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PGC-1α���� �� �� $�% C2C12 �(@U* ��T����6��� C%�7)VVW/VP= .(���� �� ��+
� �� �%EGCG @U* ������ $���

����� ��
�
�PGC-1α2-�, )YZ/VP=(���G �� >�� ��+
� (7RGZ � �� �
����� [\� �� �B �� ��
� (@U* ��T�$���

 ��� C�AD�)VV]/VP= .(8%@U* C�AD� �� >�
@/��B ��
� �� ���PGC-1α�� ��*A+% ��+
� 2^� �
����� [\� ��RGZ �

EGCG ,- _FG)VVW/VP= .((;
	  $�
�:� (7 ��� ��`  �* a�	 ��
�EGCG �
����� ��
� ��A
* ��PGC-1α@U*�>��H  ���

���G �� (7RGZ �(@U* ��T��&�� ��
� C%�7 $��� �
����� ��	
+��� �� �,-PGC-1α��� ��H9� �� .�* �?  (� >:�+;* �� -
b
	��� ,J ����� (7 ,��EGCG c!3 ��RGZ ����� ���B ��
� �� �
�PGC-1α�+  ��+#�����.

�)	$< =�->�,:#$ &�� �?	+#5�� �� @4,��46���A% ��BC2C12 => �PGC-1α"� �=,C��	$'�C� ��?	D1�� #+�-/��- 
�+��4 @E����:F/H/IJ�	��K� @E���� L:�J/��/IJ�+��4 M��N" L:�F/��/IJ

�4)�4 

O��!E� �� ?4!4 6���� P� =�#*% �� Q#�	$4 @����

@� &���B =#� !�#$- RS.������� , �4#�> /�U+�S4

$6#���� V�U4 �� ���E� �� ������ ���E� �� 9��A% :�B

=> ����� , =�	� �� 6���� �� &��� =�(� @���� �� )� ��B

 @���� �)	$� V��#% C� ��� ��)*�#�	4 W#1 &)�# 

@�.XY��=�Z[ �� @���� \#	  ) � �� ,� )�,� �� �[#1 ��

 ����* B���,C�LLL:��	��>LL����� �� ]#��4 �/

�4 �^� �� ��,�_ ��4� �����)*�#�	4)� .C� ���	5�

 \#� @���� V��#%�`�a ��B)	� ���� @^$b �� c$b�

@� W31�4 �� �� �	d�����	b .?�� C�,�/�U+�S4 �

�*	4C �� ����C :���$�% �� �	d�����	b `�a ��B)	� �e�

 , ?	+#5��C� , @�# @� &)  ��.�� !�#$-.Hf�g4
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�������	
�,��������������� � ����������� ���� ���	 
��� �� ���������� 
���� Fh

i�>� `�a �" ���Nb)��\�3 � `�a :�B)	� &k�,(94 �-

6����� O��!E� , ?	+#5�� �� @	�5� OB�� �� �.*4 )��#1

 \#� @���� �� ��������-.lm
(4 �� @� &)  ���	1

6#$ ��BC2C12 /��	�+�" �	^� \�3 � `�a ��B)	� ��

)=�,��E���" \�3 � `�a)	� ?��1(�c3 =�	� OB��
iPGC-1α,PGC-1β�4�# .�n�I?	�B �#o i�>� ���Nb 

`�a�" ��=�5�� ,�=�-)�#[ �.*4 ��OB�� =�	� =>

PGC-1α�� �$A% 49���-.�����PGC-1α�� =�#*% P�P�� 

6�UE&)**� �5�#�,� ���� iiPPARs => =�	� , &��� p�% -

�� �	-�� ��BC� , @�# )	� :�BE �� `�a�4 6�U)*� .

9-C�1 �� M��!-&)���- => =�	� �)	q	+ r��!1 ��B

 , ��5B W#1 &)�# )� �����)*�#�	4PGC-1α�� ��

�4 OB�� =�5�� ��$�� �$A%)B�.�FY�JOB,k" :�B ��.��

`#	1#	4 �� &) ��B C2C12  &��� =�(� ?	+#5�� �� �,��4

��	" ��4���� �S	� �� ?	+#5�� 9����:>��� , ��	^*1 ��B

�4 p�
4 ��)*�#�	4 9�5�C�#  .� =,C��	$-#	" ��S�, :

1���	" �� �	e�4���� , ?	+#5�� 9��� :>��� , ��	^*1 ��B

�5�C9���)*�#�	4c3 , ?	+#5�� �� @	�5� �#3Z�

=�	� O��!E� PGC-1α6#$ C� &�� ?�� ���4 �B���-.�X 

RGZiii [ =,C��	$-#	" )*��4 !	�!�?�)	+,C�	1 &��#��� C� �-

=#���B6��*� �#3Z� c3 �� @�=#� )*s C�&�� �#3Z�

 OB�� �� =#� !�#$- RS , &)  ?	+#5�� �� @	�5�

�4)B� .@5	�#-� ,��� ?��PPAR�$A% �� �� @�

@E�� , )3� ���$�� �)	$� =�#*% �� =�5�� ���a ��B:��� 

?	+#5�� @	+�UE \,� => ���$�% , &��� p�% Q�5� ��B

�4 6��*� �� ?	+#5�� �� i	^*1 �� �� )����C� , @�# 

)���� @��  `�a ��B)	� .�&,�% ��RGZ ��t$�%

 , !<#$- �,� ?	+#5��C� , @�# ���a O��!E� �� �B

�4 , )B����C 6����� �� �� @4,��4 =�4�� �� ,��� ?	+,�

��34 u�a ���E� �� ?	+#5�� \#� @���� ����4) ��.�X��H ��

9-C�1 �� ���	1 @� &)  &��� =�(�RGZ �e� �#3Z� c3

 @���� �� ��34 ���E� ���a @E�� �� ?	+#5�� ��	�	+#q	+ )_

 \#���4���-.�l ���C 6����� �� ��e� ?�� /�C�#4 ��

?�)	+,C�	1=#����+� v%�� iB �B =,�� )	q	+ �).4 w�C#1

% C� ��+#$@	#q��� �� Q�����" , )3� ���$�� �$A ��B

��	" , ��(- �S	04@E�� ?�� �� �� ?	+#5�� 9��� �� �B

 
i - Peroxisome proliferator-activated receptor-ã coactivator 
coactivator 
ii-  Peroxisome proliferator-activated receptor 
iii - Rosiglitazone 

�4�� �	+,� @+��)*����-.�I C� �(
� )�� ���,C� 

@	�5� ?�)	+,C�	1 ���C=#��� �B ��S�, :!�>#	� O��!E�

) �� �����)*�#�	4.�n ?�� �� �� ��'�� c	��1OB,k" ��#4

���4 ���s &��d ���	-EGCG iZ4 C� ��� �� @� ?��1

?	D1�� )_ /��e� ����� , !3 ��a ��B6)4 �� ������ ��B

@� ���#	� .��	" ��Z4 �� c	��1 ?�� C�*	� ?	71,�" 9���C

,ERK ½C� �6#$ �	x�1 u,�% ��)[ f�K �$A% ��B

�4 y� !�#$- O��!E� �e� �� �� ��#��4 ��	-#$[ �)B� -

�)��� .?�����*�EGCG �4,��� P� =�#*% �� )��#1:��� 

�3$s V��#% OB��L� @���� �s,�% ��,� ���.���[#1 ��

 �)	$� O�� , &)  ��� ��,��� /�3	��1 ������ )_ /��e� ��

PGC-1αi	^*1 ��C� , @�# )	�:�B �#3Z� , `�a

 �� �?	+#5�� �� @4,��4OB,k" /��e� ���� �� �_��

RGZ ,EGCG => =�	� =�!	4 ��PGC-1α6#$ &�� �� -

���A% ��BC2C12 �#A� �� ?	+#5�� �� �,��4 �)% ,

������" /��	�+�" �#A�) .

M,� , ��#4 �B 

�� �#^*4 ��.�� @(� �+#$ @��#	4��B C2C12 C�

#�	�5�� �#��" =���� ���)��� )�)���- .?�� 6#$�B��

W	04 DMEM �,�� �n%ivFBS ,�%���� P	1#	� @(� 

&��� )�)  ,���#1��#��� )��4� JH�[�� �������- ,

��(E F%CO2 (�'����� )�)���- .

�4�'*B ��6#$�BlnYHn%{�P�E ���"�)��#�� ��

`#	1#	4�B!���1 &��� )�)  .���� ?�� ��� W	04 @(� ��

W	04 !���1 )DMEM �,�� �%�� c� ,�%

���� �P	1#	 (|�#U1 )���- ,6#$�BhC,� ��W	04 !���1 

�'����� )�)  ,�BC,� ��W	04 !���1 &C�1 ?�!'��[ 

)�)���- .)U� C�?�� =�4C `#	1#	4�Bp	�(1 )�)  .�#^*4 �� 

1�@��#	4 �� ��E�- /�#K !���1 )	� ��B C2C12C� 

�=#4C )���- &��d�� C�*	� ?	1��� .?��=#4C� �d�� �� C� &�

 @��  C� &)  ���)��� C�*	� ?	1��� @	�Bioassay 

system ) ��.��.

?	+#5�� , /��	�+�" �� ���	1 

���� ?�� �� /��	�+�" )��#�� ��Q��� 6#$ ���s ��	- 

�� BSA )s�E )	� `�a �-,k��� )���- .��?�� ��#^*4 

@^$b��B ��#4 �^� C�i�) /��	�+�" ��6#��1� Fn%p�

iv- Fetal Bovine Serum 
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FF �� �!"#�$ %&� � '�(�)�*+�(� ,��-� %.��/ '0 '��/ �/ ,1�$ �PGC-1α 2���)3/ �1�. �)!� �'���4�

&)  ,?�� 6#$04 ��DMEM �,�� �%BSA �E�_� ) .

}q ?�� W	04 ��/)4 �@%� ��JH�[�� �������- 

�,� ��	  ��#���  ).}"C���@%� ?�� W	04 ��$	E 

)���- ,����	��� `#1#	4��B C2C12 ���s @E�- .6#$�B

�� /)4 X�����l��h�JX,hl���	1 /��	�+�" �� @%�

)�)  .��:����	1 ���?	+#5�� C�W	04 @(� �,�� BSA 

)s�E )	� `�a ��C� ,?	+#5�� �nn ��#4#��� &��d�� 

 ).�H��X

�#^*4 �� ���	1 �/n�$	4 ��#4RGZ ,h/n�$	4 ��#4

EGCG 6#$04 �� c	1�1 �� ��DMSO p� �S�4 `� ,

����i6#$04 }q ���B&)4� @� �� �!.4 /�#K �� iB

K �� iB ,W	04 �� =�4!�B /�# �� &)  ���	1 @(� ��B

)���- �E�_� ?	+#5�� , /��	�+�".��Y�lC� �$��4 ?�� ��

W	04 /)4 �� �� )  &��d�� ���B�h/��	�+�" �� @%�

)��#� ��E�- ���s ?	+#5�� ���	1 @01 )U� , &)  ��#���.

:��� /��e� ����RGZ ,EGCG => =�	� =�!	4 ��

PGC-1αRS �� �#A� �)% , �#A� �� ?	71,�"

)  &��d�� /�� =��, M,� C� /��	�+�" .�� �?��#^*4 

&��g% :�*	71,�" 6#$��B C2C12 C�&�� ��>#�B =��� 

=� �B���E�� RIPA )Fn�$	4��#4 Tris-Hcl ��%=#���1 X-

100 ��/n%i�) �5��� �/�#� ��$	4 ��#4 Na-EDTA ��

�$	4��#4 PMSF (�~��
� ,@^$b =���Q�� M,� 

��#E���� &C�)����	- ) .�J JnY�n��-,��	4 C�&��g% :

�*	71,�" �,� 6>SDS-PAGE C�#E,���+� ) .}q 

6#$�BC�6>���(b !+#$,��	� p��*4 )�)  ,}q ��

/)4 �c ����4� h�[�� �������- ��6#$04 �%

BSA ��#��� ���-�)).���$��4 :�)U� �(b ���������� 

�	+,� �	$% PGC-1α�� actinYβ�� /)4 �@%� ��#���  ).

}" C�h��� �#(�5  F��	s������E�� TBST��(b ��

/)4 P�@%� ���������� ��#��e �-,k��� ��HRP ��#��� 

 ).��Za ��� �#(�5  F��	s�����.�� ) ,}q �(b 

�� ����5�# ��� #*	4#+}�� ECL ��/)4 �Y���	s� 

��#��� )���- .���$��4��)U� �(b ��i$	E �>#+#���� 

Q�5� �,�.4 ) ,i$	E ��&��d�� C�6#$04��B �#Z� ,

/#3e �B�� )���- .i$	E ?�� &)  ,���#o ��	� ��� @^$b 

?	71,�" �������!E� Scion Image ��!.1 ,p	$01 )���-.�h 

}q ��i	5�1 �����	5 :)��� PGC-1α�� ��	5����)��� 

actinYβ�M���*�4 ��)�4 =�	� =>��#4 �^� &!	+�4�� )���- .

���1 ����������B �	+,� ��#4 &��d�� 6��#$�#�#4 )��#� ,

�Z*1 ��?	71,�" �o#��4�� #4 O*��, )���� ,�	B ��#- 

O*��, �Uo���4 ��?	71,�"��B ���(4 )*� �)� .�BO��4C� 

ps�)� ���� ��.�� ) .

���1 p	$01��B ���4� ��&��d�� C������!E� SPSS 

�
5� :�I��.�� ) .�BO��4C� �*	�� ���� ����1 ) ,

&����B��/�#K ?	'��	4±��	U4 f��0��=�(� &��� �) ).

�5���4 ?	� &,�-�B��&��d�� C�=#4C� ANOVA ��.�� 

)���- .��W���  �#[, d1/,� *U4���� ���4� �	?&,�-��B 

C� =#4C� Post-hoc �#19i&��d��  ).�����4 nF/nP< C�

��0+ ���4� *U4���� ���^� ��E�- ) .

��E���B

6#$ @ N- C� }" �BhYJ&)  p�)31 `#	1#	4 �� C,�

�-k�, ,�4 �)	" ���A% @E�� �	3  ���B )**�)p�  �.(
a) 

b) 

p� �-)a(@��#	4 ��BC2C12 @(� W	04 ��

.DMEM 6#$ @+�� C� C,� ?�)*a @ N- C� }" �B

�4 !���1 &��4� , &)4��� �	+,� �,��)* ��) .b(@��#	4 -
��BC2C12 !���1 W	04 �� .6#$ @ N- C� }" �BhYJ

�-k�, , &)  p�)31 `#	1#	4 �� C,� @E�� �	3  ���B

�4 �)	" ���A%)**� .B ��LLL$��4 ,� �LLL$ �LLL6#�� �B

}�% /�#*�� �#�,��	4)�)  ������.

i - Tukey 
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�������	
�,��������������� � ����������� ���� ���	 
��� �� ���������� 
���� FX

��E�� :�B ��C� &)4� @��=#4C ��� =�(� C�*	� ?	1���

@��#	4 !���1 C,� �B �� �� i�!�� @	+�UE �`#	1#	4 �� �B

 &��� �)	" O��!E� C�*	� ?	1���@� .=��B �� �� �#o���#�� 

�&)  &��� =�(� �@.�h�1 C� }" @%�!���@	+�UE

*U4 O��!E� i�!������&�#�� C�b� �� :)nnl/nP= (,C�

�,)� �dK ���H/n&)	� @� .@	+�UE i�!�� }"C�

@ N- hl,H�@%� ��c	1�1 h/n,FF/n�3�04 )���- .

���#���Y@51 ?	1��< C�*	< @Z[ 1�)	� !���1 6#$��B @��#	4 ��`#	1#	4 .=�!	4 @	+�UE i�!�� ?	1��< C�*	< ��c	1�1 }"C�

@ N- �h�hl�H�,IX@%� C�!���1 O��!E� &��<�)	" @� .���1 /�E���� @35� ���dK *U49��� ,���4��1 �5���4�B

)nF/nP<(���^� ��E�- &)  @� .&��� �B��/�#K ?	'��	4 ±f��0�� ��	U4 =�(� &��� ) &)��.

��Za C,� }"C�!���1�?���(	� O��!E� �@	+�UE 6��U4 

Hh/n�&)B�(4 )���- .���#^*4 �	Z1 @^$b��B ����� C�

��#����B O��4C� C�O*��, ��#E���� &��d�� ) .

=��B �#o �������#�� �=�(� &��� &)  �@� @^$b 

�*	71,�" ���BP�C���#���B���[#1 ���#�������)���� 
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Abstract 
Introduction: Alterations in lipids metabolism are one of the important mechanisms for the 

treatment of insulin resistance and, hence for type 2 diabetes. On the other hand, PGC-1α, as a key 
regulator of mitochondrial biogenesis and function, by increasing β-oxidation of lipids plays an 
important role in improving insulin sensitivity. In the present study, the effects of Epigallocatechin-
3-Gallate (EGCG), an anti-obesity and enhancer of lipid catabolism agent, on PGC-1α protein 
expression was examined and compared with the anti-diabetic drug Rosiglitazone (RGZ). Materials
and Methods: After differentiation of C2C12 myoblasts to myotubes, insulin resistance was 
induced by palmitate treatment. Afterward, PGC-1α protein expression was examined using the 
western blot method before and after treatment with insulin and after EGCG and RGZ treatment. 
Results: Palmitate treatment significantly decreased PGC-1 α protein expression in the C2C12 cells 
(P=0.001). Treatment of these cells with EGCG had no significant effect on the PGC-1α protein 
expression (P=0.67), whereas treatment with RGZ significantly increased expression of this gene at 
protein level (P=0.003). In addition, this significant increase in PGC-1α protein expression was 
maintained by simultaneous treatment with EGCG and RGZ (P=0.001). Conclusion: Our results 
showed that the effect of EGCG on PGC-1α protein expression was not significant, whereas RGZ 
significantly improved the palmitate-induced reduction of PGC-1α protein expression. Overall, it 
seems that anti-diabetic effect of EGCG is not exerted through its effect on the expression of PGC-
1α gene, in contrast to that of RGZ.      

 

Keywords: Insulin resistance, C2C12 muscle cells, PGC-1α gene, Rosiglitazone, Epigallocatechin-3-Gallate 
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