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��(	+B �� L�$
  ���� JNK ��  L�7��  '��B  
,�����Q 
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���� 0����# ������ �� '���B� � L �   g���� ���$� �� 
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  �B�� 0 �Q  '�B���( �!��   '��B12� 24 �48 �72 

  120  N��	� �� �$�LPS .�����    ����P( �B��� 0 �Q

µl/kg 200 0 ����Q   ��,�����  ������P( ����Y�� '����B  

µg/kg 300  ��LPS  �� ��µl 200   ��
���� ��,�� ��

�!�� �� .A�   ����#     g��M�� ���F�( "�� ��P( '�B
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 �M��3-Caspase:  
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 �M���� ����#3-Caspase ����^P( _� �
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L  ��   ���71 D� '�B96  "����  
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 ���P(µl 25  L�7>( ��B  L  �� D�� �B "� ��    "
��X� ��B


��(   R����#  }���( L���& �� _\��I �����P( �!���� "���  

nm 540  �� 
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�
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� '3 -Caspase 
( .����  

~- ��(��  .#��� 5��� '���
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)13(  

"$��5 6����5  

0��� g�+�  ��Y���( 5G�? �B3  �RB �� 5P��( ���4� ���

 ��� �B3  g�+� .����B ����(�� ���"�
�� �B   ����G "�

Mean ± SEM .�����  	�,��� .���� �%V  �� �B��(�� 

ANOVA )Analysis of variance ( .���� g���M�� 

001/0 < P �$( ���$(
   � ��Z� ����� ���    ��F� �� ��B

�� "�
�Q.    

  

���
	 	
  

1- LPS  8)�60� 9���$�:�� ����;   � "��*
/�/5

 8#�3����; :< %� "��
/�/5 ��+.  

  ����(�� ���� ���     �����1�1� ��� � 
����� ����F�( "��
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 ��� �^�5(��! � `���� 0���   5��,� ��� "� ���� "#

L�7� ���� "# ���� @+#�A�B '�B�    '���� �� '�������

"$,�^( ��� �� "# ����� 0��� U���� ���1�1� �� "7��P(� 

��� ��I  a�X�( ��� �M�� '��� 
,�M(��.  ��S

"7G�
 ��  �!��� ��� '   '��B12   24    
�CM�� 	���

��
�Y� ���G  ��& "� N�6� �C� �=C(   ���� "�#

  �����1�1� �� ���	�
� ��  �!���� �� n�6� 24  0��� `�

��� �� ��� 5%6 "# ��� 0�� a �� �� ��  54�)1.(  

  

  

  

  

 

 

 

 

 

��� 1 ����� �
�� ����� � !"  .LPS )Lipopolysaccharide
%�&'�'( �� �) � !��*� !+ ( . (-. �!&/
 0��&�  �12 ��.��( 
 �3+

 �� �)Bax )associated X protein -2 -Bcl(  
2-Bcl )2 -B-cell lymphoma(�!&/
 0��&� (6 7  ���) �12 ��.��( 
 �3+  

3-Caspase�� ��9� ��� :�  . �;'�<�. ����� =2 �>�  
%�&'�'( �� �) ?@/ A� �B  CD�� ����2�/Bax 
 3-Caspase + 
 ��E =

 
%�&'�'( �F ���) ?@/ A>�2 7�+�G&�2-Bcl ��  � �G� .���µg 60 �!&/
 �� :�J�
!' %   

� !+ �3+SDS-PAGE   

)Sodium dodecyl sulphate-polyacrylamide gel electrophoresis�&�( !�"K� LM� 
 ��  �D (  
��+  �F 
�>Bax 72-Bcl 7

3-Caspase  
β-actin LB!N � !�.  
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�?+ 2&$�' .% �>�6� ��A0�� 3-Caspase� .() �
�C) �:)D �
�C) ��' EF' >�
&� �� �G��" �() ���; ��
/�/5" �% � .:H+�'() �
�C)  �'

3 ��  ��I
&��� ��A0 8�H&�� 3-Caspase J�  �K
&� $��6) $$:)  :�5 �&� L'  .:��  

001/0 < P*** HA� E��I
%   ��! L' �PQ� $��:#�+  

  

2-   �*���A0 8�H&3-Caspase    >5 �*�3 R*&�



 �$ EF' >�
&� C)�
�S%� :�) :H3.  

   ����( �� ���C�� ����+&� <�# ��F�( "� o�& ��� ��

 ��,�$
3-Caspase    �M��� ���# �� ���1�1� � ��  

 ��,�$
3-Caspase � y���� "# �� 0��Z��� RB " ���

0�(��  ��� '��� �3� ����  �� "��C( �� '�� �5(�! 


( ��C� '���1�1� �B�  54�)2(.  

3- >���5    ���*' L*A��T� ()� $�  :+ ����� "$�
0$

%� >�U� �$ LV0�� $� WF
=� :#�.  


���� ��F�( "� o�& ��� ��   ��V�LPS  "�F
�? ' �� 

 �� ��(��.�� 0��Z��� .#�� 5��� '���
�  ��� ���(��

�b��     "�F
�? �� ����#�� ��� ��V� ���� ��C� ��F�( "�

   y�����   ���%� �F� �( 
G�� 
��(� �� �   �� g�M��

�0�(� ��� "�  "# ��� ��C� ��I  ����� �!�� �� "# 

12 
��+� 0����� "��F
�? �� L3�����  �� ������?   �����


+� ���  D���� D6��� "� �� � D6��� ��� ��(� �   ����

 �!�� �� �(�24  2�Z��
(  ���
�     D�6��� "�� �����?  


( ���  D����  ���.     
�+� ���$&�6 ��� ���������   �����

 �!�� �� D���� D6��� "� ����? � �  g�! "# �ZQ

12 "F
�? "# ��� 5�,� ��� "�     
����� "�� �����? '


( ��# ��#� �� �4+( "47�    "�# ����� 5��,� ��� "� �

    5���+� g��! � ��� O!�� ����? �� 0�� ��M�� _�b�,�

     v$�X 5��,� "� D���� D6��� "� � �  '��� ����?


�      �!��� �� v$�X ����   ����� 
,�?24   ���� ��


(  � ��B ����?    �� �� ��Sx ��� ��(�  ��   "�� ����b�


( ���  D���� D6��� .���  �!�� ��48 "M��� 	��  '�

 "��C( �!�� ��24   D����� D6��� "� ����?   ��� `�

�� ���   54�)3.(  
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  ��B�. 

��(�� ,�$
 �M���� 3-Caspase # �� 0��Z��� ���� 
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 �?+3 . �� �G�� C)�
�>���5 .X3�' �
�+ "$�
0$ >�HY2# C)�
� ()� :+ L
I! J�' $� L3Z  :H#� >�U� 
 �' ��$� "S [)$�
 [\�
� L' >���� ��=

%�  �]� L3 :+�'LPS )Lipopolysaccharide ( %���^ 8)���5 $� LV0�� $� WF
=� ���' $� �$ :+ %� >�U� .:#�  ��$ $� E������

_���5Z Z[)$�
 [\�
� L' ��$� �:; $� �$ %�'�U� C)�
� (���� �0�)$� W�P�� L'  .:���� >�U� `�+  

001/0 < P*** %HA� E��I
   ��! L' �PQ� $��:#�+ 

  

  ��CQ��   0�� � ��1 '��+�� D� �+��	,� '��+��

  "F
�? 
Y��B� "� "# ��� ��\1�� ���b(  '�4
 '�B


��( ������� ��   ������   g���M�� 
�������� 
���? g�M������

0��� ��,�$
 ���� 	�� �� �B  
�( ��
 ��  .����Q  R�b(   �����

"9=C( '��+�� ��� '�   ���� �����7�(� ��q� �1 
Y���%�� 

)Aβ  ��Amyloid-betaL�7� �� (   	�)( �� 
%9! '�B

 ��q� ���1 n��+M�  Tau � ����� ��  ���B����� ����� �� .

'��+���  .1����� �� ��!3&� L�P���     L3���� ���S� ��B


( .1���� ���$�   ��� 
( L� � "�  � �B  .� �  ����1�1�

 �� 
,�7� i�( �� 
!�� "    5�?��( �� '���4� ����G

 L�7� �� i�( "� �M�( "# ��� L�7� D� �� 
,�47(


(    �� ���� ��B� '��� ��� 
$�%& t � D� ��� .���

L�7� .��� 
$�%& ��] �� '� �X ��] '�B  

��q� ���1 0�������� '���B ' 2-Bcl "��7?�(  �� �� '�

0�� ���Z? ���(  ' 
�( R�F�� ���1�1�   .����#2-Bcl 

  ����1�1� ���b( N��& �� "# ��� 
�E�4�� �b�� �  0 3�!


,�7� ���4� R�P��( ���	
� ��� 
( 5+! .��#   �%���

2-Bax/Bcl  '�B�+���(�B 5�4C� y����  Bax-Bax 

 
��( D����>� �� �����1�1� "�# �#��� '���B�+�� ��B ���� �  

2-Bax/Bcl  
�( ��b( �� 	�1�1� "# �# ����    D�� O�!��

   
��( 
,�7��� 5����� 
��+�F�� R������4( ����� �� .�

'��+�� ��E� ��� '�B�����  ���� ���	
�Bax   �B��# ��

 '���P�L�7���  ����� 0����+B )19(. �����1�1��  i���(

"��(���� 0���� '	���� ' ��� "��# ����� L�7��� ""7����  ' 

0������ '  '�B���1�1� 
���2-Bcl 
( R�F��   "�# ���

��q� �1 0������ '�B ' 2-Bcl  �� " "7���  '   ��q� ��1

Bax  
�( ��b(   "�M��� ��   ���� ' ���   �� 
��B\�Z�(

�C] '
( 54� '���#���(  ��� ���� <I�( "# ���Q

g �#���� C       
�( �B��A���# ���� L��$
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"(���� 
( ���G ���1�1� ���Q )20(.  
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�( 
�+�� R���� D��>� <%�  ���� )21(.   �� 
�4�

  y����� ����SLPS  	�)( ' ��    ���� L��$
JNK  ��

 ��� �� ������3��Z�
 N����& "L���9�� L���%�� β1-IL   

)beta 1-Interleukin (0����Q "�  
�( t�  ����� )22( .

      ���� L��$
 "�# ���� 0��� ���C� ��$,�^(JNK   ���

L�7� �� 
7�7>� �����)�   '��B   L���������� .4����#

)23@+#�A�B 	��   ( )24(  .��� 0��+BJNK  <I�(

 ��� L�$
5(�!  
���� �C-jun )25 
�( (    "�# ����

 �����b�� 
( ����� 8- Csspase   3-Caspase  "# ��

5(��!  K���� �� f%��( i�(     L��$
 ������B 
,�7�

��# )26.(  y����0�(� ��� "� "$,�^( ��  '  ��X�?  "��

  �^��� ���	��
� 
��9=C( ����&5��(��!  '�����1�1�  

3-Caspase   Bax    �^�� �B��# 	��   5�(�!   ��X

 '���1�1�2-Bcl 
( ��C� �� .�B� ���  �B5(��!  ���$�

0���#  .�����B 
,�7� i�( �� �P� ' ��    �=�C( "�S

����   �� "�# ��� ��� "   
6�Z�G � �� N���	� L��%�� 

LPS�  �^�5(��! L�7� �� '���1�1�   "��?�� '��B  '

 
�( ���	
� @+#�A�B  .�����   ������)� �����  �����  ��

�!��  ��1 '��+# �!�� �� '�$� '�B ��� ��   �����

 L�7�� ���� 
Q��(�        i��( � ��� ��� "�7��P( '���� ��B


,�7�� 
( ��C�� ���� �(� 
+� ��$&�6 ��    ��ZQ �����


( 
Q��(� ��� ���	
� "#   
,�7�� i�( � �� �� �����

.��# '��Q�7I  

    ���� �^�� ���	�
� ��� 5�(��!   �� '����1�1�

"$,�^(  ' �X�?   
�( "�# ���� '�? "�    ���F��� �����

    "��   ��B� `� 
$���  �^� �� 
,�7� i�( ����

"��$6�  ����� L���%���  .�����+� � ���� "��F
�? �� L3�����

 �� ���d+B�X�? �B ;1 � ��F�( "�x   �� y����� ���� "

  �^�� ���	
� '��� 0�(� ���3-Caspase�   ���(��

�M��   ���,�$
3-Caspase     �� ���# �� 0��Z���� ���

"M��� "# �� g�M�� � ' "( 0�(� ���W   ���� L��$
 ��

 ���5(�!  
�( '���1�1�  .�����  t��(    "�# 
���BLPS 

0��# �
���� ����       0 ��Q "�� �%��� '���+# ���(� ��

��� D6��� "� �B��D� � ���  .#�� 5����� "� .���� 

     �!��� 0 ��Q ��   �B��� 0 ��Q �� "# ���G12� 

��� D��6��� "��� � � D���  .#���� 5���������  �����G

�
+  ���Q��� ��   
( `� ��� 
7�� 
��(� �� "# �B� �

�(�   �!��� ��24  t��( � �       D����� D�6��� "�� ��B

n���  0��� `� �� ���
(    "���C� �� �� ����   � ��� '

.����� "F
�? �� L3���    �!��� �� L3���� ���48 

t�(   �� ��C��  
��(� �� �B    ����� "�� �%��� ��+#

0 �Q � ���  D���� D6��� "� �B�.��  

��������� "M���  '��Q
(   ����     ���( ���	�
� ��� "�#

�$� ��(�  N��	� ��LPS�    L�7�� �� '���C�� ����$�   '��B

"�?�� "# @+#�A�B ' ����� �P� "F
�? ���   i��( ��S�

 
,�7�
( ����
   ��
( L3��� ��S� "F
�? ��� ���Q.  

  

 � �����������  

   ����+? ���   ���b� 
(����� 0�YC��� �� "$,�^( ���

    �� "7���  ����� .���� "�
�Q g�M�� 0�YC��� ��� 
,�(

      '���4+B "�$,�^( ���� '���I� �� "�# '���
� 
(�+�


( 
�����6 �����+� ���Q. 

  

References 

1. Querfurth HW, LaFerla FM. Alzheimer's 
disease. N Engl J Med 2010; 362(4): 329-44. 

2. Mufson EJ, Counts SE, Perez SE, Ginsberg SD. 
Cholinergic system during the progression of 

Alzheimer's disease: therapeutic implications. 
Expert Rev Neurother 2008; 8(11): 1703-18. 

3. Coleman P, Federoff H, Kurlan R. A focus on 
the synapse for neuroprotection in Alzheimer 

Proo
f V

ers
ion

Archive of SID

www.SID.ir

www.SID.ir


 

  

  
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /285 ���  /!"# $%� 1393 9 

��� ����	 
��� 
���� 
������������ �� ���������  �!���"  ��������	 
����
� ����0*. 1 

disease and other dementias. Neurology 2004; 
63(7): 1155-62. 

4. Squire LR. Memory systems of the brain: a brief 
history and current perspective. Neurobiol 
Learn Mem 2004; 82(3): 171-7. 

5. Gold CA, Budson AE. Memory loss in 
Alzheimer's disease: implications for 
development of therapeutics. Expert Rev 
Neurother 2008; 8(12): 1879-91. 

6. Heneka MT, O'Banion MK. Inflammatory 
processes in Alzheimer's disease. J 
Neuroimmunol 2007; 184(1-2): 69-91. 

7. Khan AA, Iadarola M, Yang HY, Dionne RA. 
Expression of COX-1 and COX-2 in a clinical 
model of acute inflammation. J Pain 2007; 8(4): 
349-54. 

8. Elmore S. Apoptosis: a review of programmed 
cell death. Toxicol Pathol 2007; 35(4): 495-516. 

9. Roth KA. Caspases, apoptosis, and Alzheimer 
disease: causation, correlation, and confusion. J 
Neuropathol Exp Neurol 2001; 60(9): 829-38. 

10. Mazumder S, Plesca D, Almasan A. Caspase-3 
activation is a critical determinant of genotoxic 
stress-induced apoptosis. Methods Mol Biol 
2008; 414: 13-21. 

11. Breitner JC, Gau BA, Welsh KA, Plassman BL, 
McDonald WM, Helms MJ, et al. Inverse 
association of anti-inflammatory treatments and 
Alzheimer's disease: initial results of a co-twin 
control study. Neurology 1994; 44(2): 227-32. 

12. Barry CE, Nolan Y, Clarke RM, Lynch A, Lynch 
MA. Activation of c-Jun-N-terminal kinase is 
critical in mediating lipopolysaccharide-induced 
changes in the rat hippocampus. J Neurochem 
2005; 93(1): 221-31. 

13. Tanaka S, Ide M, Shibutani T, Ohtaki H, 
Numazawa S, Shioda S, et al. 
Lipopolysaccharide-induced microglial 
activation induces learning and memory deficits 
without neuronal cell death in rats. J Neurosci 
Res 2006; 83(4): 557-66. 

14. Choi DY, Lee JW, Lin G, Lee YK, Lee YH, 
Choi IS, et al. Obovatol attenuates LPS-induced 
memory impairments in mice via inhibition of 
NF-kappaB signaling pathway. Neurochem Int 
2012; 60(1): 68-77. 

15. Semmler A, Okulla T, Sastre M, Dumitrescu-
Ozimek L, Heneka MT. Systemic inflammation 
induces apoptosis with variable vulnerability of 

different brain regions. J Chem Neuroanat 2005; 
30(2-3): 144-57. 

16. Yamada K, Komori Y, Tanaka T, Senzaki K, 
Nikai T, Sugihara H, et al. Brain dysfunction 
associated with an induction of nitric oxide 
synthase following an intracerebral injection of 
lipopolysaccharide in rats. Neuroscience 1999; 
88(1): 281-94. 

17. Pacher P, Beckman JS, Liaudet L. Nitric oxide 
and peroxynitrite in health and disease. Physiol 
Rev 2007; 87(1): 315-424. 

18. Cakala M, Malik AR, Strosznajder JB. Inhibitor 
of cyclooxygenase-2 protects against amyloid 
beta peptide-evoked memory impairment in 
mice. Pharmacol Rep 2007; 59(2): 164-72. 

19. Ola MS, Nawaz M, Ahsan H. Role of Bcl-2 
family proteins and caspases in the regulation of 
apoptosis. Mol Cell Biochem 2011; 351(1-2): 
41-58. 

20. Perrin BJ, Huttenlocher A. Calpain. Int J 
Biochem Cell Biol 2002; 34(7): 722-5. 

21. Quan N, Sundar SK, Weiss JM. Induction of 
interleukin-1 in various brain regions after 
peripheral and central injections of 
lipopolysaccharide. J Neuroimmunol 1994; 
49(1-2): 125-34. 

22. Loscher CE, Donnelly S, Mills KH, Lynch MA. 
Interleukin-1beta-dependent changes in the 
hippocampus following parenteral immunization 
with a whole cell pertussis vaccine. J 
Neuroimmunol 2000; 111(1-2): 68-76. 

23. Vereker E, Campbell V, Roche E, McEntee E, 
Lynch MA. Lipopolysaccharide inhibits long 
term potentiation in the rat dentate gyrus by 
activating caspase-1. J Biol Chem 2000; 
275(34): 26252-8. 

24. Lonergan PE, Martin DS, Horrobin DF, Lynch 
MA. Neuroprotective actions of 
eicosapentaenoic acid on lipopolysaccharide-
induced dysfunction in rat hippocampus. J 
Neurochem 2004; 91(1): 20-9. 

25. Gupta S, Barrett T, Whitmarsh AJ, Cavanagh J, 
Sluss HK, Derijard B, et al. Selective interaction 
of JNK protein kinase isoforms with 
transcription factors. EMBO J 1996; 15(11): 
2760-70. 

26. Zimmermann KC, Bonzon C, Green DR. The 
machinery of programmed cell death. 
Pharmacol Ther 2001; 92(1): 57-70. 

Proo
f V

ers
ion

Archive of SID

www.SID.ir

www.SID.ir

