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Abstract    

 

Background & Aims: The liver is one of the main and major organs of the body, which 

with the help of various enzymes is of special importance in regulating hormonal activities 

and metabolism, during rest, training, and returning to the original state of sports activities. 

Under normal circumstances, the liver and kidneys receive 27% and 22% of circulating 

blood, respectively, but as a result of heavy training, the blood flow to the liver and kidneys 

decreases to 5% and 3%, respectively. Prolonged reduction in blood flow to the liver and 

kidneys may have detrimental consequences, of which fatigue observed as a result of the 

constant sub-maximal activity is part of it. The liver is also one of the most sensitive tissues 

targeted by training-induced oxidative stress. Sports science coaches and professionals are 

working to find ways to reduce the effects of strenuous training and increase the 

effectiveness of training programs over a limited period. The liver has different functions in 

the body and different roles are considered for it. Metabolism, control of glycolysis, 

glycogenesis, and lipogenesis are the main functions of liver tissue. Many factors and 

proteins play a role in these processes, and two factors have recently been identified called 

E2F1 and E2F4.  

Methods: The present study was approved by the ethics committee of Payame Noor 

University with the code IR.PNU.REC.1398.059. In terms of purpose, it is fundamental-

applied, which was implemented experimentally. In the present study, 32 8-week-old male 

Wistar rats with an average weight of 237 ±33 g were purchased from the Pasteur Institute. 

After being transferred to the animal laboratory environment, these animals are housed in 

transparent polycarbonate cages in an environment with a temperature of 22 ± 1.4 °C, the 

humidity of 45 to 55%, four heads in each cage with free access to water and closed. Foods 

were maintained according to a 12-hour sleep-wake cycle. Animals were randomly divided 

into 5 groups: control group (Co) (8 heads), moderate intensity training (MIT) (8 heads), 

high-intensity training (HIT) (8 heads), and high-intensity interval training (HIIT) (8 heads) 

were divided. 

The MIT protocol was performed in such a way that in the first week, 5 minutes of warm-up, 

5 minutes of cooling, and 20 minutes of the main body of the exercise, including running at 

65% VO2max at a speed of 20 m/min, was added to the training time every week. In the 

sixth week, the training time reached 37 minutes and remained constant until the end of the 

eighth. Also, the training speed was unchanged from the first week to the eighth week and 

was equal to 20 meters per minute. 

The HIT protocol in the first week included: 5 minutes of warm-up, 5 minutes of cooling, 

and 20 minutes of running training with 65% VO2max at a speed of 20 m/min and an 

increasing slope of the treadmill. The training time was increased every week, so that in the 
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sixth week the training time reached 30 minutes and remained constant until the end of the 

eighth. On the other hand, the slope of the strip was 2% in the first and second weeks and 2% 

was added to the slope every 2 weeks to reach 8% in the seventh and eighth weeks. Also, the 

training speed from the first week to the eighth week was 20 meters per minute and was kept 

constant. 

The HIIT protocol also included 10 minutes of warm-up before the workout, in the first to 

fourth weeks including 3 intense intermittent runs with an intensity of 90 to 100% VO2max 

and a speed of 30 meters per minute in 4 minutes and 3 low-intensity intermittent runs. With 

50 to 60% VO2max and at a speed of 20 meters per minute in 3 minutes. From the fifth to the 

eighth week, it also includes 4 intense intermittent runs with an intensity of 90 to 100% 

VO2max at a speed of 30 meters per minute in 4 minutes and 3 low-intensity intermittent 

runs with 50 to 60% VO2max at a speed of 20 meters per minute. It took 3 minutes. The 

main body time of the exercise was 28 minutes per repetition. Mice in the control group did 

not participate in any exercise program but were placed on a stationary treadmill for 10 to 15 

minutes per session to adapt to the environment to create the same conditions. 

After in vitro analysis of the samples, descriptive statistics including standard mean and 

standard deviation and inferential statistics were used to quantitatively describe the data. 

First, the Shapirovilk test was used to determine the normality of data distribution, and the 

Leven test was used to determine the homogeneity of variance. Due to the normal 

distribution of data, parametric tests including one-way analysis of variance and Tukey's post 

hoc test were used at a significance level of p≥0.05. 

Results: The results showed that there was a significant difference in the expression of the 

E2F1 gene in the liver tissue of male Wistar rats between the HIT group compared to the 

control group. There was also a significant difference between MIT and control groups (P = 

0.003). Comparison between groups with post hoc test showed that there was no significant 

difference between HIT groups and MIT, HIIT, and control groups (P = 0.977, P = 0.917, P 

= 0.093, respectively). Post hoc tests in training groups showed that there was no significant 

difference in E2F4 gene expression between MIT and HIT, HIIT, and control groups (P = 

0.977, P = 0.721, P = 0.202, respectively). On the other hand, a significant difference was 

observed between the HIIT group and the control group (P = 0.022, respectively). 

Conclusion: In general, the results showed that there was no significant difference between 

IT MIT, HIT, and HIIT methods on E2F1 and E2F4 gene expression in liver tissue of male 

Wistar rats. However, there is a significant difference between training groups with control 

of differences. 
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  �	=������� 3�����    P	��B�	� ?���E2F1   @��� 3�	��8+ ?���
��\8�����7� G�88�� #�) 16�� 6� ���7� 3���� �B��	���

�� *
+�8�  )21(.    	�)  )Hsu  (�    3���B
))2018 �� (
  �8�'�� ���M� �	= ?7��<�  ?���E2F4   �� ���
�� :��4�

����	���� ���	���:�; #�) 3�(���� P����8� � ���������
�	���� ��� 3���  �� ��� ������� W���' :)�� �� ���	�l �m

�'��  )22(  .  ?��7��<� ������T��  )Denechaud  ( P���� ��
2014 :��4� 3�	��8+ ����E2F1  h����; �����8
�� #���) 

����� P	��B�	� ?��� ������ s������ ��� ?� ���	��� #�)
E2F1 h����; �� ������ #���) ���� ���m� P���
+� c����R 6� ���

P	B�	�?D�� #�) ���������  t8���8X���� ������ #�������
�l��� �m  )17(.  ?����F� ���X�� 6� ���) ���  

!� #���)

.��� �	���� ��� :)��  ���� 3����� ����� Z�7��<� ���8�
���� 3���
��?�����H �����k 3������ p�7� �� ?� �� 6� �����

  � ��	,� ?=�  P��8� �� Z��m� c��R^��N (��
� ���	
���	^��N ���7� :��(�� n+�� Z����C�� � @�� 	� #���)

������� ���	��� ?� #��F�� �����O ?� �	'u   ��+ G�2
��`�����; ����� G��	����= ��� �� ���-�� ����� ���B
� ���)

 3�����
�� �� ���	����� ?��� ������4� 3���� #��� #���%
  r	� �����2  ���8� �)��� ��  )20(.  ������ ������7� :��4� 

P���� ������� � �k���  P��8� �� �\8� ?��%	� ��	��� ���)
  16�� #]	�	�(�� 3�eeD�� � 3�B'(; ?��� � ��� G�	�

� ?,=��� @� 3�	8+l �B��	���� #�)�8�N�� ��\8� �� �m
.��� G���� Z��m� ?�  ?��� ?��%	� ��  ������7� ?��B8�� #���)

� �B��	���� #�)���� �� �'6��v���'�� ��4��� Z���m ?
#����
�� ������ �	����� �� ����8T
) � ����8��� #���)

� @��	����l��� �m    �f����6 P�
�O� ?�  �����	�   3��� ��
��`���;  3���% ��� �� *�=� #�)�l�'�� �m.   �����!�N 6�

  ?�mv��� ?��� w	����� Z�7��<���  �����
�  #���) ���� ������8�
#��H6���� 3]#����) E2F1  �E2F4 ������ ������5�  �

�� EDF� ����� c�R ��8T
)  ��� �m� ?� �	'3]�) 
  �8��
� ��B��� ��Z�' �� ����8�L��,�D� #���)   �������

  �f� .��� G�F�P�l�    �o�O c�45��� ��� ����N ?� �'��
���  mv���   3��� �� L,�D� Z�' �� �8��
� G	�' ?� ��]

�	���� �� E2F1� E2F4 Z� ����� ������ ��>��� ���� #���)

  ������x���� �	%� ����C�  
  

 ������ 

c�45�    �	\8� ���� 9�	� ���!� r	� 6� �o�O32   ����
  �������� ��>��� �� ����5- 1	�8  ?���C) ��X������ ���� #�

  ��6�33±237    ��H .�����' #�����= �	���; 	������ 6�
  G�XF���6N W�5� ?� P�4��� 6� y; Z���	�O ��� 9#�	��%

?�G����H Z�	-  #���)4  y��Ck �� 1	��� ���� ���,; #���)
  #����� ���� ���<�5� �� Q�C' Z�8���4/1  ±  22   ?��%��

�����  ��	R� 9���H45    ��55  �B������ ?��=�  � �-��- 
  ���8'��12:12  ?� Z���	�O .���' #����X� �+�� �	R

) P����8� G����H :*����' G����H ���  �� ����e�Co(  )8 
Z���' ���� �������� �����
� 9(���� ) W���	��MIT: 

Moderate-intensity training) (8  ������
� 9(�����
) �����' ��������HIT: High-intensity training) (8 

) �����' ������8� �����
� � (��HIIT) (8   �����4� (����
?X� .���'#��� Z���	�O c��<� �� #���
8)�� #	�������� 

����,,
�� ��2� � *B���;#�) ��� ?7��<� ���� �����+� 

P	-� �B8����,) ?��2+� )Helsinki (� W��	��o q2��=� 

�B'(; ��!��  ��7��<� ��� ��8T
) .�' ?����
� W���	� ?
���; G�XF��� q2=�  �� �� �	�IR.PNU.REC.1398.059 

  .����H ��|��  
 �����^�� �����' �=���� #�f��I 9c���45� G��� ���R

?�36� ?� ?%	� �� � �,; Z�	- 3�(���� ?��� �X�C) �F�
10  ���) #�6� ?��� ����H100  ������=� �� 3���� 36� ����H

 (���� Z�����	�O 6�������	� &N .���' G��� �����k Z�����	�O
?�.�' G��� ���k J���� �� ��6N Z�	-  

������:�	��� ��   ?�8'N �	\8� W�����' ���� #6���
��	� � G�XF���6N  Z�� ?� Z���	�O 93���H2    9?�C)5   6��

  Z���� ?� 6�� �) �� � ?�C) �) ��10    ����15   ���� ?��4�k�
+��  �5    ��15   .������ 3���H ��	� #�� �� ?4�k� �� ���

) ���e� 3>���� �b���Omax2VO ?��%	� ���� Z���	�O (
(� 3	�6N �� 9��4��� ��(�� ?� ������ ��+ ?�N ���� G���8�

?� � 3���H��	� #�����' ������6�� ��4�����I �	R  )23( .
*B���; #��%� G	5� Z��|(%  P����% �� ���8��
� #�)1 

.��� G�' G���N  
  *B���;MIT  ����) �� ?� �' ��%� Z�	-  P�� ?�C5 

  93��� ��H ?4�k�5    � 3��� ��� ?4�k�20   ?��� ?4�k�
 Z���' ���� 3������ *����' �����
� �,��-�65  ���-��
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max2VO  �+���� ����20  � ���' ����!�� ?��4�k� ���� �����
?��� G��(���� �����
� 3����6 ?��� ���X�C) Z�	��- 9���'
?�#�	R  ?��� �����
� 3����6 �F' ?�C) �� ?�37  ?��4�k�

 �+���� ����8T
) .���� ���m (�� ��F) 3���; �� � ����
 � G�	��� �����g� 3����� ��F) ?�C) �� P�� ?�C) 6� ���
�

  P��7�20 �	� ?4�k� �� ��� )24(.  
 *��B���;HIT  :*����' 9P�� ?���C) ��5  ����H ?��4�k�

  93���5  3��� ��� ?4�k�    �20   �� 3���� ���
� ?4�k�
65    �-��max2VO    �+�� ��20   ���� � ?��4�k� ���� �����

?� .�	� 3���H��	� G�8�N(� $�' 3����6 ?��� �X�C) Z�	-
�� G��(�� ���
�?� 9�'#�	R 3����6 ���F' ?�C) �� ?�

  ?� ���
�30   �����m (���� ����F) 3�����; �� � ���� ?4�k�
?�C) �� 3���H��	� $�' 9�X�� #	� 6� .����   ��� � P��

2    �) � �	� �-��2    ?�C)2   ���' G��(�� $�' ?� �-��
 ?� ��F) � ��C) ?�C) �� ��8 .������ ���-��  ����8T
)

  (�� ��F) ?�C) �� P�� ?�C) 6� ���
� �+��20   �� ���
�' ?�'�� ?X� ���m � �	� ?4�k�  )24(.  

;  *B���HIIT    *��' (��10   6� *���k 3��� ��H ?4�k�
  *����' ����  �� P�� ?�C) �� 9�	� ���
� ��!��3   ?��,)�

3������  Z���' ���� �����' ������8�90  ����100  ���-��
max2VO    �+���� �� �30    3����6 �� ?��4�k� ���� �����4 

  � ?4�k�3    ���� Z���' �� ����8� 3���� ?,)�50    ����60 
  �-��max2VO    �+�� �� �20    �� ?4�k� �� ��� 3����6

3   *����' (�� ��F) �� �!8; ?�C) 6� .�	� ?4�k�4  ?��,)�
 Z���' ���� �����' ������8� 3������90  ����100  ���-��

max2VO    �+���� �� �30    3����6 �� ?��4�k� ���� �����4 
  � ?4�k�3    ���� Z���' �� ����8� 3���� ?,)�50    ����60 

  �-��max2VO    �+�� �� �20   3����6 �� ?4�k� �� ���
3 �	� ?4�k� )24( .  

  Z���� ?��� �����B� ���) �� �����
� �,-� ?��� 3��628 
�	� ?4�k�.  1	�  #�)}�) �� P����8� G��H ?������� ?���	H

 W�����' ����!�� #����� ��� ����B� ���' �'6�� ����7�
  3��B� ~2���5    Z�� ?� ?�C) �� ���10    ��15   �� ?4�k�

 3���H��	��� #�� ���� W���5� ���� #��H6�� #��� ?�,% �)
��.���' G��� ���k ���O  

  ��!"�"��"��
���- $�%��:   ����O ���m� Qf��O ����%
?���	
� 9�����
� Z�����	�O 6� #�������48  6� y��; �+����

 ������� �	��\8� ������ .���' ����!�� ���8��
� ?�,% ���=N
) �������� �k�C��- c����(� 6� G��C��� �� Z���	�O30-50 

�,��) ����62��6 � (��H	��,�� ���� ��H3-5 �,�� ���� ����H
�� (��H	,�� ?���Ck ���O��% *��
+ 6� ���7� � G�' 1	)

 �� � G����' �����% ������	;��6 ������  ������� 9?8�����
&	����B��#�)   G��� �����k 3]������� 
����� �� �	eD�

?X� #��� y^� .�'  #����� �(����� ?��� #���70-   ?��%��
������� (�8��� ����� .���' *��4�8� �����HcDNA  W���	�

Thermo Scientific  �	������� G��
��' ���� ?���K1622 
 �����k G��C����� ��	��� ?��7��<� ����� �� 9����� G�' ���	�

���D����� #����� .�����H RNA �cDNA ����O 9 �50 
�,���,�� ��HZ� ��� ���� 6� ��H?� �) ?��H��% Z�	-

 ���D����� ����% total RNA ������ ?���1  ?���12 �� 

QIAzol Reagent Lysis  ����H 3]	
).  
&' &��� ���(�  �� E2F1    �E2F4    ��� ��real-

time PCR: :8�����Real-Time PCR   G�X������� ��
  #N.��.#�)ABA  (  �B���N �	F� �=�� 3��� .�' ��!��

  ���,; 6� @�)�  ��)96  ?��= ���!O ?��� �R	��,D� 9#�
25    6� *BF�� ������B��5/12   �,-� w	,D� ������B��

���H����� yB������ )SYBR green master mix( 9
2  93] ����) ����-�e�=� #����)�
���; 6� ���������B��4 

  6� ������B��DNA    � ��	�]5/6   ���<4� &N ��������B��
?����� .�' ?���   �� G���' ����!�� :8����� ����� � ����6

 G�X�����real-time PCR  P����ABI  ?��,O�� ?��� ��
 P���7� �	\8� ?� ?=�  @� �� P�� ?,O�� :6� �	� Z���+

G�	���� � 6��
�,; ��(�N #6��  ?����DNA  #����� ���� 	X��
95  ����� ?%��  Z�� ?� ���H10   ?��� ��� ?,O�� u?4�k�

  P	���R �� &����8�� Z�	-40  ���� ?���=�   #������ �95 
�������� ?�%��  Z���� ?��� ������H15    � ?�����m60  ?��%��

����� ?��,O�� �� .���' �����!�� ?�4�k� @� Z�� ?� ���H
 ��	��� ����� ?����� 9@�BC� �858� ��� �	\8� ?� �	�

  #��� *��' G��C���95  ������ ?�%�� Z��� ?�� ����H
15    9?����m60  ����� ?�%��  Z���� ?��� ���H30   � ?�����m
95  %������� ?  Z��� ?� ���H15   ������ �� .�	��� ?����m

 6� ���� :)��� 9?�,O��95 ������� ?�%�� ?��� �����H60 
������ ?�%��  �+��� ��� ����H03/0  ������� ?���%��-

  ~�������O � ���' ����!�� ?���m �� ���H20   P	���R ?���4�k�
��F��.  �858� 9�	� ?,O�� ��
�� 6� y; � ����bB� #���)

���� 6� G��C��� �� @�BC����(���� SDS ABI  .���' *���,5�
Z��C� Ct Z�	��- ?� y���� 3] ?� Q�) 3] ΔCt  #�����

 9��	� �) #��� y^� .�' ?���5� ?�	
� �)CTΔΔ-2  ?���
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8��/� 
=� _-�`'�5 ���/� + 
+��� �/���)�
� �����#* E2F1 � E2F4 !?) ,
�+ �� 

��N ���.  ?�(!� :���6N ��� �� 9��� �� G�2+ *���,5��
  P	��e5� ���H>�� 6� 3���8�
R� ��% &�� �858�PCR 

 ���	��� ������� �� .�' ��!��mRNA 3] ?��� w	�����#���) 
E2F1 �E2F4   ���� 6�NCBI  .�' ���D���  

����� 6� G��C����� ���� ���)�
���; ��(����AllelID  W���	� �
  ���'CinnaGen   ���
���; �) 3N 6� y; � G�' ?�=��

��� W�	�  ��(��BLAST   6� ���� �����H ���k ����6�� ��	�
.�	' *-�O 3�8�
R� �)�
���; ��C% #��H���k   ����� ��

  3] 9c�45�GAPDH  ?��� ��	��� ���,=�� P����8� 3�	��8+
  ��� ���) #����� .�����H �����k G��C���PCR  940   ?��=� 

?� 9����H �	\8�#�	R  #����� ?��=�  ���) #����� ?�15 
  �� ?���m94  ����� ?%��  #����� � �����H30    ���� ?�����m60 

����� ?%�� .�' ��\8� ���H  
���:���))�* ��))   �)�X��F���6N *���,5� 6� ���7�

?�	
�G��� �
� L�-	� #��� 9�) �����N #�) E=�' 6� �)
 �����N � ����������� Q����5�� � ��X������ *����' �C���-	�
 3�	��� �7��R ���7� ��% ����� .�' G��C��� �R��8���

G��� 
���6	� �����7� #����� � @,�����;���' 3	���6N 6� ���)
 ?��� ?��%	� �� .�' G��C��� 3	� 3	�6N 6� y������ y��!�

G��� 
���6	� G	��5� 3�	��� ���7��R #���) 3	���6N 6� 9���)
; @��� y�������� *���,5� 3	���6N *��' @������� � ?����R

  #��� ���87� i<��� �� ��	��� �����47� 3	�6N05/0≤p 
����� ���� #���N �	�� ?�,� ��!�� .�' G��C���  ��(����SPSS 

  ?D��20  �EXCEL  .�' ��!��  
  

 ��%�	 �   
  P��%2  1	��� 36� �����7� Q����5�� � ��X������ #���)

G��H #��5-���� 3���F� �� c���45� L��,�D� #�) .���)�
 @��� y�������� *�,5� 3	�6N s���� ?��� ��� 3���F� ?����R

1	� 36� �� #����87� Z��C�G����H #�) L��,�D� #���)
  �	%� c�45������ )09/0=p.(  

 @� y������ *�,5� 3	�6N s���� ��8T
) 3�F� ?��R
  3] 3��� ?� ���E2F1    ���� ��  ���Z�G����H #�) #���)

) ���� �	%� #����87� #���N Z��C� 9c�45�001/0<P .(
  ��	��� 3	���6N s���� G��
��' *B��' ��1  ?��� ��� 3���F�

���87� Z����C� 3] 3����� �� #���E2F1  ����� ������ ��
Z�  G����H 3����� �������� �� #�)HIT   G����H ?��� ������

���87� Z��C� P��8�) ���� �	��%� #���001/0  =P ?��� 9(
  G����H �� ?� #�	RHIT    3�(���� ?���000439/0   ���O��

 P���O ����� �� .��� ?�'�� :)�� P��8� G��H ?� ����
 G����H 3�����HIT G��H � #���)MIT  �HIIT  Z����C�

�87�  $������ ?�) �F� G�)�F� #���962/0  =P  9254/0 
=P  #���) G��H 3��� #��� �87� Q2�=� ~�8
o .(MIT   �

) �' G�)�F� P��8�003/0 =P G����H �� ?� #�	R ?� 9(
MIT    3�(�� ?�000391/0   P��8� G��H ?� ���� �O��

�87� Z��C� ?� ���O �� .��� ?�'�� :)����� #��� 3
  G��HMIT  G��H ?��� ����  #���)HIT    �HIIT   G�)���F�

  $���� ?�) �F�962/0  =P  9504/0  =P 3	���6N ����� .(
G��H �� �����47� Q2���=� ?��� ��� 3���F� ���8��
� #���)

�87�  3] 3��� �� #���E2F1    G����H 3���HIIT   ������
G��H ?��� #���)HIT �MIT  ?���) ������� �	��%� P����8� �
 $����254/0 =P  9504/0 =P  9080/0 =P.(  

 @� y������ *�,5� 3	�6N s���� ��8T
) 3�F� ?��R
  3] 3��� ?� ���E2F4    ���� ��  ���Z�G����H #�) #���)

 3)��1-   5�
=� 7'��
+ 4Z��
� <��a�R8  7�E/ ��
+ ����
� 9�:;� _-�`' ��/  

 7�E/   ��
�HIIT  ��
�HIT  ��
�MIT  

 ��
Z�    b��"� �� ,.
�

 (7:�L�/
�') %��  

  ��� b��"� �� ,.
�

 (7:�L�/
�')  

,.
�     

 (7:�L�/
�')  

��'�  

 (7:�L�)  

 V�(   ,.
�  

 (7:�L�/
�')  

��'�  

 (7:�L�)  

1  3  30  20  20  20  2%  20  20  

2  3  30  20  20  22  2%  20  22  

3  3  30  20  20  25  4%  20  25  

4  3  30  20  20  25  4%  20  25  

5  4  30  20  20  25  6%  20  30  

6  4  30  20  20  30  6%  20  37  

7  4  30  20  20  30  8%  20  37  

8  4  30  20  20  30  8%  20  37  
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) ���� �	%� #����87� #���N Z��C� 9c�45�001/0<P .(
 ���47� 3	�6N �� �)��H ��� ?���4� G��
��' *B' ��2 

�87� Q2�=� ?� ��� 3�F�G��H 3��� #���  #���)HIT   �
G��H  #�)MIT  9HIIT   $������ ?�) ����� �	%� P��8� �
977/0 =P 9917/0 =P 9093/0 =P 3	����6N �������� .(

G��H �� �����47� Q2���=� ?��� ��� 3���F� ���8��
� #���)
���87� 3] 3����� �� #���E2F4  G��H 3�����#���)MIT  �

G��H  #�)HIT  9HIIT   $������ ?���) ����� �	%� P��8� �
977/0 =P 9721/0 =P 9202/0 =P.(  ���X�� ��	��� 6�

�87� Q2�=� 3] 3��� �� #���E2F4  G��H 3��� HIIT �

 3)��2- ��
� �� ��� ���M' 6�
;�� � 5�����'9�:;� _-�`' ��/ 

��
� �/  CO MIT  HIT HIIT  

 (�
�) *��� 5�����'  8/25±8/312  6/28±7/ 313  4/31±3/310  2/27±6/295  

  

  
  7%�1 -    �� ���+ <�
��f�E2F1    ,
�+ �� <� !?)  
� ��/ ��
� �� ���#�� g/�0� ��/  

 ��
�HIIT  ��
� �!�!( *+��"� ����/ 5�
=� :HIT ��
� �!�!( *'��!� ����/ 5�
=� :MIT ��
� �J���' <!( �+ *'��!� ����/ 5�
=� :Co .%
�") : 

  

 
  7%�2 -    �� ���+ <�
��f�E2F4   <� !?) ,
�+ �� ,
�+ �� ���#�� 
� ��/  
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=� _-�`'�5 ���/� + 
+��� �/���)�
� �����#* E2F1 � E2F4 !?) ,
�+ �� 

G��H  #�)HIT    �MIT    $������ ?���) ����� �	%�917/0 
=P  9721/0  =P���87� Z����C�  P���O ��� �� .( ����� #���

  G��HHIIT  ?���) ���' G�)���F� P����8� G����H ?��� ����
 $������022/0P=.(  G����H �� ?��� #�	��R ?���HIIT  ?���
  3�(��002334/0   :��(���� P��8� G��H ?� ���� �O��

.��� ?�'��  
  

  +!�  
?���� J�����5� 6� *-�O #�) ���' ED��F� ���� c�4

���87� Z����C� ?� ?�  3] 3����� �� #���E2F1  ������ ��
 Z� ���  ���� #���)G����H 3����� ��������#���)MIT    �HIT 

  G��H ?� ����HIIT   3����� ?��� �����O �� .������� �	%�
#�) G��HHIIT  �87� Q2�=� P��8� � ���� �	%� #���

)001/0≤P.( ���	��� �	���� E2F1  @���`���;  �����
 W���	� 3���� �� ?�3] «E2F1» �� #��f��H��� � �	��'

��`���; ��(� G��	��= 6� #	U+#���) E2F  ����� .�����
��`���; 9�)���	��� #�)�	����  � ����� :��4� � �8��)

 P����8� �� ������OP	,��� ?��=�   ����B,
+ � 3]
&	����	�	� �H ��`���; .����� E2F1  G	�' ?� ~�5�%��

 ?��� ?�����P	,��� ?��=�  ?��� 9��	����2�	8��� ��`�����; 

�� *e���	'  )25( 93N ���� G�2+ . ���'� ��`�����; �����
 ��8T
) � ��	,��? 3�	8+ �B� �X�� 6� 3]#�) P��8� 

G�88� ���4� ��	,� ?� &��O ��Z�	- ���� .��N ?� 

�� Z����g� w	��� ?� 3��� ��� 3] �� ���� 6� L,�D� #�)
9?U�� 9��� *��k �� i<��� �7����� Z�
����4� ��	,��� 

P	,��) �� � ���g� �����H )17( . 3�F� Z�7��<� s����
���)� ?� E2F1 �����	� ������ 6	���;	;N ��	,��� �� �� 

P	,�#�) ���� ���� .���8� ������ � P��8� �� �C,�D� #�)
 ?��U�� �� � ?�� ��O � ��� ���� �� 3] ��� 3��� :��(��

��$��N *�� ���� G�' ���� #�)DNA#  ���B
� ��	,���
 �����`�����; �� ?<��� � #��B
) �� ���	�� 8��6�#���) 

?�����  ?�Cyclin 6	�;	;N ���� �� ��4�� ���8� )26( ?������ .
3�(���� ?��� ����� ����� *�k ����� 3����� 3]  @����5� ?���

G������H#���)  3] 3����� Z����m� � ���� w������� ��]�������
E2F1 ��`�����; G����
) ?���#���) #6���8�� ?������� ?��� 

CyclinP	,� �� �)  �)�� q�C�� ���� ���� ����7� �f� ����
3]���� @��5� ��-�= ?� ?%	��� 3�� �� �) �� �����	�

i<� *��k ��%	� G������H#���) ��]������� ��  @����5� 

G��� � ?� ?�	�# �	= 3�(���� �����g� ?��� ���!8� 3����� 3] 

E2F1 �����H )27(. G������H#���) ER-α ����6 G��	����= 

����HG#�) #��|����� �8��) ?� ���� #�� ?����) �����k 

.�����  Β17 ?� P	������� 3�	8+ $��8� ���� ���X�� ��� 

G����H�) ?� &��O ��.��� ��� �� ���O ��� ?� ������ 

Z������ ?� 6� ��5� #���=�� ?��' ?��� Β17  3]�������
�8��) (�� ���8��	� �� 3]����� ���k� G�	
� � ?��� ����� 

G����H�) *e�� .��	' ��� G����H�) �� &��I Z�������� 

 @��]����� ?� ��� ��I P�7� G��� ����	' � �� Z�	��- 

���X�� P�e�� ?� ��� G����H�) �8���� G(��
��	
) 3���' 

�� ���N ��!�� ���	' ?� �� ����� 6� 3��;� #�) �	��= 

��% G�' � �� #�� DNA# �	�] P	,� Q���) 3����� 3] 

�eDF� �� ��4�� ���8��
� )28(Z�7��<� . ���,�k 3���F� 

G������ ?� P	������� �7��R �������	� *B���� �����4� 

��	,� �� ��\8� .�����
� �����6 ?��� ��`�����; (�8���#���) 

��\8�G�88� 6	��� �� P	,� E=��� �� 6��#�) G1  �S 
?� 3�(�� #�����6 ?��� i<��� P	��������� ������ ?������� 

���'��. ����� ����] ?��� ����  @����5� P	��������� 3����� 

���	��' 3]	��B���	���; C-myc �������'�� ?��� 3����� 

��`���;#�) ?����� ?� Cyclin �� :��(�� ��.�)� ����� 

6�� ?� ?�	� �	= #�)6�� L,�D� ���4� #6	��� �� P��8� 

�����
�. Z�������� ������	HN G������H#���) ��]������� 

�����	� 3��� E2F1 �� :��(�� �)� ?� ?� ?�	� �	= ���k 

�)�	= �	� �� #�)6�� ���4� ��	,� �� �5� r�7��' �����k 

�8)� )25(. ?�B� ��=� ��� 6� ��5� ��� �������'�� ?��� 

:��(�� ���4� ��	,� �� P	,�#�) P�8���] ���k �)�	= 

�	� �� ���� ���4� �� �7��R ?��� �
��� #�	���	� 3���' 

����) .���
� �
����B�  ?�E2F1 �����	� ���� :)���� 

3����� ����G���88�#�) �����	� Cyclin D1 ���8��� P21  �
P27 ���
� �4�� )28( .E2F1 ?� 3�	��8+ ���B� 6� ����\8�-

G�88�#�) *B�� ��	,� ?��� �� P����8� 6	���;	;N :��4� 

����. ��� ?�B� ?� ��	= EDF� G����H ��� ?� 3����� 

:��  �O 6�E2F1 $�� :��(�� 6	�;	;N P	,����� ���)-
�	' .��� �� ���O ��� ?��� :)���� �� 3����� 3] E2F1 

 ��� ���k�� ���� 6	�;	;N �� ���� ����� 3����� 3�(���� 3����� 

 @��5� G�88�#�) #6	�;	;N � �� �� ��4�� ���g� �� ����7� 

��\8�#�)6�� G�88� ���4� ��	,� :��(�� �)�  )17(.  �� 
?%	� ?� ?B8�� 6	�;	;N ?������� ?��� E2F1 $��,I� ���7� 6� 

$��N ��I *��k 3���% DNA 6�IN �� 9�	��'���� 3�	��� 

�CH :��(�� *��k ?��%	� �� $����N G���� ?��� DNA �� 
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G��H���) ?�  �8��
� �������� G��� �����	� ���!8� ?��� 

:��(�� 3��� E2F1 �� .�	'�� ?�B� �� ��� $��<� ����-
3�	� ?!��� ���H ?� �� ���
� Z���' �� �����' n��+�� 

:��(�� $��N G���� ?� DNA ���	' ?� 3N (�� ?� ?�	� 

�	= �!8� ?� :��(�� 3��� E2F1 ���	' )15( .��� �m� 

?��F� ����O ��� ?� Β17  P	�������3�F� ����.���)� 

������8� 3��� :�� 6� �O E2F1 n+�� :��(���� 6	���;	;N 

���	'9 �� ���O?� �� ���
� ����; � ��� 9:)�� 3����� 
E2F1  ?� �!8�6	�;	;N ���' ��.�	' ��������8�  �����
�

�����	� �� Z�'#�) Z��C�� Z��m� �o � �U�4� ?�'�� 

���'��. E2F1 6� ���7� ?��
%�� ���������	� 6� c����R 

3	����2��C�� � 3	����2���� ���� � �����g� G���' � 

�	'�������; �� .��� 9����� ��3�	� ?�	X8�� ?!���#����H 

����� ?��� :��(���� 3����� E2F1 � �����g� �� ���=���� 3N 

:��(�� #�����; $��k�7�� 3N :��(���� $����N DNA �� 

G��H#�) ������G�88�  ������� Z���' ���� ������ ������7�
��� )19(.  

  ��8T
)�87� Q2�=� ?� ��� 3�F� s���� 3��� #���
G��H  #�)HIT  G��H �  #�)MIT  9HIIT   �	��%� P��8� �

G��H �� ���47� 3	�6N ����� .����� 3���F� �8��
� #�)
���87� Q2���=� ?��� ��� 3] 3����� �� #���E2F4  3�����

G��H#�)MIT    �G��H  #�)HIT  9HIIT �	��%� P����8� � 
���87� Q2���=� ���X�� ��	��� 6� ����� 3] 3����� �� #���

E2F4    G��H 3���HIIT  G��H �  #�)HIT    �MIT  	%� �
���87� Z����C� P�O ��� �� .�����  G����H ����� #���HIIT 

  .�' G�)�F� P��8� G��H ?� ����E2F4  � 6� ���X�� �B
�	���� G��	����= #�U+�  �����	��� #���)E2F   ?��� �����

� 3N ��B,
+  ��U�E2F1   ����B,
+ ������ :��4� ?� ���
3] �B���]���) *��b� ���'� ����5� #���)G��	����= #���)

  �8��� 1�	=E2F1  ���� G��+ �� ��  )22(.  3] ����� #�)
��6	������ #�� �� ��`���;  8 
��k�� 1	���  .����� G���'

  ?� P�e�� �� 3] ��� ��`���;DNA   ?��=�  ������ n��+��
�� ��	,��`�����; ?� P�e�� �� ?� �	'� ��� #���) ��,B��

�� ��	,� ?=�  ��\8� n+�� 6� �B� �	'��`���; #���)
 ��`�����; ����� ���� ��	,��� ������ ����B,
+ �� ?��� �
��

�� #��B
)  �8�RB   ?��� ����� �	����2�	8��� ��`���;
  �M�CO �� �
�� :4��8�	`B  6� ��	,��� ?=�  #�)

P	,� ?� ���� 3�� #�)�)�  )21(.   *����' ��`�����; ���
�!�6��6 ���8 ���� *��B� �R G�' �CO G�  ���'�� ?���

 ?��� P���e�� �������	�DNA  G���' ���M�CO ���	��� ?���
TTTCCCGC�� *e�� �7� ��`���; ��� �'	��� .�	'

 ���� � ����2;	��� �� ?��
%�� � ?����) 6� �����= 6�
,��	C���� �F�,��� � �F� ���� ?����) ?� G����� � �	'

�����H  �    ��N�� ?���H Z�	- Z����g� �!� #�����; n+
�� ?��) �� P	B,� ��� n��+�� ?� #����; P�e�� �� �	'

  ���O ��\8�30  3] 6� �-���� 3�� #�) �� ?��� �	��'
 *����' �� #(����
� Z����g� � ��	,� ?=�  Lk	� �����
 ?��� #�����6 :8��� 3N �� ?��� �����) ����
�� �R.�	' ��

�� ���� P	,����� � G�' ���� ��	,� ?=�  �	' #�)
�� *
+ �O����� yB+ ��% �� �B���]���88�  )29(. 

  3] #�� �� Z����g� ���E2F4   ������ 3N :��(�� n+��
�� P��8� ?��  ���� n+�� ?!��� �� ?� �	' ��	,� ?=

�� :���N 6�� ?� ���� ��	'  )25(.    
  

�,��"���-  

�� G�' G�)�F� s���� J��� ��   ED��F� c�45� ���
?� ��� G�'   ��� �\8��� ������ ����7� #��%�  ? �	��e=

Z�' �� ����8� Z�8��
���� ��B,
+ n+�� L,�D� #�) �
���� ��,B���� ?,��U+ �'� � ��� ���� ��-	� �f��� �	��' ?�

�� Z�	��- �������� ?���	
� #�� ���� c���45� �� ?� �	'
 ����B,
+ �	��� #��� 3�	�� 3N 6� *-�O s���� 6� �� ���H

��� ����  .�	
� G��C���   ?� ��� 3�F� s���� �,� �	R ?�
  �����3    G	���'MIT 9  HIT    �HIIT    3] 3����� ����E2F1    �
E2F4  Z� ����� ������ ��  Z����C� �������� ��>��� ���� #���)

 �87�  #��� G����H ����� �B��� .����� �	%�  ���� ���8��
� #���)
 �87� Z�	C� P��8� .���� �	%� #���  

  
 � �	��� ��.�  

 ���'�� �����8'��� ?����� 3�����; 6� ���FD� �o�O ?��4�
'������; G�X��F��� �'6�� #]	�	�(�� ?� ����� (����� �	���

 ��� �F)�>; ����7� 6� ?,��� ���� � ��� G�' *-�O
  #��%� �� �� �� ?� G�XF��������  G�	��
� #����� ����R �����

�� ������k � �BF��	'.  
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