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iv- Low-fat diets 
v -High-fat diets 
vi -Very high-fat diets 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

25
 ]

 

                             4 / 15

https://ijem.sbmu.ac.ir/article-1-2039-fa.html



WN �� �	� �� ����� !�" �# �$%&��'&(#�(%��� ���� ) � ��
 *&+ ,����-. /&� �� 0 � 12�3 ��&% �4���5
�

�1$J B�="1�( )�2 �7E.�0�� �*�� 3��$�7���� )�2 �7 �

�1$JE�1$J ���L )�2 �7 1 .�0�� �*��N.�0�� �*��

���� ./�-�F�(QS�1$J 3��$�7���� )�2��X �*��

 �.�0���)�2 �1$J ���L
X1 .�0�� �*��Q/
S)�2

 �1$J B�="1�(S\I%�� $7��A ./�-� .�0�� �*��.�(
\\ 

I��% �0��T6 .�R� )�2 ?���A �k��( )�� �J.1W
g 

�.�0�� �*�)��X+S\+
X(I	� ./�-� .�0�� $��� ��

 B�="1�( �� ���� ����3��$�7���� �$���
/S�1 $���

 ���LS/Q��� $7��A $���.

<1$h�uK�L�( 9 /� 1 �0��T6 9 /� 3�����" .�0�� $��� 

�0��T6 9 /� K�L�( 9 /� 
^�;6 

B�="1�( ���L 3��$�7���� B�="1�( ���L ����3��$�7 

�\ 
\ S\ �\ EQ WQ �\ 

�X 
� g\ �\ WX E� SE 

�/�EW/
\Q/gQ
/�\
/�\X/QNSN 

�� 
\ g\ 
W WS Q\ WN 

�g 
� g� 
X E\ E� �E 

W/�WN/QX/S\�Q QX 
S S� 

�� 
� gg WQ g\ QE\ 

�X 
� g\ 
X E\ E
 S

��!" I!h ��A ��,# �6�[ �� �6.�� K�L�( 9 /�QN

$%�� ���L �� �[ ���� �� .�0�� $�����-���J ��� ��

�6 ���Z�	� �B�="1�( aj	 b7�� �� .��2�*h I!h 1 9�;�

�;�6[ $�	� 1 B����� b7�� �� .��2�*h I!h 1 B�-���6 .

B�6�� 1 1 �-$T6 ���6 ��$46`�&6 ��7 �R� �� �� �
���6 .�7

�6 ���e�9�;� .��� B � .����
\\\ �0��T6 .�R� ���( )�2

)k��( )�� ?���A I��%(�E���-$T6 `�&6 )�2S)�2

 �B�6�� 1
�Q �B����� )�2W1 B�-���6 )�2QW
 �� ��� )�2

�6 q���" 97 �� 97 .1� �� 9�;�
S\X �6 )�2��% .q���"

 `�&6 1� �7 � ��46 1<1$h �� �-$T6 1 �;�6�� 1 .�7W1E

I	� �$% ���1[.

<1$hWu� ��46 1 3�����" �-$T6 `�&6)�*�6 �7 �� )�2
\\\ `�&6 )�2(

B�0�� �6 B7[ .1� ';,;6 9�	��( )��;*	 $  9 '�;6 9�:*� �Z:� 

�E\\\ �E\ �X\\ gQ\ XX\ 
\\\\\ 
W\ W\\\\ 
SQ\\\ X\\\\ 

� �D-[ �� .1�J ��A �0��T6 .�R� ���( ��QS\ )�2

 �3��$�7����
SQ �="1�( )�2 1 B�\���L )�2 �� �I	�

I%�� 9�7��A � ��46 B � ���� ���e�:

:3��$�7����  QS\+\ = )�2QS\ 

:���L  �\+QW
 = )�2QQ
  

:B�="1�(  
SQ+
�Q = )�2W\\  

� .��� ��( 9 /� 3�����" �-�1 $��� ���1[ I	�

B�="1�( ���6 �� �K�L��2�
S\X ��R� )�2 i1�J W\\ )�2

 �� �( $%�� B�="1�(
\\ ��R� )�2Q/
SB�="1�( )�2

 .��� � ��46 B � q�"�" B��7 �� 1 I%�� 9�7��A

 3��$�7����W/WW���L .��� 1W/W���� $7��A ..��� <�J

�����:-�� ���1[ I	� .�� ���L �-�1 $��� �`� ./�-�

 �$+ ��N�$+ �� �� B�="1�( 1 3��$�7���� �-�1 $��� 1

E�6 K�e� .�0�� 1 9�;� �I	� 97 �� �� )�$� �7 �� �$6[

 ��$46 �� �� `� .�0�� 1 ���� ^�hN/ENE .��� .�0�� �*��


\\ � �R� )�2ENEN �R� �*�� C  .��� I	����6 I	� -

9 �1[ .

W/WW:3��$�7���� × E = i�0���*��E/
WW  

W/W�:���L  × N = i�0���*��W/�N
  

i�0���*��S\=E×Q/
S:B�="1�(  

�h�" �� ���� 3��	�56 �� �� �2�N/ENE �.�0���*��

 ��$46W/�N
 $%�� ���L �� .�0���*����7 ��
\\ �*��

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

25
 ]

 

                             5 / 15

https://ijem.sbmu.ac.ir/article-1-2039-fa.html


�������	
�,���
������� � ��������� ���� ���	 
��� 
�� ���������� 
���� 
E\

.�0���X/QX�� �4" � QN���L �� ���� �� .�0�� $���

 �1$J B�="1�( .��� � ��46 B � q�"�" B � �� 1 ��� $7��A

Q/
E3��$�7���� .��� 1 $���Q/�S��� $7��A $���

)<1$hQ.(

<1$hEu�7 �� �;�6�� 1 `�&6� ��46 1 3�����"
\\\ `�&6 )�2 

B�6�� 1A
QX\\\\ B�� $J�1 �**�0� 

B�6�� 1D3W\\\\\ B�� $J�1 �**�0� 

B�6�� 1E
WQ\\ B�� $J�1 �**�0� 

B�6�� 1K3Q\\\ �*�6 )�2 
B�6�� 1B1�X\\ �*�6 )�2 
B�6�� 1B2X\\ �*�6 )�2 
B�6�� 1B3�
\\ �*�6 )�2 
B�6�� 1B5g
\\ �*�6 )�2 
B�6�� 1B6
E\\ �*�6 )�2 
B�6�� 1B9W\\ �*�6 )�2 
B�6�� 1B12Q�*�6 )�2 
B�6�� 1H2WX �*�6 )�2 

9�:*� 3�;��� �SQ\\\ �*�6 )�2 
��$�:�� ��-[ Q\\\ �*�6 )�2 

K�L�( 9 /� H1�% �� $T� ��Z7 1� ��6 ��,# �6�[ ��

h B�0�:-� aj	 �1$J �'��*2 �T��
 aj	 cZJ I!
\� 

��'�6 1 ��� ����  b �'�� � �( aj	 �� I�:- $���

HOMA-IR �� '�-QS/���XX/gb �'�� C  �� ��� �$�	�

S/��6 ��#- �� .�����$7���*+ B � 9�� '��*2 aj	 ��

;T6 ��'�6 �� ��A���� �����- b �'�� .��� .�� $T� ��Z7 C 

 s �'"STZ�aj	 b �'�� '��*2 aj	 1 b7�� B�0�:-�

 ��'�6 1 I�� HOMA-IR ��
N/X$�	�)��L ��;7 Y ��-

I	� �$#-(.

 �� �$% ���6[ .�R�$.�6� ��E��-�	 �h�� ���2

 �� b�� 3$6 �� $%�� ���� �2� 1 ��% .��$!,-W���A� ��6

��%�.�6� �� $ ���\u�"X\u��-�	 �h�� .��$!,- ���2

���2.WW 

<1$hQuK�L�( 9 /� 1 �0��T6 9 /� .�0�� $��� 1 �-�1 $��� 

3�����" �0��T6 9 /� �-�1 $��� $����0��T6 9 /� .�0�� K�L�( 9 /� �-�1 $��� K�L�( 9 /� .�0�� $��� 

3��$�7���� QS 
/S�W/WWQ/�S

���L �g/QW/W�X/QX

B�="1�( Q/
S
/��Q/
SQ/
E

1 B�6�� 1 `�&6

�-$T6 

N/EuS/Qu

���� g/guN/Wu

I��
� 
� u
/Su

^�h 
\\ 
\\ 
\\ 
\\ 

�1�STZ �40� ��i$6���� � <

d*��6 .�7�1�STZ �40� ��i���� � <$6HFD-STZ 

����2 ���� �T0�j6 ���6 .�7�1� �� I	� �$% _�#6 1 $-�

 U��)�� ��#��gQ�*�6�$� ��1 )�2�*�� �7 .��� �� )�2 (1

w	��6)QQuE\�*�6�$� ��1 )�2�*�� �7 .��� �� )�2 (

�40� r+��iH�- I�� �
�6$-�%.g.�7�1� �� �j��� ��

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
25

-1
2-

25
 ]

 

                             6 / 15

https://ijem.sbmu.ac.ir/article-1-2039-fa.html



E
 �� �	� �� ����� !�" �# �$%&��'&(#�(%��� ���� ) � ��
 *&+ ,����-. /&� �� 0 � 12�3 ��&% �4���5
�

B� �( STZ )�� ����WQ�*�6 ��1 )�2�*�� �7 .��� �� )�2

�$�(����� ��h1 �n��;�6 3�T0�j6.�*+���Z�	� 9�� .

�1� �� B�4456
Q�*�6 �$� ��1 )�2�*�� �7 .��� �� )�2

�40� �K�L�( 9 /� �� 3�-���J �� ��A $;� b �'�� .���i�[

1 ���� ���- �-U�
 ��6� � 1��� 3�����" �	��� .��� ��J

��6�� �$;;� ���T6 I�� �I:�-.WN�T0�j6 �� 1 z-�� .

-���&�7�bs �'" STZ ��.�7�1�WQ�W\��Q 1EQ�*�6 )�2

 �� $T� �$� ��1 )�2�*�� �7 .��� ��E�( 9 /� �� � R�" ��Z7

K�L��40� r+�� q�"�" ��i�� I�� �
\�WQ�E\1
\\ 

M�6 $���� ��5� .�7�.U�� .��%�- '��*2 ��
E\ 

�*�6 �*�6 $� �� )�2 $% ���0.
N B � �� ���3�T0�j6 �~�� ��

 .�7�1�WQuW\�*�6 �$� ��1 )�2�*�� �7 .��� �� )�2

���� ���Z�	�$-���T0�j6 �6� 1 ��m;6 w	�" �� .�

 )�D-� b-���&�7$%�1� ��J �� ��� ��#-W\�*�6 �� )�2

 �$� ��1 )�2�*�� �7 i����[��28 1 H�- I�� � .�7
��

�6 ��#- b7�� ���A $;� $ $% b �'�� �� �D;6 1 $7�

-��6 �$� ��1 1 B�0�:��%��1� �� �� �0�J ���Q

�*�6 �$� ��1 )�2�*�� �7 i��� �� )�2 b �'�� 1 $;�

���- $ $% ��A B�0�:-� <1��:*� b �'�� 1 ���L r+�� 1

�28 1 ���7 �� $% ��A H�- I�� � .�7�<$6 � �	 �� �7

�6$%��.E\ �1� B ��!� K���-� .���STZ �28 1 �� .�7

 H�- I�� ��$%�� ��%�� ���$ �� 1 3�-���J �;h �B	 ���1

6� s �'" ��STZ I��2 ��- �� ��FM�6 �� ��L .�7

 �<� ����	� .���(�([ $e I�0�T� I*+ �� ���6 � ��5�

 �� .���� I�	�:JSTZ $-���.E
 97B�;L�9DJ b �'��

<�*	�6 �$�( �6��� ��1 1 B	 b �'�� �� ��� .�7 �� 1 $;�

 �1��
\ �6 �Z� I0�J C  �� �2$-�$	�.E� ��+ <�


<�*	 �1$J � ��5� M�6 �� ��� .�7QX�1�I	� 1

�A�L��:7[ �0�*	 .�1$J �� .�N/
E$-��� I+�	.9DJ

<�*	�� ��� .�7 ��*� �" $0�" ��6�
Qu
��6 ��2�'� ����� -

�1$J 1 ��%N\<�*	 $���� ��5� M�6 .��� .�7�
\

I	� �$% `�&#" $0�" �� $T� ��Z7.EW �1� �" k��&-�( ��1

�Q �2$-��M�6 B��I:�- 31�Z�6 ���6 1 �- � ��5� .�7�

9#L ��
 �� �[ ��1 �- �;h �� �1�6 �� �6� b �'�� .��2

�6$�� ��0�J �� ��6��7 I�*� ��<�*	 $��� 1 �7 .�7

��- .����" �2$-� <�
 �� �;h 1� B�� � �'h$;�.E� 

97 B�;L�s �'"STZ I+�	 ��
g� I�:- I+�	 �Xa��

I	� �"�p�6.EE �� 1 <$6 B � �� ����2 3��� 3�T0�j6 s�


 <1$h �� �h�"g�1� �WQuW\�*�6 )�2�*�� �7 .��� �� )�2

�$� ��1 �6$%�� ��	�;6 �1� $-��".

s �'" M1�STZ �� <��T6 ��
 �� ���Z� `A�� s �


 .$ �1 `A�� 1I	�.E
 v�40� I�� � �� I	� �$% _�#6

 s �'" s �
 �� �$%STZ .$ �1 `A�� 3��� ��

.��2$-�6 .��#������ ���&" `��� 1I	�.EQ`A�� s �'" �6�

 I�	 .$ �1I	� ���� 3��!6 �� ���- 1.E


���� � <$6 �� �R� I�� �� 1 �$� ��1 3�����"HFD-
STZ 

��%R2 3�T0�j6�3�����" ���6 �� �� �n��;�6 Y ��-

 ���� � <$6 �� �$� ��1HFD-STZ���� ��#-$-� .�6�

�[ �� .���:� 9 /� H1�% <��-� �� �$� ��1 b �'�� �� �7

 s �'" �� �( �[ b7�� 1 K�L�(STZ ��- ��Z"�

$-���.g,��,WN ��	���; �	ib-���&�7 19 /� �� $-��� ��#-

�6 �$� ��1 b �'�� r+�� �$��� �� � �!;" �� K�L�(��%�

�01 s �'"STZ 9#L ��
 ���6 b7�� �� �[ .��2$7�F�6�

 B� �( .�7�1�STZ ��- �$� ��1 b7�� r+�� �� �$-�%

J �$� ��1 �� .��
 1 K�L�( 9 /� �� ���� � 3�-���STZ 

�1�2 �� �"U�� ��;|�7$7�% ���.gz-�1ii �� b-���&�7 1

�T0�j6��A .��;T6 31�Z" 9 /� �� 3�-���J ��1 �� �� .���

 s �'" �01 $-��&- �$7�#6 K�L�( 1 �0��T6 � �R�STZ ��

��'�6W\�*�6 $J �" ��$� ��1 )�2�*�� �7 .��� �� )�2

��� b7�� �� �$� ��1 .�� � .�T0�j6 B � ����/ ���� .�7

M�6 �� B��&-�t �[ 1 B��t0 b �'�� ���� � � ��5� .�7

97 �,-��� �� ��� ����  ���L IA�	 1 $�0�" B�� �-�6�FI	� 

3�-���J �$� ��1 ����- 31�Z�6 `�0� �0{:6 B��7 $ �% ��

$%�� �T0�j6 B �.E

;" B ����� ��h1 '�- �R� I�� �� �� ���.�A��

 ���� � 3�-���J �� �� K�L�( .�R� I�� �� b �'�� 3�T0�j6

���� ��#-$-�
N,Eg �R� I�� �� b7�� ��h1 �� '�- �A�� �� 1

s �'" �� $T� �1� $;LSTZ B�� �R� �,�Z7 I�� �� B�,-��6 �

�1�2 �7���- 31�Z�6.�\ <1$hg��mA3�� ���� � <$6 B �

�6 ��#- ��$7�.

i- Srinivasan 
ii -Wang 
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�������	
�,���
������� � ��������� ���� ���	 
��� 
�� ���������� 
���� 
E�

<1$hgu���� � <$6 �� �$% )�D-� 3�T0�j6 3����mA*HFD-STZ �- � ��5� M�6 �� 

����J ��8- �$� ��1

))�2(

3�����"

��1 

9 /� 3$6

K�L�()��Z7(

K�L�( 9 /� 3$6

�� `�� STZ 

)��Z7(

���L $���

� �R� 9 /� 

��'�6STZ  )�*�6 )�2

�� .��� �� ��1 )�2�*

�$�(

��A '��*2)�*�6 �� )�2

�*�6 $� ���0(

.��2 ���$-� ��6�

��A '��*2)�� $T�

s �'"STZ(

^�;6 

���t	�

�01�� 


X\u
g\ ↑W�QX QQ �EQ�WQ��
*W\\S�1� g

���: 1 
N\u
S\ ↑�E gg\ WQ S/SQ±
/WNX 
1g��Z7 
\ 

���t	�

�01�� 


\±
Ng ↔W�gS�\�W\ *

W\\

NREg

���: 1 �±�\\ ↑N�EQWQ)�	 ��Z7:E/
Xg 

9!- ��Z7 :WWE 

��Z7W1N�\

���: 1 �\±�Q\ ↑XXNR W\�Q\ �\\>���Z7 �
 

���: 1 
Q±�W\ ↔WWg\WQW\\>W�1� SS

���t	�

�01�� 

W\\u�Q\ NR E�QX WQ 

��\>

���Z7 S� 

���: 1 �Q\u�\\ ↔EE��EQ�WQ�W\��QE/
E\X��Z7 
N

���t	�

�01�� 

�Q\u�\\ NRE�/��W
WQ�\\>W�1� XE

���: 1 �\\u
Q\ ↓��QX WQ �\\W1��gQ 

���: 1 �\\u
X\ NR ��E\ E\ 
E\>g�1� gN 

���t	�

�01�� 

��\u�\\ ↓��E� E\ 
E\>W�1� SE 

���t	�

�01�� 


\±��\ NR gg�\ WQ X/
NNE��Z7 SW 

���t	�

�01�� 

�Q\u��\ NR XXQX �Q X/
NN NR�W 

���t	�

�01�� 

�\\u
SQ ↓QQg\ WQ�QQ 

#

*

�Q\>


�"���Z7

���6 �� 

�� 

���t	�

�01�� 

��\u�\\ NR NXX/QN�Q X/
NNS�1� SN 

���t	�

�01�� 

�\±�Q\ ↑XXW\ 
Q 

#

��� $T� �1� 

��� $T� ��6 

�1 �1����6 WN 

���: 1 
\±
N\ NR ��E\ WQ �\\S�1� �N 

���: 1 �\±
Q\ NR ��QX WQ W\\u�Q\
\ �1� W
 

���t	�

�01�� 

�\\u
X\ ↑XXg\ �Q �/WXQ 
��6 gg 

���: 1 
\±
X\ ↑W��Q E\ �Q\>Q�1� �S 

���t	�

�01�� 

��\u
X\ NR SgW\ 
�gS�1� gS 

���t	�

�01�� 

�Q\u�\\ ↓��E\ E\ 
E\>$T� 1 `�� �E 

���: 1 �\\u
g\ NR ��E\ E\ 
E\>g�1� XQ 

���t	�

�01�� 


X\u
Q\ ↑
� 
� X/QXW\�WQ W\\W�1� �g 

���: 1 S±�g\ ↓W�g\ 
Q��\ 

�Q�W\ 

*

g/�Eg �g/W\N ��/W\E �

X/EQ
 

S�1� E\ 

HFD-STZ* :�B�	1���(��	� P K�L�( 9 /�↓)b7��(�↑)b �'�(�↔)�;T6 )$+ 1�2 �� .���<��;� �(�NR)�$#- M��'2(�) *��%�- ���(3�T0�j6 �6��" �� �STZ �$% s �'" ���Z� `A�� 3��� ��

 I6@+ �� �,6 #$%�� �$% _�#6.

���� � <$6 �� B�0�:-� �� I61�46HFD-STZ
�'��*2 ���	�=6�7 <��;� �� B�0�:-�IA�	 ���A� 1.

�B�="1�( 1 ���L 1���� b4- <�*	 ' ��" 1 $%�.ES,EX 

s �
 �� �;�0�:-� <�;,�	W�6 <�4�-� �*�� ��:6$�� :

��:6 Akt/protein kinase B )PKB(.���:� <�=:6 ��

I	� �$� ��	 1 IA�	 .�7$; ��� �����:6"1�(��;�� B�= 

�/���6 �� �$% <�T�i)MAPK(�/ �A�� ���� 9��;" �� �� -

i -Mitogen-activated protein kinase 
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EW �� �	� �� ����� !�" �# �$%&��'&(#�(%��� ���� ) � ��
 *&+ ,����-. /&� �� 0 � 12�3 ��&% �4���5
�

��t�0�Z:� ��:6 1 ���� b4- ' ��" 1 $%� �� �7 iCγ

)PLCγ(.EN 

�$-��2 �� B�0�:-� �� �6�,;7�6 `m�6 M���%���

s �
���	@ �Z:� �$-��2 .���:��	 .B�0�:-�u�ii)IRS-

�ii)IRS-1(qh�6 ` $�"�Z:� �$% <�T�<�� ��; �.�" -

��;��iii)PI3K(�61 ��%PI3K�`��#" ��6��( � �-�p �t�0 .$

` $�"�Z:�<�� ��; �.�"3�Z:�iv)PIP3(�6 '�0�"�� ��1 $;� 

�t	 PIP3�6�$% <�T� �� �D;Akt/PKB �6��%.Q\�(

 �.��	 <�T� ��Akt/PKB �;T  ��A .���:��	AS160v

�$% <�T� 1 �[ �$% <�T���� r+�� 1 ���� �* �Z:� ��

Rab-GTPase �6���%AS160 ��* �Z:� ��� `&% ��

Rab-GTPase <�4�-� �� 1 ��%�� �,- <�T� ��� `&% �� ��

`��- '��*2 uEvi)GLUT-4(<�*	 .�#� �� �*n+ .�7

�6 .��2�*h ��*&	�$;��Q
 ��!6 �6�AS160 w	�"

Akt/PKB <�4�-� r+�� �GLUT-4 '��*2 �1�1 1 v�#� ��

�6 <�*	 ����%.Q�,QW 

Akt/PKB 97�0�*	 `A�� aj	 b7�� �� B�;L

cAMP �� ���L 9:�0����6 ���!6 �6$;�QE 1�*n+ ��

��*&	� �����	@ ��Z:� 1<�T� ��� �������;	 �/�&�*2 

��;��Wvii)GSK3(�IA�	 6 I �4" �� �/�&�*2�;�PPPPP$.

�*J�6 �� I	� �� '-[ ����;	 �/�&�*2 .�-� �(IA�	 

�6 '�0�"�� �� �/�&�*2 �*�� .���:��	 1 $;�GSK3 

I	�.QQ �'��*2 .��	 ���A� I �4" �� �1@+Akt/PKB ��

��:7 .�4� �� �D;6 .���(�([ b�( `6��+ ��!6 �� <�*	 .

�6 <�*	��%.

z;�0�;,�	 ��:6 ��MAPK �IRS �$% <�T� r+��

�$-��2 �� �$-�% $-�� B�="1�( $%� ������ .u��;T 

)GRB2(viii �6�� ��% C �� �� I	� .���(��[ B�="1�(

���h �������$;;� �hB�-��2 .�;T  $�"�=*��-ix)SOS(��

I	� f��"�� .SOS .� B ��-��2 ` $�" ���� '�0�"�� ��

3�Z:�xB ��-��2 ��.�"3�Z:�xi �$% <�T� r+��xiiRas 

i -Phospholipase Cγ
ii -Insulin receptor substrates-1 
iii -Phosphatidylinositol-3 kinase 
iv -Phosphatidylinositol trisphosphate 
v -Akt substrate of 160 kDa 
vi-Glucose transporter, type 4 
vii-Glycogen synthase kinase 3 
viii -Growth factor receptor-bound protein 2   
ix-Son-of sevenless 
x-Guanosine 2 phosphate 
xi-Guanosine 3 phosphate 
xii -Rat sarcoma 

�6���- �� '�- �[ 1 ��% ��A .xiiiRaf .��;�� I�0�T� �� ��

������6 <�T�$;�FRaf <�T� ��;�� �$% �* �Z:� r+��

�$;;� .MAPK �;T xivMEK �6* �Z:� �� �� ��%PPP �

����MAPK�6 <�T� �� �[ �$;�FMAPK �� �* �Z:�

.����� ��:- .�7������ .1� �p� �� ��:7��1�� r+��

�6 B�0�:-� C�-/���6 3��p���%.Qg

PLCγ���*�	1 iB�="1�(G<�T��6��% �� �D;6 1

� ��; � $�0�"PPPP<�.�"Z:�PPP3�xv)IP3(.� 1�	[PPPPPP`-

<1�:�*2xvi)DAG(�6��% .aj	 b �'��IP3 1DAG ��

`�+ � �-�p ��6��( ���;+ �� 9	@(���	�6$;� b �'�� �� 1

B�="1�( �$% <�T� �� �D;6 �0�*	 `A�� 9�:*� aj	

��;��xviiC)PKC(�6��%.QS PKC `��$J
�' ���6 )��1' �

 �� 1 ���� ' ���6W8 1 �� �1�2� ��21 �&���0�"�� .�7

�6 9�:4" 31�Z�6 ����;"$-�%.QX 

PKC I	� B&�6Ras ��:6 1Raf- MEK -MAPK 

<�T� ��$;�QN � 1Raf �� `4�:6 ��
 �� ��Ras <�T�

$;�.g\,g
 z;�0�;,�	 ��:6 `&% �� B�0�:-�
�$% ��@A

I	�.

���$-� �� �[ � �-��" �  B�0�:-� aj	 �� �-�6� $%��- .�

<�*	 �� �� �T��
 �;�0�:-� y	�( $-���� �" ����L I��� .�7

$;� ��D � .$�� 1 �-@n+�Z"� B�0�:-� �� I61�46�6 �� -

$���.g� 9:�-�&6 �L �2� �� B�0�:-� �� I61�46 �� `�A� .�7

I:�- _�#6 `6�� ��
�9 /� �� I	� �$% )�*T6 �6�

�A�� �$% ��%��-� �� �D;6 K�L�( 1 $�6��	 ���- �7$�t�0

.�`�	[I�	��6 �� <1�:�*2 ��:6 1 �$% �7IRS-1/ 

PI3-K/AKT ��!6 �� ���� <�4�-� <@�A� r+�� 1GLUT4 

<�*	 .�#� ���6��% 3@n+ w	�" '��*2 I%���� 1

b7�� �� ��*&	��6$7�.gW,gE 

�, � �0���J� 9:�-�&6��A�L �� <@�A�'��*2 .u

K�L$�	�I	� .����  b �'�� aj	.�" .`�0� �� $ �:�*2

���	�$�:�� 1 ���� k��	� �� ����L l�m6 .�7$�	�

�6 b �'�� �� K�L$7�F�-@n+ 1 .$�� I%���� B ����;�

�j	�1 �� '��*2 .cZJ I!h �$� 1 ����  b7�� B�0�:-�

��1$56 �� '��*2 aj	 b �'�� �� B�0�:-� a%�" ��T��
 .

xiii -Rat fibrosarcoma 
xiv - Mitogen-activated/extracellular signal–regulated kinase 
xv-Inositol 3-triphosphate  
xvi-Diacylglycerol 
xvii-Protein kinase C 
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�������	
�,���
������� � ��������� ���� ���	 
��� 
�� ���������� 
���� 
EE

�6$7�F1� B � ���B� �( .�7�1� ��JSTZ �6��&*�+ $-��"

<�*	$;� `��6 �� ��� .�7.X

� �	 3�����"I��� ���� � <$6 �� �7HFD-STZ 

�40�i� I�� � ��j	�1 1 K�L�( 9 /� .STZ �6$-��"

I��� .1����R,� �p� '�- �, � .�7 .<�~6 .����r+�� ��*� ��

���1 b �'����,gQ I6��e 1 <� 8-�'6 �& �"�6 b �'��

�#� B�0��7 ��1�*&	��01�6�*2 ��01�6�*2 � �( .

�6 �01�6�*2 ��1�"�t �7 1 �1�*&	�1�"�[��%.
\ 

`&%
u1 B�0�:-� z;�0�;,�	 ��:6�[ �� K�L �( 9 /� �p�.

Akt/PKB, Akt/protein kinase B; ERK, Extracellular signal-regulated kinase; GRB2, Growth factor 
receptor-bound protein 2; HFD, high fat diet; IRS-1/2, Insulin receptor substrates-1/2; JNK, c-Jun N-terminal 
kinase; JNKK, c-Jun N-terminal kinase kinase; MEK, Mitogen-activated/extracellular signal–regulated 
kinase; MEKK-1, Mitogen-activated/extracellular signal–regulated kinase kinase 1; PLC , Phospholipase 
Cγ; PKC, Protein kinase C; PI3K, Phosphatidylinositol-3 kinase. 

 

�� � '�6 �.��#�� q�	[ ���� � 3�-���J ���&: � <��-�

�6 ��#- ��<�*	 ��'�6 1 $;7� ��t	�� �� .�7W�� <�T�

��t�7��[ �6 �6 b7�� ��A�;% ��&*�+ 1 b �'�� �7$�� .gg 

�$-��2 �$% 9��e 1 )�� �9#L ��&�% ���71 .��- .

<�*	 � U<�*	 � U 1 ��j�1� .�7�-�� )��*��(� .�7 �� ���

M�6�6 �$7�#6 ���� � .�7��%.gS 

� ��q*�3�1��( 9 '-[ I�0�T� 1 ��*� �/�&�*2 ��'�6

 b �'�� ��-/1�$�7��6�$��  �1$� q*� �e��4-� ��&*�+ �01

�6 ���� ����"$-�6.E\ 

�2� 1 C�"1�*&	�1�"[ 3�T �e ��D � r+�� 3���[ �� -

����:2 .�7�6 ���L .��% .^�D" 1 ����" ���@( ��&*�+

�6 b �'�� �1�+ �� �� ���0 `�&#" ���@($7�.
\ 

�$% ��1 1 ���$-� b �'�� �� �D;6 $�� ��gX ��'�6 1

9 '-[7PPPP3�"��t	[ .� Z:-��"�;�6[PPPPP�-U[ ����PPPPP B

����Z:-��"�;�6[�E '��*2 1 �@ �Z:� �/�&�*2 I�0�T�gu

b �'�� ��"�Z:� �6�$�� Q�/�&�*2 ��'�6 �01gN,S\ I�0�T� 1

9 '-[���;�����*2 .�7Q,S\ -/1�$�7� 3�;�:��	PPPP 1 ��

���;	 �/�&�*2g�6 b7��$��  .97B�;L��0�,L b �'��

Insulin 

Insulin receptor 

IRS-1/2

Ras 

Raf MEKK-1 

JNKK 

JNK 

MEK 

ERK 

PLC

PKC 

HFD

Glucose uptake

GLUT4 translocation

Akt/PKB 

PI3K   GRB2 
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EQ �� �	� �� ����� !�" �# �$%&��'&(#�(%��� ���� ) � ��
 *&+ ,����-. /&� �� 0 � 12�3 ��&% �4���5
�

.�$;����6 ��-1��&0��1�&- 1 )���6 .�7 <�*	 �� .$�� .�7

�6 �$7�#6 ���L IA�	 b �'�� I*+��% .K�L .�7$�	�

 1 ���[ K�L .�7$�	� b �'�� �� �D;6 1 ���� )�D7 $�� ��

.�"�$% C �5" ���	�$�:�� ��� 1 �$% $ �:�*2�'�0�&�*2

�6 ��!6 ��#�� ��$;�.S
 9 '-[ I�0�T� ��1@+ �� ��-[ .�7

�:�� ���"�"�*2 1 ��"��: �$�:���(�	 ��U�"�� $;-�6 �-�$

q�	[ �� �D;6 1 ����  b7�� ����1�� �� ��"�$�:�� .�7

I����6 �7��%.gN,S�,SW 

97 ��1� �/1���- ���A B�;�"[�� �B�;L .���AgN,SE 
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Abstract 
Introduction: Diabetes, one of the most common chronic diseases worldwide, has many 

complications and current treatments impose a high cost on health system necessitating that 
newer treatments be investigated. Type 2 diabetes mellitus is the most common form of diabetes, 
characterized by insulin resistance and dysfunction of pancreatic beta cells. Considering the 
restrictions of human studies, animal models of diabetes are appropriate tools for researches. 
Rodents are the first choice for inducing diabetes mellitus due to their short generation time and 
economic considerations. There are several animal models of type 2 diabetes, of which, those with 
both beta cell impairment and insulin resistance are preferable. In the high fat diet-streptozotocin 
model, as a model of type 2 diabetes, high fat diet induces insulin resistance and streptozotocin 
causes partial beta cell destruction. The high fat diet-streptozotocin model is a cost-effective and 
appropriate model for studying type 2 diabetes. In conclusion high fat diet-streptozotocin model 
has metabolic characteristics similar to those of human type 2 diabetes and can be used for 
investigating the effects of more recent antidiabetic medications available for the condition.  
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