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Abstract    

 

Background & Aims: Cardiovascular disease is the leading cause of one-third of all deaths 

worldwide, and by 2030 it will account for more than 30.5% of all deaths. Myocardial 

infarction (MI) is one of the most common causes of this disease. Different biomarkers are 

involved in these diseases, which lead to this complication by causing structural and 

molecular changes in heart cells and extracellular matrix. Numerous studies have shown an 

association between stress and cardiovascular disease. Stress increases the secretion of 

catecholamine’s and corticosteroids from the endocrine glands, and consequently high levels 

of these hormones potentially increase the risk of cardiovascular disease. MI necrosis 

stimulates the hypothalamic-pituitary-adrenal axis (HPA) and, as a stressor, increases 

cortisol (CORT) and catecholamine levels. High elevated CORT levels lead to higher 

mortality in MI patients. Stress reduces myocardial blood flow by increasing oxygen 

demand, increasing vascular resistance, and coronary artery contraction, and is a risk factor 

for cardiovascular patients. On the other hand, exercise has been an effective stimulant on 

the HPA axis and leads to increased secretion of adrenocorticotropin from the pituitary 

gland, which is the most important factor in the secretion of CORT. In sports activity studies, 

it significantly reduces CORT levels. Evidence also suggests that there is a direct 

relationship between CORT and cardiac troponin-I (cTnI) levels in patients with MI. 

Troponin is one of the most sensitive proteins in the diagnosis of MI damage. cTnI is more 

specific than the other two components due to the presence of 31 amino acids in its N-

terminus and cTnI levels increase rapidly after the onset of myocardial injury, which can also 

occur in intense long-term and short-term continuous exercise. This has not been observed in 

some studies and exercise results in different responses in CORT and cTnI secretion. One of 

the non-clinical methods along with exercise is the use of electrical stimulation (ES) in the 

rehabilitation of cardiovascular patients. ES has also been shown to be used as a new and 

effective modality in the treatment of ischemia. Few studies have been performed on the 

effect of endurance training and electrical stimulation. On the one hand, little research has 

been done more on healthy people and so far the effect of endurance training and ES on 

changes in CORT and cTnI in infarction samples has not been investigated. Therefore, the 

present study aimed to determine changes in serum levels of troponin-I and CORT after a 

period of endurance training and electrical stimulation in infarcted rats as a problem can be 

proposed. The aim of this study was to determine the efficacy of troponin-I and CORT levels 

in rats induced myocardial infarction after a period of endurance training and acute electrical 

stimulation. 

Methods: In this experimental study, 50 Wistar rats (8 weeks old to weighing 130±30 g) 

purchased from Pasteur Institute were used with the control group. After adaptation to the 

standard research environment, the animals were randomly divided into 5 groups: healthy, 

infarction, infarction-endurance training, infarction-electrical stimulation and infarction-

electrical stimulation-endurance training. Myocardial infarction was then induced in two 

infarct groups using two subcutaneous injections of Isoproterenol (150 mg/kg) 24 hours  

apart. Forty-eight hours after the last injection, several rats from each group were randomly 
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selected and subjected to experimental conditions to ensure induction of infarction. 

Electrocardiographic changes and increased cardiac enzyme cTnI confirmed the 

complication of infarction. The intervention groups were exposed to electrical stimulation for 

one session (foot shock device for 0.5 mA for 20 minutes) and endurance training (treadmill 

at 20 m/min for 1 hour). Immediately after the protocol, they were anesthetized and killed 

with a combination of ketamine and xylazine, and blood samples were taken.  Then, serum 

levels of CORT and cTnI of the samples were evaluated in the laboratory by ELISA method 

according to the instructions of the manufacturer of kits of Eastbiofarm China. After 

examining the normal distribution of data, one-way ANOVA and Tukey post hoc tests were 

used to analyze it at a significance level of P <0.05. 

Results: The results showed that serum CORT levels in rats had a statistically significant 

difference between the healthy group and all groups (P=0.0001 with F=15.1). Also, CORT 

levels showed statistically significant differences between MI and MI.EX (P=0.008 and F= 

5.2), MI and MI.ES (P=0.032 and F = 4.4) and MI with MI.EX.ES (P=0.044 and F=4.4). In 

different circumstances, Tukey test did not show a statistically significant difference between 

MI.EX and MI.ES groups (P=0.980 and F=0.8) and MI.ES with MI.EX.ES (P=0.982 and  

F=0.1). The results showed that cTnI levels in healthy rats were significantly different from 

all groups (P=0.0001 with F=26.3). Also, cTnI levels were significantly different between 

MI and MI.EX groups (P=0.013 with F=4.9).  On the other hand, the difference between MI 

groups with MI.ES (P=0.476 and F=2.3) and MI.EX.ES (P=0.094 and F=3.7) was not 

significant. Also, Tukey post hoc test did not show significant differences between MI.EX 

and MI.ES groups (P=0.390 and F=2.5), MI.ES with MI.ES (P=0.911 and F=1.2) and MI.ES 

with MI.EX.ES (P=0.833 and F=1.3). 

Conclusion: The results of the present study show that one endurance training session 

significantly reduces CORT and cTnI levels in infarct specimens. In this regard, Klapersky et 

al. Showed a significant reduction in serum CORT levels after endurance training. In 

contrast to the present study, Zhu et al. showed that acute aerobic exercise increases CORT 

levels in both males and females. The reason for the discrepancy between these studies and 

the present study was the difference in the intensity of physical activity. In the present study, 

the intensity of exercise was about 55% VO2max and was of moderate intensity. It has 

already been shown that moderate and low intensity physical activity does not cause 

significant changes in CORT, but high intensity physical activity stimulates the HPA axis. It 

may be followed by an increase in CORT. In this study, a significant decrease in cTnI levels 

was shown after one endurance training session in infarcted rats. Consistent with the results 

of the present study, Marefati et al. Showed that moderate-intensity interval training 

significantly reduced serum cTnI levels in ischemic rats, indicating a protective role of this 

type of exercise against ischemic injury. In contrast to this study, Nuano et al. showed that 

exercise significantly increased cTnI levels in rats with myocardial ischemia. The increase in 

cTnI secretion after intense and prolonged activity has not been accurately identified, but this 

increase may be due to oxidative stress, hypoxia, unstable secretion due to cytosolic leakage 

due to ischemia, changes in cell permeability and membrane permeability. Also, the 

difference in the measurement of cTnI level can be another reason for the contradiction of 

the mentioned studies with this research. The results of the present study showed that 

induction of ES in myocardial infarction rats significantly reduced CORT levels. In contrast 

to the present study, Digit et al. Investigated the acute and chronic effects of ES through 

death shock (0.8 mA and 20 min) on rats and showed that CORT levels increased 

significantly. The inconsistency may be due to differences in the intensity and duration of 

induced electrical stimulation in the study samples. The results of ES intervention on cTnI 

levels of infarcted rats did not show a significant difference.  Other results of this study 

showed that the combined effect of endurance training with ES significantly reduced CORT 

values in all study groups compared to MI. But changes in cTnI in the endurance training 

group with ES were not significant compared to the MI group. 
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(Electrical Stimulation-ES)  ?�������� ���3������ ��
�	
��� �����  ��� ��)24( . Q���  Q��� ?���\� �����l�
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  ., P%�ES  .��� �� �rs��� � �����J .��1�<��� D��� ?�3��
.��� �����B�� ?���������� ��, ���)25(  ��rL��� @������ ��

 ����, 8���S<�K� ������1�<� D����d� � �1��b1%� �����
Q�  q�:�� F��� 8�b�bd� �I�A �� .P%� .1I�Z 8�3- 

)�� ������� ��rL��� ?3�,���� � Q�3��� �<���% �����I� ��� ��
  8������9� ���� ������1�<� D����d� � �1��b1%�CORT   �

cTnI  .�3�� ��  .P%� Q�\� �%��� .1,��6�� ��
��� �� ��
  ���S� x�
 �� �~�U )
�ME �����% j3K��% 8������9�

����3E��- I��� D��� �� >��E ?��1%3����3, ��  �������
  �� ������1�<� D��d� � �1��b1%�z3�����d��- ����
 

Q�  .1,��6��  .�.P%� j�A ���� .
tB� D� ?�3��  

  

 ��� ���  

  ��� �� )
�ME    ��50   � ��M� �� ����d- z3� �% � ��1��B  8  
 .16
 � �   � �� � Y�� � �   ��� �30 ±130  q�Z  �31��%�E 31�1B�� �� .,

 �2 � ��� �   �  .�  Q��61%� �3� Q   � � �   U � 8�����3   ��  >6� ���
 �  
 
E � 8����,   x�6     � ��  �� � �   $�1�,   Q�    d� � K �   ��   ����� �  

2±22   1��% .J�� �  P�3A� ;���Z5 ±50   2�� � @   ���� �� �� -
 ��� � � � 12:12  %�1%� �� P��% �  ����` � oW .� ���W �   � ��� QM  

 z3� ��
   .Y� ����d- ��� �    .��� >E  ��  $�b1��  U�8�����3 
.�  d���  )
�ME  .�  8����  1;.��16
  ��  ���� ��  �J ���� 

Q�Y�����  ���   >��E �  �� ��Z����% �   ��d� ���� � �   ���W � Q�Y��\  
 .� I��0� �3A �   .�5  Q����Z10 ���� ��  ) �<���%H ;(  531,����6��  
 � � �����,3   )MI  ;( 531,����6��   � � �����,3 - ����� � �   1��b1��%�  �
 )MI.EX (  ; 531,��6��   � � ���,3 - D��d� ) ������1�<�MI.ES (  

 � 531,��6��  � � ���,3 - ��� � �  1��b1��%� � -  ������1�<� D����d�
 )MI.EX.ES (   ��Bb� � �   �����  .    z�� �� )
�M��E ����� ��

 >E $���1�, Q����Z ���� ?3��W   .������Z Q��61��%�  P���J  ����b<� 
531,��6��  �����,3  ��  �H��p  ���  ���
J�  ����E�H���$3��� 

)P2�% P,�  %���Y ��W��� (��� �� 150 ��
�q�Z .��� 
���� ����
 ,�q�Z3���
  ?����� ?��Q��61���%� ����  )26( .
����E�H���$3�    ��$3
d�  $����  <���%��  )05/0  %� ��%� (

 ���p  Q�   �  ��  ��  ���  <�31��  ��  .
��-�I  24  P����%   .���
z3�p��H� ����d- ��
  �   .� ����  Q�����  ��  $�����
� 

U���3�  .���QM  z3�����
  ����d��-  � ����  ��  z�����
� 
���}  ��b<�  531,��6��  �����,3  P%�  )27(.  �S�  ��  P �Z 

48  P��%  ��  ���2W��  �H� ���p  ��  ���
  Q����Z  �����   z3���
����d��- .�3��-8�  I����0�� o���X1�� � P��d� ���� �� 

���W�)  P�J    �� ?����A���b<�  531,��6��  ������  P��I�Z. 

.��S<�K� ����� �� 531,����6��  ��	
�� 5���%��� 8�������9� 
�I��Z3�����,��1�<� )C�� �1��I� .��SK� ST (Q������
 ����� 

)��HI�  ��H�W  �	
�  cTnI    )01/344  �
��/q�Z3��E (�1�<
������Z ���L�  .  ����:�� ������  ������1�<� D����d� ����� ��

�� )
�ME    �31�<3��1��%� Q�Y1��%�R12Electromodule 
P,�  P2�%  )��� 3��E  ?�H���� .���  Q��61��%�   8��� 

.����� ��� �� .1�B��1�<� ?���J  5/0  �
�����e�W   ������ �
8���� 20 .��b��� .��, ;���  .��1I�Z�v� ��  p����A ��

�J��2�31�<3��1���%� �����
 ����� 8������v�� Trial 

Number:1;Trial Period:1200000;Recording 

Time:1200000  F3��  83��I Q�Y1��%� .�   ���  $���%��
)28-30(.  @��
U���� W�����% z3� ���� ����d��- ����


  ��������  16
@  ;q��  .�  8��  1  ;.16
  .��16
  ��5   ;���
  8�� .� ��� �
10   P����% ���� � .��b���10 .��b���/�1� 

q�:��    � 30  .%�����
  ?�\�  Q���  P%� ., � ���� � ���?�H 
�����  ��  �U�  ��PB  .��,  .��� ���:��  9� �����  �������  �� 
 I�y�P  ��3
�  �3 .  z3� ?������ ������ ����d��- ��
  �� 
�A�p  ��-  �  �d�� D  �A� �����  ���% ����  ��  �H� ��� D 

;?�   PU��1%�  �  ��32��  ��  )X�  F3��   �1�<�� ����  �� 
)X�  ��1���  Q�Y1��%�  ����3��2� �����, . ������� @�������

.�  �1��b1%�.B
J D� 8�3- ���?� ��� ?���Z��3�  ��
  8��1  P��% �� � P��%20 �1�/� ��.b �  q�:�� . �����

  �����U �� ���%31� 8���  ���� � V���  ?��� �����60 
 �I���0� ?M���B,� ��,����U ���-�� �3���)31(  .Q��Z���
 

  .
-�IG�>E  ��  �������� �������E ?�����E  ����   �� ���	�,��
����1,�� )75 ��
�q���Z �� ,�q�Z3��
 (� ����G ���� )10 

��
�q���Z �� ,�q�Z3��
 (��z3��
 � .1��\, �����  .�� 
�U���  R
1X�  ��~  ����P  �_�B�   �G2��  S%�  �   �� 

�
  3Z�BJ ���W .��  z�� ���
  `��  �����~�   o����1J�
 .�3�� ����� ?3��2Z��� ���S� �� �� �� 3
;�  b1��B��� �� 



� ���H P���% P��%�� V��
� z3�����
 ����d��- ���� 
 |��%�
�  ��o3���  10  %�%�   ��-8�3  P��I�Z  .?3��2 
.1I�Z  Q�   ��  .<3<�
�  $����  .�G,  Q��%  ��.1X  ���   � 

>E  ��  �1I�Z����  .�8��  10   ���.��b  ��  ���� ��  ������ 
d���  �  .1X<  ?��;  ��  �1����%��36  ������  5   ���.��b  �  ���� 

5000 ��� ��  ���.��b .1�� ��Z ���  .>e��% .���3���
� 
��%�  ����  <��W�H  �� 3������  ��  ����6�� �80   ��J�� @  
 1��% �  ���Z ������   Q���   ���  �� S� P���J . ���� �   ����b� � �   ����% �  

CORT    �cTnI �� z�� C� �����H )ELISA(    ����� �  5����%�
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  Q�������% .�����2��, ��S<��31���%�,�P����
� P,����  
��PB��q��I3  )  �� ?��� 8����9� V��~ ��3��W  �� ���1�,12 %  

  P���, �� �
 ���� Q������� z�� P���%�BU �  ���Z .���  V����
52 /0   q�Z3��� / � � 
 � < � �1  �52 /2  �
��/q�Z3��E �1�< (Q��61��%� 
� .   � �� >E L Q��� $���� 7��3� ���  ���� ���
  ?3����W �� Q��61��%�

 ���E�  - ��� ��Y���� .B��b� ���� ;D
�� ��   Q��Z ;���
    �� H�<����W
 D� (W�3���W) >������?3��W � .��I�����
  ���	�bS�   �,3���

.�  Q��61%�  H:� .� ��
d�� ��
  ����W  q�� �� Q��61%� ��  ��H��I�
 ���W �   x��Z   �E   .XB� )6 ( ��  ����S� ^K% ) ����05 /0P<  (

 �   �A� ^K% ?���  95 %   .�  q�:�� ��� .S<�K� �� �, nG��2� 

IR.IAU.ARAK.REC.1398.011  �%3� .1��, nG2� 

�\
�ME Q�Y��\��� ���W ��G��%� ���U�� .� F���V�3��0� 

Q��%� P%�.  
  
 	 ���� ��  

 ���3����  1    P��v
` ����% �  CORT    �� Q��Z  ��3��� ����

 �� ?���\� �� .
2��� q�:�� �� >E .S<�K� .���
�   ���1� � }   ?���\�  

 ���   j3K% .,   ���%  CORT   ��   z3� ����d- ��
    8����6�
 ��S� ����W Q��Z .�
, � �<�% Q��Z ��� ����  ) ���
0001 /0 

P=  ����1 /15  F=    j3K��% �����l�
 .P��%� .1�� �� (CORT  
 ����W 8��6� �S� � ��� Q��Z ��� � ����
MI    �MI.EX   )2 /5  

F=    �008 /0P=  ;(MI    �MI.ES   )4 /4  F=    �032 /0P=  � (

MI    �� MI.EX.ES  )2 /4  F=    �044 /0P=    �� .P��%� .1 �� (
 ��S� ����W 8��6� �,3� ?3��W �I�A Q��Z ����� ����  ����


MI.EX    ���� MI.ES   )8 /0  F= ;  980 /0 (P=    �MI.ES    ����
MI.EX.ES   )1 /0 F= ; 982 /0P= .���� ?�\�  �� (  

  ���3��2    Pv
` ��% �  cTnI    �� Q��Z  .��S<�K� ��3��� ��

 �� ?�\� �� .
2��� q�:�� �� >E  .���
� ���1� � }   ?���\�   ���    .��,

  j3K%cTnI   ��   z3� ����d- ��
   Q��Z .���
, ���� �<�%  ���

 ����S� ����W 8��6� ) ����0001 /0 P=  ����3 /26F=  .1�� �� (

 �
 .P%�  j3K% ����cTnI   Q��Z ���  ����
MI    � MI.EX  
 )013 /0 P=  ��9 /4F=  8��6� ( ���S� � ���  � .��� ��  .1�� �� Q���


 Q��Z ����� xG1��2� ���I�A �� .P��%�  ����
MI    ����MI.ES  
 )3 /2F=    �476 /0P=  � ( MI.EX.ES )7 /3F=    �094 /0P=  (

 ��S�  ����S� 8����6� �,3��� �	�bS� ?3��W ���l�
 .�3	� ���
 ��� ���� Q��Z  ��������
MI.EX    ��������MI.ES     )5 /2  F=  

 �390 /0P=  ;(MI.ES    �������MI.ES   )2 /1F=   �911 /0P=  � (
MI.ES   ��MI.EX.ES   )3 /1F=    �873 /0P= .���� ?�\� (  

  
���  

 .��� .��S<�K� �����  �����% ������b� 8������9� ���%��� �3v��
CORT    �cTnI    D����d� ���� Q�����
 �1��b1%� ����� �� >E

 .�3�� �� ����1�<�  .���  q���:�� ���	
� .��1,��6�� ��
 .��1I��  �

 ����S� )��H��I� VJ3� ���,3�� 531,��6�� ��b<� ��� ?�\�  ���

  
 ��6	�-1- n#

1�� ���� Bf/oCORT  ���R ��[��� ��6H: pO
�9��>"!�  :���>9

�MI p�>3#�D  :����G�>��EX.MI :�>,���,�� :>��2# p MI.ES �

�,���,�� :��2#-�3#�D    :����G���MI.EX.ES  � 'E� H��A� � ��� �   ) aJ� ��05 /0<P* ( p   )01 /0<P** (    � )  0001 /0<P ****   (  �� $� ! ��.�6�  
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  �����% j3K��%CORT    �cTnI   ��  .�3��   )
�M��E }����1�
 �� ?�\� �~�U  j3K��% �1��b1��%� ������� .��B
J D� �
�

CORT  �cTnI   .� �� � �3A ��S .���3�� �� ����  .��1,��6�� ��

 �� )
����,  .����
� ��� �� �������� $�H��������3,  ���������

 ?3��3
  �� .��, P��%� ���_��1��%� ����
 ���3�   5�1��%�  
 �  � ;�   .� �2��   �J � ?�   ?3��2   ̂ �� ��   � � �3��     �� �  ������v��

 ��	
� ���
���
��  � ���1���%3�
 ;�������3<3�3��� ;��������
  )����b� ?������ ������<3��1�  �������l�
 .���� ��������

  �� H�����<3t���E � H������3e�< ;H����3t�3,3
Z o�1��  V��J3�
 �� ?���� �3����   )32 (  .��S<�K� ��  � ����%�EG, 3��B�
 ��
 ) ?�����
2014 ������b� ��� ��S� )
�, (   ����% �  CORT  

 ������� ?�\� �1��b1%� ����� �� >E ��   )33 (  . �� �����l�

  ;�Y�� �3B�
 .S<�K� ��  )
�,����b�  CORT   �� >��E

  �����  ���  z��H��Z ������� � �1��b1��%�)34  ,35(  . ��  
 �����   ��   S<�K� @  �~�U  ��  �  ?�����
  )2019  ������� ?���\� (

  j3K% )��HI� VJ3� ��U ���3
 ����� .,CORT   ��   ���
  
 ��   Q��Z   ��  �  Q���  �� �3  )3 ( . ��  S<�K� ������1� @  � � ���Y  �

 �  Q��� ?�\�   .,   V��J3� ����U $�����1��� � �������� �������
 )��H��I�  ����b� � �  CORT   z3� �� �� ����d��- ����
  �3�� 

 )36 (  . � � ?�3�   <� � �   �����   8���S<�K�  ��� ��  Q���   ����  K� .��S<�  
 �~�U   ��   8��6�   ��   8�    <�SI ��� P   ����� �   P��B��� .    �� ��S<�K� @  

 ���~�U    Q���  q���:�� ������� 8���  �����U  55   ���-��  
max2VO  �I�0� ?M�B,� ��,��U    ���%31� 8���  w3� �� �

 Q�3�   P�<�SI .��, P��%� Q���  Q��� ?���\� ��� �� )�E �  ����

 ����S� 8������9� �, � �%31� 8�  �� ����  ?�H���� �� ����

CORT   ��� ��:�� P�<�SI ��� ��,  C���� 8���  ���� ������ ��

 ]���    �3d� D��d�HPA   ��  .��, �3��  �H��I� � )  CORT    ��

 .�  ���� $�	�� )37  ,38 ( .    P�����% �� ������9� ����� ����l�

 �� $�H���3, ���%���W � H1��%   �r3���� ?W P�v
` 8�����9�

 �� H�� ��%GE �� $�H���3, =��2 .�
� ;PB���  )���b� �����3�
  ��� �� .1��� ��  P��v
` � ����%GE ���:U 8������9� Q�G��S�

 ��t����E  �����Z��r�� $�H���3��, ������b� ���� H���� ?W �����

 �� ���� ��   )39 (  . ����S� )
���, .��S<�K� ����� ��  j3K��% ���

cTnI  z3� �� �1��b1��%� ������� .��B
J D��� �� >E  ����

 .���  Q��� ?�\� .1,��6�� ����d-  ��B�
 ���� 3   p���bd� }����1�

 �~�U   1I�S� �   �   ?�����
   )2016 (   ?�\�  �������  .��,  ����� � �  
 � � $���1�   ��   8���    ���%31�   ����S� )
���, ]�����  ��� ����b� � �  

 ����% �  cTnI    �� z3� ���
 ����d��- �   .��� G1��	�   � � ����B �  
 �� �3    .,   ,�U �   ��   )b�   1vI�d� �   � � �   w3�   ��� � �   ��   �������  
 ��%W � V   � � ����B � D   ��  ��� �� )40 (  .�����%��� ����
�	�I 

��G�� � 8����9� P��I��  @������� q���:�� �� >��E ����	�

�� ������)
���, ����C� �� ����� �����3�  j3K��%cTnI 

  .� �� ��  ����  ����  )
�M��E �����   3���W3�   �   ?�������
   )2012  (
 ?�\�   �����   ��� � �    ��� �   V	��%   �H��I� � )   ���S� � ���   ����b� � �  
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