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biomarkers in infarcted rats
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Abstract

Background and aims: Sexual dysfunction is a prevalent issue among
cardiovascular patients, particularly those who have experienced
myocardial infarction, and it can be influenced by exercise. This study
aimed to investigate the effects of aerobic exercise combined with
electrical stimulation on sexual biomarkers in infarcted rats.

Methods: In this controlled experimental study, 28 male Wistar rats aged
eight weeks were randomly assigned to four groups: control,
exercise, electrical stimulation, and exercise+electrical stimulation,
following myocardial infarction induced by isoproterenol (ISO) at a
dose of 150 mg/kg. The intervention groups engaged in exercise at
speeds of 10 to 18 m/min for 50 minutes and electrical stimulation via
foot shock at an intensity of 0.5 mA for 20 minutes. After the
interventions and subsequent anesthesia, plasma levels of
testosterone and gonadotropin-releasing hormone (GnRH) were
measured using ELISA.

Results: The results demonstrated a non-significant increase in plasma
testosterone levels (p = 0.398) in the exercise group compared to the
control group. However, significant changes were observed in plasma
levels of GnRH (p < 0.0001).

Conclusion: Aerobic exercise appears to be an effective and beneficial
intervention for alleviating sexual dysfunction in infarcted rats by
inducing positive changes in sexual biomarkers.

Keywords: Aerobic Exercise, Myocardial Infarction,
Testosterone, Gonadotropin-Releasing Hormone

EBNESINA - IRIAF Health Administration (Vol. 26, No. 4, Serial 89)

Copyright© 2024. This open-access article is published under the terms of the Creative

OPEN ACCESS Cor_nmpns Attrlbutlon-.No.nCOmmeran 4.0 International License W!"IICh permits Share ((.:opy and
redistribute the material in any medium or format) and Adapt (remix, transform, and build upon
the material) under the Attribution-NonCommercial terms. Downloaded from:
http://www.ebnesina.ajaums.ac.ir


https://www.orcid.org/0000-0000-0000-0000
https://www.orcid.org/0009-0004-6314-0497
https://www.orcid.org/0009-0006-3720-5773
https://www.orcid.org/0000-0000-0000-0000
https://www.orcid.org/0009-0004-6314-0497
https://www.orcid.org/0009-0006-3720-5773
https://www.orcid.org/0000-0000-0000-0000
https://www.orcid.org/0009-0004-6314-0497
https://www.orcid.org/0009-0006-3720-5773
https://www.orcid.org/0000-0000-0000-0000
https://www.orcid.org/0009-0004-6314-0497
https://www.orcid.org/0009-0006-3720-5773

EBNESINA Vol. 26, No. 4, Serial 89

Introduction

Cardiovascular disease (CVD) is the leading
cause of death worldwide. Among its various
causes, myocardial infarction (MI) is the most
prevalent and poses the greatest treatment
challenges as individuals age [1]. MI is a
debilitating condition associated with numerous
physical, psychological, and social issues [4].
Sexual problems are five times more common in
patients with CVD than in healthy individuals,
with a higher prevalence in men [6]. Testosterone
secreted by Leydig cells in testicular tissue, is
synthesized from cholesterol under the regulation
of the hypothalamic-pituitary-gonadal axis. It is
essential for cell growth and division to produce
sperm [8]. Gonadotropin-releasing hormone
(GnRH), a glycoprotein hormone primarily
secreted by pituitary gonadotrope cells, plays a
crucial role in growth, reproduction, and sexual
function. The most well-known gonadotropins in
humans include follicle-stimulating hormone
(FSH), luteinizing hormone (LH), thyroid-
stimulating hormone (TSH), human chorionic
gonadotropin (HCG), and human menopausal
gonadotropin (HMG) [10].

Research by Parastesh et al. demonstrated that
levels of testosterone and GnRH increase as a
result of exercise [14]. Additionally, Baydil
reported that exhaustive exercise significantly
elevates testosterone levels in both sexes [15].
Another  effective method considered in
complementary medicine for treating diseases is
electrical stimulation (ES), which is anticipated to
be a rehabilitation technique for both sports
training and patient recovery [17]. Notably,
Malekipooya et al. conducted research indicating
that  electrical  stimulation can  reduce
inflammation in patients with MI [18]. Therefore,
this study aimed to investigate the effects of
aerobic exercise combined with ES on sexual
biomarkers in rats with induced MI.

Methods

In this experimental study, 28 eight-week-old
male Wistar rats, averaging 220 + 20 g, were
utilized. After acclimatizing to the research
environment, the animals were randomly divided
into four groups: control (only MI), exercise (EX),
ES (ES), and exercise + ES (Ex.ES). To induce
MI, a subcutaneous injection of isoproterenol was
administered at a dose of 150 mg/kg body weight
for two consecutive days. Following this, an
exercise training protocol was implemented,
succeeded by an ES program involving foot shock
[20, 19]. After 48 hours, the rats were
anesthetized, and blood was drawn from the right
atrium. The blood was then centrifuged for 10
minutes, and the plasma was sent to the laboratory
for chemical analysis of testosterone, GnRH, and
cardiac troponin-I markers using the ELISA
method. One-way analysis of variance (ANOVA)
was employed for statistical analysis.

Results

The ANOVA test results indicated significant
changes in both markers. The Tukey test revealed
significant differences in testosterone levels
between the Ex and ES groups (F=4.6, p=0.018),
as well as the Ex and EX.ES groups (F=4.6,
p=0.017). Although exercise led to an increase in
plasma testosterone concentration, this increase
was not statistically significant compared to the
control group (F=2.3, p=0.398).

The ANOVA test reported significant changes
in the GnRH marker, with Tukey's test indicating
significant differences between the control and Ex
(F=24.2, p<0.0001), control and Ex.ES (F=6.1,
p=0.002), Ex and ES (F=25.2, p<0.0001), Ex and
Ex.ES (F=18.2, p<0.0001), and ES and EX.ES
groups (F=7, p=0.0004).

Discussion and Conclusion

The aim of this study was to investigate the
effects of incremental aerobic activity combined
with electrical stimulation on certain sexual
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markers in male rats with myocardial infarction.
One key finding was a non-significant increase in
plasma testosterone levels in the Ex group
compared to the control group. However, a
significant increase in plasma GnRH levels was
observed in the Ex group compared to the control
group. Sexual disorders are more prevalent in
patients with heart disease than in healthy
individuals, with the most significant issues being
reduced sexual desire and avoidance of sexual
activities, ultimately leading to  sexual
dissatisfaction [21]. Stepto et al. found that men
with CVD experienced more difficulties with
relationships, sexual activity, and erectile function
than healthy individuals, resulting in a 38%
decrease in sexual performance [22]. This is
particularly important for cardiac patients due to
increased inflammatory processes and their
negative impact on sexual health. Crisostomo
etal. demonstrated that p38 and SPAK/INK
signaling proteins associated with cardiac
inflammation are linked to testosterone induction
during inflammation [24]. Furthermore, Rateo
etal. showed that TLR-4 has protective effects
related to testosterone [25]. Some studies have
reported its anti-inflammatory effects through the
suppression of pro-inflammatory cytokines and
the increase of anti-inflammatory cytokines [26].
Preclinical studies indicated that IL-6 and tumor
necrosis factor can reduce testosterone levels,
negatively affecting testosterone and GnRH
secretion by increasing inflammatory factors [28].
The release of various hormones, including
prolactin,  corticotropin-releasing ~ hormone,
glucocorticoids, leptin, adiponectin, ghrelin,
insulin, insulin-like growth factor,
catecholamines, and neurotransmitters, are related
to GnRH. It appears that aerobic exercise inhibits
the NF-kB3 pathway, and the inhibition of NF-xB
activation promotes GnRH secretion in the
hypothalamus [30]. In another study, Grandys
etal. found that testosterone levels fluctuate
during the annual training program of sprinters,
with higher testosterone levels observed during
low-intensity  training compared to other
intensities [33].
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Another significant finding of this study was a
notable decrease in plasma levels of testosterone
and GnRH hormones in the ES and EX.ES groups
compared to the Ex group. These groups did not
show significant changes compared to the control
group. Regarding the effects of ES with shock
therapy and combination of aerobic exercise and
ES on plasma levels of the examined sexual
markers, no similar studies were found,
particularly in MI patients. In the limited studies
conducted, some researchers concluded that ES
can lead to significant improvements in patients
with moderate to severe heart failure [36].
Additionally, research by Dubsak et al. indicated
that neuromuscular ES may have anti-
inflammatory effects [37]. Given that this topic is
relatively new, we need more research to
investigate how training, stimulation, and varying
intensities interact, particularly in terms of gene
expressions.
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