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� �#
$#: �� �&�� '(�") * +
(,��� ��* ��-.*/�	0 1#�$1� � ���	* �� 
2
0 � ����� 3 �45
��� ��( 
�� ��! /� ��( ��1�0� ! "� �� 6�7�   8�  5
2. 

�! �# � :�� �(: /0� 1
�2� ��3�� 45 6� 
 ����7�  ���8� ��9:"24 
 ��<� �� �� �
��	�� ��
 ��
�0" ��� 20±200 ��� 
 7
 ��5 �6	>5 6�.�  


6� -��?� ���@� A�	:B �
�� 6
 6�� �4�7� �
�:�� �C�� �4� 
7� "
���� ��� �6:��� �/�D� ���C .�4� E��
�F�:� $��� �CG�� 30 I�6/� 
�&�� �
�:�� ) �5

 E"�C K
�:�4 I�6/� 
�&��  ��C ��90-85  �@��VO2max  
2 I�6/� ����-��  ��C �� A�8-60-50  �@��VO2max (Q:F  ��" 6� 
 6	>5 �� �
�8 

 6	>5�C ��R� .:S457� �4� �
��7� "
���� ��� �:���6 �,� +�8- ��C�	�  A��8"50  ��55 �B� �TB��% �@��&<� -�?"� 1�" ��� �5.  

�0�1;�(�:  &* &���LXR  A�	:B �
�� �U�� 6� )����:8" V��,-� ���C ��
�:� 7��4� �� ��>+  �C��)004/0P=( . 7�� )����:8" X#	$� 7�:S453  �
��

&�,�" ��  &* &���LXR   ����� ��R
 �	�)001/0P= .( V��,-� �� &��� Q��	� �:Y�5Z,R �� ��
�� �5 �3:" [��� V��,-� 7�� �"� ��� �"
��� 
 ��
�:� 7��4� )

�
� ���� ����:8" �
�>� ��3�� 6�.  

� � <=��7�1����3:  �"
��� ��:��4� �U�� 6� ���C ��
�:� 7��4���� ��� V��,-� 2��\ �� 6:��� ]
�$ ��@� E"�� 7�:S45 
 )�UB D." ������ &* &�

 
 �UB �� A
�	��B�.��� ������ ��HDL "�  V5�B �� �4." V/� ������)��4� �U�I )�5-�C�� 6	C�� ^��
���
�
��  �:��" �I
��.  

 �54 � ��( �
���: �4��7 "
���� ��� �����6: �4��7 �
�:�� �C��� ������ �5) ��^� �UB)� LXR.     
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�#
$# 

A#	$� �� �$�
  
 ��
 ���Y 6� �<�
 ������ A
�	��B 


 )�� �������� 
  V5�`B   ����`/"HDL )High-Density 

Lipoprotein (���-� �� �8	�" )��4�� )�5 a�?�  7����`C 

�" �:B .�� �-�\ bU
 ����� A�8-��c �:�C�"   7`�� D`5 

)��4�� �5 �� ����� �"  �:B)1.(  V5
<`F  )�`5  dU��`"  �`� 

)��!��F �� )��4�� )�5 �U�I �I
�� &��� �"  �`:5�  6`B 

7�� ������ HDL  
���/" K�
�  �`��Y ��  e
�`�  f�`U��� 

 �`
��8"  ��`R
  ����)2 .(V��,`̀-� ��  �`5 �`̀%�
 HDL  


V5�B LDL  6� ��`U.�  ��`��4�  D	`��
  a`�I 
  e
�`� 
 

)��!`̀��F �� )��`̀4�� )�`̀5 dU��`̀" �`̀� &  b`̀4B ��`̀C��� 

�" �:B .��+�8- D9:" ���� 6� 6g
�
 ��3�� )�����
  )�`5 

���+���	" h�@�?$ �� D��+���	"  ��`��Y  �`"  �`���� �� ��
  

�4." )��� i>% �"#
 ��� �� j"��R �
�"�  �C��)1.( 

 HDL V/� �	�  ������B� 
 ���.	+��k ���� �+
 �
�� 

�"�4� �� &  �
�  6BHDL �� A�/	��    A
�	`��B l�`�8"

RCT (Reverse Cholesterol transport)  )��!��F �� �� 

)��4�� )�5 �U�I – �I
�� �_m"  �
�)3.( A�/	��  l�`�8" 

A
�	��B 6� �:���- j4R )�
  A
�	��B �-�k� �� �-�� )�5 

���"���F 6�4R�� )�5*�-
�B�" ����� ���$�
 
 &��������� 

&  �5 6� ��UB ���45 �� ���n�  E�`C HDL   6`	>�  �`"  ��`C 

)4( . 6`g���  l�`�8"  7�`�   ����`/"HDL  �4`
#F 
  �`g$ 

^��
���
�
��  &��� ��:5�  V/�HDL 
 ������  )�`5  & 

 ��1��oF A�/	�� A
�	��B �
� .�C���� A
�	��B  )�`5 

�-�k� �� A��
 )�5 ��- *�-
�B�" 6�  6��`

 HDL  �`�� �� 

 )�`��B  7��`�  D`�����"  )�`5  �	9-�`0" HDL ��  E`��/" 

^��
���
�
��   �
�)5.(  

�� A�/	�� l��8" ������ ���5 6B �� )
�  �`UB  ��`R
 

����� V/�  �`
�
� ��  )��`�  7`��  �`:� �-  �`>��  �`"  �`::B .

 ��`����  )�`5   )�`UB� ̂ `�� LXR )Liver X Receptors( 

6�4R�� )�5��	B�- �����
�  A�`8-  ����`C  d`
��  �`��!�+ 

2�8	" 6� ��� ������$ ������ ���"��5 6	�5 )� �:	�5 6B 

�� �:���-)�5 D��+���	"  ��+��`
  �`�T��  ��+��`
  ,��`4� 
 

p
�F  �`:4��  �`������ . ��`��4�  ��`@� LXR   �`5 D�`9:� 

D��+���	" A
�	��B �
�. 7�� ������ �5  ���`_�  �	q�`>% 

)���� �� �� ����� ��� ���� A
�	��B A�4�� �" �::B 6B  7`�� 

���_� E"�C ��."  ��`�  Ko`R  A
�	`��B ��
� �)�  b`��0� 

]
�$ A
�	��B ��
A 6� ���@ 7�r�
�F�s�+ )�5 �� �+�!Y 

 )t�`�  �4`
#F ��  2`��\  E`I��  )�`5 ABCA1 
ABCG1� 

A�/	�� &  6� ��UB E��U� &�C 6� )�5��
� )
��>@ 
 j-� 

&   �
�)6.(  

)�:"��
 )�5 7��4� )��� ��	"#
 6�  �<`�
  ����_u`� 

�UT" &  �� ����4�  D	`��
  )��!`��F 
  &�`"��  �`$�� 

)��`̀`4�� �`̀`5 �`̀`:��"  �
��^��
���`̀`
  
)��`̀`4�� )�`̀`5 

�4��+���	"  �`UB  ��`"  �`
�5  6`B  vw`�"  ��`C  �`
�. 

��/�/0� &��� ����  �`��  6`B  �`�+�8-  ���`�  �`"  �`����  6`� 

�����n� )��>" �� x�4�� 7�r�
�F�s�+ )�5 &�$ �� 6�4R 

V5�B  )����������� LDL� VLDL 
  V��,`-�  HDL �`� 

��� 6��43" )�5 &   �`3:"  ��`C 
  a`R�"  ��`U.�  �`$�� 

�"E%� )���B �� �:���- A�/	�� l��8"  A
�	`��B  �`:��" 

V��,-� ���/" 
  a�B��HDL� V��,-� ]
�$  A
�	`��B �� 

�A��
 V��,-� E���� 
 ������ Apo A-I� V��,-�Pre Beta 

HDL �4
#F 
 V��,-� ��+�8- D�,�   LCAT ��C )7�8.(   

�� 6g���  �`�  f�`U���  �`�+�8-  �`C��
 
  A�`/	��  l�`�8" 

A
�	`̀��B 0���`̀/�/ �B�`̀�� ��`̀3�� ��`̀C �`̀
� . 
 &�`̀ ���U$

�� &���`̀ �45 6`̀ � �`̀ /�/0� �`̀ 
��� ��_u`̀ � 6 6`̀ 	>5 7��`̀ 4� 

�	"�/	
� �� &���  &*ABCA1 �� ��
�  b`Y�B ��  ��	`��
 

	$���F�: 
 1��,� ��B6B �� 7��4� �	"�/	
� z���  V��,`-� 

&��� &* ABCA1      �� A
�	`��B ]
�`$ �� )�`��B E`"�� 6B

�� �
� A��
 ��
� bY�B �� )�5 �
��  �`��3�  �U`��  6`� 

�
�� A�	:B ��C �
� )9.(  

�� &����45 
 &�
�" �/�/0� &���   6`B �`����  �E��`�� 

�9�c 
 ������ ���{ HDL �� )�
�% 6� D�����" )�5  ]
�`$ 

A
�	`̀��B �� A��`̀
 6	`̀���
 �`̀" �`̀C�� )10.(  
 )��:�`̀C��
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 �� &���`�45  1�`"  )�`5  ��`�  6`	w��  �`� � &�`�  V�`�  ��   �`%

ABCA1�  V��,`-�  �� HDL  �4`
#F 
  V��,`-�   ���`���oF

HDL )��� A
�	��B 
 �� ���.� V��,-�  |�g`
  ��s�+�>`�- 

�� ���{ HDL �� &���  �`����  6`B  &�`�� ��  V��,`-�  �`����I 

]
�$ A
�	��B �� A��
  �`5  �`C��.  7`��  &��!`�5
<F  ��`.q� 

 �:	`C��  6`B  V��,`-�  �`�+�8- &* ABCA1  �`9-�0"  E`��I  

69%#" )� �� ����� )��4�� )�5 �U�I �� �3:"  �`"  ��`C )11.( 

�� }�?$ p
�F 
  )�����`
  )�,`R�  ��`@�  E`%��"  A�`/	�� 

l��8" A
�	��B ��8+�g" �B��� ��R
 ����  
V5
<F  )�`5 

 ��`3��    ��`C  &�"��`�B �� �	`���  6`�  �`
���  &�`�� &*  )�`5 

ABCA1 
 ABCG1 6	$���F ��� .�� ��R
    6`:�"��� �-�`��F

�`̀5
��� 
 6`̀�$��" )�`̀5 ����`̀"�� `̀FV� �`̀:�� 
 )����`̀�R �� 

)���`̀�� � ��)��`̀ 4� )�`̀ 5 �`̀ U�I &�`̀ :S45 E�`̀�" �`̀
� 
 

��R �R
 )��� 7	-�� )�5��U5��  �`��R  )��`�  )��!`��F 
 

��U.� 7�� )��4�� �5  &�`:S45  6`"��� ���� . ��`:��4�  �`C��
 

��>�B  ����`�� -�q �`�  )�`5  �)��`��4�  K�`.	+� 
 ��  E`B 

�	"#`̀
 a`̀�I �� ��`̀U.� �`̀" ��`̀�w� �`̀ +
 ��`̀
 
 ��B)�`̀5 

�B�C ��::B �� 7�� �5����
� ��:5 6�  ��\ E"�B 6	$�:C�� ��� .

�� A�
 )�5 ���$� 6I#� 6� 2�/0� ��  ���`%  b`�	�* 
  p`
�F 

&�� 6� ��+�8- �C��
 V��,-� 6	-��  �`
� 
  )�5��`C  ��`R
 

���� 6B &��� �" �:5� )�����
  )�`5  ���*�`+��,�-  �`C�� �� 

��+�8- )�5 �C��
 �� &��� &* ���45 �� �)12.(  &�`�� �o+ &��� 

&��� �� ��� &��� &* )�5 dU��"  �`�  A�`/	��  l�`�8"  �`C�� �� 

7��`̀4� �`̀C��
 �`̀.R ��`̀ U.� ��`̀��4� 
 �`̀ � )��!`̀��F �� 

a�
  )�5 �+�4	%� �U�I �I
�� )�
�k 6� �9� �" �
�.  

:�� � ! �#�(  

   
 �`̀��3� �`k�% V5
<`F 1
� �`9��� 6`̀	-��   b`̀� �`5

 )�����B 68+�g""� �C�� .�g" 7��    6`	�4B �� �`��3� 6`8+

 ������% e#$� ��!����  
 �`C a��?� &���� ��C,F ����

     ��`̀ ����% �� ���>	`̀ 
� 
 �`̀ UI��" )�`̀ 4:5�� l�`̀ 
� �`̀ �

   �`C ��`3�� �5�!`���"�  .   6`8+�g" 7`�� ��24    1�`" �`


   ��	`��
 �`� ����0@)250-200   ���`��$ )���`�   �� ��`C

 &��`�� ��C,F ���� ��!���� ( ���>	`
����"   �`:	-�� ���`I .

%������ 3  �
��8 ���� :    
 ���`C ��
�`:� 7��`4� �A�	:B

 �"
��`̀ � 7��`̀ 4���`̀ � �  ������	`̀ 
� ��!`̀ ���"�  �� 6:�`̀ ��

 &�����R) 6$�Y12 ���:C
� ���
-   7�!��`�" 
 �����`�

 ����`̀% 6`̀R��2 ± 22  6`̀R��`̀��
l�� ( �`̀
�	
� �`̀�

      ��.`C e
�`� 
 a`�I &�	`
��4�� �� �o`c 
 K  6� 6����� 

6!� ���R� �" )��� ���C. 

6�$��" )�5��n	"   E`��I �`�      �`�� ����`" E"�`C A�`	:B

����� :6��4� 6��B       ��`����% 1�
�`F 
 �`�T�� ,`B�" �� �`5

  &��`�� ��	
�F �	�	��� �5�!���"�  6`�  ��`\    E`��0� D+�`


    &�``��� )�o``c �� 
 ���``C 6``	-��6``� ���``@  ��``�F

)���`̀ ��$    ��`̀ ����% 1�
�`̀ F 
 �`̀ �T�� 6`̀ �
�" �� ��`̀ C

 ��	
�F �	�	��� �5�!���"� ����B ���>	
� &���� .6��4�   �`5

  6`� E��
�F �
�C �� ��:
 ��0+ 6� &��� &���� �� �
#�

7`̀!45 ,`̀�� �`̀��
 ��`̀0+  )��`̀
 ���`̀C) �`̀��
 ��
�`̀0"

20±200 ���(�� 7
 �    d���`C �� 
 ��`� 6	>5 ��5 �5

       ���:`C
� 6`$�Y 
 6`��.� ��`��\� ��`"� �`0� 
 &����

6`̀!� )��`̀� K�`̀�g" �����`̀� !`̀���"�  ��`̀����% )��� �5�

6!� ���C )���.  

�� )��
�:C       
 ���`C ��
�`:� �`C��
 E`��
�F �� �5

 �"
������ � �� 6:���5    ��`3�� 6`	>5 b� �� 7��4� 6��R

�C .�� �7��4� A
� �
� �� 6B ���@ 7�� 6�  ���.� �� �� �5

   ���`�� ���`
 �� 
 6	C�o� E�"��� )
� �� V"��  
 �I�


 ����B 7��4� 6� �
�C �$��:�� 
 7���F  �8� ����R ��

�� 6B  �56� ��$�" V�F 6"���� �� ��!45 
 �   �`.R ���" 

 �"
��� 
 ��
�:� E��
�F �� ���:C �9����" ���
 ��   )�`5

�� �� ����� ���>	
� �"
��� 
 ��
�:� 7��4� �� DB   6`� �`5

���C �:C  E��
�F �� 
 �::B ���� 7��4� ��� .  �`� ��B 7��

 6��R &���F5    �`C ��`3�� ���:C  �� 6`45 
     7`�� �`� �`5

E��
�F �5   E`��
�F �� ����" ��� ��5 &
�� 
 ���C �:C 

�� ���:C  
  �5^F & ��   ��`" 6`� ��@� 7��4� �8   6`	>5

��
� &���F 6� 
 �
�C.  
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      >?*��)	0��*� � �2@�� ��#@A � �B  :��  

E"�C ��
�:� E��
�F 6"���� 5 I� 6`/�    &��`B ��`�)  �`�

 ��C50%  ��60 %VO2max( �7  6/�I� K
�:�)4   6`/�I�

 ��C ��85%  ��90 %VO2max  
2   ��`C �� 6/�I�50% 

 ��60 %VO2max( 
 3 I�6/�  ��C �� &��B ��
50%  ��

60% VO2max ��� .�� 6
 �5    �`�5 �� 6`	>5 �� 6��R

�:	$���F 7��4� 6� 6	>5 .7��4� �"
��� )
� ����  &���`� 

�� ��C d
�	"  ,`��  )��`� 5 �
� ��  6`	>5  ��`R�  �`C �� 

6�%�" ���:C  )6	>5 A
� (�� �5 �
��5 6� ��" 10 6/�I� 

�� ���
 10 �	" �� 6/�I� )
� ����  &���`� ���    �`� 
 6`	-�

      �TB��`% �� )�`@�� l�`
� �`� 6`B �C��
 E��
�F 2U\

 �-�?" &<��B�)  �`���� E��`U� 6/�I� �� �	" 6� 6B ( 6`
 

   �`:	$���F 7��`4� 6`� �8� 6	>5 ��5 �� 6	>5 �� 6��R .

7�� �C� ��+�8- A��8" 50 �� 55 �@�� �TB��% &<��B� 

�-�?" ��  ��� .���
 &��
� 6� Q���� 6� &�,�" 2/0 �	" 

�� 6/�I� �� �5 6	>5 V��,-� �-�� 
 a�C E�"��� �� EB 

A�`̀\ ��
� �`̀:��4� �`̀��_ ��`̀� )13�14 .(�B6`̀�  ��`̀��R

 ���
 7��4�8  ��13 �C ��3��.  

 :��5@ 
�  3 ���VO2max /� �(  

l�
� ��    6`� ��`	�� �� �5 �&����45 
 A����5 68+�g"

 ��"10  ��C �� 6/�I�10  �`	"     ��`� 6`�%�" 6`/�I� ��

�" )�s
 �� &��B     �`C��
 ��`:��,- &�`"�  ^s
 �����B

�" ��c      E`�"��� ���`
 6/�I� 
� �5 ��Cm/sec 03/0 

6� ���@ �" V��,-� ��B��$ �-�� �� 6B ���"� ��   ���`I �5

�C��
 ��+�8- 6"��� 6� ����U� . 6R�� �� 6`�  ���`
   ���`.�

6� �
� ��"     6`8+�g" l�`
� �� 
 6:���� &�"�  )�.	�� ��

 ���
 &����45 
 A����5�9����"  ��`C ��    6`"���� )�`5

 �:��4��
� 6�  �" )13�14.( 

48  7��4� 6��R 7��$  �� ^F ���
��  �`5   �� ^`F

14  ���
6��4� 6��UC ���	C�� )�����    ��`3�� )�`UB �-��

�C 
  )���j4R )�
  6��4� �5     �� �`U�B�� �`� &��`�% ��	��

 7��#��� )
���)10 ���"  ��`�/ ����`��B (  7�"�`	B 
)75 

���" ��� /������B (6� � �I�>@ &
�� 2��,� ���@�  1�5

 ���C .     6	-��`C &��`�% 6:�`
 6`�>I �^s
  �`C   )��`� 


 6`� &�$ �&���% ���  7��	4B �� &�:�4\�    �� D�/	`�" ��`\

&���% a�I  6	-���C.  ^s
�UB �� �5 &  &�� ��  ��R �5

  �`�C b`�*�+��,�- ��
 �� 
      &�`$ �`� ���`C ���� �`C


6� &��� ���- �4B�� ���45 &  �� ��R�"   �+�`$ E"�B ��\

 &  ���\� �� ���C 6	Co� �	��- oc�B )
� ^s
 
 ����

&�
 ���"  
 ��C 6	-�� ���C ��B. �UB �� �5   )
���`� ��

   �`I� �`� �+�	�3��001/0  &�
 ��`�     ^s`
 ��`C �`�B

  ��`C �43:" j��" ��� ���>	
� �� 6�@�-#�   v�`w�� )��`�

RNA  )�"� �� �,��- 6�80- ���C E/	:". 

     ����� �@�� 5!�#A �(  

    &* &�`̀ �� ���`̀ ��n� �`̀ 
��� )��`̀ � 6`̀ 8+�g" 7`̀ �� ��

 �� 2�/0� 6	���
 )�5���n	":��b� qRT-PCR     ���>	`
�

�C .   ��`	�� ��`9:" 7���RNA   �`
A�     
 �`C ]��w	`
� �`5

  ��`̀ � 6`̀ � �`̀ �%��" �`̀\ ^s`̀
DNase I treatment �`̀ � �

DNaseI �C ��4�� . 1
� 7�� �� ���`@ ��   ��`R
DNA  

 �6��4� �� �-�k�DNA   �`" Xo%  ��`C .�.��� �`� cDNA  

V:B�
 
 �C 6	$�
  )�5qRT- PCR  �C ��3��.  

 ]��w	
�RNA     �� ���>	`
� �`� 6`��4� �-�� ��Qiazol 

) ��BQiagen �&�4+  ( ]��w	
� �����
 6�@�� 6� 6R�� ��

�C .6�   ��9:"��  7�`�  &��`�  �+�`4	%�  ����`+  RNA  �`� 

DNA  ��  D�,`�  DNase  )��`� �� RNase  ���>	`
�  �`C .

����/" ��t ��  a�%�9�c RNA ]��w	
�    ��`C 7�`�8� 

�C. 7��� a���� 6� )��� b�  ��`�
���" RNA  ]��w	`
� 

  ��Cb� " 
�`�� + �`	� DNase )Fermentase,1µl (
  b`� 

"
��� +�	�  �-��x 10  6-�`k�  �`C 
  D`3%  A�`�0"  �`� K  

��4��  ��`C  �`� DEPC  6`� 10 " 
�`�� + �`	�  ����`
�  �`C .

A��0" E@�% 6� ��" 15 6/�I� �� 37 6R�� �	��
 ���� 

6`̀ ����� ��`̀C ^s`̀
 6`̀ � ��`̀" 15 6`̀/�I� �� 65 6`̀R�� 

	��
� ���� ���I ���� �C ��  D�,`�  c A�`8-��  ��`C .  �`9�c

RNA  )�	"�	-
�	�s`̀``
� 1
� 6`̀``�UV )Eppendorff �
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&�`̀4+  (�`̀C 7�`̀ �8� .�$�`̀
 �`̀.R cDNA  6`̀ �2/0-1 

���
���" RNA ]��w	
�  ��C� 1   �`	�+ 
�`��" Oligo dt 

6-�k� �C .D3% ���.� 7�� 6�%�" ���� 12 �	�+���" �C�� .

7��� a����  ��� RNA �ci� �� ���  ���`/"  )�`	4B �� &  

6	C���� 
 �C �� K  ��4�� ��C �� DEPC 6�  D`3%  ���`.� 

12 �	�+ 
���" ����
� �C. V:B�
  6`�  ��`" 5  6`/�I�  ��

70- 6R�� 	��
�  ���`�  ���`I ����  �`C 
  ̂ s`
  6�`@�-#� 

6	C�o� p� &
�� �C .6� �*��-
���" 4   �`	�+ 
�`��"  �-�`� 

X5� 2  �	�+ 
���"dNTP 
 1  �`	�+ 
���" RNase  6-�`k� 

�C �� D3% ���.� 6� 19 �	�+ 
���" �
�� .A��0" V:B�
 

6� ��" 5 6/�I� �� 37 6R�� 	��
� ���� 6����� �C.   b`�

�	�+ 
���" D�,�  RT 6� V:B�
 6-�k�  �`C 
  6`�  ��`" 1 

���
  ��42 6R�� �	��
 ���� 6�����  �`C . )��`�  �`I�	" 

&��B �V:B�
 "
��� �K�� 6� ��" 10  6`/�I� ��  )�`"� 

70 6R�� �	��
 ����  ���`I ����  �`C .cDNA  E`@�% )
� 

p� ���I ���� �C 
 �� &�"�  ��`3��  V:`B�
 PCR ��  �,`��- 

20- 6`̀R�� �	��`̀
 ���`̀� )���`̀.!� �`̀C.  �`̀%��\ )��`̀ �

�5�4���F ��	�� �+��� mRNA f���" 6�  &*LXR-Alpha  


LXR-β ���>	
� �� �� ���
 NCBI ]��w	
� �C .�5�4���F 

d
�� ��� s"�B ��,-�)���� Allel ID 6	$�
  �`C 
  ̂ s`
 

�5 ���F�4 d
�� ��� ��,-� BLAST �.R &�:�4\� ��  �`	�� 

&��� E0" �>R &�C �5�4���F ���" ������� ���I  �`-�� .

�5�4���F d
��  �B�`C  7+�B�:�`
  6	$�`
  �`C .��  7`�� 

2�/0� �� &* 7�:�	B��	� 6�  &��:�A�	:B  �`�$��  ���>	`
� 

�C. A
�R 1 �� �9� ���" )�5 �4���F �+��� �" &��� �5�.  

C�
B 1 .D �* 5
2 �� �E ��( ��0 �) �:F))��0 � �8;�:R 

��0 �) 8F3��(  

H��?� (5-3)  ��0 �) 6�� 

5’- GATGTTTCTCCTGACTCT -3’ Rat LXR-Alpha-F: 

5’- GAAGTTCTGTAGGCTCTG -3’ Rat LXR-Alpha-R: 

5’- TGGAACGAGGCTGCTT -3’ Rat LXR-β F: 

5’- GGTGAAGTGGAGGAGGTA -3’ Rat LXR-β R: 

:B�
 �5 VPCR  �� ���>	
� ��PCR master mix 

Applied Biosystems)( ��!	
� �� 
  SYBR Green 

)Applied Biosystems, Sequence(  �B�C E��
�F 2U\

�-�� ��3�� �����
 .40 E��
 )��� �5 6$�Y Real-

time PCR �� �9� 6	-�� �C 
 )�5�"� �5 E��
 E"�C 

94 6R�� �	��
 ���� )��� 15 �6���_ 60 6R�� �	��
 ���� 

)��� 30 6���_ D�9:� ���C .)��� �"�4� &* )�5 ���" 

68+�g" ,�� &* ^��-� �:8� 7�:�	B��	� �.R 6� �
� 

&��
  )�"� a
�:" Anneling &������ �"��� ��3�� 

����� .7�:S45 �.R �
��� efficiency ��5�4���F 

�:0:" ������	
� �@�?	$� �5 &* )�
) )�5 I�2� ��C 

DNA (D
� ����� .����4� Melting ,�� �.R �
��� 

�0@ V:B�
 )�5 PCR ��3��  ��C 6�  ���@ �@�?	$� 

)��� �5 &* 
 �� �5 ��� �� V:B�
 6� ���45 ����4� A�	:B 

�>:" �.R �
��� ��R
 ����+  �� �5 V:B�
 ���" 

������� ���I �-�� .��� ����� h�U��/� jR�" &*. �� ���>	
� �� 

���I &��� ���� �5 �� A�"�- )�5 ΔΔCt 
 2–ΔΔCt &�,�" 

&��� &* X�5 �� &* jR�" A�"�� )��
 �C.  

 ���#A I�D��A 

   6	`
� )��`� �>�`@�� ��"  ��  ���� )�`:�    
 ��`$ )�`5

���� ��@�� �C ���>	
� �5 . X
���4+�B &�"� 4
�X���� 

)K-S (���� &��`̀� A�`̀"�� �`̀
��� )��`̀� �
�`̀� �� �`̀5  )�`̀5

  
 68+�g"���""  &�"�   b`� ^��`���
 E`��0� )��   6`-�\ 

�C ���>	
� .�:8" �g
 &�"�  6��B )��� )���  )�5��" ) 

05/0≤α �C 6	-�� �9� �� .6�,3� E��0�
     �`� )��`"  )�`5

 �� ���>	
���� ��,-� SPSS  6w��22    �`� �`5����4� D�
�� 


��� �� ���>	
� ��,-� Excel  6w��2007 �-�� ��3��.  

�1;�0 �(  

     J0�1� �����4 �(  

    X
���4+�B &�"�  Q��	�- A
�R �� X����4
�2  ���
 

��C �
� .  

 C�
B2 . 8�B ��D ��#@A � +������  +��3��D�� ��#@A J0�1�

�1�� � ��(��K1# �! �LM H��0� � �	N�( �����  

 

�� !�	,# OL� )Sig( +������  +��3��D�� ��K1# 

251/0  01/1   &*LXR  �>+  

396/0  897/0   &*LXR  ��	  
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 A
�R3  ,�+��  &�"�  Q��	� ^�����
 b�    )��`� �6-�\

��&�  &*LXR �>+  �5� �" &��� �� .�� 6R��  6`�  ���`/" F 

6U`̀ 
�0"  ��`̀ C )7/6 (
 �``:8" ��� &��`̀ � &  �� �g``
   

001/0 P< ��
�>� )����:8"  7�`�   &* &�`��LXR  �� �`>+  

�
�� )�5 ��	w" V5
<F �� 95% &�:�4\� ��Z�� �C.   

 C�
B3.  �4 ����LXR �RDA �#� 
* �C�1	� 5��3 �� �!  

>?*��) ���1�  �! ����	* � �	�F�� �0@ 

 :@� P  :@� F �! @A �B�!  ��S7#

��N���# 

�4 ���� �0!�$# 5��3 �(  

001/0*  7/6  2 6/156  8/7±9/10  7��4� ���C ��
�:� 

    1/3± 02/6  6:���� ��� �"
��� 

    6/1±8/1  A�	:B 

*�:8" �
�>����� ��g
 05/0p<  

    ���" X#	$� �
��� )���      ��
�>��`� �`U�/8� &�`"�  �� �`9�

�C ���>	
� .   &* &�̀ �� 6`B ��� &��� Q��	�LXR    �̀ >+   7��`4� ��

     �`C�� A�`	:B �
�`� 6`� �U`�� )����:8" V��,-� ���C ��
�:� 

)004/0P<(.    �
�`� �̀ � 6:���� ��� �"
��� �
�� 7�� �-#	$� �+


 ����`� ��R
 A�	:B )28/0P= .(     �
�`� 7�`� �`-#	$� 7�`:S45

6:���� ��� �"
��� ����� ��R
 ���C ��
�:� 
 )18/0P=(. �� jI�
 

   �`�� �"
��`� 7��4� �U�� 6� ���C ��
�:� 7��4� ��� &��� Q��	�

�" 6:����  &* &��� �	��� V��,-� 6� �3:" ����� LXR  �̀ >+   ��`C 

)����4� 1.(   

 

      � !���1 . � I�# /��R* �4 ����LXR �RDA  �����	* �0��* 5��3 �!

 @  H) C�1	� 5��3 �� 8��� �#� 
*8 �1R(  
 *                A�	:B �
�� 
 ���C ��
�:� �
�� 7�� ����:8" �
�>� �!����  

,�+��  &�"�  Q��	� ^�����
 b� 65��  )��`� �� ̀�&�  &*LXR 

�	�  A
�R ��4 � ��C ���
   �`
�.  �`�  6`R��  6`�  ���`/" F 

0"6U`̀
�  ��`̀C )14/0 (
 �`̀:8" ��� &��`̀ U� &  �� �g`̀
 

)001/0P=(� �
�>� )����:8"  7�`�   &* &�`��LXR  �`	� �� 

�
�� )�5 ��	w" V5
<F �� 95% &�:�4\� ��Z�� ���.   

 C�
B4 . �4 ����LXR �1�  � �	�F�� �0@ �#� 
* �C�1	� 5��3 �� �!

>?*��) ���1�  �! ����	*  

 

 :@� P  :@� F �! @A �B�!  ��S7#

��N���# 

�4 ���� �0!�$# 5��3 �(  

75/0  2 14/0  8/0  6/2±4/3  7��4� ���C ��
�:� 

    8/1±5/3  6:���� ��� �"
��� 

    3/2±01/3  A�	:B 

*�:8" �
�>��� ���  05/0p<  

    Q��	� +��  &�"� �, ��
�^�� b�  -�\6  6B ��� &���

����:8" X#	$�) ��7 3 " �� �
���&�, ��&�  &*LXR  

����� ��R
 �	� . V��,-� �� &��� Q��	� �:Y�5Z,R �� �

�
��  [��� V��,-� 7�� �"� ��� �"
��� 
 ��
�:� 7��4� )�5

�
� ���� ����:8" �
�>� ��3�� 6� �3:" )����4� 2.(  

   

 � !���2 . �4 ���� � I�# /��R*LXR �1�  �����	* �0��* 5��3 �!

�#� 
*  @  H) C�1	� 5��3 �� 8���8  �1R( 

���3 �7�1� � <=�  

V5
<F )�5 dU��" �� )��!��F �� )��4��  )�`5  �`U�I 

�I
�� &��� �" �:5� 6B 7�� ������ HDL 
 ���/" K�
� 

���Y �� e
�� f�U��� �
��8"  ��`R
  ����)2 .( V��,`-� 

�� �`̀5 �`̀%�
 HDL 
 V5�`̀B LDL 6`̀� ��`̀U.� ��`̀��4� 

D	��
 a�I 
 e
�� 
 )��!��F �� )��4�� )�5 dU��"  �`� 

&  b4B �����C �" �:B .��+�8-  D9:`"  ���`�  6`�  6g`
�
 

 ��`3�� )�����`̀
 )�`̀5 ���+���`̀	" h�`̀@�?$ �� D`̀��+���	" 

����Y �" ����� �� ��
  �4." )��� i>%  �"#`
  �`�� �� 

j"��R �
�"�  �C��)1.( �� A�/	�� l��8"� ������ ���5 6B 

* 

 [
 D

ow
nl

oa
de

d 
fr

om
 y

af
te

.lu
m

s.
ac

.ir
 o

n 
20

25
-1

2-
15

 ]
 

                             6 / 11

https://yafte.lums.ac.ir/article-1-2468-en.html


 �_� 6���/" 
 �
���8  ���C ��
�:� 
 �	"�/	
� ��:��4� 6	>5 �� &���....              ���:�% 
 &����45 

 

 17  /���� ��	
�� 
��� �������� 96 

 

�� )
� �UB ��R
 ����� V/� �
�
� �� )���  7`��  �`:� �- 

� �`>�  �`"  �`::B . ��`����  )�`5   )�`UB� ̂ `�� )LXR (�� 

)�5�:���- D��+���	" ��+��
 ��T�� ��+��
 ,��4� 
  p`
�F 

�:4�� ������� .������ )�5 ���"��5 6	�5 )� A�?����  6`� 

)�5���!�+ 6\���" &��"�  p`
�F  6`�  A�:!�`
  )�`5  ]��`$ 

�+��
 �� )��� A��
 �5 D5��- �"  �::B)6.(  

  �� &�`�� �k�% V5
<F     )��`R� 6`	>5 �`�5 7�`� �

 ���C ��
�:� ��:��4�)HIIT (    6`� 6:�`��� �`�� �"
��� 


 &��� V��,-� 6� �3:" �C��
 ��:��4� �A�	:B �
�� �U��

 &*LXR �� �`̀UB �� �`̀>+  �`̀" ��	`̀��
 ��<`̀� )�`̀5 ��`̀C 

)05/0<P.(    ��
�`:� ��`:��4� )���� �� &��� Q��	� jI�
��

   :�`��� �`�� �"
��`� ��:��4� �U�� 6� ���C  &�,`�" �� 6

 &* &��� V��,-� ���)05/0<P(.   

  &* &�`�� ����:8" V��,-� �� &��� �k�% V5
<F Q��	�

LXR    A�`	:B �
�`� �U�� 6� ���C ��
�:� 7��4� �� �>+ 

 ���)004/0P= .(jI�
��      ��
�`:� 7��`4� ��� &�`�� Q��`	�

�" 6:���� ��� �"
��� 7��4� �U�� 6� ���C   �`3:" �����

 &* &�`�� V��,-� 6�  LXR   ��`C �`>+  .    X#	`$� 7`�� �`+


�4� ����:8" �C�� )18/0P=( G    V��,`-� 7�!��`�" &�,`�" �"�

�:� �
�� �� &* &����
� �"
��� �
�� �� �	��� ��
.  

 7�� )����:8" X#	$� 7�:S453  &��� &�,�" �� �
��

 &*LXR ����� ��R
 �	� .    V��,`-� �� &�`�� Q��`	� �:Y�5

Z,R�
�� �� � �:� 7��4� )�5     7`�� �`"� ��`� �"
��`� 
 ��


�
� ���� ����:8" �
�>� ��3�� 6� �3:" [��� V��,-�.  

�k�% V5
<F Q��	� ������ �� 6g��� �� �� )�UB )�5 �

      
 2`-��" &���`�45 
 a`�� �4q�`B V5
<`F Q��	� �� �>+ 

   �`� �`	� ��� ������ 6� f���" Q��	� �� 6g��� �� 
 �
��45

�B{ V5
<F Q��	�   
 �+�`w" ��C �`�D5  �`
�
.   �4q�`B

     ��_u`� �`
��� 6`� �`�5
<F �� &����45 
 a��4   6`	>5

�� �� )���5 ��+�8-   ��`���� 
 )�`�s�+ x�`4     )�`UB )�`5

���:	$���F �5 .&  V5
<F Q��	�    7��`4� 6`B ��� &��� �5

6� )���5    ��`���� V��,`-� 6`� �3:" )����:8" ���@   )�`5

    ����``:8" V��,``-� 7�``:S45 
 )�``UBHDL  V5�``B 



�	��B�� A �C �5)15 .(     �`�n	" 6`B �`
� �`B{ 6� ��t

     ���`� �`>+  ��`� )�`UB ������ ,�� V5
<F 7�� �� 6	���


�
� .  ��`���� E`"��� 7�� f�U��� 6� ��/�/0� �$��   )�`5

 �
� �`̀ `�B
�F �`̀ `� )�`̀ `UB �`̀ `5 PGC-1α )Peroxisome 

Proliferator-activated Receptor α (���`̀ C� ���`̀ B �`̀ �� .

�
� ��B
�F jI�
�� �� �5 �-��    6`� �� K�`Y ��
� 6B ���5

�" 6�,3� )���� &�,�"  �`" &��� �::B  ��`C G   ��`UB �`:��"

 ��
� 
 6`��B ���� ��.I ���Y �-�� �a�I .   �� ��`���� 7`��

&* &��� D�9:�    7�r�
�`F ��`::B �`B )�5    �� E`�$� )�`5

    ���`3��R 
 &��`
����B� �`	� ����  K�Y )�5��
� KoR

 V/� �+��
 A
�	��B ����)15.(  

6�  ��
�:� ��:��4� A�U���C�� ) h�`@�?w" (  �"
��`� 


    &
�� D�`��B ��`�� V��,`-� 6:�`��� ���    6`��w� 
 �+��`


 ���CATP  �`" e�>��     ��`�F )�5��`�" ��`�� ��`	-�   ���`
�

A�8- �	
�t��  )��
PGC-1α   �� ������`:B�	�" ,�*��� 


 )��R� 6� p
�FHIIT 6� ��:5 6	$�:C ���$ ����    �`"� ��`��

� ht�4	%� �U�� ���C �����n� 6ATP:ADP/AMP  &
��

    &�`C A�`8- 7�`:S45 
 ��#��AMPK     A�`U�� 6`� 6`B

�" ���� ��+�8-  �
� 6	���
 ��C��)16 .( ���`B 6�:��   b`�

   �`��� vw`�" �`
� 6	C�� ��_u� �	���    6`8+�g" �`��� 


��C.  

 6:�"��� )��R�HIIT   7��`:Y ������:B�	�" ,�*��� 


��3�� 68+�g" 48" 6B �
� ��C&  �� ht�  6�5
 b� p
�F �5

     �`���� ���`B �`
��� �� 7��`4� 6`	>5 
� ��_u� �� ��+�8- .

�`̀" ���`̀/�/0� 7`̀�� 6`̀�4R��  
 t�`̀U�R 6`̀8+�g" 6`̀� &��`̀�

   �	"�/	`
� ��`:��4� 6	>5 
� ��_u� 6B ��B ���C� &����45

DB D3% ��
�:� ��C �F �"� �(SIT)    ��`:��4� E`��/" �� ��

 �	:
 �	"�/	
� D3%�F)ET( ��    ������`�B� �`�-�q16 

��B �
��� D+�
 &��R ��" .   ��� &�`�� V5
<`F 7�� Q��	�

��  �
�� )��� 7��4� &�,�" 6�:��SIT    �`�5 �6`	>5 
� ��

 ���
) A��8"90 )��B D3% �@�� (  �
�`% �� 
5900 

 [
 D

ow
nl

oa
de

d 
fr

om
 y

af
te

.lu
m

s.
ac

.ir
 o

n 
20

25
-1

2-
15

 ]
 

                             7 / 11

https://yafte.lums.ac.ir/article-1-2468-en.html


 �_� 6���/" 
 �
���8  ���C ��
�:� 
 �	"�/	
� ��:��4� 6	>5 �� &���....              ���:�% 
 &����45 

 

 18  /���� ��	
�� 
��� �������� 96 

 

 �
�� �� �	4B )�+�B���BET   
 ������`�B� ��-�q �"� ����

 ��+�8- &�,�"COX-4    �`:�r�
�F )��`	0" 
COX-4   6`�

b� V��,-� &�,�"    ��`� 6`	-�� .�     ������`:B�	�" ,�*�`�� �`.

  V��,`-� �� �C�� �� 6�@�%PGC-1   �`���B 1��,`� )17 .(

 �
� �`�B
�F V��,-� 7��  �`5 )PGC-1α(     6`� �`3:" ���`C

������ &* &��� �� ���n� 
 b��0�    ��`C )�`UB )�`5 .�� 

  ̀U�� 6`� K�Y ��
� 
 ,B��� D��+���	" �� ���n� �� jI�
 A�

   ��`���� �� �`��n� �`C��
 ��:��4�     x� ,`�� )�`UB )�`5

�"       ����.`�" ���`C ��
�`:� �
�`� �� �`��n� 7�� 6B �5�

�" �C��.   

6�  ��\  ��BD�����"     �� �`C��
 �`�+�8- �`_� 6B ���5

 &�`̀�� )
�ABCA1  6`̀� h���`̀4� �`̀::B 6`̀�R�� �	�`̀
�>:+

A�8- ������ )��
 )�UB ^��� )�5 )6�   ��`���� �<�
   )�`5

^��� �>+  )�UB( �������  )�56��UC ^���  )�)RXR(  


������ 6	�5 )�5  )�PPAR �" f���"   �`C��)18 .(  &�`��

����     7`�� &�`C A�`8- z��� 1��
 
 ���� ��+�8- 6B ��C

������ �" �5 ��C .�� ������ �-�\ )�5 PPAR    6�U`C 6`B

6� ������     �U`C ^`��� ��`���� 
 )�`UB ^��� )�56� )� 

��B &���R �:	�56� �� A
�	   6w`�� )�`/+� 6��

   )����`�

������ 7�����:� 
 �>+  )�UB ^��� )�5 ABCA1   V��,`-�

�" �5� )19(. ��   �`k�% V5
<F &�`45  6`���    t�`� �� 6`B

        ��`:��4� A�`U�� 6`� &  �`>+  ��`� &�`�� &�,`�" �C ���C�

 �C��
�,-�V� �
� 6	-�� G ��� &* &��� &�,�" �� ���n� �"�

�
� ���� ��5��" �	� .    X#	`$� 7`�� E`�t� �� ��� ���C

 ��� 7�� ��+�� E0" ��� 6� Q��	������� ������ �5 . ��`���� 

��� �>+  �� �A�0\ ��UB �-�� ����Y ���
� 6��B 
 6��  �`5 
 

��� �	� �� ��4� �-�� �5 &��� �" ���C. +� 6�  �`-�� 6�:�� E�

 V5
<F 7�� �� X�5 �9����" h�`@�?	$�   �`" �`UB  �`C��� 

�,�" ���C�C�� �	� ��� �� �	��� �UB �� �>+  &* &��� &. 

  ����`̀ �� �`̀ �>�B �`̀ C��
 ��`̀ :��4� �`̀ �-�q  )�`̀ 5

�)����4�  z��� EB �� 
 K�.	+�   
 D`." E`"��� �� ��U.�

A
�	��B l��8" A�/	�� �:� �- �� �����  �`"  ��`C  �`+
 �

��
 
 �B�C )�5��B  6`� ��:5 �5����
� 7�� �� ��::B   ��`\

6	$�:C�� E"�B ��� .
 ��A�   �� 2`�/0� 6� 6I#� ���$� )�5

 V��,`-� �C��
 ��+�8- 6� &�� p
�F 
 b�	�* ���%   6`	-��

    �`̀ " &�`̀ �� 6`̀ B ���� ��`̀ R
 )�5��`̀ C 
 �`̀ 
�  �`̀ :5�

)�����
 ��+�8- �� �C�� ���*�+��,�- )�5  �`� �C��
 )�5 

�&�� &* )�5 �>�	w" ���45 ��� . 6`	-��     7`�� �� E`@�% )�`5

 &* &��� ��� &��� V5
<FLXR  �`>+    ��
�`:� 7��`4� �� �

     �`C�� A�`	:B �
�`� �U`�� 6`� )����:8" V��,-� ���C 

)004/0P< .(    X#	`̀ $� 6`̀ B ��� &�`̀ �� Q��`̀ 	� 7�`̀ :S45

 7�� )����:8"3  &* &��� &�,�" �� �
��LXR    ��`R
 �`	�

����� .�5  V��,-� �� &��� Q��	� �:YZ,R �
�`� �� �   )�`5

:" [��� V��,-� 7�� �"� ��� �"
��� 
 ��
�:� 7��4�  6`� �3

�
� ���� ����:8" �
�>� ��3��. 6�   ��`\   6`	-�� �`�B   )�`5

&��� �k�% V5
<F     6`� ���`C ��
�`:� ��:��4� )���� ��

     l�`�8" A�`/	�� �� 6:�`��� �`�� �"
��� ��:��4� �U��

���� A
�	��B .     V��,`-� 2`��\ �� ���`C ��
�`:� ��:��4�

  ]
�`$ ��@� E"�� 7�:S45 
 )�UB D." ������ &* &���


�	��B 
 �UB �� A�� �.� ������ ��HDL �"    V`/� �`����

  V5�`̀ B �� �`̀ 4."�)��`̀ 4�  �`̀ U�I )�`̀ 5-  �`̀ :��" �`̀ I
��

�C�� 6	C�� ^��
���
�
�� .  

�� !�
V � �?F*  

��7�  �� 6��`

   ��`	0" �����`"  �"�`4� � +�r`�" 7� 


��!���"�  &�
�:C��B   " 
 �+��`
 ��`/�/0� ,B�"�  �+�`�+

 ��!`̀�����&��`̀ �  � �``̀" 6``̀B ���``̀�B ���`̀
 
��``̀3�� �� � 

   �`̀ ���� )��``̀ � V5
<``̀ F 7``̀ �� K�``̀ �g"�  )��,!`̀ 
�s


"� D���4�.  �� 6+�/" 7���F &�`�     ��:`���� )�`	B� ��
� 6`"��

 A�r�"]��w	
�  ��C �
�.  

 [
 D

ow
nl

oa
de

d 
fr

om
 y

af
te

.lu
m

s.
ac

.ir
 o

n 
20

25
-1

2-
15

 ]
 

                             8 / 11

https://yafte.lums.ac.ir/article-1-2468-en.html


 �_� 6���/" 
 �
���8  ���C ��
�:� 
 �	"�/	
� ��:��4� 6	>5 �� &���....              ���:�% 
 &����45 

 

 19  /���� ��	
�� 
��� �������� 96 

 

References 

1. Gharipour M, Sadeghi M, Dianatkhah M, 

Nezafati P, Talaie M, Oveisgharan S, et al. 

Comparison between European and Iranian 

cutoff points of triglyceride/high-density 

lipoprotein cholesterol concentrations in 

predicting cardiovascular disease outcomes. 

J Clin Lipidol. 2016; 10(1): 143-149. 

2. Acharjee S, Boden WE, Hartigan PM, Teo 

KK, Maron DJ, Sedlis SP, et al. Low levels 

of high-density lipoprotein cholesterol and 

increased risk of cardiovascular events in 

stable ischemic heart disease patients: A 

post-hoc analysis from the COURAGE Trial 

(Clinical Outcomes Utilizing 

Revascularization and Aggressive Drug 

Evaluation). J Am College Cardiol. 2013; 

62(20): 1826-1833. 

3. Oram JF. HDL apolipoproteins and ABCA1 

partners in the removal of excess cellular 

cholesterol. Arteriosclerosis, thrombosis, 

Vascular Biol. 2014; 23(5): 720-727. 

4. Srivastava N. ATP binding cassette 

transporter A1-key roles in cellular lipid 

transport and atherosclerosis. Mol Cell 

Biochem. 2002; 237(1-2): 155-164. 

5. Butcher L, Thomas A, Backx K, Roberts A, 

Webb R, Morris K. Low-intensity exercise 

exerts beneficial effects on plasma lipids via 

PPARF. Med Sci Sports Exerc. 2008; 40(7): 

1263-1270. 

6. Archer A, Laurencikiene J, Ahmed O, 

Steffensen KR, Parini P, Gustafsson J-A, et 

al. Skeletal muscle as a target of LXR 

agonist after long-term treatment: focus on 

lipid homeostasis. Am J Physiology-

Endocrin Metab. 2014; 306: 494-502. 

7. Eichner JE, Dunn ST, Perveen G, Thompson 

DM, Stewart KE, Stroehla BC. LXR agonist 

increases the lymph HDL transport in rats by 

promoting reciprocally intestinal ABCA1 

and apo AI mRNA levels. Am J Epidemiol. 

2002; 155(6): 487-495. 

8. Gylling H, Simonen P. Phytosterols, 

phytostanols, and lipoprotein metabolism. 

Nutrients. 2015; 7(9): 7965-7977. 

9. Khabazian BM, Ghanbari Niaki A, 

Rahbarizadeh F, HosseiniKakhak SA. 

RandJabariKouchabi M. The Effect of 6 

Weeks of Endurance Training on the 

Expression of Hepatic ABCA1 in Male 

Wistar Rats. World J Sport Sci. 2008; 6: 

101-114. 

10. Masson D, Jiang XC, Lagrost L, Tall AR. 

The role of plasma lipid transfer proteins in 

lipoprotein metabolism and atherogenesis. J 

Lipid Res. 2009; 50: 201-206. 

11. Yoshinari U, Keijiro S. High-density 

lipoprotein and atherosclerosis: Roles of 

lipid transporters. World J Cardiol. 2014; 

6(10): 1049-1059. 

12. Kumar V, Abbas AK, Fausto N, Aster JC. 

Robbins and Cotran pathologic basis of 

disease. Elsevier Health Sci. 2014. 

13. Høydal MA, Wisløff U, Kemi OJ, Ellingsen 

Ø. Running speed and maximal oxygen 

uptake in rats and mice: practical 

implications for exercise training. European 

J Cardiovascular Prev Rehabil. 2007; 14(6): 

753-760. 

14. Wisløff U, Støylen A, Loennechen JP, 

Bruvold M, Rognmo Ø, Haram PM, et al. 

Superior cardiovascular effect of aerobic 

 [
 D

ow
nl

oa
de

d 
fr

om
 y

af
te

.lu
m

s.
ac

.ir
 o

n 
20

25
-1

2-
15

 ]
 

                             9 / 11

https://yafte.lums.ac.ir/article-1-2468-en.html


 �_� 6���/" 
 �
���8  ���C ��
�:� 
 �	"�/	
� ��:��4� 6	>5 �� &���....              ���:�% 
 &����45 

 

 20  /���� ��	
�� 
��� �������� 96 

 

interval training versus moderate continuous 

training in heart failure patients. Circulation. 

2007; 115(24):3086-3094. 

15. Kazeminasab F, Marandi M, Esfarjani F, 

Moshtaghian J. The Effect of Endurance 

Training on Lipid Profile and Expression 

Level of Liver X Receptor α Gene in Male 

Wistar Rats. Genetics in the 3rd millennium. 

2017; 10(2): 714-2721. 

16. Aoi W, Naito Y, Mizushima K, Takanami Y, 

Kawai Y, Ichikawa H, et al. The microRNA 

miR-696 regulates PGC-1α in mouse 

skeletal muscle in response to physical 

activity. Am J Physiol Endocrin Metab. 

2010; 298(4): 799-806. 

17. Gibala MJ, Little JP, Van- Essen  M,  Wilkin 

GP, Burgomaster KA, Safdar A, et al. Short-

term sprint interval versus traditional 

endurance training: similar initial adaptations 

in human skeletal muscle and exercise 

performance. J Physiol. 2006; 575(3): 901-

911. 

18. Gibala MJ, McGee SL, Garnham AP, 

Howlett KF, Snow RJ, Hargreaves M. Brief 

intense interval exercise activates AMPK 

and p38 MAPK signaling and increases the 

expression of PGC-1α in human skeletal 

muscle. J Applied Physiol. 2009; 106(3): 

929-934. 

19. Brousseau ME, Schaefer EJ, Wolfe ML, 

Bloedon LT, Digenio AG, Clark RW, et al. 

Effects of an inhibitor of cholesteryl ester 

transfer protein on HDL cholesterol. NEJM. 

2004; 350(15):1505-1515. 

 [
 D

ow
nl

oa
de

d 
fr

om
 y

af
te

.lu
m

s.
ac

.ir
 o

n 
20

25
-1

2-
15

 ]
 

                            10 / 11

https://yafte.lums.ac.ir/article-1-2468-en.html


 �_� 6���/" 
 �
���8  ���C ��
�:� 
 �	"�/	
� ��:��4� 6	>5 �� &���....              ���:�% 
 &����45 

 

 21  /���� ��	
�� 
��� �������� 96 

 

 

The effect of eight weeks of high intensity interval training on gene 

expression of liver X receptors (LXR) in Wistar male rats 

 

Hasanvand B
*1

, Soori R
2
, Choobine S

2
, Akbarnejed A

2
 

1. Assistant Professor, Department of Physical Education, Faculty of Literature, Islamic Azad University, Khorramabad 

Branch, Khorramabad, Iran, Hasanvand121@gmail.com 

2. Associate Professor, Department of Physiology, Faculty of Physical Education, University of Tehran, Tehran, Iran. 

 
 

Received: 12 Sep 2017 Accepted: 22 Oct 2017 

Abstract 

Background: This study aimed to investigate the effect of eight weeks of interval training on gene 

expression of liver X receptors (LXR) in Wistar male rats. 

Materials and Methods: In this study, 24 male wistar rats (200-250 g) were randomly used to three 

groups for this purpose, 24 male Wistar rats were prepared and divided into three groups: control (8 

= n), high intensity intermittent exercise (8 = n) and continuous submaximal exercise (8 = n), 

respectively. The treadmill exercise program was performed for eight weeks, three days a week for 

40 minutes. High intense exercise protocol, 30 minutes running periodic (every period of four 

minutes and two minutes running with 90-85% of VO2 max intensity active recovery with 60-50% 

of VO2 max) three days a week for eight weeks. Also, the continuous training group under 

maximum was an  exercise intensity equivalent to 50 to 55 percent of maximum oxygen 

consumption of the  mice. 

Results: The results showed that there was a significant difference between the four groups in the 

gene expression level, after data analysis and test research hypotheses, findings of this study show 

that the expression of LXR alpha gene, apolipoprotein 1, ABCG1 a significant increase in intensity 

interval exercise than the control group (p = 0.004). The results also showed a significant difference 

between the three groups in the expression of LXR beta and apolipoprotein 2, SR-BI does not exist. 

Although the results showed a slight increase in groups of periodic training and continuing slight 

increase, but this has not led to a significant difference. 

Conclusion: Overall results indicated the superiority of intense interval training than submaximal 

exercise in reverse cholesterol transport is continuous. Intense interval training by increasing 

hepatic expression of the receptor gene as well as the main cause of the liver and eventually out 

HDL receptors can play an important role in reducing cardiovascular diseases such as 

atherosclerosis. 

Keywords: Endurance Training, High Intensity Interval training, liver X receptors. 
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