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4��< � ���
��4��<

 �3�.Sigma Aldrich   D��P�� *:
��	 �   
�+����

 .�/�. ��	���5  m�
���� ��C	�; ��QA� $�   �	 �
��

N�/  �	O�	16MiniTab      $�� ����A��� .��. D�
E���	

 N��/ �	 ����
64 O�1
/� ��QA�   �	O��	Image J 1.44p 

.����< D�
E��	  

�=��	� �5
� 1	 �W
�1� �
��=�����+ D�. : 	���	

$��A�)� ���)% 4 0���	�� ��
���v \	���5 ���� �	>��<�� 

�=��	� W
�1� ��Q�# ��Q/ 
�   B���P� �$��&
� �   �
��

PHB �Q�# 
�   ���	 $� .�. �=�����+1	 T��G� �
�

��QA�� B��P�  �
�PHB D�. $�5
��   w��F ��� ��



 

  

  

www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���33  
���
 /349 ���� /�� ! �"� 1394 1444 

������  ��	�
��
�� ��� ������ ��� ���
���� �������/���� �� ����� ���� !����"� � 

 �	�R �h�	 U��O4���<  
��� �x/�� �� $� rl� �

 S�< �^R 
�)21 0&� (  L�7A� �7_� �^R ��
)/ �� �

$�>y4�  06�� 
	��<���� ��� �� �$    O��/ x/��� ���

$R��  L��% ��� �� N��A���1� 0��� �	 �	     �	��R D��AA3

���<    .��. 0�6�� 
� $� $�>y4 L7A� �EA� �^R � �	


�   $��: [�� ��1�4 �)% $3 ��
%    !
��1	 �	 $�A�)� �

 ��� �5	�A+�      ����� 	� ����8�� �
�����	�
F ��=�
�

��   m�
���� N
�?/	 �	 0�7R ��	� �	�R ���    ���&	 �
��

   ������ $�� 
����	�
F �	 �"8� ��.	� $K/ ��
  �)%


� 	��F 
��. $�5  W
��1� ��Q�# $��% �	 
����	�
F � 	 .

$�&
� ����6� L�% 
4 
��� q�/ �   D��AA3�  [�� �� 

m�
��� ���      � �W��1����� ��� ��� $�/
<	�% �
��

�R ����� ���� 0&
C !
�1	 �^R.���< �	  

D���P� $� ������ �)%  �	 07R ��Q�# �
?� �

 
��F ���Q�# �	 m�
����� H����.�����F �� ���=3����� 

) *	��4��4 �&�� �/���Q�# �� .�. D�
E��	 (   �
��

4 �5 � �6   ��� ���/�� ���&�� $ 
��F 0���1�� 
����� ��

$����+��=�� � ����/ D����=�� B����P� ����A��� .���.� 

0C 

+�	 �Q�# 
��3  �	 �4:
� �
�10  �&�� �/��


A� .�.	�/ ��%� O�/ �� ��	� D���P�  � 10-7  �&��

 �/��D���P� 
	�A� $� � .�. $���<�Q/ �� ��
A�  

����A����  O���/ ����
A� W
���1�9  �13  ���1����3

 D����P� �� $�&
� �	�h� .�. D�	� n�G,4  �15-5 

��/
�  ���D���P� �� �%��5 ��� �  �5 ����   ��� ���1

 ��
�N�: .�. $���< �Q/ ��  ��	 �� $3 ��	 �3z $�

��=R�  $�/��/ �5
� �)%     m�
���� ��C	�; �	 
��

 (����K1	 c��4Taguchi B��%) �. D�
E��	 1 .(  

���
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 ����1. 	
��
� ��� �����  ��
����� �� ���Taguchi � � 
� ��� �!� �"�#  ��$%�MiniTab  

���
� ��	
�   ����� ����PHB )wt.%(  ) �	���KV(  ) ���	�cm(  

1  7  9 7 

2  7  13  14 

3  8  9 7 

4  8 13 14 

5  9  13 7 

6  9  9 14 

7  10  13 7 

8  10  9 14 

PHB: Polyhydroxybutyrate 
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 ����2. 	
��
� '()� ���  '*+, ��� �� ��� "�-#�9  ��+/� 
� �#
� �0��PHB )Polyhydroxybutyrate (3��4  

��	
� � ���
�   ����PHB )wt.%(  ) �	���KV(  ) ���	�cm(  

1-5  9  9  11  

2-5  9  13  7  

3-5  9  13  15  

4-5  9  17  11  

5-5  9  17  15  

6-5  9  21  7  

7-5  9  21  11  

8-5  9  21  15  

PHB: Polyhydroxybutyrate 

  
 ����3 .6#�7# 8�!��)9 :+�;� ����0�� ���� ���  

��	
� � ���
�   ����PHB )wt.%(  �	��� ! ���"  ) �	���KV(  ) ���	�cm(  

a  9  5  21 15 

b  9  10  21 15 

c  9  15  21 15 

d  9  20  21 15 

PHB: Polyhydroxybutyrate 
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 B=�1 .��?@
� �)>�=!��= #���=��� C����  6�6#�7# ��� PHB )Polyhydroxybutyrate (3��4 ����� ����� �� ���
�� Taguchi :

1( 9  =V E7  =D  �7  =PHB E2( 13  =V E14  =D  �7  =PHB E3( 9  =V E7  =D  �8  =PHB E4( 13  =V E14  =D  �8  =PHB E

5( 13  =V E7  =D  �9  =PHB E6( 0  =V E14  =D  �9  =PHB E7( 13  =V E7  =D  �10  =PHB E8( 9  =V E14  =D  �  

10  =PHB.  
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7  =PHBE 2( 13  =V E14  =D  �7  =PHB E3( 9 = V E7  =D  �8  =PHB E4( 13  =V E14  =D  �8  =PHB E5( 13  =V E7  =D  �

9  =PHB E6( 0  =V E14  =D  �9  =PHB E7( 13  =V E7  =D  �10  =PHB E8( 9  =V E14  =D  �10  =PHB.  
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��� D����  $� }����$/��/ � D�
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��1	 $�3 �

 ���C �� ��^R 
�811/1 	� �����+���..  

$/��/ ���
64  �
�1 -5  
48 -5  O�/  0+�. ��3   D����

.��	 

�� �� D��
,� $3 ��; $/��/ �� ���.   �
��4 -5 

 �6 -5�      0�+�,4 (�� ���� ��
��� �	�84 �!
�1	 �� D�'�

       
���7/ ���
A� ���� $�� D����F ���	 ��
. .��	 D�.


�$���&     �	���� D���. $�����< �
��3 $��� �
���W
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$��/��/ ����	 ���=�����+1	 ����A��� .���.
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$/��/ $/��/ O% $� �
� � 8 -5��# ��
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,/ $3 ��	 D��� D�A�� �     �
�����	�
F 
���7/ ���
A�

�Q�# �	�� �=�����+1	 �� T��G� �
� .�.
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 B=�3 .��?@
� �)>�=!��= ��#���=� C����  6�6#�7# ��� PHB )Polyhydroxybutyrate( 3��4 )9 #
� �0��� �� (6+0�% �� �   

��O�����  ::+�;�1 -5 (9  =VE 11  =DE 2 -5( 13  =V E7  =DE 3 -5( 13  =V E15  =DE 4 -5( 17  =V E11  =DE 5 -5( 17  =V E15  =DE 6 -5( 

21  =V E7  =DE 7 -5( 21  =V E11  =DE 8 -5( 21  =V E15  =D.  
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��1	 ����4 � 8-5 
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�� D���  ���..  
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 B=�6��?@ .
� 6#�7# 6� C���� ��� PHB )Polyhydroxybutyrate( )%wt 9 (���� :a (59 %)E8�!�� b (109 %)E8�!��  

 c (159 %)8�!��  �d (209 %)8�!��  

  
 ����4. 
��
��MN S�7@ �� � 6#�7# �� T� 6W)X� ��� .��� �
�!  

���
�  �#�$% � (�&�") ��$� '	
(  �#�$% � (�&�") )* '	
(  

PHB  06/76  02/76  

a  87/64  00/65 

b  91/63  98/63  

c  01/60  98/59 

d  22/53  03/53  

PHB: Polyhydroxybutyrate 
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 ����5. �
��#� 6� C���� R
��# @ �0�� � 6�)(#�� ��)Y'(���� B;+; �(
����=�� ��� .���  

���
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 ���
� �%�

(+,-)  

 ��	./

0� �) (,��  

 �1	2�

0� �) (34,� ,(  

 ���"

(%) 6.�.(  

�� 2�$" � �24�$"  

0� � ,4 +,-) (,� �  

�� 2�$" � �"�( �$  

0� � ,4 +,-) (,� �  

PHB  497/2  54/0  20  35/81  231/0  240/1  

a  900/1  51/0  20  63/83  196/0  198/1  

b  455/1  56/0  20  76/88  129/0  156/1  

c  386/1  52/0  20  03/88  133/0  114/1  

d  282/1  54/0  20  92/88  118/0  072/1  

PHB: Polyhydroxybutyrate 
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 ����6. � 	Z9 8��
� 6� C���� �79 R
��#'(��� ��  

���
�  4�7 8  � ) 98!���"(  0:�,�*  Young's modulus )MPa( +	;���$ ) 088!MPa(  

PHB  00/26  019/1634  45/74 00/87 

a  66/41  152/1875  34/51 37/71  

b  00/46  452/1983  79/52 66/63 

c  00/60  012/2460  80/57 06/49  

d  50/65  434/2468  74/59 60/31 

PHB: Polyhydroxybutyrate 
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Poly(hydroxybutyrate)/Chitosan Blend Scaffolds for Cartilage Tissue 
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Abstract 
Background: Achieving to a scaffold with suitable properties is a current challenge in tissue engineering. 
Polyhydroxybutyrate (PHB) is a polymer which has attracted attentions due to have favorable properties 
such as good biocompatibility and relative high mechanical properties; but, its hydrophobicity and 
brittleness are not suitable for cartilage tissue engineering scaffold fabrication. Blending with other 
polymers is a strategy to solve this problem. This study aimed to prepare electrospun PHB/chitosan (CTS) 
blend scaffold and to investigate its structural properties and cellular behavior.  

Methods: First, polymeric solutions of PHB in trifluroacetic acid (TFA) were electrospun and after 
optimization of parameters, various percentages of chitosan with aim to improve its hydrophilicity and 
mechanical properties were added to polymeric solution and electrospun. To characterize prepared 
scaffolds, scanning electron microscopy (SEM), tensile strength test, Fourier transform infrared 
spectroscopy (FT-IR), contact angle measurement, and porosimetry were performed. According to the 
obtained results, the scaffold containing 15 and 20 percent of chitosan were selected as the optimized 
scaffolds and were examined for rabbit chondrocyte cell adhesion test. 

Findings: Scanning electron microscopy images showed that electrospinning of the solution with PHB 
of 9 percent by weight (wt%) in 21 kilovolt at 15 cm produced the most uniform fibers; the scaffolds 
containing 10, 15 and 20 percent of CTS have more uniform fibers than the scaffold containing 5 
percent. Finally, based on the results of other experiments, the scaffolds containing 15 and 20 percent 
of chitosan were identified as optimized scaffolds. SEM images showed good chondrocyte cell 
adhesion on these scaffolds. 

Conclusion: Addition of chitosan to PHB, can improve its mechanical and biological properties and 
hydrophilicity. 

Keywords: Cartilage tissue engineering. Polyhydroxybutyrate, Chitosan, Electrospinning 

 
Citation: Sadeghi D, Karbasi S, Bonakdar Sh, Razavi Sh. Evaluation of the Structural Properties 
and Cellular Behavior of Electrospun Poly(hydroxybutyrate)/Chitosan Blend Scaffolds for 
Cartilage Tissue Engineering. J Isfahan Med Sch 2015; 33(349): 1441-58 

 

Original Article 



 

  

1- �����	
 ��
���� ���� ���� ������	
 �	��	 ������	 ������	 ����  ���� ��!��	
 �����  "  

2- �����	
 �"$�%����& ���� ������	
 ����  ���� ��!��	
 �����  " �	��	 ������	 ������	  

3- �����	
 �����  "�(��	
 )*�+, � ����  " �	��	 ������	 ������	 ����  ���� ��!��	
 ����(��	
 -�.�.
� " 

������� 	
��� 
: �� ��� �	
��  Email: leila_afrouz@outlook.com   

  

  

www.mui.ac.ir  

 ������� 	
�� 
����� �����–  ���33  ����� /349 	��� /
� ! �"� 1394 1459 

 ����� ���	
�� 
��������� ����� �����	 :23/3/1394 

��� �� �� �� �����/349 
!�"/��� ��#$  ���1394 ����� ���
� :24/6/1394 

  

������� �	 
��
� ���� � ��� ����� 
���� ������ � !" �� #$�	$	� ��  #� ���  

%&'�$(�'� )*�!+�  

  
���� ���	
� ����1����� ���� ���� �1����� ����� ���� �2 ��� 
�� � �!"3  

  
  

�����  

:����� 	
��
� ������� 
� ��� 
� ������� � � ! "#
$% �
& '()�*) �
+,� �-��
� .�#/�0� "1�� "� ��()�/! 2�3�  �
�)�����
�� 	�   .�#/�0� ��) 456��

2! 7(��� � 85�) 9:
�; �() 
� 9�*�< =�>�) 	
��
� �() ?�
6 9� "(�@ 2! ;) .BC) DE�:�� �-(5F( �� �   GH(� 9� 4� "� '()�*) ��I 
� ��()�/!  456��

9#/�0� ������� �� "()J& K(�
 � � ! �
+,� �

#� L5  �� �M�I 	 9�)5�� 7:F6 
� ;�����! �� 5
C
 =�>�) 9� N����O(�  .P
FQ� ;) 
)�.  

��� :�� .
 G��< 9� 	5:/;�
� �� 	�  K(�
) � ! 45 �6 	�  mg/kg 50 ������� 	��I K(�
) ������� G��< 4(2  � ! � ������� G��< � (5V
�

 4������� "��C W0C .5�56 K
�X�LDL )Low-density lipoprotein � (HDL )High-density lipoproteinK(�
 ;) 5#� � Y$E (  

 6 9�Z  G;)5�) � "C
�� 	) ���C ;�����! 2)�
� [OC � 56 	�
< .P
FQ� 
� "$\] 	�  2! N����O(�  ^�
 ;) G��Z�C) �� �   	�
�! "(�
�
6���
 ����()

TUNEL test )Terminal deoxynucleotidyl transferase biotin–dUTP nick end labelingB*�< 
)�E "C
�� �
�� (. 

����� :��  4������� "��C W0C 4��������� "()J& K(�
 ;) G��Z�C) ;) [�LDL  �HDL G��< 
� G5::� B*�(
� 	�  ":#� 
�% 9� ������� 	  	
)�

) B*�( '()�*)05/0 < P���C ;�����! 4�
:3�  .( 9�)5�� L�F6 
� "$\] 	�  G5::� B*�(
� G��< 
� N����O
  
)�  �� 9�(�X� 
� ��������� K(�
 	

":#� '()�*) 5 �6 G��< ) B6)� 	
)�05/0 < P .( ;) G��Z�C) "(�_:� 9� � !( 4������� �� G)��  ����C ;�����! 2)�
� �� 	�
+,�  .B6)5� "$\] 	�  

����� :���� ���(7  9� �)� 2�Q� 9#/�0�":#� �
+,� "/��C ;�����! W0C �� ������� �� "()J& K(�
 �(�>�  	��I K(�
 �(�>� 9� 	
�% 9� `�
)� 
)�

 )
 "/��C ;�����! W0C 4������� � � ! K(�
 � �_:� �������"� '()�*) 5 �. 9aIP� Y��E �
+,� 4� ! �(�>� ��) ":#� �  ' �� �( '()�*) 
� 	
)�

�
)5� ;�����!.  

:����� ������ � ! 4������� �� K(�
 4;�����! 4��()�/!  

  

: �!�� G
 4=� �� "�
b
 4��_� 	5
6
 4�M��P& "�6� P
/ ;��*). "���#�� �� $��
% &��� � '�( ��)*� $+��,  �, -./0 �	 12��2�(

�����	 3���24��� 56�/7� 1� ��	 . 2�_ZV) "F6�� G5FQ�)� 9�>�1394 `33 )349 :(1467-1459  

  

�����  

���� ��� 	
� �
 ���� �������   ������
 ��� �� �����

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

   
 �#
 '�� "�,
�- . ��� �/� �0�    1���, � �!� �� ����

2�
��- ��3(4 �
 �� ���34  ���4 �
��5����� ��� �
 �6 ��7 

���2������8 � 
 9�����3 ����
�& ���( )2 -1 .(����09�?�� 

)���8�� ����@� 4 
 ��#
�- ���@� �� ����� "��AB.��C 

���D����E ���F
�G �2 H����� �4  I���# � ��� �
���3 

 �,'-&
+��.	 



 

  

  

www.mui.ac.ir  

 
����� ����� ������� 	
��–  ���33  ����� /349 	��� /
� ! �"� 1394 1460 

������� �	 
��
� ���� � ��� ����� ����� ���	�	� ��  ���� ���	
� ����$"��%��   


 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�, � �� 
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��� l8��( �� ���%U 4���  �
�

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

��� ��� � F��J�B�.  

  

��� 	
  

�� '��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� 4
h. F�
 )��L 

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

2 (�b�� 

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

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

 F��J�B�2  � �b��mg/kg 50 (��� 



 

  

  

www.mui.ac.ir  

 
����� ����� ������� 	
��–  ���33  ����� /349 	��� /
� ! �"� 1394 1461 

������� �	 
��
� ���� � ��� ����� ����� ���	�	� ��  ���� ���	
� ����$"��%��   

 ��� '� )��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

 k
h� ��#
��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
�� ��



 

  

  

www.mui.ac.ir  

 
����� ����� ������� 	
��–  ���33  ����� /349 	��� /
� ! �"� 1394 1462 

������� �	 
��
� ���� � ��� ����� ����� ���	�	� ��  ���� ���	
� ����$"��%��   

     �
 )��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� 
�  

0

200

400

600

800

���0 "���#�� '�(  "���#�� +'�(

m
g/

dl

*

*



 

  

  

www.mui.ac.ir  

 
����� ����� ������� 	
��–  ���33  ����� /349 	��� /
� ! �"� 1394 1463 

������� �	 
��
� ���� � ��� ����� ����� ���	�	� ��  ���� ���	
� ����$"��%��   

  
 ���2 ���� ��� .HDL )High density lipoprptein	
�� 
� (  �
����� �� ���
 �� �
� !" #$% 
 �&' ($) �� �
*� + ,  

)5  =n /*: 050/0 < P (#, � 	
��  % (�� 3� 
�  

  

  
 ���3 ���� ��� .LDL )Low density lipoprptein 
� (	
�� �&' ($) �� �
*� + ,  �
����� �� ���
 �� �
� !" #$% 
  

)5  =n /*: 050/0 < P (#, � 	
��  % (�� 3� 
�  

  

 
 ���4�*�� 
� !*��*�7 8"9:� . (�; + , <
 =� �*>� , +"!*)*?"�� +  �
����� �� ���
 �� �
� !" #$% 
 �&'  ,  

)5  =n /*: 050/0 < P (#, � 	
��  % (�� 3� 
�  

0

20

40

60

80

100

���0 "���#�� '�(  "���#�� +'�(

m
g/

dl

*

*

0

100

200

300

400

500

600

700

���0 "���#�� '�(  "���#�� +'�(

m
g/

dl

*

*

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

���0 "���#�� '�(   "���#�� + '�(

T
U

N
E

L-
po

si
tiv

e 
ce

lls

**

*



 

  

  

www.mui.ac.ir  

 
����� ����� ������� 	
��–  ���33  ����� /349 	��� /
� ! �"� 1394 1464 

������� �	 
��
� ���� � ��� ����� ����� ���	�	� ��  ���� ���	
� ����$"��%��   

���,��� l����J� "��#�� 4����  '��� �
� ����@� ���,�8(

   V��� �
 ��� �� 'AOC� 7��6 -�
 #
 1�, F��J�B�

F�B, '�
��� �C��@� �� ��%U 4��   D�����E��� �
�

) ����L050/0 < P) (
�(�F 5 � 6 .(  
  

  
 ���5(:@ ? !" A"��
��:�*�� . (��, + (?"#?� +  
� +"=� �*>� , 

 % B?
  �� :C:�*��:,*?*C�" +9:�7TUNEL   

)Terminal deoxynucleotidyl transferase biotin–

dUTP nick end labeling ( DE
9%  �� C? ×4  

  

  
 ���6(:@ ? !" A"��
��:�*�� . (��, + (?"#?� + =� �*>� , 
� +" 

	#HH� �� �
� 	
��  �
����� +  %B?
  �� :C:�*��:,*?*C�" +9:�7

TUNEL )Terminal deoxynucleotidyl 

 transferase biotin–dUTP nick end labeling  (  

�*�� 	*I' <
*J (% K:L*��*�7 + , .��" MNO� B?
 +" 

E
9%  �� C? ×40  

  

)��YJ,
  -��� 1�, ��� �
�80�  �
��� ���
   V��� 

F�B, ��4 �%U� �� �@���C ���D����E � �@�~ � ���
  

9�B, ��J2�2��� ��� )��L 4��   F��J��B��2 � F��J�B��2

80� ���Y� ��� �� �
�4  7�() "(
��7.(  

 
 ���7(:@ ? !" A"��
��:�*�� . (��, + (?"#?� + =� �*>� , 
� +" 

 
�	#HH� �� �
� 	
��  Q,7 	"�C, (% �
����� + % B?
  +9:�7

 �� :C:�*��:,*?*C�"TUNEL   

)Terminal deoxynucleotidyl transferase biotin–

dUTP nick end labeling (  

�*�� 	*I' <
*J (% K:L*��*�7 + ,  .��" MNO� B?
 +"  

E
9%  �� C? ×40 

 
���  

    ��*��� ����0� �'�09�?� ��
 I�T�
 �
 �B� j��  � ����

2�2� ���� F��J���B� ���2 ��
h��. 	���5���J l8���( �� ��

'�
��� D����E�� �C��@� �
 �
� '���X� .���  c?, 4

 �F��J�B� ���,LDL � HDL )��L ��� ��   ���@� ��

)�8�� )��L ���3� �� 7��U ��
 '� ",
 �� 4   7��6 ��

	�5� i��( �
    "�#���� �
 H�2 .",
 )��� ����� ��

    ���� '�� F��J��B� �2 	�5�6     ����, c?�, �'�JY�

 �F��J�B�LDL  �HDL    ��� � F��J�B� �2 )��L ��

 F��J�B� �2 )��L  "���� �
��� 7��6 -�
 #
 ��� �

)��L ��3� �� 	�5� i��( �
 7�6 '�  '� "���  �� � ��

     �� ���� j��%� ����
 ��� )�CU ."(
� ���( )��L

        7���6 -���� 1��,  ��� ���� � F��J��B� ��2 )��L

'���AOC�    �F��J����B� ������, c?���, 4LDL  �  

HDL .�@�  

�� 
�� ,����� 
 #
 1�, F��J�B��- 80�� �
�  ��

���
  F�B, V�� ��4  ��%U�  ��@� ����C  '��
���  �
�

���D����E ��L�~� 9��     -���� 1��, ���� �
 )��YJ,




 

  

  

www.mui.ac.ir  

 
����� ����� ������� 	
��–  ���33  ����� /349 	��� /
� ! �"� 1394 1465 

������� �	 
��
� ���� � ��� ����� ����� ���	�	� ��  ���� ���	
� ����$"��%��   

80�� �
� �� ���
  V�� F�B, ��4 �%U� �� �@���C 

���D����E �@�. �'J#� ��4 
��  �'�09�?� �� ����  )��88� 4 

�J��l ��09�?� B�6� ��� )11
 .(�� �J��l � ��@��  ��8�� 

  �� j��%� '��-    �� F��J��B� ��O �
�  ���
��   1��,


 #
�-  F�B�, V�� � ��J2�2�  ���4  ��%U� P �� ��' 4 

F�B, �
 
��9��
�L ��4 ���D����E �� ��4  ����(.  

 ����T�
 �� ���3
� ���?& 7����U ��39��J���B��E���

) ",
 )�( 'J&�8( �3�
 9� 4��3��7 �5   4���/ '�� ~(

	� �� "�9�0# 	�A8� �� �1���� ��
 '�    '�� 7�%J� 4��

)����L ��@.   F����� ����      ����� ����J�,���
 ������ 4���

�J�� �5  F���������� 4�
���2 � ��   F�B�, �� ���   4���

 ) ��
� -��X� ����%U9-8  ��J��,�3� �� FCJ��&
 � (

4����3�� ����T�
 1���, �F��J���B�  �����
��5����� 4����

) �( ��
�&10.(  

�� ��� ��
 �
 'T�J� ��8S �
��   P��� '� ��3� 4��L

��J�B� c?, ����  ��U�� (��
��O F�� �� 76
�O) F

�� �9�B, ��J2�2� c?, -�
 #
    �{���/ ����� � ��(

F�B��, �����,
��5� M������ ����  ������ �� �4 ��!� 4����

4��3�� .��
� �
��� 7��6 -X� �3�
 9� �8��� ����  

	
� �
 ��� ����     ���� �� ������ �������� ����

�� ��� �  !� "#�� �� $�%& '� �����
  �� '� �(��

�3� ��9�� ����
 ���    ��
� '��h!� {���/ �
 '�B� ~��(

�� ���        �� ��3
� -�X� ������O ��%8U ���
 .����L

'y��L 7��@�   �����O � � \� � ��
� ��& ��6 4��

'Y��� '� ",
 ����BL�3� �
 
 73O 4   '�� 
� �g����

    -�X�  ��� �����BL��� 7��@� �� )��� ��
 .��
� )�
U

)��� '� ��
�    F�B�, ������ ��G�� 4    ��C�NU 4���

      "��9�0# M�6
�� �� )��YJ�,
 4
��� 
� �g����
 � ",


�� )��&w   �� � �!� �� ��� M3T� �
 �� ���J@�� .�8�

F�B, �� )��� ����       ���9�� 
� ���B�� jC�. '�� ���(

��  1��u� � �88�    �J�#� ���� �
 1��, ���B�� jC.

F�B, �� �3�
 9� ���@� � 4 !� 4�� ) ���L11.(  


�� *����� (��� �
 �
�*
 ��
��
���  ��%8U  ����  ��� 

��4 ,�	J� �%U� �� �(�� )4 .(�� �i�3T� '09�?� 4 

�]�O ��@� �
� '� '� F���� j�%� �F��J�B�  ���J2�2� 

'� ��( 
 #
�- �� ���� � 5��	  ��2  ����  '��  ��
8���� 

'J��
�J� !����4 �� ��J2�2� 
���T �8�~ ��  �����  '��  ��� 

F��J���B� '��� ����� �"��#� *������ ��,��n�� �� V���� 

F�B, �� "(
�� .�� '��� '� �� '� 
�� '09�?�  ��� ��4 

O����
� 	9�, I�T�
 �"#�L '� �A�  ���  ��,�  
��(�?� 

��S ��� � ���� ���"#� ��  -X� '� 
 ,�� ��
�.  

  

 � �����������  

����2 7b�O '9�X� ��
 '���  4)���  4�J��
 '�#�O 4  4


C�9 )� ���#
  )��3�( '�  4290336    I��BU )�G�@�
� ��

  ��
Y�b
 ��( 2   �� '�� "�,
  "����0�  � ���X�Xn�

4���8# )�G@�
� ��
  ���� .",
 )�( 
��
 � 1��%�

"����3O �
 ��L�8������ �'B���,� ���� 4����  ����
 ������

 ��
���6 � ��@� "���0��� �8��3�. 

 
 

References 

1. Bostanci MO, Bas O, Bagirici F. Alpha-
tocopherol decreases iron-induced hippocampal 
and nigral neuron loss. Cell Mol Neurobiol 
2010; 30(3): 389-94. 

2. Gerlach M, Ben-Shachar D, Riederer P, Youdim 
MB. Altered brain metabolism of iron as a cause 
of neurodegenerative diseases? J Neurochem 

1994; 63(3): 793-807. 
3. Samudralwar DL, Diprete CC, Ni BF, Ehmann 

WD, Markesbery WR. Elemental imbalances in 
the olfactory pathway in Alzheimer's disease. J 
Neurol Sci 1995; 130(2): 139-45. 

4. Qian Z, Wang Q, Pu Y. Brain iron and 
neurological disorders. Chin Med J (Engl) 1997; 



 

  

  

www.mui.ac.ir  

 
����� ����� ������� 	
��–  ���33  ����� /349 	��� /
� ! �"� 1394 1466 

������� �	 
��
� ���� � ��� ����� ����� ���	�	� ��  ���� ���	
� ����$"��%��   

110(6): 455-8. 
5. Bosco DA, Fowler DM, Zhang Q, Nieva J, 

Powers ET, Wentworth P, et al. Elevated levels 
of oxidized cholesterol metabolites in Lewy 
body disease brains accelerate alpha-synuclein 
fibrilization. Nat Chem Biol 2006; 2(5): 249-53. 

6. Crisby M, Rahman SM, Sylven C, Winblad B, 
Schultzberg M. Effects of high cholesterol diet 
on gliosis in apolipoprotein E knockout mice. 
Implications for Alzheimer's disease and stroke. 
Neurosci Lett 2004; 369(2): 87-92. 

7. Fuentes F, Lopez-Miranda J, Sanchez E, 
Sanchez F, Paez J, Paz-Rojas E, et al. 
Mediterranean and low-fat diets improve 
endothelial function in hypercholesterolemic 
men. Ann Intern Med 2001; 134(12): 1115-9. 

8. Jansen S, Lopez-Miranda J, Castro P, Lopez-
Segura F, Marin C, Ordovas JM, et al. Low-fat 
and high-monounsaturated fatty acid diets 
decrease plasma cholesterol ester transfer 
protein concentrations in young, healthy, 

normolipemic men. Am J Clin Nutr 2000; 
72(1): 36-41. 

9. Corrigan FM, Van Rhijn AG, Macintyre F, 
Skinner ER, Horrobin DF. Dietary 
supplementation with zinc sulphate, sodium 
selenite and fatty acids in early dementia of 
Alzheimer's type. II: Effects on Lipids. Journal 
of Nutritional Medicine 1991; 2(3): 265-71. 

10. Yanagisawa K. Cholesterol and amyloid beta 
fibrillogenesis. Subcell Biochem 2005; 38:  
179-202. 

11. Ghribi O, Golovko MY, Larsen B, Schrag M, 
Murphy EJ. Deposition of iron and beta-amyloid 
plaques is associated with cortical cellular damage 
in rabbits fed with long-term cholesterol-enriched 
diets. J Neurochem 2006; 99(2): 438-49. 

12. Lindqvist A, Mohapel P, Bouter B, 
Frielingsdorf H, Pizzo D, Brundin P, et al. 
High-fat diet impairs hippocampal neurogenesis 
in male rats. Eur J Neurol 2006; 13(12): 1385-8. 



 

 

1- Associate Professor, Department of Anatomical Sciences, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran 
2- Associate Professor, Department of Physiology, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran 
3- Student of Medicine, School of Medicine AND Student Research Committee, Isfahan University of Medical Sciences, Isfahan, Iran 
Corresponding Author: Leila Rah-Afrouz, Email: leila_afrouz@outlook.com 
 

  

www.mui.ac.ir  

 
����� ����� ������� 	
��–  ���33  ����� /349 	��� /
� ! �"� 1394 1467 

Journal of Isfahan Medical School Received: 13.06.2015 
 

Vol. 33, No. 349, 1st Week, November 2015 Accepted: 15.09.2015 
 

 
The Effect of Iron and Cholesterol on Neuronal Apoptosis in Dentate Gyrus 

of Hippocampus in Rabbits Fed with High-Cholesterol Diet 
 

Gholam Reza Dashti PhD1, Bahman Rashidi PhD1, Parham Reisi PhD2, Leila Rah-Afrouz3 

 
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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 %���  ��	 ;���7  ����< . >�<)  �K)����I*  ��	  ���()�* �� 


���%=� ) ;��7 ��� ���� �N 9�2 �:)��  V��<� 

�(�# .�()����� 67 P) 9,0   ���� 
������   ���(�)�  ��� 

?��4:) �
�4��� K)���I* �N 9�2 �:)�� ) ;<)=��) 

% �< ;��7 ��� ���� ()� 6��W* �	 ���7 67 �	  ��()�* 

�W�	 6� ��AF<)  ����7��	  +�/0  ���# )4-3 +�/Y) .( 

�()����� 67 ��� 
�����  ��(�)� ��!� ;��7  ����� 

��� 
�� ��� P) 
�GC) �#���� % .-�   
���  �<��# 


������ 6��� Z�4��-) �<���� 9��[	 �� �A��-�L(�O 

����-���4�<) \�� �:)�� % ���-���4F7)  ��	  �(��# .

;<)=���) ������ ����� �� +���G�* �/	)���2 ����]�� 

^�35* ���7�( ��� % _�F*) 6(�[	 �4��� �	 ) ��#5.(  

��C��� B�*�T�-  ��N  
��GC)  ���#����  ��	  ��()�* 

��� ���� )� 6� �)=�	 30-20 �/�	 �4	 V��� % ����b 

+/0 )� 6� VP)�() 
 20-15 6��b ��  �6�G�0� ��  ������ 

�� ��� ����  ����,N  ;<)=��)  ) ����6.(  >�<)  �.�-�  

>A�	 �-) �� ��� 
�����  6� @4,	 �)����� ��	�� 

�V��( K��� 6� ;<)=�) 90 �/�	 �4	  V���� ��   �����

��� B�C�4F�- % ;<)=�) 40 6��b ��  6�G�0�  
)��� 

������b +��/0 ) ���#��2
)�)� �)������� .( 6G����- 
 

��� 
�����  �6�C%) d��	 �� ><�4���  ��8�  
)��� 

����� 
�������  B��4��F�- 9����0 6����* �� ;��5� 


�%�A<� �	 ) ��#��7��<@2 .( ���% ��)� 67  ����( 

�	 ��� >� P�<�%=�� �� �	 ��()�* K�(�-�(   ���� ����� 

)� �� �()����� 67 ��� 
�����  �)�<� �( ��(�)� ��,[* 

) ���78 gO%P)��TC
 .(  B�<  >� P��<�%=��  ��-)  6�7 P) 

h��<�N �����-� � R4��F�- �,��S2 
=��7�	 �� J8��- 

B�,��C % �<P ��0 �=I	  ��Q)  ��b  ��)�8�b)  ���� )� 

?��2) �	  ���7 . _%��#  ��Q) �
 30-15  6�G�0�  ���� P) 

i�S	 )�7)���(� j%) �Q) �
 2-1 �2�- %  6���( 
 

��2 �
 15-12 �2�- �	 ) �#��9.(  

�� 6��* 6� 67 ><) ?�4�7 ��� ����  
O���  ���� P) 

�9�2 9A�	 �-) % =�( +��	  ;<)=��)  6��<=�  
��� 

����� % ���k* �� l���* P) 
�%�A<� �	  m���#  >�<) 

6�C�8	    i��� ���  ��Q) ��-���  ;��  
%�)�  �7)���� 

gO%P)�TC
 5/0 �/�	 g�D  ��� 
%�  ?��4�7   ���� ����� 

�)����� @4,	 6� ���� 
�����  �9,0  >��: %  ���� P) 

9�2 % =�( �� 
�%�A<� �# g�W().  

  

��� 	
  

><) U  �6�C�8	 P)  +<��S*  ;��    n��N U<��(  o��) % 

�G�)�	 64��7 
 H@�) �A#=     �A�#=  g��/2 V�L�()�

����3���) �� =��7�	 ���#P�	
 - �(���	��  
)����=C))Z (

�� ���3�) ?�- 1393 6� g�W() ��-�. 98 �����  6�� \%� 

�������S* 
P����- �7����/� p����54() 6���� % %� V%����D   

48 V�3( R�FG* �(�#. 
)�� V%�D �?%) R�( �2�-  9�,0 P) 

9�2 B< q�0 gO%P)�TC
 5/0 �/�	 g�D �7)��� =<�W* 

�#. V%�D 
)��    r��� P) �����# ��<%�)�    .���( V��34�-)


���4	)��   ���� ����  �C�4�F�-   9�,0 ��C�4�-�<� % P) 


�GC) ��#���� ��� P) 6C�C 
�)oD  ��� % 6#)�* 10  6�G�0� 

����� B��< >���: ����#���� �� V%���D %� >�����* ���<��D. 

�>��]�� �)��* ����b �+/0 �)��* U3�* % ���� _�,#) 

�s�F7) 9,0 >�: % 9�2 �� %� V%�D �,Q �<��D . �)=��	 

i�S	 ��5	 K�# % ��� ��  �
�%��A<�  K��	  ���	P 

���-���4F7) % j%�� P) 
�%�A<� �,Q =�( �<��D.  


������	 �%�% 6� �6�C�8	 �)����� 9	�#  @4�,	  6�� 

��� ���� ;<)=�) 6�C%) �t* 
  ?��4�7  ���  
���%�)� 

�b ���� ���  ���4#)� 9<��* 6�C�8	 �� �7�# 6� 67


��������	 .����� j%���� P) 6���C�8	 @4���) 9	���# 6��� 
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�����  
���  �
��<�  P%���  R�<@2  
u��C
  v��3	  6�� 

gO%P)�TC
 �� K�� ������ ����� �� >�: 9�2 %  ��< �� 

 9��2 �
�%�A<�  ��:)��  �(O��N   P) ��*2  �2��-  %

;<)��   
=<�(���  ;��� P)  �)=��	  P��W	  ���  P���(  6�� 

��<=L<�� ��� .���  


���GC) ���#���� �� �)������� ���� ?���4� ��* R<���-   

)5 �/�	 �(g�D�/�7 �� g�D g�<��7%�*
 )5/0 �/�	   g��D

9�(�4�� �(g�D�/�7 �� )5/1 %�A�	   % (g�D��/�7 ��� g�D 

gO%P)��	 )3/0 �/�	 K��� (g�D�/�7 �� g�D  ����D 

% UT- ���-���4�<) g�W()  �)=��	 .�# ���  �)������ �� 


�%���A<� ����  ������	VAS )Visual analog scale (

VP)�() �# 
��D % ��  K���3 > VAS�  ><���4   6�� 

�)=�	 05/0 �/�	 g�D�/�7 �� g�D  K���� 6�   
��<�%

)IV  �<Intravenous( 6� ����� h<�=* �	 �#.  

�� K��� 90/16 BP≥�)=�	 � 
��%�)�  �4���<�� 


)�� ?�4�7 ���� ���� >�: 9�2 % ��  
�%��A<� �� 

;-�  6	�( �,Q �	 �# .V�)� 
�� 6�C�8	   P) V��34�-) ��� 

B!   6�� V��# 6��* �F�C  >����   w��� ���x�	 
�%
 

;-�  ><) .�<��D  �6�	�(  9	��#  K��2@N)  �	���2 % 

B��)�D�	� �)����� % >��]��  K��2@N)  v����	  6�� 

���� ����  h�)��-  
������ %  ��(%�  K)����I*  ����� 

 �����b ����   _�,�#) �+�/0  �s��F7) %  �)=��	  R�W: 

K��<�	 %  
���%�)�  ���5	  ���A�F* %  ?��4�7   �����

��� ��� .K�2@N)  6��  ��-�  �V��	
 ��  ��<��( ��)% 

6(�<)� �# % g�( P) V��34-) �� �)=�) SPSS  65�F( 
 18 

)version 18, SPSS Inc., Chicago, IL( �����	 

6��<=W* % 9���/t* �)���0 �����D.  ����	P
 P)t )����� 

6F<�G	 
 V�)� 
�� ��7 9	�# ���� ���� �)��* ����b 

�+/0 �)��* �U3�* �)=�	 ����  _�,�#)  �s��F7) %  �)=��	 


%�)� ��5	 ���S	( �<��D V��34-).  

���
	 	
  

>�L(��	 >-  �)������ ��  V%��D  ����#  ����	 %  6�� 

+���*�* 10/5 ± 96/67  %90/6 ± 26/68 ����� 6��7 

 h,N ��	P
t P) y�tC  �
���	
  K%��3*  ����	 
�)� 

 ) ��#)�(812/0  =P ?%���) ( 1�� .(    P) B�< ���

V%�D 
�� ���# % ����	 48 �����  9	��# 24 �P % 

24 ����	  6��7 ����� K%���3* �����	 
�)�  ���#)�(  

)000/1  =P.(  

h,N ?%�� 1���� � ��� �C�4F�- �� h<�0� 10 �

20 �30  %40 �� V%�����D  6����� �������	  +�����*�*  

60/6 ± 30/137 �99/4 ± 64/135 �78/5 ± 64/142 

 %67/7 ± 54/141 % �� V%���D �����# 6���  +���*�*  

12/7 ± 59/149 �58/4 ± 78/140 �37/5 ± 85/149 

 %5/6 ± 48/148 ����� 6��7 h��,N ����	P
 t K%���3* 

�������	   �����# V��������	 V%�����D %� �������	 
�)�  

)001/0  =P(. �>��]��  �)=��	  �����b   �)���* �+�/0 

U3�* _�,#) % �s�F7) �� %� �V%�D K%�3* ���	 
�)� 

) �#)�(050/0 > P.(  

�� h<�0� 50  ��* 100 ���:)��  
����4	)��    �����

 ��������b   �)���* �+�/0  U3��*  _�,�#) %  ��s��F7) 

K%�3* ���	 
�)� ) �#)�(050/0 > P(.  

 h�,N  ?%��� 2 6��7  ����( V������ 
  �)=��	 ����5	 

 ���	P ��4��<��   j%��� �����-���4F7) P)  
�%��A<� % 

 ����	VAS �	 ��#�� K�# ��� �� V%�D ���	 % ���# 

6���  +���*�*33/1 ± 10/5  %33/1 ± 80/5 ����� 6��7 �� 

V%�D ���	 ��N 6�  ����	 
�)�  ��4�7  ) ����120/0  =P.( 

�)=�	 i�S	 ��5	 �� V%�D ���	 % ���#  6��   +��*�*

49/15 ± 64/23  %12/12 ± 14/34 ����/�	  ����� g����D

�/�7 g�D ���67 ��  V%��D  �����	   ���N 6��  ����	 
�)� 

�4�7 ) ���001/0  =P.(  
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 ����1��	
�� .  ������� ��� �
�� ��
�� �� ��� �
��  � !���� �����
	� "��#� �
$  

 �	��� ������ �	�
 ��� ������ �	�
 ��� ����	�� ����� � !� �	"#$ %&' 

 ���� �
	�  ����� P ���� �
	�  ����� P  ���� �
	�  ����� P  ���� �
	�  ����� P  ���� �
	�  ����� P  

�
(�)  *"+
 ,� -./  10/2 ± 50/95 20/2 ± 40/95  796/0  30/3 ± 50/141 10/3 ± 80/141  689/0  40/4 ± 10/93  40/4 ± 20/93 960/0  05/1 ± 30/13 00/1 ± 30/13  817/0  20/4 ± 16/83  20/4 ± 29/83  881/0  

�234 �
(�)  5  70/2 ± 93/93  30/2 ± 00/94  904/0  20/16 ± 70/121  90/15 ± 30/121  907/0  09/12 ± 70/71  06/12 ± 40/71  903/0  38/1 ± 50/12  34/1 ± 40/12  626/0  70/6 ± 10/80  90/6 ± 00/80  942/0  

6)/�� 5 10  90/1 ± 80/96 80/1 ± 05/96  439/0  60/6 ± 30/137  10/7 ± 50/149  001/0  00/7 ± 14/88  00/7 ± 91/93  010/0  80/0 ± 52/10  00/0 ± 61/10  593/0  00/7 ± 14/88  00/7 ± 91/93  265/0  

6)/�� 5 20  24/2 ± 04/96  87/4 ± 04/95  201/0  99/4 ± 60/135  58/4 ± 70/140  001/0  07/6 ± 39/87  57/5 ± 91/89  038/0  10/12 ± 87/10  10/1 ± 00/11  586/0  44/6 ± 75/83  83/4 ± 20/85 280/0  

�6)/� 5 30  52/2 ± 70/94  30/2 ± 72/94  976/0  78/5 ± 60/142  37/5 ± 80/149  001/0  76/6 ± 04/90  59/5 ± 08/93  019/0  95/0 ± 87/10  78/0 ± 89/10  918/0  54/8 ± 93/85  18/8 ± 34/85  729/0  

�6)/� 5 40  24/2 ± 79/95  23/2 ± 63/95  739/0  67/7 ± 05/141  50/6 ± 40/148  001/0  96/9 ± 25/91  87/8 ± 9/95  180/0  48/1 ± 47/11  34/1 ± 59/11  690/0  11/7 ± 72/86  83/6 ± 19/87  748/0  

6)/�� 5 50  59/2 ± 54/95  42/2 ± 70/95  756/0  20/12 ± 00/148  90/11 ± 20/150  466/0  20/12 ± 10/95  50/12 ± 90/95  763/0  30/1 ± 70/11  20/1 ± 80/11  702/0  40/10 ± 00/90  50/10 ± 00/90  962/0  

6)/�� 5 60  40/2 ± 02/95  20/2 ± 20/95  659/0  60/8 ± 80/150  10/7 ± 60/152  259/0  50/8 ± 00/98  50/8 ± 00/101  090/0  10/0 ± 20/11  90/0 ± 20/11  668/0  10/9 ± 10/92  60/8 ± 70/92  761/0  

6)/�� 5 70  04/2 ± 06/95  40/2 ± 60/94  340/0  10/6 ± 90/152  40/5 ± 10/155  068/0  50/6 ± 90/94  60/6 ± 06/96  417/0  30/1 ± 10/11  20/1 ± 30/11  477/0  70/7 ± 08/90  70/7 ± 40/91  385/0  

6)/�� 5 80  10/2 ± 50/95  20/2 ± 40/95  796/0  80/11 ± 10/151  10/1 ± 30/152  608/0  30/10 ± 10/94  10/9 ± 10/95  604/0  97/0 ± 10/11  10/1 ± 30/11  214/0  40/11 ± 50/91  08/11 ± 40/91  960/0  

6)/�� 5 90  70/2 ± 90/93  30/2 ± 00/94  904/0  50/8 ± 90/147  60/8 ± 80/149  281/0  30/9 ± 70/94  90/8 ± 02/95  903/0  30/1 ± 50/11  20/1 ± 60/11  772/0  70/9 ± 10/89  40/9 ± 40/89  887/0  

�6)/� 5 100  60/2 ± 50/94  50/2 ± 40/94  798/0  80/5 ± 80/147  80/5 ± 30/148  721/0  70/6 ± 50/92  30/6 ± 90/92  771/0  10/1 ± 08/11  06/1 ± 10/11  773/0  10/6 ± 80/87  80/5 ± 10/88  798/0  

 >�L(��	 +F: �� �)�2)± V�# 64#�( ����	 i)�t() V��34-) ���	 
��	
 ��	P
 .�() ��	P
 t ��� .050/0 > P ���	 �)� .��,(  
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 ����2���
&	� �' (��� � ����
����)' �
�� ���� *�+ ���#� �',�� �-� -�./
�� .  

#�(��  ����  �
	�   �����P 

7�  10/5 ± 96/67  90/6 ± 26/68  812/0  

��8� ���)�  45/15 ± 64/23  12/12 ± 14/34  001/0  

�
�+9 �4(4 :"+; ���,  46/5 ± 64/29  80/3 ± 42/29  821/0  

 ,� :"+; ���,5�"�	<�  56/3 ± 83/93  21/3 ± 06/94  741/0  

 =��� +  ��� >�
VAS  33/1 ± 14/5  33/1 ± 85/5  120/0  

>�L(��	 +F: �� �)�2) ± V�# 64#�( ����	 i)�t() .�()  V��34-) ���	 
��	
 ��	P
 ��	P
t ��� .050/0 > P ���	 �)� .��,(  

VAS: Visual analog scale 

  

K�	 ��	P ���-���4F7) �� V%�D 
�� ���	 %  ����# 

6�  +�*�*46/5 ± 64/29  %8/3 ± 42/29  6G�0����  6�7 

K%�3* ���	 
�)� ) �#)�(820/0  =PK�	 �>��]�� .( 

��	P j%�� P) 
�%�A<� �� V%�D 
�� ���	 %  ����#  6�� 

 +�*�*56/3 ± 83/93  %21/3 ± 06/94  6G�0� ����  6�7 

K%����3* ������	 
�)�   �����( V�������	 V%����D %� ��  

)741/0  =P.(  

  

)*"  

i�� P) g�W() ><)  �6��C�8	  ��-���  ��Qk�*  ;��  
%�)� 

�7)��� gO%P)�TC
 �� ?�4�7 ��� ���� �)�����  6� @4,	

��� 
�����  >�: 9�2 �:)�� ��� .�� ><)  �6��C�8	 

�)����� 6� %� V%�D ���	 % ���# R�FG* �(�#   ����� %

��� ����b ��)����� �)��* �+/0 _�,#) �U3�*  ��s�F7)

K�# �)=�	 ���� ��5	 ��	P ��4��<��  ����-���4F7) % 

j%�� P) 
�%�A<� �,Q �<��D. 

>�L(����	 >��- �)������� w��<P�* % ���F�� �� %� 

�V%�D K%�3* ���	 
�)� �#)�( 67 6� ?��4:) ���<P 

�Q) \%�5	 �D���7 )� �
 ���	  % ����(  {<��4(   6��

�-�  V��	
 )�  ��	  �)��*  6��  ��Q) 
%�)�  gO%P)��TC
 

v�,*�) �)�. h,N {<�4( �-� 6� �V�	
 ;<)=�)  ����� 

������ �� 40 6���G�0� 
 ?%) �����:)�� �����N 6���� 

���	 
�)� �� V%�D ���	 �4�7 ���. �>��]�� K�# 

��� �)=�	 % i�S	 ��5	 =�(  ���N 6�  ����	 
�)� 

�� V%�D ���	 �4�7 ���. 

{<���4( K����C�8	 g���W() V���# �����( ���	 ����� 6��7 

>� P�<�%=�� �� K��� 6� �F7@��%�  �	 ��()�*  K)��Q) 

9��0 6x:@	 
) �� ?�4�7 ���� ��� 64#)� ��#��. 

Divac % ��)��A�� �� 6�C�8	 
) ���( �(�)�  6�7 

i�S	 >� P�<�%=�� �� v�,*�) �A<�=( ��  ���� ���� 

��)�. �()����� 67 V%@2 �� 
��%�)� �b ���� ���� 

>� P�<�%=�� =�( �	 ���<��  ���(��7    J�b)% ���N 6�� 

�)��*  g@�0)  ��<%�)�    ���� ����� ��b  
��4�7 �� 

6F<�G	 �� �)����� ���<�� V���7 
 ��	�� �<%�)�  �b

��� ���� ���*  ��4#)�)10(. 

Kruse % �)��A�� �� 6�C�8	 
)  ����(  ��(�)�   6�7

i���S	 
O���� >� P���<�%=�� ���� �� ?���4�7 ������  6���

q�S� �� �)��) >F	  �Q|�	   ��-))11.( Dmitriev 

% �)��A�� �� 6�C�8	 
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Abstract 
Background: One of the major challenges in adult surgery is hypertension. Hypertensive patient are 
in danger of  myocardial ischemia, increasing blood pressure in recovery room, kidney injury and 
cerebral artery damage. Regarding the previously reported positive effect of alprazolam in decreasing 
this complication, we decided to evaluate its efficacy in hypertensive patients undergoing surgery 
under general anesthesia.  

Methods: The present randomized controlled trial was conducted in 2014 in Alzahra Hospital, 
Isfahan, Iran. Study subjects (age range between 54 and 76 years) were candidates for elective surgery 
under general anesthesia. Patients were randomly divided into 2 groups, intervention and control. 
Control group received no drug and intervention group received alprazolam tablet (0.5 mg) before the 
surgery. Systolic and diastolic blood pressure, heart rate, respiratory rate, pulse oximetere, and O2 
saturation during the surgery and pain severity, extubation time, recovery time and the dose of 
analgesic drugs after the surgery were evaluated and compared between the groups. 

Findings: Increasing blood pressure in the first 40 minutes of surgery (P = 0.001), pain severity  
(P = 0.012) and the dose of analgesic drugs (P = 0.001) were significantly less in intervention group 
compared to the control group. 

Conclusion: According to our results, alprazolam has an optimal efficacy in controlling blood 
pressure in hypertensive patients undergoing surgery and reducing pain severity in recovery room. In 
the absence of contraindications, it could be used as a prophylactic treatment in this group of patients. 

Keywords: Alprazolam, Hypertension, Anesthesia induction, Post-anesthesia care unit (PACU) 
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! <����
+���% 
����	� 	 ��H �  "�� 
) �� � 

9����%�   ,�4�	
���* &�
���# r�����. $���'(HA2  ��

�2�� 
���)   ���� ?���% ��  
M��� ��LEW  
�	� �	��  �   

8  �`���)     �� ^��* �"��� 
) ,���� �� .���H 
���+��%�

 &����%�����%  �<����
+����% �� ���52 	 &�������_%�%

���\�   ����)� ���� ����������� 
����H ��30 "��(�� � 

�+��%  	 ��
! $�
%80 �	�    3�� :��) "� "c�2� ��

 .���
! "����� $��%  "�� 
) �� ��\�  ��	� x��) � 

 ,�4�	
* �	�  "# ���'�HA2  ����   j���b� $�'( �

x���( ������ &�+��% ����  �� .���H ��	8 ���� �
) 9�����

"���� "���� 	 $M
! :��\ ����
� �� ��   ����M	
+�?�

 �%�
����
!.  

 (r   X���#
��� ,�4�	
��* j����b�HA2 j����b� :

  X����#
��� ,�4�	
���* &�+���% �� 
���+���%� ����� ������   

Ni-TED 2000 packed )MN, Germany (  O����� �� 	

 ��0?���+%� �� ���
��;�y��
)   .$�M
! :���\   ,����

�������m�) ������+��   ������� 	� &�+����%  ������� 
�����)  

3 ���) (
+�?  	 
������� 
1�c) s8 ��	� ���  ��� 
�)ml 3 

���) (
+�?  
M�� ��LEW  	8 ~ pH +�H�6   .��H 
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� ��*�+�� , 

 �"� 
) ��> �� 
�!ml 9 ���)  
+�?  r�
b+�%� O�i=) ��


� .�H 
�
� &�+% �	�  

�'� ��m�) "�    �)���� �� �
��!

 ) &�+�% �� �(	
. x��) �&�+% $�M
aFlow through (

.�H 
����
!
� &�+% "� ��� ,���>     gh�  ��
�� ^_�%

,�4�	
*  

�'� �� &�+% ��M�d� ���    
M��� �� �
��!LEW 

�	�  ) 
�	�12 ���) 
+�?  .��H "+��H (   "�� 
) ,��� ��� 

   ,�4�	
�* ����%��( $'(HA2  &�+�% ���   
M���LEW 

 
�	� �	� 8   	 �`��)Imidazole 250  ����)    "�� �`��)

�H "+M
! ��#  �� &�+% �� ���5� O��=) 	 U�F   ���� 

250 �
+�?	
��) x�(  ��	8 �H 	 ���  O<SDS-PAGE 

)Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (12   ����+�! .�����
! ���%�
� ���\��

 �� �
) �)��� �� "# $%��      ������# ]����M� ���m�) "��

   &����) "�� ��
M�� ��5� $�
% �&�+%3    "�c�2� �� 

�12

U�m��   .�H  

 �")��� ��   3��� gh�  ���m�) "�    	 �M��d� ����

�,�4�	
* s�%� �� �
�!��(   
M��� �� ��?��� e	� ��

M 
�	� X��H �� :���       ����# ,��� ��
�� .��H 
���+�%�

 
�	� ��(�	 :���M 
M�� "��� 
�H j��b� ,�4�	
*  �

4 �`���) �2  	 �`���)1 �`���)�  :���) "��� 9����# 
���  

1    ���2�M :�����M 
M���� �� ^_��% 	 $����% 
�	� 	   

5/8 ~ pH      &����) .����
! ��?���� X�H 3� :�) "�

 z��. ,�4�	
*27 ���#  ���+?��HA2   $���'� �� ��� 

 O< �	� ���M	
+�?�12 	 �\��   ��� &8 $m�7 e	�

Bradford  O�{b� �� |���� 9�q�� �� 	 ���
! ��	8
�

.�H ����'q�  

")��
� (�  :&��%����#�	 �25 
%   e��)BALB/c 


��) � 8-6 "+�� ��   ������
. r
# ��+%�* �+�+��� ��

	 &���  ]b� �� ����'q� "+�� 3� �� �0�  "���.�  ��

5 ��! 
	
5 �����������)    .�����H U����c� �����H 	

   	 �	� "�% �� ����( $=� :��\ "� &��%����#�	

 �	� 
��� &�����) "���15  9
��!	
��) 	� ���\��M �� 	

"+��  .��H 9�F�� ��   
	
�!O	�   ,�4�	
�*HA2  
	
�! �

9	�  ,�4�	
*HA2     ,�4�	
�* ��� 
�
���HSP   
	
�! 	

 ,�4�	
* 9�%HA2  �� 
�
�� ��$���(�� Freund�  	�

	
���! 
 ������H &������� "���� ������HSP  	 �����PBS 

)Phosphate-buffered saline ( 	� .�����
# $��M����

|���� ,�
.8 �� �0� "+��� e�) O�+���� ����% ��   ���

&�. &8 9
% 	 �H �
�!      ����`� ��� ��%�
� $�'( ��

.���
! ��(  

 :���`� (
   ������ �������� ���m�) "�    ,�4�	
�* �����

HA2  �� 
�
�� �� 	 ���'�� "�$���(�� ]�* ���  �"+�!

 &������)IgG )Immunoglobulin G9
���% (  ������

x�(  .����
! �%�
� ���`� e	� �� 
�H ��	8   ,����

��+�� "# X��
� 100  
+�?	
��)��  ,�4�	
*HA2   |��2�

) ���� :���M 
M�� �� 
�Hg/mlµ 1/0   
�� 9
!	
��)

�����) 
��+�? ���� (pH 2/7 
��� &	�� 3����>  $����* ��  

96   :��) "� 	 �H "+b�� "��.15  �� $���%  ���)�   

4 "(�� � �+��%    ���6+�H �� ��0� .�H 
��� ��
2 ��
!

3��������> ���������%�	��) �������� �������� BSA   

)Bovine serum albumin( 3 �\��   	 $�M
! 9�F��

 :�) "� $��*1   
�q�6��)�8 ��)� �� $��%  "+�H�h!

�H3��> ^_% .   	 ��H "+��H �� 100   
�+�?	
��) ��

 $2�2000/1 9
% y���b) 
	
! ���    l���+b) ����

e�)  ��� ) x��(   "�+�� �� 
��H ��	8 �    �� ��0� 9��%

,�#�	 �	� ,�
.8 |����(    "+��b�� 3���> 
�� �� �

 	 �H ��
� $��*2  ��������� �� $��%37  "��(��  �

�+����% ��
��!  ��
��2$��M
!9
��% .  �� ����PBS  �	���   
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 �� 3�3��> �� 100  
+�?	
��) ��+�8 ��   "�����@ ����� 

)HRP conjugated mouse antibody (  $��2� ����

5000/1       �	��  ����� :����M 
M��� ��� 
�H |�2�)  

1  �\��BSA� 	 ��H "+�b�� (��
 1  $���%  
�q��

 ���������� &	��37 "(�� �+��% � ��
!  .�H 
��� ��
2

 �� "��� 
) ,�����   ����6+�H �� ���0�100  
��+�?	
��) ��

��
+���% TMB )3,3´,5,5´-tetra methyl banzidine( 


� "�  	 �H 
�	�M� 3��>20  	 N��� ��/M �� "c�2�

 3���� &��) ��"+H�h!    ^_�% .��H100   
�+�?	
��)

 3����?�% ��%�2  O�)
�)"�    
����� "����. &�����  �

 "�� (]�#�	       &����) 	 
�	��M� 3���> 
�� :����+=)

 r�) O�L �� ���� sh(450  
+)����.�H 
����.  

 (	  
���6# �	
��	 �� :�����  ]?�> � H1N1 :

e�) ]?�> ��m�) "� ]�	n* ,�� ��    �	
��	 �� ���

A/Puerto Rico/8/34 )H1N1 ( e�) �� 
�H ��!��%


��6# �	� �]?�> �� �52 .�H 
���+%�   �� �	
��	 �

  e��) O�)BALB/c    .����
! ,���0� ��,��  ���m�)�   

4  
	
��!4 e���) �� ������  �����BALB/c  V��%��

  	 ����H ���H�� "��� ,�)�+#/,�������  $�2� ���   ����

) l�+b)1-10� 2-10� 3-10  	4-10 �	
�	 (PR8   "��

 &�����)100  
��+�?	
��) .�����H }���c�� ������ |���
L ��

e�) ��^�2 �� 
	
! 
� �  "���!��( ���    :��) "��  

2    }1��% ���q��6��)�8 ����� 
���� "��+��2 �������� 

�H ����'q���  	 "���	�  ��� 	 ������ ��@8�	
� 
m� ��

.��+M
! ��
2 �%�
� ���) 
�) 	 G
)  

     
��H "����#�	 ���� e��) �)��� �]?�> $'(

	� (���H 	 ���))      3�� ��� 9��% |����� �� �0� "+��

 
��6# �	� �	
�	 ��PR8   
�#v `�� �� "# �H	� "�

 "+�� 	� :�) "� 	 �����
! }�c�� �H  	 
��) 	 G
)

&8 &�	 ]��# $M
! ��
2 �%�
� ���) ��.  

���
	 	
  

   X����#
��� ,�4�	
���* �����?�� (l���?�HA2 : �� ^���*

  X��#
��� ���%f* &��%�)������
�PET-28a/HA2  ��

"��% � �����   
��H �0+��)  �BL21 )DE3 &���� �(   ,���

,?�� �� ,�4�	
* ���  �	� 250 �%  �%  $�6# V��=) 

x����) LB Broth  ����)� ��37 "��(�� � �+����%  	 ��
��!

 $m�71 ���)  �� �`�)IPTG    9��F�� U�6H $��% �� 	

$M
!  ,�4�	
�* "# ��� &�6� ���M	
+�?� �� �\�  t��+� .

27  ���+?�� ���#HA2 ,?�� �)��� ��     &���� ����. "�� ��

$%� 
�H  ��H)1 - a.(  

 �"��)��� �� X���#
��� ,�4�	
��* r�
b+��%�HA2  ����


�	� 	 
�������� e	� � 8 �`���)� 

��'� ����  �� �
���!

  t���+� 	 $M
! 9�F�� &��%�����% 	 l�+b) ���
M��

�H 
�
� ���M	
+�?� O< �	� 
� �\�    "���! &���� .

 ��H U+�� &�+% �� "#1- b �) 
���6)    ,��� ����H

5��%��) �����c) "��� ,�4�	
��* �� �������� 	 r�
b+��%� �

,�4�	
*     
����
! gh�  ���52 � �
) �� �M�d� ���

"� 
) �� .$%� ,�4�	
* �)�# gh  ��
� ��0� �  ���

     .��H 
���+�%� ����� �M�
!����)	
# &�+% �� ��M�d�

 ��H �� "# ��L &���1-c   
��H 
��� &�6�  ,�4�	
�*

 X�#
���HA2     .$�%� 
��H j���b� ���. &���) "�

$����'� ��� $��'(   ����m�) "��� 
�	� 	 3���� gh�� 


��)8  "����� �|���� ��
� ,�4�	
* ���% �  x��(  ��	8

"� 
) �� 
�H � �52�   
�	� X��H �� :���M 
M�� "���

���
! ��?���y��
) ���M	
+�?� O< �%�
� .   ��� &��6�

 ,�4�	
* "#27  ���+?�����#HA2 "(�� ��   z���. �

 �� ]��90  $%� 
�H j��b� �\��  ���H)1- d.( 

 ,�4�	
* &���) �,��{��HA2    ]���)�8 ���Bradford 

	 �H 
��F�%  $m�7 ����'�    
��H j���b� ,�4�	
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O��0) 55/0 �H "5%�=) 
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��) 
� �� 9
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 (s
����� �+�8 �
�! �d ���� HA2    ����`� e	� "��

e�) �� "0?�1) ���) ��� :2     �	� ,�
�.8 �� ^�* "�+��

,�#�	�  &��. :�����  9��� ��      	 ��)8 ���� "�� �
��!

�+�8 &���) ���� ,�4�	
* �d ��� HA2   ����`� ]��)�8 ��


����� .�H �
�!     ���H �� "�# ���L &���2   
��� &��6�

 �$%� 
�H  
�� "�%    
����# $�M���� 
	
�! � HA2   "��

 �� 
�
�� �� 	 ���'��   ���� $����(��Freund  	  ,�4�	
�*

HSP70 � ~%�* �����IgG  ,�4�	
* "���HA2 ��+��.  

8  �� 
����c) ��?�� "     ����)8 &��)�8 ��� 
��)8 $�%�  

One way ANOVA    ��+�8 ���?�� "�# ��� &�6�  ����� 

IgG  
� ��"% 
���# $M���� 
	
! �    $5��� ,��#�	


	
! "�  ���  
����# $�M����) ���H  �PBS  	HSP (

��0) :	��� ) ����0001/0 < P.����� (    ���L &����

 �� "# ��H2 �$%� 
�)8  ��e�) ���   ��� 
�H ,���

HA2   
�
��� "� $����(��   ����Freund   ���  ,�4�	
�*

HSP70�  "� $5��e�)  VcM "# ����HA2   $�M����

�+�8 ������ 
�
#    
��H ���?�� �
+6�� �\�i+.� ����

��0) :	��� ,�� ��> 
� ���� .��5� ���  

 (r  
���6# �	
��	 �� :�����  ]?�> � H1N1 :

  
����6# �	� �"�����#�	 :�������  ]?���> �� ���52  �

e�) �� �	
�	   ����BALB/c    "�+�! e	� |���1)


����� 
�H �H �
�! $2� �� "# ,�� "� "(�� �� .3-10 

 �	
�	 ��PR8 �100   ��\�� &����     �� 	 
�
�) ���

 9��� ��0� $2�e�) �����) 
��� ���   $�2�3-10   "��

 &����LD90 )     �� ]��� �����+� "�# ��+2�90   ��\��

.�H "+M
! 
m� �� (�6�� �� :�����   

2 "��� 
) ,�
��.8 �� ���0� "��+�� �  �&����%����#�	

e�) 
	
! 
� ���� 100   
�+�?	
��) �	� �� 
���6# � 

 .���
# $M���� ���� |�
L �� �� �	
�	e�)    "�� ���

 :�)2    ����) 
��) 	 G
) 	 &�	 ]��# 
m� �� "+��

     �� &8 t���+� "�# ���+M
! ��
�2 �%�
�  ���H3- a  	  

3- b 8
�) $%�.  

  

  
 ���1. �	
�	 �

������� � ���� �� ���� ��������  ��� �!  "�#�!
	 $�%!��&HA2  

a . &���pET-28a/HA2  �
+#�� ��Escherichia coli "��% � BL21 )DE3�(  &�+%1"���� : �  �� �c?� �� �52 �
+#��IPTG&�+% �  ���9 -2"���� : �  �� �
+#��

,?��  ���8-1 �6  �� �c?� �� �0� $��%IPTG.  

b ."���� ���M	
+�?� �  ,�4�	
* r�
b+%� �� �\� HA2  �
+#�� ��Escherichia coli "��% � BL21 )DE3(.  &�+%1"���� : �  ,�4�	
* r�
b+%� �� �52 �
+#��

HA2&�+% �  ���5-2,�4�	
* ��6+�H � �
) : � ����M�d �&�+%  ���6 	 7 ,�4�	
* r�
b+%� ���'� O�i=) :HA2.  

c. "���� ���M	
+�?� �  ,�4�	
* j��b� �� �\� HA2  &�+% V%��Ni-TED.  &�+%1"���� : � x�(  �� �0� &�+% �� 
�H ��	8���h!��� &�+% �"����  ���9 -2 :,H�?� 

 
�H j��b� ,�4�	
* �	� HA2 .���� &�+% V%��  

d ."���� ���M	
+�?� �  ,�4�	
* ��?��� �� �\� HA2.  &�+%1 ,�4�	
* :HA2  &�+% ���?��� �� �52 ���� &�+% �� 
�H j��b�2 ,�4�	
* :HA2 .��?��� �� �0�  
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 ���2 .�� (
��) *+��	 ,��-	� .�	/ ���0 �1�� ,2+� ��3  �HA2  ��

 45
 �6�
 $+� 
1 .�7+8� 6�
2000/1 6
) ;��  1

) ��3

.4�� ,-� �<+�=) �>+-�+ �� �?��@)  
PBS: Phosphate-buffered saline 

  

  
 ���36
) B��C *+��	 .  .D��+� �� �E�<#�� ��3a.  �=� ��7�)

6
) 
1  �� B��C �� -?� ,-� �E�<#�� ��3H1N1 .b ��7�) .

6
) .	�� F����G! ,��0 ��3  �� B��C �� -?� H ��) ��3

 D��+�H1N1  
PBS: Phosphate-buffered saline 

 
 "�0?�1) ,�� �� �� � e��)  ����  # $�M���� 
���� � 

HA2  9���q��  �	
���	 ���� ]?���> PR8 )H1N1(�   

80 ��+M� N���� G
) �\��. "# &8 O�  
	
! ��   ����

 
�����# $��M���� � HA2-Freund 	 HA2-HSP�  "���

 X��
�40  	80  �\�� e��)      ��� 
��H ]?��> ����

 �	
�	 ��H) �����) 
���3- a( .    
�� ���� �,���{��

 ��H3- be�) � �2�� ��� 
���) 
	
! �  $M���� ���


���#   &�	 ]����M� 	 ��5'� "� 	� ��	� 3� ,�#�	 �

 .����� &�6� ��  
	
�! �� "�# $%� �?�  �� ,��  ���� 

���H 
���# $M����  �HSP  	PBS     ��� 
��H ]?��>

H1N1 :���� &���) �100  �\�����.  
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Abstract 
Background: Influenza viruses cause acute respiratory infections in humans, which can often be 
accompanied by pandemics with varying rates of illness and even a fetal end. Current vaccines target 
the variable globular part of hemagglutinin (HA); so, their effectiveness is limited and they need 
perpetual updating. To prepare universal vaccine, scientists' effort is focused on conserved antigenic 
parts of influenza virus such as hemagglutinin stalk domain which is more conserved compare to its 
globular head. The aim of this study was evaluating the immunogenicity of influenza A (H1N1) HA2 
peptide in mouse model.  

Methods: To prepare HA2 protein, the expression vector encoding the gene of interest (PET-
28a/HA2), was transformed into Escherichia coli BL21-DE3 competent cells. Recombinant HA2 
protein was extracted and purified using Ni-TED columns under denaturing conditions, refolded and 
desalted via step-wise dialysis. The HA2 concentration was determined via using Bradford protein 
assay. Six-week-old BALB/c mice in different groups were immunized intradermally with HA2 alone 
or supplemented with Freund or Lm.HSP70221-604 as adjuvants. Two groups were injected with HSP70 
and phosphate buffered saline (PBS) as negative controls. Humeral immunity in vaccinated mice was 
measured using the enzyme-linked immunosorbent assay (ELISA); and finally, mice were challenged 
with one lethal dose (LD90) of PR8 virus. 

Findings: The protein expression, extraction and purification stages were confirmed using sodium 
dodecyl sulfate polyacrylamide gel (SDS-PAGE) electrophoresis. The highest antibody response was 
measured in mice vaccinated with HA2-Freund, as expected. Specific antibody response in group 
received HA2-HSP70 was of higher titer than HA2 alone. More over HA2-HSP70 group surprisingly 
showed higher level of protection against lethal H1N1 (PR8) challenge compared to other groups. 

Conclusion: It has been proved that HSP70 can induce specific response and innate immunity via 
stimulating CD8+ T-Cells, CD40, TLR2, TLR4 and cytokine secretion. Our results showed that HA2 
alone or supplemented with HSP70 protected mice against lethal influenza challenge and could be 
considered as a universal vaccine. 
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Abstract 
The results showed success of the health system to detect suspected cases of the measles and 
appropriate sampling from suspected cases that were more than expected. In addition, per every one 
million population of Iran in 2014, 1.27 of cases of measles were reported; that a numbers of 
confirmed cases observed in Afghan refugees. Low levels of immunization coverage in eastern 
neighboring countries and high immigration to Iran, are the main challenge of measles elimination in 
Iran. The gradual accumulation of susceptible individuals, due to lack of proper vaccination or failure 
to respond to immunization, may underlie the development of outbreaks of measles in Iran. 
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