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Abstract    

 
Background & Aims: Coronary heart disease is the most common disease among 
cardiovascular diseases and coronary artery bypass graft (CABG) surgery is the 
first treatment of choice for coronary artery disease. Bypass surgery is a traumatic 
event, and inflammation is the most common symptom that occurs widely 
afterwards. The presence of these symp-toms reduces patients' quality of life, and 
evidence suggests that these patients are at risk for new coronary events, 
readmission, and even death. Failure to treat inflamma-tion has a negative effect on 
the prognosis of the disease, reducing adherence to its treatment and this may lead 
to recurrence of the disease in these patients. However, there are modifiable factors 
such as physical activity that help prevent and treat the disease by regulating the 
inflammatory process. Studies have shown that the use of exercise interventions is 
effective in heart patients. Utilization of aerobic activity is considered as a 
treatment method for the disease and other stressful changes. Each ses-sion of 
exercise leads to the production and release of cytokines from skeletal muscle 
contraction. One of the challenges that has attracted the attention of sports 
profession-als today is the identification of new training methods on physical 
factors and physio-logical factors on performance. Increasing exercise, especially 
aerobic exercise in car-diovascular patients by reducing plasma lipid and blood 
glucose levels, reducing oxi-dative stress and bone density can increase physical 
function and improve controlled cardiovascular disease and prevent sarcopenia and 
Osteoporosis is effective. The aim of this study was to determine the effect of eight 
weeks of aerobic exercise on plasma levels of VEGF and NO in cardiac patients 
after coronary artery bypass graft surgery. 
Methods: In quasi experimental design 16 male non-athlete heart patients, after 
CABG surgery, were selected and randomly divided into two groups of exercise 
(n=8) and control (n=8). The exercise group performed an aerobic exercise program 
for 8 weeks, 3 sessions per week and 40 to 50 minutes per session, including 
running on a treadmill with an intensity of 60 to 75% of maximum heart rate for 10 
to 20 minutes. Then the exercise was going on with a manual ergometer with an 
intensity of 30 to 50 watts for 8 to 10 minutes and then the exercise was performed 
on a stationary bicycle ergometer. In addition to routine care, the intervention group 
participated in an 8-week aerobic program. Aerobic exercise for eight weeks (three 
sessions per week) including 6 to 14 intensity (RPE) intensity training on the Borg 
pressure scale, for 10 to 20 minutes on a treadmill, then exercise with a manual 
ergometer at 30 to 50 watts for 8 to 10 minutes and then exercise on a stationary 
bike with an intensity of 30 to 50 watts for 8 to 10 minutes, under the supervision 
of a sports medicine specialist, exercise physiologist and nurse. The control group 
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received only daily care under the supervi-sion of a physician for 8 weeks. Blood 
samples were taken in both groups before and after 8 weeks and their VEGF and 
NO variables were measured by ELISA. Initial blood sampling was performed 48 
hours before the first training session of all subjects in the fasting state in which 5 
cc of blood was taken from the brachial vein of the samples. Also, 48 hours after 
the last training session, 5 cc of blood was taken from the brachial vein of the 
subjects in order to eliminate the effect of training on all fasting subjects. Subjects 
were asked to abstain from food for 12 hours before blood sampling until blood 
sampling. Serum  
levels of VEGF and NO were measured by ELIZA and the data were analyzed 
using Paired sample t-test and independent sample t-test (α0.05). 
Results: The results showed that VEGF, 52.72% (p <0.001) and NO, 72.19% (p 
<0.001) levels increased significantly. While in VEGF control group, 0.24% (p 
<0.982) decreased non-significant and NO, 5.20% (p <0.343) increased non-
significant. 
Conclusion: According to the results of the study, eight weeks of moderate-
intensity aerobic exercise increases serum VEGF and NO and accelerates the 
rehabilitation of cardiac patients after coronary artery bypass graft surgery. Among 
the possible physio-logical stimuli for oxidantric production is known to be 
increased blood flow in the venous duct, which in its acute effect increases 
oxidative nitric synthase and modu-lates vasodilation to balance pressure. These 
findings reinforce the possibility that be-cause regular exercise repeatedly increases 
pulse pressure and pulsation, it may in-crease the bioavailability of nitric oxide. In 
addition, several studies have focused on the interaction between HSP-90 and 
endothelial oxidase synthase. HSP-90, which acts as an intracellular protector, is 
present in most cells, including endothelial cells, and is released in response to 
various stimuli, including stress and mechanical shock, and the production of free 
radicals and oxidative damage. Exercise is also a physiological stimulus for HSP90. 
In this regard, HSP-90 increases endothelial oxidase synthase en-zyme in 
endothelial cells in response to exercise-induced stimulation, and as a result, 
exercise improves vascular endothelial function. 
 
Conflicts of interest: None 
Funding: None 
 

Cite this article as: 

Ahmadi R, Haghshenas R. Effect of Eight Weeks Aerobic Training on Plasma Level of VEGF and NO in Pa-

tient's Cardiovascular Disease after Coronary Artery Bypass Graft Surgery. Razi J Med Sci. 2021;28(12):281-

289. 

*This work is published under CC BY-NC-SA 3.0 licence. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
00

.2
8.

12
.1

8.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
jm

s.
iu

m
s.

ac
.ir

 o
n 

20
24

-0
9-

18
 ]

 

                               3 / 9

https://dorl.net/dor/20.1001.1.22287043.1400.28.12.18.4
http://rjms.iums.ac.ir/article-1-6812-en.html


 

 

 

٢٨٤ 

 

�$8� D�� B�
� 

"$1 � 

�����  
��� ����� 	��
 ��
��� ��
� �� ��
����� ���� �
����

��
���  �
�����-  ��  ����
    �
� �! �" #�
 � $%
������� 	����
 )CABG( )Coronary artery bypass-

surgery  ( ������� 	����
 ��
����� ��
��()�  �
��� ��*� 
��   )1,  2(  .�
� �! �" #�
�����/ �� 0����� ,$��%  1

2
��3)*  � �� ,  ��
���  ����45
 ��������   6��� 6��� �78
�� 9� �/ 1  0:� ;��)<=0��  )3-5(  . @��45
 ����  �7"�

  6��" 7� �=0���1 ����A�� B�
��� 
�  � � �
���� 6)C
��� 
�� �
D� 0� 7� E� 7��! F�:� �� � �
��� ��  6� 0��

 � ���� G���� �)! � �0H� ��)<� ,0�0" ������0���� � 
)6,  7(  .K0
  B�% �� 2
3)*  �
��� ��LM��� ��
����� �3=/

 �/ �
����� 6��� �0��N��
% B�
��� ���"7� ,6)��� � �AN�
�����=   �0��H� �7��
 6� �HN� ��  �O�� 6�P<� ��  �

���= � �
��� ��  �� ��
���  )8(.  #��� 7
 ,R
��! ����  
� 
 6��� 6��� 0���� � �7��"� ��0��� ��*
:S 0N�
� �!5T  #�
�
 #�0:� � @�UN� V��8 1  ��
��� ��  �
��� � ���WD�%

�� X�� ��
3)*  6���%� � �
��D� Y
:*
Z� .0NN�0���  ; 
  ;�
A)�   1 6�C 0� B(��L  ���� � �
��� �� ��1�� �
�

��0�
�  )9,  10(;�3� .  6��� �1 7� ��*
:S 1  ��� � 7��N

 Y ���]� �W�� � ��
��� 
� 6��
^� � �� ��
��� _�� X�

�� 6"7� ��7� BN��% 6� �HN� _1�� 1  6<�" �� .0�
�
��
�7)�
� �1
�� 1/ � 0�*7� �)�O�  6�`
 F
�^�  1  
�

���7���  )8(.  B*
��a 1  ���O� 6��"7� ;1�����  6��� ��
���
  ��
�
N� ;�7�� ��" �7C 6�  � _1�� �
bb()� ��LM�

_��  �N���� �
� #��� 7
 � ��
���<" #��� 7
 ���� ��7���
����  ����O��
 ���� �O�c7��*7�d�S )9( ����*
:S B� d��S  .

  ��1�� ������
 � ���� � �
��� �� �1 7� ����� ;e�� 6�
 d�7���= � ��
����5% �
�0���f�* g7Z� B�
� V��8 1 
 @� ���� ����Nh�� � ���D�
<�  i�)���  B�
��� ,�7��C

�� � 7()�  �7���3� � ��0� ��O��
 B� dS  �"7� 0� 7�
���� ��
���-    ����
�7�   �N%7��
��� 1  ���=7�" �� �

0���
� �Lj��� 1��%7P)���  � )11-13( . 
��� �1 7��� �������
Y0��� K
H�  (k
� ,l�7)� ,���
%) m�)(� �
������= .

� � �
O�d% �� ��
N��e� �)�  �)S
� 6� 1
�� �
^^n �
���
_�� � �� ��0�� ��
��� �
�j0���� � �L  )8(.   Y
��^�^n�

�
D� ��C   ��R7��O*7� �����]� 6� 0�� 
��� �0����� �
���
K
�% �
���<��� ��
�� �D�
<�  ���/ � d�� �� 0� 7�

� ��
��� �S�D�% � o7�� 6H�)� �� � 2
3)*  �j0�
� �L 

)9(  .  ���� Y
:*
Z�0�
��<�  X����)�� 0�� � �
D�  )NO( 
)Nitric oxide( , 1  �A�)(� �O�c7*7�d�S ��O��
 � � �

��5% �=0N�<a � Y�"
3� �
3� ,����
 o
<�  6��"-
 .����  ������
 ���� @)<�� �� p
T Y5`
 ��qO� � 
�
 � �7��� ����
 F
�^�  Y �L  �8
C 6� �����0�  �S�8 1 

 �� k
��� ����S�r ,Y0��� ��k7��8 ��:��s� �� � �����]�
 1  ���O� ���D�
<�  i�)���  
��� t
���  � 17)%7%  ,����


�H�
�� � �O�c7*7�
��% ��:��s� _�)��<= @��3� �
����=
��
������� 27<n� ���� �
��7���  )14  ,15(.   �7)�
��S

��������
 R
����0�����  0������ )VEGF( )Vascular-
endothelial growth factor(, d����� ;� 7�
���C 1  � 

��P���%  �� ��7��n� B^� 6� ��  
�G� @���UN� ���� 1
 .�� � �7���7�VEGF  � �*7���� 0���� X����n� ���"7�

 ���w��%x7A� B� d��S  6��� �HN� 6H�)� �� � 	��
 6:�7�
�� ����
�7�  )16(   o 7���  �� ���:��8��y � d���� 6� 6�

��
��� m�)(��� B� dS  ���� �
�0�
�  )17(  .VEGF 
 K0��
 z��A! � �S���D�% �� ����3� B��^� ����Nh��

{�
%�� � �N��  @)<�� ���   6��� ����  ;0� _� d= �
  � �
����� �� 0���7�% 6�*�  ��
��
� ��CABG  �� � B��^�

)18(  .  ���7)�
� ��0Na27��� 0��N�
� ;0��NN�IL-10  �
VEGF l���n� ��G� �� ��
��3)*  X��a7� �
��� 
���

;0� ��
�
N��� � 0� 
� X� � 7N
 6� 0N� 7� �� �� �� ��
0NN� #�
 �N��  {�
%  )9(.    �
���� ��<� �U� 6�VEGF 

�0� ��,   � 0���
�� �
��H�  ���
��A)� �
��� B��^� 0� 7� ��
 
��� � �����= Y�7��T �c7*7�
��% ����<� 1  �
���� ��  6ON� 

�c7*7�d�S,   �0� �� ���
A)� �
� B^� � Y �L  0� 7� ��
  �1
�6h�
Na .0N�    6:*
Z��  ��� 6)O� _7� R0� ��� 

�d� 6��� � � �
D� ���V  mRNA    �cVEGF-A   6���`
 ��
� �����
  VEGF-A    ;��� ��W�H�
��  �  �� � 
� 6<�
^�

  0���5% 
� ��
��� �cDNA    �� ,�����
A�  ;1 0�  B�
�
 dS �B   S�% ����c7  ����
���7  �7���3� � ,��
�����������  �7���

)19( . � �
���� �
��3���
���� K
���% VEGF  ��:��s� ��
 
��� .����  ;0��NN�� �0��  ��
����� �e� �)���  X� ��
3)* 

6"7�  6�  ��
��� 6ON� ��
��� 6����" 1  ������ �
��� ������
��
���G�� 6� �HN� �
�  �� �
�� 6� R
��! ��  
� ,���

��
��� 6)�� �/ 1  ;� � |�(D� ��1 �=  6� ��  ��
�
�7�,  �� �
��� #�
� 
� �1 7� ��*
:S }7bC �� .0�
�

���� � �
��� �� l�7)� Y0�-    ����
 ;0� ;� � �
D�
  ����� 6� �� �1 7���    � �
����� ��CABG  N� 6��� ���H

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
00

.2
8.

12
.1

8.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
jm

s.
iu

m
s.

ac
.ir

 o
n 

20
24

-0
9-

18
 ]

 

                               4 / 9

https://dorl.net/dor/20.1001.1.22287043.1400.28.12.18.4
http://rjms.iums.ac.ir/article-1-6812-en.html


 

 

 

٢٨٥ 

 
                    http://rjms.iums.ac.ir                                                                ���� ���	
 ��
� �
��   ����28 ���	
 �12 �
����  1400

                                                                                                                                                            45,�� �$,�/ ���1� �. VEGF � NO .�#�

$ >�?�   

B� d��S  VEGF  �NO  �7��� ����)20( .���� � �
= 
)Ghardashi( ) � �
���O�� �2018 �7���C 6���:*
Z� �� (

  0���� _� d= 0�0� ���
N� _1�� ��*
:S ;��� X� 6�
��*
:S ��7�3� 6� �HN� ���
% @H! 
� �O��7���7�  �
���

�
��� � �
��� �� ����0�����= ������ $%  )21(  . �� ��
��N�
  ����*
:S 1  ����
� �
�0���
�% ������  6� �U� � ����1��

�)�5� 
� �/ t
��� ,    ��B��e%    V^n� �s
! R
��� 6�
�� R j� ��  6� {�
%  
�/ 6� 0�
�8   �1 7� ����� 6)A�

  ��VEGF     �NO    � �
���$��% ����   ���! �" #���
 1 
�
� ����� 	��
 $%~�� � �� �
N:� ��LM�  
  

��� ���  

  B��e��% ���s
!  o7��� 1 6����� ���D�
�1/  _�� 
���
6�7�� ����  i�)�� �� ���=6��� �� �
)����
��� 	7��S 

�bb(� ���  � ������ �� 7�1
� B(� ,��
�  ��1 6�8
S
 .0� K
H�  �7��17��H� ����5C  K1k 1  6��)��� 	5��C  

�O�d% K7�
 ;
WD� � �O�d% � �0���1
� ���S
��� 0�����= 
 	5C  0�)1167 ,1398. IR.MAZUMS.REC(.  #��

1  K
H�  B��e% 1  ����0� �<� �
)��
��� ;1
"  .0� 

 �
��� ���! �" #�
 �n� 6� �� �
��� 1  B��e% 6:�
"
6)S�= � �� ����� 	��
 $% �N�*
��� Y
��N�
:� �3" � 0� 

 (i)  ��1 6�8
S ��
��� ��17�/ d��� 6� ,#�
 1  $%
6� 0N)� � 6:" �� ��
� �
)��3�  6�7�� _�� �� ���=

.0�0��� 2
��()�  i�)����  $f���1  K
���� � �
����� 

����;0NN� ��
s�6�
� 6�
�
=/ ��)� 6��)S�= 0���. 24 
:0�0��� 6��:*
Z� �� � ����1 ���� �
��
�:� i
�  �� �
��� 

1 ���! �" #���
 ���n� �
��� ����*�  � ���� 6� �� �
��� (
CABG    .0��7� 6)S�= � ��2 6��N� � �� �N��� ;��0��n� (

40-60  .�7��� R
���3 #� 0��! (2  ���* 6  #���
 1  ;
���
  �! �"CABG    .0�
� 6)�w=4���7�1/ ( i
���  ���� 
�

� �� l���7� �N�*
��� 6�!
��b� 1�
��� Yk5)��C  X���d%
� �� �� R5)��C  ,
�����S �d�O���  #�
��� ; ����� �O���d%

 � 0:� ��  1  .0N�
� 6)� 0� �0" �D��7C �
OS  ,��Z�
8   Y5O��D� ,��
��O�� 6��� �  6� #�
�� K0
 #�*� 6� �A�

 $f��� .0�0��� ��
��C 6��:*
Z� 1  �
��� ����! ���b(�
�� Y

58 ���7���1/ �1� ,0��� ,���� 6� t7� 1  #���� 
���

 ̂n� #! �� K
H� 6� � �
��� ��
3� �� � 0� ��L V� �78
) R���)N� ;��= �� 6� �S�
b�8  ) �����H� � (���A�8   (���A�

.0�0� @�<^�  

��� �� �� ;�5
 6�C 0� ;��=  �� ,R7�:� �
�8   6)A�
  ���� �1 7� 6�
������0�.   Y0��� 6��� �1 7��� Y
N����

  6�) 6)A� �D� Y0��� 
� ����� #�
� (6)A� �� 6<�"
6  
���14 )RPE- Rating of perceived exertion ( ��

  Y0� 6� ,G�7� �
DS ��� i
�^�10    
�20   ��� 6^���
  Y0� 
� �)�� �)�7=�  
� ����� $f� ,#�����30   
���

50    Y0� 6� Y �8    
���10   ������� �/ 1  $��% � 6��^���
  Y0� 
� ��
L 6C�a�� ���30    
�50    Y0� 6� Y �8  
�

10   ,����1�� �O���d% |��b()� R���)N� ���n� ,6^���
�  �
)��% � _1�� �c7*7�d�S0� K
H )9( . R���)N� ;����=

  R78 ��8  ��� �� l^S 6)A� ���U� ���n� ;����1�� �
���
 .��� �S
���  � X�d% 1  0��:� � #���� ;����= �� �� ��8 

6�C 0� 6)A�  �
���])� � 0� K
H�  ���W�7C  VEGF   �
NO    
3�/;1 0�   d�k  _�� 6�  .0� ���=�7C 6�*�  ���=
  ��48   ��
���� 1  ���N���� 6��<�" ����*�  1  #���� �

�

���7�1/ 6��� 6��� 0��� K
H�  
)�
� �*
! �� ;��= �� �
�
  � d��5  ��6���7�� ���1
� 0��� 1  �� 6��)S�= �7��C 
���

@� .0�  ��Na48    0:� �

� ���N���� 6��<�" ���C/ 1
6�  ���7���1/ ��
�� 1  ����� ��LM� pw! �7UN� �� �
���

   � d�� 6� 
)�
� �*
!5  ��6�7�� ���1
� 0��� 1  �� 
�
���7���1/ 1  .0��� 6)S�= �7C  6��� 0��� 6)��� 7C 
���12 

6�7��� 1  #�� ��

�6���7�� �
���1 
� �7C ���= �����=
�� wy � 7� p�b� 1  �7C    .0NN� d���%  

�� � � V�^n� � �� ����� ����17� ���:��8 ;� �
��� 1  

�7�1/  X������%
� ;�
A)�  ����� �3" .0�  Y �����]�
����= ���� �� �� ,;��= 1   �7�1/ t ���3" � 6)��<���

  �7�1/ 1  ����= ��� Y ���]� �����t   ;�
A)�  #^)<�
#��n� ��
�� � 0�K���� 1  ;�
A)���  
��� ��
�/ �
� � d��S 

Spss  6(<�  24   ��  �� �
N:� �Z�05/0 .0� K
H�   
  

����	��  

���� Y ���]� 6<�
^� � ����� � ���7�1/ 1  ����= 
t    ;�
A)�  �"�10���= �Z��� 6��� � � �
D� �7�1/ ��  .

 1  0��:� ;��� �� ���H� ;��= �� �0� ;�7� |C
� � �1�

��N:� B�
��� ������� 1  #���� ;��� 6��� ��<� ����� � �

  ����� 6�) ��  6)� ��Z���  033/0=P    �034/0=P � (
 ;��� 6��� ����<� ������� 1  0:� ;��� �� R�)N� ;��= ��


N:� �/ B� dS  � �� � B� dS  ����� 1  #�� ;�7�� � �
�Z��� ����� 6�) ��   74/0=P  �064/0=P ����Nh�� .(

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
00

.2
8.

12
.1

8.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
jm

s.
iu

m
s.

ac
.ir

 o
n 

20
24

-0
9-

18
 ]

 

                               5 / 9

https://dorl.net/dor/20.1001.1.22287043.1400.28.12.18.4
http://rjms.iums.ac.ir/article-1-6812-en.html


 

 

 

٢٨٦  

  

�$8� D�� B�
� 

"$1 � 

�
�� ���� ���	
 ��
�     ����28 �  ���	
12 �
����  1400                              http://rjms.iums.ac.ir   

 Y �����]� ����� 6��� � � �
��D� ����= ��� ����� ��
)�
  ;��= �� ��� �� �0� ;�7� |C
� � �1� 6��:*
Z� ��7���

�Z��� ������� 6�) �� � �7"� �� �
N:� Y�
A�  01/0=P �
009/0=P(  

  Y ���]� ����� ��
)�VEGF   �
��D� 6���C 0� 1  $��%
  �Z��� 6� � �VEGF   �� 1  0��:� ;��� �� �����H� ;����=

  ������� 1  #�� ;��� 6� ��<� �����  � 0��^� 6���72/52 
) ����  6)��� � � �
��N:� B� d��S  0T��001/0<P �� � (

 #���� ;��� 6��� ��<� ����� 1  0:� ;��� �� R�)N� ;��=
  ����� 1 24/0  �/ B�
��� ���*� ���� � B�
��� 0T�� 

) �7�� � �
N:�982/0=P.(    �Z��� Y ���]� ��Nh��NO 
  �� 6��� � � �
D� ������� 1  0��:� ;��� �� �����H� ;����=

  � 0��^� 6��� ������� 1  #�� ;��� 6� ��<�19/72  0��T��
 B� d��S ) ����  6)��� � � �
��N:�001/0<P ;����= �� � (

 1  #���� ;��� 6��� ����<� ������� 1  0��:� ;��� �� R�)N�
 �������20/5  �/ B� d��S  ���*� ���� � B� d��S  0��T��

) �7���� � �
��N:�343/0=P R�0��" �� 6��� �7Z�
���� .(2 
�� ;0�
D��7�   6��� � � �
D� ����= ��� ����� ��
)�

 Y �����]� �����VEGF  �NO ;����= �� ����� ��  ��7���
�Z��� ������� 6���) �� � �7��"� �� �
N:� Y�
A� 6:*
Z� 

002/0 =P    �028/0=P( .  
  

���  

  �s
! V�^n� �� ���� �1 7��� ����� 6)A� �D� ��LM�
  ��
��5% g7Z�VEGF    �NO   1  $��% ������ � �
�����

����� 	��
 $% �
� �! �"   .���S�= � ���� ����� ��7�
 6��� � � �
��D� ��
��)� g7Z���VEGF ,72/52  0��T�� �

NO  ,19/72    0T��0N)S
� B� dS  �� �
N:� �78 6� �� ,
  R�)N� ;��= �� 6� �*
!VEGF  ,24/0   B�
��� 0��T��

 � �
��N:���y �NO ,20/5  � �
��N:���y B� d��S  0��T��
.0N)S
�    ��
��)�V���^n�   ;��� X��� 6��� � � �
��D� ���s
!

�N���� 6�
���  �1 7�    �����B� d��S    ��W�
���� � �
��N:�
  g7Z�VEGF    �1 7��� ������� ;��= ���� ������ � �
���

  	��
 $% �
� �! �" 1  $%�������   ;����= 6��� ����<�
 R�)N� .0���=R
b�  ��P���%VEGF  6��� ;0�����=�
��� 
��1����  �1
N��  �7"7�  ��  R7��
�  ����0� �R
  ��0� 7� 
�"7�  #�0:�  g7Z�  �/  ���=  )22(.  �
�����) �Ribatti( 

  � �
O��  �)R
�2007(  ��  6:*
Z�  �7C  �
��3r   0N)��� � 
6��� ]� ����Y � g7Z��� VEGF ���n� LM����� �7����7� 

���
)�7�
�7�  �� .   ��  �7��7�  6���  �� K0��
 qO� ���� � 

	�, -1- ��:�� �
1����+�b �������� �
1 D0�
C+ �
�+ �
1 

��:��   ����  9�; #�+�b  

SD ± M †  

H; #�+�b  

SD ± M  

p 
��V+ p 
��V+ 

/	   �.��,  66/5  ± 12 /51  - -  -  

 )�E��  39/5  ± 00 /54  - -  -  

�?   �.��,  18/5  ± 37 /176  -  -  -  

 )�E��  27/5  ± 87 /173  -  -  -  

#��   �.��,  68/4  ± 25 /82  59/4  ± 25 /81  033/0 *  01/0 *  

 )�E��  84/3  ± 25 /80  99/2  ± 12 /82  74/0  

#�. ���, l`
�   �.��,  02/2  ±49 /26  88/1±19 /26  034/0 *  009/0 *  

 )�E��  07/2±61 /26  63/1±21 /27  064/0  

SD† ±  M : �
���
E	� 6��d��± /�%�
�+0  mC	 
� *05/0 P≤��0+�+ 
��.��
.  

  

 -	�,2-   -����n,#�
�/�. � �1����1��� B�C	 VEGF  �NO ���� 
� D0�
C+ �
�+ �
1  

 ��nE+  #
+�  

���� 
1  

9�; #�+�b  

SD ± M  

H; #�+�b  

SD ± M  

 �1��� #�
�   �1��� /�.  

P P  

VEGF   �.��,  65/21  ± 06/82  57/13  ± 23/125  000/0 *  002/0*  

 )�E��  69/16  ± 42/81  08/11  ± 22/81  000/0 *  

NO   �.��,  74/35  ± 73/34  60/37  ± 58/41  982/0  028/0*  

 )�E��  09/3  ± 74 /35  70/33  ± 60/37  343/0  

SD ± M �
���
E	� 6��d�� :± /�%�
�+  o mC	 
� *05/0 P≤��0+�+ 
��.��
.  

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
00

.2
8.

12
.1

8.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
jm

s.
iu

m
s.

ac
.ir

 o
n 

20
24

-0
9-

18
 ]

 

                               6 / 9

https://dorl.net/dor/20.1001.1.22287043.1400.28.12.18.4
http://rjms.iums.ac.ir/article-1-6812-en.html


 

 

 

٢٨٧ 

 
                    http://rjms.iums.ac.ir                                                                ���� ���	
 ��
� �
��   ����28 ���	
 �12 �
����  1400

                                                                                                                                                            45,�� �$,�/ ���1� �. VEGF � NO .�#�

$ >�?�   

0��  R7��  �  ��d  d�c7�e�/  B^�  �3�  � �   �
��A   ����,0��N� 
 � �  �=�;0��
�  � A�)(�  ���  �q�   �S
�
�  ��0�,  0N�
� 

sst2-R  ��0�
�  .R
b�   ���
)�7�
�7�  6�  ;0�����=  sst2-

R,  ��  0�*7�  VEGF  �� � ��Lj� B^�  )23(  . ��
N���  6� 
�U�  ��0��  6�  �� ���]�  g7Z�  ���
)�7�
�7�  $��%  1  

  ������1��  �,Y0�1 ��  ��0��� 7�  ���HN�  6���  �� �����]� 
g7Z�  VEGF �����= )24( . ����Nh�� d��S �B *
��Wa �

7��=�  ���  {�
%  6�    Y
N���� ���1�� ����HN� 6��� @� ���S 
����  <� ��e   S
�  ���  �S
�
�   ���������=  �    ����  ��7��� 
�

�  1
<*
:S  ���P���%  �7���7� ;0NN� 27���  VHL)( 

)Von Hippel–Lindau tumor suppressor (6���� 
y�R
:S� ;0NN�  X� �<�7f�
� �
^*  #�
� �7)�
S HIF- 

1)( )Hypoxia-Inducible Factor( ,��   �����7��� .
��� 
��O��
 �� ���]� HIF- 1, ���
 VEGF �����]�  �����0���
 

)25(.  ���L  �W�
���� Y
��:*
Z� 1  �C�� ��
)�Y    Y
��N����
  �� ��1��B� dS     g7Z���VEGF    ����  ��
��)� 
��� 6���

  �s
! V�^n�7<��  ��  )26,  27(.   
 �1 7��� ���
N� Y
N���� � � �
D� �s
! V�^n� ��
)�

�N:� B� dS  6� ����  .0��� ���HN� 0�
��<�  X��)�� �� �
7��� �� �
��� 6��)S
� 
��� ��
��)�  )Krause(  � �
��O�� �

�� � �� 7��(�� )28( .6��)S
� 
��� 
���  X���� ��� � �
� 
)Radovanovic(   �)S
��� B� d��S  ���� ���N�� � �
O�� �

�� 0� �� 7(�� 0�
<�  X��)��  )29(  . � �
O�� � 7� ��
16  Y0� 
� �1 7� Y
N���� 6)A�  @� Y�
A)� �
�30-
40   l�7)� � �S�b� �e�<�  �q� 0! 0T��55  
���65 

  Y0� � �� �S�b� �e�<� �q� 0! 0T��30   �� 6��^���
 � 6<�" ��3  ,6)A� �� �� 6<�" ���25  6��N� � 
� ���

  �N�52  �/ .0�� � K
H�  R
� 0�0����� 6��H�)� ��  6� 
�
���N:� ���]� K0
 6� ����� 6� � �0��� ������� �� �� �

���� ��
�<" �=�
�/ � ���"  
�  ,0� �HN� �
=0NN�
 X����)�� �7���3� 6��� ���

� l���7)� Y0��� 
��� Y
N����

0��� � ��� �� 0�
<�  )28( . 
��� � �
��O�� � X���� ��� �
;��� Y
N���� 6)A� �
3a �L  ����� Y
^�
��<� 1  #�� � 

�7"  �� �10    �N��� 6��N� � 
��� �1 �
���7"20   
��� R
���
  ��1�� 6^�
�11  �����]� 6��� 0�0��� 6H�)� ��  6� R
�

�N:� �7��h�� 7�� 0���<�  i�)���  �
��)� �
% �� �� �
 �� #��7��� � 1k
�
� 0�
<�  X��)�� ,0�4�0*/ �� �7*
�

0��D� ;��� �
���
% )29( . � ��5��`
 	����
 K7����0���/
 �7��C �
��" 6� {�
% �� � F
�^�  �8 ��5`
 �
��
�

 �����) �O��
��N��7�� �
������� B� dS  ���
�
 6� 
� k
�
 ������  � X����)�� 0���<�  �:��s7� �7��8 6��� (i�)��� 

���7��Z� i�)���  ��� .0NN�  � d�c7������/ ����� ;0���

�7� �� ��
��� @�<^� d�c7�e�/ )30(.  0���� �� �U� 6�

 ���"7� �)��D�� i�)���  ����� ��7��S � �
! B� dS  6�
o
<�  ����;0NN�;e���� 6� 	��
 �
� NO �� 1  � �7���

 ���<)� 	��
 V��8 �� ��0�7���.  ��d��� B� d��S  
��� 
 ���Z� B� dS  ;e�� 6� ,��
)C
� ���]� ��� i�)� ���

�� 	����
 �S����f�
��� � V����8 1  i�)��� ��� .�7���
R
:SR
�
� �1
�R
�
� ;e�� 6� ��7� �
� ������
)% �
���

�� X����)�� 0���<�  6��)S
� B� d��S  0���*7� �"7��7��� 
)31( .���"7� Y �����]� ����  R
:S;0�����= �1
��� �
�

6��� �0�� �
��7)�
S �1
N�� ��1����;e�� VEGFR-2 

;0���= �0� 6���A<S � Tie-2 �� 0�
<�  X��)�� .�7�
R  0�� 7N��/ 1 - �*7���� m���)(� o 7���  l���7� �����c�/

�� d)N� �� X����)�� 0���<�  0���*7� ����T  ����N� .�7�
������
 R
����0���/ �
� R7��  X����)�� 0���<�  ,1
)N��� 

(eNOS) )nitric oxide synthase ( ����� �8 6� �� 
�7� �� R
:S i�)� ��� � ��1��  )32(  . i�)��� ���

��P���%) �O��
O� �
��W<! �� ��LM� 
� R
�
� ��7� �
�
R7���� �
��Dy �� 6��� (���W)N�  � � ���� R
����0���  �
�

  1  ,0�� � ���N:� �O��
��O� K
���% R
^)�  ��<� �
3a V��8
��<��
� ERK ,Ras ,Raf � MEK  ,c-Src ��P�����% ,

��
����= �7��� (HSP-90) )Heat shock protein(  �
 ��<� HIF-1 B� d��S  
��� VEGF R
:S ���"7��1
��� 

eNOS 0���*7� �
��)�
3� � NO ���7��� )33( . 6����" 1 
 0���*7� � ���� �*
���)!  X���c7*7�d�S �
��� ����n�
 G� � ���H� �� �7��C �
����" B� d��S  X��)��0���<� 

  ;0� 6)C
N� B� d��S  ���"7� �/ �
��! ���L  �� 6� �� 
 R�
��:)� � �� 	��
 o
<�  #�0:� � 1
)N� X��)��0�<� 

��  �
DS �1
�  .6��)S
� ��  ����7^�  � R
���)!  ����  
�
�� ����O� �7��8 6��� @UN��� ����� 6ON�  #�*� 6� 6� 0N�

 6H�)� �� ,�7� �� ��
��s�% � ��� �
DS B� dS  ���
��i�)���� �� 0��� 7��  �)��<�1 ��7�  � X����)�� 0���<

0�� B� dS   )30(  . ���� ��0��:)� Y
:*
Z� ,��  �� ;�5

����� #���
:� HSP-90  X��)��0���<�  @�d���/ �  1
)N���

;0��� d�����)� �*
����0��� �  .0HSP-90  � 7��N
 6��� 6���
  #�
 �*7�� #C � zS
n���R7�� �)D�� �� ,0N� 1  
�

R7�� 6��" 6��� {���
% �� � 0���� � �7��"� R
����0�  �
�

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
00

.2
8.

12
.1

8.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
jm

s.
iu

m
s.

ac
.ir

 o
n 

20
24

-0
9-

18
 ]

 

                               7 / 9

https://dorl.net/dor/20.1001.1.22287043.1400.28.12.18.4
http://rjms.iums.ac.ir/article-1-6812-en.html


 

 

 

٢٨٨  

  

�$8� D�� B�
� 

"$1 � 

�
�� ���� ���	
 ��
�     ����28 �  ���	
12 �
����  1400                              http://rjms.iums.ac.ir   

��n�i�)���  6����" 1  ���A�)(� �
�6����s � 
� �
�
R
O�� � 0�*7� � �O��
O� ���D�
<�  �����/ � � 1/ �
���

�� � 1/ ���O��n� #���

 d���� ����1�� ������� � 0�7���
� �� �O�c7*7�d�S HSP-90 ��  )34( . ,
)��� � ����  ��

HSP-90   1
)N��� X��)��0���<�  @�d���/ B� d��S  �"7�
R7�� �� �*
����0�  X����n� 6��� {�
% �� R
����0�  �
�

�
H�     �L  �� ;0��� ����� Y
��N���� 6��H�)� �� � �7�
0���� � ��LM��� ������
 R
����0�  ��O��
 �7�3� �� ��1�� 

)35(.  
  

������ �!  

V���^n� ��
)� i
�  ��  ���s
!  , ������� 6��)A� ���D�
������ B� d��S  �

� l�7)� Y0� 
� �1 7�VEGF  � 

NO   #�
 1  0:� ���� � �
��� �� 7�1
� 0��� �� ���<� �
�
� �! �"�� ����� 	��
 $%.�7�   6��� 6��"7� 
� 6)�* 

 �1 7��� ������� k
���)!  ,�0��� �� _1�� 6�
=0Na B^�
 ���� K1k �
DS R
�
  V��8 1  #� 7
 ��  �� ;�5
 ���
N�

�� �
�����<� 1  ������
 ���� @)<�� ��
���� K
���% ���W
  d�� R7�� �d����� ����  �� 6��� 0��N� 
��A�  B^� 0N� 7�

� 1
�� 6N��1�� i
<!  �)D�� 6:*
Z� � V�^n� 6.�7�  
  

 �  	��" #$"  

�
�
% 1  6)S�=�� 6*
^� ��  0����  ����
N��
� ;��� 6�
�
  �
=0N��<�7� 6������ ��0��� .�7��� �
N�� ;
WD� � R
����

  � �7��C �� ��0��� � i
f��� �� 6��� ��
��<� ��
���� 1 
  p 0�  ���D�%B��e% ��     X��;�7������ K5
  ,0� -

.0�� �  
 

 

References 
1. Evered LA, Silbert BS, Scott DA, Maruff P, 

Ames D. Prevalence of dementia 7.5 years after 
coronary artery bypass graft surgery. J Am Soc 
Anesthesiol. 2016;125(1):62-71. 

2. Montrief T, Koyfman A, Long B. Coronary 
artery bypass graft surgery complications: A review 
for emergency clinicians. Am J Emerg Med. 
2018;36(12):2289-97. 

3. Adelborg K, Horváth-Puhó E, Schmidt M, 
Munch T, Pedersen L, Nielsen PH, et al. Thirty-year 
mortality after coronary artery bypass graft surgery: a 
Danish nationwide population-based cohort study. 
Circ Cardiovasc Qual Outcomes. 

2017;10(5):e002708. 
4. Jannati M, Attar A. Analgesia and sedation post-

coronary artery bypass graft surgery: a review of the 
literature. Ther Clin Risk Manag. 2019;15:773. 

5. Giorgini JC, Rubio M, Baldi J, David M, Higa C, 
Borracci RA, et al. Short-Term Outcomes of Isolated 
and Combined Coronary Artery Bypass Graft 
Surgery in Women. Rev Argent Cardiol. 
2020;88(5):448-53. 

6. Gilani N, Kazemnejad A, Zayeri F, Yazdani J. 
Comparison of Marginal Logistic Model with 
Repeated Measures and Conditional Logistic Model 
in Risk Factors Affecting Hypertension. J 
Mazandaran Univ Med Sci. 2011;21(82):27-35. 

7. Kulik A. Quality of life after coronary artery 
bypass graft surgery versus percutaneous coronary 
intervention: what do the trials tell us? Curr Opin 
Cardiol. 2017;32(6):707-14. 

8. Hassankhani H, Soheili A, Vahdati SS, 
Mozaffari FA, Fraser JF, Gilani N. Treatment Delays 
for Patients With Acute Ischemic Stroke in an Iranian 
Emergency Department: A Retrospective Chart 
Review. Ann Emerg Med. 2019;73(2):118-29. 

9. Yan HC, Cao X, Das M, Zhu XH, Gao TM. 
Behavioral animal models of depression. Neurosci 
Bull. 2010;26(4):327-37. 

10. Gilani N, Kazemnejad A, Zayeri F, Hadaegh F, 
Azizi F, Khalili D. Anthropometric indices as 
predictors of coronary heart disease risk: Joint 
modeling of longitudinal measurements and time to 
event. Iran J Public Health. 2017;46(11):1546. 

11. Tsai CC, Lu MC, Chen YS, Wu CH, Lin CC. 
Locally administered nerve growth factor suppresses 
ginsenoside Rb 1-enhanced peripheral nerve 
regeneration. Am J Chin Med. 2003;31(05):665-73. 

12. Winzer EB, Woitek F, Linke A. Physical 
activity in the prevention and treatment of coronary 
artery disease. J Am Heart Assoc. 
2018;7(4):e007725. 

13. Cavalcante SL, Lopes S, Bohn L, Cavero-
Redondo I, Álvarez-Bueno C, Viamonte S, et al. 
Effects of exercise on endothelial progenitor cells in 
patients with cardiovascular disease: A systematic 
review and meta-analysis of randomized controlled 
trials. Rev Port Cardiol. 2019;38(11):817-27. 

14. Roozendaal B, McGaugh JL. Glucocorticoid 
receptor agonist and antagonist administration into 
the basolateral but not central amygdala modulates 
memory storage. Neurobiol Learn Mem. 
1997;67(2):176-9. 

15. Saifi M, Haghshenas R, Ebrahimi M, Jamshidi 
R. The effect of sour tea consumption on antioxidant 
capacity response to one session of exhaustive 
aerobic exercise in non-athlete men. J Neyshabur 
Univ Med Sci. 2019;7(4):135-48. 

16. Spiegel D, Loewenstein RJ, Lewis‐Fernández 
R, Sar V, Simeon D, Vermetten E, et al. Dissociative 
disorders in DSM‐5. Depress Anxiety. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
00

.2
8.

12
.1

8.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
jm

s.
iu

m
s.

ac
.ir

 o
n 

20
24

-0
9-

18
 ]

 

                               8 / 9

https://dorl.net/dor/20.1001.1.22287043.1400.28.12.18.4
http://rjms.iums.ac.ir/article-1-6812-en.html


 

 

 

٢٨٩ 

 

�$8� D�� B�
� 

"$1 � 

2011;28(12):E17-E45. 
17. Jiang C, Salton S. The role of neurotrophins in 

major depressive disorder. Translational 
neuroscience. 2013;4(1):46-58. 

18. Podemska-Jedrzejczak Z, Malinska A, Sujka-
Kordowska P, Nowicki M, Puslecki M, Jemielity M, 
et al. Vascular restenosis in coronary artery bypass 
grafting might be associated with VEGF-C/VEGFR-3 
signaling pathway. Heart Vessels. 2018;33(9):1106-
20. 

19. Zangi L, Lui KO, Von Gise A, Ma Q, Ebina W, 
Ptaszek LM, et al. Modified mRNA directs the fate of 
heart progenitor cells and induces vascular 
regeneration after myocardial infarction. Nat 
Biotechnol. 2013;31(10):898-907. 

20. Samadi B, Farzanegi P, Madani Z. Cardiac 
Rehabilitation Program and Vitamin D Supplement 
on NO, ET1, VEGF, Anxiety, and Depression Levels 
in Cardiac Patients after Coronary Artery Bypass 
Grafting. J Mazandaran Univ Med Sci. 
2019;28(169):52-64. 

21. Ghardashi-Afousi A, Holisaz MT, Shirvani H, 
Pishgoo B. The effects of low-volume high-intensity 
interval versus moderate intensity continuous training 
on heart rate variability, and hemodynamic and 
echocardiography indices in men after coronary 
artery bypass grafting: A randomized clinical trial 
study. ARYA Atheroscler. 2018;14(6):260. 

22. Gu JW, Gadonski G, Wang J, Makey I, Adair 
TH. Exercise increases endostatin in circulation of 
healthy volunteers. BMC physiol. 2004;4(1):2. 

23. Ribatti D, Conconi MT, Nussdorfer GG. 
Nonclassic endogenous novel regulators of 
angiogenesis. Pharmacol Rev. 2007;59(2):185-205. 

24. Shapiro B, Borer KT, Fig LM, Vinik AI. 
Exercise-induced hyperphagia in the hamster is 
associated with elevated plasma somatostatin-like 
immunoreactivity. Regul Pept. 1987;18(2):85-92. 

25. Czarkowska-Paczek B, Bartlomiejczyk I, 
Przybylski J. The serum levels of growth factors: 
PDGF, TGF-BETA. J Physiol Pharmacol. 
2006;57(2):189-97. 

26. Tsai MS, Kuo ML, Chang CC, Wu YT. The 
effects of exercise training on levels of vascular 
endothelial growth factor in tumor-bearing mice. 
Cancer Biomarkers. 2013;13(5):307-13. 

27. Mirdar S, Jarrahi M, Hedayati M, Hajizade A, 
Hamidian G. Effect of swimming during pregnancy 
on vascular endothelial growth factor level of 
neonatal rat kidney tissue. J Gorgan Univ Med Sci. 
2014;16(4). 

28. Krause M, Rodrigues-Krause J, O’Hagan C, 
Medlow P, Davison G, Susta D, et al. The effects of 
aerobic exercise training at two different intensities in 
obesity and type 2 diabetes: implications for 
oxidative stress, low-grade inflammation and nitric 
oxide production. Eur J Appl Physiol. 
2014;114(2):251-60. 

29. Radovanović D, Stankovic N, Ponorac N, 
Nurkic M, Bratic M. Oxidative stress in young 
judokas: Effects of four week pre-competition 
training period. Archives Budo. 2012. 

30. Egginton S, Zhou AL, Brown M, Hudlicka O. 
Unorthodox angiogenesis in skeletal muscle. 
Cardiovasc Res. 2001;49(3):634-46. 

31. Cunningham K. Gotlieb AI. The role of shear 
stress in the pathogenesis of atherosclerosis Lab 
Invest. 2005;85:9-23. 

32. Higashi Y, Yoshizumi M. Exercise and 
endothelial function: role of endothelium-derived 
nitric oxide and oxidative stress in healthy subjects 
and hypertensive patients. Pharmacol Ther. 
2004;102(1):87-96. 

33. Harrison D, Widder J, Grumbach I, Chen W, 
Weber M, Searles C. Endothelial 
mechanotransduction, nitric oxide and vascular 
inflammation. J Intern Med. 2006;259(4):351-63. 

34. Irani K. Oxidant signaling in vascular cell 
growth, death, and survival: a review of the roles of 
reactive oxygen species in smooth muscle and 
endothelial cell mitogenic and apoptotic signaling. 
Circ Res. 2000;87(3):179-83. 

35. Xu Q. Role of heat shock proteins in 
atherosclerosis. Arterioscler Thromb Vasc Biol. 
2002;22(10):1547-59. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
00

.2
8.

12
.1

8.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
jm

s.
iu

m
s.

ac
.ir

 o
n 

20
24

-0
9-

18
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dorl.net/dor/20.1001.1.22287043.1400.28.12.18.4
http://rjms.iums.ac.ir/article-1-6812-en.html
http://www.tcpdf.org

