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Abstract
Introduction: Pathway apelin/APJ is one of the positive
powerful inotropic substances which is an important regulator
of cardiovascular operation and a significant factor in
cardiovascular tissue. The aim of the present study is to
investigate the effect of eight weeks high intensity interval
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training (HIIT) and continuous Training on apelin levels of
cardiac tissue in healthy male rats.
Material & Methods: In this research, 30 Wistar 2-month
male rats were chosen with average weight 180 ± 20 gr and
randomly divided into 3 groups: continuous training (n=10),
HIIT (n=10) or control group (n=10). Continuous training
and HIIT groups have been engaged in exercising according
training program in five days a week for 8 weeks. For the
comparison among the groups, one-way analysis of variance
(ANOVA) was performed.
Results: No significant differences were observed in apelin
levels between continuous training, HIIT and control group
(P=0.29).
Conclusion: According the results of this study, both
exercises increased the apelin levels in heart; however this
increase was not significant. It seems that the response of
this hormone is different in organs so that it has more
limitation in heart tissue than other organs. Therefore, it has
been assumed that making noticeable changes in apelin levels
of heart required much more time.
Keywords: Apelin, Continuous training, High Intensity

Interval Training, Cardiac tissue

1. Introduction
Adipokines are so important physiological factors in heart system that
can be affected by physical activity and exercise. Sport exercises (HIIT
and continuous training) may increase the sensitivity of the heart to
disorder in this Physiological factor (1). Based on the findings in
athletes, 90% of heart attacks and sudden death takes place during the
intensive activity or immediately after that. Researchers bring up the
disturbance of Peptide balance as a reason for the increase of heart
failure. There are different reasons in balancing cardiovascular
physiological process such as peptide apelin that is assumed it has
potential role in cardiovascular system (2).Apelin is appetite hormones
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with amino acid 77 which is produced by many types of cells; it contains
fat cells, artery stromal cells, and heart cells. During its process several
different activity materials such as peptide 36 of amino acid (apelin36),
peptide 17 of amino acid (apelin17), peptide 13 of amino acid (apelin13)
is produced and it seems that it is the most active apelin form. These
materials describe various apelins and express signals via coupled
receptor G, APJ, in cardiovascular cells and even in hypothalamus
neurons. Apelins take part in multiple physiological process such as
central appetite control, much urine, blood pressure control and
regulation of cardiac contraction. Indeed, appleins are the expanders
which related to extremely strong endothelium. In addition to that, it is
in the human heart. Apelin is one of the most powerful positive
endogenous inotropic factors that have already been found. Levels
increase in obesity and diabetes where insulin and even TNF-α
stimulates the apelin production (3). Besides, apelin is induced by
hypoxia, as it takes place in ischemic cardiomyopathy and the
pathological development of adipose tissue. Apelin shows antiinflammatory properties and may deregulate the angiogenesis. It has
been illustrated that apelin stimulates exit, proliferation, formation of
the andotelian cells duct and upgrades the angiogenesis inside the body
(4). In fact, it has shown that apelin is essential for the symmetrical
angiogenesis caused by hypoxia (5). In addition, the results shown that
siRNA intermediate suppression in apelin, angiogenesis responses shall
decrease in rat model with fat grafting(6). This shows that apelin may
play the role of physiopathology in artery development in adipose tissue
especially in low oxygen conditions (7). APJ apelin receptor is a lot in
human and rat myocardial and also human coronary arteries, aorta and
smooth vein. Apelin is a factor in heart tissue and artery which is wellknown in autocrine and paracrine and its one of the strong positive
inotropic that has been already found. Apelin effect cause strong
stimulation and contractile feature of the heart muscle; therefore, apelin
has effect on blood flow and blood pressure in this way. The results have
indicated that apelin density has been increased in the left ventricle in
people with chronic heart disease (8). APJ is an important regulator of
artery and heart operation (9-10) and plays a significant role in accessing
and developing artery-heart diseases such as arteriosclerosis, coronary
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artery disease, heart failure, high blood pressure, pulmonary
hypertension, reflow myocardial ischemia and atrial fibrillation (11). The
purpose of setting apelin way APJ is the protection against diseases that
is one of the major reasons of death in the world (12). However, it has
been reported, there is a direct and meaningful relationship between
apelin and physical activity level. The researches have shown the apelin
increased level in order to create an adoptable response against disease
conditions in diseases such as diabetes type 2, hepatic and
cardiovascular. Wright et al. (2009) found apelin mRNA in the heart
and plasma levels of apelin increase four times in response to activity in
compare with control group in rats and this increase remained high for
24 hours after the exercise; while plasma levels apelin from the skeletal
muscle didn’t changed dramatically (13). In another study, the search of
plasma apelin matter and heart tissue through high pressure level in
mice which have high blood pressure after 9 weeks, swimming exercises
indicated that the activities may improve the high level pressure by
adjusting apelin levels after finishing the activities during this term (14).
As we found few studies on the impact of HIIT and aerobic training on
Apelin levels of heart tissue and with contradiction of the results, so this
study was done to examine the effect of eight weeks HIIT and
continuous training on apelin levels of cardiac tissue in healthy male
rats.

2. Material & Methods
Animals
This is an experimental study that is done via control and examination
group procedure. 30 two month old Wistar male rats, weighing 180 ± 20
g, were selected and randomly divided into 3 groups: continuous training
(10), HIIT group (10) and control (10). Rats were kept in the Animal
House of Faculty of Physical Education and Sport Sciences of Tehran
University with a 22 ± 2 degree temperature, humidity of 50-60% and
light-darkness cycle of 12-12 with food and water made available ad
libitum. All animals in the experiment were used and treated according
to Iran’s Convention policy for the protection of vertebrate animals for
experimental and scientific purposes; the protocol was adopted by the
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ethics committee of Endocrine Sciences Research of Shahid Beheshti
Institute.
Exercise protocol
In the first 2-week of the preliminary experiments, the rats were adapted
to treadmill. The adaptation consisted of 10 min of exercise at a speed of
12 m.min-1 on a 0° incline. Then, they started exercising according to the
training protocol of aerobic group, 5 sessions per week for 8 weeks. The
overall running time for rats was about 42 minutes (6-minute warm-up,
50-60% VO2max), 30 minutes of aerobic exercise (70-75% VO2max) and 6minute cool-down (50-60% VO2max). The HIIT group performed exercise
program 5 times per week with 90-100 % of VO2max for 8 weeks. Running
duration on treadmill for 30 minutes (50-60 % of VO2max) and 6 minutes
to warm up (50-60 % of VO2max), 3 sets for 4 minutes in high rate, (90-95
% of VO2max) and 2 minutes in slow rate for cool down in 6 minutes (5060 % of VO2max). The treadmill’s slope didn’t change for 8 weeks during
the exercise. During the study, the control group did not do any exercise
at all.
Biochemical measurements
In order to eliminate the acute effects of exercise and uncontrollable
variables such as subjects’ stress while performing the exercise program,
rats were ethically anesthetized 24 hours after the last exercise session by
intraperitoneal injection of a mixture of ketamine (30 to 50 milligrams
per kilogram of body weight, intraperitoneal) and Xylazine (3 to 5 mg
per kg of bodyweight, intraperitoneal). The cardiac muscle of the rat was
removed from its chest, rinsed in physiological saline and weighed on a
digital scale with 0.0001 gram sensitivity. Then, it was immediately
frozen using liquid nitrogen for subsequent measurements and kept in
the lab freezer at -70 °C in the Cellular and Molecular Endocrine
Research Center of the Institute for Endocrinology and Metabolism of
Shahid Beheshti University. Apelin was measured using ELISA kits for
rats apelin made in Cusabio Biothech Company, China, with 0.078
ng/ml sensitivity via ELISA method and according to the manufacturer's
instructions on Chinese Elisa Reader of HUISONG Company.
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Statistical analysis
In this study, descriptive statistics were used so as to calculate the mean
and standard deviation. For the comparison among the groups, one-way
analysis of variance (ANOVA) was performed. Data analyses were
performed using SPSS software for windows (version 19, SPSS, Inc.,
Chicago, IL) and statistically significant differences were established at
P<0.05.

3. Results
The results on apelin levels in the continuous training, HIIT and control
groups are presented in the Table 1 and Figure 1. The results indicated
that there were no significant differences in apelin levels between
continuous training, HIIT and control group (P=0.29).
Table 1. One-way ANOVA analysis for comparing of apelin levels between three groups
Group
Control
Continuous training
HIIT

Average
0.64
0.76
0.68

Standard deviation
0.13
0.23
0.20

F

Sig

1.26

0.29

1.2

Apelin (ng/ml)

1
0.8
0.6
0.4
0.2
0
Control

CT

HIIT

Figure 1. Apelin levels in control group, continuous training group and HIIT group

Exercise training and apelin

61

4. Discussion
The results of this research shown that the apelin hormone levels would
be increased after the continuous training and HIIT, however this
increase was not significant in compare with the control group.
The apelin may have a protection role in the myocardium injury. In
laboratory studies and in vivo had been shown that apelin and APJ gene
will be regulated in the peripheral tissues and heart on the response of
sport activity (15). There are different factors which have effect on the
Adipokines exudation specially apelins that it can be referred to sport
activity. Sport activity can be effective in different ways and doing
effective exercise (intensity, duration, type, number of sessions in week)
leads to reduce the cardiovascular disease. Kechyn et al. (2015) reported
that apelin concentration was decreased after endurance exercise with
80% of VO2max in healthy population. (16). These discrepant results may
be attributed to differences in exercise protocol and study population.
The results showed that the response of apelin is different in various
tissues and it seems that the response of this hormone has higher
threshold in the heart tissue than the other organs. Recently, many
reports have been presented about apelin and heart diseases which show
the reduction of apelin levels in this disease. mRNA of apelin gene has
shown noticeable reduction in myocyte which exposed mechanical pull.
It has been specified that regulation of apelin plasma levels is a therapy
and predictable important factor in cardiovascular patients (17). We can
refer to different operations of apelin in order to explain this
contradiction to the response of apelin hormone to sport activity. On the
other hand, apelin is a strong stimulant to widen artery and it needs to
be increased in people with cardiovascular diseases. Apelin plays a role
in artery receiver and the control of blood pressure. Activating this
receiver cause create a new artery. The effect of apelin on blood pressure
cause activates the receptors in endothelial cells levels (2). It seems still
that doing sport activity causes the reduction of hormones reactions and
the increase of apelin sensitivity. The research results showed that high
intensity exercise lead to increase of apelin levels, thus it seems that
intensity of exercise is a one of main factors for decrease the level of this
hormone. In addition, Wright et al. (2009) found apelin mRNA in the
heart and plasma levels of apelin increase four times in response to
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activity in compare with control group in rats and this increase remained
high for 24 hours after the exercise; while plasma levels apelin from the
skeletal muscle didn’t changed dramatically (13). As the level of applein
has increased in these two studies, physical activity has an increasing
effect on this hormone. There is an apelin receptor in the heart and the
impact of apelin cause strong stimulation and contraction quality of
heart muscle; thus, the apelin affects bloodstream and blood pressure.
HIIT exercise and continuous training might enhance the apelin levels
and it’s receptor in the heart muscle. Apelin is an effective protein on
cardiovascular function such as vasodilation related to endothelium,
vascular stiffness can have a strong role in people with cardiovascular
disease. It has been seen that the apelin viscosity has been increased in
left ventricle with chronic disease (18,19). Therefore, generally putting
the apelin way against these diseases is the aim which is the major
reasons of death in the world (12).

5. Conclusion
Generally, apelin is a hormone that affected heart structure and
function. Our results indicated that continuous training and HIIT
exercise had not significant effects on this protein. Apelin release from
the different organs such as myocardium, adipose tissue and skeletal
muscles and this is very difficult to determine the participation of these
organs in plasma levels of apelin after the exercise. It seems that exercise
intensity is a main factor for determine the plasma levels of apelin.
Although the results of the present study indicated that there were no
significant differences in plasma levels of apelin between continuous
training and HIIT exercise and control group, but future studies are
needed to examine the effects of these exercise on apelin levels of cardiac
tissue.

Conflict of interests: There was no conflict of interest among authors.
References
1. Frydelund-Larsen L, Akerstrom T, Nielsen S, Keller P, Keller C,
Pedersen BK. Visfatin mRNA expression in human subcutaneous

Exercise training and apelin

63

adipose tissue is regulated by exercise. Am J Physiol Endocrinol
Metab 2007; 292: E24-E31.
2. Tatemoto K, Takayama K, Zou MX, Kumaki I, Zhang W, Kumano
K, et al. The novel peptide apelin lowers blood pressure via a nitric
oxide-dependent mechanism. Regul Pept 2001; 99: 87-92.
3. Castan-Laurell I, Vítkova M, Daviaud D, Dray C, Kováčiková M,
Kovacova Z, et al. Effect of hypocaloric diet-induced weight loss in
obese women on plasma apelin and adipose tissue expression of apelin
and APJ. Europ J Endocrinol 2008; 158: 905-1010.
4. Kidoya H, Takakura N. Biology of the apelin-APJ axis in vascular
formation. J Biochem 2012; 152: 125-131.
5. Kasai A, Ishimaru Y, Kinjo T, Satooka T, Matsumoto N, Yoshioka Y,
et al. Apelin is a crucial factor for hypoxia-induced retinal
angiogenesis. Arterioscler Thrombos Vasc Biol 2010; 30: 2182-2187.
6. Kunduzova O, Alet N, Delesque-Touchard N, Millet L, Castan-Laurell
I, Muller C, et al. Apelin/APJ signaling system: a potential link
between adipose tissue and endothelial angiogenic processes. FASEB
J 2008; 22: 4146-4153.
7. Higuchi K, Masaki T, Gotoh K, Chiba S, Katsuragi I, Tanaka K, et
al. Apelin, an APJ receptor ligand, regulates body adiposity and
favors the messenger ribonucleic acid expression of uncoupling
proteins in mice. Endocrinology 2007; 148: 2690-2697.
8. Szokodi I, Tavi P, Földes G, Voutilainen-Myllylä S, Ilves M, Tokola
H, et al. Apelin, the novel endogenous ligand of the orphan receptor
APJ, regulates cardiac contractility. Circulation Res 2002; 91: 434440.
9. Galanth C, Hus-Citharel A, Li B, Llorens-Cortes C. Apelin in the
control of body fluid homeostasis and cardiovascular functions. Curr
Pharm Des 2012; 18: 789-798.
10. Tycinska AM, Lisowska A, Musial WJ, Sobkowicz B. Apelin in acute
myocardial infarction and heart failure induced by ischemia. Clinica
Chimica Acta 2012; 413: 406-410.

64

S. Shadmehri, et al.

11. Barnes G, Japp AG, Newby DE. Translational promise of the apelin–
APJ system. Heart 2010; 96: 1011-1016.
12. Kalea AZ, Batlle D. Apelin and ACE2 in cardiovascular disease.
Curr Opin Investig Drugs 2010; 11: 273-282.
13. Wright D, Sutherland L. Exercise increases apelin expression in
white adipose tissue: 646. Med Sci Sports Exerc 2009; 41: 38.
14. 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 Sci
2006; 79: 1153-1159.
15. Simpkin JC, Yellon DM, Davidson SM, Lim SY, Wynne AM, Smith
CC. Apelin-13 and apelin-36 exhibit direct cardioprotective activity
against ischemiareperfusion injury. Basic Res Cardiol 2007; 102: 518528.
16. Kechyn S, Barnes G, Thongmee A, Howard LS. Effect of apelin on
cardiopulmonary performance during endurance exercise. Europ
Respirator J 2015; 46: PA2241.
17. Francia P, Salvati A, Balla C, De Paolis P, Pagannone E, Borro M,
et al. Cardiac resynchronization therapy increases plasma levels of
the endogenous inotrope apelin. Europ J Heart Failure 2007; 9: 306309.
18. Sheikh AY, Chun HJ, Glassford AJ, Kundu RK, Kutschka I, Ardigo
D, et al. In vivo genetic profiling and cellular localization of apelin
reveals a hypoxia-sensitive, endothelial-centered pathway activated
in ischemic heart failure. Am J Physiol Heart Circulator Physiol
2008; 294: H88-H98.
19. Chong KS, Gardner RS, Morton JJ, Ashley EA, McDonagh TA.
Plasma concentrations of the novel peptide apelin are decreased in
patients with chronic heart failure. Europ J heart failure 2006; 8:
355-360.

