
ORIGINAL ARTICLE 

 

62 IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 7, NUMBER 2, SUMMER 2015 

 

 

  

Effects of Eight Weeks Aerobic Exercise on Plasma Levels of Orexin A, Leptin, 

Glucose, Insulin, and Insulin Resistance in Males with Type 2 Diabetes 

 

Ali Akbar Alizadeh
1*

, Farhad Rahmani-Nia
1
, Hamid Mohebbi

1
,
 
Mehrnoosh Zakerkish

2
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction

 
he body's hormone system disruptions 

are the main factors in metabolic 

disorders such as insulin resistance and 

type 2 diabetes that is due to lifestyle changes, 

obesity, and aging process (1). Leptin is one of 

these hormones that is secreted from adipose 

tissue and play an important role in regulating 

of energy consumption and metabolism. 

Different studies showed that the lack of leptin 

causes obesity and its injection increases the 

energy consumption and decreases desire to 

take food (2). Leptin reduces glucose levels in 

the blood. It is reported that leptin 

concentration in serum is associated to insulin 

concentration and insulin sensitivity. 

Accordingly, it is thought that leptin has a role 
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Abstract 
Objective: The recent study aimed to investigate the effects of 

chronic aerobic activity on the plasma levels of orexin A, leptin, 

glucose, insulin, and insulin resistance in males with type 2 diabetes. 

Materials and Methods: Twenty subjects randomly assigned 

into control and experimental groups, involving 10 people in each 

group. Exercise protocol consisted of eight session aerobic exercise. 

Each session was done between 15 to 30 minutes so that in earlier 

weeks started with 50% of maximum heart rate for 15 minutes per 

day and continued with 80% of maximum heart rate for 30 minutes 

per day in last week. The heart rate was measured using heart rate 

monitor. Before the start of training and 48 hours after the last 

training session, blood samples were taken from both groups.  

Results: the mean age of participants was 45.40 ± 5.42 year, mean 

weight was 80.91 ± 6.35 kg, the mean of body mass index was 

25.41 ± 2.76 kg/m
2
.The analysis of findings in the P≤0.05 indicated 

that chronic aerobic exercise caused a significant increase in plasma 

leves of orexin A and significant decrease in insulin and insulin 

resistance, and leptin. 

Conclusion: Chronic aerobic exercise can decrease the insulin 

resistance in people with type 2 diabetes via increasing the plasma 

levels of orexin A and decreasing in plasma level of glucose and 

insulin.  

Keywords: Aerobic activity, Orexin A, Leptin, Insulin, Insulin 

resistance, Type 2 diabetes 
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in the etiology of insulin resistance and type 2 

diabetes (3). 

In addition to well-knowned regulating role of 

leptin in energy homeostasis, there are 

growing evidence indicated leptin rolesin 

regulation of glucose homeostasis, particularly 

in control of peripheral tissues insulin 

sensitivity (4). The earliest evidence comes 

from studies in mice with genetic leptin 

deficiency or leptin receptor deficiency. These 

animals displayedinsulin resistance and 

diabetes in addition tohyperphagia and obesity 

(5). Several observations suggest that leptin 

regulates glucose metabolism, independently 

of its effect on energy balance. It is found that 

leptin administration to leptin-deficient mice 

or humans improves hyperglycemia and 

hyperinsulinemia (4). Interactive effects of 

leptin and insulin resulted from changes in 

blood glucose are expressed as adipoinsular 

axis. This means that enhanced glucose levels 

increases insulin secretion and increases the 

secretion of leptin, in turn.  In this axis, leptin 

directly and indirectly affects insulin secretion 

and reduces it (6). 

Other effective hormone that affect the body's 

metabolic process is Orexin or Hypocretin. 

This hormone is produced by a very small 

population of neurons located in and around 

the hypothalamic lateral nuclei (LH), however 

the axons from these neurons extend 

throughout the brain and spinal cord (7). 

Orexin found in two types; OrexinA (OXA) 

and Orexin B (OXB) that are 33 and 28 amino 

acid residues long, respectively, and are made 

by the activity of prepro-orexin (PPO) genes. 

Researches showed that OXA may be of 

greater biological importance than OXB (5). 

OXA has inevitable role in glucose 

metabolism so that decreasing in OXA lead to 

dysfunction, glucose tolerance and insulin 

resistance in non-obese male mice and almost 

obese female mice (8). Skrzypski et al. 

suggested that OXA increased glucose uptake 

by elevated translocating of glucose 

transporter GLUT4 from cytoplasm into the 

plasma membrane (9). Recent evidence 

suggests that sufficient amounts of orexin in 

mice protects the body against the 

development of insulin resistance caused by 

aging. Also, it is known that OX2R signaling 

resists against diet-induced obesity and 

reduced insulin sensitivity by improving leptin 

sensitivity (10). Miyasaka et al. (2002) 

reported that OXA intracerebral injection 

stimulates insulin secretion in the rat (11). 

Some studies suggested that reduction in blood 

glucose resulting from insulin injectionsin 

brain increases the mRNA of OXA precursor 

in the lateral hypothalamic area. In addition, it 

is known that stimulation of the OXA 

secretion and its role in increased desire to 

take food is because of reduction in glucose 

levels. On the other hand, increased levels of 

plasma leptin, which is a sign of increasing 

energy reserves of adipose tissue, inhibits the 

secretion of OXA. Probably the effect of 

insulin on the hypothalamic expression or 

secretion of orexin is dependent on glucose 

concentration (6,12). Since OXA is an 

effective factor in integrating peripheral 

metabolism, central regulation of behaviors 

and maintenance of energy homeostasis (13), 

it can affect by factors that change energy 

homeostasis. Given that physical activity 

increased the activity of cardiovascular, 

breathing and the energy-generating systems, 

affecting OXA secretion (14). This has been 

observed in several studies in non-human 

samples in order to evaluate the role of 

physical activity in OXA secretion (15-17). 

Recent evidence indicated that the disruption 

in production of OXA is one of the effective 

factors in aging-induced glucose homeostasis 

and diabetes (1). Since, there are a few studies 

that investigate the effect of physical activity 

on OXA changes in human samples.In 

addition, we found no research that 

demonstrated the effect of physical activity on 

OXA and adipoinsular axis. Accordingly, it is 

necessary to investigate the effect of physical 

activity on these hormones. Therefore the 

present study was done to evaluate the effect 

of chronic aerobic exercise on plasma levels of 

OXA, leptin, insulin, glucose, and insulin 

resistance in males with type 2 diabetes. 
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Materials and Methods 

Twenty patients with type 2 diabetes among 

the males admitted to Ahwaz Golestan hospital 

were selected by random sampling. They were 

between 40 and 50 years old. The inclusion 

criteria were, having blood sugar in the range 

of 126 - 200 mg/dl, No history of diabetes over 

five years, not smoking and any other drugs 

addiction or medication, not having any 

particular disease such as cardiovascular, 

respiratory, kidney, and hypertension diseases, 

as well as do not use insulin and having no 

diabetes complications such as peripheral 

vascular disease and diabetic foot ulcers. The 

subjects were randomly assigned into 

experimental and control groups, involving 10 

people in each group. In a briefing participants 

called and preparations such as completing a 

questionnaire on demographic information, 

explaining about the investigation, collecting 

their consent, cooperation schedule, 

understanding how to complete the dietary 

recalls questionnaire during the investigation 

and so on was done. Before and after the main 

activity, anthropometric measurements (weight 

and height) and body composition (BMI, body 

fat percentage) were done for each subject in 

the laboratory. Subject's fat percentage 

measured with bioelectrical impedances (BIA) 

made in South Korea using bioelectrical 

method. Maximum oxygen consumption 

(VO2max) were measured using a modified 

Bruce test (18). 

Each session was done between 15 to 30 

minutes so that in earlier weeks started with 50 

% of maximum heart rate for 15 minutes per 

day and continued with 80 % of maximum 

heart rate for 30 minutes per day in eighth 

week. The heart rate was measured using heart 

rate monitor. Since nutrition is a factor 

affecting the hormonal changes, the 

participants were asked not to change their 

nutrition program and avoid taking nutritional 

supplements during the study. In this study, all 

patients received the same nutritional advices 

by nutritionists. they were asked to refrain 

from doing other exercise activities, and do not 

change their routine diet. The nutritional status 

were measured through 24-hour dietary recall 

forms in a week before activity, fourth, and 

last week of activity, in terms of intake energy 

levels and energy expenditure and required 

feedbacks was provided to them. 

First sampling was done in fasting at 8 a.m. 

from all participants to measure the plasma 

levels of OXA, leptin, glucose, insulin and 

insulin resistance. Blood samples was obtained 

from capital vein of participants by 5 cc. In 

addition, 48 hours after last session of chronic 

physical activity second sampling was donein 

fasting to measure the plasma levels of OXA, 

leptin, glucose, insulin, and insulin resistance. 

Blood samples were withdrawn into 

heparinized tubes containing anticoagulant 

citrate or EDTA 5% and gently shake in order 

to prevent clotting. Heparinized whole blood 

samples were immediately centrifuged at 200 

to 300 rpm in 4 °C for 20 minutes. 

Immediately after isolation, plasma samples 

were stored at -80°C until measuring variables. 

Glucose concentration were measured using 

the enzymatic colorimetric method (glucose 

oxidase, Pars test, Tehran, Iran) and the Auto 

analyzer Selectra 2. Leptin was measured 

using double-antibody technique by a kit from 

Boster company. Insulin was measured by 

ELISA using Monobind kits. OXA also 

measured by ELISA using Phoenix 

Pharmaceutical, INC kits. Insulin resistance 

was calculated using the following HOMA-IR 

formula (19).  

HOMA-IR = [fasting glucose (mmol/dL) × 

fasting insulin (mU/L) / 22.5] 

Statistical analysis 

The normal distribution was tested by 

Kolmogorov-Smirnov. The results were 

analyzed by Shapiro-Wilk test followed by 

independent T-test to evaluate the significance 

of the difference between two groups and 

correlated T-test to evaluate the significance of 

the difference between pre-test and post-test. 

These statistical tests were performed using 

Statistical Package for Social Science (SPSS 

22.0 for windows). A significant change was 

accepted at P-value≤0.05. 
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Results 
As shown in Table 1, inexperimental group 

chronic aerobic activity caused a significant 

reduction in the weight and a significant 

increase in maximum oxygen consumption. 

However there were no significant change in 

other indexes in both groups.  

Table 2 demonstrates the plasma levels of 

OXA, leptin, glucose, insulin, and insulin 

resistance in control and experimental groups 

before and after chronic aerobic exercise. 

Chronic aerobic exercise causeda significant 

increase in OXA, and a significant decrease in 

glucose, insulin, and insulin resistance, and 

leptin. 

 

Discussion 
Findings showed that eight weeks of physical 

activity resulted in a significant increase in 

plasma levels of OXA, significant decrease in 

plasma levels of glucose, insulin, and insulin 

resistance, and no significant effect on plasma 

levels of leptin. 

Studies reported that aerobic physical activity 

through two simultaneous events, that is 

decreasing in weight and increasing in GLUT4 

expression in the skeletal muscles, can 

increase insulin sensitivity in subjects with 

insulin resistance (20). The molecular 

mechanisms that increase glucose uptake and 

reduce the insulin resistance with physical 

activity, involves key signaling proteins 

regulating glucose uptake in skeletal muscle. 

Recent evidences suggested that exercise-

induced reduction in insulin resistance is 

associated with elevated effective proteins in 

insulin signaling such as AMP-activated 

protein kinase (AMPK). AMPK is a 

intracellular metabolic sensor that regulates 

glucose hemostasis by acting upon insulin 

sensitive tissues (21,22). In insulin resistance, 

insulin signaling pathways may be disturbed 

due to multiple processes including changes in 

the levels of proteins, enzymes, transcription 

factors and signaling molecules involved in 

it,and Insulin did not function properly on its 

target tissue. In such cases, usually due to 

dysfunction of the insulin receptors, glucose 

transporter GLUT4 are not stimulated in order 

to transfer them to the cell membrane and 

insulin resistance occur. This process can lead 

to type 2 diabetes, if it is not treated in early 

stages (23-25). Exercise can increase insulin 

sensitivity by impacting on insulin substrate 

receptors (IRS-1, IRS-2) and/or activation of 

phosphatidylinositol 3-kinase. Increasing in 

Table 1. Anthropometric, physiological and physical composition of the participants before and 

after chronic aerobic exercise. 

Variables 

Control 

(mean ± SD) 

Experimental 

(mean ± SD) 

before after before after 

Age (year) 46.60 ± 5.42 46.60 ± 5.42 44.20 ± 3.70 44.20 ± 3.70 

Height (cm) 174.98 ± 6.39 174.98 ± 6.39 179.00 ± 5.03 179.00 ± 5.03 

Weight (kg) 79.30 ± 6.35 79.74 ± 4.73 82.53 ± 5.47 78.32 ± 5.45* 

Body fat (%) 32.82 ± 3.82 33.02 ± 2.32 30.27 ± 3.70 29.01 ± 1.34 

BMI (kg/m2) 26.02 ± 2.62 26.43 ± 1.80 24.81 ± 2.76 23.67 ± 1.63 

Waist-hip ratio (m) 0.96 ± 0.42 0.96 ± 0.61 0.94 ± 0.50 0.93 ± 0.80 

VO2max(ml/kg/min) 35.09 ± 4.07 35.86 ± 4.15 37.09 ± 3.03 41.05 ± 4.18* 
* Significant difference in P≤0.05. 

 

Table 2. Plasma levels of OXA, leptin, glucose, insulin, and insulin resistance before and after 

chronic aerobic activity in control and experimental groups.Data are expressed as mean ± SD. 

Variables 
Control group 

(mean ± SD) 

Experimental group 

(mean ± SD) 

before after before after 

OXA (ng/ml) 50.87 ± 3.28 51.28 ± 1.31 52.96 ± 1.15 55.13 ± 1.16
*
 

leptin (ng/ml) 9.41 ± 1.18 9.46 ± 1.18 8.02 ± 1.18 6.21 ± 1.16* 

glucose (mg/dl) 163.10 ± 16.76 157.80 ± 15.11 157.70 ± 16.68 144.30 ± 13.01* 

insulin (IU/ml) 12.52 ± 2.23 13.95 ± 2.51 11.04 ± 1.92 8.52 ± 1.25* 

Insulin resistance 5.64 ± 0.66 6.10 ± 1.28* 4.26 ± 0.06 3.10 ± 0.50* 
* Significant difference in P≤0.05. 
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the sensitivity of insulin receptors initiates a 

complex cascade of phosphorylation and 

dephosphorylation reactions, leading to widely 

metabolic and mitogenic effects of insulin. For 

example, activation of phosphatidylinositol 3-

kinase induces the translocating of glucose 

receptors (GLUT4 etc.) to the cell surface, 

resulting in glucose uptake in muscle cells 

(26,27). Our findings showed thatchronic 

aerobic activity increases the plasma levels of 

OXA. Studies suggested that OXA prevented 

the insulin resistance in liver by affecting on 

central nervous system (28). Also, some 

studies have shown that OXA increases the 

activity of the AMPK and UCPs, increasing in 

glucose utilization, fatty acid oxidation, 

mitochondrial biogenesis, and insulin 

sensitivity, resulting in weight loss and 

reducing insulin resistance (21,29-31). 

In addition, OXA increased glucose uptake by 

elevated translocating of glucose transporter 

GLUT4 from cytoplasm into the plasma 

membrane (9). Other evidences suggested that 

plenty of OXA in mice protects the body 

against the development of insulin resistance 

caused by aging. Furthermore, orexin 

receptors signaling (OX2R) resists to diet-

induced obesity and decreases insulin 

sensitivity by improving leptin sensitivity (10). 

Exercise-induced increasing in orexin can also 

improve the function of brown adipose tissue, 

increases metabolic thermogenesis, and 

prevents weight gain and metabolic disorders 

such as insulin resistance (32). In addition to 

direct impact of physical activity on plasma 

levels of orexin, the resulting weight loss can 

also be effective in increasing of orexin, thus 

obese subjects have high levels of orexin and 

low levels of leptin as compared with lean 

people (33). 

Our findings showed a decrease in plasma 

levels of leptin after aerobic exercise in males 

with type 2 diabetes. Studies reported that 

aerobic exercise reduces the plasma levels of 

leptin through decreased body fat levels and 

negative energy balance (34). In agreement 

with this study, we found a reduction in the 

levels of body fat together with plasma levels 

of leptin. According to Gomez et al. decreased 

levels of glucose can reduce leptin secretion in 

adipose tissue (35). Exercise-induced 

reduction in leptin may be due to decreased 

plasma levels of glucose and negative energy 

balance (36), and can increase catecholamines, 

and decrease insulin (37). Here we found a 

decrease in both insulin and leptin. Researches 

observed that endurance training reduces ob 

gene mRNA in mice (38). Insulincan affectthe 

expression ofob geneand therebycontrol 

theplasma levels ofleptin (39). So insulin and 

leptin have reciprocal effects. In addition 

insulin and leptin are sensitive to changes in 

blood glucose, as found in adipoinsular axis 

(35,40). In the recent study, these 

simultaneous changes were observedin leptin, 

insulin and glucoseas a result of chronic 

aerobic activity. Moreover, changes in plasma 

levels of OXA were observed along with 

leptin changes in adipoinsular axis. Researches 

suggested that orexin receptor signaling can 

prevent obesity and increases leptin sensitivity 

(11). So it is possible that reduction in leptin 

secretion as a result of leptin sensitivity is due 

to increase in plasma levels of OXA. 

Blood glucose reduction in the brain as a result 

of insulin injections increases mRNA of OXA 

precursors in the lateral hypothalamus. 

Stimulation of OXA secretion and its role in 

increased desire to take food is because of 

reduction in glucose levels. On the other hand, 

increased levels of leptin, which is a sign of 

increasing energy reserves of adipose tissue, 

inhibits the OXA secretion. Leptin can 

decrease insulin secretion in the adipoinsular 

axis using autonomous nervous system by 

inhibiting parasympathetic system or 

activating sympathetic system. In addition 

insulin effects on hypothalamic expression of 

OXA or its secretion is depend on glucose 

concentration (41,42). Taken together, it seems 

that changes in blood glucose as a result of 

physical activity is initial point of changes in 

orexin cycle and adipoinsular axis, because 

orexin, leptin, and insulin are hormones that 

regulate the body's energy balance, and react 

with nutritional status of the body.    
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Our research including the limited researches 

that evaluate the effect of chronic aerobic 

exercise on changes in OXA and adipoinsular 

axis. It is recommended to do similar research 

with longer time and greater number of 

subjects. 

 

Acknowledgement 
This work was supported in part by a conjoint 

grant from University of Guilan. We are 

grateful of Ahvaz Jundishapur University of 

Medical Sciences, for scientific 

encouragement and collaboration 

 

References
 

1. Nishino S, Sakurai T. The orexin /hypocretin  

system Physiology and Pathophysiology. Humana 

Press Inc. 2006. 

2. Bonzón-Kulichenko E, Schwudke D, Gallardo N, 

Moltó E, Fernández-Agulló T, Shevchenko A, et al. 

Central leptin regulates total ceramide content and 

sterol regulatory element binding protein-1C 

proteolytic maturation in rat white adipose tissue. 

Endocrinology 2009;150(1):169-78. 

3. Larsen JJS, Dela F, Kjær M, Galbo H. The effect of 

moderate exercise on postprandial glucose 

homeostasis in NIDDM patients. Diabetologia 1997 

40(4):447–53. 

4. Morton GJW, Schwartz MW. Leptin and the 

Central Nervous System Control of Glucose 

Metabolism. Physiol Rev 2011;91:389-411. 

5. Coleman DL. Obese and diabetes: two mutant 

genes causing diabetes-obesity syndromes in mice. 

Diabetologia 1978;14:141–8. 

6. Switońska MM, Kaczmarek P, Malendowicz LK, 

Nowak KW. Orexins and adipoinsular axis function 

in the rat. Regulatory Peptides. 2002;104(1-3):69-

73. 

7. Ebrahim IO, Howard RS, Kopelman MD, Sharief 

MK, Williams AJ. The hypocretin/orexin system. 

Journal of the Royal Society of Medicine. 

2002;95(5):227-30. 

8. Thomas GN, Jiang CQ, Taheri S, Xiao ZH, 

Tomlinson B, Cheung BMY, et al. A systematic 

review of lifestyle modification and glucose 

intolerance in the prevention of type 2 diabetes. 

Current diabetes reviews. 2010;6(6):378-87. 

9. Skrzypski M, Le TT, Kaczmarek P, Pruszynska-

Oszmalek E, Pietrzak P, D. S. Orexin A stimulates 

glucose uptake, lipid accumulation and adiponectin 

secretion from 3T3-L1 adipocytes and isolated 

primary rat adipocytes. Diabetologia 2011;54:1841-

52. 

10. Tsuneki H, Murata S, Anzawa Y, Soeda Y, Tokai 

E, Wada T, et al. Age-related insulin resistance in 

hypothalamus and peripheral tissues of orexin 

knockout mice. Diabetologia. 2008;51:657-67. 

11. Miyasaka K, Masuda M, Kanai S, Sato N, 

Kurosawa M, Funakoshi A. Central Orexin-A 

stimulates pan creatic exocrine secretion via the 

vagus. Pancreas 2002;25:400– 4. 

12. Mizuno A, Murakami T, Otani S, Kuwajima M, 

Shima K. Leptin affects pancreatic endocrine 

functions through the sympathetic nerv- ous 

system. Endocrinology. 1998;139(9):3863 –70. 

13. Landt  M, Lawson GM, Helgeson JM, Davila-

Roman VG, Ladenson JH, Jaffe AS, et al. 

Prolonged exercise decreases serum leptin 

concentrations. Metabolism 1997;46(10):1109-12. 

14. Marino JS, Xu Y, Hill JW. Central insulin and 

leptin-mediated autonomic control of glucose 

homeostasis. Trends in Endocrinology and 

Metabolism. 2011;22(7):275-85. 

15. Haskell-Luevano C, Schaub JW, Andreasen A, 

Haskell KR, Moore MC, Koerper LM, et al. 

Voluntary exercise prevents the obese and diabetic 

metabolic syndrome of the melanocortin-4 receptor 

knockout mouse. The FASEB journal 2009 

23(2):642–55. 

16. Niswender KD, Magnuson MA. Obesity and the β 

cell: lessons from leptin. The Journal of Clinical 

Investigation. 2007;117(10):2753-6. 

17. Messina G, Di Bernardo G, Messina A, Dalia C, 

Chieffi S, Galderisi U, et al. Brief Exercise 

Enhances Blood Hypocretin-1 in Sedentary Men. J 

Sports Med Doping Stud 2014;4(5):1-4. 

18. Bruce RA, Lovejoy FW, Pearson R, Yu PNG, 

Pearson R, Brothers GB, et al. Normal respiratory 

and circulatory pathways of adaptation in exercise. 

J Clin Invest 1949;28:1423-30. 

19. Matthews DR, Hosker JP, Rudenski AS, Naylor 

BA, Treacher DF, Turner RC. Homeostasis model 

assessment: insulin resistance and β-cell function 

from fasting plasma glucose and insulin 

concentrations in man. Diabetologia. 

1985;28(7):412-9. 

20. Fontana L, Klein S, Holloszy JO. Effects of long-

term calorie restriction and endurance exercise on 

glucose tolerance, insulin action, and adipokine 

production. Age. 2010;32(1):97-108. 

21. Calegari VC, Zoppi CC, Rezende LF, Silveira LR, 

Carneiro EM, Boschero AC. Endurance training 

activates AMP-activated protein kinase, increases 

expression of uncoupling protein 2 and reduces 

insulin secretion from rat pancreatic islets. Journal 

of Endocrinology. 2011;208(3):257-64. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

do
.s

su
.a

c.
ir

 o
n 

20
25

-1
1-

18
 ]

 

                               6 / 7

https://ijdo.ssu.ac.ir/article-1-234-en.html


Aerobic exercise effect Orexin A, leptin, insulin, and insulin resistance 

 

68 IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 7, NUMBER 2, SUMMER 2015 

 

 

22. Lehnen AM, Angelis KD, Markoski MM, Schaan 

BDA. Changes in the GLUT4 Expression by Acute 

Exercise, Exercise Training and Detraining in 

Experimental Models. J Diabetes Metab. 2012. 

23. Saltiel AR, Kahn CR. Insulin  signaling and the 

regulation of glucose and lipidmetabolism. Nature 

2001;414(6865):799–806. 

24. Pessin JE, Saltiel AR. Signaling pathways in insulin 

action: molecular targets of insulin resistance. 

Journal of Clinical Investigation. 2000;106(2):165-

9. 

25. Pessin JE, Thurmond DC, Elmendorf JS, Coker KJ, 

Okada S. Molecular Basis of Insulin-stimulated 

GLUT4 Vesicle Trafficking. Journal of Biological 

Chemistry. 1999;274(5):2593-6. 

26. Porte DJ, Baskin DG, Schwartz MW. Leptin and 

insulin action in the central nervous system. Nutr 

Rev. 2002;60:20-9. 

27. Howlett KF, Sakamoto K, Hirshman MF, 

Aschenbach WG, Dow M, White MF, et al. Insulin 

signaling after exercise in insulin receptor 

substrate-2-deficient mice. Diabetes 

2002;51(2):479-83. 

28. Tsuneki H, Tokai E, Nakamura Y, Takahashi K, 

Fujita M, Asaoka T, et al. Hypothalamic orexin 

prevents hepatic insulin resistance via daily 

bidirectional regulation of autonomic nervous 

system in mice. Diabetes 2014;64(2):459-70. 

29. Yoshimichi G, Yoshimatsu H, Masaki T, Sakata T. 

Orexin-A regulates body temperature in 

coordination with arousal status. Exp Biol Med 

(Maywood). 2001;226(5):468-76. 

30. O’Neill HM. AMPK and exercise: glucose uptake 

and insulin sensitivity. Diabetes & metabolism 

journal. 2013;37(1):1-21. 

31. Wu WN, Wu PF, Zhou J, Guan XL, Zhang Z, Yang 

YJ, et al. Orexin-A Activates Hypothalamic AMP-

Activated Protein Kinase Signaling through a 

Ca2+-Dependent Mechanism Involving Voltage-

Gated L-Type Calcium Channel. Molecular 

pharmacology. 2013;84(6):876-87. 

32. Sellayah D, Sikder D. Orexin restores aging-related 

brown adipose tissue dysfunction in male mice. 

Endocrinology 2013;155(2):485-501. 

33. Adam JA, Menheere PPCA, Dielen FMH, Soeters 

PB, Buurman WA, Greve JWM. Decreased plasma 

orexin-A levels in obese individuals. International 

journal of obesity. 2002;26:274-6. 

34. Unal M, Unal DO, Baltaci AK, Mogulkoc R, 

Kayserilioglu A. Investigation of serum leptin 

levels in professional male football players and 

healthy sedentary males. Neuroendocrinology 

Letters. 2005;26(2):148-51. 

35. 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(10):1594-9. 

36. Boghrabadi V, Hejazi SM, Sanian H, 

HoseinzadehGonabadi A, Motejaded A. The impact 

of regular aerobic exercise on the levels of leptin, 

fasting blood glucose, insulin and insulin resistance 

in patients with diabetes mellitus type  2. Life  Sci  

J. 2012  9(3):944-9. 

37. Sivitz WI, Wayson SM, Bayless ML, Larson LF, 

Sinkey C, Bar RS. Leptin and body fat in type 2 

diabetes and monodrug therapy. J 

ClinEndocrinolMetab. 2003 84(4):1543-53. 

38. Méndez-Sánchez N, González V, King-Martínez 

AC, Sánchez H, Uribe M. Plasma leptin and the 

cholesterol saturation of bile are correlated in obese 

women after weight loss. J Nutr. 2002 132(8):2195-

8. 

39. Thong FSL, R. H, Ross R, Janssen I, Graham TE. 

Plasma leptin in moderately obese males: 

independent effects of weight loss and aerobic 

exercise. Am J Physiol Endocrinol Metab. 

2000;279(2):307-13. 

40. Howard G, O'Leary DH, Zaccaro D, Haffner S, 

Rewers M, Hamman R, et al. Insulin sensitivity and 

atherosclerosis. The Insulin Resistance 

Atherosclerosis Study (IRAS). Investigators 

Circulation. 1996 93(10):1809-17. 

41. Kieffer TJ, Habener JF. The adipoinsular axis: 

effects of leptin on pancreatic β-cells. American 

Journal of Physiology-Endocrinology And 

Metabolism. 2000;278(1):1-14. 

42. Funato H, Tsai AL, Willie JT, Kisanuki Y, 

Williams SC, Sakurai T, et al. Enhanced orexin 

receptor-2 signaling prevents diet-induced obesity 

and improves leptin sensitivity. Cell metabolism. 

2009;9(1):64-76. 

. 

 

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

do
.s

su
.a

c.
ir

 o
n 

20
25

-1
1-

18
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

https://ijdo.ssu.ac.ir/article-1-234-en.html
http://www.tcpdf.org

