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 #�$�, 
��� 	 
&>/*[�� 
$ . 	 /<Z3) : $ 	    �(:
��8v ��7 : $

p��  e&� / �&<� �312  !.�" � /U��$12    
���� 	 
 /�U��$ 
$ �<�


 %�
 #�$�,<6&>  1l 
$ o�
&7 /  3   !����96 e&�   e&� / �/<Z3

 1��8� #���� / �7 &� %$ �6�60     !.��" �� /�U��$20    /�U��$ 
$ ��<�


"�/*[�� 
$ .&  	/<Z3) :�" 	 (Q<+3 �7 Q;>(�  p���     C���3 �� ��3

!.�"  )$�9� C���7 e&�)55-50  16��A� #w�R0� �V0�&[ &j
$ (

 e&�  �$ /��$��$   &8   #����( / �
 /<Z3 &�&���"
 )21   
���� ���� .(

%
 $ )�l 
$ #�$�, 	  /9���� /�
$ �Zj$�  
��X� 4� 	��,�*� 	�� .

15��<5�� K�� 1���<[�� �   17��j �����7 k��l 4� e�����[ p4��

   %�m<�"$ 1���8<�� 'B 
$ ![��<"�   #&� ��$�� 4� �7 !6�, :�;��

.&>>0 a�><��    

 �m�� y�A� #����3, :% � %&>>0 !6��
$ 	�3 	  �m��3�   )��l 
$

8  /��4 
 �/<Z3800 1*��    #����[ #&� #4  :�,��*�0 �3 	�4� / :�,� 

�m�� ��5� 3  !0�� 4� %&� /�87 �#$�8>� 13�� C� 
)Sigma  #����

%
��� � 	 )�A��: 8020-F(  	 �[12    ��������m3�4�0 $ &�j
$

   &�"�18 &�"� ��E���<>(�4�5�� &j
$   p 
 /� 10�
�= e
�j /

 `� �,)2 C���7 4� �G� !.�"( $�0 !6��
$&� )22.(    	��� �C��>\�3

% �, 
$ `� �, 4� 1��� s�<"� �X� 4� 	��,�*�  Q�3 ���5� 	�3   #���4

% �, /     .&�� %&���
�= a� ���� ��5� ��� 	�3    �!�"� ��0r /� :4u

   )����0 ����� '3 w�( 1����� �[��� 1���7     	
���� 	��U�� �	
�Y�,

 %���� 	���� ��������  /����    !�6�   
�<�+0 �C����7 	     s��"� �� �	
�$��

C��� /��� /<��0 	 .&� :�;�� #�
&�4�� %�m+��$ 1<R�4 '3 w( 
$ iL=� 	  

/����  :13�m+���4� 1��4
�   	
�$�72     C���=� 4� I�( !.��"

/R*� 	 C���7   ��m�� y�A�  3 1����7 �  p���  ��3    k��
�7 �� # 
$

  4� 1�G�0�7 1��Z�j  ) C����<050  1�*��        (:�,��*�0 ��3 	�4� /� :��,

) C�4L��44 1*��  (:�,�*�0 �3 	�4� / :�, p�8� &�&�  ��" ID"  

#�  �&� �3&�$�,1[��� f�7 4� %$�Z<"� � �&<� .�   /<6�5�� /�;��  &��

 �
�= �2�  &�$�,   1�[��� f��7 H"�7 Q��" �2� .   
��l /�  4� k���$

 / H"  $   ���7 ��   &� Q�RU7 Q��     /� �n���0�D�3 e��A<B� /� /

 I*l� ��0Paxinos-Watson   ��&�� ���G��� Q<R�" 4� n��0�D�3 �

�+<R�   %$�  �6 ���� #` �<�� 
$     
$ 	&�9 	��3������ 	���   &�

 	��$70- /�
$ 	 1<��"  	
�&8m� $��,&�$�,.  

 c���"NGF  4� %$�Z<��"� ��� n����0�D�30!��� NGF  ~���AB�

p��  ��3	  ����j1�   !=��") !0��� Cusabio Biotech   �#��3  

v�C� 87 /��    ,$��( !0��� 4� %&��C�   � �#���87 ���l #���� p 
 /� ( 

Enzyme-linked immunosorbent assay )ELISA( %4�&�� , 	��� 

"�R[ .&�!� !�0 %4�&�� ,�	�� 195/0 ( :�,��5� � 
$ 1�*� � �<�  .$�� �

j�7 kGl/� 	 !0�� %&�4�"�  �&<�100 �1*�  
$ !6� :�,1 �1*� ��<�    
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 ���� ���� �	
��3 ���� ��� ���� ��� �� ����� �����   ����� ���	
� ���� !����"# � 

��� �1 .�	
��  �	��� ������ � ����	����� ��� 	��  ��	� � �!�" ��	 �# $# %&'� � �� ��# � (')8  $&+� 	��� ��,� � �� -3  

��	 

���� 

(���) ���  

 ����	��± �	��� ������ ���� 

(���) ���  

 ����	��± �	��� ������ 

�����  �!  ����� "!  �����  �!  ����� "!  

�)*  

($",) 

./�� �!�
  

)9  =n( 

92/11 ± 11/223 28/23 ± 11/301  �3�� + 56"�7 + ./��3  

)6  =n( 

76/7 ± 38/214 45/18 ± 13/332 

"�6��/9 ����:; �!�
  

)8  =n( 

62/14 ± 13/218 47/41 ± 88/323 56"�7 + "�6��/9 ����:;  

)9  =n( 

69/11 ± 33/221 99/44 ± 33/327 

.
  

)6  =n( 

95/10 ± 00/220 01/32 ± 17/314  �3�� + "�6��/9 ����:;3  

)8  =n( 

45/13 ± 38/225 99/27 ± 25/311 

56"�7 + ./��  

)9  =n( 

27/5 ± 44/214 73/24 ± 78/332  �3�� + 56"�7 + "�6��/9 ����:;3  

)8  =n( 

99/11 ± 62/227 73/31 ± 38/307 

 �3�� + ./��3  

)8  =n( 

53/19 ± 63/215 28/20 ± 13/334 - - - 

  

5�� e�ZR6 �6�1 "� �/<�&� 	 4/7  ���`���3 ��0 /�
��  !�=��>5� 

 �<���" 4� &9 .&��Z`�� 5 �$ /�U� �	   a�<�� �� 10000   �/�U��$ 
$ 
 $

����6 )�*��1  p 
 
$ ';>" !8�ELISA )0 
�� � kGl  (!��

 %$�Z<"� .&� //jL= 
�l� 100 ��<�� �5�  /����� 4�  ��3	     )��8;�

��$ 
$ �3$
�&��<"�	 37 /�
$ 	 1<��"  $��, e&� /2   /��5�� !.�"

ID" .&�&�� 100 ��<�� �5� <��1 $�	 C�7��     /6��q� 
�$  ���m�$ 
�� 

��  #$ �6� ID"   �+<R� 4� I( .&�&� /�5�� ��$ #��3 
$ !.�"

100 ��<�� �5�  ��&�C-  �����Q�   !.��" ���  �"��5��#��   �ID�"  

  #$ ���6� ����+<R�100 ����<�� �5�   �#`���� �0 ��<��R�"10 �$/��U� 

"��5��#�� �<� '���=   ���7 ID"  o� .!6�, e
�j  

%$�$ 	
��� ��*�7   /��;7    #���4� 4� :��3Shapiro–Wilk   	���

 C��9719�Gl %$�$ ��4�7 #$� &� %$�Z<"� �3  #��4�  Levene's 	�� 

I���
�  1��R�3 1"
�  $
�� �3%$�Z<"�   
����     /� /���7 �� .!�6�,

%$�$ ��4�7 #$� 19�Gl I���
�  1��R�3 }�6 	
����   �3  ��3 	��

%$�$ 	
����� ����*�7   /����;7  4� ���3 #����4�One-way ANOVA   

 1G�U97 #��4�Tukey 1>9� c�" 
$  	
�$050/0 < P    .&�� %$�Z<�"�

  ��� 	
����� e�G��"��� :����7:����  	
����� 
����6�SPSS /B��R�  	19   

)version 19, SPSS Inc., Chicago, IL(  &���� :����;��.

  

#�$%	 	
  

p�� #4  / ���� 
��9� y�����   C�m���� ��$�U�     /� L<�G�   Q���" 	�3

 4� &9   �G� ������� 	
���8  ) &� 
$ /*=�&� /<Z31   .!"� %&�� 

%$�$ ���� 
��9� y�����   C�m���� ��$�U�   #���4� 4� �j�[ 	�3

Shuttle box /]Z�� / $ 
  
$ ��=W7 #��4)  ) &� 
$ (��
�7 	2 

.!"� %&�� 

/]Z�� / $ 
  
$ ��=W7 #��4 C� �o��<� s�"� �   C�� ��
�7 	

% �,     1�>9� e ��Z7 '3 w�( 	��3   ) &�� %&3��+� 	
�$001/0  =P .(

/<6�� /R��U� 4� �j�[ 	�3 % �, 
$ 1<Z� 	�3   $�$ #��+� �*<B� 	�3

% �, 
$ �x=�� C�� /0  �m�� + ������� 	
��� / L<G� 	�33  L<�G� �

 �m�� + C���7 + ������� 	
��� / L<G� �C���7 + ������� 	
��� /3 

         Q���" &3��� % ��, �� /�R��U� 
$ �������� 	
���� /� L<G� &3��    

 ��$�U�)P  � ��� �3 /R��U� :��7 
$001/0   ��$��U�) Q�� % �,   (P 

/R��U� :��7 
$  � ��� �3001/0 1�>9� 
�l / (     ���� �$�� ��<�0 	
�$

1>9� e �Z7 % �, C� 	
�$        &�+� %&3��+� Q��   Q���" &3��� 	��3  

)960/0  =P/<6�� C�� .( 1� &��W7 ��3 p�� /0 &>0 % �, 	�3   L<�G� 	�3

 /   	
���� 
��v$ C�_<R�"���3 )�*�� k�
�7 �X� 
$ �������� 	
���

.&�&� �������  

  

 ����20��� $# 1�#�� �	��� ������ � ����	�� ��	
� . 2��34 ���&#� �� 56	# (-	7 ����" �� (8	9 �	� 

      ����  

��	 
&'	( �
	 

)�	*�+ �
	 

�*#�,'� 
& 

 + �*#�,'� )�	*�+

�#�*. 

 + �*#�,'� )�	*�+

 	���3  

 + �*#�,'� )�	*�+

 	��� + �#�*.3  

 �; �*�* �� ":#=7 ���)

�>�?� �  @6��7  

(�:��A) 

29/82 ± 78/183 *# 78/21 ± 50/25 10/45 ± 50/165 *# 96/15 ± 44/23 *#20/18 ± 75/23 *# 52/25 ± 50/25 

1>9� e �Z7 $��  :* ) ������� 	
��� / L<G� &3�� % �, � 
�$050/0 < P(  

 #1>9� e �Z7 $��  : ) Q� % �, � 
�$050/0 < P(  
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 �	
�� ���� ����3 ���� ��� ���� ��� �� ����� �����   ����� ���	
� ���� !����"# � 

 ����3 .� ����	�� ��	
�  :;� �	��� ������Nerve growth factor )NGF (>�����" ?�	6�@�� 2��34 �	A&�� �� 	�  

��	 ���� 
 ����	��±  ������

�	��� 
���� 

 ����	��± 

�	��� ������ 

NGF  
��:� "! �� $",%	:�) (CD�; $", 

./�� �!�
 92/11 ± 95/36  �3�� + 56"�7 + ./��3 58/5 ± 77/24 

"�6��/9 ����:; �; E F� �!�
 03/5 ± 15/22  + "�6��/9 ����:;56"�7 97/6 ± 27/35 

.
 37/4 ± 81/26  �3�� + "�6��/9 ����:;3 77/4 ± 01/26 

56"�7 + ./�� 99/12 ± 98/37  �3�� + 56"�7 + "�6��/9 ����:;3 87/11 ± 72/31 

 �3�� + ./��3 28/17 ± 55/69 - - 

NGF: Nerve growth factor 

  

 ) &� 
$3     c��" /� ����� 
���9� y�����   C�m���� ��$�U� �

NGF 1�$��4� n��0�D�3    s��"� �� .!"� %&�� '3 w( 	�8<�� 
$ �3

/<6��      c��" C�� �	
���� #���4� 4� �j�[ 	�3NGF   
$ n���0�D�3

% �, ) Q��" 	�3001/0  =P% �,   (       �������� 	
���� /� L<�G� 	��3

)005/0  =P e �Z7 (1>9� .&� %&3�+� 	
�$ 

  ) &�� 
$ %&� /��
� o��<� s�"� �4  c��" �NGF   n���0�D�3

  ��m�� + Q��" % �, 
$3         
��l /� Q���" &3��� % ��, �� /�R��U� 
$

1>9�   ) $�� �7u�� 	
�$001/0  =P   c��" C��   (NGF   n���0�D�3

  C�����7 + Q����" % ���,)990/0  =P  ���m�� + C�����7 + Q����"   (3   

)210/0  =P (1��>9� e ���Z7 Q����" &3���� % ���, ��� /��R��U� 
$  	
�$

      c��" /�0 !�"� 	
 ��q ���� /<5� C�� �0r .&+� %&3�+�NGF  
$

 �m�� + Q��" % �,3 % �, � /R��U� 
$     C����7 + Q��" 	�3  + Q���"

 �m�� + C���73 1>9� 
�l /  $� �7u� 	
�$)001/0  =P .(  

1"
� 
$      ) &�� o���<� 
$ %&�� :��;�� 	�33   4  /�>��4 
$  	

%$�$ % �, / ���� 	�3    /�0 &�� %&3�+� �������� 	
��� / L<G� 	�3

 c�"NGF       
$ �������� 	
���� /� L<�G� &3��� % �, 
$ n��0�D�3

  

 1��>9� 
���l /�� Q����" &3���� % ���, ��� /��R��U� C�����( 	
�$  $��� ���7  

)009/0  =P c�" �C�>\�3 .(NGF  ������� 	
��� / L<G� % �, 
$

     
��l /� ��������� 	
���� / L<G� &3�� % �, � /R��U� 
$ C���7 +

1��>9� ) $��� �7u��� 	
�$020/0  =P c���" C��� �1��6�l 4� .(NGF 

   ��m�� + �������� 	
��� % �, 
$ n��0�D�33 )930/0  =P  % ��,   (

�� + C���7 + ������� 	
��� �m3 )220/0  =P (    % ��, �� /�R��U� 
$

1>9� e �Z7 �������� 	
��� / L<G� &3�� .&+� %&3�+� 	
�$  

  

0�+  


$ /9���� 	  ��q�[/  y�A� )�G�$8    ��m�� ���5� /<Z33  c��" �NGF 

p�� 
$ �3	  ���6� Q��" &3�� % �, / !GR� Q��"�'  �>9�1 
�$	   .!���$

��7 :�;���C ��7 #$��� %���3  �C  �m�� y�A�  327 � ����  �>9�1 
�$	  
$

 c�"NGF ��$�; �$��4� 
$ .$�5�1 �3	  / L<G��
��	 ����� ����  ���7�C 

4��3	 ��6� -.��' >9�1 
�$  c�"NGF �U� 
$�/R      /� L<�G� &3��� ��

�
��	 ������� $�,�&  �m�� y�A�  3     ��m�� y��A� #$���� %���3  3   

��7��C 27��� >9�1 
�$	  c�" 
$NGF ��$�; $�5�.  

  

 ����4 >'�
�- ����" C	&� .Tukey $D	
� ���� �� 0��E >��� �	�  :;� �� 	�Nerve growth factor )NGF?�	6�@�� (  

���� 	
   �����P ���� 	
   �����P 

"�6��/9 ����:; �; E F� �!�
 * ./�� �!�
  *009/0   �3�� + ./��3  * �3�� + 56"�7 + ./��3 *001/0 

 �!�
.
 * ./��  210/0   * "�6��/9 ����:; �; E F� �!�
56"�7 + "�6��/9 ����:;  *020/0  

.
 * "�6��/9 ����:; �; E F� �!�
  900/0   * "�6��/9 ����:; �; E F� �!�
 �3�� + "�6��/9 ����:;3 930/0  

56"�7 + ./�� * ./�� �!�
  990/0   * "�6��/9 ����:; �; E F� �!�
"�6��/9 ����:;  �3�� + 56"�7 +3 220/0  

 �3�� + ./�� * ./�� �!�
3  *001/0   56"�7 + "�6��/9 ����:; * �3�� + "�6��/9 ����:;3  220/0 

 �3�� + 56"�7 + ./�� * ./�� �!�
3  210/0   56"�7 + "�6��/9 ����:; * �3�� + 56"�7 + "�6��/9 ����:;3  950/0 

 �3�� + ./�� * 56"�7 + ./��3  *001/0  �3�� + "�6��/9 ����:;3  * �3�� + 56"�7 + "�6��/9 ����:;3  740/0 

 56"�7 + ./�� * �3�� + 56"�7 + ./��3 160/0 -  -  

1>9� e �Z7 $��  :* ) 
�$050/0 < P/9���� $
�� % �,  $ C� (  
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 ���� ���� �	
��3 ���� ��� ���� ��� �� ����� �����   ����� ���	
� ���� !����"# � 

1� #�+� e�U�U�7  �&3$'�( 
$ 1�4
  !���96   '3��0 4� 	��,

) $
�$ 'U� 1<=�>�   1>3r $�5*�. $�G8   1<=�>� $�5*�.23 4� .(

 �1��6�l  /9��"�7 
$ 	
�,4���" p 
 ���� #����>. /�� ����� /���Y27  	

e
�8� 1� a�R�� 1<=�>� 	�3 /�Y27 ����.   $�� 1� 	�    �� &����7

   %�,
Y�, Q��]>7 k���l 4� �2� p4�$�(    %&�>3$ )��U<�� 	��3 . 	  1G�A

) &�� 
�Y,�X�9 	 �[ 1��Y� Q�`
 y�A� .(DHA   1G�A. &�
 
$

 �m�� a�v &�"� 
�|[ .!"� �Xz� �2� !�L"  3    %w��  /�DHA 

 1GA. 	�3�+� 
$ ~�A= / �1GA. 	�3 !6� 
$ #� ��6 
�&U� /

 !"� 	
 �q 1GA. 	�8<��   C�*�� yL� 
$ C�>\�3   1R(�>�"  

)17��6� 
$   C" '���6� � .( c��" �������� 	
��� / L<G� $DHA- 

     	 ��[ 1��Y�� Q��`
 y��A� '3�0 !*. / /0 &�� 1� '3�0 �2�

 �m�� a�v &�"�3    d�G��� ���� a�v 	�3&�"� #��"�&�R0� '���6�  

) !"�17.(   

   �e��9���� o���<� s�"� � ��;7�� NGF   ���6� �G�"'�   $�&�97

#�R0� �3	 �C�*� � !��Bq �
�$C�*�  ��*  +�u �<�/ �3	  *7 &���)�� 

�1 $�� 	u� 
�&U� .NGF 1� ���R7 �
 Q���7 �8>7 /�  �G" /5* �&>0

/���<"� ���7    1�� ���� ��A. 	  $$��, )10 .(    �Q]>�� 1�&� !����96

1� 	�2� 	�3$�5*�. $�G8 ����   C�6 �7 
��� '����6� {$��   �
 ��3

1� �U7
�    /����� T��� 4�   &�+B   %&�� 	���
  )�*�" 	    1G�A. 	��3

1� 	��,�*� ) &>07 .(   1<]6���� ����. �� !"� C5�� 1�& !���96

1� �
 C" '���6� �X� 
$ /0 &�� 1GA. ��*�7 ��� 
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Effect of Aerobic Training and Omega-3 Intake on Nerve Growth Factor in the 

Hippocampus of Healthy Male Rats and Rats with Homocysteine Induced 

Alzheimer's Model 

 
Raziyeh Norouzi-Kakhki1, Marziyeh Saghebjoo2, Ali Seghatoleslami3 

 
Abstract 
Background: The brain is organ that has high adaptability in response to morphological, metabolic and 
functional to exercise and nutrition. The aim of this study was to examine the effect of omega-3 intake and 
aerobic training on nerve growth factor (NGF) in the hippocampus of healthy male rats and rats with 
homocysteine induced Alzheimer's model.  

Methods: Ninety male Wistar rats (12 weeks old and mean weight 219.99 ± 12.60 g), were divided into  
9 groups. To induce Alzheimer's disease, homocysteine was infused into the rats cerebroventricule at a dose of 
0.6M were used. Aerobic training on a treadmill (5 days per week, with 50 to 55% of maximal oxygen 
consumption) were carried out and supplemented groups during the 8 weeks, daily 800 mg per kg body weight 
were administered omega-3 supplements. 72 hours after the last intervention session, the rats anesthetized, and 
surgically removed the hippocampus tissue. Data analysis using one way ANOVA and Tukey tests were 
performed (P < 0.05). 

Findings: In healthy subjects, intake of omega-3 caused a significant increase in NGF level (P = 0.001). 
Exercise training and absence of omega-3 along with exercise training, had no significant effect on NGF levels 
(P = 0.990 and P = 0.210 respectively). In subjects with Alzheimer's disease, aerobic training caused a 
significant increase in NGF levels (P = 0.020), and omega-3 intake with its combination with exercise training, 
had no significant change in the level of NGF (P = 0.930 and P = 0.220 respectively). 

Conclusion: It seems that exercise training and omega-3 intake in the strategy of prevention and treatment of 
Alzheimer's disease can affect in many different forms. 
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