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and electrical stimulation in 
myocardial infarction rats

Abstract

Background and Aim: Due to the high prevalence of myocardial 
infarction and an increase in deaths caused by it by 2030, it is 
essential to provide alternative therapies. The aim of the present 
study was to investigate the serum response of CORT and cTnI 
to endurance exercise and electrical stimulation in myocardial 
infarction rats.

Materials and Methods: This experimental study was conducted 
with post-test design and with a control group. After induction of 
infarction with two subcutaneous injections of isoproterenol (150 
mg / kg), 50 Wistar rats (8 weeks with a weight of 230 ± 30 g) were 
randomly divided into 5 groups of healthy, infarction, infarction-
endurance exercise, infarction-electrical stimulation, and infraction-
endurance exercise-electrical stimulation. The intervention groups 
received electrical stimulation for one session (foot shock device 
with a current intensity of 0.5 mA and a duration of 20 min) and 
endurance exercise (treadmill at a speed of 20 m / min for 1 h). 
Immediately after the intervention, serum levels of CORT and cTnI 
were measured. ANOVA and Tukey tests were used to analyze the 
data at a significance level of P <0.05.

Results: The results showed that myocardial infarction significantly 
increased serum levels of CORT and cTnI (P <0.0001). Also, the 
concentration of CORT in endurance exercise groups (P = 0.0008), 
electrical stimulation (P = 0.032) and endurance exercise-electrical 
stimulation (P = 0.044) showed a significant reduction compared to 
myocardial infarction group. Also, cTnI concentration in endurance 
exercise group showed a significant reduction compared to 
myocardial infarction group (P = 0.013).

Conclusion: It seems that endurance exercise and electrical 
stimulation individually and in combination with each other can 
result in an improvement in the conditions of myocardial infarction 
patients by reducing the concentration of CORT and cTnI 
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Introduction
Cardiovascular disease is one of the leading causes of death in the 
world [1] and by 2030 it will account for more than 30.5% of all 
deaths, of which 80% occur in low- and middle- income countries 
[2]. Ischemia myocarditis is caused by obstruction of the coronary 
arteries and manifests with clinical conditions such as angina pectoris, 
irregular heartbeats, heart failure, myocardial infarction (MI), or 
sudden death. It leads to the death of myocyte cells due to loss of blood 
flow, anemia, and ischemia [3]. Also, MI is one of the most common 
causes of coronary heart disease [4] , which by reducing and stopping 
blood flow, it has drawn the attention of cardiologists more than any 
other factor involved in heart attack. MI-induced necrosis stimulates 
the hypothalamic-pituitary-adrenal axis and, as a stressor, increases 
cortisol (CORT) and catecholamine levels [5, 6]. High levels of CORT 
increase mortality in MI patients [7-9]. Thus, the most appropriate 
method to cope with this disease is to identify the main risk factors 
and try to moderate them. Several studies have shown a link between 
stress and cardiovascular disease. Stress increases the secretion of 
catecholamines and corticosteroids from the endocrine glands, and 
subsequently, high levels of these hormones potentially increase the 
risk of cardiovascular disease [10]. The American Heart Association 
has also shown that stress reduces myocardial tissue blood flow by 
increasing the need for oxygen, increasing vascular resistance, and 
contracting coronary artery and it is considered a risk factor for 
cardiovascular disease [11].

Also, stress plays a major role in increasing CORT levels and this 
hormone has a long-term function against stress [12]. In a study 
conducted by Rao et al, results showed a direct link between CORT 
concentration and mortality in MI patients [13]. Studies have shown 
that exercise has been an effective stimulant on the hypothalamic-
pituitary-adrenal axis [14] and has led to an increase in the secretion 
of adrenocorticotropin from the pituitary gland, which is the most 
important factor in CORT secretion. The results of some other studies 
also show a significant reduction in CORT levels [15]. Evidence 
also suggests that there is a direct association between CORT and 
Troponin-I (cTnI) levels in MI patients. These factors are secreted 
due to the hypoxia-induced compatibility [5]. Troponin is one of 
the most sensitive proteins in MI damage conditions. The troponin 
complex consists of subunits of I, T, and C, which are attached to the 
thin filaments of myofibrils. Along with calcium, this protein plays a 
crucial role in regulating muscle contraction. Separate cTnI and cTnT 
isoforms are present in cardiac myocytes and, when released into the 
blood, it can be specifically measured by immunoassay methods [16]. 
cTnI and cTnT are also biomarkers of myocardial damage and are a 
standard factor in the diagnosis of MI caused by cardiac ischemia [17]. 
Due to having 31 amino acids in its N-terminal, cTnI is more specific 
than the other two components, which these amino acids are not found 
in other isomers. cTnI levels increase immediately after myocardial 
damage and return to normal level within 7 days [18]. Studies have 
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shown that long-term continuous exercise can create cTnI [19]. 
Studies have shown that exercise intensity and duration are important 
factors in increasing cardiac troponin levels [20]. In this regard, Shaw 
et al reported that cTnI is released in response to intense short-term 
exercise [21]. Also, Vakshleg et al did not observe significant changes 
after intense short-term exercise on cTnI of dogs [22]. Also, in another 
study, no significant changes were reported following high-intense and 
continuous intermittent exercise in cTnI of healthy young adults [23]. 
In the study conducted by Karanza Garcia et al, intermittent activities 
did not affect the serum concentration of cTnI in healthy men [24]. 
The results of the studies show that sports activities cause different 
responses at CORT and cTnI levels. Different treatments have been 
used in MI patients. One of these methods, along with exercise, is the 
use of electrical stimulation (ES) in the rehabilitation of these patients. 
Based on the studies conducted, ES is expected to be a rehabilitation 
method for people who participate in exercise [25].

ES has also been used as a new and effective modality in the treatment 
of ischemia [26]. Since the effect of endurance exercise and electrical 
stimulation on CORT and cTnI changes in infarction samples has 
not been investigated so far, the present study was conducted to 
investigate the Cortisol and Troponin-I serum response to endurance 
exercise and electrical stimulation in MI rats.

2.Materials and Methods

2.1.Samples and research environment

This applied study was conducted by experimental design by post-
test method and with a control group. In the present study, a total of 
fifty 8-week-old Wistar male rats with a mean weight of 230± 30 were 
used. Samples were transferred to the laboratory for one week to adapt 
to the environment and stored in transparent polycarbonate cages and 
under controlled environmental conditions with a temperature of 22 
±2 ° C, a humidity of 50±5 and a light-dark cycle of 12:12 hours with a 
free access to water and food. Then, they were randomly divided into 
5 groups of healthy ones (H), myocardial infarction (MI), myocardial 
infarction-endurance exercise (MI.EX), myocardial infarction-
electrical stimulation (MI.ES) and myocardial infarction-endurance 
exercise- electrical stimulation (MI.EX.ES) (each group included 10 
subjects).

2.2.Induction of myocardial infarction

Subcutaneous injection of isoproterenol (manufactured by Sigma 
USA) at a dose of 150 mg per kg body weight was used to induce 
MI [27]. Isoproterenol diluted with normal saline was injected 
subcutaneously for two consecutive days at 24-hour intervals. It is 
one of the most common methods of inducing MI in animal models, 
especially rats [28]. After 48 hours of the last injection, a number 
of rats were randomly selected from each group and underwent 
experimental conditions to ensure induction of infarction. In this 
study, MI was confirmed based on electrocardiographic changes 
(elevated ST segment) along with increased cardiac enzyme of cTnI 
(344.01 pg / ml).

2.3.Electrical stimulation program

To create the electrical stimulation protocol, the R12Electromodule 
Stimulator device manufactured by Partow Danesh Company was 
used. In this protocol, the current intensity of 0.5 mA was considered 

for 20 minutes. It was sent to the foot shock device through the output 
of the stimulator with the settings of Trial Number: 1, Trial Period: 
1200000, Recording Time: 1200000.

2.4.Endurance exercise program

The rats were familiarized with the treadmill for 1 week, 5 days per 
week, 10 minutes each day at a speed of 10 m / min [29]. Investigations 
have shown that this level of exercise is not enough to cause a 
significant change in aerobic capacity. The rats were conditioned via 
sound and stimulation to avoid approaching, resting, and colliding 
with the electric shock

 part at the end of the treadmill. Endurance exercise program was 
performed as one session of running on the treadmill for 1 hour, at 
speed of 20 m / min, without incline and about 60% of the maximal 
oxygen consumption [30].

2.5.Blood sampling and biochemical evaluation

The groups were anesthetized and killed immediately after the end of 
the exercise protocol with a combination of ketamine (75 mg / kg) and 
xylazine (10 mg / kg). At various stages, moral issues were observed 
and it was tried to avoid any physical harm and unnecessary methods. 
After the anesthesia, blood sampling was performed directly from the 
right atrium of the rats’ heart with 10-cc syringes. The taken blood was 
poured into simple chelated gel- containing tubes and, after being kept 
at room temperature for 10 minutes and clotting, it was centrifuged 
for 5 minutes at 5000 rpm. Then, serum samples were placed at 
a temperature of - 80 ° C for biochemical analysis. To determine 
the serum values of CORT and cTnI, ELISA method was used 
according to the instructions of the kits manufactured by Company 
of Eastbiopharm (with the intra-assay coefficient of variations of less 
than 12% for both kits and sensitivity of the measurement method of 
0.52 ng / ml and 2.52 pg/ml, respectively).

2.6.Statistical Analysis

After confirming the normal distribution of data using the Shapiro-
Wilk test, a one-way analysis of variance (ANOVA) and Tukey 
post-hoc tests were used to compare the means between the groups. 
Statistical analysis was performed using GraphPad (Version 6) 
software at the significance level (P <0.05) and 95% confidence level.

3.Ethical considerations

The present study was approved with Code of Ethics of IR.IAU.ARAK.
REC.1397.007 by the Research Ethics Committee of the Islamic Azad 
University, Arak Branch.

4.Results

Chart 1 shows the serum concentration of CORT in the studied 
groups after the intervention. The results showed that serum CORT 
levels in rats had a statistically significant difference between healthy 
group and all groups (F=15.1 and P=0.0001). Also, CORT levels have 
a statistically significant difference between MI and MI.EX groups 
(F=5.2 and P=0.008), between MI and MI.ES (F=4.4 and P=0.032) 
and between MI and MI.EX.ES (F=4.2 and P=0.044). Also, Tukey test 
did not show a statistically significant difference between MI.EX and 
MI.ES (F=0.8 and P=0.980) and between MI.ES and MI.EX.ES (F=0.1 
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and P=0.982).

Chart 1: Changes in serum concentrations of CORT in healthy group: 
H, Myocardial infarction group: MI, endurance exercise + myocardial 
infraction group: EX.MI, myocardial infraction + endurance exercise 
+ electrical stimulation group: MI.EX.ES show significant differences 
at the levels of (*P <0.05 (*P <0.01) and (*P <0.0001)

Chart 2 shows the serum concentration of cTnI in the studied groups 
after the intervention. The results showed that the levels of cTnI in 
healthy rats had a statistically significant difference with all groups 
(F=26.3 and P=0.0001). Also, the cTnI levels showed a significant 
difference between the MI and MI.EX groups (F=4.9 and P=0.013). 
Also, the difference between the MI and MI.ES (F=2.3 and P=0.476) 
and MI.EX.ES groups (F=3.7 and P=0.094) was not significant. 
Also, the Tukey post-hoc test did not show significantly a difference 
between the MI.EX and MI.ES groups (P=2.5 and P=0.390) and 
between MI.ES and MI.ES groups (F=1.2 and P=0.911), and between 
MI.ES and MI.EX.ES groups (F=1.3 and P=0.873).

Chart 2: Changes in serum concentrations of cTnI in healthy group: 
H, Myocardial infarction group: MI, endurance exercise + myocardial 
infraction group: EX.MI, myocardial infraction + endurance exercise 

+ electrical stimulation group: MI.EX.ES, and significant difference at 
the levels of (*P<0.05 (*P<0.01) and (*P<0.0001).

5.Discussion

The present study was conducted to investigate changes in serum 
CORT and cTnI values after endurance exercise and electrical 
stimulation in MI samples. The results revealed that induction of MI 
significantly increased serum levels of CORT and cTnI. The results 
of the present study suggest that one session of endurance exercise 
significantly reduces CORT and cTnI- levels in MI samples. Cortisol 
is one of the most important steroid hormones that is secreted into 
the blood flow in cases of severe stress and is effective in regulating 
cardiovascular, immunological, homeostasis, and metabolic functions. 
It also accelerates the gluconeogenesis, lipogenesis, and proteolysis in 
body [31].

In a study in line with the present study, Klapersky et al showed a 
decrease in CORT values after endurance exercise [32]. Also, in 
another two studies, a reduction in CORT values were reported 
following endurance and strength exercises [33, 34]. In contrast to 
results of the present study, Zu et al showed that acute aerobic exercise 
increases CORT levels in both males and females [35]. In another 
inconsistent study, results showed that acute interval and intermittent 
exercises increased CORT values in rats [36]. The inconsistency in 
results of the present study and those of mentioned studies can be 
attributed to differences in the intensity of physical activities. In the 
present study, the intensity of the exercise was about 55% vo2max 
(moderate intensity) and it has been already shown that moderate 
and low intensity physical activities do not cause significant changes 
in CORT level, but high intensity physical activities stimulate the 
pituitary-hypothalamic axis, leading to an increase in CORT [37, 38].

The present study revealed a significant reduction in cTnI levels after 
one session of endurance exercise in myocardial infraction rats. In line 
with the results of the present study, Marefati et al showed that interval 
exercise with moderate intensity significantly reduced cTnI serum 
levels in rats with ischemia, indicating a protective role of this type of 
exercise against ischemic injury [39]. Reconstruction of muscle fibers 
and connective tissue changes after an exercise program can be one of 
the reasons for the decrease in cTnI levels [40] . In contrast to results 
of the present study, Noano et al showed that exercise significantly 
increased cTnI values in rats with ischemic MI [41]. In another study, 
one session of long-term exercise with high intensity significantly 
increased cTnI-levels in rats [42]. In this regard, Alsoyan examined the 
effect of short and long- term exercise on cardiac changes and showed 
a significant increase in cTnI in the short-term exercise group [43]. 
Since studies have shown that in addition to the intensity and duration 
of exercise, other important factors such as ambient temperature, 
humidity, altitude, dehydration, gender, and age may be effective 
in determining the onset of exercise-induced fatigue and heart 
damage, inconsistency in the results can be attributed to the above-
mentioned factors [44, 45]. An increase in cTnI secretion has not been 
accurately clarified after long-term activity, but this increase may be 
due to oxidative stress, hypoxia, unstable secretion caused by cytosolic 
leakage due to ischemia, change in cell membrane permeability and 
necrosis of cardiac cells [46]. It has been also reported that CTnI 
serum concentration reach its peak three to six hours after exercise 
and return to baseline 24 hours later. Therefore, difference in time of 
measuring cTnI levels can
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be another reason for inconsistency in the results of the mentioned 
studies and those of the present study [23]. Electrical stimulation (ES) 
is used as a new and effective modality in the treatment of ischemia 
[26], which was used as another intervention in this study. Results 
of the present study showed that the induction of ES in myocardial 
infraction rats significantly reduced CORT levels. In contrast to the 
present study, Datjet et al studied the acute and chronic effects of foot 
shock ES (0.8 mA and 20 min) on rats and showed that CORT and 
ACTH levels increased significantly [47]. In another inconsistent 
study, results showed that the acute foot shock ES (60 min, 1 mA, 
and 1 Hz) significantly increased CORT levels [48]. Also, the stress- 
reducing effect of Furosemide in foot shock ES models in rats resulted 
in an increase in plasma CORT levels [49].

The discrepancy in the results can be due to differences in the intensity 
and duration of electrical stimulation induced on the study samples. 
In the mentioned inconsistent studies, the induced duration was more 
than 20 minutes and the electric current intensity was more than 0.5 
mA. However, in the present study, the intensity was 0.5 mA and the 
duration of the electrical stimulation protocol was 20 minutes. The 
results of ES intervention on cTnI levels of myocardial infraction 
rats did not show a significant difference. In this study, it was shown 
that the combined effect of endurance exercise and ES significantly 
reduces the CORT levelin all study groups compared to MI. However, 
the cTnI changes in the endurance exercise plus ES group were not 
significant compared to the MI group. Researchers were not found a 
study to investigate the effect of foot shock ES on cTnI serum levels. 
Also, the researchers did not study to examine the effect of foot shock 
ES on cTnI serum levels and combination of endurance exercise and 
ES on cTnI and CORT serum values.

6.Conclusion

It seems that conducting one session of endurance exercise and 
electrical stimulation individually and in combination with each 
other leads to an improvement in the condition of MI patients by 
reducing the concentration of CORT and cTnI.
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