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.)R   -;%.��' ��� C��2� ����1   ���C% 
15 ± 215    �%��1 �; q��H

  4��2 ..�.�1 4#0�H ��3 4� tc�  (�� q�<�� 
��� ���'C	  ̂ ��' 
   ��2

    -.�1 !��#)3 u����1 ,��  % *2 C� �.R   ����'; 
3 ± 23  4�R�;  
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 �F����� 12  ����#$� �; 4����;�C	 �v��j % A	 ..�.��1 
��.��aB� 4#�����

^�' ���L �2 ���'C	 q��  .,0�H    % ,��L��' ��h����#��; �� t��N' �2

..�.1 q�<�� �2�BG��'C	 S����6 C� -;�>#��  

17- β ) !��;��#��CAS Number: 50-50-0   .�<)3 (�j%� % (

)CAS Number: 80084-0-7 ,3���1 C� (Sigma .���;�H 4��a  .

^�' �2 ��] 4�  �0;���   4�� 5  -%��H )8 = n(  *�?c   .�.�1.   -%��H

/.2�1 4��H x2 �c���  ,0���; .�;�F�  %  ,��  ��h����#�; t��N'

 ..�)#0�H ���L 
�%	;�� % A�?#3� :�'C	  -%��H  /����\   ̂ ��'  ����2 
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40�] %; �� ^%� �F��#F�� ���\   .�1 % 10 C%�  /.�h�  :%.��   x�2

4����H ���c���  ..��)#0�H �����L :���'C	 ,���  -%���H .2���1 /�����\  
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 NBM :	  4� �2S��X 40�] %;/ �� ^%� �F��#F��  ����\  

.1 % 10 C%� % .h� 30   C� ���L 4cL; /^C��'	  ��� 17-β  !��;��#��� 

)45      ) �#���� ���C t����  S���X 4�� (q�H��3�� q�H%�F'SC   ���

Subcutaneous    ) .�)#0�H ����L :��'�; % :��'C	 ,�  (23  -%��H .(

/.<)3 (j%� ^�' ���2 43 .�;�� ,aR ;�<�� !.'  /�������	  4#�?2 
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 C�10 / /C%�30 4cL; ��L C� /^C�'	  .�<)3 (j%�  !"�6) (%��;   4��

 :��'200   ..)#0�H ���L :�'C	 ,�  % .�;��� ,0���; �#�%�F'  

���� �� �	�
� � ��	���� ��� ���  �NBM  

^�'   4#�?2 ����\  ,aR �2  
NBM      ��� �'���� ��1�a� ,�� 

  C� �F�G#' �]��\' �L�>X �$�; t��� 78  ���'     q�H���3 ��� q��H

 ('�#3 S��.2%��310  % (.)�2 /:���>�	 ,3�1) .X�;3 ��'   q��H

 (�C"��C q�H��3 ��2    ..�)#0�H ����L (.�)�2 /:���>�	 ,3�1) .X�; 


��� ���\  (�� /4#?2 C� -�B#�; �?3� ���#��  ,3�1)Stoelting /

 (�F��'	-;�>#�� .�;�H. 4�' 
  ���.�;3/3 ��' �#' ��C �>X �c0� ���L 

,1�; �  t��N' P�]� ,hg% ���)' 4�<�R �X�6 ;;�H  

;%�#F�� (#0�H ���L C� P�  ���NL �      /(� "� P)�R) �����\ 

 ;%�#F�� �NL /:��>  �3%�8/0 ��'  ,3�1 /�#'Stoelting/   (��F��'	

 �;NBM  P�]� S��#\' �� t�N)' 43Paxinos  %Watson  S����

C� AP  �����30/1 - '�� �#'  C�4Nc� 
 /��H�� ML  �����8/2± ' ���  ��#'  C�

' u$���  %DV ����� 6/7 - '�� �#' ) ;�� 4�<�R MN� C�24 4#�?2 /( 
 

NBM  C� -;�>#�� ���� �\  -�B#�;��  C��  ,3�1)Device   4�3 (����#�� /

 :���R S.1 ��5/0 ��'   S.�' 4� �� �@'	3   ��' 4���Z    ����\  /;�#���0

   ) .�1 ;��<�� �������	 !.' % .�;�H25 .(10     :��'C	 /��6��R C� .�h� C%�

  ..�;�H C�j	 ��%C�� ,G2 ���h1 C�' -�B#�; �� 
��#0�  

�	��� ��� ����  ��� !�"#$�  

    ��?F�� P)�R C� /��%C��� ,�G2 ���h1 C�'     ������ 
���� o"�H

450�6      ��� C� �F�G#' /C��' (��� .,0�H ���L -;�>#�� ;��' ���z0 


 �NL ��) 
�3�' 
�F�26  �#����   % (��#'8      :��?F� ��X��0 ��� %C���

 !�])50 �#���   {�� /�#'10 �#���   u��' �; 4��G� *�"� .;�� (�#'

 �; 43 ,1�; ;�R% C�' |��]�-�%; !�]   :��F' �; /����'C	 
   
��2

  �; ,���c  �'�� 
�2;�F��� /�g�6 ;�F�%� ..�;�� 4#0�H ���L �#��Z
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}��� C� �X�$ -%�H t��]   *#�?� C� ��� �2 �� 43 /�2    4�50�6 
��2

�' ���L�� b�� �� 4c��] 4� /.))3   � %��>#' 
    
���#0� S���&  ��R�'

�' ) .��126.(  

4N��� 4� /���h1 ��%C�� C�' ^�' 43 
� 4��G� (� �2  u�' �; �2

�' ���L�� -.))3 ,��c  -�B��R %  �B��� /,aR (�� C� ~;��; 4F  /.))3

) ,�� ���z0 
�H;��27   4�3 ,��� (�� /���h1 ��%C�� C�' ,��' .(

^�' ������  C� �2  % ��h�] 
�<#?R 
�2   -����j % �2;�.h#���   
��2

�1%�3  �' -;�>#�� ;�$    4�3 ,��� ���vj ,�;%.�' /:	 �� % .))3

�' S%�>  .���   43 .)3 ;�<�� 
Y��� MN� �� *?����#' /-�B�� �; ���2

..���vB� �Z[  ���#� �� ,�� (F�'  

   ̂ ��' :C% /�v�j :;��3 ;%.�' �� /���'C	 �%�1 C� ��L    4�� ��2  

85 �� 4�%� :C% .X�; (�� ..85-80     �; :.�� ��h�] :C% .�X�;

      4�� ���3 
���� ..�1 ��>6 �vj AvR :;�3 ;%.�' �� /:�'C	 !�]

^�' .1�    4�#>2 ��2 �  .1 -;�; -C�R� /�25     4#�1�; :C% 40��g� q��H

) .)1��22.(  

^�' 4F  :;��$ 4� �2    
;���>�� P�>L �; �.#�� /�)� �k�3 
�2

4�6�' !�] �;     % .�.�1 -;�; S;��� :C% �2��3 
   !��] �; P@��

-�%;  4�F  /��%C�� ,G2 ���h1 C�' :�'C	 
      S���X 4�� ��)� 
��2

 :C% �� % 4��C%�45 ��' ) .1 -;�'	 q�H28 /22 .(  

 ̂ ����H (��$	 �� t��N' /��%C�� ,G2 ���h1 C�' :�'C	   �; ��2

4�6�' 4�  �'�1 ���<' �; 43 
�%	;�� % A�?#3� /���)1	 
20  �%;

 �  (�� 4� ~.1 q�<�� /,��4�6�' 43 �    ���� %; A��?#3� % ���)1	 


4�X�0 4� C%� �;  
2   4��6�' % ,����      ��� �; ���� 4�� 
�%	;��� 


..1 q�<�� ^�' �2 
��� 4?�R  

4�6�' �;  �; 43 ���)1	 
2 4�2 /,0�H q�<�� C%�    ��� ��2%C�� 


4�h] �vj      P@�� % ��2%�H �F�1 4�� �.#�� /4�6�' (�� ..�.1 
��vH

 �; .,0�H S��X 
;��>��   .�1 -;�; -C��R� !%� C%� /�2%�H ���)1	

*2 ^�' 4�  S.' 4� :�'C10 4�h] C�' 4cL;  �<#?R �� -.1 
��vH

      ��2 4�� q%; C%� /
;���>�� ���)�1	 �; ..�))3 S;�� -�B#�; 4� �  .))3

 ^�'3 4�2 �  .1 -;�; :�'C 4cL; 4�h] 
�2%C�� 
    �� -.�1 
��v�H

�' �; ^�' /^%� (�� �; ..)3 �<#?R 3 .���   �v�j :;�%	 ,��; 4� 4

.,�� �?' %C�� :;�3 �] �'�3 ��  

-�%; !���; 4� A�?#3� /4�6�' ('%;   !��] �; .,�� ���)1	 
5 

-�%; C%�  /^C���'	 
4  C� %C����8 4���h] %C����  
���B�� ..��1 
��v��H

4�h] 4��H 4� 
��vH 4�2 
��� :	 
���1; MN� 43 .1 A�\#�� 
�  


^�' ; �; /�B�� (�� ..1�� :�?F� �2-�%  
��� 
�%	;�� % ^C�'	 
�2

 �2 ;��% ^�' 43 ;�� ���'C /�%; �2 q�� � ..��' �L�� ^�' �24  %C��

4�X�0 �; ..1�� -.1 ..�;�H ��  C�' % (��B��R �vj /�2�%; (� 
  

4�6�'  43 ;�� 
�%	;�� :�'C	 /q�� 
7   C%� (���$	 C� .h� C%�

) ,0�H q�<�� A�?#3�29 % A�?#3� :�'C	 
��� .(   
��B�� /
�%	;���
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Nucleus Basalis Magnocellularis Lesion: Animal Model of Alzheimer’s Disease 
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Abstract 
Background: Cognitive performance appears to diminish with age and passing of time, probably due to the 
basal forebrain cholinergic dysfunction. Given the physiological significance of the acute effect of estrogen, this 
study was conducted aiming to investigate the effect of 17β-estradiol treatment on cognitive performance in 
nucleus basalis magnocellularis (NBM) induced lesions.  

Methods: In this experimental study, 40 adult male Wistar rats were divided into five different groups (8 rat in each 
group): Control (intact), NBM lesion group, which received electrically-induced lesion (0.5 mA, 3s) in NBM, Sham 
group (the electrode was impaled into the NBM with no lesion), Estrogen group (lesion + 45µg/kg 17β-estradiol) 
and Vehicle group (NBM lesion + 200µl sesame oil). Acquisition and retention testing was done using an eight-
radial arm maze, in which, the patterns of arm entries in each group was recorded for calculating correct choices, 
working memory errors, reference memory errors and latency. 

Findings: Bilateral NBM lesion showed the reduction of spatial memory acquisition in the form of increased 
working and reference memory errors (P < 0.001). It further reduced these functions in retention testing (P < 0.001) 
compared to the control group. Post-lesion treatment with 45µg/kg estrogen improved the parameters of spatial 
memory errors in the acquisition and retention tasks comparing to the Sham group (P > 0.05). 

Conclusion: Electrical NBM lesion can reduce spatial memory function. Estrogen therapy after brain injury 
improved cognitive disorder. 

Keywords: Alzheimer’s disease, Basal forebrain, Cognitive performance, Nucleus basalis magnocellularis, 
Estrogen therapy 
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