) is one of the most effective physical 

activity (10,11). HIIT increases the 

concentration of energy substrates and the 

activity of anaerobic metabolism-related 

enzymes. To compensate the positive energy 

balance, exercise and physical activity are 

capable of stimulating appetite hormones such 

as NPY and AGRP, which are secreted from 

the environmental and central tissues (10). 

Recent studies have shown that exercise can 

produce negative energy balance by increasing 

energy consumption and adjusting some 

appetite-related hormones such as AGRP and 

NPY (12,13). The aim of the present study 

was to compare the response of some serum 

neuropeptides to a HIIT in obese and 

underweight men. 

 

Materials and Methods 
This study was quasi-experimental. The 

statistical sample consisted of obese and 

underweight men in Isfahan city between 

individuals who were between the ages of 18 

and 35 years, body mass index of 30 to 35 

kg/m for obese individuals and those below 

18.5 kg/m were chosen. G * power software 

was used to evaluate the sample size and 

research power. The underweight sample 

inclusion criteria were no chronic diseases 

such as heart and lung disease, cigarette 

smoking, alcohol and a special diet to lose 

weight. At the coordination meeting and after 

the description of the goals and methods of 

measurement by the researcher, they were 

examined by completing the informed consent. 

The eligible volunteers, were randomly 

selected based on height, age, and body 

composition and were divided into four groups 

of two experimental groups (obese, and 

underweight) and control group were divided 

into two groups (obese and underweight).  

 

Practice program 
HIIT was performed in one session on the 

experimental group according to the running-

based anaerobic sprint test (RAST). Exercise 

program consisted of 10 to 15 minutes warm-

up, slow running and stretching exercises. 

They then traveled over 35 m 6 times at their 

maximum speed and 10 seconds resting 

between every repetition in two sets. At the 

end of each session, running soft, stretching 

and softening movements for ten minutes 

performed the cooling operation. Provided no 

intervention were performed on obese and 

underweight male control group. 

 

The method of measuring blood 

variables 
In the first stage, blood sampling was 

performed between 9-11 am and after 12 hours 

fasting. Then subjects in the experimental 

group performed intense intermittent activity 
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and immediately after the activity such as the 

first step, blood sampling from the 

experimental and control groups was 

performed. Blood sampling was performed 

using needles and vacant tube. The blood 

sample was centrifuged at 3000 rpm for 15 

min and the serums were separated and 

immediately transferred to the refrigerator at -

80° C until measurement. The samples were 

removed from the freezer for measurement 

and allowed to stand at room temperature for 

30 minutes. They were then turned upside 

down three times to eliminate the gradient 

resulting from freezing and thawing, and the 

concentration of the samples to be uniformed. 

NPY response was measured using (Hangzhou 

Eastbiopharm) kit 2.36 ng/l with sensitivity 

that was made in us and by ELISA method. 

Also, the response of AGRP was assayed 

using (Hangzhou Eastbiopharm) kit with 

sensitivity of 1.01 pg/ml made by USA and by 

ELISA method. 

 

Measuring of body composition 

variables 
Weight of people using Seca digital scale, 

made in Germany measured. Height of people 

using the Seca wall height gauge, making the 

German state stand by the wall without shoes 

were measured while the shoulders were in 

normal condition and body weight was evenly 

divided on both feet and eyes were parallel to 

the horizon. To measure the body mass index 

of the subjects, their height and weight were 

measured first, and then the body mass index 

of the subjects was obtained by dividing the 

chi-square weight. In this formula, weights are 

in kg and height in meters and body mass 

index in kg. Percentages of body fat were 

calculated using body mass index (BMI) 

information and age of the subjects using the 

following formula (1):  

Body fat percentage= (1.20×BMI) + (0.23 

×Age) - (10.8×sex) -5.4 

Note: in case of the BMI estimation formula, 

sex is 1 for males and 0 for females 

 

 

Statistical Methods 
The leven’s test was used to check the natural 

distribution of data from the Kolmogorov-

Smirnov test and to test the homogeneity of 

variance. To determine the effect of a HIIT 

training session on serum neuropeptide 

response in obese and underweight men, the 

dependent T-test to examine within-group 

differences and to check the differences 

between groups. One-way analysis of variance 

(ANOVA) was used because of the 

significance of the above test. Data were 

analyzed using SPSS software version 21 and 

the results were considered significant level 

(P-value< 0.05). 

 

Ethical considerations 
The study received ethical approval from 

University of Qom and oral consent was also 

obtained from all individuals before enrolling 

them to study. (Ethics Code: 

IR.QOM.REC.1399.004) 

 

Results 
The characteristics of the subjects in the 

research groups are shown in table 1. There 

was no significant difference between the 

groups of study in terms of age, weight, fat 

percentage and BMI (P-value< 0.05) based on 

the results of table 1. Also the Kolmogorov-

Smirnov test has showed the natural 

explanation of the data between groups and the 

Levin test the variance homogeneity of the 

four studied groups.  

In addition, none of the general indicators 

showed a significant difference between the 

groups. 

According to the results of the study, one-way 

analysis of variance showed that there was no 

significant difference between the groups in 

AGRR and NPY (P-value> 0.05). While intra-

group evaluation of dependent T showed a 

significant difference in NPY index from pre-

test to post-test in both experimental groups, 

NPY increased 6.14% in obese men and 

25.50% in underweight men. which was 

significant in both obese (P-value= 0.002) and 
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underweight (P-value= 0.007) groups (Table 

2).  

Also, based on intra-group evaluation of the 

data, percent increase of AGRP from pre-test 

to post-test was observed in obese and 

underweight men. AGRP increased 1.91% in 

obese men and 6.65% in underweight men, 

although this increase was not significant (P-

value> 0.05).  

 

Discussion 
The aim of this study was to investigate the 

comparison of the response AGRP and NPY to 

HIIT in obese and underweight men. Previous 

studies have shown that inactivity may impair 

the mechanisms responsible for appetite 

regulation. On the other hand, it has been 

shown that physical activity induces appetite 

regulation (14,15). The purpose of the present 

study was to compare a session of HIIT on the 

response of serum neuropeptides in obese and 

underweight men. The results of this study 

showed that one session of intense exercise 

training significantly increased NPY in both 

obese and underweight groups. The results of 

this study were in line with the findings of 

Chen et al. and Suri et al., (16,17). While, with 

the results of keshtar et al. examining the 

effect of moderate exercise on obese rats and 

reporting no change in NPY (18), was 

inconsistent. The reason of differences in 

findings may be related to the training 

population in varied size, intensity, repetition, 

rest, and type of intense exercise program. 

Several mechanisms lead to increased NPY 

after an intense intermittent exercise. NPY 

neurons are sensitive to blood glucose changes 

and are activated by reduction of blood sugar. 

Exercise improves energy balance, reduces 

muscle glycogen stores, and increases glucose 

uptake by activated muscles, which increase 

NPY factors. Increase glycolysis in muscles 

and increase in intracellular glucose 

metabolism products, such as hexamines, may 

increase. NPY also begins to increase by 

suppressing the cost of extra energy after 

training to stop the catabolism process 

following exercise, making the condition 

anabolic (19). This will start replenishing lost 

energy stores during exercise, they start 

rebuilding and this helps rebuild carbohydrate 

reserve (20).  

Table 1. Subject's descriptive characteristic in four groups 

Variable Group 
Underweight 

P-value 
Obese 

P-value 
Mean (±SD) Mean (±SD) 

Age (years) 
Experiential 26.50 (±5.95) 

28.70 (±5.27) 

 

0.12 

24.50 (±5.64) 

27.20 (±5.00) 
0.082 

Control 

Weight (kg) 
Experiential 52.51 (±2.91) 

54.43 (±7.42) 
0.144 

105.17 (±25.26) 

109.36 (±24.10) 
0.074 

Control 

Height (cm) 
Experiential 172.60 (±6.80) 

176.10 (±11.58) 
0.091 

174.70 (±7.51) 

180.40 (±11.01) 
0.068 

Control 

BMI (kg/𝐦𝟐) 
Experiential 17.60 (±0.70) 

17.48 (±1.07) 
0.171 

34.10 (±6.21) 

33.21 (±3.46) 
0.138 

Control 

Fat percentage 
Experiential 11.01 (±1.62) 

11.37 (±1.89) 
0.152 

30.35 (±6.94) 

29.90 (±4.54) 
0.145 

Control 

 
Table2. Comparison of participants' blood indices in the four study groups (data are shown as mean and 

standard deviation 

Variable   Group 
Pre-test 

Mean (±SD) 
Post-test 

Mean (±SD) 
*P within group **P between groups 

AGRP 

)pg/ml( 

Underweight 
Experiential 84.43 (±17.99) 90.05 (±10.99) 0.120 

0.50 
Control 90.94 (±10.07) 86.60 (±8.37) 0.229 

Obese 
Experiential 73.81 (±16.12) 75.22 (±17.87) 0.676 

Control 78.41 (±17.18) 76.95 (±14.85) 0.628 

NPY 

(ng/l) 

Underweight 
Experiential 440.24 (±99.89) 552.52 (±114.38) 0.007 

0.121 
Control 489.98 (±78.67) 471.82 (±98.81) 0.392 

Obese 
Experiential 565.15 (±218.36) 599.90 (±215.04) 0.002 

Control 553.31 (±99.88) 467.70 (±105.41) 0.239 
*P-value for dependent T-test result (significance level P-value< 0.05), ** P-value for ANOVA test results (significance level P-value <0.05). 

 

D
ow

nl
oa

de
d 

fr
om

 ij
do

.s
su

.a
c.

ir 
at

 1
9:

42
 IR

D
T

 o
n 

S
at

ur
da

y 
Ju

ne
 2

6t
h 

20
21

   
   

   
 [ 

D
O

I: 
10

.1
85

02
/ij

do
.v

13
i2

.6
47

8 
]  

https://ijdo.ssu.ac.ir/article-1-631-en.html
http://dx.doi.org/10.18502/ijdo.v13i2.6478


M. Akbarpour Beni et al. 

 

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 13, NUMBER 2, SUMMER 2021 99 

 
 

The results of this study also showed no 

significant difference in the amount of NPY 

between obese and underweight men. The 

results of the present study were aligned with 

the findings of Rijak et al., that no significant 

change was observed in the effect of 12 hour 

running on the NPY levels in rats that had 

access freely to energy stores (21). But they 

contradict the results of studies by Ramson et 

al., which showed that a combination of high 

intensity exercise protocol at 10 h in the first 

week, 15 h in the second week, and 20 h in the 

third week caused a significant change in NPY 

concentration in the male thigh (22). The 

observed contradiction among the findings of 

the present study and the studies involved can 

be attributed to factors such as different 

exercise program, number of training sessions 

and sample used. It sounds that when using 

long-term training programs, a decrease in 

NPY levels is observed. Due to the intensity 

and duration of the exercise program can be 

effective in the NPY response process. Among 

the mechanisms by which intense intermittent 

exercise affects NPY concentrations and 

possibly appetite may be influenced by this 

type of exercise, glucose change, nutritional 

deprivation, and negative energy balance may 

be significant. Changes in energy balance and 

glycogen depletion following intense exercise 

activities result in positive energy balance and 

alteration of NPY secretion in order to 

regenerate glycogen and create a positive 

energy balance. Thus, according to existing 

mechanisms, increased neuropeptide T 

stimulates the restoration of lost energy 

sources due to the impact of a single exercise 

session and restores energy balance (18). 

However, the difference between the effect of 

one session of intense exercise on the rate of 

NPY secretion in obese and underweight men 

may be due to the insufficient number of 

sessions and the duration of said physical 

activity to balance energy and subsequently 

stimulate the secretion of this peptide. 

Recovery of carbohydrate reserves and 

recovery of glycogen was considered.  

Another result of this study was the lack of 

significant change of AGRP in obese and 

underweight men from pretest to posttest .The 

findings of this study are in agreement with 

the results of Salehi et al. and Ghiasi et al. 

(23,24). While, it is inconsistent with the 

results of Rahmani et al. (25). The most 

important reason for contradiction in the 

findings of the present study with the above 

studies is due to differences in the response of 

individuals to exercise, inadequate exercise 

duration, frequency and intensity of exercises, 

and inactivity and inactivity of samples. 

Exercise interventions have important effects 

on the intra-cell energy equation, AGRP 

secretion, and ultimately weight management 

and control (26). Evidence also suggests that 

the AGRP has an inhibitory effect on the 

hypothalamic-pituitary-thyroid axis. In 

general, the induction of the AGRP suppresses 

the TSH-secreting hormone TRH and reduces 

circulating thyroid hormones (27). To review 

the results of the studies it seems that one of 

the most important factors in increasing the 

AGRP in starvation and food restriction is the 

decrease of cellular energy charge. 

Restrictions on energy intake can negatively 

balance energy within the muscle cell and 

increase the cell's demand for energy. These 

factors activate several mechanisms in the 

body, which eventually trigger the expression 

of high levels of one of the strongest 

hormones, the neuropeptides involved in the 

regulation of appetite, called the agouti-

dependent protein; As a result, appetite 

stimulation with AGRP is altered by exercise 

training (24). However, the lack of significant 

change in levels of this peptide in the present 

study can be attributed to the sufficient 

intensity and duration of exercise to strike a 

negative balance and subsequently stimulate 

the release of appetitive peptides to balance 

the two sides of the energy equation. 

Also, the results of this study showed no 

significant difference in AGRP between obese 

and underweight men. The present, results are 

in line with the findings of Delphan et al., 

which examined the effect of two traditional 
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dietary protocols with saunas and reported no 

significant change in AGRP in professional 

wrestlers (28). Therefore, exercise, increases 

appetite and leads to an increase in the 

negative energy balance and amounts of 

hypothalamic and extrapulmonary appetite 

peptides, including the AGRP (29). At the 

same time, the negative energy balance for 

stimulating appetite and enhancing food 

absorption as well as improving the response 

of the agitator-dependent protein secretion 

depend on the initial amount of fuel and 

nutritional status as well as on the intensity, 

duration and mode of training (27). Therefore, 

considering the severity, duration, and mode 

of vigorous exercise in the present study, it can 

be justified that the lack of difference arising 

from effect of a vigorous periodic exercise 

session on the amount of AGRP in obese and 

underweight men. Also, the low number of 

subjects in varied groups of the present study 

had an impact on the results of statistical tests 

and the difference with the results of other 

studies. The present study was a quasi-

experimental study in a population of obese 

and underweight men, so controlling all 

influencing factors such as genetic factors, or 

others that were independent of obesity and 

underweight was beyond the control of the 

researchers, and these factors can influence the 

results. 

 

Conclusions 
Overall, the results of the present study 

showed that a session of HIIT can increase the 

amount of AGRR and NPY protein in obese 

and underweight men. However, according to 

the results of this study, this increase was more 

in the underweight group than in the obese 

group. Therefore, increased appetite following 

HIIT results from increased levels of AGRR 

and NPY proteins. According to the above 

findings that underweight individuals who 

complain of anorexia ،since the AGRR and 

NPY may increase appetite, They can use 

intermittent exercises especially HIIT to 

increase appetite. 

 

Acknowledgments 
The authors sincerely appreciate all 

participants and Qom University to support 

this research. 

 

Funding 
This research was conducted with the support 

of Qom University. 

 

Conflict of Interest  
No conflict of interest was declared. 

 

 

References 
 

1.  Roux L, Donaldson C. Economics and obesity: 

costing the problem or evaluating solutions?. 

Obesity research. 2004;12(2):173-9. 

2. 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. The 

Journal of Clinical Endocrinology & Metabolism. 

2010;95(4):1609-16. 

3. Schneeberger M, Gomis R, Claret M. 

Hypothalamic and brainstem neuronal circuits 

controlling homeostatic energy balance. Journal of 

endocrinology. 2014;220(2):T25-46. 

4. Hillebrand JJ, De Wied D, Adan RA. 

Neuropeptides, food intake and body weight 

regulation: a hypothalamic focus. Peptides. 

2002;23(12):2283-306. 

5. Loos RJ, Rankinen T, Rice T, Rao DC, Leon AS, 

Skinner JS, et al. Two ethnic-specific 

polymorphisms in the human Agouti-related protein 

gene are associated with macronutrient intake. The 

American journal of clinical nutrition. 

2005;82(5):1097-101. 

6. Fekete C, Legradi G, Mihaly E, Huang QH, Tatro 

JB, Rand WM, et al. α -Melanocyte-stimulating 

hormone is contained in nerve terminals 

innervating thyrotropin-releasing hormone-

synthesizing neurons in the hypothalamic 

paraventricular nucleus and prevents fasting-

induced suppression of prothyrotropin-releasing 

hormone gene expression. Journal of Neuroscience. 

2000;20(4):1550-8. 

7. Hamedinia M, Davarzani Z, Hosseini KA. The 

Effect of one Session of Swimming and Running 

Training on Hunger Rate and Ghrelin, Insulin and 

Cortisol Hormones of the Plasma in the Healthy 

Girls. 2011;13(1):82-9. (in Persian) 

D
ow

nl
oa

de
d 

fr
om

 ij
do

.s
su

.a
c.

ir 
at

 1
9:

42
 IR

D
T

 o
n 

S
at

ur
da

y 
Ju

ne
 2

6t
h 

20
21

   
   

   
 [ 

D
O

I: 
10

.1
85

02
/ij

do
.v

13
i2

.6
47

8 
]  

https://ijdo.ssu.ac.ir/article-1-631-en.html
http://dx.doi.org/10.18502/ijdo.v13i2.6478


M. Akbarpour Beni et al. 

 

101 IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 13, NUMBER 2, SUMMER 2021 

 
 

8. ZilaeiBouri S, Khedri A, ZilaeiBouri M. 

Comparing the effects of aerobic exercises of high 

and moderate intensity on serum leptin levels and 

capacity of fat oxidation among young obese girls. 

Journal of Fasa University of Medical Sciences. 

2013;3(1):81-7. (in Persian) 

9. Cheng MH, Bushnell D, Cannon DT, Kern M. 

Appetite regulation via exercise prior or subsequent 

to high-fat meal consumption. Appetite. 

2009;52(1):193-8. 

10. Ghanbari-Niaki A, Nabatchian S, Hedayati M. 

Plasma agouti-related protein (AGRP), growth 

hormone, insulin responses to a single circuit-

resistance exercise in male college students. 

Peptides. 2007;28(5):1035-9. 

11. Rodas G, Ventura JL, Cadefau JA, Cussó R, Parra 

J. A short training programme for the rapid 

improvement of both aerobic and anaerobic 

metabolism. European journal of applied 

physiology. 2000;82(5):480-6. 

12. Stensel D. Exercise, appetite and appetite-

regulating hormones: implications for food intake 

and weight control. Annals of nutrition and 

metabolism. 2010;57(2):36-42. 

13. Faraji H, Taghipoor Asrami A, Jalali SF, Enferadi 

F. The effect of concurrent exercise on PYY and 

NPY plasma levels in obese men. Tabari 

Biomedical Student Research Journal. 

2016;2(1):48-58. (in Persian) 

14. Hopkins M, Blundell JE. Energy balance, body 

composition, sedentariness and appetite regulation: 

pathways to obesity. Clinical Science. 

2016;130(18):1615-28. 

15. Rocha J, Paxman J, Dalton C, Winter E, Broom 

DR. Effects of a 12-week aerobic exercise 

intervention on eating behaviour, food cravings, 

and 7-day energy intake and energy expenditure in 

inactive men. Applied Physiology, Nutrition, and 

Metabolism. 2016;41(11):1129-36. 

16. Chen JX, Zhao X, Yue GX, Wang ZF. Influence of 

Acute and Chronic Treadmill Exercise on Rat 

Plasma Lactate and Brain NPY, L-ENK, DYN A 

1–13. Cellular and molecular neurobiology. 

2007;27(1):1-0. 

17. Soori R, Mahmoodi F, Ranjbar K, Ramezankhani 

A, Akbari M. Effects of regular physical activity on 

levels of nesfatin-1, neuropeptideY and cortisol in 

obese men. Koomesh. 2017;19(1):64-74. (in 

Persian) 

18. Keshtkar B, Daryanoosh F, Nabizadeh F, Tanideh 

N, Salesi M. The effect of training program with 

moderate and high intensity exercises on 

neuropeptide y hormone and ghrelin in fat 

asprague-dawley rats. Journal of Advances in 

Medical and Biomedical Research. 2014;22(94):96-

110. 

19. Ghanbari-Niaki A. Ghrelin and glucoregulatory 

hormone responses to a single circuit resistance 

exercise in male college students. Clinical 

biochemistry. 2006;39(10):966-70. 

20. Ataullakhanov FI, Vitvitsky VM. What determines 

the intracellular ATP concentration. Bioscience 

reports. 2002;22(5-6):501-11. 

21. De Rijke CE, Hillebrand JJ, Verhagen LA, Roeling 

TA, Adan RA. Hypothalamic neuropeptide 

expression following chronic food restriction in 

sedentary and wheel-running rats. Journal of 

molecular endocrinology. 2005;35(2):381-90. 

22. 22. Ramson R, Jurimae J, Jurimae T, Maestu J. 

The effect of 4-week training period on plasma 

neuropeptide Y, leptin and ghrelin responses in 

male rowers. European journal of applied 

physiology. 2012;112(5):1873-80. 

23. Ghiasi E, Manesh MD, Daryanoosh F, 

Nazemzadeghan G. Effect of eight weeks aerobic 

exercise on plasma level of agouti-related protein, 

glycated hemoglobin and glucose in non-active 

type II diabetic women. Journal of Gorgan 

University of Medical Sciences. 2015;17(3):89-95. 

(in Persian) 

24. Salehi E, Banitalebi E, Faramarzi M, Bagheri L, 

Mardanpour Shahrekordi Z. Effects of 8-weeks 

combined training (strength and endurance) on 

serum levels of AGRP, GH and changes in appetite 

and body mass in postmenopausal women. The 

Iranian Journal of Obstetrics, Gynecology and 

Infertility. 2016;19(28):1-9. (in Persian) 

25. Gobadi MR, Rahmaninia F, Mirzaei B, Hedayati 

M. Effects of 8 weeks of aerobic training on 

Agouti-related peptide, appetite hormones and 

insulin resistance in overweight sedentary women. 

Journal of Jahrom University of Medical Sciences. 

2016;14(2). (in Persian) 

26. de Mello MT, de Piano A, Carnier J, Sanches PD, 

Correa FA, Tock L, et al. Long‐term effects of 

aerobic plus resistance training on the metabolic 

syndrome and adiponectinemia in obese 

adolescents. The journal of clinical hypertension. 

2011;13(5):343-50. 

27. Markofski MM, Carrillo AE, Timmerman KL, 

Jennings K, Coen PM, Pence BD, et al. Exercise 

training modifies ghrelin and adiponectin 

concentrations and is related to inflammation in 

older adults. Journals of Gerontology Series A: 

Biomedical Sciences and Medical Sciences. 

2014;69(6):675-81. 

28. Delphan M, Rashidlamir A, Ebrahimi-Atri A, 

Saadatnia A. The effect of two weight loss 

protocols on plasma concentration of agouti related 

peptide (AgRP) in elite wrestlers. Jundishapur 

Scientific Medical Journal. 2013;12(3):229-41. (in 

Persian) 

29. Horowitz JF. Fatty acid mobilization from adipose 

tissue during exercise. Trends in Endocrinology & 

Metabolism. 2003;14(8):386-92. 

 

D
ow

nl
oa

de
d 

fr
om

 ij
do

.s
su

.a
c.

ir 
at

 1
9:

42
 IR

D
T

 o
n 

S
at

ur
da

y 
Ju

ne
 2

6t
h 

20
21

   
   

   
 [ 

D
O

I: 
10

.1
85

02
/ij

do
.v

13
i2

.6
47

8 
]  

https://ijdo.ssu.ac.ir/article-1-631-en.html
http://dx.doi.org/10.18502/ijdo.v13i2.6478

