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 9� '� CJ����3 �� �8(�� )3 .(���2�� ����5��� ��� � 

���F�� ��4 ��� ", � �� ���� '� ,��'B 4  �����BL��� 

M��#� ����( .����NO�� ����� ��� �� ��3��,C2 �����2�� 

���5��� '� ��� �� �������7  ����)�  ���  ���(  '�� � 

���F�� ��4 ��� �� ���6 P�� � Q���?& ��  ��(�� . ��� 

���F�� ���� R���2�� � ��S� ����� �� �@.4  9�B�,� 

� ���� �� �8� '� �T8� '� I�U �GS��E��  F�B�, � �� 

�
��" V�� �� ���& �( )4 -3.(  

 4����3�� ��5�����2 �� ���3
� -��X�  ���� F��J���B�

�� �Y� �3� 9� ) �8�7-5 �9�B, ��E�9 \� �F��J�B� .(

F�B,  �� � ��%U �9�B, "�9�0# "
� '� ",  4��

     	��A8� �� �1����� ��� ."�, 4���]  !� �� ��BL

	� �� "�9�0# )����L ��@. '� 7%J� 4�� F���� ���   4���

   ���J�� ������ ���J���,��� ������� �5   4������2 � ����

��������� F F�B, �� �� ) ��� -X� ��%U 4��9-8.( 

  ���T� 1�, �F��J�B� ��J,�3� �� FCJ& ��#�/ �

4��3��     \��2 �3��� � ��3� 9� �8��� �����5����� 4��

 D��C ) �( ���&10.(  

�������� "�CU ����34  9����3 M3T� .�� �/� �0� 

R�����2��  -β - ���a�B���� O���� ��� ��b�&�   ��!� �

�� �(��9�� .�� � ��  B��H�� �� R���2��  c?, d,��

9�B,� A8� F��J�B��	  ���  ���( )11   �# c?�, .(�- 

�'��J#� 4   ��# 1���, �F��J���B��- ���� R�����2��  ��

F�B, ��4 F��  !� ��4 O����  9� '� CJ��� ����&�3 

) �(12	
� .( ���� J�5 �?& 7��U� ���   �� '��� ���T 

����34  9���3  �� -�
� ���� -X�4    '�� e����� �5

9�2�����2���E��R E )APOE ���� Apolipoprotein E (

", '� -X� B���4 �� A8��	 F��J�B� ��� )7.(  

c?,  #�- �'J#� 4   F�B�, �� F��J��B�  ���4 

���%U�� ���X9 1���,4 ���� f�J��,���  ������ 

F�B,  ���� ��( � 9���J��" ��4  F��J��B� � ��  �� 

���T ��* ,������J�\ � 9���� ����g  -8��� 

h2�� -X� 3
�� ���� )5 .(�� ���* ��  i��3T� 

1�,  F��0#  ���,4  '?�,�  ���4  ���
J9� �  -���� 

j���?0� h��2��4 ���@.4 F�B��, ����4 ���%U�� 

J,C2���J� ,��2�8� � �� �
��" V�� F�B,  ���4 

�%U� �8��& �( )11 .((�i� ��P�� ����34  ���4 

���5�������  ��8���  9�� ��3 ��  �����@�4  ���.�� 

�� ���� �� e���� �� 5��	  h�.��  ��2  F��J��B� � 

k�S �� �� ����@� �(�� )5.(  

 �F��J�B� \���J2�2� � ����� ��* '� '��� ��

   F��J��B� � ���� ��* �,��� �'09�?� �� � j��

  F�B�, ���J2�2� ��     '����� l8��( �� ���%U 4���  ��

�� D����E��       ��2 ��h�. 	��5� ��� )��( '�h!� 4��

��� ��� � F��J�B�.  
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�� '��09�?� ������ �������O  ��Y��, �g��� � ���� 4����

 ��� �� 4�89����200 ± 2200 .��� I�L  

     ���J� �� '��� ����� �����b ������ ����� m��

�������       '�� �8�(�� � ������� 7���, d���( �� ��

 ���b12   �J�����n� o�� ���� k� � h. � 'JU�,

�� HE, .���( 4��
G�  ���      '�� �#���%� ���/ '��

:���( 	��X� )��L ��
S  

1. (���() F�30� 4h. F� )��L 

2.   F��J��B� 4��O) F��J�B� �2 4h. I�� )��L

2 (�b�� 

3. ) ��� � F�30� 4h. I�, )��Lmg/kg 50( 

4.   4���O) ��� � F��J�B� �2 4h. I��
S )��L

 F��J�B�2  � �b��mg/kg 50 (��� 
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 ��� '� )��L ��6 � ��h. 	�5� 'JY�   "�#����

'BO�� �� � ����� 4  �� � ���� m�
�� � H2 ��0�

      � H�2 � r���& '�3T3� �  �!� �����O �, ����

 �� "��s��#I  ����9�4 � �b���#� �(  5�,�2 � H2 �

19�6 ��#��2 �� ��J#��   .�( 4��L  

)���� '��3� 4��, :4��� t��,����� 4�� ��   4���

 I�T� ���& '� "��s� ���� '� ��'��3� ��0� ����L   ��� ��

   )��88� "���s� 	TO � ����L k�uJ� \S�� ���� �O

 ���O100 -50     '���3� � ���� '���3� 	�TO ����    '�� ���

 ���72        ���� .������� �6��� )��88� "���s� �� "U��,

 )��8�� 7��@� 4     7���( )��88� "���s�cc 100   ��9����#  

10  ����b��cc 900  ����?X� k�g 4   ��Y���# 	����,

\���������g 5/6 4� ��Y�# 	��, .����� \����  

        f��, ��� "�#�� m���L ��� 5��,�2 7�O�� HE,

m�� k� 7����( F����J� 4���� ) 4����LDehydration �(

j�Y(  4��,C )Leering ) �GJ�@.� �(Impregnation (

19�6 � ) 4��LEmbedding."#�L I�T� (  

 �� ���� '����3� ��2����,����� M/���X� '���
� 4����

Q�B�  ��A8� �� 4�� .���( 4��L 19�6 �8�#��2 4��

 ��0?6 �Luckhart   1�9�6 4��� .�( )��YJ,   4���L

 kh� ��#��2 � ��( k�w ��#��2 '� ", I�P �J�

 '���3� HE, � ��( 'Ju�� )�( '�
� 19�6 ���� '� 4 

'B�,� '� "#�� 4    "�
� �� � 'J�(��� I�L H82 \�

)Orientation(  �� 1��,�8� .����( )�� ����6 ��#����2

   )����� �8�#���2 Q��B� 7&� �� '��3� �1���� ���� 4 

�� m�� .���L  

M?X� �� m�� 4��L )Sectioning :( I������� ��

) ���Rotary "��u] '� �0/�X� (µ 5 -3  .����L '�
�

 7�9 )�?6 �8S �IP 4��10  \� � �( 'Ju�� �b��

 4�,6 -4.����L ��� �� 4�� )�( '�
� M/�X� � ����  

 ���O ���� 4�� ����C,120-30  �� �� 'X�6�

)Oven 4��� �� (C° 58-56     ��#���2 ��� "�#�L ��6

 ���& '� "#�� ��� �� )�CU � ��( k�w �J#�� M?X�

IP 4�� �� x�� ��O �� � ���y�   .���@� �� 4 ���

 F�B��, z�u��@� 4���� HE��,  � �\�����J2�2� 4����  

 m��TUNEL )Terminal deoxynucleotidyl 

transferase biotin–dUTP nick end labeling  ��� (

"�� � )��YJ,   "���( �%�u@� 4��Roch   {��/ �

   ��0� .�����L )��YJ, )�88� ��9�� "��( 7309��J,�

'Bb�# � 4 ) ��#��2 �J(��� � ������Dewaxation 

 ��8�R���2 �� ����C, �(����k    4���� �� � ��( ��3��

C° 37  ��� '�30   ����C�, HE, .�( '���� 'X�6�

 F����Bn� �����PBS )Phosphate-buffered saline (

 4���)C° 25  4���O F�Bn� �� � �( )�� �@J�( (

M 1/0 Trist-HCL  ��pH 7   ���� '�30 �  �� '�X�6

 F�Bn� �� )����� HE, � "#�L ��6 |�� 4���PBS 

     ��@8�� 1����� HE�, .��( )�� �@J�(TUNEL 

  ���� '� � �( '#�]60    4���� �� '�X�6�C° 37  ��

'AYn� .����L '���� k�/�� 4  

'BO�� �� 4     ��8��� 4� � 'J��( ����C�, ���0�- 

) ���� 8�DAB   ���Diaminobenzidine-3,3  4��� (

 ���30-15    � ��0� .��( '#�] |�� 4��� �� 'X�6�

    ��B�������3� ��� � ��( )�� �@J�( ��( k� �� ���

'8��� x��   '���3� HE�, .�( I�T� 4    7�B� L �� ���

j�Y(        )��?6 �� ��� \�� �J�u�� ��� � �����L 4��,

  7��P "6� �� �m�� 4�� �CJ� �� I 9�� ����� 1�S

  1��S ��%Ju� ��@# �� � 'J(hL m�� 4��   -�u2

 7�P ��� �� �k��O ���� � "&�8�� ��/ '� �� �(

IP .���L ��6        ���( \�@& � H�2 � ��(  ��3� ���

'��3� �1�S    4���� t���,����� �� '09�?� 4�� ��
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     � )��YJ�, ��� HE�, .��( )���� �������    '�� 7�%J�

H�U 4��� t��,����� 4����   � )��YJ�, �� � �(

I����  � ��# 4�����%�Motic m��3��( ��,F�B  4����

  � )��YJ��, ���� �J#���� l����J� .���( I���T� \�����J2�2�

 ������  4��� Non parametric one-way ANOVA�   

 Dunn’s multiple comparisons test for post test  �

Kruskal-Wallis  �  F��J��B� ����, c?, l��J�  I��� �

LDL )Low-density lipoprotein ( �HDL   

)High-density lipoprotein( ������ ��������� 4������   

Repeated measures ANOVA  �Tukey �(  �9���.  

  

���	 	
  

�� ��  �'09�?�20     )���L ���
S �� ��� �� �,5  ����� 

 ��,��� � '��09�?� ������  � .���8J#�L ���6���G����  c?��,

   ��2 ����� ����( )��L ��
S �� 'B&�� � 7�6 F��J�B�

� � F��J���B����    ������� {���/ ������ � F��J���B� ���2  

One-way ANOVA� 80� jCJ&� ��4    ��� �"�(��

��, c?, �� �'B&�� � �0�� )��L �� F��J�B�  ���4 

���"#� )�88� 4    �80� ����Y� �F��J��B�� ��   )����@�

��L��� j�/ � .���G   ����( )��L �� F��J�B� c?,

    �����Y� �'��B&�� � 7���6 '��� "����� ����� )����L �

,��n�� 2��  �� ~������ 5� )��L ���	  F��J�B� �2

� ����     ����/ '��� F��J���B� c?��, ������ � F��J���B�

���80�� ��4 ��� '����) "���#� P���������1 001/0  =P  �  

001/0 < P(  7�()1(.  

����G���� ����, c?��,� LDL  �� �'��B&�� � 7���6

      �������� {����/ '���09�?� "���n� )�����L �����
S  

One-way ANOVA� ��80� jCJ��&� ��4  "��(��

)770/0  =P �'B&�� � �0� �� ~()��L �� ��4 ��� "�#� 

)���88� 4 ��80� �����Y� �F��J���B�� ��  "��(� ������

)001/0 < P(  7�()2(.  

{�/  �����One-way ANOVA� ��G����   c?�,

��,� HDL 'B&�� � 7�6�   ��80� jCJ�&  4���� 

 )��L ��
S"(��~  )���L �� �'B&�� � �0� ��   4���

 )���88� "��#���� F��J���B� 4�  ���80� jCJ��& ��4 

���( )�����@�  7���()3(  ������� ����G�� j���/ � .  

Repeated measures ANOVA  '��� �� ����@�  ����

 �F��J���B� c?��, ������!�LDL  �HDL  ����
S ��

�80� jCJ& ���h� )��L ��� ��.  

I�T� ����� ���X0� LSD �� 4�� )�� �� ��@� ��   '��

�b��  ���J2�2�  �9�B�,  ���� ��  )���L   ����(�   "�#����

)�88�  4��� �jCJ& �80� �� "(�� �� ��b��  ���J2�2� 

�9�B, �� )��L "#���� )�88�  4F��J�B� "��� '�  )���L 

 ����(jCJ& �80� �� "(�  7�()4(.    

  

  
 ���1	
�� � �
����� ���� ��� .  �
����� �� ��� �� �� !" #$% 
 �&' ($) �� �*� + ,  

)5  =n /*: 050/0 < P (#, � 	
��  % (�� 3� �  
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 ���2 ���� ��� .HDL )High density lipoprptein	
�� � (  �
����� �� ��� �� �� !" #$% 
 �&' ($) �� �*� + ,  

)5  =n /*: 050/0 < P (#, � 	
��  % (�� 3� �  
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The Effect of Iron and Cholesterol on Neuronal Apoptosis in Dentate Gyrus 

of Hippocampus in Rabbits Fed with High-Cholesterol Diet 
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Abstract 
Background: Some of the studies showed that abnormal high level of iron and cholesterol in the brain 
had neurodegenerative effects such as in Alzheimer's disease. But, the previous studies in this field 
were not enough and had controversy in results. As the prevalence of Alzheimer's disease is 
increasing, this study aimed to evaluate the effect of iron and cholesterol on the level of neuronal 
apoptosis in dentate gyrus of hippocampal formation.  

Methods: Male New Zealand white rabbits were divided into the control, the iron (50 mg/kg; gavage), 
the high-cholesterol diet (containing 2% cholesterol), and the high-cholesterol diet plus iron groups. 
Serum levels of total cholesterol, high-density lipoprotein (LDL), and low-density lipoprotein (HDL), 
before and after the regimen for 6 weeks, were measured. Then, the rabbits for immunohistochemical 
staining via TUNEL test (Terminal deoxynucleotidyl transferase biotin–dUTP nick end labeling) and 
evaluation of neuronal apoptosis in dentate gyrus of hippocampal formation were anesthetized and 
brains were dissected. 

Findings: After the regimens, serum levels of total cholesterol, LDL, and HDL in the cholesterol-
receiving groups increased significantly compared to the control group (P < 0.05 for all). Histological 
results demonstrated that neuronal apoptosis in the dentate gyrus of the high-cholesterol diet group 
increased significantly (P < 0.05) comparing to the control group. Iron had not significant effect when 
used alone or with cholesterol on neuronal apoptosis in the dentate gyrus in rabbits. 

Conclusion: Our recent results showed that high-level cholesterol diet had significant effect on the 
neuronal apoptosis in the dentate gyrus in rabbits; but use of iron alone or with high-level cholesterol 
diet had not significant effect on it. 
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