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Abstract  

Introduction: Obesity and type 2 diabetes are the leading causes of death and disability-
adjusted life years in the world. On the other hand, exercise and physical activity are considered 
as a safe and cost-effective way to prevent and control type 2 diabetes and obesity. However, 
researchers are still looking at the effects of exercise on the factors that affect these diseases. 
Therefore, the aim of the present study was to investigate the effect of two training protocols, 
resistance and High Intensity Interval Training on PPAR-y gene expression in visceral fat tissue 
in obese diabetic rats. 

Methods: Statistical samples of the present study were male Wistar rats of Pasteur Institute of 
Tehran. 18 male 10-week-old male Wistar rats weighing 220±20 g were divided into three 
obese diabetic groups (control, resistance training group and high-intensity interval training). 
Finally, the samples were divided into three groups: resistance training (6 heads), control (6 
heads) and high intensity interval training (6 heads). In addition to the high-fat diet, the 
resistance training group performed resistance training for 6 weeks, 5 sessions per week in 5 
sets with 4 repetitions in each set. Further, in addition to the high-fat diet, the high-intensity 
interval training group performed high-intensity interval aerobic exercise for 6 weeks, 5 
sessions of 30 minutes. The control group only continued the normal course of their lives with 
a high-fat diet. Finally, all rats were dissected 48 hours after the last training session and serum 
indices and visceral adipose tissue gene expression were measured. For statistical analysis, 
SPSS software version 25 and repeated measures ANOVA were used. 

Results: The results of statistical analysis of the data showed a significant increase in the 
expression of PPAR-y gene (p <0.05), serum insulin (p <0.01) and a significant decrease in 
serum glucose (p <0.01) and insulin resistance (p <0.01). 0.01) in the HIIT exercise group. 
Also, serum insulin levels in the resistance training group were significantly increased (P, 0.01) 
and serum glucose levels (p <0.01) and insulin resistance (p <0.01) were significantly reduced. 

Conclusion: In general, according to the results of the present study on improving glucose 
indices such as decreased serum glucose and insulin resistance and increased serum insulin 
levels in the two groups of resistance training and HIIT and also a significant increase in PPAR-
y gene expression in the HIIT group, these protocols can be used to control and prevent type 2 
diabetes, as well as, managing its complications, including obesity. 
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  �>R����  8c) �� �6�9 �6 ���� �
	� �� (/��3� (@�
� .()�PPAR-y    �
) ����� �:,
� � ���� ��2   (/��+��  

  $"���0D@ � �/����)
B.)2009  $��� � "���(�.��
� $2016  .(  ��@ �?�)
'X �6 (@(�� "��) (@�
� ;�/CD@

PPAR-y   H��0)�� ��>� ��@ 7
=, � (+6 �� �� 36
=' �e?9 ��@ "- M�c>?� �
5 ��    ;�� �� � ��6 7�:�
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) ����� �� A>+� ����� �� ;�.
?)� �� ��,�?9 � 36
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+1� �� �G/� 4��52   �
���    �.���!)

  $
����� �� �2008  $"���0D@ � �)�  $2020  .(     $;�� �� �ASPPAR-y    �� �@ ���� �� �@��' �=F� w(@

?�.
��>� �� �6 (/>?@ �@ 3)
�(/�(�.����� "�
/S  8@�6 jS�� �G�>) �� � �
� ��u'��Q�� ���X `�! ��@(�,� M

)
��� "
R 36
=' l
i, � ;�.
?)� �� ����c���� � "���(�.��
�) (  $2016  .(   ,� "���0D@ � `
02  )2018  $(

  ���,  7�:�  �6  ()��6  2��3'y-PPAR   "���>�=e�,��  Z,
�3    ��@  7
=,  Z,
�  36
='  `u	 8��3��  ��

� �
� ��D@ �)AgS    �� ���) ��
DS �6 (@(�� 8@�6 �>���� ����� �� ���� �/:� "�3�� �� �� "
R 36
='

  36
=' � (/@� 7�c>)� "��� 8��3��1  )4GLUT1  36
=' � (/@� 7�c>)� � (4   )GLUT4�,� (    h
0,�)

  $"���0D@ �2018  .(  ��@ �?�)
'X �+N� ��Q�� �
	� ��PPAR-y    �� ��
D@ �@ ���� ;�� $����� "���� ��

  8��3�� �1	 �� ;D�� ��@��0@�� 7�+)� �� ��
D@ "�cc&� �G�>) �� .()� �
� ��D@ �)
'�)
' �+)�	 [��
S

  �
) ����� "���� � 7�>/6 �G�>) �� � ���! � 36
=' M?�.
��>� �
+1� � "- ;�� "���2    .()� �
� 4��5 ;�� ��  

 
1 Tumor necrosis factor α 
2 Szkup et.al 
3 Rosiglitazone  
4 Glucose transporter 1 



16 

 

4-2-2 -  OK��12� P &4�� ��92  5(4 ��'6 �2:  
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� �)(� �6�9 �)
'�@ "�
/S �� �)(� ��.�:� �)�1	 ���(1� "����, J��:� 4+5

  ��� $�U��� P� �� "��� �� P�6�9 ]�D� L��� �)(� ��.�:� �G�>) �� .�
��� �>R�/� ���� ���) �-�)� w�a�

�G)� ��� �� TK� �6 73/� � ��6 L&� $(�X ��
��� (@(�� ]    $�)�1	 ���(1� "����,)2020  .(  $���5 ��

  �� �)�D?	 �'���X �<9 �� �
+1� �1	 �� �6 �)(� ��.�:� �� �F�R �
) �� �,� P��+S 2��� lAiF�

 �
��� ]�G)� ��0� � (� �(/� ��>R�, $(� �3�� ���)�� P�
F  )"
,�(� � w
>,��6  $2016  .(  ��
R ��

  �6 �,� (� P�+Q� ()
��� M�?c� lAF� L�� ��U � lAF� L��  L��
S L�.� �� ��
DS �@ ���D�� �:,
� � ����  

  $�)�1	 ���(1� "����,)2018  .(  L��� lAF� L��  L��
S � *�>)- � ;, L��� lAF� L��  ��U L��
S

� �� ���(9 �� ;, � *�>)- �c�c9 �� .(��+�� 2��� � �)(� ��.�:� ](S � ��e�, w�a� $� �!  ���D�� ���

  � �:,
� �� �D1� ��Q�� � ��6 LDS �3�� M@ "�
/S �� ��
DS �e�� L��
S �0���
F �� ()��� ��Q�� J=>K� �@

  ��(:>� ��@ M?�)�0� 4��5 �� 2��� � �)(� ��.�:� �6 �,� (� 2��3' �/��� ;�� �� .()��� �@ ���D��

"
'�)
' ��@ ���D��  "���� �>9 � 7�>/6 $���e��� ��  �G/�    �>0, $� ��S �+=  ��@ ���D��  �=D	 ��

  �
) ����� $�3y�2    ���e��� �� 2��� � �)(� ��.�:� �+N� P���Q�� ;�/CD@ .�
��� �@ "�5�, �� �R�� �

�,� (�,� P�+Q� �� �'()� ��<�6 � �)��� ��A, �
+1� � "�� �<9 $I�� "
R���� ��    $;����� � "
,�()�)

2019(�(1� "����, 2��3' 4+5 .  ���e��� �� b�� �� �)(� ��.�:� � 2��� "����� (��
� �
	� �� �)�1	 ��

  �� 8�� $H���� ��� � E�� � �@ ���D�� ��80    ��.�:� (� ��F
� "�3�� "�1	 "I�?'�3� ��:D	 �� (F��

 (//0�D) ���S� �� 2��� � �)(�    $�)�1	 ���(1� "����,)2020  .(    $�0���X ����� �0�3� m.�6 2��3' 4+5

  7�?'�3�  �����65-19    L �(9 (���  7�,150    ��  �  Z,
>� P(� ��  ���
@ ��@ ��.�:�  �c� �75    �c� �

  �� ��D@ (�(� ���
@ ��@ ��.�:�2    ����3� ;��>1� �� ����>,� �
f/� �� �� �><@ �� �>���c� P�/��D� �?=	

 (/@� ]�G)� 2��� � �)(� ��.�:� �>�A,    $�)�1	 ���(1� "����,)2020  .( ��    �6 �,� (� P�+Q� ��
R

  � ���e��� �G�>) �� � "
R(/  ����(� �� �D1� 8c) Mf/� 2��� � ^,�/� \i, �� �)(� ��.�:� �<9

  �
) ����� 7�>/62   (/0�� �<��    $"���0D@ � E�+.
6)2016  .(    � ��9 ;��D� �
) �� �@ ����3� �/��� ;�� ��

� ��  ���e���  � �>���� �����  ��:#� �
+1�  �� ;�3�  �
)  ����2    jS��  ��9 2��� .�,� (�,� P�+Q�  ��

  P�/��D� ;�/CD@ .(@(�� 8@�6 �� "
R (/  4��5 ;�� �� � (� �>=0,� PAgS Z,
� 36
=' `u	 8��3��

  36
=' (/@� 7�c>)� ��@ ;�B���� "��� 8��3�� $���! � 36
=' M?�.
��>� �
+1� 4��5 �� ��
DS ;�3� �����

 �=D	 ��GLUT1   �GLUT4$   L��
S 8@�6 � *�.
��>� ��@ "- "��� 8��3�� $��(/6
>�� 3)-
�� 8��3��

 
1 Exercise 
2 Physical Activity 
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) ����� ����iR L��
S �
+1�) M�c>?� ��U � M�c>?� P�
F �� �� ���1>.�2    (� �! � �)
R������ (/)��

  �
) ����� 7�>/6 � ���e��� �� �� ��Q
� 8c)2   (/0�� �<��    $"���0D@ � �����)2017  .(U 8c) �
	� ��  L�� ��

  �
) ����� 7�>/6 � ���e��� �� �)(� ��.�:� � 2��� ��0)�2  3�e)��� j&� ��
D@ 2��� P(� � �
) `�K>)� $

  ;�/CD@ .()� �>��' ���  �,��� ��
� ����� P�c�c&� �� �>���c� � ���
@ P�/��D� "��� ;�� �� .�,� �
�

 � P(� �� 3�) I�� P(� �� ����/� P�/��D� ��R� "��.�, ��  8c) �,��� �� ����� �� .�,� �>��' ���  �	
� ��


 �
) ����� �� I�� P(� �� ����/� � �>���c� P�/��D�2    .M�����V�� 

1-4-2-2-  &=��	� �A'���1 :  

  A>+� "���D�� ����� �� ^,�/� �� �=R�(� "�
/S �� "�
/S �� �>���c� P�/��D� �� ��
D@ ��R� "��.�, 7
5 ��

  �
) ����� ��2    $L+�� �� ���X ��@ �)�� $���?)(� ��@ �e>,� �� ��<>,� �� P�/��D� ;�� .�,� (� ��<>,�

  �+N� P����y� �� �6�9 �/��� ;�� �� P�:.�i� m��>) .()
��� ]�G)� ���?)(� ��@ 86 � "(� "�� �� P�/��D�

  $�(�V�. L������ $"
R���� $"�
K>,� �)(:� ��
� M6��� $P�(  �� ��� �/:� � ��,�?9 $_��S � ^=  ��A,

 (��+�� �)AgS �
� � ;�.
?)�  ��    $"���0D@ � �����)2017"���0D@ � L,�� $  $2017(  �>=0,� PAgS .

  7
B?�80    �>���� ����� �� `u	 ;�� � (/>?@ �uU w�a� �� W� ;�.
?)� �i,�� �� 36
=' `u	 �� (F��

  �
)2   (��� �� 8@�6 ���� �/:� �
5 ��  � �3)��� ��)    $���V���2009  .(  "
�,�(�?6� ����n $�c�c9 ��

  8��3�� �� �>���c� P�/��D� $���5 �� .(/0�� �(�� 8@�6 �1	
� L��  "�3�� �� ����� ;�� �� ���! � 36
='

  �� �)AgS �+aS ���,��� �  �)AgS ������V��@ ��c.� �� ���) ��(DS �6 �)AgS P�(  � �
� ��� �/:�

<?� �.
=, ��?� 4��5  7
>��
/�=�(���3  ) ��/�62PI3K(-3Akt-  ) ;?������ "���()�>?� w(@4MTOR  (

�,� ��D@ $(��+��    $"���0D@ � �>?�)2017  .(  �� �>9 �@ ���'��, ;��  �6 (@(�� "��) P�:.�i� m��>)

  ����� �� �>+N� ��Q�� � �
� ��D@ ���! � 36
=' M?�.
��>� �
+1� �� M�c>?� (@�
� ](S P�
F  �� A>+�

���� �
) �����    $"���0D@ � ��!)2010  .(  P�/��D� �� d,�� �� ;�.
?)� �/�.�/e�, �
+1� $�e�� ���5 ��

  (� �>��' �f) �� �
) ����� 7�>/6 � ���e��� �1	 �� M1� ��@ ���'��, �� �e�� �0� "�
/S �� �>���c�

�,�    $"���0D@ � ;>.
@)2004  .(�>���c� P�/��D� ;�� �� �AS    ()��' (/)�� ���@ "- "��� 8��3�� 4��5 ��

) ���' ]�� �?6��� � (//6 7�:�5PGC1a ��,
�� � (//6 ��
c� �
>6�� $(2 )6MEF2 $(GLUT4   �

 
1 Resistance training 
2 Phosphoinositide 3-kinases 
3 Protein kinase B 
4 Mammalian target of rapamycin 
5 peroxisome-proliferator-activated receptor-γ coactivator-1 
6 Myocyte Enhancer Factor-2 protein 
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>�� ��0=DS �� 7A>R�    $"���0D@ � �!��)2020  .(  �,� ��� "��) ��
R �� P�c�c&� m��>)
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@ P�/�

 �
��� �����(/6
>�� ��0=DS ��� �/:� �
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=' M?�.
��>� �
+1� �� �>���c� P�/��D� �+N� ��Q�� �0/�� �
	� �� $���5  �R�� �� "
R (/  7�>/6 �

  �� P�/��D� ;�� ��@ M?�)�0� � ��Q�� �� Y�+��� �� �c� � � ;��� P�SA5� $�,� (�,� P�+Q� �� P�:.�i� ��

  �+�6��  P�/��D�  ��  P�:.�i�  ��  ����?�  ��  �G�>)  ��  .���()  �
	�  PAgS  ��(/6
>��  ��0=DS

�� ����� �� �/�3' ;��>1� "�
/S �� (�>���c�+���
@) �
) �>��2   .(//0�� ���  

2-4-2-2-  ?� ��@ � &��A� �A'���1:  

) I�� P(� �� ����/� P�/��D� ��R� "��.�, ��HIIT  ��A, "
'�)
' ��@ �+/	 �� �+N� P���Q�� L�.� �� (

  .�,� �>��' ���  ;c�c&� �	
� ��
�HIIT    �� ��I�� ��
DS) (�(� ;��D� ��@ ��� ;�� `��/� L���70 

 �
��� J��:� ������� � �9��>,� ��@ ��� � (���
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  ��@HIIT    ;�� � ()� �>��' ���  �,��� ��
� ����<>� ��@ "��� � �9��>,� "�3�� $�@ P(� �� ��(:>�

� �� �:.�i� �=B?�  *� �=6 �
5 �� �/��D� 2�� ;�� .�,� ��6 ��
�� �� �/��D� 2�� ;�� P���Q�� �� �i��

  (/)�
>�D) �� � ()��() P(� �)I
5 P�/��D� ]�G)� ���� ���6 "��� �6 (��+�� ������ ���� 7X (�� �b���>,�

>,� "��� �0/�� L�.� �� 2�� ;�� �� .(/@� ]�G)� ��
R �� �� I�� P(� �� P�/��D�  ��@ �=@� "��� ���6 �9��

  "X ����3� ��  �  ��� ]�G)�  �@��
6 "��� P(� �� ��  I��  P(� ��  P�/��D� ()�
>�� ��� $���� �
	� �/��D�

  \i, �� �	
� �� � �� �� .(��+�� "X �I�� ���u� w�i:)� P�/��D� ;�� �+N� P�0) �� �0� .�
� ����
R��

�D� ���� ()�
>�� �6 �)��� � ��� �'���X  �/��D� L0���� "�
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>,� .��62  )2014  P�/��D� �6 ()��6 2��3' ��@�b� �� $(HIIT    ��@ �=@� P�
F ��4  

  P(� �� ��I���, �� ��� ���� �� �c� �90    ��95    �9��>,� ��@ �=@� �� ���
@ ����n �N6�(9 (F��3  

� �, �@ "��� �� �c� �  ���Q P(� �� ��� ���� �� �?��c� �� ��>��� � ��S �+=  ����3� ����65    (F��

 (��+�� "�?0� �-�)� w�a� �� ���
@ ����n �N6�(9    $"���0D@ � "
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  P�/��D� �6 �,�HIIT    �+��c� �
+1� �� �G/� Z,
>� P(� �� ]��(� P�/��D� �� �?��c� ��2   X ������  �'���

 
1 High Intensity Interval Training 
2 Weston et.al 
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  $���e��� �1	 �� �
	
� ��@��3�� ;��>�
  �� �0� ���uU M�-� ��/6 �� 2��� $M���6 ���� �6 �
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��� �>R�/� �/��� ;�� �� ���F �� "��c� � ;D��2  )2010  �/�.�� �����X��6 *� �� $(
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  $�)AgS ��0=DS � P�( 

  L������  �  �)(�  ^�6��

�(/   

12   �>���c� ;��D� �><@

)3    ��  �><@  ��  �?=	

 (Z,
>� P(�  

 �)AgS ��0=DS � P�(  ��� �/:� �
+1�

  36
=' ��� �/:� 8@�6 .�@ ��' ]�D� ��

  .�>���� 8�� ��' �� "
R  

15    � H�����

  "���0D@

)2012 (  

  ��Q��12    �>���c�  P�/��D�  ��

  *�.
��>�  L������  ��  ()�����

 �
) �>���� "�(/D.�,2  

103    �>���� (/D.�,

 �
)2  

  ��  ����c�  $"
R  36
='

  $;�.
?)�HA1C  �
�  $

 �)AgS �
� � ���!  

12   �>���c�  ;��D�  ��

 ()�����  

  ����c�  $"
R  36
='  ���  �/:�  8@�6

  $;�.
?)�HA1C  $  8��3�� � ���! �
� �

 �)AgS �
�  

16    � J>,��6

  "���0D@

)2013 (  

  ��Q��4    �� ��� ���� ;��D� ��

  ^�6��  $�(/  ��@  TR��

  "���D�� �)�D?	 �'���X � �)(�

 �
) �>����2  

32    7�?'�3�  ���

  �
) �>����2   )8    �<)

)  $(7�>/6  ��'12  

  � (����/� ;��D� �<)

)12    ;��D�  �<)

 (����(�  

R  36
='  $"
HA1C  $

  �  �)(�  ^�6��

VO2max 

4    ���  ����  ;��D�  ��

 �  ����(�  P�
F  ��  ��

  $����/�5    �><@ �� �?=	

 �?=	 �@ �60  �c� �  

  ���  �/:�  8��3��VO2max    8@�6  �

  36
=' �  "(�  "��  $���! �
�  ���  �/:�

 ����/� ;��D� ��' �� "
R 

17    � 
�.

  "���0D@

)2019 (  

  �>���c�  ;��D�  7�,  *�  ��Q��

  ���(� � ����/�  ;��D� ��  ��D@

  �  "
R  (/  $�)(�  ^�6��  ��

  �����  �?</�  �+=  �'���X

 �
) �>����2  

80    7�?'�3�  ���

  �
) �>����2    �, ��

�>/6 ��'  ;��D� $7

  ��  ��D@  �>���c�

  ;��D�  �  ����/�

  ��  ��D@  �>���c�

���(�  

  $"
R  36
='HA1C  $

  �  �)(�  ^�6��

VO2max 

1   �>���c�  ;��D�  7�,

  ;��D�  �
)  ��  ��  ��D@

  ��  ��  ���(�  �  ����/�

��'  

 TR�� �� ]�(6 ��@ ��� �/:� ���y� ](S

  ;��D�  ��'  ��  �>���  P����y�  .�@

 �� ^�6�� �� �>���c�  ����/� ;��D�  

18    � ���0,�

  "���0D@

)2020 (  

  �� ����(� � ����/� ;��D� ��Q��

  ^�6��  $�(/  ��@  TR��

  �  �)(�VO2max    "���D��

 �
) �>����2  

51    7�?'�3�  ���

  �
) �>����2    �� ��

  ����/�  ;��D�  ��'

)26    ����(�  �  (�<)

)25   (�<)  

HA1C  � �)(� ^�6�� $

VO2max 

10    ;��D� �><@  � ����/�

)  ����(�3    ��  �?=	

 (�><@ 

  ���  �/:�  8@�6HA1C   ���!  �

  ��� �/:� 8@�6 .����/� ��' �� ����9�

  ���  �/:�  8��3��  �  ���!  L6  �
�

VO2max  ��' �� �@ ��  

19    � "
?)�@
�

  "���0D@

)2017 (  

  ��  �'()�  *+,  �=R�(�  ��Q��

  ��@����  �  "
R  36
='  7�>/6

 �
) �>���� ����� �� ���a�2  

98    7�?'�3�  ���

 �
) �>����2  

HA1C    ��(:�  �

  ���a� ��@����  

1   �+�6��  ;��D�  7�,

  �>���c� � ���
@  

  ���  �/:�  8@�6HA1C   ��(:�  �

 ;��D� ��' �� ���a� ��@����  



29 

 

20    � "����

  "���0D@

)2020 (  

  ����/�  �  ����(�  P�/��D�  ��Q��

  �����  ;�.
?)�  ��  ��,�?9  ��

 _�!  

31    ���  7�?'�3�

 _�!  

 ;�.
?)� �� ��,�?9 12  )  �><@4    ��  �?=	

  � ����(� P�/��D� (�><@

HIIT 

  �� ;�.
?)� �� ��,�?9 ��� �/:� 8��3��

��' ��  

  

2-4-  :*��+ �R�=4 � *�A� U�%  

 �
) ����� M���6 ���� �6 �
i)�D@2   ����� �6 (��� �� "�1	 �,��, �� ����� ��� � E�� L=S ;��� ���� ��

  �+=  ��@ ���D�� *?�� 8��3�� �=D	 �� ��(:>� [��
S �� ���D�� ;�� .(/0�� ��'�� �� J=>K� ;�/, ��

 � �! *��3) Y�+��� .�,� ��D@ H���� ��� � E�� � �)
R������ $� ��S    �
) ����� �2    P�+Q� ��
R ��

  7�, �� �0��
5 �� �,� (�2025    �� 8�� �� � �! �� Z+��� ����� �
��300    "�1	 �,��, �� �<) "
�=��

  ;D�� ���@��0@�� "�
/S �� ^,�/� ���uU M�-� � 2��� 4��5 �� �'()� *+, lAF� ���5 �� .(�,� (@�
R

 ���D�� ;�� "���� �>9 � 7�>/6 $���e��� ��    �,��� �� ��(:>� P�c�c&� "��� ;�� �� .()
��� �>R�/�

  �
) ����� �� Z+��� "
'�)
' L��
S2    �� 8)�� 4+5 �
	� ;�� �� .()� �>R���� 2��� ��
&� 8c) �� (�6�� ��

  P�/��D�  �?��c�  �  �,���  ��  Y�+���  ��  �c�c&�HIIT    "- "���  ��  �>���c� �PPAR-y    ���! ����  ��

 �>R���V) ����9�  �
) ����� � � �! �� "- ;�� M1� 8c) �� �	
� �� �G�>) �� .�,�2  �#�9 8@�b� ]�G)� $

  �
) ����� �� "- ;�� "��� �� �/��D� ��@ L0���� ;�� ��Q�� �� �i��� �� �� �+,�/� P�SA5� ()�
>��2   M@���

.(/6
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3-1-  ���	�  

  .�,� �>R���� 8@�b� ��@ ��y>� � ]�G)� 
&) $����X �)
D) $4�c&� 2�� �,��� �� La� ;�� �� �e�@�b�

  ��3�� ���1) �� � �� �/��� � Lc>?� $�>?��� L�+  �� 4�c&� ��@ ���y>� WV, $����X �)
D) ��@ �'b�� �(>��

:� $_
� ���
� �� W� .�
��� �>R���� J=>K� ��@���y>� ���' ��()�  � �#�9 8@�b� ����� L0���� ���

 �� .�,� �>��' ���  �,��� "X ���	� 
&)���1)   ����X L�&� � ��3G� �� (� ��<>,� ����X ��@ 2�� ��

 .�,� (� ���� ����X ��3�� ]�) ;�/CD@ �  

3-2-  :��	
� &�� V�W � O��  

 ,��� �� �6 �,� ����/� �
) �� � ���G� P�:.�i� �c+5 �� �#�9 �:.�i�  �  � �>���c� ;��D� �
) �� ��Q��

 "- "��� �� I�� P(� �� ����/�PPAR-y  .�,� �>R���� �>���� _�! ��@ 2
� �� ����9� ���! ����  

  

3-3- :*��+ �4(�4 O�� � *��I �4(�4  

  �6 ()��(�� L�0�� "��1� �
>,�� 
>�>?)� ��>?�� �) ��@ P� �� �#�9 �:.�i� ����X ��@ �)
D)18    P� �,

  �)  ��>?��10    �)�� �/��� �� �� �><@20 ±220    ��' �@) ��' �, �� ]�'6    �
) �>���� _�! (P� H��2  

�� ��>?�� �) ��@ P� .()(� M�?c� (I�� P(� ����/� ;��D� � �>���c� ;��D� ��' $7�>/6)    ����3±22  

 ��
5� $���e�>)�, �	��60-30  �0���� �R�! � (F�� -   ���/���12 -12 )�� ���(1e ()(�.  

 H��� %��
R �6�� ��  �6 ����&F ��@ 2
� ���()�>,� ��uU ��  `�!�� ��uU ��1�  �1	  ���(��R ]��

   (���'1  �  7��>?=6 ��
� %1  P�~ ;U�� %100  .(� ���#� T.�R %  P�)�
�9 ���) ��
� `X  3�)  P�
F ��

  ��� ���  �1)X ���>R� �� ���X (�.    P(� ���� `�!�� ���uU M�-� Z,
� �@ 2
� "(�,� "�� �� �� W�6  

  �
) ����� ��c.� �1	 $�><@2  (� ��1� ��� 7
=&� 4��3� �� $ ,
���
>��>,��;   )STZ1  P��>�, ���� �� (

  ��5/4=PH    ��� �� � �<F LR�� P�
F ��30   $4�c&� ;�� �� .(� ��<>,� ]�'
=�6 �� ]�' �=��    L9���

@�e�����X  .(� ]�G)� �@�e�����X P�)�
�9 �� ��6 � AR� 7
F� �� �	
� �� 8@�b� �  ��c.� �� W� �><@ *�

 
1 Streptozotocin 
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) ����� T�K�� �
f/� �� �>��) "
R 36
=' $�����150    ��400    ��()� (����� T�K�� �
f/� �� �>�. �=��

.(� ���'  

  

3-4-  ��	
� *� ��S=�  

3-4-1 -   �	=�� *���S=�  

  $L��� Lc>?� ��@��y>� $�#�9 8@�b� ��6   ) �>���c� P�/��D� �><@5    P(� �� � �><@ �� �?=	30    ��

100   � ("(� "�� (F��6   P�/��D� �><@HIIT   )5    �?=	30   �?=	 �@ � �><@ �� �� �c� �10    ���0�40  

 .�
� (�� ��)�Q  

3-4-2 -  �=���� *���S=�  

 �  L��� �>?��� ��@��y>� $�#�9 8@�b� ��  "��mRNA    "-PPAR-y    l
i, $����9� ���! ���� ��

 .�
� ����� �=R�(� �� (:� � L+  $;�.
?)� �� ����c� � ;�.
?)� $36
=' ���,  

3-4-3 -   �A��K *����S=�  

 .�
� (]�') "�� L��� �� �/��� ��y>� $�#�9 8@�b� ��  

3-5-  &@K�� �G���!  

  L��� �>���c� ;��D� ��' ����� L0����6   �>���c� P�/��D� �><@  "����) �� ;>��I��    :�
� L�~ P�
F ��

5    $�><@�� �?=	5    �, �@ � �,4    �@ �, ;�� �>9��>,� LF�
� $���0�2    ;�� �>9��>,� LF�
� � �c� �

  ���0� �@30    �� ;��D� P(� .��)�Q30    � �>��� 8��3�� m��(� �� � (� ���� 7�� � �><@ �� "(� "�� (F ��

  ��100   (F��    ����<>� ��@(F�� 7��:� �@ P� ]� �� �)�� ;>?� P�
F �� ����c� 7�DS� .(�,� "(� "��

 :�,� (� ����� ��� 7�(	 �� ;��D� � ���)��  .�
� �/��D� ��� 7
5 �� "(� "�� �� 

  N��@ ���%1 -3 -  &=��	� 8'��� N��+ 8'��� �G���!  

�><@   ��.�:� P(�    �@ ;�� �>9��>,� LF�
�

 �,  

  �@ ;�� �>9��>,� LF�
�

���0�  

 ���0� ��(:�  

1  30  "(� "�� (F��  2  �c� �  30  ��)�Q  4  

2  50  "(� "�� (F��  2  �c� �  30  ��)�Q  4  

3  70  "(� "�� (F��  2  �c� �  30  ��)�Q  4  

4  90  "(� "�� (F��  2  �c� �  30  ��)�Q  4  
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5  100  "(� "�� (F��  2  �c� �  30  ��)�Q  4  

6  100  "(� "�� (F��  2  �c� �  30  ��)�Q  4  

  

 P(� �� I�� P(� ����/� ;��D� ��'6  ��(:� �� �><@5   �?=	30   ��� "(��� ^.�  �� �><@ �� �� �c� �

  ��@���0� �� L��(���40    7�:� �9��>,� � �� ��)�Q2    �@ P� �D@ .()��6 �6�� ���0� �@ ;�� �� �c� �48  

 .()(� \���� �/��D� �?=	 ;��RX �� W� �S�,.�
� ��� l�� �� �/��D� ���)��  

  N��@ ���%2 -3 - ?� ��@ &��A� �A'��� N��+ &A'��� �G���!  

  ��.�:� "���

7���>/�� 

  ��.�:� P(�

7���>/�� 

 �@ �, ��(:�   �9��>,� "���

 7�:� 

  �9��>,� P(�

 7�:� 

  "��� ^��

 7�:� �9��>,� 

  "��� ^��

 ��.�:� 

40  ��)�Q  25  �c� � �� �>�  10  ���0�  120  ��)�Q  10  �c� � �� �>�  5  (F��  0  (F��  

40  ��)�Q  25  �c� � �� �>�  10  ���0�  120  ��)�Q  10  �c� � �� �>�  10  (F��  0  (F��  

40  ��)�Q  28  �c� � �� �>�  10  ���0�  120  ��)�Q  10  �c� � �� �>�  10  (F��  0  (F��  

40  ��)�Q  32  �c� � �� �>�  10  ���0�  120  ��)�Q  10  �c� � �� �>�  10  (F��  0  (F��  

40  ��)�Q  35  �c� � �� �>�  10  ���0�  120  ��)�Q  10  �c� � �� �>�  10  (F��  0  (F��  

40  ��)�Q  35  �c� � �� �>�  10  ���0�  120  ��)�Q  10  �c� � �� �>�  10  (F��  0  (F��  

  

3-6-  *��+ NK��4� N(�@ � *��+ NK��4� ��$��  

3-6-1-  �� �D�3)X 2�� �� "
��X H��� ��6 �� "
R 36
=' l
i,  ���' ��()� ��,�?95   �� ]�' �=��

 �>�. �,�1  .(� ���' ��()� 

3-6-2-    ��6  ��  "
R ;�.
?)�  l
i,Demeditec Diagnostic insulin ELIZA    ��,�?9 ��

1.76  �>�. �=�� �� ��)
� ��0��2  �3�I� 2�� ��.(� ���' ��()�  

3-6-3 -    ���K>,�  �@�e�����X  ��6RNA  $ Rneasy protect mini kit (QIAGEN)  ��<a� ��

 �N6�(9100  ]�' ��0��RNA   ����9� ���! ���� ��  

4-6-3-    3>/, �@�e�����X ��6CDNA   �f=U ��200  �>�. ��0�� �� ��)
�3  .  

5-6-3 -    "-  "���  �@�e�����X  ��6One Step SYBR TAKARA    � �  ��1   ]�'  
0��4    ����

mRNA 

 
1 Mg/dl 
2 µIU/ml 
3 u/ μl 
4 pg  
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6-6-3-   �� "-
��� �e>,�PCR-Real time  7(�Qiagen  

3-6-7-   -
�<��>)�, �e>,� "- H��� 7(�  

3-6-8-   ���� �)�+� �R�! �� ^,�/� �@�e�����X Z���� �� $�@ 2
�)12   � ���/��� �S�,12  �S�,

  ���/��� ���� $�0����6   ��
��R ���� � �aS6   �� (\+F) ����3 ±22    �/��� �� �>�
5� � $(���' �>)�,

30    ��60    ��:�� �� � ��
� `�� �� HA' �?0=� W/	 �� ���@ W<  �� $(F��25    ��27    ��43    �>� �>)�,

 (� �� ���(1e) �� �)
' �� () .(/��� �>��� �,�>,� `�!�� ��uU � `X �� �)����X �6  

3-6-9-   � � �� "�'()
	 {
aK� ������0.01  ]�'     

3-6-10-  N(
4 �6�� &4��: &=�� *��6�� �4(�4 � � O(�  

48    �.�9 �� �) �/��D� �?=	 ;��RX �� (:� �S�,10    ��12    �i,�
� ��' �@ �� �@ �)
D) $���>��) �S�,

  ;���>6 Y
=K� � �<F LR�� 4��3�10    ��� �� � (F��50    � ]�'
=�6 �� ]�' �=���� �A��;  2    ��� �� � (F��

10  0� "�
�9 �/�, �?<  WV, .()(� 2
1�� "(� "�� ]�'
=�6 �� ]�' �=��  �
f/� �� ;�/CD@ .(� �>��

  ���! ���� ����� �� .(� �>��' "�
�9 ^=  �� M�c>?� �
i� "
R �)
D) $"�
�9 �� ���X 8@�6 �� "�/�D5�

  ��@ `
����0�� �� *�-
.
�3�� ]�, �� 
�>?� �� W� � (� ������ �)
D) �@ P� ����9�8/1    ���� ���9

1TMRNAlater   �+?) ��20   (���' �� �5
U (F��   7�c>)� �e�����X �� *�>)- ��@ 8����X ]�G)� �1	 �

  .(� ���  

3-6-11-  &4(L *� �4(�4 *��I U�%  

  �)
D) � (� �>��0� �9��	 ��� �=�,� �� �/�, �?<  WV, $(� LF�9 "�/�D5� "�
�9 ��
1�� �� �(>��

  �� -
�<��>)�, ��  �)
R ��@ �)
D) .(� ������ "�
�9 ^=  �� M�c>?� P�
F �� "
R ��@g ×1000    P(� ��

2  ?)� � 36
=' "�3�� ���' ��()� �1	 � �>��' ���  ]�, ���,�(	 ���� �c� �  �</� ���� �� ]�, ;�.
80  

  ��6 �=�,� �� � ��(�?6� 36
=' ���X ;� �� �G/, �)� �D�3)X 2�� �� 36
=' �f=U .()(� ���� �e) �	��

"
��X H��� �6�� 36
='-  ^���� �� 36
=' "
��X "��� � "
��X "��� P����y� ^��# .(� ���' ��()� "��1�

74 /1    �19/1    ���' ��()� ��,�?9 � (F��5   �  8G/, �
f/� �� $;�/CD@ .�
� �>�. �,� �� ]�' �=�

 :(� �+,�&� �5
��� 7
��� �� �>��) ;�.
?)� � 36
=' ����c� �/�3e��	 �� ;�.
?)� ����c�  

8�9(�4� �� ���	� �>�. �� 7
� �=��)36
=' =2*(  �>�. �=�� �� ��)
� 
0��);�.
?)�3(  

  

 
1 RNA Stabilization reagent 50 mL 
2 mmol/l 
3 µU/ml 
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3-6-12 -  �)��! �X% ��'��! *K) N6�I P&-��WReal Time PCR  

  �D����Reverse    �D����  ���  .�
�  �
	
�  ��6  ��Forward    �D����  �c�c9  ��  .����  �9��5  ��  ���)

Forward    ��0�� �.�� �.�
� "�D@RNA   ) `�~ ���� ��&. �� (��� �G�>) �� $�,�Tm  �� � ���' �,��� (

  �D���� �� "X `�~ ���� "�
+) �/@�D@ P�
FReverse    �9��5 �� W� .�
� ��� "X ��>R�, �� ������y� $

  ���, ���X �><@ *� WV, � (� ��� ]�e��� �6�� �� "X �R�, 2��<, $*�>)- TaK>� Z,
� �D����

  "- �� �0/�� ;D# .(�RNA-polymerz2  7�>/6 "- "�
/S �� �.
=,    ��D� 7�(	 .(� ��<>,�3 -1  

 .(@� �� 8��D) �� ��@�D���� �
e.�  

 ���%3 -3  ��� ! �6 N6Y=)� 6�(� *���'��! *(Z9� :  

Genes Primer sequence Product size T m Gene Bank 

 

PPAR-y 

 
For: ACAACAGGCCACATGAAGAGC 

Rev: AAGCTTCAATCGGATGGTTCTTCG 
 

 
159 bp 

 
60 

 
 

NM_001191052.1 

 
RNA 

PolymraseΙΙ 

 
For: ACTTTGATGACGTGGAGGAGGAC 

Rev: GTTGGCCTGCGGTCGTTC 
 

 
 

164 bp 

 
 

60 

 
 

XM_008759265.1 

 

  

3-6-13-  [��\=)�RNA  

RNA    ��6  Z,
�Rneasy protect mini kit (QIAGEN)    ��  4��i�  ����9�  ���!  ����  ��  �

  .(� ���K>,� �6�� LD:.��
>,�20    h
����0�� ���� � (� ��R �V.�0,� �� ��<>,� �� ���� �� ]�' �=��

  WV, � (�RNA     ��6 �� ��<>,� ��RNeasy Protect    �)�D.X ()��, �6�� LD:.��
>,� �� 4��i�

.(� ���K>,�  

  

3-6-14 -  N(
4 DR4�Real time-PCR  

  ���K>,� ��  W�RNA    �f=U "�
� ���6 ��  "�/�D5� ����  $RNA    ��1�  ��cDNA    $OD    Z,
� "X

  ;��:� .(� �,��� h���
)�) �e>,�PPAR-y mRNA    Z,
�RT-Real time PCR    M>?�, �=�,
�

  "-�
���6000   �� �=9�� *� ��6 �� ��<>,� ��  One Step SYBR TAKARA     ���6��  �6�� ��

  �R�! "���� �� `�~ �/&/� 3�.�)X .(���' ��<>,� �6�� LD:.� �
>,� �� 4��i�PCR    ��+>S� ;��:� �
f/� ��

  7
a&�PCR    ��  "-
���  �e>,�  ��<>,�  ��
�  �����9 �R�! L0����  .���'  ]�G)�  ��f>)�  ��
�Real 
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time-PCR    :L���°42    P(� ��20    $�c� �°95    P(� ��2    �c� �  �40    �� L0�,°94    P(� ��10    ��)�Q

  �°60    P(� ��40    �=9�� �� W� .�
� ��)�QPCR  ��@��� �� $�@�D���� �'b�� �:.�i� �1	 $50    ��°99    �	��

  �� .(���' ��<>,� `�~ �/&/� ��1� ���� ���' �>)�,RNA Polymrasell     �1	 7�>/6 "- "�
/S ��

 (���' ��<>,� �:.�i� ��
� "- "��� ;��:�.   CT  �e>,� ��3�� ]�) Z,
� �@ 8/6�� �� Y
��� ��@Real 

PCR-time  � ���K>,�  (.
� 2�� ��   �>.� �>.�1 .(���' �+Q  

3-7- � N6�6 *��I ���
� � �'$R� O��  

  J�F
� ���� 7��(	 � �@���
D) ^.�  �� ���()�>,� w��&)� � ;�e)��� �� �(>�� �@ ��� L�=&� ��3G� �
f/� ��

������ "
��X �� .(� ��<>,� �@ ���-  "
��X �� WV, .(� ��<>,� �@ ��� "�
� �:�+5 �,��� ���� *=��

 ) ��
)� ��0� ��@ ���' ��()�Repeated measures ANOVA ���� (  ��' �@ ;�e)��� P����y� �,���

  ���� �/:� \i, ;�/CD@ .(� ��<>,� �@0.05≤p    ��<>,� �� (� ���X �D	 ��@ ��� .(� �>��' �f) ��

 ��3�� ]�) ��SPSS   �K?)25   .(� L�=&� � ��3G� 

 
1 Fold Change= 2-∆(∆CT 



  

  

 

D�X; ���  

 ���
�� �'$R�

��	
� *� �=�'
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4-1-   ���	�  

  �� �� P�SA5� ;��  .M�����V�� �@ ��� ����X L�=&� � ��3G� ��  LF�9 ��@ �>���  �,��� ��  La� ;��  ��

  ����X ��3�� ]�) �� ��<>,� �� � �@���
D) � 7��(	 ^.�  �� � �@ ��#�� "
��X � �<�F
� �D? SPSS    �K?)

25  ��V��� "
��X ��  �@ ��� "�
� �:�+5 �,��� �
f/� ��  .�,� �>��' ���  L�=&� � ��3G� ��
�-  *=��

  .(� ��<>,�  ) ��
)� ��0� ��@ ���' ��()� "
��X �� �3G� ��' �, ;>��� L�.� ��Repeated measures 

ANOVA  Y�� � (� ��<>,� �@ ��' �@ ;�e)��� P����y� �,��� ���� ( [�� 8��  �,��� ��
� "
��X ��@

  "
��X �� ��' �, ;�� �?��c� ���� � (/>��' ��� Sheffe    ���� �/:� \i, ;�/CD@ .(� ��<>,�0.05<P  

  .(� �>��' �f) ��  

4-2- � N6�6 &Y�0(� ���
� � �'$R�  

���%4 -1-  ]L@ 6���4=)� "��
4� � 8�Z4�� 1�0(� *�    5(4 &=�'6 ^; *� �� _',(9('$��2  �(�KI `! �6-    ��'

) 7�>/66  ) �>���c� ;��D� ��' $(H��6    ;��D� ��' $(H��HIIT    )6    (H��  

��S=� N��+ 8�Z4��  6���4=)� "��
4�  �A���  �A�<�� 

 (]�') "�� 

7�>/6 331.87 8.22 319.00 345.00 

HIIT 329.87 3.80 326.00 336.00 

�>���c� 328.87 8.81 318.00 345.00 

 (�>�. �,� �� ]�' �=��) 36
=' 

7�>/6 293.00 11.07 269.00 306.00 

HIIT 194.00 12.09 178.00 219.00 

�>���c� 184.5 10.46 169.00 197.00 

 �=�� �� �==D.� ;�� ��)
� ��0��) ;�.
?)�

(�>�. 

7�>/6 5.21 0.37 4.70 5.90 

HIIT 6.59 0.50 5.80 7.30 
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�>���c� 6.38 0.31 5.90 6.80 

(Homa-IR ) ;�.
?)� �� ����c� 

7�>/6 67.89 5.74 61.65 78.93 

HIIT 56.92 6.99 48.46 71.05 

�>���c� 52.29 4.06 45.63 58.66 

  "- �+?) "���PPAR-y  ���! ���� ��

  ����9� 

)T∆(∆C-Fold Change= 2(  

7�>/6 1 1 1 1 

HIIT 1.67 0.55 0.79 2.65 

�>���c� 1.72 0.75 0.83 3.24 

  

4-3-  � N6�6 ���4 U'K(� �(�KI  

   ��@��y>� "�
� 7���) ���
� 8@�b�   )05 /0P< ��' �� $( ����X \i, �� J=>K� ��@95   "�/�D5� (F��

  �5  �/:� $�iR (F��  "
��X �� ��<>,� Y�� $;�����/� .(��� �D) ��������� - �@ ��y>� �D@ �� *=��    M@���

  8@�b�  P��#��  �,���  �1	 �  �
�  )  ��
)�  ��0�  ��@  ���' ��()�  "
��X  ��Repeated measures 

ANOVA  7�(	) (� ��<>,� (4-2  .(  
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���%4 -2-   �(�KI a'=4 ���!@- ��S=� K� �0- *��I *� N6�6 �6(� ���4 K� �A��W� �(3A� �� _�'� ��	
� *� 

���!@ �(�KI-_�'�  

��S=� N��+ *��I  *6�KI �%�6  *��6A2� b/) 

 ;�.
?)� �=�� �� �==D.� ;�� ��)
� ��0��)

(�>�. 

7�>/6 0.935 5 0.590 

HIIT 0.970 5 0.898 

�>���c� 0.982 5 0.967 

 (�>�. �,� �� ]�' �=��) 36
=' 

7�>/6 0.960 5 0.822 

HIIT 0.967 5 0.873 

�>���c� 0.921 5 0.747 

(Homa-IR ) ;�.
?)� �� ����c� 

7�>/6 0.930 5 0.554 

HIIT 0.914 5 0.382 

�>���c� 0.987 5 0.985 

  "- �+?) "���PPAR-y  ���! ���� ��

 ����9�)∆(∆CT-Fold Change= 2(  

7�>/6 - - - 

HIIT 0.894 5 0.256 

�>���c� 0.952 5 0.747 

  

4-3-1 -  ��	
� *� �����  

4-3-1-1 -  ��� c�� 
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 ���%4  –3 $�(�+ ��S=� &)��� �X% ��(4I �(�KI ���
� a'=4 .  

 �+/�  P�:��� �
DG� 

 ;�e)���  

 P�:��� 

 2���F  2���P 

  "��� �Q� 30764.485 
15382.24

3  
19.227 **0.001 

  

 ���%4  –4  .  �(�KI a'=4 N��+ 8�� �6 �� �6 8�� ��'	�  �X% � $�(�+ ��S=� &)���  

 *��+ NK��4� *� N��+ &A2� 6�C) *��6P (  

 ��=A�– HIIT **0.001  

 ��=A�– &=��	�  **0.001 

HIIT – &=��	�  0.316  

              \i, �� ���� �/:� = **0.01 P< \i, �� ���� �/:� = *  $0.05P<  $HIIT I�� P(� �� ����/� P�/��D� =  

  

  
46(�  ��4 -1-   ��	
� 1�=\� N��+ �X; �6 $�(�+ &��) V(/) �����S� 8�Z4��  

  

0

50

100

150

200

250

300

350

7�>/6 �>���c� HIIT

 $
+(

�+
)

�=
�9

 &
)

6 
��

 D
�+

 &
��

�
(

**
**
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�Y0 c�� )₀H:(  6    �
) �>���� _�! ��@ 2
� "
R (/  ���, l
i, �>���c� ;��D� �><@2    ���y� ��

  .(@� �D) ���� �/:�  

H₀: μ1=μ2  

 eG- c��  )H1 :( 6   �
) �>���� _�! ��@ 2
� "
R (/  ���, l
i, $�>���c� ;��D� �><@2    ���y�  ��

  .(@� �� ���� �/:�  

H1: μ1≠μ2  

  

  2�� �� �#�9 ��#�� "
��X ���� $8@�b� ��@ ��' "��� �?��c� ���� � J=>K� ��' �, �
	� �� �	
� ��

 .(� ��<>,� ��
)� ��0� ���' ��()� ����X	 �� �6 �
i)�D@  7�(4 -4    ���
D) �4 -1  $�
� �� (@���  m��>)

  ���' ��()� "
��X ��0�    ���, l
i, "��� ���� �/:� P��<� �6 ��� "��)  (/ ��' � � 7�>/6  �>���c� ;��D

  �� W�6  ) ���� �
	� ;��D� �><@0.001P< .���e�� (���� ����X M09 [�� � (� �� �<F [�� ;�����/� .(  

  

  

4-3-1-2 - D�6 c��  

�Y0 c��)₀H :(  6    ;��D� �><@HIIT  �
) �>���� _�! ��@ 2
� "
R (/  ���, l
i, $2    �/:� ���y� ��

  .(@� �D) ����  

H₀: μ1=μ2  

 eG- c��   )H1 :(  6    ;��D� �><@HIIT    �
) �>���� _�! ��@ 2
� "
R (/  ���, l
i, $2    ���y� ��

 (@� �� ���� �/:�  

H1: μ1≠μ2  

  7�(	 �� �6 �
i)�D@4 -4    ���
D) �4 -1    $�
� �� (@���  �6 ��� "��) �(G� ���' ��()� "
��X m��>)

  ;��D� ��' � 7�>/6 ��' (/  ���, l
i, "��� ���� �/:� P��<�HIIT    �� W�6    �
	� $;��D� �><@

) ����0.001P< .���e�� (���� ����X M09 [�� � (� �� �<F [�� ;�����/� .(  

4-3-1-3 -  c��D()  
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 ���%4  –5 8�9(�4� ��S=� &)��� �X% �(4I �(�KI ���
� a'=4 .  

UEA� 
  5(�R�

 �2��� 

8�Z4��  

 �2��� 

 OK��F  OK��P 

 ��K �f� 8.77 4.38  27.13 
**0.001 

  

  

 ���%4  –6  .  �(�KI a'=4 8�9(�4� ��S=� &)��� �X% �6 �� �6 8�� ��'	�  

��K *��+ NK��4� *� &A2� 6�C) *��6P (  

 ��=A�- HIIT **0.001  

 ��=A�- &=��	�  **0.001 

HIIT -  &=��	�  0.907  

              \i, �� ���� �/:� = **0.01 P< \i, �� ���� �/:� = *  $0.05 P<  $HIIT I�� P(� �� ����/� P�/��D� =  

  

  

  ��6(�44 -2-   N��+ �X; �6 8�9(�4� &��) V(/) �����S� 8�Z4�� ��	
� 1�=\�  

  

�Y0 c��)₀H:(  6    �
) �>���� _�! ��@ 2
� ���, ;�.
?)� l
i, �>���c� ;��D� �><@2    �/:� ���y� ��

  .(@� �D) ����  

0

1

2

3

4

5

6

7

8

7�>/6 �>���c� HIIT

 8
�9

(�
4�

)
��

 �
� &

��
�9

� 8
��

 �
�4

('
 �

�G
��

�=
�9

 &
�

(

**

**
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H₀: μ1=μ2  

 eG- c��  )H1 :(  6    �
) �>���� _�! ��@ 2
� ���, ;�.
?)� l
i, $�>���c� ;��D� �><@2    ���y� ��

  .(@� �� ���� �/:�H1: μ1≠μ2  

  

  7�(	 �� �6 �
i)�D@4 -6    ���
D) �4 -2    $�
� �� (@���  �6 ��� "��) �(G� ���' ��()� "
��X m��>)

�D� ��' � 7�>/6 ��' ;�.
?)� ���, l
i, "��� ���� �/:� P��<�  �� W� �>���c� ;�6    ;��D� �><@

) ���� �
	�0.001P<.���e�� (���� ����X M09 [�� � (� �� �<F [�� ;�����/� .(  

  

4-3-1-4 -  c��D�X;  

�Y0 c�� )₀H :(  6    ;��D� �><@HIIT    �
) �>���� _�! ��@ 2
� ���, ;�.
?)� l
i, $2    �/:� ���y� ��

 .(@� �D) ����  

H₀: μ1=μ2  

eG- c��  )H1:(  6    ;��D� �><@HIIT  �
) �>���� _�! ��@ 2
� ���, ;�.
?)� l
i, $2    ���y� ��

 .(@� �� ���� �/:�  

H1: μ1≠μ2  

  

  7�(	 �� �6 �
i)�D@4 -6    ���
D) �4 -2    $�
� �� (@���  �6 ��� "��) �(G� ���' ��()� "
��X m��>)

  �� W� �>���c� ;��D� ��' � 7�>/6 ��' ;�.
?)� ���, l
i,  "��� ���� �/:� P��<�6    ;��D� �><@

) ���� �
	�0.001P< ���e�� (���� ����X M09 [�� � (� �� �<F [�� ;�����/� .(.  

  

  

4-3-1-5 -  c��eRA!  
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 ���%4  –78�9(�4� �� ���	� ��S=� &)��� �X% ��(4I �(�KI ���
� a'=4 .  

UEA� 
  5(�R�

 �2��� 

8�Z4��  

 �2��� 

 OK��F  OK��P 

 ��K �f� 1027.69 513.85  15.70 **0.001 

  

  

 ���%4  –8  .  �(�KI a'=4 N��+ 8�� �6 �� �6 8�� ��'	� &)��� �X% � 8�9(�4� �� ���	� ��S=�  

��K *��+ NK��4� *� &A2� 6�C) *��6P (  

 ��=A�- HIIT **30.00  

 ��=A�- &=��	�  **0.001 

HIIT -  &=��	�  0.361  

              \i, �� ���� �/:� = **0.01 P< \i, �� ���� �/:� = *  $0.05 P<  $HIIT I�� P(� �� ����/� P�/��D� =  

  

  

  

  ��6(�44 -3-   ��	
� 1�=\� N��+ �X; �6 8�9(�4� �� ���	� �����S� 8�Z4��  
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�Y0 c�� )₀H :(  6    �
) �>���� _�! ��@ 2
� ;�.
?)� �� ����c� $�>���c� ;��D� �><@2    �/:� ���y� ��

   .(@� �D) ����  

H₀: μ1=μ2  

eG- c��   )H1:(  6    �
) �>���� _�! ��@ 2
� ;�.
?)� �� ����c� $�>���c� ;��D� �><@2    �/:� ���y� ��

   .(@� �� ����  

H1: μ1≠μ2  

  

  7�(	 �� �6 �
i)�D@4 -8    ���
D) �4 -3    $�
� �� (@���  �6 ��� "��) �(G� ���' ��()� "
��X m��>)

��D� ��' � 7�>/6 ��' ;�.
?)� ����c� "��� ���� �/:� P��<�  �� W� �>���c� ;6    �
	� ;��D� �><@

) ����0.001P< .���e�� (���� ����X M09 [�� � (� �� �<F [�� ;�����/� .(  

  

  

4-3-1-6 -  c��e<@  

�Y0 c�� )₀H:(  6    ;��D� �><@HIIT  �
) �>���� _�! ��@ 2
� ;�.
?)� �� ����c� $2    �/:� ���y� ��

 .(@� �D) ����  

H₀: μ1=μ2  

 eG- c��   )H1 :(  6    ;��D� �><@HIIT  �
) �>���� _�! ��@ 2
� ;�.
?)� �� ����c� $2    �/:� ���y� ��

 .(@� �� ����  

H1: μ1≠μ2  

  

  7�(	 �� �6 �
i)�D@4 -8    ���
D) �4 -3    $�
� �� (@���  �6 ��� "��) �(G� ���' ��()� "
��X m��>)

  ;��D� ��' � 7�>/6 ��' ;�.
?)� ����c� "��� ���� �/:� P��<�HIIT    �� W�6    ���� �
	� ;��D� �><@

)0.003P< .���e�� (���� ����X M09 [�� � (� �� �<F [�� ;�����/� .(  

  

4-3-1-7 -  c��e=Y�  
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 ���%4  –9 ��S=� &)��� �X% ��(4I �(�KI ���
� a'=4 .PPAR-y 

 �+/�  P�:��� �
DG� 

 ;�e)���  

 P�:��� 

 2���F  2���P 

  "��� �Q� 1.828 0.914  0.034 *340.0 

  

 ���%4  –10 . �(�KI a'=4 N��+ 8�� �6 �� �6 8�� ��'	� ��S=� &)��� �X% �PPAR-y  
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Abstract  

Introduction: Obesity and type 2 diabetes are the leading causes of death and disability-
adjusted life years in the world. On the other hand, exercise and physical activity are considered 
as a safe and cost-effective way to prevent and control type 2 diabetes and obesity. However, 
researchers are still looking at the effects of exercise on the factors that affect these diseases. 
Therefore, the aim of the present study was to investigate the effect of two training protocols, 
resistance and High Intensity Interval Training on PPAR-y gene expression in visceral fat tissue 
in obese diabetic rats. 

Methods: Statistical samples of the present study were male Wistar rats of Pasteur Institute of 
Tehran. 18 male 10-week-old male Wistar rats weighing 220±20 g were divided into three 
obese diabetic groups (control, resistance training group and high-intensity interval training). 
Finally, the samples were divided into three groups: resistance training (6 heads), control (6 
heads) and high intensity interval training (6 heads). In addition to the high-fat diet, the 
resistance training group performed resistance training for 6 weeks, 5 sessions per week in 5 
sets with 4 repetitions in each set. Further, in addition to the high-fat diet, the high-intensity 
interval training group performed high-intensity interval aerobic exercise for 6 weeks, 5 
sessions of 30 minutes. The control group only continued the normal course of their lives with 
a high-fat diet. Finally, all rats were dissected 48 hours after the last training session and serum 
indices and visceral adipose tissue gene expression were measured. For statistical analysis, 
SPSS software version 25 and repeated measures ANOVA were used. 

Results: The results of statistical analysis of the data showed a significant increase in the 
expression of PPAR-y gene (p <0.05), serum insulin (p <0.01) and a significant decrease in 
serum glucose (p <0.01) and insulin resistance (p <0.01). 0.01) in the HIIT exercise group. 
Also, serum insulin levels in the resistance training group were significantly increased (P, 0.01) 
and serum glucose levels (p <0.01) and insulin resistance (p <0.01) were significantly reduced. 

Conclusion: In general, according to the results of the present study on improving glucose 
indices such as decreased serum glucose and insulin resistance and increased serum insulin 
levels in the two groups of resistance training and HIIT and also a significant increase in PPAR-
y gene expression in the HIIT group, these protocols can be used to control and prevent type 2 
diabetes, as well as, managing its complications, including obesity. 

Keywords: Obesity, type 2 diabetes, interval training, resistance training, PPAR-y gene 
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