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ABSTRACT

[XSE Activation of inflammatory processes is necessary immediately after myocardial infarction (M),
but if it continues excessively, it can facilitate the occurrence of MI. Considering the positive effects of
exercise on inflammatory pathways and their reduction, it seems to play a crucial role in improving the
condition of Ml patients. Accordingly, the present study investigated the effect of an incremental training
rehabilitation period on serum levels of pentraxin-3 and osteoprotegerin in infarcted rats.

In this experimental study controlled with a control group, 36 Wistar rats (8 weeks
old, weighing 210426 g) were randomly divided into 3 groups, healthy, Ml, and infarction-incremental
training rehabilitation. MI was then induced in two infarction groups using two subcutaneous injections
of isoproterenol (150 mg/kg) at 24-hour intervals. The intervention groups underwent incremental en-
durance training for one session (treadmill with a speed of 10 m/min and a start time of 20 minutes and
reached a speed of 18 m/min and a time of 50 minutes). Serum levels of pentraxin-3 (PTX3) and osteo-
protegerin (OPG) were then assessed by ELISA immediately after the intervention. One-way analysis of
variance and Tukey post hoc tests were used to analyze the data at the significance level of P<0.05.
[FITIEE The results showed that induction of Ml led to a significant increase in the studied indica-
tors (P=0.0001). Also, incremental training rehabilitation led to a significant decrease (P=0.04 and
P=0.01) in the serum levels of pentroxin-3 (PTX3) and osteoprotegerin (OPG) in the samples com-
pared to the Ml group.

[@TEIERT The present study showed that incremental training rehabilitation by reducing inflammatory
markers can play a crucial role in improving the condition of patients with MI.
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Introduction

yocardial infarction (MI) is one of the main

causes of death in cardiovascular patients,

the first cause of death in the world, and the

cause of death of 7 million people in 2016

[1]. Tt is predicted that this disease will lead
to the death of nearly 23.6 million people per year by 2030.
In more than 20% of MI patients in the first year after the
occurrence, the disease relapses and accounts for the larg-
est increase in life years lost due to disease and death [1].
Therefore, MI with visible inflammation and infiltration of
inflammatory cells leads to death if not reduced. Of course,
the activation of the inflammatory process immediately after
MI is necessary to enter the stage of cell repair and prolifera-
tion. With myocardial ischemia, the initial pro-inflammatory
response is induced and leads to the destruction of necrotic
cell remnants from the MI area [2].

However, inflammation is considered a critical back-
ground factor for the initiation of the formation of coro-
nary plaques, their instability, and also their rupture. Also,
ongoing inflammatory responses can have adverse effects
on left ventricular function and the recovery process after
MI [3]. Clinical reports have shown that inflammatory re-
actions after MI can accelerate the occurrence of athero-
sclerosis and cause the recurrence of MI [4]. Therefore,
it is necessary to control the inflammation caused by MI
as soon as possible. Pentroxin-3 (PTX3) and osteoprote-
gerin (OPG) are among the inflammatory factors in heart
patients that were investigated in this study. PTX3 is a
recently discovered long-chain protein belonging to the
family of pentraxins. This protein is localized in the site of
Inflammation and is secreted in different types of skeletal
muscle cells, monocytes, macrophages, endothelial cells,
smooth muscle walls, and also in atherosclerotic wounds
in response to inflammatory stimulation [5].

In previous studies, C-reactive protein (CRP) has been
mentioned as the strongest predictor of cardiovascular dis-
eases; but recently, studies have shown that PTX3 was a
stronger and more intense predictive factor for cardiovascular
patients than C-reactive protein (CRP) [6]. Excessive inflam-
mation in MI patients has a direct relationship with PTX3
protein [7]. OPG protein is an inflammatory marker of 401
amino acids that is related to cardiovascular problems and is
associated with an increased risk of atherosclerotic lesions
in the general population [8]. OPG and its ligand, receptor
activator of nuclear factor (NF-kappaB) ligand (RANKL), is
a 380-amino-acid soluble glycoprotein of the tumor necro-
sis factor (TNF) and TNF-related apoptosis-inducing ligand
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(TRAIL) [8]. It is a potential new regulatory factor involved
in endothelial dysfunction and cardiovascular pathogenesis
[9]. 1t is also involved in inflammatory activities, biome-
chanical stress, coronary calcification, decreased contractile
function, anti-apoptotic activity, congestive heart failure dis-
eases, blood pressure disorders in diabetics, disease Crohn’s
artery R, environmental and cerebrovascular diseases, and
cardiovascular risk of patients with metabolic syndrome. In
addition to medical treatments for MI patients, other differ-
ent methods exist in complementary medicine to deal with
cardiovascular problems. Doing sports exercises is one of the
first recommendations for the prevention and rehabilitation
of this disease [10]. Physical exercise leads to the improve-
ment of cardiac function and necrotic recovery of the myo-
cardium, and after MI, myocardial oxygenation and ventric-
ular reconstruction prevent subsequent MI events [11].

However, the mechanisms affecting this process, espe-
cially after a heart attack, have not been fully clarified. Fu-
kuda et al. showed that 3 to 6 months of endurance training
in patients with heart failure and cardiomyopathy led to a
significant decrease in PTX3 levels [12]. Also, Basati et al.
also reported that aerobic exercise activity reduces the plas-
ma levels of PTX3 in diabetic and non-diabetic coronary pa-
tients [13]. In the report of Sponder et al., it was shown that
endurance training in cardiac patients did not significantly
change OPG glycoprotein [14], which was consistent with
the results of Kim et al. [15]. The discussion of inflammato-
ry factors PTX3 and OPG in the immune and inflammatory
systems and their answer to increased rehabilitation exercises
is completely new. However, in various studies, the positive
effects of exercise training on various aspects of heart health
in patients with MI have been noted, but the physiological
mechanisms with an inflammatory approach are not well un-
derstood. Therefore, the present study investigated the effect
of an increasing exercise rehabilitation period on the serum
levels of PTX3 and OPG in infarcted rats.

Materials and Methods

In this controlled research with post-test, thirty-six
8-week-old male Wistar rats with an average weight of
210+£26 g purchased from Pasteur Institute were used.
These animals were kept in transparent polycarbonate
cages under controlled environmental conditions with
a temperature of 22°C+2°C, a humidity of 50+5, and a
light-dark cycle of 12:12 h with free access to water and
special rat food. After transferring the animals to the re-
search environment for 1 week, they were kept in new
conditions and after adapting to the laboratory environ-
ment, they were randomly divided into 3 groups of 12
healthy animals (H), myocardial infarction (MI), and
myocardial infarction-exercise rehabilitation (MLEX).
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To induce M1, a subcutaneous injection of isoproterenol
(ISO, manufactured by Sigma, America) with a dose of
150 mg/kg of body weight was used [16]. Isoproterenol
was diluted with normal saline solution (0.05 cc) and ad-
ministered in two days. It was injected into rats consecu-
tively with an interval of 24 h. This substance is one of the
common methods of inducing MI in animal models, es-
pecially rats [17]. After 48 h from the last injection, a few
rats were randomly selected from each group and sub-
jected to test conditions to ensure the induction of infarc-
tion. In this study, cardiac infarction was confirmed based
on electrocardiographic changes (ST-segment elevation)
along with the increase of cardiac Troponin I (cTnl) en-
zyme (344.01 pg/mL) (Figure 1).

The familiarization phase of rats with the treadmill
was performed in the second week for 1 week, 5 days a
week, every day for 10 minutes at a speed of 10 m/min
[18]. Studies have shown that this amount of training is
not enough to significantly change the aerobic capacity
of the samples. Rats were conditioned to run by sound
and stimulation to avoid approaching, resting, and touch-
ing the electric shock section at the end of the device.
The incremental aerobic training program, including 8
weeks of running on the treadmill was started on 3 non-
consecutive days for 20 minutes at a speed of 12 m/min.
In the continuation of the training, 5 minutes were added
to the training time every week until it reached 50 minutes
(Table 1). Also, the speed of the treadmill was increased
by 1 meter per minute every week until it finally increased
to 18 meters per minute. This is a training program with
zero slopes performed with 3 minutes of warming up and
cooling down at a speed of 7 m/min [19].

The groups were anesthetized and killed immediately
after the end of the training protocol with a combination
of ketamine (75 mg/kg) and xylazine (10 mg/kg). At dif-
ferent stages, while observing ethical issues, we tried to
avoid any physical abuse and unnecessary methods. After
anesthesia, blood sampling was performed directly from
the right atrium of the rat heart with 10 cc tube syringes.
The collected blood was poured into simple chelated gel
tubes and after being placed at room temperature for 10
minutes and clotting, it was centrifuged at 5000 rpm for 5
minutes. Then, the serum samples were placed at -80°C
for biochemical analysis. To determine serum PTX3 and
OPG values, the ELISA method was used according to
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the manufacturer’s instructions for East Biopharm China
kits (with an intra-assay coefficient of variation less than
10% for both kits and the sensitivity of the measurement
method is 0.1 and 0.03 ng/mL, respectively).

After confirming the normal distribution of the data us-
ing the Shapiro-Wilk test, a one-way analysis of variance
(ANOVA) was used to compare the mean between the
groups. Statistical analyses were performed using Graph-
Pad statistical software (version 7) at a significant level
(P<0.05) and a 95% confidence level.

Results

After the induction of MI and the end of the research,
the body weight of the rats was measured in all groups.
The results did not show significant changes in the initial
weight group after induction and the final weight among
the groups (F=3.1 and P=0.057, F=2.3 and P=0.157).
Also, the heart weight of rats after the intervention was
studied in all groups and the results showed significant
changes between H and MI groups (F=4.3 and P=0.04).
Also, the ratio of heart to body weight between the MI
group and the H and MI.LEX groups also had a significant
difference (F=5.3 and P=0.047) (Table 2).

Figure 2 shows the serum concentration of PTX3 in the
studied groups after the intervention. The results showed
that induction of MI led to a significant increase in the
serum levels of PTX3 rats in the intervention groups com-
pared to the healthy group (P=0.0001, F=13). Tukey’s test
showed this difference between groups H with MI (F=9,
P=0.0001), and H with MLEX (F=5.5, P=0.002), and MI
with MLEX (F=3.63, P=0.04).

Figure 3 shows the OPG serum concentration in the
study groups after the intervention. The results showed
that the OPG serum levels of rats increased significantly
in the intervention groups compared to the healthy group
(P=0.0001, F=11). Tukey’s test showed this difference be-
tween groups H with MI (F=10, P=0.0001), and H with
MLEX (F=5.4, P=0.002), and MI with MLEX (F=4.5,
P=0.01).

Discussion

This study was conducted to investigate the changes in
serum concentration of PTX3 and OPG in infarcted rats
after sports rehabilitation. The research findings showed
that the induction of MI caused a significant increase in
the serum levels of PTX3 and OPG in the infarct samples.
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Figure 1. Electrocardiogram of a healthy rat (left) and a rat with MI (right)

The results of the present study show that eight weeks of
incremental endurance rehabilitation training reduced the
serum levels of PTX3 and OPG in infarcted samples.
Also, the initial and final weight of the groups did not
decrease significantly compared to the healthy group.
However, heart weight and heart-to-body weight ratio
showed a significant decrease in the MI group compared
to the healthy group. Cardiac infarction causes abnormal
heart function and cardiomyocyte necrosis by causing
ischemia. Also, pathological hypertrophy of the left ven-
tricle leads to a decrease in capillary density and an in-
crease in inflammation with the release of molecular pro-
teins related to damage from necrotic cells [12, 20].
Considering that inflammatory responses in the early
stages of MI clear infarcted dead cells and matrix rem-
nants and activate reparative processes by myofibroblasts
and vascular cells, they may also contribute to scar tissue
formation, fibrotic remodeling, cardiac apoptosis, and ar-
rhythmogenic actions. [21]. Prolonged and excessive in-
flammation plays a prominent role in the pathogenesis of
complications and the development of heart failure after
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Figure 2. Pentroxin-3 (PTX3) serum concentration changes in
healthy groups (H), myocardial infarction (MI), and myocardial
infarction-exercise rehabilitation EX.MI at significance levels
("P<0.01, "P<0.001 and **"P<0.0001)
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infarction. Therefore, interventions to reduce inflamma-
tory symptoms are one of the priorities of cardiac reha-
bilitation programs. Over the past few years, biomarkers
have played a critical role in predicting cardiovascular
risks [22]. However, until now, the molecular mecha-
nisms underlying the protective effects and recovery im-
provement in sports training after MI have not been well
clarified. In new studies, PTX3 has been mentioned as
one of the strongest predictors of cardiovascular diseases
[6]. Also, OPG protein is related to MI and coronary ar-
tery patients and increases the risk of heart ulcers in gen-
eral communities [23]. Arteriosclerosis and MI are associ-
ated with increased inflammation-related mortality.
Inflammation, mechanical stress, reduced contractile
function, and heart failure diseases lead to the expression
of PTX3 and OPG genes from atherosclerotic wounds,
monocytes, macrophages, and endothelium of heart pa-
tients [6, 10]. In studies conducted on MI patients, it has
been reported that aerobic exercise prevents negative car-
diac inflammatory changes, which confirms the findings
of the following research [24]. In the present study, the
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Figure 3. Osteoprotegerin (OPG) serum concentration changes in
healthy groups (H), myocardial infarction (MI), and myocardial
infarction-exercise rehabilitation (EX.MI) at significance levels
("P<0.01, "P<0.001 and **"P<0.0001)
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Table 1. Incremental training rehabilitation program with treadmill

Week
Exercise Weeks
Acquaintance 1% 20 31 4t SE 6t 7th & 8t
Training period (min) 10 20 25 30 35 40 45 50
Speed (m/min) 10 12 13 14 15 16 17 18

Training intensity (mL kg/min) In the range of 48% to 67% of the maximum oxygen consumption

initial weight of rats did not decrease significantly and the
final weights of the groups did not show any significant
difference. The reason for the initial weight loss after in-
farct induction can be seen in the reduction of animal food
consumption due to isoproterenol induction [25]. After
isoproterenol injection, the weight of the heart of rats sig-
nificantly decreased compared to the total weight in the
MI healthy group, which is consistent with the research
results of Amirsardari et al. [26]. Also, increased endur-
ance training led to an increase in heart weight and the
ratio of heart weight to total body weight in rats compared
to the MI group, which was consistent with other studies
[27, 28]. Another finding of the current research showed
that the induction of cardiac infarction leads to a signifi-
cant increase in PTX3 serum levels compared to the
healthy group. The results of increased sports rehabilita-
tion after induction of MI showed a significant decrease in
PTX3 serum levels. Tunc-Ata et al. showed that a period
of exercise training is associated with a significant de-
crease in PTX3 [29]. In this regard, Fukuda et al. investi-
gated the sports rehabilitation of heart patients and report-

Table 2. Demographic information of rats

Internal Medicine Today

ed that the concentration of PTX3 decreased significantly
[12]. In another study, it was reported that aerobic exer-
cise reduces the plasma levels of PTX3 in diabetic and
non-diabetic coronary patients [13], which is consistent
with the results of the above study. Contrary to the present
study, Nakajima et al. investigated the release of PTX3 as
an independent inflammatory marker during intense exer-
cise. The results of this study showed that high-intensity
exercise increases plasma PTX3 due to exercise [30]. Mi-
yaki et al. also concluded that regular aerobic exercise
increases plasma PTX3 concentration by improving
HDL, peak oxygen uptake, and arterial dilation in post-
menopausal women [7]. The type and intensity of the re-
habilitation protocol, health and disease status of the
samples, and gender can be the reason for the contradic-
tion. The present study was conducted in infarct samples,
with increasing exercise protocol and male rats. In justify-
ing the effectiveness of sports training on PTX3, pentrax-
ins participate in the regulation of inflammatory responses
through various reactions. Exercise training stimulates
PTX3 interaction with P-selectin [31]. This interaction

Variables H Ml MLEX
Number 12 12 12
Initial age (wk) 11 11 11
Initial weight (g) 220+12 215+15 210415
Final weight (g) 29511 27614 283+10
Heart weight (g)" 1.2 3.95+0.0 6.99:0.0

The ratio of heart weight to body weight (g/kg)"

0.0039-0.0042

0.0033-0.0035 0.0034-0.0036

Internal Medicine Today

“Indicates a significant difference (P<0.05) between the H group with MI in heart weight and the H group with MI in the ratio of heart

weight to body weight

Abbreviations: H, healthy; MI, myocardial infarction; ML.LEX, myocardial infarction-exercise rehabilitation

Amirsardare B, et al. Exercise Rehabilitation of Patients With Myocardial Infarction. Intern Med Today. 2022; 28(3):366-381
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stops the accumulation of neutrophils in response to the
inflammatory stimulus and controls the initial recruitment
of neutrophils through a negative feedback mechanism.
Therefore, it acts as an intrinsic regulator of the early in-
flammatory response and probably reduces the severe tis-
sue damage caused by MI inflammation [31]. Also, PTX3
increases the activation of transforming growth factor
beta and induces anti-inflammatory responses in macro-
phages [32]. Since the induction of PTX3 expression
through the PI3K/Akt pathway has an atheroprotective
effect, positive modulation of PTX3 prevents the activa-
tion of inflammatory cascade pathways and protects
against cardiovascular wall damage [33]. Therefore, by
inducing infarction and increasing PTX3, more anti-in-
flammatory effects are observed compared to some re-
search [7, 30], and doing sports exercises leads to a de-
crease in PTX3 and ultimately a decrease in inflammation
in heart patients [34]. Another result of the present study
was a significant increase in OPG serum levels of rats in-
duced with ISO. OPG biomarker investigation after pro-
gressive sports rehabilitation showed a significant de-
crease compared to the MI group. Regarding OPG
protein, Kim et al. showed that combined exercises lead to
a significant decrease in OPG protein expression [15].
Consistent with the above results, Sponder et al. also re-
ported that endurance training on people who had at least
one of the factors related to heart disease, such as over-
weight, hypertension, blood pressure, dyslipidemia, dia-
betes, smoking, and a history of discomfort showed that
glycoprotein OPG was associated with a decrease [14].
Also, the research conducted by Davenport et al. showed
a decrease in OPG serum levels of overweight and obese
people in the sports training program [35]. Contrary to the
results of this research, Gaeini et al. showed an increase in
OPG gene expression in rats after exercise [36], which
was consistent with the results of other studies that led to
an increase in OPG following exercise [37]. The cause of
the contradiction can be pointed to the healthiness of the
research samples, resistance exercises, and the different
genders. Cytokine OPG is involved in inflammatory ac-
tivity, endothelial dysfunction, biomechanical stress, car-
diovascular mortality, MI, and coronary artery disease
[9]. This protein is secreted from different cells such as
the heart and blood vessels, arterial wall, vascular smooth
muscles, and endothelial cells [38]. In endothelial cells,
OPG is secreted from granules due to the stimulation of
TNF-0, IL1, and INF-o. In this way, [SO injection leads to
an increase in the above markers and ultimately leads to
an increase in OPG in heart infarction patients [39]. The
increase of inflammatory factors leads to a high regulation
of receptor activator of nuclear factor (NF-kappaB) li-
gand (RANKL) from the vascular muscles, followed by
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the release of MMP and the destruction of the vessel wall,
and finally the creation of plaque, thrombosis, and insta-
bility of cardiac function [40]. Reduction of OPG values
leads to improvement of clinical symptoms of patients
undergoing cardiac sports rehabilitation intervention [41,
42]. It seems that MI disease leaves its effects in the long
term, perhaps the length of the research period in the pres-
ent study is one of the crucial limitations for the detailed
examination of the effects of increased exercise training
on this disease. Therefore, it is recommended to use a lon-
ger period in future studies.

Conclusion

The research findings indicate a decrease in the serum
levels of PTX3 and OPG in the exercise group, and it
seems that increased exercise rehabilitation can have
many clinical benefits by reducing inflammation in heart
attack patients.
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