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K	�� �$ /�	?� �� �	5 "��.�� "�� &� ��	&@ � )147 ( 
�� =	&&P���	�&&�J� =	Ab)�� �$ �&&�&&�*� "  /&&��S

>���) CH   �&�ChainHeavy  �&
 I�&)�� (  $	&@ !�	5 &� �
� �	�G
 2�^EO��� �� �����	��J�=	 $���� A� )15.(  

   �&. ���&< =� �� &����   *�	&T�
 �&�P =	&
�	�   7
,-� "���$   =$�&. $7�B
 �	T�
 �� !/�� $�^�
 "��

*�����  "���� /��	+�� "7� �� w-H  "��T�^EO !  "�
�&&&&��� ) "$�&&&&�taFv  �&&&&�Tandem scFv  �&&&&�  

Tandem single chain fragment variable �&&� (
 7$ K�45� p��[ �� ����7$ /�M�4�#�scFv  UZ. ��

     K�&45� *�&>��< ./&�� *�&@ �\��[ %M�7 �\ ����6
���� �� �� /Z� U� *����� !"$��   =	&
�	� " &���� 

�
 %Z1 *����� /B��	����� =�	�1 �� �. /��   7 �&�.
   �&� K�&45� �� �$�O !�>�$ /Z�CD4 �� /�&�	+   "�&�

�
 ���B��   &�� K�45� �� .�@��taFv  A&�    7$ �&� =�&
�
,�6 *�>��<        =$�&. $7�&B
 �&. ��&M� 9�&� !�&�+�

*�����  "����  /�&�	+�� "7� �� w-H   "�&�T   !/&��
�
 2�	M ) $���16�� 9�� .( ��  !�&^��E
   ,��G&H�

 ���	5taFv $	�.  
  

��� 	
  

/�$ "���    �&^��E
 &�� 9�� �. ]���
 =��� �� ����
 �&^EO !$	�  "taFv   �	&�.7 ��pAB1   7 =��&6� "���$)
 �5	&&&
7�6lac  �&&&��� �&&&� /&&&
7�-
 =8 7  U&&&�5	��

��
�  �&^EO *��Z� (����  "pel B     �&. �&L�� ���	&5)
"�6 "�_H �� �u57�6 /���� s1�� �
 �Z�J6  ($	@

 �	�.7 ��pET32a  7 .�&@ *$�$ K�-���  �	&�.pET32a !
 �5	
7�6 "���$T7 =��6� !lac���L�$ !  "His  �	T�
 ��)

 �&��� w�	5 �u57�6 ����$�   h��&# 7 "$�&�   !("��&�
���L�$  "Trx  =8 7 (�u57�6 �#�� K	�`
 �	T�
 ��)

���� �� /
7�-
  �&�
� U�5	��      �	&T�
 �&� .$	&� ���&�
 :�&�   ) x�&L
 �	&&�.7 7$ �&� !=	&&�.pAB1 9�&&� 7 (

)pET32a�� ( A�G��  "��NotI  7HindIII   ,�&.�7 �$
Double digest    K8 �� y��X�&�� �� o&6 7 �@ *����

�^EO  "taFv �^EO �� *��Z�)  "pel B  !(=� �� *��LBP
 A�G�� UZ. �� 9�� �	�.7 7 �^EO �� i�`�� ,�.�7

DNA  ��>��T4 ./H�� 2�	M  
  !9�&� �	�.7 �O�`�� $	# ����� "��� !��lZ�

	�.7 =	����	���   A�G&�� 7 9�&� �DNA   ��&>��T4 !
�&&^EO =7�&&�  "taFv K	�&&� .�&&@ I�&&)�� G&&�� !  "�&&�  
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E. coli TOP 10 )Escherichia coli j7� �&&� (
CaCl2  %&&&�57�6 R�&&&�� �&&&�) �&&&5���\ z	&&&@ 7

Sambrook  o�&� .���&@ ��Z�J6 �H��;6 �^�B
 (! 
��  7 I�	+B���5 !�O�`�� $	# 7 i�`�� ,�.�7 K	4`


 w�&&&&`
 �$LB )Luria broth(  "7�&&&&\ ��&&&&��  
mg/µg 100 ��
�     "7� �&� .���&@ *$�$ /&'. ����

K	4`
   Z&�J6 y��X�&�� �� o6 !i�`�� ,�.�7��  ��)
�[�p .�/  a5 �	&T�
 �� !(����
�H /.�@ &��� �$� /&H� 

�&&^EO " taFv!  ��6 U&&Z. �&&���&&��Z" 
	&&Z1� pET 
��6)����Z" T7 ,�.�7 (Polymerase chain reaction 

)PCR.�@ I�)�� (  
  ,�&&.�7 �$ $	&&<	
 $�	&&
 /&&T��PCR  %
�&&@  

µl 5/2  �H�&&�PCR 10X !µl 75/0 MgCl2! µl 5/0 
dNTP )Deoxynucleoside triphosphate!( 

Forward primer 7 Reverse primer �&&� I��&&.   
µl 5/0 !µl 2/0  A�G��pET32a �^EO "���$  "taFv  7

 :�µl 25/18   �&&
���� /&&`5 �&&. $	&&�  "C˚ 95  �$  
3  !�&&&-�O$C˚ 95  �$1  !�&&&-�O$C˚ 57  �$1  !�&&&-�O$  
C˚ 72  �$4/2  !�&&&&-�O$C˚ 72  �$3   �$ 7 �&&&&-�O$  

30   ���&?� K	4`
 ����� ./H�� I�)�� �#�PPCR 
|�� !����� K8 "7� �� ��	H7����� p��[ ��   �&� "G�
�

  *���&'
 7 �&��
�� I	���5�    �>��&'� �&� =� "kb 1  �$
 *�>��$Gel documentation .�@ I�)��  

� o&&6 "7�&&\ ]&&�.�5	� ��Z&&�J6 $�&&)�� �&&��a5 �
�^EO  "taFv      &�� �&� .�&@ *$�&
� =�&�� "��� w���@ !

"��.�� �� ��	�. ��P �. ]�5�5   "�&�E. coli BL21 !
JM109  7Origami    ��Z&&�J6 �&&� *�&&@ I�	+&&B���5

 �$ !]&&&�.�5	�ml 5  w�&&&`
LB   "7�&&&\ }��&&&
  
mg/µg 100 ��
�  "�
$ �$ !����C◦ 37  �	5��	��� 7

    o�&� .���&@ *$�$ ���L&@ /'. ��$���@µl 150  ��

 �� w�`
 ��ml 15  /LB�) ���< /'. w�`
1   �&�
100 "7�&&\ !(ml/µg 100 �&&�
�  �$ 7 �H�&&0� ���&&�

 "�
$C◦ 37  �	5��	��� 7Shaker �7$ �� ��$rpm 180 
�5 ��
��  �.OD )Optical density �� (8/0 -6 �����)" 

�&&�\�
 " ��&&>��Z�� o�&&� 7 �&&�	��� !�&&��� (mM 1 
IPTG )Isopropyl β-D-1-thiogalactopyranoside (
�H�0�  "�
$ �$ 7C◦ 23   �7$ �&� ��$���@ �	5��	��� 7
rpm 180!   2�&&
 �&&�20-18    �&&>�$ ��&&� /1�&&�  

  .�@ ��	���  
   "��&���< �&� I��O� !�u57�6 �	_\ ����� �	T�
 ��

*��41 "�6 "�� .�@ A�J6	��� 7 A�J6 /�$ "���   ���&�

*��41 �� "�6 " �7�.	� ]�@ �� !A�J6  ��^�  �H�&�x1  7

x 
1

5
 TES )20  �&&&&&&&&&M�$Sucrose !mM 1 EDTA 

(Ethylenediaminetetraacetic acid) !mM 20Tris-HCl (

/�$ "��� 7   *��&41 �&� ����    y�	&
� �� �Z&�J6	��� "

) ��	�����7�Hielscher, Germany.�@ *$�+��� !( 

  U&&Z. �&&� �u57�&&6 �	&&_\ �&&���� �	&&T�
 �&&�

�&&&���  "$�&&&�Anti-His tag )Sigma-Aldrich �� !(

*��41 "�6 "��  �$ *�@ y��X��� A�J6	��� 7 A�J6

Dot blot  !=� �� o&&6 7 �&&@ *$�+�&&��SDS PAGE 

)Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis(  7Western blot ./H�� I�)�� G��  

      !�&E�`
 w���&@ ��Sa&5 =$�&. hX&'
 "���18 
I�� w�	5 *�@ �\��[ ,��
��  ��GH�Minitab 16  �&� !

��	Z� o�� .�@ I�)�� ����5 ��� ��     �� *$�+�&�� �&� �&�
 j7�Enzyme-linked immunosorbent assay 

)ELISA ( K7�<) /H�� ���O ������� $�	
1.(  
h��# �	T�
 ��   ��	&� �� "��&�    ���&'�� �&. "�

5  !/&@�$ �� ���	E. coli BL21 !ml 200   w���&@ �$
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*��&&41 7 /&&'. 3�&&� ��$�	&&� "�&&6 "�&&�  7 A&&�J6
"��.�� A�J6	���   %&�57�6 pL[ !K�4`��� �� o6 ��

 .�@ *$�$ �	L1 %��� =	�� �� =87���	��� /.�@  
     K�&45� �&���� p&��[ �� !��&B�� /�M�#taFv 

 �� *�@ h��#CD4   /�&�	+�� DE&�     U&Z. �&� �&�
���� "$��  "��Mouse anti His-Tag Ab �&��� !   "$�&�

 ) �&��57G�� ���@Amersham !(Anti-mouse FITC 
)Anti-mouse fluorescein isothiocyanate (
)abcam 7 (Anti-human CD4 FITC )CMG �� (

.�@ ,)�� "��
	����	�H U���5 p��[  

/��	+�� !�MJ# �	[ ��   7 �&�taFv   *��&Z�Mouse 

anti His-Tag Ab ���� ��     �$ !�&��57G�� ���&@ "$�&�
 *��Z� o�� 7 �����Anti-mouse FITC )abcam �$ (

��	� 7$  �&�	� �$ 7 �G)
 "      ���&@ =�	&�1 �&� �&>�$ "
/��	+�� /Lr
   �	&_\ =7�� ��taFv �&� !  �&���   "$�&�

 "��&&&)5Anti-human CD4 FITC )CMG  �&&&�  
Cyto Matin Gene 2�&&
 �&&� (30 �$ �&&-�O$  i�&&5�

��	Z� .���@ ��	��� U���5   �&� 	'�B@ �� o6 ��PBS 
)Phosphate-buffered salinep&&��[ �� !(  *�>�&&�$

) "��
	����	�HPartec PAS, Germany.�@ G����� (  
  

 ����1 .18 	
� � ������ �� ��� ��
� ������  ���Miniteb 16  

M ]IPTG[ )°C (Tem Media Strain 

05/0 18 TB BL21 

10/0 23 TB Origami 

00/1 30 TB JM109 

10/0 18 LB sorbitol BL21 

00/1 23 LB sorbitol Origami 

05/0 30 LB sorbitol JM109 

05/0 18 SB sorbitol Origami 

10/0 23 SB sorbitol JM109 

00/1 30 SB sorbitol BL21 

00/1 18 LB glycine-triton x-100 JM109 

05/0 23 LB glycine-triton x-100 BL21 

10/0 30 LB glycine-triton x-100 Origami 

00/1 18 SB glycine-triton x-100 Origami 

05/0 23 SB glycine-triton x-100 JM109 

10/0 30 SB glycine-triton x-100 BL21 

10/0 18 TB ethanol JM109 

00/1 23 TB ethanol BL21 

05/0 30 TB ethanol Origami 

:TB  w�`
TB  K7�B��� "7�\M 6/0 !LBs w�`
 :LB  K	����	� "7�\M 5/0 !SBs w�`
 :SB  K	����	� "7�\M 5/0 !
LBg.t w�`
 :LB  =	���5 7 �B�J� "7�\100– x  I��. ��1  !�M�$SBg.t w�`
 :SB  =	���5 7 �B�J� "7�\100– x  ��

 I��.1  !�M�$TB ethanol w�`
 :TB  K7�B��� �� *7J1 �.M 6/0 K	��5� "7�\ !3 .$	� G�� �M�$  
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 ����2����� . �"#� (��%&') )��� ���� �� *&�"�+, )�- ���� � ./ )��� 

  
���� ��	��  

����� ��� �  ����� ��� �  ����� ��� �  
����� � !"#$ %& !"#$ ����� ��	' !"#$  	' �(�)#	* �+�#	, /����� ��	'FITC 

*+��"�,"-� 1 +  taFv - - 

��"�� ���� 0 2 + taFv Mouse anti His-Tag Ab Anti-mouse FITC 

���
 12�-3�2� 3 + taFv ���  12�-3�2� ���
 0��4  Anti-mouse FITC 

FITC ���
 4 + taFv - Anti-mouse FITC 

*56� ���
 5 +  - - Anti-human CD4 FITC 
FITC: Fluorescein isothiocyanate  

  
    K�&45� !��&B�� /�&M�# ����� �	T�
 ��taFv 

 �� *�@ h��#CD4   /�&�	+�� DE&�     U&Z. �&� �&�
  p��&&E
 ./&&H�� ���&&O ���&&���� $�	&&
 "��
	���&&�	�H

 K7�<2��	� ! *��Z@ "  "1    7 /�&�	+�� "���$ w&-H
taFv *$�
� .�@ :�X��� /���	�H	5� =�	�1 �� 7  "���

�&&�	� ���&&� �&&�\�
 �$ :$	&&� ]&&�5�5 ��&&� �&&�  K7� "
/��	+�� "7� �� !=	����	��� ��	� "�� ��  *��Z&@ "  "

2  �54 ��	Z� !]�5�5 �� �.  7 ���57G�� ���@ !��M� "
 ���@FITC  c$	�taFv��\�
 �$ !   =	�&���	��� I7$ "
��	� �� *��Z@ "  "2 Mouse anti His- Tag Ab  �� 7
�&&&�	� *��Z&&&@ "  "3 �&&&���  �&&&��57G�� *�&&&@ "$�&&&�

)Amersham �&�\�
 �$ 7 (  �&&� !=	�&&���	��� I	&&� "
�&&�	�  *��Z&&@ "�&&�  "2 !3  74 Anti-mouse FITC 

)abcam��	� �� 7 ( *��Z@ "  "5  !$	� /Lr
 K���. �.
Anti-human CD4 FITC )CMG  I�&Z5 .�@ �H�0� (

=	����	���  ��  2�&
 ��30     �$ 7 N&� "7� �&� �&-�O$
 *$�&
 �@�$ 2�	M     I�&)�� �����&5 �$ !/�&��	�H "

=	����	��� I�Z5 �� 7 /H��     �� �&^� �&�lZ� 7 �&�
 �� 	'�B@ !��\�
 ��#�PBS  2�	&M �� !5   �&-�O$

 �$ 8	�+�����&&&�g 400  ) �&&&@ I�&&&)��17 =�G&&&�
 .(
�&&�	Z� /�&&��	�H  "��
	���&&�	�H *�>�&&�$ w&&�	5 �&&�

)Partec PAS, Germany�@ G����� (.  

+�".	 	
  

A�G�� �� �Z�G�� A_�    *�&��. $7�&`
 "�&�  "NotI  7
HindIII  ��Z&&�J6 "7� �&&�pAB1�&&^EO y7�&&# !  "  

bp 1632 taFv  �� *��Z�pelB  %�@) $�$ =�'� ��1.(  
  

  
01� 12��3�� 45- .) ����%� %�67&� pAB1  8�
9 �  

2:;< ) taFv  

 M =>��?� 
kb 1= @-�A�-) ���%�) 1 =2  �3 %�67&� pAB1 

 C
��2��� ��� ���4�-) ��++D ���E�) NotI  �HindIII  ��)

�-
���) � (F#�G��2:;< �"� .����) �/� taFv =bp 1632  �

<�� �"������� ) %�67&� pAB1 =bp 3186 �"�.  

  

"��.��      K	&4`
) ]&�.�5	� ��Z&�J6 �&� �. ����
 i�&&`��pET32a �&&^EO 7  "taFv *�&&@ I�	+&&B���5 (

"��.�� 7 ��	�. $��� $��^5 !��$	�  ��Z�J6 �� �. ����
pET32a Double digest   ,�&&.�7 K	&&4`
) *�&&@
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 !���@ I�	+B���5 (�O�`��$	#3  /��6 "7� �� ��	�.
LB ��
� "7�\ ���� .��$�$ %��'5 ����  

 ���&&��PCR  "�&&��Z���6 U&&Z. �&&�T7  "7� �&&�
 !*�&&@ y��X�&&�� ]&&�.�5	� ��Z&&�J6�&&^EO �&&�r�5  "  

bp 2300 )taFv  7pelB %�@) $�$ =�'� �� (2.(  
  

  
 01�22H&�� .  �+D� )Polymerase chain reaction 

)PCR (2:;<  )taFv  �� �"�"�pET32a .M 
>��?� =kb 1 .

@-�A ���%� )�-  )1 =2 =5  �6  )��� �� JK�Annealing 

���%� @-�A .���� L���'  )32:;< .��+� �-�� =  )bp 2337 =

taFv  �� ��� 
&N1'pET32a 2:;< � O&D
'"�  )bp 712 =

pET32a ��� 
&N1'  )�-
%�
7 J�"' =2:;< .��� )T7  �

�� .�?� .�-�  

  

 �����Dot blot*���. 	���� !    �$ �u57�&6 �&��	5 "
*��41 I�Z5  "�&6 "��     �$ w&-H A&�J6	��� 7 A&�J6

��	�  "E.coli BL21  %�@) $	�3 .(  
 �$Western blot  7SDS PAGE  �&��� !kDa 78 

 �� f	��
taFv %�@) �@ ����  "��4  75 .(  
  

  
 01�3 � 0P�� Q���� .Dot blot ���RS )
7 � �%�67"�&� )  �%�67

���� T�
� �  )���Anti His- HRP   

1  �22,�U�� )��) V&W+��� V&X'�
7 :*UN� �-�� (  ��� �&,"' (V��&�W&- )

 �"�D� ��pET 48b =3(  =��+� �-��4  �52�"%� ( )
7 )�-  �%�67  

 �6  �72�"%� (  V&X'�
7 �%�67"�&� )�-taFv �� ��� �&,"' =

Escherichia coli BL21 0��� �"�D� pET32a D
'"�&O .  

���
 2��9 �- ���RS ) �&%�67"�� �� 
7) %�67� "��2 �-)   

E.coli JM 109 � E.coli Origami 0��� �"�D� pET32a 

D
'"�&O �+�W- )2D �� Dot blot 2� C�� TMB   

)3,3',5,5'-Tetramethylbenzidine(= 
[ �"5� X'�
7&V �� 

.� �- ��-�?� �?�.  

  

  
 01�4 . )�%�Western blot  

 ��Western blot ���� �� )���.Anti His- HRP  ����kDa 78 taFv �� ��-�?� .�"�  
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 01�5 
�"R' .SDS-PAGE )Sodium dodecyl sulfate polyacrylamide gel electrophoresis( \,�9 � 0U< )���  

M���%� .V&X'�
7 �>�� 
>��?� (  )�-1  �3���RS (  � �%�67"�&� )2���RS ( )
7 )   �%�67E. coli BL21 )Escherichia coli (

 �"�D� )���pET32a  ���� .O&D
'"�taFv kDa 78 �� ��-�?� �"�.  

  

  
 01�6 .SDS-PAGE )Sodium dodecyl sulfate polyacrylamide gel electrophoresis( \,�9 � ]7  .)���M
>��?� (  

 ����kDa 78  2� ^"�
�taFv  .*� 01&� ."�� � ��� ��� �"US  
  

 �$SDS-PAGE h��# �� o6    �&��� "��&�kDa 
78 �� f	��
 "taFv %�@) /�� *���'
 %��O !6.(  

�&&���� ELISA! 	&&��� " E. coli BL21! &&`
�w 
 /&&&'.SB ��	&&&��K	� !��$ �&&&
$" C◦ 18 7 /&&&T��  

mM 05/0 IPTG �&&�?� ��� ��&&@�w ��&&�" �	5&&�� taFv 
  /&T�� .$�$ =�'�taFv �	5 &��"    �&
�� �� *$�+�&�� �&��, 

$�	H$��! mg/ml 27 ZX5�   .�&@ *$���  �&T�  &M�#�/ 
�� �&B� � �$� ��&'� /&&��\! taFv    �&&� K�&45� �&&� �$�&O

75/22 7 ���� $��" ��)5" )Anti-human CD4 FITC (
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Abstract 
Background: Leptin deficiency or dysfunction in leptin receptor (ObR) signaling may tend to 
resistance to autoimmune diseases. On the other hand, leptin receptors exist on many cells and 
therefore blocking all of them will probably result in unfavorable effects. Targeted ObR blocking on 
specific immune cells with a leptin antagonist such as taFv (Tandem single chain fragment variable or 
Tandem scFv) may be advantageous for patients with autoimmune diseases. This project aimed to 
optimize the condition for large scale production of such molecule and to test its effect.  

Methods: The cloned taFv gene was sub-cloned from pAB1 to pET32a vector. The taFv fragment 
existence in pET32a vector was confirmed via polymerase chain reaction (PCR) method using T7 
primers. Dot blotting was recruited to detect protein expression. Optimization experiments were 
carried out and assayed using enzyme-linked immunosorbent assay (ELISA). Finally, the functional 
activity was evaluated via flow cytometry. 

Findings: The result of PCR confirmed integration of taFv 2300 bp gene fragment in pET32a vector. 
Dot blotting confirmed taFv higher expression in pET32a vector compared to previous vector. It was 
found that media containing sorbitol, Escherichia coli BL21 strain, IPTG 0.05 mM and 18˚ C 
temperatures were resulted in higher production of protein levels. Based on flow cytometry, taFv was 
able to attach to 20% of lymphocytes. 

Conclusion: pET32a vector with pel B fragment is suitable for secretory overexpression. Production 
of taFv could be enhanced via optimizing media and culture conditions. 

Keywords: Leptin, Autoimmune disease, Optimization, Bispecific antibody 
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A Comparative Study of the Prescription of Memantine and Piracetam in 

Poststroke Aphasia 
 

Fariborz Khorvash MD1, Majid Ghasemi MD, Marziyeh Naderi3, Omid Mirmosayyeb4 

 
Abstract 
Background: Aphasia is an acquired linguistic disease caused by brain injuries mostly in the left 
hemisphere. The symptoms can contain a vast spectrum of clinical manifestations.  

Methods: This double-blind randomized clinical trial study observed 70 patients with stroke. Patients’ 
characteristics and their demographic information registered prior to the intervention. Then, they were 
divided in two equal groups randomly; one group received piracetam and the other got memantine. 

Findings: The mean age was 61.6 ± 11.8 and 62.7 ± 11.8 years in memantine and piracetam groups, 
respectively. Covariance analysis demonstrated more significant improvements in memantine group in 
all aspects of the study except the fluency of speech. 

Conclusion: While memantine improve lots of symptoms of aphasia, todays it is less considered by 
physicians. However, we recommend its prescription in patients with aphasia as a safe and efficient drug. 
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����� ��	
�� ����� ���	 �� �� ������� 	�����  

  
���� ���	
 ����1� ��� ������2� ���� ��� ����� �!1� ���� �
"#$ %
��
�$3  

  
  

�����  

:����� ������ ����� �� ������� ������ �� �� !� �"�# ���# �$%� � &!� '(��'� � �)* +,-� .�� .�� 0�� �+�1 �2���3�� �� 45��� �� 

#�(6���% 7�89 �:�;� <,��� 4� �8=>2 ������ ����� �� �89 �?. ��,@; � !,A9,9B �� �%�� #�( #�"89 C�D1 6:�� ����,8� �,E� ����� �� �6� .�0� 

4F��5� #  �G�1�� H( 088F2 =>2�8 ������ ����� !���  �� ��� �� !� I �. #�(  !,A9,9B�� �����,8 J,� �(# ���K�� 7�L:� ..  

��� :�� 0�� 4F��5� �� M��N �� O�- ���L2 �� �(��?  +�)�:�,81 (4� �� 4; R�� #�� 16 �;  J,������K  �:��AD�� 14848  4(�� 4;

7�L:� . .�:�,�!B �( %��T2 U". 4�� �� �� R��? 0V)( (�. ��F2) = 8�  &!�= 61/29 ± 25/385 7�? (� ������) ��,� �������F2) ( = 8�   

 &!�= 01/21 ± 25/231 7�?( 0�$V��E  .:.�:�,�!B #�( (�.  4:���!B ��,K 4�4� ��� � YB# ���:�A;� �:�,81  (�@9)�;�A;� 6A.�� )0 K�� 

������ ������ 16/2 ± 23 7�? �� !��(� �� ���1 4� #��� �:�,�!B #�( R��? ���L2 �2 1 50  R��? K��(�. ���� . )50-  K��

������ ������ 8/1 ± 5/11 7�? �� (!�� .[9 !� 4; �R�� M@N �:�,�!B �( \��]A;� � &^ �(# Bax �Bcl-2  !�_;�� �3 ����,8� 4� &�,6* 

08`2��9 #�( #8@� �� �8D� �����6�,A8� !,A9,9B  J�� !� R��aA;� ��Real-time PCR )Real-time polymerase chain reaction (�;��� 

.R��� . �(#  &,�!B !� R��aA;� �� UK�1t Independent 6F� b5; �� �� ���# 050/0 $L24� @�2 �U8 .. 

����� :�� �&�8 &^ �(# Bax  �Bcl-2 ����,8�  R��?������ ����� )50- (K�� 4� �,- �8� �6F� #��� 2�2 4�M8 7/27  �9/27 K�� �Ac8� !� 

R��? (�. �,� .�� ���1 4� �&�8 !�_;�� &^-3  �dD: �Bax/Bcl2 ����,8�  R��?(�. 4� �,- �8� �6F� ���# 2�2 4�M8 4/39  �9/6 K�� �Ac8� !� 

R��? ������ ����� )50- (K�� �,�. 

����� :���� �� �U� 4; R�� ������ ����� )50-  !,A9,9B �(K������,8� �� &�6e ��2 �8=>2 ���N �): (� .�6e �( 0�� +�)A1� �,E� ���� 4� 

������ ������ :�� !,A9,9B ����,8� �� !� f��- '��$%� Bcl-2 � '(�� !�_;�� 3� 6� ��):.  

:����� ������ ������ ������ ������,8 !,A9,9B  

  

: �!�� ���c%� #�aFE �0D1 �G��,9 �8F; �@T ,"8: ��$3� &������. ��"#
 �����$� %��& '��� (�� �) '*��*�+ ����*�� . R"c:�� 4@L�

 &�3aK� �".$91394 g33 )355 :(1770-1758  

  

�����  

������ ��� 	
��- 	���� ������ ��  ������  	��� �� 

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

�$��$ ��)' *+�#,� �� ���- �. /�0 	��� 	�  '��1  ��� 

2�$ 20205 /�� �� 40 +7�' (�� � ��� ��  	�1�) �� 

������ ��� 	
��- 	����  +�1�� . %�����  �'+�9#� �' 
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������� 	�
�� � ������ ���� ���	
  ����%
�� '( ) 

:;$ 	<��$ ���� ���� ������  ����  	�
��-  	����� 

'��� 	$��� ���� �#=�> +)� �. �� ���? �@ �� 	�  ����� 

�� �����,� A��0 	)�$� B�#$� 	"��,.� �   &!#�C� 

5	����+�.�#�� %���� 	���#<�- 	���� � ��#0�0@  D���1� 

'�. .�' ��� 5���  ����)�� (�� �� ��#0�0@  E����  D+�15 

	�� �� ��� ���� %���� '�F�� ������  	�
��-  	����� 

�� DG�� 	)����) 	
�� H$� .���  +�����=   �I�� �' ��.�� 

<��$ (�� � /��� ��� 2'�9�	 H=�� �' ���  J�#K�

��  H�=�� DG��  ����      /�L) '���.��� +��)�� M������$

��$�$�	 '��'5 D'���"= ���� ����$� ����� �   �'���. �����

�������.   <���$ ��$!0�#�$ �'��) 2�NO � ��	   ���.

  ���P@ �� '�C 	��  +����)      � �#�,� �+�1 ��<��� ��� �

���"P� <��$	  %�Q�.�� +�<�� �  ����  ��#R��   ��S

M���#0�0@ � ����C	 +��� )3-1.(  

.�X '�?��  �9<�;�	  �@ �� ��E�� �. H$�  Y+�)�

 ����#0�0@ '�+��X �') '����.���002/0 -001/0 (+��7�' 

  �)��' %����� �[� �' H$� ����	   �)���� ���	   +��)��

��=������05	 �	����,���C/ )���$�	 �������' 5'+��F�� 

 2���$ 5J���#K� >'����C	 ������"= �� )����,?	 

)�����)	��- <�����#�	��. �+���0 +�+��"� (�������� �� � + 

\��-5 ������� ]��)� ����  ��+L�� 
��	-  �����	  ��

) +���) ����=2-1  .(  

�= �����^�<��E�= +��M5    ���,� �' \���- �� _�P�

<��$ `��C � %C�'	 � a�	 +�' �,� .��  ?���C	   ���

< 2������b�����+�����)�N�   +������)�� ��������TNFα   

)Tumor necrosis factor alpha � (Fas  ������

>D+��)�� ����� ���"P	� D+����. ���L<� � D�� (���� ��+��)�� 

�	 '�1 )2-1<�X �' .(	 �.5 ,���  ��C�'	    ������ ���

��� ���� ,��� � '��F�   c� ��� 5���#0�0@ 	������   S��d) �'

e0��� ���+�.�#� ��� �/�  ���#0�0@ %�����   D�����

��'�+C� 52�X �� �� .H$��  <���<��	  ���#0�0@5  ��� 

$�$� ��-	   �;�$�� ��� �   �� 2'��9���  f����0��  ���� 

�DG��� � I��	���� ��0/� ����#0�0@ +��g ��  hK��"�

�	 '�1� �' .��  ��5��  f����0��  ���� Bax  �Bcl2   ���

f���0 ������� ���  ��7�	  %��1 �' > ����   � ���#0�0@

0A�� ��� � ��#0�0@	����+�.�#� >�'�� �	 +)�1.  

LR� �L�  D'�' ���")  H�$�   f����0 ��.�� Bax   ���

�0 /��.���+� �"P� �	)��� � 5��+��.�#�  ��	  +�)��� 

��� �� i#��/� ��#0�0@ %����� $ +�)��A��.�#� c  ��

�j=�  ����  ��"P	�   � .'��1 ���  <��X �'	    ��. H�$�

f���0�� Bcl2 <�9= ��H� 0/� ���#0�0@  f����0�� Bax 

 Hd<�K�	� +�.    k�dX _�?�� � 	NO���l��  ��"P� 

���+�.�#� �	 '�1� �' .�� �5�� ��� Y�#"� %b= � 

,������ ��#0�0@5� ��) �'H� 2�9= ��$�  ��l$�.3  �

EF��� � f���0�� ��� X	��� ) H$� 2��$5 53-1.(  

� �� ���5��       S��K�� 2��
)' ��� D������ ���N�"��G0

��������� ��� _$���� ��XH� � ��'��.��  %��L� �'

$@ � ��#0�0@_� ��� <��#X�	   �' .+�#�,� �@ �� n
���

��� �5�� '�+R�H� �eP	� �� �<�.5M�  ����� �� 	��� 

��� ��  �����   '�����.  !C�+��5�   �,� ��?������  ��

    ���' �' .H�$� D'��. _��? '�C �� �� ��LLR�  ���� 

C�5����  ��C�� i����#)	   ���. '��' D����1�  ���9<�;� ��

'�+R�H� �eP	� �� �<�. M��  ��0���     n�$�#� +�X ���

ec� o�$ ��+�)�� ����� �� H$� ���� (M� ��'��� 

����#0�0@ +��g�  .+���. %����Niemann  ��������� �

��> ���. +��)'�. p��E/��1 '�+��R� D����H� �<�.M���   

)40-   �+�1 �9;� �9;� /��. _?�� (+7�'DNA 

� ���� f���0�� Bax �E=� �/� ����  f����0�� Bcl2  �'

�'��.�� p�� ��� ��R7	� � D'��K<�$	 '�1 .�@  ��� 

'�� +L#9�+) <�9= /��. �.H�  q��l�.Ι ���+�.�#� 
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�E=� �/� <��+�  ��)�>  ����   �,.� 2��9=�G� )ROS  ��� 

Reactive oxygen species   c� ��� D����� ��. (  ����� 

� '�����	����+�.�#� ��� 5H$�  ����� <' %��  �E�=�/� 

�=+��� 2��$ �' ��#0�0@ ��� 
��	 	�  +�1��   2���#X� �

�	 '��5 '�+R�H� �eP	� <�� /��. ��+� ROS   �'���

�E=� �� H9)��� ��/� �	 ���� � �=+��� � �' ��#0�0@�� 

X H=��	��� +1�� )6.(  

��� <�X �'	 �#) �. H$�i� C��	   ��  ��9<�;� ��

��� ��'��� ��XH�  ��)	  +��.� �' . ���   ��#) 5�#�$��i� 

Patel  .���X ��������� �	   ���. H��$�M��� D��' � 

'�+R�H� �<�.� )&�-	   +�40- +7�'�  _?��

�E=�/� ��j� �' ��#0�0@ � #��$�	 p��   ����   !#�
�

 ��ALS )Amyotrophic lateral sclerosis� (	 '�1 .

� ���� '�+R� 5B�$�H� �<�. M��  )&��-	    ���  +��

�E��=�/� �,.� ����"=	��"� ���#R� /����. �� 70Hsp 

<��$5	 �E=� _?��/� f���0��  0/� ���#0�0@ Bax  �

�,�t� �=+��� ) +1 ��#0�0@7.(  

����5�� Tejero-Taldo  +�#1�' D��1� ������� �

'�+R� �>� �.H�  �e�P	�    )&��- '��
�. ���	    +��

C��	 � �� E��  e�c��  ���  �� +��)�� ��E��    5'��1 D�����

���	 +��)��� ������� � ��
�� ����#0�0@ ������	 �- �� ��\��� 

�E=�/� f���0�� ��� 0/� ��#0�0@� <�9= � H��   ��l�$�.

3 ��) ������=+��� )8   ���� ���?�� ���� 52���X ���� ���� .(

'�+R�H� ��� �eP	� )&�-	  �  +�_�P�  +�1�+� 

� �.�#"� '��=� ����  ��� /��.�� 0/� >��� ��O ��	 

� ���� D'�d#$� '���	 +��'  B�,X /L) �� �?�� �� �

�. ��+� � H=��'��.��  #�!�$ �'	  � 5'������ � ��� 

�� ]�g��	 )��N) ��	 /<�O � ��  ����  +�?�   H�$�

� �.	 +)���    �#X � ���N�"��G0 ���S	    '���=� _��P�

.+�. _�? '�C �� �� �9��?  

 B�$� �� +�O �� ��� /)�' �  ��!-�5   ��� ����� 

A�F)� �9<�;� � 5�g�X 	"��G0    �' ���". %�C�' �'

 D+") A�F)� ����� ���'��  ��$ �' ���   ��
�  ��9<�;�	 

)E� � H=��'��.�� - �' �#�.	 '�+R�H� ���  �e�P	� 

�� �<�.M�  )&��-	   &��� �  +��� 40    '���� +�7�'

$���	  �#=�> ����'�� �#) �.i�  �j���#�	 ) E�� � �� ��� 

�= ���� 5D�!� �� .H$� B�#$' �'  �9<�;����+��� 

 <����<��	  f�����0 ���  ����� >�' ����  ��,� �'����� 

0A�� )�$�	  ��#0�0@�� 2�
)' '�+R�H� ��� �eP5	�   ���

�' ��-\�    D+�") hK�"� %���. �  '���  ���� �� .  5��

$��� v+� �� �g�X \�LR�	 �w[�� '�+R� D�� �$H� 

�eP	� )50- � �� (+7�'��� �0f���� ��� Bax 5Bcl-2 

 ��l$�. �3 � �''��.�� p�� ��� ��R7	� +1 A�F)�.  

  

��� 	
  

 �)���X 	��N"����@ :��� �9<�;� �' _<�� M�  y��- 

	��F� 	���> �' � �' D�N")�' E��
�  A��F)�  +�1  ��� .

�?�� �� n���1 _$��� 2+� 	)���X  �����  ��9<�;� � 

5���g�X 16 p���� 	���R��7 ���) �' ������ � ��#��,�� 

14848 �� �#�#,)� ��#$�0 ����� ���+��C  +�1 . H��? 

���>��? �� B�#$� �  ����c�  n����1  5	��^��<��E�= 

�)��) �� ��  +� �' �#d� HR� n���1  +��+?  %���1 

��' )2 ± 22 �?�' �  	#)��$  '���>(5  H���-�  n��R�   

)5 ± 50 +��7�' (� ���C�O � 	�����1��- 	������� 

12:12 �#����$ ���+���N) +)+��1 .�' 	��- ����� 5D��' 

	������ 	)'�����@ ����� ����  ����7 ���)�'��@ �� ��e��P 

'��+)�#$� 	)���X )H�0 � (z@  D'�d#�$�  	��  +�)'�. � 

��E�� ��eP 	=�b� �)���� � �@ �� ��   ���7  \���' 

D��+)� ���> � H
[ 	� +1.  

_���.�� ��e��P 	=���b�  ����
� �� 5-4 +��7�' 
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5	����O '�+��X 20 +��7�' 5��f�����0 55-50 +��7�' 

5 ��+�������. 8-5 +��7�' ���
�= � 12-10 +��7�' 

H��-� � '�� �#,.�C. p�� �� q0 �� HL��;� 	)�� 

���� ����- 	='���b� ���� �' D����> +����1 )8  =n (� 

H�'�+R� 	��eP )8  =n (��EN��? +)+1.  

������ �	
� �	��: 	)'���@ ���  D���>  +���1 

��  ��7 �)�'��@ �� ��eP  '��+)�#�$� � z@ �'  2��- 

�$ D�� D��' � /��G0 )%b= (E���0  D'�d#�$�  +�)'�. .

�' 2�- ��� 5D��' ��E�� ��eP 	=�b� 	)'���@  ���� 

D��> +��1 ���� ���9� ��+L� ��eP D��>  H�'�+�R� 

5	��eP ��  ��7 �)���� � \��' D��+)� ���> 	�  +�1 .

��N)��� ��eP 	=�b� ���  	)'����@  ��� �'  2��-  ���� 

D��' '�+��X 16/2 ± 00/23 A���> �' ��� '���� .��+��� 

5_���� D��> ����' H�'�+R� 	��eP  ����� 50  +�7�' 

��+L� ��eP 	=�b� D��>  %���1 ��  H�=���'  	��  '��. 

)'�+X 8/1 ± 5/11 A�> �' (��� �. ��� ��+L� E�)  ��� 

 ��7 �' D+�� �� � 	- D��' � 12 �#��$ � 	����� 

�� p�� ��� ����' H�'�+R� 	��eP D'�' 	� +1.  

���� � �����  ������:  	�����  p���  ���� 

	���R7 q0 ��  A�����  ��$  D��� D��' �  5/��G�0  ��� 

\��E� ���' 	��d7 ����#. )90 	��� A�> �� ����  ��� 

A�>�����. (� �����!��� )10 	����� A���> ���� ���� ���� 

A�>���. (	� p�� � +)+1  q�0 �� �@5  /�K�  ��I�� 

����C )'�+��X 5-4 	��$ 	��$ (�� H���,� B�����$ 

	�"O � �� ���$� � �<�< ��� ���Q�� t�? ���@  +�1 .

ql$5 p�� �� ��7�=!� n$�� ��bbK#� D'���@��. 

	X��? � _�� �@ �� `��K#$� � �' t��� M�^�<��E�= 

�#C�+)� +1 .q0 �� ���K� �  ���C  _��� � ���  	�". 

5�@ ��7�=!� ��E���' ��  ��;�  �+�?  +�1 �  	�"K� �� 

H��=�� ���;� }��O 	)'�����@ ���� �' z����������. �' 

�^��#�) t��� ���� D'�' +1 � ���� 	$��� ���  �+�9� 

�' ���' 70- �?�' � 	#)�$ '��> ���+�N) +�'�>.  

`��K#$� RNA :���� `��K#$� RNA �� �)��) 5�� 

\
- p�� �'���"�0 H�. )ThermoK0731 5�����@ (

� �� 	.+)�  ����c� �� y�1  ����  %���  +�1 . '�+�X   

50 	��� A�> �� H=�� �;� }O �' ��jX 1 	���  ��#�< 

RNXTM-PLUS )5�^�����$ ������� (���)^��� +��1 � 

ql$5 ��  +� ~�0 �L��' �' ���' ���� ����)� +�'�> .

5D�> �@ �� ��  z��������� 2/0  	����  ��#�<  A���=���. 

D'�E=� � z�������� ��  +1 �� H$'  ���   +�� 15 

��)�[  ����� D'�'  +�1 � 5  ��L��' �'  ����' 4  ��?�' � 

	#)�$ '��> ����)� +�'�>* �' ���'�5   2���R� ���   +�� 

15 ���L��' �' n�����1 �����O ���?�' � 	#)���$ '����> � 

13700 ) ��S�? �����g (^��d��#)�$ +1.  

ql$5 �� H�' � ��+� ���� �'�'  5z����  /�K� 

	��� �. ���X RNA  5'���  ����$�+?  +��'�> �  ��� 

z�������� �N�' %L#�� +1 � ��  2���R�  �+�?  5D+�1 

�FX ���,� �� 2�)�0��0�E��  '��$  �=��g�  +��'�> � 

���� 10 �L��'5 �'  ����' 20-  ��?�' �  	#)��$  '���> 

����)� +1 .+9� �� �@5 z�������� ��  +� 10  ��L��' 

�' n������1 4 ����?�' � 	#)����$ '�����> � g 13700 

^��d��#)�$ � t��� 	��� ����� �#K�� +1 .  

�@ 5D���> 1 	����� ���#�< 2�)����� 80 +��7�' ���� 

z�������� �=�g� +�'�> . ���7�=!�  z���������  ��� 

 +� 5  ��L��' �'  n����1 4  ��?�' �  	#)��$  '���> �   

g 13700 ^��d��#)�$ � t��� 	��� ����� �#K�� +1 � 

�� H�' 2�)��� 	<�C +1 � '�+X 20 �L��' D��?� D'�' 

+1 �� %�<� ��K
� ''�>.  

ql$ ���  5��N�' �' z@  ������  D+�1  ��� �'  %���� 

 �������.���0 )DEPC ����� Diethylpyrocarbonate( 
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������� 	�
�� � ������ ���� ���	
 ���� %
�� '( ) 

%X +1 .q0 �� `��K#$� RNA5  ��+�L� �  ����C �@ 

n��$�� p�� ��#��#=��#�l��$� )Bio-Rad�������@ 5 (

	$��� +1 .5������ RNA A�� �� p��  ����=��#�<� 

��� 2^ ���>@ ���X  A��+����  +������� �  D+���"� � 

�' +���)�� hK���"� s18 � s28 �������� ����� RNA 

	����
��  2��#�.  +�1 .RNA  ̀ ��K#�$�  D+�1  ����� 

D'�d#$� � �+9� �'  ����' 70-  ��?�'  	#)��$ �   '���>

���+�N) +1.  

HC�$ cDNA :  D'�d#�$� ��. �� H�� RevertAID 

TM Firs Standard cDNA synthesis )Fermentas 5

�'�)�. (� D+)��$ H.�1 %�9<���#$' \
- ��    ���7

��� A�F)�   :+�11 � ��#�<���� RNA  �1 � ��#�<����  ��

DNase I reaction buffer 10X  �' M�� � z��� 5/1 

�	�� ��#�< ��#K�  n$�� � +1DEPC-traeted eater 

 ���FX ����9 ����#�<���� ��$�+� .1 ����#�<���� DNase 

)Deoxyribonuclease� �� (z�� ���) �=�g��  �� ���� 

>'�<@ �'��	  <���#X�	   ���DNA   �'�E�=� �� q�0 � (  

1 �	�� �#�<  � 5\��;� 2�)��� �� z���      +�� ��� ������  

30 �'�L� �= �' �E�� 70-  ��?�' �  	#)��$  '���>   �����

� .H=�>z��     +�� ��� �����20 �' ��L�  ���1 �'n�   

4 �?�' � 	#)�$ '��>  �14000 A�> �#)�$�d^��  *+�1 

� �' 5�@ �� q0��   <��C 2�)���� H�' �� '��	   � D+�1

 '�+X10 �'�L� K
� %�<� �� +1 D'�' D��?���  .''�>  

� �������z������� ����������5 11 �������#�<����   

DEPC-treated water  �1 � ��#�<���� oligi (dt) Primer 

�� Random hexamer Primer  � +1 D'�E=�5 �' ��L� 

��' �'� 70 �?�' � 	#)�$ '��>  �� ���� Dry block 

 '�> �����)� +�� .4 � ��#�<���� Reaction buffer 5X5   

2 �����������#�<���� dNTP 10mM mix   

)Deoxynucleotide triphosphate � (1 ����#�<���� 

Ribolock RibonucleaseTranscription Inhibitor  ��

��z�  D'�E=��#)�$ �� q0 ��d�^�  ��� 5�b#K�    +��5 

�'�L�  �'37  ��?�' �  	#)��$  '���>  '�> �����)� +�� .1 

����#�<���� E��)@�� RverertAid TM H Minus M-

MuLV Reverse � ��z�� .+1 D'�E=� %
�  

���'� �'5 ��0 �� D'�d#$�  ��7 �'��� oligo (dt) 5

6 �'���L�  �'42 ���?�' � 	#)���$ '����>   ����7 �' �

 �� D'�d#$�Random hexamer primer �+#�� 55   ��L��'

 �'25 �?�' � 	#)�$ '��>  �@ 2�
)' �� �90 �' ��L�  �'

42 �?�' � 	#)�$ '��>  �$����)����    .H�=�>  ���7

  � �'�' ����� ��� /�.�� z���     +�� ���10 �' ��L�  �'  

70 �?�' �  	#)��$  '���> �0 ����  e�0H=��   �' ��)��) �

�=�E� 70- �?�' � 	#)�$ '��> ��+�N)� .+1 

 A���F)�Real-time polymerase chain reaction   

)Real-time PCR(: ���� D��+)� >��� ���E� � ����  �)^	 

��f�����0 ����� Bax5 Bcl2 � ��l��$�. 35  D�N#��$' ��

Corbett-Rotor gene-6000 )Corbett Research 5

��<��#$���0 Hd? .+1 D'�d#$� (������    ��� ��� �����

A�) �� D'�d#$� �� �^  ��E=�Primer 3 X��-	   � +�1 ��� 

�� ���>��. ����)�� )Bioneer ����<@ 5  ���� � E#��$ (� 

��) HI�P �� ��.	� nM 100 �> D'�d#$��'.+  

����	��:  /��.��    ���
� ��� ����    ��)� �� D'�d#�$�

Syber green I    ��)� .+�1 A��F)� Syber green  �-	 

 /�.��Real-time PCR  ��DNA �#1� �' ��   %�b#�

	� '�1 -�$ H�$���= ��) �t  ��	   .+��.�'  2�+�? 15 

	<��� ��������0 ���� 	)^ ����  p���  ����  	���R�7 

hK"� D+1 H$�   M�)!� ������ ��� .5 � �� 	����   ��.

��X� ��� � � '����    E�? ��� /��.�� �' '�?cDNA 

)Complementary DNA�? �� � +1 D'�d#$� 5'�� (� 

cDNA� �� 5z��  �����DEPC water .+1 D'�E=�  
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������� 	�
�� � ������ ���� ���	
  ����%
�� '( ) 

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

�� ���� ������  ��� ����� )bp( 

Bcl2 F: 5'TATATGGCCCCAGCATGCGA3'  136 
R: 5'GGGCAGGTTTGTCGACCTCA3'  

Bax F: 5'ATCCAAGACCAGGGTGGCTG3' 150 
R: 5'CACAGTCCAAGGCAGTGGGA3' 

Caspase3 F: 5'GGAGCTTGGAACGGTACGCT3' 118 
R: 5'AGTCCACTGACTTGCTCCCA3' 

β-actin F: 5'CTCTGTGTGGATCGGTGGCT3' 
R: 5'GCAGCTCAGTAACAGTCCGC3' 

138 

  

�0 �'5�����  <���)@ �� %��
�E� D'�'  ���R�� 5����	  z�S

)Melting curve��� (�   /���.�� ���� �� D+���@ H��$'  

Real-time PCR $���	 0 �� +1 M��    �^ ��� ������

��0 ��+L= � �I) '������ �'��� �+��w ��� .'�1� <�)@E� 

D'�'  5�+#�� ��∆Ct     ����#=� �� ��)��) ��� �' �^Ct  �^

 � ���������Ct  �^β-actin  ��������� ������t����?��   

.+1 �
$�R�  

��EF� � %��R� ����@ :�' /K� ��EF� �  %���R� 

D'�' 5�� �+#�� t���� A��� � �� ��F�� �� D'�d#$� �� ����@ 

Kolmogorov-Smirnov '��� 	������  �����  H�=�> .

ql��$ D'�' ����� 5%��7�X ���� D'�d#��$� �� ������@ 

Independent t ������� ������9� v!#���C� ��E����� 

hC�1 ��� '��� �I) ��� �'  D���>  +���1 �  5'���� 

	��$��� +��1 .	������  �
��$�R� ������@ �' :;��$ 

	���9� ���' 050/0 � ���� D'�d#��$� �� A���) ��E��=� SPSS 

 �K�,) � 19 )version 19, SPSS Inc., Chicago, IL( 

A�F)� +�'�>.  

  

����	 	
  

������� B������$� i�������#) %�����7�X �� ����������@   

Kolmogorov–Smirnov5 v!#��C� 	���9� ���' ����� 

�)��) � �' B�#$' ��  ��9��? �  '����  ��I)  D+���"� 

*+") ��� ��  5���� D'�'  ����  t��? ���@  D+�1  ��N�� 

+)'�� � 	�R�� ����� �� ��� �)��) 	9�
- ��= +1 .

�� B�$� i��#) /��G0 5�g�X  ��d� 	�9� ���' ��� 

D��> +��1 � H�'�+R� 	��eP �' �;��� �� ��� �+� 

� _�� D+��"� +1 )010/0 < P(* �� ���- �. D��> 

+����1 ����' ��� 	)+��� )77/66 +��7�'( � 	��
�� 

)86/52 +7�'( (�E� ��� H
,) �� D��> H�'�+R� 

	��eP '��.  

�� ��� 52�X 	)���  ��.  H
�,) ���  _���  ��� ��� 

�+�  '����  	�$���  �����  5H�=�>  D���>  H�'�+�R� 

	��eP �� ��- 	�9� ���' )050/0 < P (����'  H
�,) 

(�E� ��� )��� _�� /���  �+��  =5/8  +�7�' ( '��� 

)2�+? 2.(  

�' �;��� �� hC�1 ��� ����� ��  5���#0�0@  i���#) 

��") '�' �.   ���d�  	��9� ���'  ����  D���>  +���1 � 

'��� �'  ����� �^  ���� Bax5 Bcl25  ��l�$�. 3 �  E��) 

H
,) Bax/Bcl2 '�?� '��+) )050/0 > P .( ���  ���� 

52�X ��E�� ���� �^ ��� Bax � Bcl2 �' D��>  '���� 

H
,) �� 5+��1 �� _���� 7/27 � 9/27 +7�'  �#�"�� 

'�� )%�1 ��� 1 � 2 .(��� �' 	<�X H$� �.  H
�,) 

Bax/Bcl2 �' D��> 5+��1 �' �,��L� �� D��>  5'���� 

9/6 +7�' (�E� �� '�� ) %��1 3 .( 5�������  ��E��� 

���� �^  ��l�$�. 3 �'  D���>  +���1  H
�,)  ���  D���> 

5'��� 37/39 +7�' ��&�� '�� )%�1 4.(  
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������� 	�
�� � ������ ���� ���	
 ���� %
�� '( ) 

���� 2 .-�.�/% 0�% #�� �	�+1 �$ �$ &��2 ���3 � $��%  

�����  
�
	   

!�"#	�� ± $���#� �	�%�  

&���  

!�"#	�� ± $���#� �	�%�  

�+, ��- )!/0(  60/29 ± 25/385  01/21 ± 25/231  

�+, 2�3 )!/0(  13/0 ± 06/1  08/0 ± 69/0  

�+, 2�3/�+, ��- )!/0/!/0"�45(  22/0 ± 77/2  21/0 ± 98/2  

  

  
��3 1 .45)% 4�)6 4
 Bax �$ �$ &��2 ���3 � $��%  

  

  
 ��32 .45)% 4�)6 4
 Bcl-2 �$ �$ &��2 ���3 � $��%  

  

  
��3 3 .45)% 89:� Bax/Bcl-2 �$ �$ &��2 ���3 � $��%  

  
��3 4 .45)% 4�)6 4
 <�=��> 3 �$ �$ &��2 ���3 � $��%  

  
'�(  

�� �?�� �� i��#) /��G0 5�g�X �$  D���  H�'�+�R� 

	��eP )50 +7�' (_?�� /��. 	�9� ��' ���  �+�� 

� ���  _��� �'  p���  ���� 	���R��7  ��)  +�1 .����� 

5]�g�� �� �?�� �� /��.  H�=���'  '����  	��e�P �' 

D��> H�'�+R�  	��e�P  H
�,)  ���  D���>  +���1  ��� 

	$�#$' '��@ �� 5�eP �@ �� ����  +�  ��$  D��� ��' 

�� ��I#)� '�
) .���O �. �'  A����   ��9<�;�  	��
�  E��) 

	#X �� D��' ��� H�'�+R� D���.   +��  E��)  /���. 

��� �+� � _�� D+��"�  D+�1  H�$� . ���  ����  52��X 

	)��� �. H
,) ��� _�� �� ��� �+�  '����  	�$��� 

���� 5H=�>  D���>  '����  ���  ���-  	��9� ���' ����' 

H
,) (�E� ��� *'�� ��  ����-  ��.  ����  H
�,) �' 

D��> '��� �' �,��L� �� D��> 5+��1 '�+X 9  +�7�' 

(�E� �� '�� .��� 5]�g�� �' 	C�� ��  �9<�;�  	��
� 

�� DG�� �' ��� p�� ��� 	���R7 ���? D��1�  D+�1 

0
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������� 	�
�� � ������ ���� ���	
  ����%
�� '( ) 

H��$� .�' ����� 5�#��$�� Niemann � ��������� D����1� 

+�#1�' �. p�� ��� ���? ����' H�'�+R�  M���<�. 

40 +7�' �' �,��L�  ���  D���>  5+���1 ����'  H
�,) 

��� �;� }O �� ��� �+� (�E� ��� +)'�� )6.(  

5������ Selman � ������� ��") +)'�'  ��. �' 

D�� H�'�+R�  	���<��. 40  +�7�'  _�?��  /��E�=� 

H
,) ��� _�� � ��j� � 	#��$�  ��� ���  �+�� �' 

�,��L� �� D��> +��1 	� '�1 )9 .(�� ��� 5'�?� ��+� 

	$��� H�9g� _�.��  	)+��  	)'����@  ���  ���  DG��� 

���9�  ����c� H=�� 	��O � H=��  ��+��  	���O  ��� 

2�
)' D��' ��� H�'�+R� 	��eP � �� �' �I)  �#=��> 

	=���@ '�F�� D+1 �' 5_��  ������  ��I) �'  ��;���  ��� 

/��E=�  H
�,) ���  _���  ���  �+�� �  '��
��  	�����. 

�#,�$ 	
��- 	���� �' p�� ��� ����'  H�'�+�R� 

	��eP ���1' H$�.  

 B���$� �������#=�� ����� ���9<�;� �   ����d� 5���g�X

�9�	 ���' ���  D��>+��1  �'��� � �'��� �^ ��� Bax 5

Bcl2 ��l��$�. 53 ) �E���  H
��,)Bax/Bcl2 � �''����.�� 

p�� ��� ��R7	�   �9<�;� _�P� �O �>� .'��+) '�?�

[w� �� ��� ��#0�0@ +g� 0 +g ���� '�+R�H�  �e�P	� 

�<�. �M� +�#1�' D��1�5 � 5�g�X /��G0 �' ��� ���   ��[�

�9� %�1 ��	 ���' .+") D+��"�  

� �' �. �O �@�� �
�  �9<�;� �' �;���	   '���"�

�)��) �� D'�d#$� 5H$� ��� X	)��� 0��  D'��K<�$ �–

&�� _�P�� 18 �$ D��- �	 +1�� <��X �' .	    ��$ ��.

�L�	
� p��  ����   � �' D'�d#�$� '���� ���   �' ��9<�;�

 '�+��X �' D��' ]����1���$ �0 �' � D��������� D��' � 

 /��G0/1     p��� ������ ��� ��. '�� D��  ��R�7	� 

��� z���,R� �<���� � �����?	 +)���1� �' .����  5�#��$��

Niemann �' ��������� �+���#=��    +��g  ����[� ���.

��#0�0@� M� D��' � 6 '�+R� ����H� �<�. M�� 40 

5+7�' p�� �' ���� ���   �' � '��� '��"� D'��K<�$

p�� ��� '�+R� �� ���?H� 5	��eP c� ���� E? 	�� 

  �+��1 ���9;� ���9;� �'DNA �5	����+���.�#� ������ 

f���0�� Bax  �Bcl2��� 5/� $A��.�#� c <�9= � H�� 

 ��l$�.9 ) +1 D+��"�6.(  

� �'+�����w ����#)i� Niemann ) ���������� �6 5(

Gredilla    '�+�R� ��. +�)'�. p��E> ������� �H� 

�<�.	�� )40-   )&��- (+�7�'	  )  +�� M��   (2��$

 /��. _?��45 +7�'� <��+� H2O2 �	����+�.�#� 

 /�����. �30 +���7�'� ���$@_� �,.�	���"� DNA 

�	����+�.�#� � �' ���� '���.��  p���  ����  ��R�7	� 

) D'��K<�$24 � (����	 '�1 c� � ����  ��9�	 ���'  �'

p�� ��� ) +") D+��"� ���?10� �I) �� .(	 +$�   ��.

�E=�/� �$5 	�� ��� �� ����    +�"� � ����� %�����+� 

� H=�� �' ��#0�0@'��.�� 0 �� � +1��H=�"� �$5 ���E� 

2��$ (�� ��� 
��	 �E=�/� +��� )12 -11.(  

 	�� ��� �� ���� g�= �� � �'�� �� 5����  �E�=�/� 
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Afshar Jafari PhD1, Hassan Pourrazi MSc2, Saeid Nikookheslat PhD1, Behzad Baradaran PhD3 

 
Abstract 
Background: Caloric or dietary restriction (DR) is a practical intervention for weight loss and 
increasing lifespan. However, the effects of long-term dietary restriction and signaling process of it on 
cell aging and apoptosis remain unclear, especially in sensitive somatic tissues such as myocardial. 
Therefore, the purpose of this study was investigating the effect of long-term dietary restriction on 
some indices of myocardial apoptosis in rats.  

Methods: This study was conducted with a two-group experimental design (animal model) for three 
months. Sixteen 3-month-old male Wistar14848 rats were selected and randomly divided into two groups 
of dietary restriction (n = 8; weight: 385.25 ± 29.6 g) and control (n = 8; weight: 231.25 ± 27.63 g). All 
animals in control group were fed ad libitum (0% of dietary restriction; 23.0 ± 2.16 g/day) and animals 
of dietary-restriction group had daily access to 50% of the intake of the ad libitum-fed control animals  
(-50% of dietary restriction; 11.5 ± 1.8 g/day). After 3 months, the hearts of rats were extracted and 
Bax, Bcl2 and caspase-3 mRNA, as important proteins in mitochondrial apoptosis pathway, were 
evaluated using real-time polymerase chain reaction (real-time PCR) method. Independent t-test was 
applied for statistical analysis of the data at the significant level of P < 0.05. 

Findings: The expressions of Bax and Bcl-2 genes in dietary-restriction group were unsignificantly 
higher than the control group (27.7% and 27.9%, respectively). In addition, caspase-3 expression and 
Bax/Bcl2 ratio in control group were unsignificantly higher than the dietary-restriction group (39.4% 
and 6.9%, respectively). 

Conclusion: In general, 3-month dietary restriction (-50%) did not affect myocardial apoptosis. 
However, it likely seems that dietary restriction alleviates myocardial apoptosis via increasing Bcl-2 
and decreasing caspase-3. 
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1W ���& U�;_2� D�	$ �� �F  u�bp� �O ���  ��"��  ,

 ����8� +� ����� �O �� .M��N"� �� :��	$ U��[ ��

.)F�� �0O��9 x,�9 1��� 

 ����$80 3�%� ��	
�      ���� ��� _!��� ���(��* ��*

  ) ������� ����
� ������43  , 1+37  ����� (������  

25 ≥ BMI ���"�	" m,� ���� ������!� ����
4  ����f!"�

      :
�'$ �� ����$,� {���� C�� .��b" ,� �O , �"�F

�� �"���h     Q,��4 ���, �&���N$ U���[ �� .{��� #��

�� ��9��� �� ���� �F  #!&��4 �e" �� �� �"�	" I � .

 ����0�� l8���*  ����050/0  =α   �������W 1�����$ ,  

800/0  =β-1 ����$ , 35    )�*� ��� Q,�4 �O �� �b"

=r��* .����W.  #!&���4 ���e" �� ����10  m%���� ���[��

 ����$ .���	!��40       .��F #
�
�$ Q,��4 ��O �� ���	
�

   ��� ��� �&��N$ ��2 �� +,� �O �� 1�4�00� ��>���

���� Q,�4 ,� +�    ��� , �"��F ���, (�	",���) �O�F ��

 U��10.�0!&�4 ���A ����8� )p$ �!bO  

�
�,� U�;_2� E*�( +� Q��b!*� �� 1���	
� � ���"   ���O

 Q+,� ��* )�n) C
&��4��� U�;_2�    )�
���& , �<�� �

 (��%
&t	>   k0�*�A �� 1���	
� �A .�F ��,WSeca  ��

   )�A� ��� Eb� 1,�� , Q��!?�� )���1/0  �!"��*   , ��!�

        +� Q��b!�*� ��� E�b� 1,��� C��* w���� ��� ���&� 1+,

 �,+��$Seca  )A� ��100 D�4  �����8� ��/!"� , ��!�� �� 

Q+��"� ��
4  %
" �	� �,� .�F  �����8� ��/!"� , ��!�� ��  ���

 )A� �� ����" �!�1/0 �!"�* C���� �� �!�   )	�?A #��$

 ���
��"   �,� , .{��
��� 1��f!*� , Q�"� #��9W #
��( �

  )�A� �� ����" �!� �� #*��1/0  �!"��*    #��!�'
� �� ��!�

Q+��"� #*�� Y
p� .�F ��
4  

BMI    (D�4���
�) 1+, I
�?B$ ����& +� Q��b!*� ��

     �,� ��� ��	� �,� )��?" , (t�����!�) �A �,< � ��

) #*��WHR (*�$ #*�� �,� �� �	� �,� I
?B$ �� Y

  ��*��� ����8� ��/!"� , ��!�� �� Q��� m+��W ��!*�(

Q+��"� .�F ��
4 I�%"W ��O      +� Q��b!�*� ��� ����� ���O

 ) C�
$�	�%"W C��!��!& m,�   ����"�!�*� ���IFCC   ���  

International federation of clinical chemistry (

 )
*�?� ��U/l 2    ��

q$ V���� ,14/0   , ���!�� ��

    C���!	���� )�
�) ��F #

�$ ����8� ��/!"�AST  ,

ALT 1��+W w��( )��F. ���1�.(  

� Q,�4�� �"�+,� �2  )��(5   ������9 ��
& ���4

) Q+�b��*�Planta ovata(  Q���'"�� ���
�o$ ������  �

      Q,��4 , 1�/b�[� ��F%( D���; Q�K�'"�� �+�*,���

 �"�+,� %
" �O�F2     �,��� )���( ��O) �	",��� )��(  

5  ��F��$ D�4   D��04 �    Q��F ���9 w���* 1,���   ���

 1+, P�	 �10  ,� �O ���&� �� .�"��	" )&���� (D�4

 �O ���!p� +,� �O �!?��� �� �F Q��� m+��W Q,�4

 �� �� )��(240 �*     ,� �� , ��00� g���f� �W ��*

 .�0��	" M�N� D�F +� :�A , �"�p�[ +� :�A )��"  

  ����>� +� :�A .����8� #�� ��� �* ,� ���>� )/>

�;�	 � .1W )��( �    �!�?� �� g����� ���O  ���0�   ���O

��!*� , U�;_2� �� ���'� �!?� 1�?� :	���    ��F ���0�

��9��� +� �
� �� ���& Y*�$ ,    U���[ ��� ��4 A , B 

 ���<4������4 ��9��� P_2� D�; �$    )���( P��" +� �4

  .��F )��;� Q,�4 �O Y*�$ �!&����  

�( )/>      ����� ����&� Y�*�$ :�	� M�N� ��
4

      ��� #�b�$ y���2 +� ����&� #��� �� �K!bO ��2 �� .����8�

      Q��F ��;�� �&��N� �����B� , ��F �!&�4 w�	$ C��
(

     ��� �"����	
� .�����4 )�&���� D+a U�;_2� , ��
K
(

 +� E
�10 )��( ���!p� �[��     M��N� �� ���9 ���O
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�"��� Q��" ��0� ����8� +� ..�"�F �!F�<4  

�
1���	 Q,�4 �O� ���� , .�O�F [�$
� �O� ���&
) 

"����� , J����I EO���� 1+, )800 -600 �
��������� 

  �!&����� ������ EO��     ��"��	" )�&���� �� (��"�+,�

)35  ��"�+,� �!&���� ����� )��,�p� �� ���2 �� h(

 +� �!	�30    ���� 1+, D�4���
� �O ��+� �� �������
�

)37-36(   ��!	� I��J� :� ���� ���!p� )��,�p� .

 +�30  ��"�4 �� h��� ����� :� �[��    +� ��!	� ��� ��

10      .P���F� ���� ��O�
�*� ��� ����� :� +� �[��

 ) ����F Q��� \���N!9�39-38 .1(  U�����
O���� ,

 #
� �!&����55-50   �B���� , ��� �J�"� :� +� �[��

    .��F Q��� \��N!9� #
}$,��( �� �J�"�  EO��� 1+,

 +� E
� ����"5/1-5/0  �!bO �� D�4��
���  ����h   ��4�

 +� �!'
� 1+, EO��6/1    .��O� ~� ��!bO �� D�4��
�

I
9, �� ���	
� �� �$ ) ���	"1(.  

  Q,��4 ,� �O ���&� ���<� I�J� )
��,  m,� ���

  )��n Q+,� ��*  �  ���<��)3-day food record  ��� (

�"�4  ��� �� �� �� �!bO �"���( +,� C� , �!bO +,� ,�

�� :��F �� .�F �!bO ��O .D,� .D��/� .I'F   I!�'O

, IO�    %
���"W ����� .�F �*��� ���<� I�J� )
��,

D�" +� .���<� ����   ��%�&�Nutritionist IV  �f�?"  �1   

)N-Squared Software (NZ) Ltd., New Zeeland (

.�F Q��b!*�       )��n m,� ��� %�
" �"��� )�
���& 1�%
�

  ��!bO �� ���%
& )
���&     .I�'F .D���/� .D,� ���O

  ��O 1�4�00� )��F .�F �*��� ����8� IO� , I!'O

  �
�[�$ .���>��� ��� �O �� Q,�4 ,�    )�/> �� ����O

)
���& E��%&�     :A���� 1�%�
� ��� �"�+,� ��%
& ��O

�� )&���� +,� �� );�* I
" .�"��	"  

����
�2 1������  ����O�
q!� t����+�$ +� Q��b!��*� ����

 1����+WKolmogorov-Smirnov .�F C�  , ��% $

Q��b!*� �� ����W :
�p$ D�" +� %&�� �SPSS f?"�  �18 

)version 18, SPSS Inc., Chicago, IL(   .��F D� "�

Q���    :���F) �b
�[�$ l8* ,� �� Q��W )*� �� ��O

   , ��"�,��& t��+�$ .%���� �� E���4 d9�F m��%4 

   1���+W :���F) ���
�p$ , (k��!" �,�>    �����W ���O

Independent t .2
χ  ,ANCOVA( .������4 :��
�p$ 

���� ��O�
q!� �
� .��
�2 +� 1��+W ��O �
�  C���!����( 

Wilcoxon , Mann-Whitney Q��b!*� �F.  

  

���	 	
  

+� �
# 80  .����8� �� Q�00� )��F �b"75    �����8� ��b"

	$ ��
: � �� �"��	"
K"�
# 0*� 1W  �O9/44  .��� ��*

38  :��F ���� Q,�4 �� �b"13   ����)2/34  ��[�� (, 

25 1+ )8/65 �[�� (, 37 �b" �� Q,�4  �O��F   :���F

22 ) ���5/59   , (��[��15 ) 1+5/40    ����A (��[��

 .�0!F������8� ��/!"� ��.   m��	��F ��� ����&� m��<�(

)��( �O� �A�� Q�"��  ���F Q�
 0�*  ���  ,��4 ��Q  ���O 

�O�F ,  �����   � .V�
$�$ ���� ����   ���70/1 ± 75/92 , 

00/7 ± 00/94  ������+�� ���[����F�h   m��<��( #
���

Q,�4  ��O�0�� U,�b$ ����Q��� "'� )390/0  =P.(  

2 ���� Q,�4 +� 1+ ��	
�. �� �� ��:
    :���	$ D��;

  �����> :	; D� "� :
�� �� ��K�� , Q+�b*� M�N� ��

 ,3 �O�F Q,�4 +� ��	
�.   �/�F �� U�>�/� )�; �� ��

 , �K��2  ������ �� :��	$ D�; :
�� �� �b"   , ����	O �

 ����( U�;_2� .�"�F x��9 ����8� +� .�	",��� M�N�  �

 �,���> �� 1����	
�  ����O1  ,2  )��*� Q���W �����!�� �� .

8�   .#�*�� �,� .��	� �,� .�A .#* �e" +� Q,�4 ,� .����

  ��8�* , ��%
& )
���& .#*�� �,� �� �	� �,� )�?"

AST  ,ALT �0�� U,�b$ .�0!F��" ����  

1�	O  ��"�4    �,��> �� ���3  ��WQ�    U,��b$ .)�*�
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��0��� ���� � ����
1�% ���)��&� ������� )020/0  =P (, 

O������
U��� )010/0  =P(  l8��* ,ALT  �����*

)006/0  =P(    m,��f� ���O�
q!� ���!0� +� =(   ��4

       �J��"� .����* l8�* .��K
�* M��N� .#�* .=0>)

 , �!&����BMI�F Q��� (  .  

m,�f� ��O�
q!� ��!0� +� =(    ��� .Q��F ��R �4

   �,���> U���;_2� ���� ���>�$4  EO���� ���	� �,� .

�0��  ) )�&�� ����006/0  =P    ��� ��	� �,� )��?" .(

   d9��F +� ��� ��� #*�� �,�    C���!��(,�!"W ���O

�� I/� ��
?�     �� .EO��� #��� , )�&�� EO�� .�F��

�0�� +��   ���� 1�F ���)050/0  =P   U���

q$ ���!�� .(

)6/18  =Mean change(  1+, EO��)030/0  =P ( ,

BMI )006/0  =P( �0�� %
" ��� ��� .  

 �,�> y��8�5 IO .����8� 1���( �� �"�� )
���& .

     E��%��&� �O���F Q,���4 �� I��O , ������ Q,���4 ��

�0�� ) ����010/0  =P)F�� (.  

  
 ����1. �	
�� �  �� ����� ��� ����� ������� ���� �� �� ����  �� ���� ��!�" � ��� 

	
�����  ) ���� ����38  =n( ) �
	� ����37  =n(  �����P* ��	��) (��� � !  

(����) ���+, �-� )2/34 (13  )5/59 (22 )800/4 (028/0 

(����) ���+, �0 )8/65 (25 )5/40 (15 

(���) 1�  1/17 ± 1/46 7/11 ± 8/43 )400/2 (661/0 

2�3�� )5/89 (34 )2/89 (33 )002/0 (968/0 

�-�� )5/10 (4 )8/10 (4 

��45� 6-7� )8/15 (6 )5/40 (15 )600/5 (017/0 

 89�
�", ��: ; )2kg/m( 4/3 ± 4/29  6/3 ± 1/31 )000/2 (051/0  

) �<cm( 4/7 ± 4/106 0/9 ± 5/109 )800/1 (069/0 

) �0=kg( 7/12 ± 2/77 2/12 ± 8/85 )900/2 (050/0 

) -�> �=�cm(  1/9 ± 1/102  3/10 ± 5/105  )200/1 (210/0  

) 1��: �=�cm(  4/7 ± 4/106  0/9 ± 5/109  )600/1 (105/0  

1��: �=� �: -�> �=� ?@A�  06/0 ± 95/0  0/0 ± 0/95  )100/0 (921/0  

AST )U/l (  9/19 ± 7/35  2/46 ± 2/51  )100/1 (245/0 

ALT )U/l(  1/29 ± 7/46  1/68 ± 8/76  )500/1( 119/0 

�B�� ) �@> �:-C ;kpa(  3/2 ± 6/6  0/2 ± 7/6  )100/0( 780/0 

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase 
 +� �	� ��O�
q!� ���� #
K"�
�± +� �b
� ��O�
q!� ���� , ��
�� M ��p"� .)*� Q�F Q��b!*� (�[��) ����$  

*�� �O�F , ���� Q,�4 ,� �� ����B� 1��+W +� Q��b!*�  ��O2χ  ,t ��W )*� ��.  

  

 ����2(����  %�&'� (� )*+) ����  -./ ����� �'�� -0���� 1� � .  

"#�$ %�&	' (�#  
���� ����  

(�)��) ���'* 

�
	� ����  

(�)��) ���'* 

+,  

(�)��) ���'*  

 �����P   

��	��) (��� � !*  

��5A: D> )7/54 (12 )9/45 (17 )7/38 (29 )650/1 (436/0  

D> )5/60 (23 )6/48 (18 )7/54 (41   

E�"�� )9/7 (3 )4/5 (2 )7/6 (5   

 *�?��B� w�*� �� � Q,�4 +� C� �O �� ��9��� +� :�A �O�
q!� ����B� 1��+W +� Q��b!*� �� �O 2χ )*� Q��W )*� ��. 
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 ����3 .3'�&0 � 	
���  � �45 ��� -��
�� 607'�08
9': �  ��*; ��!�� �!�" � ��� ���� ��  

 �����  

���� ����  

 -�.#	��± �	�'� /��0#� 

1�����****  

 -�.#	��±  /��0#�

�	�'�  

 �����P*  

�
	� ����  

 -�.#	��± �	�'� /��0#� 

1�����****  

 -�.#	��±  /��0#�

�	�'� 

 �����P* 
�2��  !

!�� � 
����� P** 

�34���  � +56  �34���  � �'$  �34���  � +56  �34���  � �'$  

;F-�� >);-G�>"�5(  8/527 ± 8/2044 8/624 ± 3/1601 8/507 ± 4/433  001/0 < 4/778 ± 7/2449 3/468 ± 9/1732 8/766 ± 0/769  020/0 )59/1( 020/0  

15H,=-� )g( 7/30 ± 9/67  6/31 ± 9/58  4/34 ± 9/8  010/0 6/34 ± 0/71  3/18 ± 0/55  1/40 ± 6/17  910/0 )59/1(  810/0  

I���5�":-> )g(  1/79 ± 3/253 5/80 ± 9/200 7/88 ± 3/52  020/0 5/106 ± 7/301 3/57 ± 9/227 6/119 ± 0/80  590/0 )59/1( 010/0  

�:-C )g( 7/31 ± 0/87  4/30 ± 4/63  8/29 ± 3/23  001/0 4/50 ± 9/111  4/33 ± 5/68  5/48 ± 1/44  030/0  )59/1(  360/0  

 -@5J)g( 2/144 ± 4/114 4/103 ± 8/97 0/157 ± 7/46  860/0  6/147 ± 5/106 8/117 ± 9/100 7/182 ± 6/5  710/0  )59/1(  750/0 

AST )U/l(ψ 9/19 ± 7/35  3/11 ± 6/24   -  001/0  2/51 ± 2/46  1/56 ± 1/38   -  029/0  )64/1( 980/0  
ALT )U/l(   1/29 ± 7/46  4/18 ± 1/28  46/26 ± 64/18 001/0 <  8/76 ± 1/68  8/34 ± 3/45  9/67 ± 9/22  040/0  )64/1( 006/0  

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase 
* �� ����B� w�*� �?��B� � M_!9� ����B� �O�
q!� :�A , ��� +� ��9��� �� �O C� Q,�4+� ��O ���� �*��� �� Q��b!*� +�  1��+WPaired t �� )*� Q��W )*� h**  ����B��?��B� w�*� �� � �#
K"�
  Q,�4 ,� #
� ��O 1��+W +� Q��b!*� ��ANCOVA  ��

Q��$ d9�F , ��K
* M�N� .U_
Np$ l8* .#* .=0> :��F) ��9��� +� :�A ��O�
q!� ��!0�  (�"�� �)*� Q��W )*� �� h*** U��

q$ �� Q��b!*� +� I� 1��� ����B� ��9��� +� :�A +� ����B� ��9��� +� ��� � �O �
q!� �� )*� Q��W )*�.  

ψ  �
q!� 1���" ��
�2 :
�� ��AST 1��+W +�  C��!����( �
� ��OWilcoxon , Mann-Whitney .)*� Q�F Q��b!*�  

  

���� 4. �	
��  ��(��'� ��0� ������ =
�3�>��3': ��! (� ��� � )*+ �!�" � ��� ��! ����   

 �����  

���� �
	�  

-�.#	�� ± /��0#� �	�'� 

1�����****  

 -�.#	��±  /��0#�

�	�'�  

 �����P*  

���� ����  

 -�.#	��± �	�'� /��0#� 
1�����****  

 -�.#	��±  /��0#�

�	�'� 

 �����

P* 

�2��  !

!�� � 

 �����

P** 
�34���  � +56  �34���  � �'$  �34���  � +56  �34���  � �'$  

�=� -�> )cm(  30/10 ± 00/105 50/10 ± 70/103 09/5 ± 63/4  006/0 10/9 ± 10/102 01/9 ± 50/97 43/8 ± 62/2  001/0 < )65/1( 006/0 

�=� 1��: )cm( 00/9 ± 50/109 20/8 ± 80/108 54/3 ± 89/2  070/0 40/7 ± 40/106 30/8 ± 50/103 09/4 ± 35/1  001/0 < )65/1( 160/0 

1��: �=� /-�> �=� 05/0 ± 95/0 05/0 ± 94/0 04/0 ± 02/0  060/0 06/0 ± 95/0 06/0 ± 93/0 08/7 ± 15/1-  007/0 )65/1( 050/0 
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The Effect of Psyllium on Anthropometric Measurements and Liver 
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Disease (NAFLD) 
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Abstract 
Background: Overweight and obesity are two important risk factors for nonalcoholic fatty liver 
disease (NAFLD). Controling the weight via using dietary fiber may help to manage patients with 
NAFLD by diet and physical activity. Psyllium as a fiber can reduce obesity and its consequences.  

Methods: This was a placebo-controlled, double-blind, randomized clinical trial study. 80 overweight 
or obese patients with NAFLD (age: 18-77 years) diagnosis via elastography were enrolled. 
Participants assigned to intervention and placebo groups using randomized block design; which were 
supplemented with 10 g psyllium or 10 g ground wheat, respectively. Both groups followed weight-
loss diet and physical activity (PA) recommendations for 10 weeks. Serum liver enzymes (using 
enzymatic photometric method), dietary intake (via 3-day food record) physical activity (using 
physical activity questionnaire) and anthropometric measurements were assessed at baseline and the 
end of the study. 

Findings: 75 participants (mean age: 44.9 years) met the inclusion criteria, 13 men and 25 women in 
intervention group and 22 men and 15 women in placebo group. At the beginning, the mean body 
mass index (BMI) was 29.4 and 31.1 kg/m2 and the mean calorie intake was 2044.8 and 2449.7 kcal in 
intervention and placebo groups, respectively. Controling the confounding variables, calorie intake  
(P = 0.020), carbohydrate intake (P = 0.010), serum alanine aminotransferase (ALT) (P = 0.006), waist 
circumference (P = 0.006), body mass index (P = 0.006) and weight (P = 0.030) were reduced in 
intervention group as compared with placebo group. Waist to hip ratio reduced at a boarderline 
significancy (P = 0.050); and serum aspartate aminotransferase (AST) reduced unsignificantly  
(P = 0.980). 

Conclusion: Weight-loss diet program supplemented with psyllium, in parallel with increasing the 
physical activity, can be useful in reducing NAFLD outcomes. 

Keywords: Psyllium, Non-alcoholic fatty liver disease (NAFLD), Obesity, Waist to hip ratio, Dietary 
intake 
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  �� ���J�� \�	d "� ������� c#� "# ���= �( ��

 &��� h�X�- �d	?F � ��'�� ������ I#�� /& �! 

�� �����  �� ������ ���	� �t�� 5!	J 24= / �	!

     \��Og%� "�# 0��� �� &�gO /����� ��!� 4� :����

 "��
# �� 2'�� ,- ������ "� g�L� ������� "� o	�� � 

��������� � ������ � ��!� 4� I#��     �� ���'�� ����

  "�� "������ \�	d "� ������ ���	� ���� �< T���

  ��� H��I�> ����4! 2!� 4� I#�    2�L@�� /���>

       �R�  �D; ��� j�� 9��	- �����4! � �� I�� )�7<
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     ������� ��� &����L� T�D�!��# ��� � �����#    ���p�� ���

�� � GD�J /"���� 0�� �� .�	!    )�y��� "�# ���!� 4

"���� ��p�� �   ��� )��7< 2L@��     \�	�d "�� / D�!��

 � ���d	?F �������� � ���?�X�- I��#�� �� "��������

 ���  ����� ����4! `i� ��'��    \��Og%� �  �D����

�� 2<���� I#�� 0�� �� �� ������� j�<�>	��  �  DD#

 T����- ������� ����<� ���� ������ ���< G�����- 2��4=

�� \�Og%� �  ��> �< G���- 24= ���� ��	�   ����

  ��> �� ������� �	O �� �  � = ���	� ����  � ���(

 G���-�� ���� D )4(    �7�� "
���� 0� �� /0�� � �D� .

��  �	! �����D! ������ ���	� 2�c#� "# �	!.  

 2!� 4� I#� �� ��  ��� ������ ���	� /����4!

"����    ���� 2�!� 4� \���� 2�g� 2���7� )�-J �

     )��� \��Og%� /"�7'�i� 0��� �� . �	!1391   ������

    ��! 2��<���� 2�g��� 2�����7� )���-J �� ��4R��d�

  "�# 0�� 2
O "� ��!�# ����4! "� o	�� \�Og%�)

  �� G*����� ����!IJ �	��
O &�1������ �����  ��4R��d�

�� .(2�� & �� "L��V� "7'�i� �� / !��  

  &��� G��
V- � "��Ip-   "�7'�i� �����  �� &��R����� ���

�	��(  ���2
χ  �t  ���     �����( ��I�<�SPSS  "X���  �

19 )version 19, SPSS Inc., Chicago, IL(   ���p��

� ��� �� . !/     \�	�d "�� �������� �R�d	- \��d	?F

 0��7-  d�� ��>� 2�7�= .  �����4! �� �� #   ����

 )�� �� �����1391 ��I�� �  ! "�<> M� ��  ��� ���

    �R� ��I��  �d � ���� "� ����4! � ��� j��R- "�

 ��> "���� � "L��V� iF z7� �� 2�7�=.  

  

���	 	
  

 )�� �% ��1391 �� 7- /575    �	�O ��� �  � = ��	�

  �	�� & ! H��I> ��4Rd� ����� �� 2'�� ,- ������

 "��#1/30 )  ��d��173  � ������ �� ��������� �� (��	���

9/69 )  d��402  ��� G���- ���� �� (��	�   . �����

 �� "� �� 2L��32/2  .�	�  

�� 7- � ���	������  &��> �� ����  D���  /6�
�X� 

\��R�� b�	� "� "�	>��  � "�#� ����0    �� ���	�� �� �7-

D� &�>� 30 -20  "'���  ���# ��0  &��> �� �( ���� 

D���� 10 -0  "'�����	��� .4/12  ��d�� )71 ��	��� (�� 

������ 0#�� $%�D� 4!� � 7/87  d�� )504 ��	� (

�� ������� ����� $%�D� 0#����   
Y�! �M� �� . ��	�� 

8/18 )  ���d��108 � �� (��	�������������  /�� ������  

7/15   d��)90  /�� ��� � �����# (��	�6/21   d��

)124 ��	��� (������ "����F  /�� ����� � ���6/9   ��d��  

)55 5��� (��	� � �	�( 2/8 )  d��47  >��# (��	�

 �69/16 )  d��96 &�> ��� �� (��	�   �
Y�! ���

 GY���! N	���?F �� �  �����	�6/9  �����<�  ���d��  

)55 �	� & �� 2Lv �-�Og%� I�� (��	�.   `i�� M� ��

 /\g�?V-5/28 )  d��164 �� ������� (��	�  /��	�

5/28 )  d��164    /��� ���� \g��?V- ����� (��	�

7/27 )  d��159     /G���� \g��?V- ����� (��	��

3/14 )  d��82  � :
{�� (��	�1 )  d��6  �� (��	�

. ��	� ���1���� \g�?V- ����� �������  

     /������� "�� g���� ����� �� ������� �D� 0�1����

46/17 ± 25/36  .�	� )���� "���*� �   �D�� 0�1����

 ������� 2��D= T��� �  0�1����� "#  ��> & ����

    "��� g����� ������ �� �D��� 2��'�� ,��-  ������ ��  

38/17 ± 17/34  ������� �� � )�����71/16 ± 09/41 

 )���	� 7� ����( M� �� |g�F� 0�� "# ��D  ���� �L	� 

)906/0  =P("���*� �� . �   �������� 0�� �D� 0�1����

 �4! �/�������    �D�� 0�1����� "#  ��> & ����

 ������� ���4!  ���34/19 ± 69/37   ���� � )��
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 ������� ������� ���21/17 ± 04/36  )�� ��	  "�# �

 & �! & ���� |g�F�   �����( �M� ��  ��D7�  ��� �	�� 

)040/0  =P.(    G��! �� �������� �D� s��	-1   "�����

.2�� & !  

����I ��� �� ����� ��  ������  ��4R�d� ��  �%� 

)�� 1391 ��� �� 11/13 �� �  d ��I� R� �	� .

��0 ����I �� ���� ���  ��� 15/4 � ��  ����� 64/9 

��  d ��I� R� �	� .��0 � ����I ��  $%��D�  4�!� 

7/1 � �� $%�D� ������� 09/12 �� �  d  ��I�� 

R� �	� .�� ���� � ����I  ����  ��  T����  /GY�! 

�����0 ����I  ���� ��  �����  "���F���  ���# ��0 

����I  .�	� ��#�	# ��  

      �����4! �� ,��-- "�� ������� ���� 0�����

 ��� ��I�� �� �����	F7/123  ���� ��I�� �� ��>��; /

56/76   ���� ��I�� �� ��# � ���- �16/74    �d ��

     �����4! �� ���� 0����# /0��Da�� .�	� R� ��I�

   ���� ��I��� �� ��4Rd� �� /Rd j������ � �	F16/1 

 ��� ��I�� �� ��	F� �77/2      �	�� �R� ��I��  �d ��

 )� =)1  G�! �2.(  

  

 
 ���1���	 
� ����� ���� ���	 ��� ����� .  ����� �

 ��� �  � ��!"#�1391  

  

 ��&'1�����!� � ���	 
� ����� ���� ����� .  ��� � �() *�+	 � ��+�' �", �-. &# ���� /� ��!"#� ����� ��.1391  

�	�����  �	� �� ����� �����1391  �	� �� �����1391  � ! ��"
 �# �� $��% ��"�� &'(! �)*  

1 ������� 9 41465 71/21 65/1  
2 ��"*+, 3 108174 77/2 21/0  
3 ��.��/ 27 35267 56/76 83/5  
4 ��0��� 11 35896 64/30 33/2  
5 ������ 25 2146978 16/1 08/0  
6 ��1�234 75 230206 58/32 48/2  
7 ��5+4 46 83140 33/55 22/4  
8  +�	
2�5+4 13 39279 10/33 52/2  
9 ��65�7�. 54 81610 17/66 04/5  
10 ��8
�"* 38 30720 70/123 43/9  
11 �9:�* +�� 45 303720 82/14 13/1  
12 ���9; 13 245035 31/5 40/0  
13 <��=� 15 133373 25/11 85/0  
14 >:?�
 7 36876 98/18 44/1  
15 @�
  ��,  77 307007 08/25 91/1  
16 �9A
 15 40631 92/36 81/2  
17 !+:�� 13 69344 75/18 43/1  
18 �B+�� 29 143051 27/20 54/1  
19 >:��� +�� 9 188103 78/4 36/0  
20 �2+< 2 ��+:C 51 68768 16/74 65/5  
21 D
�,�:, 2 �"* 0 17927 0  -  
22 ����� F< 575 4386570 11/13 00/1 
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   0����# � ���4� G?< �� ������ ��� 0�����

 G?< �� �( ��I��  "���� �� ������� .�	� ������ � 

"��� �� ���� )�� )�� �  "��	> "� b�	� )�� ���  ��

 "#21/69 "��� 5! �% ������ ���	� ��  d�� � 

&��� ~� )�� )��  �	�.   

   )��� �� G�?< � T��� � ��� ��I�� � �� 7-

 )� = ��2  G�! �� /0�Da�� .2�� & ���� G��@

3  h�X��- &�� T��� � 2'�� ,- ������ s��	- /

 "���� ������2�� & !.  

  �  �� = ��	�) ������ q	� 0�� o�L-�� ���� ��

 "*���� � 2�	�� GV� ����4! �� (�	O �� �   T���-

������( o����L-�� /��� ���������D7� �   ���! & ������� ���  

)050/0 < P  &��> ��� ������ q	� 0�� .(    /�D�� ����

 "*���� /2��D= �     �����4! /���������� �� �����

   /��	����F ����<� ����� �g���� /GY��! /2�	���� G�V�

\��DL' |?� "*��� / �     � \g��?V- /��� ��� T���-

"*iD� �    �����( o��L-�� (������� � �4!) 2�	��

�D7�   �� & ���� ����)050/0 > P.(  

  

  
 ���2 ��� �  ��!"#� ����� � ���	 
� ����� ���� ��-�	 .1391 (�() *�+	 � ��+�' �", �-. &# � ��-�	)  

  

 ��&'2 ��� � ��!"#� ����� � �34 5��� �� ���	 
� ����� ���� ����� .1391  

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

���, 215 64/20 52/2  

���8,�C 183 56/17 15/2  

�:5�� 92 83/8 02/1  

���8�G 85 16/8 00/1  
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 ���3 ��� �  ��!"#� ����� � ����� 6�78� 9�	 5��� �� ���	 
� ����� ����� .1391  

  

-.%  

/)�D# ��� 5�J    �	
���� ������� |n_ �� � ��>

2���� 0�!�� "� ���� �1�� ������ �  D����   ����

&��� � 2���    T���_� �D�!�� "� j�r	'	�� �J� ���

�� "�<�� T��� � .��>    ���� ��I��� /"7'�i� 0�� ���

 ��4Rd� ����� �� ������11/13   �R� ��I�  d � ��

 )�� �% �� 2�7�=1391 � 0�� � .�	�  ������ /T��

 ��4Rd�  ����) :# ����� ��� �� $%�D� wI=30-0  ��

"*L% ()�� �� 2�7�= R� ��I�  d � �� � D�  .�	!

  "�7'�i� �� ��������� � ������<  ������4! �� "��# ��

 �� �	
��� ��� ��I�� 9�	�� / ��	� &��� ��p�� ����

60  R� ��I�  d � ��2�7�=   )��� )	�% ��   ����

1391-1382  . ��	�� ���(�  

"7'�i� 0�� ��/ L�� ����2   �� �������� �� �����

���� G�����- "���	> "��� b ������  "��# ��9/69  ��d��  ��

 � ������ �� ���������1/30 �( ��  ��d��  ������ �� ����

�� G���- )  ����13  �� ��� �7- u���� �� /"p��� 0�� .(

 b���� 24���� "D��� 0�� �� 1�� \�7'�i�  ��	�% "�

"7'�i� �� "#    )��� �� �������� � �����_ ����'� �

92-1391    /�	
���� ������� ��� � ���� ����� ��

  �� �������� �� ����� 2L�� ���� "#  ! & ���� I��

�� � ��   ��>)14(  "�7'�i� /0��Da�� .  �Elbeltagy 

�	�# ��   �4����� u���� I�� ��	7� �����O  2�!��

)15("7'�i� �� "# �'�_ �� .   ����� ��������� �� "# ��

     � ��� ��_ 9���	- ����4- ��D���� � (&�) ���D��F

 �������� "��#  ����> & ������ / ��! ����p�� ���������

�� ���� �� ���� ���� �� �	
���   !��)16( .  

 ������   "�# �
Y�! ������ j� ��	DO "� �	
���

�� ~� ���� ���� ��   ���� /2��� & ! �����D! / �� 

  ���J "� �J :� ���� $%�D� �F� �� "# 0�� "� "=	- ��

 ��� ����� � ��������# �	��a�� �
K����� �� ������

 0��� � �D� / D'	Y��   �	
���� ���_  "��  ��	�DO   j��

/�
Y! ������ N�F ���I'� �	% "� ����  2���� . ��

     �D���� I��� ����� "# ���= �( �� /\�7'�i� �� �F�

  ��� ����� � ��������#  ��D���� �
K����� �� ������

�� )	Y��   �( �� ������� ���� / D!��    I��� ���  "�����

31

62

75

79
77

40

50

30

36 35
33

25

0

10

20

30

40

50

60

70

80

90



 

  

  
www.mui.ac.ir  

 ������ ����� ���	
�� ���–  ���33  ����� /355 ��� /��  !"� 1394 1791 

����������	 ����� �� ���� �� ����	 �����	  ������� 	�
�����)�' * 

     ������ �� "�# 0��� "�� "=	- �� /)�_ 0�� �� .2�� ����

������ ��� ��4Rd�   ��� ����� �� ���� ���� ��   / �!��

�� �� ��	-  /�	��# �� "*iD� 0�� �� ������ "# 2<> "p�

�� & ���� �
Y! \�	d "� ���� .�	!    

   �������� "��#  ��! & ������ "��7'�i� 0���� ��  ��

G?<  ����  ���4�  �������- �  "�#  G�?<  5���� ���  ��� 

�� / !�� s��!      0��� �� \��7'�i� ���� ��� "# 2�� -

 ���� 2*��i� "D���)18-17(�� .   "�# ��# ��	DO ��	- 

�� G?< ��4� �        �����*� ��� T���- 2�
O "�� �������-

    �� &��R���� 0��Da�� � �( )��c�� � & ! 9*� �D���(

&����<   ������ 2L�� "� ������ 0�� /&�	'( �DL' ���

�� ~� ������ � I���J "� 2L��  ��.  "��  �	�%   /��
#

q	�! �
?< ������ �� "��� � )��  )���  s���!  �- �� 

"��� � )�� ��� &�	� b2�� "� 0�� \�	d "# 5��I<� 

���	� ������ 0����< �� q�!  & �! �  ��-  ����� � 

�	�4! "���� Q{� b"�!�� ��  �4�  ��-   DR���  5���# 

"�<�� .2�� /�� 0�� �� 0�-vy�   0���� �����  2�4= 

��=� "����  ����  "�
F� �  5��J � ��  /���>  �� G�L@ 

q�! G?< q	�! �D7� �% &�� ��� ����J )��  2��� 

���� � �
d� 24= �J ��>  ��������   ���� ��  G�?< 

��4� ������- � �� M� "�<> �	!.  

"7'�i� �� �  ������� �D� 0�1���� /8�_36  )��

      ���� 24����� \��7'�i� �� ��� �7- u����� ��� "# �	�

)16 /14(. �� "=	- "� )�7< ��	�  0���  &��>  �D�� �� 

���?�@� ��V'   /�O����=� � 2�����  &����L�   0��� ��� 

�������� ������  ���� hX����   /0���Da�� .����>  

7/87  d��   . ���	� ������� $%�D� 0#�� ������� ��

~� 2L�� ��	� ����   /�������� $%�D� �� ������ ���

   2��� & �! & ���� I�� 1�� \�7'�i� �� ��� 7- ��

)13 /14 /3( .  

"7'�i� ��    ���p��  D���( � �	Ri?� 9�	- "# ��

 0�1���� /2�� & ! ����   & �! H��I�> �  "���'��� � 

 /�	�# �� ������24/43   2��� &�	� R� ��I�  d ��

  � ���� /"7'�i� 2V- ���'�� �� ������ ���  ��� �

   "�7'�i� �� .2��� &�	�� 5��# "� �� �   � �	Ri�?�
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Abstract 
Background: Brucellosis is a common zoonotic disease, which spread from infected animals to 
humans .This study aimed to determine the epidemiological characteristics and incidence rate of 
brucellosis during 2012 in Isfahan province, Iran.  

Methods: This cross-sectional study assessed all the patients with diagnosis of brucellosis in Isfahan 
province during 2012. We used t and chi-square test for data analysis. The incidence rate was 
calculated based on per 100’000 of at-risk population. 

Findings: Totally, 575 patients with brucellosis were identified of which, 69.9% were men and 87.7% 
were from rural areas. Housewives-ranchers and children were the most and least at-risk  individuals, 
respectively. The incidence of the disease was 11.13 per 100’000 of at-risk population in the province, 
4.15 in male, 9.64 in women, 1.7 in urban areas and 12.9 per 100’000 of at-risk population ear in rural 
areas during 2012. In addition, there was significant association between the type of disease (new or 
recurrent) and county of residence and history of contact with animals (P < 0.05). 

Conclusion: The incidence of brucellosis in the Isfahan province was less than the national average, 
and this province classified to have very low incidence. In addition, there were clear differences in the 
geographical distribution of disease in the province. 
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