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 �HV� &$�� ���$�#&� $. 8� ��P  �	$Q�"� �	��V��  	�� . �	

 &� N. 8� �"� 0
� �� O�
 i�� 0
��f�	��    &� N=. �

     8=� W=
	�� �
��$=� $=� t��
�100   �=>�	)  $=�5   �=>�	

Z!�X� (�$%�"	 &��	 PCR  ��q���  ���� .  0=
� �� B�/

E�^ i��  O�
 8� �"�100  �$%�"	 �
��$� &	�� �>�	

 ����&� �$. �f�	��      8=� W=
	�� �
��$=� $� t��
� &� �

100 &�== �# �==>�	 		�==� .��==fC  0==
� 8==� �==  &��==�  ��

Y� �
  �$=.     &$=�� �	 ,�$=Q� �=
�&�  $=. � �f�	��=   &� �

	�1� 0��;� �� t��
�.  

   0�==�;� �� t==/ �i�� 0==
� �	CT  �&� �==.CT  &�

 �� t��
�CT  � ��� N� Z�. &�ΔCT � # �"	 8�.  

(ΔCT= CT target gene 
_ 
CT references gene).  

 8 �	� �	ΔCT 8��1� �$.    8=� 8=� �� Y$ �� Y��C� ����

  �� ���=� 8�
�� �f� �	 �����H��$� &��C@ΔCT  8=��1�  �$=. 

���� �$. �%
	 N�  $� �	�1�ΔΔCT 		�� ?>$(:  

ΔΔCT= (CT target gene 
_ 

CT references gene) treatment group- 

(CT target gene 
_ 
CT references gene)calibrator group  

�
$'��	    &� 8=� Z�=. &� �HV� $� Z!�X� 0
� &��� 

$� �"� ����� bG� :  

Target gene/Referense gene ratio = 2
-ΔΔCT  

 j��,27�mRNA .B�7 % cDNA  

 �"�7�	^RNA 

 ��$"��GRNA     �=�� &	�=� �$=� 8=� $� )QIAGEN 

RNeasy Mini Kit (50) ( j��$==�$� ��$1==� 8==�74104 

 oHP?1;�����"	 �� E$F�� ����$" ����.  

 .B�7cDNA  

  �=�� ��QuantiTect Reverse Transcription Kit 

cDNA synthesis (Qiagen)    �X$=" ���=�cDNA   o=HP

?1;�����"	 �� �	$Q�"� �
� ,��> 8� ����$" ����:  

Real Time PCR  

 ���������� ���� �$%�"	 �� ��� &$�� &���  )Thermal 

Cycler) ™BIO RAD (C1000( �==� �	$Q�=="� . 8== $���

��$ �-   �=� E$=F�� 8<(�  8" �	 �$%�"	 �
$ �� .  8=<(� 

 &�� ����$�	 8� �FC  8� Y��Y����   �$=. DNA   Y$=;
 �

�</ N
��# &�� ���   ,��> 8� ���95  8G�	 ���$="  	��=� 

 ,�  8�5  	 8=<(�  �8:�A	 E�95   8=G�	 ���$="  	��=�   8=�

 ,� 10  � 8��$360  8G�	���$" 	���    ,�=  8=�30   8=��$3

 ����45  � �����  ?��" 8=<(�  �     N�="�� �='G �
$='�

 W��Q� �CeC (Dissociation Curve)  8� 4�l �CeC  $


 ,��>55  $�95  8G�	���$" 	���  B
��=
� $� �5/0  8=G�	 

 ,�  �	5 �� E$F�� 8��$3. BC���  �$=. Real-Time PCR 

 �
$'� NF( �	10  �=�</ �	 ��������    �$=.96   ��.$=5

���� E$F��. 

 �� 8;�$D  0
� �	�	$  ��     8=� �H=" �C="��z�<
 n�� $�

 E$�SYBR-Green      &$=�  �	 �="� �	$=A 8=� �� �	$Q�"�

 Y����  W5�� �$��DNA  �	8��� ��    ��=� � 8=�
�� ���A

  �=C� �=��C  �C"��z�<
 .   �<
 ��=� �=���� &��=�   ��C="��z

 Y�[e  ����� &���  $� N�:�V  �HV�PCR 	��	.  

 ����&�  $=.     �=>$[�X� �$=.���$7# �8=;�$D  	��=  �

     &�<�$C�=" ���=� _="�� � �=
	�� �(��P)Sinaclon( 

 ��C"  �� t=/ � �� o=�A�  ��$="     ?1;�����="	 ]$="� �=�

�
�� ���A �	$Q�"� 	��  ����$" ����.  
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W
 �. ����  ��8��1� $.  8�$�"# 8X�5(Ct)  �$%�"	 �	

Real Time PCR �� 0��;� . &� &$��GAPDH  &��C@ 8�

�� �	$Q�"� t��
� . ���������� ����   &$=��&�  $=.  i�� ��

ΔΔCT- 2 �� �	$Q�"�.  

����� i
��1 % '�?�1  

    � 0�%�$=�  ]$="� �=� Y$��� � 0�  �	 ,$@!P� E$1�

�"� ��� i���� �$�;  Z��e�� .  �=3� &� �# �'G 2�=� �	 

;�����"	     ���=� t�$=
��� 8=.�� W=
 ?�<e� �� ��C
�1� ?1

���� �$. �� �	$Q�"� ?:�V . �	    ,�$=Q� ��.$=�  ,��>

�C;  ��	 &� �# �� ��.��� 0�� ,�$Q� p$�C  0��;� �'G �

�� �	$Q�"� ���� �H�:;� .  mD=" �=C;  ��	  ���=� �  E$=1�

,$H"$e  05/0=P �f� �	 �� 8�
��.  

'2#�� �H  

 &$�� �HV� &�BAX/BCL2  =� �	   �
�=� 0
�=1� ���

���$==C�-  _=="��  0
�==1� ���==� �� B�==� 4�==5�/ ��6==7

�� $:�"�- 4�5�/ ��67 	��)04/0P= .( �HV� 0
� &��� 

Y��C� ���� �	-  ��P 8� 4�5�/ ��67 �=C;  ��	  ��=��� �

���� �� ���$C� �
�� 0
�1�-  ��67 4�5�/)011/0P= ( �

 �� $:�=="� _=="��  0
�==1� ���==�- 4�==5�/ ��6==7 	�==�

)009/0P=( ) ��	�1�1( . &� &$��BAX  ��P 8��C;  ��	 �

Y��C� ���� �	-     Y�=�C� ���=� �� ��=��� 4�=5�/ ��67- 

 Y$ �� ��67 	��)001/0P= .(   &� 0=
� &$=�� �%
	 Z�P ��

 E$1� �	���� $.  ��P 8��C;  ��	  �=�1� � ���=� ��   Y�=�C�

 4�5�/ ��67 	��)001/0P= .(   &� &$=�� &��=� BAX  �	

�
�� 0
�1� ����-  6=7   8=� 4�=5�/ ��  �=C;  ��=P ���	 

 �� $:�="� _"��  0
�1� ���� �� �����-    4�=5�/ ��6=7

 	��)03/0P= .(  &� &$=�� &��� BCL-2    0
�=1� ���=� �	

�
�� ���$C�- Y��C� ���� �� ����� 4�5�/ ��67-   ��6=7

4�5�/  	��)016/0P= .( &� &$�� &���  �	 ���$Q�BCL2 

�C
�1� ���� �	 0��  ��.$�  ���)08/0P=.(  

|�==[X �	 CASPASE-9   �==C
�1� ���==� �	 0�==�

 ,�$Q��C;  ��	  ��.$�  ���)124/0P=(. &� &$�� &���  

CASPASE-9    4�=5�/ ��6=7 Y�=�C� ���� �	    ��=P 8=�

�C;  ��	   Y$= �� Y�=�C� ���� �� ����� �  	�=�)001/0P= (

) ��	�1�2.(  

  

  

  

  

  

  

  

 ������1 .;J ;�
� .L:� BAX/BCL2  

  

  

  

  

  

  

 ������2. �
;� ;J CASPASE-9    

 % e��'�
2� ��
=  

      0
�=1� 8=�Q. �	���	 	�	 &$=�� �=d$( o=�:e� g
$��

 �	 ����.,� �$.   8=� 8G�� $� 4�5�/ ��67 $� ��� 8
69�

 0
�1� ,�� � 2���  �����     &��%�$=�� �=� ���$=Q�  ,��3�

  �==�$� 8�==��	 ���=="��$-. ��==�/�/# .  ,$==:�:e� &�C�$==�

$1VG ,$C
�1� B:� ��$��	 �	��e   &$=�� �� ��&�  $=. �

N�fC� �� ���/�/# ��V  �	 ��"��$-. $. ��� E$F��  0
� 8�

 8;�$D �  ����� $� }$H��� �	 ����� $� ,$@!P�  ��3~=�   2�=�

   N=V��$�  �=� ��$1=VG 0
�1�      �=�
�e� $=
 ��$='  �$=.

�.	 &$�� �� ��H� ���/�/# &��%�$��.  

    0
�=1� ,�=� �	�	 &$=�� 8;�$D  0
� 8�
$
 0
��1' 

? $@     &� &$=�� 8=� ��=5 �	�� ���/�/# W
�e� ���� �1' 

/#��//� ���BAX   0�=CJ1. �CASPASES-9   �	 0�=� �	

   E$=F�� ���$=C� � �
�� 0
�1� 8� �.��� �	 ��C
�1� ����

 [
 D

ow
nl

oa
de

d 
fr

om
 y

af
te

.lu
m

s.
ac

.ir
 o

n 
20

26
-0

1-
30

 ]
 

                             5 / 11

http://yafte.lums.ac.ir/article-1-2540-fa.html


%�$�� �� 0
�1� 2�� �3�,� �	 ���"��$-. ���/�/# &�� 4�5�/ ��67 $� ��� 8
69� �$. &��$�1. � ��$�
��/ 4�:;
 

 

 111  /���� ��	
�� 
��� �����	��
 96 

 

    �=�7 $= � ���=��� B
��
� �	�� �	�	 �=C;  ��	   �	 �8�=��	

  �=��# &� &$�� &���  �	 ���$Q� 8� ��$(  ��=�/�/#BCL-2 

� ���==� �	 0�==��==�� ��.$==�  �==C
�1 .0�==CJ1.  ��6==7

      �=��� 8;="�� � W=
�e� `=G�  	�=X �
$'C� 8� 4�5�/

��� ���"��$-. ���/�/#      �=V���� ��$1=VG 0
�=1� 8=�

 0
� B.$� � ?
�;� `G� 		�� ���� .85���   0=
� B.$�

     �=f� �� $= � �	�=� 0
�=1� 2�� �� ?:�V  ��$ # �f� �� ����

    =�'� _="��  �� $:�="� 0
�=1� ��
����
��
  0
�=1� �� �

���$C� �
��  $@	� 0
� ���� 8� 	�1� N�fC� �� ���/�/# ����

  �=�7 $ � ����� B
��
� �=C;  ��	  ��=�/�/#��/   �$-="$�9  �	

���� 	�� �
�� ���$C� 0
�1�.  

&$1. ��P  8� B.�M=/  $=.   &$=�� �=   �=.	  _
��=� �	 

��"��  �A$5 $. � ��"�-
	�  8� E�$:  ����5 �� �<1  �$.

 ==V�� nC��$C%�==" 0����==  ���==�  8==� �==FC  0
���$==C� �

 �	 ���5 ���Xl � $� ��-���-
$. �$�1�V�<��-
$.�
$� �$. 

  �=���	 ���5 B
��
� ���� �H� � 8<�@ ?�HA �� ���5��7

  � �	�===1� ��;===�� �� �===H� �	 0���===V�� nC��$C%�==="

 �@�" �� ��H� ����I����<��   ��y�)28 .(  &# �=� ��!@

�F�$�  �$.  ? $� ��$'��� �
$="0
$��  $=. 0
$=��-
	� �   � $=.

   8=�
$
 B
��=
� �A$5 _
��� �	 4�5 �$.��"� 4$='��� � 

$F�$� ���/�/# &# Y$H�	 8� � ��H�     8=� �	��# 	�=G� 8=� ��

    ��=H� ��I�$I�="� 8;="�� &# ?>$( �=   �=�$�.    8=� !�=��

0
$���
$==" m==��� ���I�$I�=="� ��$=='��� �$==. � 8==��� �$==. 

  &M�=V�� BC=���  �
6=/�    �$=��# 8=�$  �=%1.   W=����/�/#

�    �=�$�)29 .(  8=;�$D  �	  ��=
� �=d$(
B   &$=��&�  $=. �

 &�==� Y$==;
 ���==� �==<��	 �A$==5 _
��==� �	 W==����/�/#

 ���6  ��"	^$� �$.�����  ��$�.  

Y�<" $.       `�="# � �
$
��=C����  `�="# 8=� ]$=V(

 �W����/�/#Y�<" $. �	 	��# 4�5 �$.��"� 8� �C�V. �


 ���/�/# ���� `G�  $'�#�   		�=� )30 .(   �� B�=� B
��=
�

 	��# 4�5 �$.��"� �(�  ����   j�=  �= ������ ��V  �C

   0�=CJ1. ��	�=1� Y$;
 �� ���<" �=  ����  �=C =V ��  =��l� 

 o
�P �� �� ���/�/#Y$;
 ��$" BAX  �FC  � �CC� W
�e�

 8���
6/l�Q� p$�7   E������=" �
$.� ��
$
��C���� C  �

�$-"$� ���$;
-9 ���� .#�-�� �� 0
� ��    8=� 8�=V��� ��=�/�/

 �A$58� ��P  ���$;
 _"�� ���	$C; ���/�/#��/�W BAX 

 ��� N�fC�)31 ( �f� 8� ��   �="�     Y$=;
 �	 �=1'  E$=�

 &��BAX ���
6/l�Q� � ���C����  �$�7 Y$;
  ��$=" 

   �$-="$� &�=� Y$;
 $� ���1. W����/�/# �C
��
 �
��G� �$


3  �9  ��$�)32 .( 0�� 0
� �	�f� 8� �  �"�  ���/�/# �$' 

��"��$-. $.     ��=H� ,$=�$'��� &$= �	 �	 �1'  �M����"�

   ��=� �y=�  � �	�=� �A$5 �� ��$�    ��$1=VG ,$=C
�1�

8� ��P  ��3�=    �	 ��=�/�/# Y�=   �$=.    B.$=� �� ����=�(

�   �.	)17 (�(�      ��$1=VG ,$=C
�1� ��=� �	�	 &$=��

    �$=='  �� ���=C����  8==� 8�=V��� ��=�/�/# �=  �==C� )33 .(

 �$.���$   ��="��$-. W=����/�/#    ��� 0�=
� ��� �� t=/

  $=� h$5 	��
� �	 ?� 	��NAFLD    �=( $=� =V���$ � =
	$� 

B.$� �  
��$ )34 .( �f� 8��  �"�  ���/�/# ����. 0
�1�

    mD=" B
��=
� o=
�P �� �� ���"��$-.P-AKT�  B.$=� 

    ��=H� ���$=Q( ��$=
��� `G�  �,�  ��^�P �	 � �	�	

      ���$=
�-�� o=
�P �� �� �=�-�� N=V����$�  ��=��� 8� ���

 ������==V�� ]��=="� N�==fC�) B
��==
�N
�==�# �$==.  �==��#

�����V��(    �=H� 4$='��� �$='  �)  �F�$=�  B.$=�   �$=.��

��$'��� (       8=� 8�=V��� �$.��=V  o=
�P �� ��=�/�/# �$='  �

CASPASE 9  N�fC� � �C� )34 .(0�I���/ �$.   ��=%
	

 Y$;
 E�
 8� 8� �"� 0�1 BAX   ?=[�  ���C����  �	

   &��="��
� �%��� �� 0=
� �� �����BAX   �� &# `=A$;�  �

 E������" �
$.�C  �����<G�   �=CC�     0=
� �� �=�
 8=�

0�I���/ $. BCL-2 �  ��$� .i����  0
�1� ��� ���=1. 8� 

 ��67 $� 8
69�N� 4�5  $=� �� ��!@  ��D=" B.MDA  �

��D" �	 Y	$;� `G�  �&���$��<� mD" B
��
�  BCL-2 

�  		�� )35.(  

 �8=;�$D  0
� �� �� # �"	 8� g
$�� 8� 8G�� $�  ��=G�� 

     &� &$=�� B.$=� `=G�  _="��  ,�� $� ����. 0
�1�
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0�I���/ �$. Y$;
 ��CC�  �	 ���/�/#��"��$-. $.   �� � ��=�

o
�P  �HV� B.$�BAX/BCL-2 �	 8� �  B.$=� &# Y$H

 ��67 �
$
�	 �� ��$� ���/�/#4�5�/    �=� ��f
$=e  �=3� �

��"��$-. $.  Y$1@��  �
$1� .��  8�>�� ]$"� 0
��  	�� 

     ,$=C
�1� �� �="� �=�'� 4�=5�/ ��67 �
$
�	 _
��� �	

	�� �	$Q�"� _"��  ,�� $� � ����.  


����	D % ��-1  

 0
�  �� ��y� 8�$: &$
$/ bD:  8 $�  =�� �	 ����	 8�

 ����� �����
��
�   �=�$�     � !="� 	��# �$%=���	 �	 8=�

   �="� ��=� ��=G� � `
�[� ����  &��'� �(��.   &$=
$/ �	

  8=�$:  0=
� &$��CV
��      E�=<@ �	$=�C� ,$=:�:e� �=��  ��

     �	 ��=fC  8=� �=C7��  ��'=� ������  ����/ � �����

     ���	��=A � ��=�� �.$%=�
$ �# ,$=�$� � &	�	 ���A �$��X�

�  �C
$1�.  
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Abstract 

Background:Anti-inflammation and anti-apoptotic effects of physical activity have been proven 

and its effectiveness depends on intensity, duration and type. 

Since obesity is considered as a mild chronic inflammation, it is reasonable that the degenerative 

damages occurin tissues, especially in the liver as the center of metabolism. The aim of this study 

was to investigate the effect of two types aerobic training (endurance and high intensity interval 

training) on markers of hepatocyte apoptosis in rats fed with high fat diet. 

Materials and Methods: In an experimental trial, 28 male Wistar rats were randomly divided into 

four groups: control-normal diet, control-high fat diet, endurance training-high fat diet and high 

intensity training-high fat diet.  In the first stage, rats were fed with high fat diet for 13 weeks.Then, 

they trained for 12 weeks, 5 sessions per week. At the end of the experimental period, the rats were 

anesthetized and the liver tissue was removed to evaluate the expression of regulatory genes in the 

pathway of apoptosis. 

Results: High intensity training induced significant increase in the expression BAX gene(P=0.001) 

whereas, there was no significant effects on BCL-2 gene (p=0.06). High intensity training compared 

with endurance training caused an increase in BAX/ Bcl-2 ratio. Pattern of Caspase-9 changes was 

similar to the BAX/ BCL-2 ratio. 

Conclusion: The results showed that the effect of physical activity on the pathway of hepatocytes 

apoptosis depends on the type and intensity of training. Therefore, it is recommended to use moderate 

endurance training to protect the liver from damage caused by high fat diet. 
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