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ABSTRACT

Background. Omentin-1, a novel adipokine expressed in visceral adipose tissue, is negatively correlated with
insulin-resistance and obesity. Objective(s). The aim of this study was to investigate the effect of eight weeks of
high-intensity interval training on omentin-1 gene expression in visceral adipose tissue and insulin-resistance in male
wistar rats. Methods. A total of 26 male Wistar rats (mean weight = 110+10 gr) were purchased from Pasteur
Institute in Iran. At first, six rats were separated as base control group and, after eight weeks of feeding with normal
diet, were dissected and their visceral adipose tissues were sampled. The remaining rats were given a high-fat diet for
eight weeks. After this, seven rats were separated into the non-diabetic fat group (obese HIIT). Then, diabetes was
induced on the remaining animals After eight weeks, diabetic rats were divided into two groups—diabetic control
group (n=6) and diabetic HIIT exercise group (n=7). The exercise group ran on treadmill for eight weeks—five days
a week with a speed of 29-36 m/min and intensity of 90% of VO2 max. The activity was repeated five times in the
first week, which increased to 12 times in the last week. A total of 48 hours after last session, fasting blood glucose
and insulin were measured. Omentin gene expression was measured from visceral adipose tissue. Results. Results
showed that omentin-1 gene expression was increased significantly after eight weeks of HIIT. Blood glucose and
insulin-resistance decreased significantly in training groups (p=0.001). Conclusion. It can be concluded that eight
weeks of HIIT induce high omentin-1 gene expression and reduce fasting glucose level and insulin-resistance in
diabetic male wistar rats.
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INTRODUCTION

Diabetes is a metabolic disorder that is 2000 to 366 million (4.4% of the world’s

characterized by increase in blood glucose due to
deficiency in insulin secretion, resistance to
insulin, or both. The prevalence of diabetes is
expected to rapidly increase from 171 million
individuals (2.8% of the world’s population) in
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population) by 2030 (1). Treatment goals in this
disease include the decrease in insulin-resistance
via nutrition control, exercise, drug treatment,
and stimulation of insulin secretion (2). Adipose
tissue plays a central role in energy haemostasis



control, which it performs by producing
hormones called adipokines (3). Therefore,
perturbation in their secretion might be effective
in metabolic and inflammatory disorders (4, 5).
Omentin-1 is a novel fat depot-specific
adipokine that was discovered from visceral
adipose tissue (6). Omentin gene is located in
chromosomal  region  of  Qxp-Qx;.  This
chromosomal region is related to Type Il
diabetes in various populations (7-9). Decrease
in omentin-1 levels has been reported in patients
with impaired glucose control (10), type 1 (11)
and Type 2 diabetes (10, 12). These findings
indicate that blood omentin-1 levels may play an
important role in the pathogenesis of diabetes.
On the other hand, lower omentin-1 levels in
diabetic patients might indicate perturbation in
omentin biosynthesis or in response to
hyperglycaemia and hyperinsulinemia (13). It
has been reported that augmentation in the
adipokine’s level is accompanied by increase in
insulin sensitivity (14). Recent research works
have demonstrated that blood level of omentin-1
and its gene expression have an inverse
relationship with obesity, body mass index,
waist-to-hip ratio, insulin-resistance, and leptin
level, and have direct relationship with
adiponectin and HDL levels (15-17). Omentin
enhances insulin-stimulated glucose uptake and
phosphorylation in subcutaneous fat and in
visceral adipocytes, but has no effect on basal
glucose uptake (6). It has been proved that
insulin-stimulated GLUT4 translocation, through
the activation of Akt signalling, plays an
important  role in  maintaining  glucose
homeostasis (15). Tan et al. reported in 2008 that
insulin and glucose significantly reduce omentin
production and its mMRNA expression in omental
adipose tissue, while hyperinsulinemia reduces
serum omentin-1 levels significantly in healthy
subjects (11). Previous studies have also shown
that omentin has anti-inflammatory, anti-
atherogenic, and anti-diabetic properties (18).
Sedentary habits are one of the main factors
that develop Type 2 diabetes (19). It has been
demonstrated that augmentation of omentin-1
gene expression after one training session can
control hyperglycaemia in diabetic rats (20).
Increment in omentin-1 level after 12 weeks of
aerobic training in obese males (21) and no
change in its level after four weeks of resistance
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training in male wistar rats (22, 23) have been
reported.

High-intensity interval training (HIT) has
been proposed as a time-efficient exercise
intervention that may bring about similar benefits
to moderate-intensity aerobic exercise. It has been
reported that steady state exercise with duration of
30 mins and moderate intensity in most days a
week resulted in no fat reduction compared to
HIIT, indicating high efficiency of HIT for high
fat oxidation and reducing fat tissue (24). HIIT is
an appropriate training program for reducing body
fat percent and for improving anthropometric
indices in inactive young females (25). While
HIIT tends to have a potent effect on cardio-
respiratory fitness in a variety of populations,
benefits to omentin-1 gene expression, obesity
and markers of metabolic health — such as
glucose regulation and insulin sensitivity— are
less well-defined. It involves a significant
decrease in visceral (intra-abdominal) adipose
tissue in overweight and obese participants
because of weight reduction due to physical
activity, decreased caloric intake, or both. Also
the energy expenditure during HIT training was
positively associated with the percent change in
visceral fat per week; so it might be good
intervention to improve metabolic indices in
diabetic overweight peoples. Therefore, this
study, for the first time, was conducted to
investigate the effect of eight weeks of HIT
exercise on omentin-1 gene expression and on
insulin-resistance in diabetic male rats.

MATERIALS AND METHODS

This study was approved by the Ethical
Committee of Tehran University. All animals
received humane care according to the criteria
outlined in the "Guide for the Care and Use of
Laboratory Animals" prepared by the National
Academy of Sciences and published by the
National Institutes of Health (NIH publication
86-23 revised 1985).

Animals. A total of 26 wistar male rats with
an average weight of 110+10 gr and age (five to
eight weeks) were purchased from Pasteur
Institute in Iran. At first, six rats were separated as
base control group and after eight weeks’ feeding
with normal diet, visceral adipose samples were
obtained. The remaining 20 rats were fed with
high-fat diet for eight weeks. Three rats were kept
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in each cage made of polyethylene with metal
doors and dimension of 20*20*40 cm and in
controlled conditions with mean temperature of
24+4 °C and humidity of 50-65 per cent. All 20
rats had free access to food and water.

Diabetes was induced by the injection of
streptozotocin dissolved in citrate buffer (0.1 M)
with pH=4.5 and amount of 30 mg per kilogram of
body weight. The diabetic criteria were blood
glucose level higher than 300 mg/dl (26). Four
weeks after injection, blood samples were taken
from rats’ tails and blood glucose concentration was
measured by Glucometer. Diabetic rats were divided
into two groups—diabetic control group (six rats
with mean weight of 239.4+15.15 gr) and diabetic
HIIT group (seven rats with mean weight of 249.3
+11.55 gr). Seven non diabetic obese rats considered
as obese HIIT group (n=7) and performing same
eight week HIIT training program.

HIIT protocol. After becoming diabetic, rats
in diabetic HIIT group and obese HIIT group
were familiarized with protocol for one week
and then trained for eight weeks—five days a
week. They ran on treadmill with 90% of VO,
max With duration of 15 to 30 second and velocity
of 29 meter per minute in the first week and 36
meter per minute in the last week. Rest time

between intervals was one minute. at the task
was repeated five times in the first week and 12
times in the last week. Warming and cooling
down time was five minutes (27).

Blood sampling and Biopsy. A total of 48
hours after last training session, while animals
were on fast for 12 hours, they were anesthetized
using Ketamine+Xylazine (KX) (75 mg
Ketamine per kg and 10 mg Xylazine per kg
body weight) via intraperitoneal injection and
then blood samples were taken directly from
animal’s heart. Blood was collected into a
vacuum tube with EDTA and then centrifuged at
3000 rpm for 10 min. The serum was transferred
to appropriate containers and stored at —80 °C to
be used for subsequent measurement. Visceral
adipose biopsy was also done. Samples were
washed in isotonic saline solution and placed
immediately in microtubes free of RNAase and
DNAase and were frozen using liquid Nitrogen.

Measurement of blood insulin, glucose,
and insulin resistance. Plasma insulin and
glucose levels were determined using ELISA kit
(made of Sweden) and the photometric method
with  1mg/dl sensitivity, respectively. To
determine insulin resistance, HOMA-IR formula
was used (28).

HOMA-IR = fasting plasma insulin (microunit/ml) x fasting plasma glucose (mg/dl)/405

Measurement of Omentin-1  gene
expression. Omentin-1 gene expression was
measured by real-time quantitative polymerase
chain reaction (RT-PCR).

Extraction of RNA. RNA was extracted
according to the Stratec kit made in Germany. A
total of 25 mg frozen adipose tissue was taken
from micro-tubes after defrosting and crushed
using a razor. Extraction was continued until the
preparation of purified RNA was completed.

Preparation of cDNA and RT-PCR. To
make cDNA from the total RNA, Random
Hexamer was used as a primer due to long strand
of RNA sequence. In order to replicate omentin-
1 cDNA, the following primers were used (24).
In the present study, Hypoxanthine
phosphoribosyl transferase was selected as the
housekeeping gene.

Forward-omentin -1: 5-CAAGGAAATCAAGGAGGAG-3°
Reverse- omentin -1: 5-CAGGGTTCTTGTAGTCATC-3"

In order to construct cDNA, directions of the
American THERMO kit were followed and RT-
PCR was performed using cyber Green. AC;

Livak method was used to calculate changes in
the relative expression of omentin gene by
applying following equations.

AC,= C; target gene- C, housekeeping gene
AAC=AC; test sample- AC, control sample
Relative fold change in gene expression= 2""C;
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Statistical Analysis. Results are presented as
means + standard deviation (SD). Kolmogorov-
smirnov test (k-s) was used for checking
normality of distributions. To compare the three
groups, one-way ANOVA and post hoc Tukey
test was used. Significant level was set at
p<0.05.

RESULTS

The results showed that there was no
significant difference between the weights of
the four groups at base time (p=0.64). Within
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the group, results demonstrated that after eight
weeks of training, the rats’ weight did not
change significantly compared to base time in
diabetic control group (p=0.86) and diabetic
HIIT group (p=0.27). Mean values for rat’s
body weight in each group are presented in
Table 1.

There was significant difference in omentine-1
gene expression (P=0.001), glucose level
(P=0.001), insulin level (P=0.001) and insulin
resistance (HOMA, p= 0.001) between the four
groups. These results have been shown in Figure 1.

Table 1. Subject’s Body Weight (gr) in 4 groups of study

Group Base control Diabetic control HIIT Diabetic

Body Weight HIIT Obese
Primary 130.8+14.7 135+11.3 131+10.4 132413.2
After 8 Weeks diet sacrified 309. 6+17.5 304.2+17.4  310.2+17.2
After inducing diabetes  ........ 255.8422.5 255.2421.9 340.2+17.1
Final ... 231.6+£55.6 252.5+18.6 3244 +10.8
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Figure 1. Between groups differences of (a) Omentin-1, (b) Glucose, (c) Insuline, and (d) Insulin Resistance after
eight weeks HIIT training. *: Significant difference with Base control, #: Significant difference with Diabetic

control, +: Significant difference with HIIT Diabetic.
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As can be seen in Figure 1-a, HIIT training
induced an increase in omentin-1 gene
expression (p=0.001). Also, post-hoc analysis
showed that omentin-1 gene expression of
diabetic HIIT and obese HIIT were significantly
higher than base and diabetic control groups.

There was significant difference in glucose
level (P=0.001) between the four groups. Also,
post-hoc analysis showed that glucose level was
decreased in HIIT group compared to the
diabetic control group (p=0.01) (Figure 1-b).
Glucose level of diabetic HIIT and obese HIIT
groups were significantly decreased compared to
the diabetic control group.

There was a significant difference in plasma
insulin level between base control group and
diabetic control group (p=0.002) and between
base control group and HIIT group (p=0.004),
but there was no significant difference (p=0.836)
between HIT group and diabetic control group
(Figure 1-c).

There was significant difference in insulin
resistance (HOMA, p= 0.001) between four
groups. Post-hoc analysis showed that insulin
resistance was higher in diabetic control group
(p=0.001) than HIIT diabetic and obese groups
(p=0.001). However, in spite of the fact that
there was no significant difference between
diabetic control and HIT diabetic groups
(p=0.297), insulin resistance in obese HIT
group was significantly decreased comparing
with the HIIT diabetic group (Figure 1-d).

DISCUSSION

The aim of this study was to investigate the
effect of eight weeks of HIIT training on omentin-
1 gene expression and on insulin resistance in
streptozotocin-induced diabetic male rats. The
main finding of this study was that omentin-1
gene expression was increased after eight weeks
of HIIT in both diabetic and obese groups.

It has been reported that in addition to the
energy storage and release, adipose tissue is an
active endocrine organ that synthesizes and
secretes a wide range of hormones and cytokines,
that involve in Insulin sensitivity (Adiponectin
and Omentin), fat metabolism (Cholesterylester
transfer protein), inflammation (TNF a), and food
intake (Leptin) (29-32). Omentin-1 is an
adipocytokine that is mainly secreted from

omental adipose tissue. It was discovered by
Yang et al. in 2003. Omentin gene is related with
Type 2 diabetes in various populations (7, 8, 33).

Physical activity can improve intake and
uptake of glucose during and after exercise via
different  mechanisms. Some of these
mechanisms are increasing in muscular blood
flow, increasing in insulin binding to its
receptor, increasing in transformation of the
insulin receptor and increasing in glucose
transport by stimulating of GLUT4 displacement
to muscle cell surface (34, 35). In addition to
anti-inflammatory ~ properties,  presumably
omentin-1 plays a role in carbohydrate
metabolism and makes consumption of blood
glucose by muscles. Therefore, it supplies
muscle glucose consumption and reduces body
weight by fat lipolysis in adipose tissue (36).

Previous studies have shown that omentin
enhances insulin signal transduction via activation
of Akt/protein kinase B and improves insulin-
stimulated glucose uptake in human adipocytes
(6). On the other hand, insulin-stimulated GLUT-
4 translocation via activation of AKT signalling is
important in maintaining glucose homeostasis.
Therefore, it is thought that omentin will improve
glucose homeostasis and insulin sensitivity by
AKT signalling. A total of 80 to 85 percent of
blood glucose is consumed by skeletal muscles
and omentin plays a role in stimulating of insulin
receptor and glucose uptake in skeletal muscle.
Thus, it seems increasing omentin gene
expression after exercise is important in the
control of hyperglycaemia (15).

Results of present study showed that HIT
induces an increase in omentin gene expression
and significant decrease in blood glucose level in
diabetic rats. These results are consistent with
results of previous studies (7, 12, 13, 20, 21).

In fact, Yang et al. in 2006 demonstrated that
recombinant omentin-1  enhances insulin-
stimulated  glucose  uptake  and Akt
phosphorylation in  human adipocytes. Also,
circulating omentin-1 levels are negatively
correlated with metabolic risk factors, including
body mass index, waist circumference, and
insulin resistance (HOMA) (1). In accordance
with increase in omentin-1 in both exercise
groups, insulin resistance (HOMA) decreased in
HIIT diabetic and obese groups. Therefore, one
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probable mechanism for metabolic improvement
of exercise in diabetic people is elevation in
omentin-1 levels. Also, HIIT exercise training can
be optimal stimulus to change omentin-1 levels.

Effect of one session aerobic exercise on
omentin-1 gene expression was investigated in
male wistar rats (20). In this study, after induction
of diabetes, rats were divided into four groups
(one control and three training groups). All
training groups ran on treadmill for 45 min with
velocity of 20 meter per minute. Biopsy time was
different in three experimental groups; biopsy was
done immediately after exercise in Group 1, four
hours after exercise in Group 2, and 24 hours after
exercise in Group 3. Omentin-1 gene expression
was measured in adipose tissue. Results showed
that omentin-1 gene expression was higher in
Groups 2 and 3 compared to control group. Effect
of low intensity resistance exercise on serum
omentin-1 concentration and on adiponectin in
streptozotocin-induced diabetic rats was studied
and results showed that resistance exercise
induces an increase in serum adiponectin but
makes no significant change in glucose
concentration, insulin and omentin-1 levels (37).
This result is inconsistent with our results. Low
intensity exercise and short duration might be the
reason for different results of two studies.

Auguet et al. in 2011 studied adiposal omentin-
1 gene expression and plasma omentin level in
obese women. It was revealed that plasma omentin
level is significantly lower in obese women
compared to control group and it was correlated
inversely with glucidic metabolism parameters.
Omentin circulating levels correlated inversely
with the metabolic syndrome. Omentin gene
expression in visceral adipose tissue was
significantly lower in obese women than in control
(38). Results of the present study also showed that
augmentation in omentin gene expression was
associated with decreased blood glucose level after
HIIT. It has been reported that omentin mMRNA
expression was low in overweight and obese
people and is related to Type 2 diabetes. Therefore,
omentin expression has negative correlation with
insulin, HOMA-IR and with BMI (12).

Hyperinsulinemia has inhibitory effect on
omentin production and in fact insulin has down
regulatory effect on omentin production (11). In
the present study, plasma insulin and HOMA
decreased but not significantly. This result is
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consistent with results of the study performed by
Kordi et al. in 2013 but is not consistent with
other studies (12, 39). The reason for
inconsistency might be different subjects, time
and type of activity.

Adiponectin is one of peptides secreted from
adipose tissue that has important role in glucose
and lipid metabolism (40). Low adiponectin level
is related to insulin resistance and Type 2 diabetes
(41). However exercise-induced increase in insulin
sensitivity is independent of plasma adiponectin
level (42). Inverse relationship between plasma
omentin-1 levels and obesity and insulin resistance
has also been reported (7, 43). Induction of
diabetes in rats resulted in reduction in serum
omentin-1, adiponectin and insulin level and
increase in glucose level (6, 37). It has been shown
that exercise-induced increase in insulin sensitivity
is lower in people with normal weight than
overweight people (44). Subjects of the present
study did not become fat after induction of
diabetes, thus no change in insulin resistance is
consistent with result of study performed by
O’Donovan et al. in 2005.

CONCLUSION

The results of the present study suggested that
eight weeks’ HIIT induces an increase in
omentin-1 gene expression and reduction in
fasting glucose level and insulin resistance in
diabetic male rats. Therefore, it seems that HIIT is
an effective exercise method to decrease disorders
of obesity and diabetes at least by increase in
omentin-1 gene expression and reduction in
fasting glucose levels of diabetic people.

/APPLICABLE REMARKS \

e HIIT training resulted in an
improvement in glucose level and
insulin resistance in obese
participants, and this improvement
was accompanied by increased
omentin-1 concentrations.

e High-intensity  interval  training
(HIT) has been proposed as a time-
efficient exercise intervention that

may bring about similar benefits to
k other types of exercise. /

Alizadeh, M., et al. (2017). Ann Appl Sport Sci, 5(2): 29-36.



Effect of HIIT on Omentin-1 Gene Expression

REFERENCES

1. Yoo HJ, Hwang SY, Hong HC, Choi HY, Yang SJ, Seo JA, et al. Association of circulating omentin-1 level with
arterial stiffness and carotid plaque in type 2 diabetes. Cardiovascular Diabetology. 2011;10(1):103.

2. Salehi I, Mohammadi M, Farajnia S, Gaderi Sophi F, Badalzadeh R, Vatankhah AM. Effect of Regular
Swimming on Oxidative Stress and Atherogenic Index in Blood of Diabetic Male Rats. Scientific Journal of
Hamadan University of Medical Sciences. 2007;14(3):29-35 [Article in Farsi].

3. Mead JR, Irvine SA, Ramji DP. Lipoprotein lipase: structure, function, regulation, and role in disease. Journal of
molecular medicine (Berlin, Germany). 2002;80(12):753-69.

4. Ahima RS, Osei SY. Adipokines in obesity. Frontiers of hormone research. 2008;36:182-97.

5. Inadera H. The usefulness of circulating adipokine levels for the assessment of obesity-related health problems.
International Journal of Medical Sciences. 2008;5(5):248-62.

6. Yang RZ, Lee MJ, Hu H, Pray J, Wu HB, Hansen BC, et al. Identification of omentin as a novel depot-specific
adipokine in human adipose tissue: possible role in modulating insulin action. Am J Physiol Endocrinol Metab.
2006;290(6):E1253-61.

7. de Souza Batista CM, Yang RZ, Lee MJ, Glynn NM, Yu DZ, Pray J, et al. Omentin plasma levels and gene
expression are decreased in obesity. Diabetes. 2007;56(6):1655-61.

8. Fu M, Gong D-w, Damcott C, Sabra M, Yang R, Pollin TI, et al. Systematic analysis of omentin 1 and omentin 2
on 1923 as candidate genes for type 2 diabetes in the Old Order Amish. Diabetes. 2004;53:A59.

9. Vionnet N, Hani EH, Dupont S, Gallina S, Francke S, Dotte S, et al. Genomewide search for type 2 diabetes-
susceptibility genes in French whites: evidence for a novel susceptibility locus for early-onset diabetes on
chromosome 3g27-gter and independent replication of a type 2-diabetes locus on chromosome 1qg21-g24.
American journal of human genetics. 2000;67(6):1470-80.

10.Pan HY, Guo L, Li Q. Changes of serum omentin-1 levels in normal subjects and in patients with impaired
glucose regulation and with newly diagnosed and untreated type 2 diabetes. Diabetes Res Clin Pract.
2010;88(1):29-33.

11. Tan BK, Adya R, Farhatullah S, Lewandowski KC, O'Hare P, Lehnert H, et al. Omentin-1, a novel adipokine, is
decreased in overweight insulin-resistant women with polycystic ovary syndrome: ex vivo and in vivo regulation
of omentin-1 by insulin and glucose. Diabetes. 2008;57(4):801-8.

12.Cai RC, Wei L, Di JZ, Yu HY, Bao YQ, Jia WP. [Expression of omentin in adipose tissues in obese and type 2
diabetic patients]. Zhonghua yi xue za zhi. 2009;89(6):381-4.

13.Yan P, Li L, Yang M, Liu D, Liu H, Boden G, et al. Effects of the long-acting human glucagon-like peptide-1
analog liraglutide on plasma omentin-1 levels in patients with type 2 diabetes mellitus. Diabetes Res Clin Pract.
2011;92(3):368-74.

14. Moreno-Navarrete JM, Catalan V, Ortega F, Gomez-Ambrosi J, Ricart W, Fruhbeck G, et al. Circulating omentin
concentration increases after weight loss. Nutr Metab (Lond). 2010;7:27.

15.Bai L, Wang Y, Fan J, Chen Y, Ji W, Qu A, et al. Dissecting multiple steps of GLUT4 trafficking and identifying
the sites of insulin action. Cell metabolism. 2007;5(1):47-57.

16. Goodwin ML. Blood Glucose Regulation during Prolonged, Submaximal, Continuous Exercise: A Guide for
Clinicians. Journal of Diabetes Science and Technology. 2010;4(3):694-705.

17.Zhang J, Ren CX, Qi YF, Lou LX, Chen L, Zhang LK, et al. Exercise training promotes expression of apelin and
APJ of cardiovascular tissues in spontaneously hypertensive rats. Life sciences. 2006;79(12):1153-9.

18. Zhou JY, Chan L, Zhou SW. Omentin: linking metabolic syndrome and cardiovascular disease. Current vascular
pharmacology. 2014;12(1):136-43.

19. Venables MC, Jeukendrup AE. Physical inactivity and obesity: links with insulin resistance and type 2 diabetes
mellitus. Diabetes/metabolism research and reviews. 2009;25 Suppl 1:518-23.

20.Fathi R, Mohamadi S, Talebi-Garekani E. Effect of one session of aerobic training on adipose tissue omentin-1
gene expression in diabetic rats. Journal of Applied Exercise Physiology. 2012;8(16):31-44 [Article in Farsi].

21.Saremi A, Asghari M, Ghorbani A. Effects of aerobic training on serum omentin-1 and cardiometabolic risk
factors in overweight and obese men. Journal of sports sciences. 2010;28(9):993-8.

22. Talebi-Garakani E, Fathi R, Safarzade A, Moradi H, Delbari R. The effect of 4 weeks resistance training on
plasma omentin-1 concentrations in diabetic rats. Metabolism and Exercise. 2012;2(2):91-100 [Article in Farsi].

23.Safarzade A. Effects of short term resistance training with different intensity on serum levels of anti-
inflammatory cytokines and liver triglycerides and glycogen contents in rats. Journal of Sport in Biomotor
Sciences. 2013;10(2):24-32 [Article in Farsi].

Alizadeh, M., et al. (2017). Ann Appl Sport Sci, 5(2): 29-36.



Effect of HIIT on Omentin-1 Gene Expression

24. Trapp EG, Chisholm DJ, Freund J, Boutcher SH. The effects of high-intensity intermittent exercise training on
fat loss and fasting insulin levels of young women. International journal of obesity (2005). 2008;32(4):684-91.
25.Kordi M, Choopani S, Hemmatinafar M, Choopani Z. The effects of six weeks high intensity interval training
(HIIT) on resting plasma levels of adiponectin and fat loss in sedentary young women. Pars of Jahrom University

of Medical Sciences. 2013;11(1):23-31 [Article in Farsi].

26. Holmes A, Coppey LJ, Davidson EP, Yorek MA. Rat Models of Diet-Induced Obesity and High Fat/Low Dose
Streptozotocin Type 2 Diabetes: Effect of Reversal of High Fat Diet Compared to Treatment with Enalapril or
Menhaden Oil on Glucose Utilization and Neuropathic Endpoints. Journal of Diabetes Research. 2015;2015:8.

27.Kim K, Kim Y-H, Lee S-H, Jeon M-J, Park S-Y, Doh K-O. Effect of Exercise Intensity on Unfolded Protein
Response in Skeletal Muscle of Rat. The Korean Journal of Physiology & Pharmacology : Official Journal of the
Korean Physiological Society and the Korean Society of Pharmacology. 2014;18(3):211-6.

28. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis model assessment:
insulin resistance and beta-cell function from fasting plasma glucose and insulin concentrations in man.
Diabetologia. 1985;28(7):412-9.

29. Antuna-Puente B, Feve B, Fellahi S, Bastard JP. Adipokines: the missing link between insulin resistance and
obesity. Diabetes & metabolism. 2008;34(1):2-11.

30.Bakhai A. Adipokines--targeting a root cause of cardiometabolic risk. Quarterly Journal of Medicine.
2008;101(10):767-76.

31. Hajer GR, van Haeften TW, Visseren FL. Adipose tissue dysfunction in obesity, diabetes, and vascular diseases.
European heart journal. 2008;29(24):2959-71.

32. Karmazyn M, Purdham DM, Rajapurohitam V, Zeidan A. Signalling mechanisms underlying the metabolic and
other effects of adipokines on the heart. Cardiovascular research. 2008;79(2):279-86.

33.Yang R, Xu M, Pray J, Hu H, Jadhao SB, McLeninhan J, et al. Cloning of Omentin, a new adipocytokine from
omental fat tissue in humans. Annual Meeting of American Diabetes Association (ADA); 13-17 June; New
Orleans: Diabetes; 2003. p. 1-A730.

34. Manetta J, Brun JF, Maimoun L, Callis A, Prefaut C, Mercier J. Effect of training on the GH/IGF-I axis during
exercise in middle-aged men: relationship to glucose homeostasis. Am J Physiol Endocrinol Metab.
2002;283(5):E929-36.

35. Colberg SR, Sigal RJ, Yardley JE, Riddell MC, Dunstan DW, Dempsey PC, et al. Physical Activity/Exercise and
Diabetes: A Position Statement of the American Diabetes Association. Diabetes Care. 2016;39(11):2065-79.

36.Senolt L, Polanska M, Filkova M, Cerezo LA, Pavelka K, Gay S, et al. Vaspin and omentin: new adipokines
differentially regulated at the site of inflammation in rheumatoid arthritis. Annals of the rheumatic diseases.
2010;69(7):1410-1.

37.Safarzade Ar, Gharakhanlou R, Hedayati M, Talebi-Garakani E. The Effect of 4 Weeks Resistance Training on
Serum Vaspin, 11-6, CRP and TNF-A Concentrations in Diabetic Rats. Iranian Journal of Endocrinology and
Metabolism. 2012;14(1):68-74 [Article in Farsi].

38. Auguet T, Quintero Y, Riesco D, Morancho B, Terra X, Crescenti A, et al. New adipokines vaspin and omentin.
Circulating levels and gene expression in adipose tissue from morbidly obese women. BMC medical genetics.
2011;12:60.

39. Choi KM, Ryu OH, Lee KW, Kim HY, Seo JA, Kim SG, et al. Serum adiponectin, interleukin-10 levels and
inflammatory markers in the metabolic syndrome. Diabetes Res Clin Pract. 2007;75(2):235-40.

40. Karbowska J, Kochan Z. Role of adiponectin in the regulation of carbohydrate and lipid metabolism. Journal of
physiology and pharmacology : an official journal of the Polish Physiological Society. 2006;57 Suppl 6:103-13.

41. Kwon H, Pessin JE. Adipokines mediate inflammation and insulin resistance. Frontiers in endocrinology.
2013;4:71.

42.Berggren JR, Hulver MW, Houmard JA. Fat as an endocrine organ: influence of exercise. Journal of Applied
Physiology. 2005;99(2):757-64.

43. Shibata R, Ouchi N, Takahashi R, Terakura Y, Ohashi K, Ikeda N, et al. Omentin as a novel biomarker of
metabolic risk factors. Diabetology & metabolic syndrome. 2012;4(1):37.

44.0'Donovan G, Kearney EM, Nevill AM, Woolf-May K, Bird SR. The effects of 24 weeks of moderate- or high-
intensity exercise on insulin resistance. European journal of applied physiology. 2005;95(5-6):522-8.

Alizadeh, M., et al. (2017). Ann Appl Sport Sci, 5(2): 29-36.



