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ABSTRACT

AIM: Apelin is an active endogenous peptide, which affects blood vessels. Also exercise increases
angiogenesis after myocardial infarction and exerts cardio protective effects. The aim of the present study
was to investigate the effect of Apelin and aerobic exercise on reducing the severity of Ischemia-reperfusion

injury in rats.

METHODS: The rats were divided into the following 4 groups 8 weeks before surgery (Langendorff model
of perfusion): I) Ischemia-reperfusion (I/R), Il: Exercise Ischemia- reperfusion (EX+I/R), Ill: Apelin+lschemia-
reperfusion (APE+I/R) (Apelin 10 nmol/kg/day, i.p), and IV: Exercise+Apelin+lschemia-reperfusion
(EX+APE+I/R). Exercise was performed on a treadmill 8 weeks before the surgery at a speed of 17 m/

min for 10 to 50 min/day. The ventricular function was evaluated after I/R injury, histopathological and
immunohistopathology indices were then measured at the scar tissue.

RESULTS: The results of H&E, Masson'’s trichrome staining indicated that APE+EX pre-treatment reduced
cardiac fibrosis and the percentage of collagen deposition. It also enhanced the microvessels density (MVD)

and decreased the number of inflammatory cells and apoptosis rate.

CONCLUSION: According to our study, Apelin and exercise preconditioning had anti-fibrotic and anti-
apoptotic effects on the ischemia-reperfusion myocardium cells, which could lead to the protection of cardiac

cells (Tab. 5, Fig. 3, Ref. 33). Text in PDF www.elis.sk.
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Introduction

Ischemic heart disease is the most important cause of mor-
tality in many countries in the world. Reperfusion causes heart
injury and increases cell death as well as other lesions in addition
to injuries caused by ischemia, which is known as ischemic-reper-
fusion injury (1). Previous studies on pre-clinical animal models
demonstrated that there were several promising interventions (e.g.
hypothermia, ischemic post-conditioning, and pharmacotherapy)
to reduce myocardial I/R injuries (2). Pre- and post-conditioning
are the most effective interventions in this setting (3, 4). In pa-
tients with cardiovascular disease (CVD), physical activity is also
significantly associated with diminished mortality rate, in addi-
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tion to cardiac adaptation to ischemic conditions and secretion of
various types of stress-induced growth factors and cytokines (5).
The beneficial effects of exercise on cardiovascular function is
related to an increase in nitric oxide, induction, and up regulation
of endothelial nitric oxide synthase (eNOS) expression and ac-
tivity(6). It is also followed by diminished oxidative stress levels,
apoptosis, inflammation, release of the inflammatory cytokines,
and vascular enzymes (7-9). Endogenous NO mediates the cardio
protective effects of exercise in the setting of myocardial I/R in-
jury(10). Apelin, which is a newly identified hormone, is secreted
specifically in the brain by hypothalamus in addition to many
other organs such as: stomach, fat tissue, and heart. The potential
effects of this hormone are still under research on many biological
functions like the endocrine system, cardiovascular system, and
metabolic activities (11). Apelin causes hypotension and positive
internal effects, which is an indication of Apelin-induced homeo-
stasis (12). Adipokine Apelin plays an important role in the regu-
lation of cardiovascular function (13, 14). This bioactive peptide
is an endogenous ligand for the APJ receptor, and is emerging as
an important therapeutic target for the heart failure (15, 16). We
showed in previous studies that Apelin protein had an angiogenic
and anti-fibrotic activity in MI by forming new blood vessels and
by an excessive expression of vascular endothelial growth fac-
tor (VEGF), kinase insert domain receptor (Kdr), Angiopoietin
1(Ang-1), TIE2 Family: Type XII RTKs: TIE family of Angio-
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poietin receptors (Tie2), and eNOS, which in turn can improve
the function of the myocardium (17). In the same way, scientific
evidence has suggested the role of exercise in reducing left ven-
tricular dysfunction after MI (18). Although many researchers
studied the effect of exercises on cardiac structure and function,
there is little information on the cardioprotective effect of exercise
on the I/R-induced injury. Concerning the complementary mecha-
nisms, by which exercise and Apelin appear to exert beneficial
effects, we tested the hypothesis whether a combined treatment
with exercise and Apelin could exert anti-apoptotic activity in the
heart muscle after IR-induced injury in rats pre-conditioned with
long-term aerobic exercise (8 weeks) and treated with exogenous
Apelin. Afterwards, this study was aimed to evaluate the cardiac
tissue histopathology, and to determine the apoptosis rate in the
heart muscle after IR-induced injury in rats.

Materials and Methods

Ethical considerations

This study was approved by the Ethics Committee of Lorestan
University of Medical Sciences with the research code of LUMS.
REC.1396.257. The research steps were taken in accordance with
the standards set forth in the Guide for the Care and Use of Labora-
tory Animals (Eighth Edition, National Institutes of Health (NIH),
and Bethesda, Maryland, USA).

Animals

Forty adult male albino Wistar rats 250-300 g were purchased
from Elm-Bavaran-Aftab Lorestan Co. The animals were kept in
a controlled environment at the temperature of 20-22 °C under a
12:12 h light-dark cycle. They were randomly divided into the 4
groups (n= 10 per group) as followed: Group I (I/R) was subjected
to 30 min of ischemia followed by 60 min of reperfusion by the
Langendorff method. The saline (19) was administered intraperito-
neally for 7 days prior to ischemia once a day. Group II (EX+I/R)
rats were exposed to exercise training on the treadmill for 8 weeks
and the saline was administered intraperitoneally for 7 days prior
to ischemia once a day. Group III (Ape+I/R) Apelin-13 was ad-
ministered (10 nm/kg/day, ip) for 7 days prior to ischemia once
a day. Finally, Group IV ( EX+Ape+I/R) rats undertook exercise
training on the treadmill for 8 weeks and apelin-13 (10 nmol/kg/
day, i.p.) for 7 days prior to ischemia once a day.

Physical exercise

The rats underwent exercise in each training group, 5 days a
week for 8 weeks before development of ischemia. The entire ex-
ercise period was divided into 2 stages of overload, maintaining
and stabilizing the exercise intensity. In the first week, the animals
were first placed on a treadmill, for one day, without turning on the
tool in order to adapt them to the environment. They then ran on
the treadmill for 10 minutes at a speed of 17 m / min. gradually,
during the second week until the fourth week 4, the activity dura-
tion increased by 10 minutes, until eventually reaching 50 minutes
per session. The animals ran on the treadmill for 50 minutes at a
speed of 17 m/min (= VO,max of 55 %) during the stabilization

period (4 weeks). At this stage, a 10-degree incline was used (20).
The animals were administrated Apelin (10 nmol/kg) one week
before ischemia. In all the groups, the rats were administrated in-
traperitoneal heparin (500 units/kg) half an hour before anesthesia.

Drug treatment
[Pyr1]-Apelin 13 (10 nmol/kg/day, for five days, Sigma) was
dissolved in normal saline and injected 7 days before surgery(21).

In vitro I/R injury model

In this part, 72 h after the last training session, adult male rats
were given 500U of heparin intraperitoneally. Anesthesia was per-
formed by administration of sodium thiopental (60 mg/kg, i.p.).
The hearts were then excised and perfused retrogradely via the
aorta at a constant pressure (80 mmHg) with oxygenated Krebs —
Henseleit bicarbonate buffer, pH 7.4 at 37 °C.

Isolated hearts underwent 20-min stabilization, followed by
30-min regional ischemia (induced by tightening the left anterior
descending coronary artery) and 60-min reperfusion (21).

Histopathology and morphometry

The heart was removed from the chest, washed and placed in
the normal saline. The hearts were then weighed, fixed in formalin
10 % for 2448 h, and eventually placed in paraffin. Cross-sections
were prepared using microtome and stained with hematoxylin and
eosin (H & E, Sigma-Aldrich Co., MO, and USA) for evaluation of
the left ventricular histopathology. The histopathology study was
as followed: Grade necrosis region, neutrophil and macrophage
count, the microvessels density, and the size of fibrosis.The slides
were evaluated using Olympus Tokyo Microscope (400x magni-
fication) in 150 random fields in each group within the area of
4.16 mm? (22). To measure the fibrotic area in the left ventricle,
a cross-section was prepared to create digital images of the heart
using Trichrome Masson staining in Adobe Photoshop CS (16).
To detect collagen deposition, sections stained with Trichrome
Masson were used to obtain 50 photomicrographs from the heart
tissue with a 40x objective lens. The areas were randomly selected.
After this process, the image sections were scanned (LaserJet Pro
M1132, HP, USA) and analyzed by Image J software (National
Institutes of Health, USA)(5).

Histopathology scoring

Myocardial necrosis was identified based on hemorrhage and
contraction bands, which were in the form of dark bands span-
ning some myofibers. This characteristic appearance represented
markedly ischemic myocardium that has been reperfused. The
myocardial necrosis grading was scored as 0 = normal; 1 = mild
increase; 2 = mild to moderate increase; 3 = moderate increase; 4
= moderate to marked increase; 5 = marked increase (23).

Estimation of apoptosis activity

Terminal deoxynucleotidyl Transferase dUTP nick end label-
ing TUNEL staining was done using a commercially accessible
kit (Roche), according to the manufacturer’s instructions, on heart
tissue slices incorporating the infarct zone that were randomly se-
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Tab. 1. Physical characteristics of studied rats at the end of the procedure.

Parameter I/R I/R+Ex I/R+Ape I/R+Ex+APE
Number of animals/group 8 8 8

Age (weeks) 18-20 18-20 18-20 18-20
Body weight (g) 354+42 351425 323421 334431
Heart weight (g) 1.07+0.13 1.37£0.19 1.26+0.20 1.05+0.18
Heart rate, beats/min 377445 395+36 360+40 353+13
Heart weight/body weight 0.003+0.003 0.004+0.007 0.004+0.009 0.003+0.005

Values are shown as mean + SEM, body weight and heart weight on sacrifice day; beats per minute (bpm).

Tab. 2. Scores for the degree of myocardial necrosis.

Groups 0 1 2 3 4 5 Total
/'R 0 0 0 3 4 3 10
I/R-Ex 0 1 3 4 2 0 10
I/R-Ape 0 1 4 3 2 0 10
I/R-Ex-APE 2 5 3 0 0 0 10
Total 2 5 10 10 8 3

A score of 0 = normal, 1 = mild increase, 2 = mild to moderate increase, 3 = moder-
ate increase, 4 = moderate to marked increase, 5 = marked increase

lected from each group. Tissue sections were studied microscopi-
cally at x400 magnification, and at least 100 cells from the peri-
infarct area were counted for each field of assessment, with a total
of 10 fields examined (Leica Q500MC). The peri-infarct area was
determined by hematoxylin and eosin staining done on the nearby
tissue slide. The rate of TUNEL-positive cells was calculated as
follows: number of apoptotic cells/total number counted (7).

Statistical analysis

The results were reported based on the mean + SEM. The
Kolmogorov—Smirnov test was used to determine the data nor-
mality. One-way ANOVA was employed to compare the differ-
ences between groups. When there was a significant difference,
Tukey’s post hoc test was utilized, with the results reported at a
significant level of p < 0.05.

Results

Morphometric parameters after myocardial I/R in rats

Table 1 presents the characteristics of the studied animals at
the end of the procedure. There was no significant difference be-
tween the groups in terms of heart rate (at rest), body weight, and
heart-to-body weight ratio.

Histopathology and morphometry
Combinational effects of apelin and exercise on reduced myo-
cardial necrosis following I/R injury

Tab. 3. Summary statistics for histopathology and morphometry eva-
luation methods.

The myocardial necrosis scores by each individual group are
reported in the Table 2. When the study groups were compared in
terms of grades of myocardial necrosis, the scores were 3-5 in the
I/R group; 0-2 in the EX+APE+I/R group, and the myocardial ne-
crosis scores in the APE+I/R and EX+I/R group were distributed in
a balanced way within the range of 2-5. The myocardial necrosis
scores were distributed at lower levels in the EX+APE+I/R group
than in the I/R operated group as well as in the groups APE+I/R
and EX+I/R (Tab. 2).

Combinational effects of apelin and exercise reduces the number
of neutrophils in the cardiac tissue following I/R injury

After I/R, yellowish brown spots were observed in the MI cen-
ter macroscopic view of the cardiac tissue, and these spots were
more evident in the control group. The number of neutrophils in
the cardiac tissue of the studied animals was evaluated in the mi-
croscopic study, where the relative number of neutrophil cells in
each section was counted in the peri-infarcted area and using 10
randomly selected fields of eight sections per animal. One-way
ANOVA revealed a significant difference between the mean num-
ber of neutrophils in the studied groups (Fig. 1, Tab. 3).

Combinational effects of apelin and exercise reduces the number
of macrophages in cardiac tissue following I/R injury

Cardiac tissue was seen as a hyperemic border after I/R in the
macroscopic view of the MI center. There were also fewer brown-
ish yellow spots. The number of macrophages in the cardiac tis-
sue of animals was evaluated in the microscopic study. ANOVA
test revealed a significant difference between the mean number of
macrophages in the studied groups (Fig. 1, Tab. 3).

Combinational effects of apelin and exercise increases the mi-
crovessels density (MVD) in cardiac tissue following I/R injury
After I/R, in the macroscopic view of MI, the cardiac tissue
was seen as grayish red spots. The microscopic study of the left
ventricle demonstrated a well-defined granulation tissue, with new

Parameters I/R Ex+I/R APEe+I/R Ex+APE+I/R p*

Number of neutrophils 78.8+1.4 58.140.94 70.7+1.08 45.3+1 0.000
Number of macrophages 80.5+1.1 58.2+0.71 70.6+0.99 44.5+0.96 0.000
Microvessels density 1.9+0.37 2.8+0.29 3.5+0.3 3.9+0.3 0.001

Value are presented as the mean + standard error, * p < 0.005.
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Fig. 1. Histopathological changes; (A) representative hematoxylin and
eosin stained secretions (original magnification x40), (B) the calculated
ratio of inflammatory cells and microvessels density; The results are
presented as the mean + SEM. Typical results are presented, Scale
bar = 20 pm. ** p < 0.05, *** p < 0.001 and # p > 0.05 comparison
indicated by brackets.

blood vessels detected. The ANOVA test showed a significant dif-
ference between the mean number of micro blood vessels in the
studied groups (Fig. 1, Tab. 3).
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Fig. 2. Collagen deposition and Fibrotic area; (A) rats’ hearts in each
group prepared for Masson’s Trichrome; (B) Hearts of rats in each
group harvested for Masson’s trichrome staining; The percentage of
collagen deposition and fibrotic area was calculated by an optical mi-
croscope (original magnification x40). The results are presented as the
mean + SEM. Typical results are presented, scale bar =20 pm. *** p
<0.001, ** p <0.05 and # p > 0.05 comparison indicated by brackets.

Combinational effects of apelin and exercise reduces collagen
deposition in the cardiac tissue following I/R injury

The results of microscopic study of collagen deposition were
assessed after I/R at the center of MI of the left ventricle of the
animals. The interstitial collagen, the myocardial area occupied
by collagen, was evaluated in transverse sections by Trichrome
Masson. ANOVA showed a significant difference between stud-
ied groups in terms of the mean collagen deposition percentage
(Fig. 2, Tab. 4).

Combinational effects of apelin and exercise reduces fibrotic area
in the cardiac tissue following I/R injury

The results of the left ventricular macroscopic study after I/R
revealed a whitish gray scar in the MI region, which indicated
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Tab. 4. Comparison of collagen and fibrosis quantification staining method characteristic for assessment of cardiac injury.

Parameters Staining methods I/R Ex+I/R APEe+I/R Ex+APE+I/R p*
Collagen deposition Trichrome Masson 9.3£0.15 13.4+0.33 11+0.36 5+0.25 0.000
Fibrosis area H&E 11.9+0.23 7.7+0.21 10+0.25 4+0.22 0.000
Value are presented as the mean =+ standard error, * p < 0.005.

Tab. 5. Detection of apoptotic cells by TUNEL staining.

Parameters I/R Ex+I/R APEe+I/R Ex+APE+I/R p*
TUNEL positive cells rate (numbers) 37.6+0.2 19.80+0.13 27.70+0.15 13.80+0.13 0.000

Value are presented as the mean =+ standard error, * p < 0.005.

a progressive form toward the center of the affected tissue. The
results of the microscopic study showed that, in addition to in-
creased collagen deposition percentage and reduced number of
inflammatory cells, the dense collagenous scar was more evident
in the control group. The ANOVA test indicated a significant differ-
ence between the mean fibrosis area in terms of um in the studied
groups (Fig. 2, Tab. 4).

Combination effects of apelin and exercise on cardiomyocyte
apoptosis following I/R injury

TUNEL staining was used to detect apoptosis of cardiomyo-
cytes after I/R. One-way ANOVA showed a significant difference
between the studied groups in terms of the mean = SEM of the
number of apoptotic cells (with TUNEL-positive arrows) in the
peripheral and peri-infarct area (p = 0.000). In the Tukey test, the
mean + SEM of the number of apoptotic cells in the I/R group
was 37.6 £ 0.2, while the rate of TUNEL-positive cardiomyocytes
in Ex+APE+I/R, APE+I/R, and Ex+I/R groups was 13.80 + 0.13,
27.70 £ 0.15, and 19.80 + 0.13, respectively. The rate of TUNEL-
positive cardiomyocytes in the exercise and Apelin group dimin-
ished as compared to the control group, but this decrease was not
statically significant (p = 1.00) (Fig. 3, Tab. 5).

Discussion

The recent study presented a histopathological examination
of the cardiac tissue and the rate of cardiac muscle apoptosis in
rats subjected to exercise training for a long period (8 weeks) and
exogenous Apelin treatment before developing the Langendorff
model IR injury. The present study also analyzed the anti-fibrot-
ic effect of Apelin in the animal model of IR-induced cardiac
fibrosis, the relationship between exercise and Apelin in antici-
pated cardiac dysfunction in IR, pathologic ventricular recon-
struction, and extracellular matrix changes (ECM). We studied
the angiogenesis, anti-apoptotic, anti-fibrotic, and anti-necrotiz-
ing effects of Apelin+exercise in improving cardiac function and
maintaining its structural integrity during post-IR days, which
are of vital importance in the tissue repair process. We hypoth-
esized that Apelint+exercise preconditioning of the cardiac mus-
cle can have an optimal effect on the functioning of an unhealthy
heart. Developing evidence shows that exercise can reduce the
LV oxidization and develop cardiac function after MI. Neverthe-
less, the molecular mechanisms of improved left ventricular func-
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Fig. 3. Effect of exercise and Apelin on the heart apoptosis rate; (A)
Cell death determined by the TUNEL method at 10X magnification
(black nuclei are the apoptotic cells); (B) Comparison of apoptotic cell
death in the four groups; The results are presented as the mean = SEM.
Typical results are presented, Scale bar =20 pm. *** p <0.001, ** p <
0.05 and # p > 0.05 comparison indicated by brackets.

tion after MI in response to exercise training are not completely
understood. MI is associated with a neoangiogenesis response,
which is crucial for healing and cardiac repair (19). In this study,
we hypothesized that exercise training and Apelin supplementa-
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tion might favorably affect the performance of the failing heart
through improving neoangiogenesis in the region at risk and re-
storative cardiac operation (16). This research has been consistent
with our previous studies. Briefly, in the previous study, we
showed that 5 d of pharmacological treatment with Apelin 13, 24
h after MI induction increased cardioprotective effects through
its antioxidant effects and NO production. It also induces an an-
giogenic and anti-fibrotic effect (17). Furthermore, Apelin, cod-
ed by the APLN gene, is an endogenous ligand for the G-protein-
coupled APJ receptor, which is a potential receptor associated
with the AT1, an angiotensin receptor. The Apelin / APJ system
has numerous effects on cardiovascular physiology and patho-
physiology. Apelin sharply reduces blood pressure in a rat mod-
el of atherosclerosis and patients with heart failure. In addition,
Apelin accelerates cardiac contraction and vasodilatation and also
prevents inflammation of the aorta by decreasing the level of In-
terleukin (IL)-6 mRNA and tumor necrosis factor a (TNF o) (24).
IR injury is a common pathophysiological process in patients
with heart disease and related therapies. IR-induced injuries in-
volve three phases: 1) acute oxidative injury during ischemic
stage, 2) acute oxidative injury during the initial stages of reper-
fusion, 3) chronic injury during prolonged reperfusion (18). Pre-
vious studies suggested that free oxygen radicals cause apoptosis
of cardiomyocytes and MI in the heart perfusion system. Apelin
/ APJ system significantly increases the post-MI expression of
the protein marker in the patient's heart, which in turn enhances
the MVD and improves the post-MI cardiac function by suppress-
ing apoptosis (25). Similar results have been reported by Lee et
al (26). They reported that Apelin administration significantly
increased recruitment of bone marrow cells (BMCs) and im-
proved the cardiac function following MI, by suppressing the
stress-induced apoptosis (26). Apelin/ APJ system also inhibits
apoptosis in different IR models in various ways. In mice suffer-
ing from diet-induced obesity (19), the Apelin / APJ system can
protect against IR-induced apoptosis through FoxO1. The Apelin
/ APJ system protects against ischemic coronary artery disease
and glucose deprivation-induced apoptosis and increases cardio-
protective effects against myocardial injuries (27). Short ischemic
episodes and reperfusion prior to prolonged ischemia are the
characteristics of the pre-conditioning reperfusion. On the other
hand, short ischemic periods and reperfusion after a long isch-
emic period and at the onset of reperfusion are the characteristics
of the post-conditioning phenomenon. Pre-and post-conditioning
refer to a group of structures that have attracted the researchers’
attention in the field of protecting the myocardium against lethal
IR injuries (3). However, numerous experimental studies showed
that the protective effects of these structures were suppressed in
the presence of some pathological factors including hyperglyce-
mia, obesity, hypercholesterolemia, etc (3). Our theory also sug-
gested that undesirable effects of IR could be suppressed through
pre-treatment with aerobic exercise considering the beneficial
effects of exercise on the cardiovascular system and knowledge
of the positive effects of Apelin. The results of this research re-
vealed diminished size of the necrotic area and the number of
apoptotic cardiomyocytes in the EX+APE+IR group. The number

of micro-vessels and their scattering increased in tissues with
IR-induced injury, which itself emphasizes the mechanism, by
which Apelin promotes MVD. On the other hand, pre-IR
Apelin+EX could reduce the percentage of collagen deposition
and fibrosis in the ischemic area. We showed in the previous
study that aerobic exercises and L-arginine supplement could
enhance the MVD in the area associated with the risk of post-MI
blood vessel contraction. L-arginine has a greater effect on exer-
cise-induced angiogenesis by preventing further reduction of
VEGF expression in response to exercise training. These im-
provements, in turn, increase the systolic function of the left
ventricle and reduce mortality in rats with MI (18). One of the
IR-induced injuries is the presence of polymorphic nuclear
(PMN) leukocytes and post-injury tissue necrosis. Drug therapy
and pre-IR measures can reduce the number of inflammatory cells
and reduce the necrotic area to a significant extent (28). In the
present study, Apelin and exercise prior to the creation of IR
could reduce the number of inflammatory cells (neutrophils and
macrophages). Notably, the number of inflammatory cells was
higher in the control group rats than in the pre-conditioned
groups, resulting in higher average necrotic area in this group
(28). Recent research suggested that the Apelin/APJ system plays
an important role in pathologic angiogenesis, which is the pro-
gression of new branches of the growing blood vessels from the
previous vessels through the buds. Previous studies investigated
the role of the Apelin/APJ system in pathologic angiogenesis.
The Apelin/APJ system promotes angiogenesis in MI, ischemic
stroke, limb ischemia, tumors, retinal angiogenesis, cirrhosis,
obesity, diabetes, and other associated diseases (29). There have
been many studies on the role of exercise in reducing the size of
the infarction area, where controversial results have been report-
ed with regard to the time of exercise before and after MI. The
research revealed that the size of the infarction area was not sig-
nificantly different from that of the control group in response to
8-week aerobic activity. However, the studies that performed
exercise prior to MI development reported a significant reduction
in the size of the infarction region (30). The results showed that
reducing myocardial infarct size was not associated with chang-
es in capillary density and there was little information on exer-
cises and its associated mechanisms involved. The study found
that Apelin and opioid receptors could reduce the size of the in-
farction area (31). Administration of Apelin during an acute fi-
brotic reaction prevented structural reconstruction such as fibro-
sis and ventricular dysfunction (32). The present study also
showed a reduction in the fibrotic process in the Apelin recipient
groups. Another study investigated specific changes in cytokines
cardiac microvascular endothelial cells (CMEC) under the IR
conditions. They concluded that when these cells were induced
by sonic hedgehog (SHH), they were able to make changes to
the CMEC cytokines, which, as a biological factor, accelerates
cardiac arteries and eventually heart muscle repair after ischemia
(33). The results of Apelin administration (10 nmol / kg / day)
for 5 days after ischemia in male rats showed that this agent had
angiogenic and anti-fibrotic activity through forming new blood
vessels, causing an excessive expression of VEGF, KDR1, Tie2,
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and Enos gene, which in turn could be effective in the cardiac
remodeling and improvement of the left ventricular function in
myocardial infarction. Accordingly, the researchers emphasized
the angiogenesis property of this biological agent (31). The recent
study confirmed the anti-fibrotic effect of Apelin in the experi-
mental groups. Similar to Apelin, research suggested that Losar-
tan had positive effects on cardiac fibrosis in mice exposed to
long-term aerobic exercise and subsequently suftered from isch-
emia. They argued that exercise could reduce and minimize car-
diac dysfunction and cardiac remodeling in rats, which is consis-
tent with the results of the present study. Their study indicated
that exercise on the motorized treadmill improved cardiac func-
tion parameters by reducing fibrous tissue (33). More impor-
tantly, the results indicated that Apelin had cytoprotective effects
in the ERK pathway, demonstrating that Apelin/APJ system is
an internal defense pathway in myocardial I/R injury (12).

Conclusion

The results of this study and its comparison with other studies
suggested that the combined use of Apelin+Exercise was effective
in improving cardiac remodeling in ischemia/reperfusion injury
in isolated rat hearts. Also, Apelintexercise preconditioning can
reduce collagen deposition, fibrosis, apoptosis, and lower the num-
ber of macrophage and neutrophils during the ischemic phase. It
is hoped that Apelin, as a therapeutic agent, along with exercise,
could be used as a preconditioning for reducing MI-induced in-
juries. Finally, further studies are recommended to discover the
specific Apelin and exercise pathways.
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