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µg/ml 128 ���. 

����� :���� ������2 %U� )=�1�� %5 �� ���$�'� ����� A��� )� ���+�B  �� )��(� 5 � 3�1�� MIC 3�12 )�2� % 3� 65 �V�9� ���W� %�V=� 


���� ��� )��' 5 
@+� )� ���+�B  �� �����$� .#8� X�P� � 
E� ��9�� �� 1��!� � ;�Y� ���� 4����� 5 "��(5 � ��@M� %5��<� Z��$  
��&� 

�� [�+�' %5 ��8�#M� %��� %��,�B? 0� *��+, )��' %5 A��� %���\ 
'�.  

:����� ������ Acinetobacter baumannii6 6���+�B  
��&� 6���'�(�� Polymerase chain reaction  

  

: �!�� 6��0� 3�&'�� �'��   "��06)M�?� "���8 [���. "��#�$% � &��'� "������ ����()�$�#� "���)( ��� *���� �( &��+��� ��! ,�% 

-� ��).� ��� "$�/�( �( ��� Polymerase chain reaction . 3M&S� ��81] "#�9��� )B!�1393 ^32 )301 :(1474-1466  

  

�����  

Acinetobacter baumannii ���������  	
��  ����� 

������  ���
�  ���� �  �����  �����  ������   ��! 

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

(�)"�*  #�#*� � (�)"�* �+���  .����     
"���� -�&�

-��.$! #* �����  �! �/�� 0� �)"1�� �  ��#��$�� 

 
"+� #* 23� �45�
�  �! ('&� 
��#* ��  %�/�� . #*

6�� 
�1�  �! %���$! 
&�� 7�8� ��9: ;#�<�  �&��! 

�%��&' �"��� 



 

  

  
www.mui.ac.ir  

 ������ �	
�� �	���� ����–  ���32  ���
 /301 ���  /��!" #$� 1393 1467 

������� � 	

�� ������ ��������
�� ����� ��� ����� �� 	
��
�� ����� ���	
�� ����� ! � 

��4� 
� ����8�  
"��� �4+� =� ����� �"�> �?����� 

@��� A�BC� #* ��
&� ;#�<� (%/ ��� )2-1.(  

�?& 0�  ������  �����#*  
IJ��  =����  -�&�   
"���� 

-�"��+��� ����� .-�"��+��� #* ���"�> K�������  ���! 

 %�"L��L�C #�
5 *#�* =�  ����  -��+?�� E  <���  (%����� 

�� *�/ .-&� �"�> K����� ���� ��� %�"L� ������� ��� 

=� 0� K& %�"L���*  �8�M  ��?�N�  (%�/  ���� �  ��� 

%���� ��C>  %��> =�  K�&  ����>  O
�P  ��Q"�  (%�/ 

���. -&� �"�> K����� ��C�R� %S ���
?�� *�1 �# �� 

�* T+���?� ��N� �� %!*  =��  ����/  6��Q��  =��C�� � 

U���  
&V�  �NW �:#�1  ����  =��  X����  ���4Y� 

*%Z�  �NW �$�[��"�� 6�4�* �� .*�/ #* =� �C�M 

T+���?� \�5* -"N�  
"��� 0��!  =��  #���  �]�S�� 

A&
R� (%N� ��� =B8�    ����
]� 6�� #*  *
�?�$� 

��� -�+?��  2�����  K���"����
"?C�  -���   �!%��"L� 

 �#�* #�� �4Y� � %�L�C A  �#�*  #���  ����� )  ���"]� 

K�+����%�� ��� �L�C %&#���� (���.  

-�"+��� A�� %S ���
?�� �R���  �#  #��+� 

0�  
"���  �! 	
� ���� *#�* � ��W� =�  ������  ��?& 

0� -&
1>  ��"�>  K������   ��!  
IJ��  =����  =&���   ��! 


"����"���� ������ �� ����8�  ��"�>  �?������  =����%�P 

(*��"�� �� ��� *�/  6��� #*   
��1�  ��!  =�&�%:   ��! 

�?�����  	���8�  =��  -�"�+���  <���  ;#�<��  (%�/  %��� .

������8� =��� -��&� ���"�> K������� ���� %������ ���/�� 0� 

�������� #* �?& 0�  =�� ��  
���#* #*  
��+�  <"��� 

%�L�C A ��R& lpxA lpxC � lpxD %/�� � �& �/�� 0� 

��
M �C��� �5�]C� 11ISAba %/�� =� 
Z�� =� 
�W 

6�R� �%/ ��  �! 
��#* #* <"����� %�L�C A ��   *��/

� 
! �* �C�M 
Z��  =��  ��%�8�  ��?�N�  �����   ��L�C

��� %&#����  
"��� � ����8�  ^�� �>  =��  -�"�+��� 

�� **
� )4-3.(  

0� �&�Z�> =� ��?��  6��8"��  ���$C�   ��!  �����8� 

�"�> �?����� -��  
"��� �!  =��  a��Q1  
"����"����� 

����������� =������ #������� ������8�� *������:�  *#�*  

)Horizontal gene transfer( �!�����> 0� ��������
� 

=&��  �! 	��8� �� %���� 
Z�� =�  (*��"��� 0� ;�#  �&��! 

 �
�  
�)N�� 0� #�N"�� �> �! #* X�]�  �!  ���"��#�$�� 

� %&%Z� 
b� #* T&�#  �! ����#* c&�# *�/ .0�  -�&� �# 

d%��! 0� -��&� =��RC�B� -����R� ������8� ���"�> �?������� 

=&��  �! 
"����"���� ������  ���  �����8�  ��"�>  �?������ 

=���%�P �4+� =� -�"+��� *��.  

  

��� 	
  

0� %���� 1391 ��  #�&
9�/ 1392  *�%�R� 96  =���$�   

���C�� g�?N� =� 
"����"���� ������ 0� ��"�#�$��  �! 

A�"3� 
9/ ��9��� @$:  #�> %/ .=��$� �! �%"��  
�� 

 �# X�]� �N� K� �?��� ) #��>Merck( �  *[�� 

) #��>Merck( h�8�� %�%&*
� � =�  i%�� 24  ����� 

 #*Cº 37 =����?�� %�%��/ .=��&�%: ���! ���� (*��"���� 0� 

k�#  <��> 	
� �  2&���0>   ��!  �&��$��/���  	���
� 

����.$! 0�%���+�� 0^������  0����! 
���$3�  <������

)Oxidative-fermentation( � i�
"����� 2&�����0> 


�$3� �!%�5 -��R� �&�! .%�%/  

�� ���&*# �  
��Y?� �� 51-blaOXA  =��  =�����   

K��?� PCR )Polymerase chain reaction=��� (   


"����"���� ������ %�&m� %/ .-&%� #�b�� �%"�� DNA 

 
"��� �� ;�# �%��/�: n�
3"�� %/ �  ���  (*��"��� 

0� �C���  �!  
$&�
�    

Forward: 5'-TAA TGG TTT GAT CGG CCT TG-3' 
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Minimum inhibitory concentration( -�"��+��� 

 �
� =&��  �!  	���8�  
"����"�����  �������  =�� ;�# 

Broth microdilution -��R� %/ . �
�  -�&�  #��b�� 

���+��L��� ���
?��  ���  ��#�%��  6*��R� 5/0  K�� 

%���C#�� #* X���]� ���N� 
C����- ����"��!  s�
���

)Himedia( 0� ����N� 24 ="������   =&�����  ����! 


"����"���� ������ =�9� %/ .6��]� g�"�� ��  ��b�W 

mg/ml 10 0� ���"�> K������� -�"��+��� =���9� %��/ � 

�5#  �! �C��"� 0� �> =�9� %&*
� =� q� 0�  7���3� 

�%/ �� ���+��L��� ���
?�� �b�W  �! �&�9�  -��� 

µg/ml 128-4 �����M %��/. µl 50 0� 
��! ���5# =��� 

K!�P �����
?�� �&
"��  h��8�� �   qL��µl 50 0� 

���+��L���  
"��� =� �> =��S� %/.  

%R� 0� #�� 
! h�8�� ���+��L��� ���M 8-6 #�� 

X��� 
�L$�  7���3�  %�&*
� . ��9:  %!��/   ��4Y�  

µl 100 0� X���]� 
C����- ����"��! s�
���  ����M 

���+��L��� ���
?�� �  �
� %!�/   �����µl 100 0� 

X�]� 
C��- ��"��! s�
� %5��  ����+��L���   
"���� 

=� K!�P  �! �<Z� h�8�� %/ .�����
?��  =��  i%�� 

24-20 ����  #*Cº 37 =��?��  %�/ . ��45 �  %�R� 0� 

�������?�� �����
?�� #* (�)"�* �<&^� ="/�V�  %�/ 

� ��<�� OV: K!�P �! �u�
5 � qL� �9:  -���R� 

��<�� MIC  =�+&�8�  %�&*
� . �����8�  ��"�>  �?������ 

=��&�%: ���! �4��+� =��� -�"��+��� 
��� ���+M ��<����   

MIC v��������� 
������� *#�%��"�������� 2012 CLSI   

)Clinical and Laboratory Standards Institute (

-��R� .%/  

���9: %���&m� 
&*���8� �5�%��M ���b�W  (%���#�*0��  

µl 50 0� K!�P  �&��!  =��  ��#�%�� #* �>  ��!  (%!��N� 

(%N� *�� =� X�]� �N� 
C�� - ��"��! #��> h�8��  %�/ 

� =� i%� 24 -20 ���� #*   ��*Cº 37 =��?��  %�%�/ 

� %/# �& 	%�  %�/#  =�&�%:  ��!  ���#
�   =�&<Z� .%�/ � 

���]�  #��> �� (*��"�� 0�  	
��  #�<��� SPSS  =3�+�   16 

)version 16, SPSS Inc., Chicago, IL( 	�Z�� %/.  

  

���	 	
  

�� (*��"�� 0� 2&��0>  �! �&��$/��� 0� ���� =��$�  �! 

*#�� ��#
� =&�%:  �! 0�%�+�� ���� 0^���� �4Y� 
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i�
"�� �4Y� �  
��$3�   0���!  <�����  ��4Y�  �%�: 

%�%/ � 2����  (
��Z�0  �  0�
�$��� )PCR (  �
�� �� 

51-blaOXA 	���Z�� ����
� .c&���"� �����M 0� PCR 

��N� *�* =� 51-blaOXA #* ���$� =C�<&� �! *�:�� 

=����*�� -���&�  %����&m� 
���� 	����Z�� ;�#  ����!   

�L���������� �  0��������%: h�]������ =��������     

Acinetobacter baumannii *�� )�?/ 1.(  

���� 0� 96 =��$�   *#�� ��#
� *�%R� 51  =���$� 

)1/53 %�#* (0� 
b�  K��L�����  =��  -�"�+���  	���8� 

%���*�� .�?��/ 2 ��%�����
� =&����  ���! 	����8� �# =��� 

K�?�� w�� =��$�  �! ���C�� ��N� �� %!* .  ��!<�C��> 

 #��> ��N� %�*�* =� d["1� ��R�  #�* -��  ������
� 

=&��  �! 	��8� #* =��$�   �!  ���C���  *��:� .*#�*  
�� 

v��� c&�"� -&� ���0> �����
� -&� =&�� �! #*  T�10 

� 
"��� 
"N�� � #* 
&��  w�����  =���$�  ��!  
�"$�  (*��� 

����� )0001/0 < P.( �?��/ 3 %���#* �������
� 

=&��  �! 
"����"���� ������ 	��8�  =��  -�"�+��� �# #* 

23�  �! A�"3� ��"�#�$�� ��N� ��  %�!* . �����8� 

=� -�"+��� #* ���� =&��  �!  
"����"�����  ������� #* 

2��3� ICU )Intensive care unit2���� ( 0� 
&���� 

23� �!  *��� . %��#*  ������
�  =&���   ��!  	���8�   ���

µg/ml 16 ≥ MIC 53/1 � %�#* �����
� =&��  �! 

v�+M  ��µg/ml 1 ≤ MIC 46/9 %�#* *��.  

  

���  


� v��� ="��&  �!  -�&�  =�RC�B�  ������
�  =&���   ��! 


"����"���� ������ 	��8� =� -�"+��� #* 6�M  2&�<��� 

��� .  i��RC�B� 
&���  i#���  =�"�
�  <���  ;
"�+� 

=&��  �! 
"����"���� ������ 	��8� =�  ��"�>  K������ � 

i[?N� ����#* �/�� 0� �> �# #* ��
&� %�&m� �� %��. 

#* =��RC�B�   ������*#� � ��#���?$!  ���)C� ������8� 

=&����  ���! 
"����"������ �������� �%��: (%��/ 0� T��10 

��#�$��  
"+� #* ��"�#�$�� �)"1��  
9B�  ��
�9� 

�4+� =� 17 �"�>  K������  =�� ;�# Disk diffusion  

  

  
��� 1 .PCR )Polymerase chain reaction( 	
 51 -blaOXA  

1 .�����  �������bp 100 �2���� . ����� 3���� . ��� � 6 -4. #��$� %�� ��&��'  
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��� 2. �()* ��+,+- #.�/ %�� 01�'�0�&/+ �����' 2,�3� #' 4&05&61 )* #��$� %�� ��&��'  

  

  
���3#.�/ ��+,+- �()* . #' 4&05&61 #' 2,�3� �����' 01�'�0�&/+ %�� 78' 9&��: 	�0/)�$&' %��  

  

*#�� 2Z�� � ��
� #�
5  �
� 5 �"�> K����� MIC 

	�Z�� %/. 94 %�#* =&��  �! *#�� ��#
� �4+� =� 

�����"�>  K���������   �����!  *#������   
����b�MDR   

)Multi drug resistant( %�*�� )6(.  

d["1�  *�&0 #* a�Q1  ������
�  =&���   ��! 


"����"���� ������ 	��8� =� -�"+��� �� i�RC�B� 	�Z�� 

(%��/ *���:� *#�* . 0#*���� � ��#���?$! ������8� 

�"�> �?����� 243 =��$�   
"����"���� ������ �# �4+� 
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=� 19 �"�> K����� =� ;�# K+&*  ������&*  ���#
� 

%�*
� .���$� =��$�  ��!  �4�+�  =��  -�"�+��� �  =�)&�� 

-��?&���� v���+M x%���*�� =��� -���$! ����C* -��&� �* 

�"�> K����� �# =� ����� �&�#�* �����   �
��  ����#* 


"����"���� ������ y
B� %�*
� )7.(  

#* =��RC�B�    
��)&* 108 =��&�%:   
"����"������ 

�������� 0� �* ��"���#�$�� ��
��9�  0�����%: %�%��/ � 

������8� =��C�<&� ���! �4��+� =��� -�"��+��� =��� ;�#   

Kirby-Bauer ��#
�  %�/ .8/1 %��#* 0�  =�C�<&�  ��! 

�4+� =� -�"+��� ����8� ��N�  %��*�* )8 .( d["�1� 

#* -&� ="��& �! �� c&�"�  ����M 0�  2!�'��  
�S�M �# 

���� ������ 0� K��& ���� =��� i������ #* ;�# ����#
� 

����8� =&�� �!  �4�+� *�* . K�+&*  ������&* ;�# 

�Z&�# ��� =�  �
� -��R� ����+M =&�%: �! �4+� 

=� -�"+��� #�� =� (*
� �� x*�/  ����  ����&0#� ;�#   ��! 

-��R� ����+M �4+� =� -�"+��� ��N� (*�*  ����  =�� 

;�#  ���! w����"� K��+&* �������&* #* =��+&�8� ���� 

;�# �&�!   %�����Broth microdilution  =��  
��  =�&��   

-��R� MIC %�"+! ��<��  �B1  
�^��  %�#�*)12 -9(.  

7�����4�#�  *�����&0 -������ 2&������0>  �����!   

Broth microdilution E-test � Agar dilution 

���I  (%�/  ����  =��  ���N�  (%��!*   �>  ����  =�� 

;�#  ���! 
��� =��&��   MIC %��&�� =���  ���: K��+&* 

�����&* �9: -��R� ����+M  �4�+�  =��  -�"�+��� 

(*��"����  %����/)15-13 11 9( .0�  ���� 
��)&* 

d["1� #* =8B��   �&����
z: =� =��$� �!   0����%: 

(%/ %�� #*  �)C� ����8� =&�� �!   
IJ�� <���  x���� 

="+� =� -&� =� #* �> =8B�� =P   '��
"���  �����#* 

 =�"�
� #�� =�  ���  *��/ . ���$!  =����  =��  #*��9� � 

��#�?$! #�9{ ����8� #* =&��   ��!  
"����"����� 

������ �%: (%/ 0� =� ��"�#�$�� #* 6�$/ O��: 

� <�
� ��
&� �# �4+� =� �"�> K�����  �! -�L���&# 

=��)&�� -��?&���� � -�"��+��� ����#
� %���*
� � 

�)"+���  ��?�"��  =�C�<&�  ��!  ��� �#  K���?� RFLP 

)Restriction fragment length polymorphism( 

-��R� � 
� -&�  v���� 2/91  %��#*  =�C�<&�  �# ��! #* 

#�9P 
"�[� �<Z� =84�  %�� %�*�$� .��� 2/14 %�#* 

0� =C�<&� �! �4+� =� -�"+��� ����8� ��N�  %��*�* � 

9 %�#* 0� =C�<&� �! �4+�  =��  
�!  =��  ��"�>  K������ 

���3"��  	���8�  %��*��  =��  d["�1�   *��&0  ���  c&��"� 

���M 0� -&� 2!�'�  *#�*)16.(  

=� 
! #* 6�M  =��:��  -�&�  i���["1�  (�[��  
�� 

*#��� 2�� %&�� ="�� 
� -&� ="?� <��  (#��/�  *��$�  =�� 

c&�"� ���M 0� ��#
�  �!  ��C���%��� #* a�Q1 

����8� �"�> �?����� ����� �&�&
"���  (#���$!  ����5 

2�� ���� .�+��  �
� 6�Y� #* K&  =�RC�B� #*  ��
�9� 

�����
�  �����8� #*  =&���   ��!  
"����"�����  ������� 

�4+�  =��  =�)&��  -��?&��� 9  %��#* � #*  =�RC�B�  � 


)&* #* ��
9� 
�� %�#* -��R� (%/  ���)17 7 .(

0� �> �&�:  =�� #*  
�! �*  =�RC�B� 0� ;�#  K�+&* 

�����&*  �
�  -���R�   ��)C�  �����8�  ��"�>  �?������ 

=&���� ���! (*��"���� (%��/ ����� -��&� d["��1� ����N� 

(%�!*   
�W ���5 #�
?� �*�� �  ��<���   ^���   ��B1 

-&� 2&��0>  ���)18.(  

Moffatt � ��#�?$! �� ��#
�   ��!  �C��?C��  
�� 

 �# =C�<&�  �! ���C�� 	��8� =� -�"+���  ���N�  %��*�* 

=� ����8� �/�� 0� �������� #* ��  �! %� (%���   

��� �L�C %&#���� -&�  =�C�<&�  ��!  ���  %�/�� �  -���.$! 

*�:� K& �C��� �5�]C� 873 ��:  0�� �# #*  ��?& 

0� -&� ��  ��!  %��"��& . -�&�  �C����  �����  0�0�L�+��
� � 
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���+&0�L+��
� �#  T!�
��  ��� x*#�>  (%�&%�  �  =��  #*

 �
� ="/V�  ���$C� 1ISAba #*  
"����"�����  ������� 

A���� (%/ � #*  ;
"�+�  �����8�  =��  ������� 0� 

�"�> K�����  �!  
�)&*  
���#*  ���� )3 .( �# -�&� 0� 

�����
�  ^�� =&��   	���8�  ��!  =��  -�"�+��� #*  -�&� 

2!�'��� ���� %������ ���/�� 0� (%��&%� �&���! ���Y� 

���+&0�L+��
� � 6�8"��  ��8�� ��   ��!  �����8�  -��� 

=��C�<&� ���! x%��/�� =Cm��+�  � =��� i���4I� �> %����0��� 

��#
�  �! �C�?�� 
�  �# =C�<&� �! .���  

^�� �*�� �����
� =&��  �!  	���8�  =��  -�"�+��� #* 

-��&� 2!�'��� ���� %������ ���/�� 0� 2&�<���� d
��Q� 

�"�> K����� -�"+��� #* ��"�#�$�� �! � #�N"�� -�4�  �! 

����8� #*  -���  ������  *��Z&�  (%����    ������   ��! 

���"�#�$�� %/�� .#* =RC�B�  � =� #*  ��C�
"���  
��  �# 

=&��  �! 
"����"���� ������ MDR 	�Z�� %/ ����8� 

��)$!�� =� -�"+��� �"M #* =&�%:  �! ���C��  =��  =�� 


!�{  
��  v���� MIC  v��+M  %��*��  (%!��N�   %�/

)19 .(���&*# -��P  =&���  �&��! #*  =���$�   ��!  ���C��� 

#�%N! (%�!*   -&� =Cm+� ���  =��  
���  -�"�+���  ��& 

-�"+��� i��C�����"� =�  #���  ��������  =��  #���  (*
�� 

%��/ =���0   �$9�  �
�  #��9{  =&���   ��!  	���8� � 

|��� 	%� ��8��� ���#* %!��1 .%/  

0� �> �&�: =� 0� -�"+��� =�  ������  -&
�1>  X�1 

���#* (*��"�� �� *�/ 2&�<��  �����8�  =�� �>  k��0 

 
��B1 �#  �
��� T"��+��  ���! �"��/�%9� =��� �%��� #* 

�� .*#�> �# -&� 0� =�  
��#�� T&�#  �! ����#* %&%: 

� ������+M 
"��N�� #* }�3��N� =��� @��5�� � 6
��"�� 

�����  �! ���"�#�$��  
��  #�
S =� 
b� �� %�#.  

  

������� � ����  

-&%��� =������ 0� i���$M0 �  #���?$! #��
��� T����1 

=��]&#  
�R: 
?N� ���*#%5 � �� **
�. 
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Abstract 
Background: Antibiotic resistance among bacterial agents causing nosocomial infections is 
increasing. Acinetobacter baumannii is one of these agents that its increasing resistance to commonly 
used antibiotics makes it difficult to treat such infections. The aim of this study was to identify 
Acinetobacter baumannii isolates from clinical specimens using polymerase chain reaction (PCR) 
method and to determine relative frequency of colistin-resistant isolates.  

Methods: In a period of 7 months, 96 clinical specimens were isolated. All isolates were identified as 
Acinetobacter baumannii via standard biochemical tests and amplification of blaoxa-51 gene. To 
determine phenotypic resistance of isolates toward colistin, colony screening method was used and 
also minimum inhibitory concentration (MIC) of colistin was determined via broth microdilution. 

Findings: 51 isolates (53.1%) were resistant to colistin phenotypically and the minimum inhibitory 
concentration level for colistin resistant strains was more than 128 µg/ml. 

Conclusion: Based on our findings, the relative frequency of colistin-resistant Acinetobacter 
baumannii isolates was high. Therefore, more supervision and controlled use of this antibiotic is 
necessary; more infection control measurements are necessary to be done. 

Keywords: Acinetobacter baumannii, Colistin, Nosocomial infections, Polymerase Chain Reaction 
(PCR) 
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Abstract 
Background: Previous studies showed that pre-diabetes often occurs prior to the incidence of type 2 
diabetes. Accordingly, lifestyle modification has been suggested to prevent or delay the development 
of diabetes. The purpose of this study was to identify the impact of macronutrients consumption on 
recurrent events of pre-diabetes.  

Methods: This historical cohort study was performed for 9 years on first-degree relatives of patients 
with type 2 diabetes  attending to Isfahan endocrine and metabolism research center, Iran. The 
attendees completed laboratory tests including standard 75 g 2-hour current oral glucose tolerance test 
(OGTT). The outcome variables were the recurrence of a pre-diabetes event during follow-up and the 
assessed explanatory variables included protein, fat and carbohydrates intake, and a broad set of 
potential confounding variables were age categories, sex, overweight (body mas index or BMI), large 
waist-to-hip ratio (WHR), high-density lipoprotein (HDL), triglycerides, total cholesterol, high blood 
pressure, and low fiber intake. We considered the shared gamma frailty model to evaluate the 
association between recurrent pre-diabetes and explanatory variables. The R-software (version 2.15.2) 
was used to fit the models. 

Findings: Individuals with greater carbohydrate had a significantly higher hazard of recurrent pre-
diabetes (hazard ratio = 1.04), adjusted by other variables. The hazards of recurrent pre-diabetes for 
individuals with fat intake of 25-35 unit were 1.52 higher than individuals with fat intake of lower than 
25 unit; and for individuals with fat intake of more than 35 unit, hazards were 2.22 higher than 
individuals with fat intake of lower than 25 unit. Individuals with greater protein had a significantly 
higher hazard of recurrent pre-diabetes (hazard ratio = 1.05), adjusted by other variables. 

Conclusion: Macronutrient consumption can affect the metabolism of fat and glucose and cause 
changes in insulin resistance. The results of this study showed that macronutrients are effective in 
controlling diabetes. Further studies are recommended to achieve more accurate results. 
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 9�	
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��� :�� !6��6  �� �"�D� 9�  �60 ���� � F�GH� 
 	
�� ��������������� ;�.� 
���)��/  ��&� I�
0�-�  (���ET )Essential thrombocythemia(  �

PMF )Primary myelofibrosis(  �25 9: 	) 9��#
��� >�?B� �#	� 	�M&� ! =%�
0 9��&4 ! N�
# )�/  �
�c-MPL  �F617V2Jak 

O�&+� �� ()
��#� 
 � P
G�6�  �
�Sequencing= ARMS-PCR )Amplification refractory mutation system-polymerase chain 

reaction ( �AS-PCR )Allele specific- polymerase chain reaction (%6%0 �#	�. 

����� :��  Q��R� ��60  	) S���� ! =	
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��	�)  9��#
���F617V2Jak >U'6 ! )��/� 9�%  V	
�0 9��#
���WBC )White blood cells>M�W � ( ;������� ����
  %&�0�)  
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�����  

������ �	 
����� 	�� ������������ �� )MPN   	��

Myeloproliferative neoplasms � MPD  	������

Myeloproliferative disease( ������������  ��

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

 ��! (��$  %���)� ((*����� � +��,��-� ����./� 0& 1&0 � 

� �2���  	!�3 10�& � �	!�%� ��4� 	�	%5 � ��� 

������� ������� . ������5� 	�������"�� �0� )PV  	������  

Polycythemia vera( ��7���� 8�"�� ������( )ET  	���

Essential thrombocythemia( � ��-�������7 ������( 

)PMF  	�Primary myelofibrosis �� 
9� :; (� (

1&��	� � MPN    (�$  %��)�BCR/AB   %��)� �  	�! 

�������   <�0�"� 8��7����  %�	��8  �	=�%�>����  �

  �7� �*��?   "��� (�!�  � &	�@�2� �� � )AML   	��

Acute myeloid leukemia� 1��"� (�   %5	!)3-1(.  

D��0	 	�� EF�� �G�  ���!� ET 8PMF  �PV   (�$

 H�����WHO )World Health Organization (

I��(�-� 1 5  ��8  D� ?�	�5 ���J  �	���$���  J��%K"� � 

���0�!� ���	���' F617V2Jak  %���)����	�� .�' 

F617V2Jak ! �.$� 0&�'�0	"    ��� (�! ���7��  ���"��  �0�

)95  Q0&� &� @ 0& � (�"� � &0�� ��� -������7 ��� ��( 

�7���� ���� ��� ��(  &0�& &�R� )5 -4( .� ��J   �� +�9R

�4�T U���� G   (�!T ���$� 0& ��  1849  ,��� 0&'� 12 

 '<2JAK �0 �! WX���  Y����$9   �� ZE�F��   &�5

	R (! �[%� ($�,=�%� %- ��?  �����J   (�! 	�R�  �����J  0&

DX��\ 617 ����� ���J 2JAK �� .&&��  

������J 	�� 1&��	� � 2JAK (*��� (! �   ����]�

	����	$��J 	���� ���	"����3   (��! ���[%� +��9R �

#	D- �	��  Y� �2JAK ^ 0&�_	 	��	$��J �� 5� . 

��!	%!�J  +9RF617V2Jak �3 ?�	;   1 �%%$  D�)�

��!� ��\-�F MPN � _)`�� .&&��  

	���a � '	F� b��E� �	D�	*��  E�F� ($  �&�Z 

 +9RF617V2Jak �0�& 	9%� (�� "�� ��\  E�F��Z 

  ! '	���0& 0& (��/�! 8\�����0	��"� 
������� 	���� 

��������������� ) J�,���MPNs�4 �� (���T 	����0�&� 

9�0	 1 %%$ � )��� STAT/JAK ��, &0�& +c� )6(.  ��

d' 	R�� 1 "; +E! ($ �� ! ���'�0	"   (�! ��7�ET  �

PMF ����!� ���	���' F617V2Jak ���%��  ���&!8 

����0�! �����! b��F$ �<������ '�0	��"�! PV 8ET  �

PMF 	! Y�����$ 	���&��- ��%�  �F617V2Jak  (�! 

3��"$ J����D� e�	/��� 1 ������ �	��� EPO 8TPO  �

GMCSFR �[%� (!  ��	��	%5  f����  '���	��   �	��

�%����F�	R  \����DX� 0& '	���-�>���515 )515W(  0&

�/�&,� +E! ��	F^ 1 ���� � J����7����   �5.   J���

'��	��  	�! ((*��� � #	D- �	�� ?��; E)�(  0�&��! �

STAT/2JAK ./� (! �[%��� ����  ���  �5�  #	�G�� . 

TPO )Temporo parieto occipital( ��& (!�  h0	�� J

���� MPL8 �& i;	!��"   ���& ' �5�J  	���   ?���&

������ ���� 1 ������ j&��5 ��! (�0��Q�  i��;	! (��$

��)-������'  ?��!	c��2JAK ���� &����.& 2JAK  (��!

(!� � ��)- &��(�   #	�D- � ���  �5& � 0� (�F  	��� 

������J  ���& 0& �0�� J�� "����� MPL  ���)-� (�

��  �%$   � ��3 Docking sites  ���!�  #�/��  	��� 

���	%=� 	���J  \�& �0� 
���-�  . %$ T�74  �	�D�	*� 

Y	����[�� 81 ����5 '������	��  '< �	�����c-MPL  �

F617V2Jak 0& �	�0F$ k���� (! �!�^ 0& 10-5 

 Q0& '0	"�! �� �"�� &� @ � PMF � ET   m0�,��

) \�� 1 59-7.(  

D���J '��	�� J��  	�  ���   0&  ����  � ��=�	�!�^

EF��Z !�0	"'�    ��$n \��"�� (! �o� . 5	!  %"5�0�
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81 5 (D�	*� � �p	@ 0o%� (!  ��0�!� � ��'�,  �5�f 

�	���' 	��  '<c-MPL  �F617JakV ! 0&� '�0	�" 

������������� J�,� )  1���� ����   �	��ET  �PMF( 

 5 Y	[��.  

  

��� 	
  

(D�	*�  ��0 �! �p	@ �60  (����� Z�EF� 	! 0	"�!  �

 1����� ����� 	��! J�,��� ��������������� ��������ET 

�PMF ($ ��%� 	���&��- � (! ,$��  �	�c�c`�  8'�� 

�<�/�� �  ��� ,U�  '�E����  '	���0	"�!  ��D���5 

(DR��� 1&�$  �  �&!25  �� 8 �	5 '�%; (! 
�	� &�-

'< '��	�� �o�  �	�c-MPL  �F617V2Jak   &0��

. %�-�� 0��X ��0�!  

� ��	=��F�	��d �	��;�4� '�0	��"�! �%��	��! ?�	��5 

m0	"5 #7��  �	��  8 ����   8\�$�� m0	"�5  8J�� 

\o�^ J�!��"� � 8#	`4 \�Dp� ��  1 �����  �	�� 

�/5,� '�0	"�!   �5 h��E��� .    &0�� &���-� ��	�"� ��

e��� (��D�	*� �� k��)$ \�	��p0  0� ��c� 8(���	�ml 10 

�"�( � '� (�� 0& �*�`�    &	�cD��  �p ��	@ �	�

EDTA )Ethylenediaminetetraacetic acid(�-�� ( 

. 5 e>� DNA  	�! m�0  &0� �	����  3�"�  f	7�5�  �

RNA  ) #�,������� �� 1&	������� 	���!Sigma ,USA (

 �� � h��E��������RNA   1 �����5 � �����RcDNA 

)Complementary DNA���! ( q	���� ?"D��0����& 

\$����5 1 ��	���� )Fermentas(  �� 1&	������� 	���! �

Random hexamer ,�%� . 5  

 '��	�� ��0�! ���!F617V2Jak  3�%/� ��AS-

PCR )Allele specific- polymerase chain reaction( 

'�����	�� �����0�! ������! �  '< �	����c-MPL �� 

3�%/�   J���D� �	��  ����� )Sequencing(  �ARMS 

)Amplification refractory mutation system 

H�����5 . ��5 1&	������ +%��$�� PCR �����! ����0�! 

'��	�� 	� � ,�� ���� �	�  ��"����  1&	�����  1 �5  ��

    �5 (��-�� ���7X �	D�	*�.   3��%/� 0&AS-PCR  ��  

3  ����"����Forward 8Reverse  �Mutant  1&	�������  

  5)10(.  

 �	��"���� �� 1&	���� 	! m�0 J�� 0&Forward  �

Reverse   �	! 3�bp 488 ) �D�74 ?�d ��wt(   ���./�

��     '���	�� &�R� �0�Q 0& \�	�� ?�d � &5

  �	! 3�bp 295  ?/5) &�$  ��� &	[�� �01.(  

  

      
 ���1 .AS-PCR )Allele specific-Polymerase chain reaction(  	
���
� ������� ���F617V2Jak�� �� ���  !� " 

 	
#�1  	
#� "$%&� '(�2  	
#� "�)*� '(�3 ,!�'-� 	
#� "��-.- �  �(4 "9  110  	
#� 1 	
���
� �� �3  4��8  "	
���
� '67  4��

	
#�  �(5 "6  17 $� 	.- �  9�� '(� '&(3  

bp 488 

bp 295 
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 ���2 .ARMS-PCR )Amplification refractory mutation system-Polymerase chain reaction ������� ��� (

	
���
�  �(c-MPL 	
#� ���  �� �� !� "1 	
#� "$%&� '(�  �(2 "3  14  	
#� "9�� '(�5 ,!�'-� 	
#� "��-.- �  �(6 "7 "8  19 

 	
#� 1 	
���
� '67  4��10  	
���
� �� �3  4��c-MPL $� 	.- �  '&(3  

  

'�����	�� �����0�! \���9R  '< �	����c-MPL 8

(�"�       J���D� \�7.�  �	�5 J�-	�� \�9R '�0	"�! �	�

(�"� . � 5 ����      8����� J���D� m�0 (�! (�$ ��	�

'd 0& '��	�� &R� 1�0 \9R 8 5 \!	] 	�   ��� ���

 +�	����dARMS-PCR   3���%/� 0& . � ��5 1&	������

ARMS-PCR  ��6  ?�	�5 ($  5 1&	���� �"���� FO 8

RO 8Riwt 8FiK 8FiL8 FiR   �&!)11(.   �	���"����

FO  �RO  '< ��c-MPL    �	��5  ���	! 3���bp 246 

��  �	��"���� . %�&Riwt  �FO  ?�d 3�Wild-type 

���� ����./� �0   ���	! 3���  ����� i��;	! �  ��%%$bp 98 

��  �	��"���� �  �5RO   �FiL/FiK/FiR    ��	! 3�

bp 188  ������ &	����[�� \�����	�� ?�����d ��  ����%%$   

 ?/5)2.(  

 #< ��0 �! +%$�� ��G`� �0	�d3  &0�  Q0&

  �����! . ��%�-�� 0����X �!	����0� ����0�! r	��7�0� J���! 

'��	�� 	� 	! (�-	� � ��	=F�	��d �	� �%��	!  '�0	�"�! �� 

'��d (-�4 �& �	� � Fisher’s exact  �2
χ 1&	����  5 .

("� � 1&�& �	� W"R �0�d 1 5 H��  Y���  0�,�-� SPSS 

 (E�)� � 16 )version 16 ,SPSS Inc., Chicago, IL( 

,��	�d � 050/0  <P ��  ��o�  �0	��d  ��%D� 0�& 0&  ��o� 

(�-��  5.  

���	 	
  

 f���"[� ��60 8(���D�	*� &0���� 0	���"�! 46  0	���"�!  

)7/76 ( ���Q0& �"������7���� � (������� 14  0	���"�!  

)3/23 ( ��Q0& ���7�-����� ) (������PMF(  . %���5�&

 8���)%R �o� �� J�%K"�30 0	"�! &�� � 30 0	"�! '� 

 ���&! .J�=�	���� �%��� ?��$  '�0	��"�!9/61  	��! #	���

1&� `� � �%� 83-30  s��� .&! #	�  (���  r	�7�0� 

�%D� �0�&  '��	�� J�!F617V2Jak  �	������0	� 	! 

�-����& '�0	"�!  ?�	�5  8e%�R  J��  1 �	�F�    �F�

)100/0  =P.(  

 0&f"[� �� 860    8(�D�	*� &0�� 0	"�!34   0	�"�!

)0/57 �� ( Q0& �o�  '��	��F617V2Jak   ?�	�5)

31 ) 0	"�!0/67   �� ( �Q0&46   0	�"�!ET  �3   0	�"�!

)0/22  ��Q0& ( ��14  0	��"�!PMF  8?��$ 0& ,���� � (  

1 ) 0	"�!7/1  '��	�� �o� �� ( Q0&c-MPL   \�7.�

 #� R)  �&!1.(  

�%D� r	7�0�  ���� J�! �0�&  1����  �	��   � �0	�"�!

  '�����	�� &���R�F617V2Jak    ���5 1 �	���F�  

)002/0  =P  #�7�� m0	"�5 J�=�	�� � (�	�� .(   �	��

   '����	�� ��0�& '�0	��"�! 0& J�!����"� �  �����

F617V2Jak  k����� (! 85/12    � �������/�� 0& 0�,��

 246 bp  

188 bp  

98 bp  
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g/dl 18/13   ���	�! '��	�� '� ! &��-� (! \7)� ($

) &!005/0  =P  �003/0  =P.(  

     J���  �R�� '�0	�"�! 0& ���$�� m0	"5 J�%K"�

(�	�� ��0�& '��	��     �X	- &���-� (! \7)� ����	! �

    ��� ��o� (�! (�$ &! '��	��     �0	��d ��o� ��  ��0

�%D� )  5	! 0�&030/0  =P    k���p (�! (�R� 	! 	�� j(

 �=�)7"�2/64 1��� ��� J�!  m0	"5 � �0	"�! �	�

�� &0 #	"�@� J�� ��$��  & � &�5   \��; 8\�c�c@ 0

���%D�      '����	�� 	��! ����$�� m0	"��5 ' ��5 0�&

F617V2Jak  0& '�0	��"�! k���	%��	� � &	���� W����� 8

 1���ET  ��$�� m0	"5 J�=�	�� ($ �04 (! j\��

 0&31  0	"�!ET    '���	��  �R��12/263 ± 5/945 

) ������/�� 0& 0�,�500/0  =P   m0	"�5 J�=�	��� � (

 0& ������$��3  0	����"�!PMF  ����R��  '������	��  

5/363 ± 32/382 )900/0  =P �� .&���! (34  0	���"�!

 8'�������	�� ��0�&20 ) &0������5/58  ( �����Q0&

�%D� r	7�0� s�� . %�5�& ��	=�%�>��  &R� J�! �0�&

  )  �F� 1 �	�F� ��	=�%�>�� � '��	��300/0  =P (

 #� R)1.(  

   '����	��  ��R�� 0	��"�! 	��9%�c-MPL ���o� �� 8

 '��	��F617V2Jak �  ��0�& 8�$I�� 8��%60   #	��

 (! ��7� � J�ET    ���$�� m0	"�5 	!897   0& 0�,��

u0,��! #	��`4 � ��������/�� 0& '	���� Z�E��F� &��! 

)#� R 2(.  

  
 :1'�1 	
���
� ��;<1 .F617V2Jak �#7= � 	> ?)� � 1 �;�@� 3 
� 	� 4��  3 $&��� 1 $(�.=�!> �(  

 ����	���F617V2Jak  

  ���� ����  �����P 

$)* )+,  

(����) ���/0  

�12$� ���1�34�$)0  )2/91 (31 )7/57 (15 002/0 

�12$� ,$)4163�1� )8/8 (3 )3/42 (8 002/0 

789  

(����) ���/0  

�, )8/58 (20 )5/38 (10 100/0 

�)� )2/41 (14 )5/61 (16 100/0 

(���) ;�  

 ;1<��1�)± (��1/� =�)>�� 
15/13 ± 03/62 25/13 ± 81/61 900/0 

?+��," �  ) ;1!3�*3� g/dl(  

 ;1<��1�)± (��1/� =�)>��  
)67/1 ± (18/13 )26/2 ± (58/11 003/0 

�34�* @���
 ) �1�� A� µl 103 (×  
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Abstract 
Background: Myeloproliferative disorders are a group of diseases characterized by increased 
proliferation of myeloid lineage. In addition to JAK2V617F mutation, several mutations in the c-MPL 
gene were described in patients with Philadelphia-negative Chronic Myeloproliferative disorders  
(Ph-negative MPNs) that could be important in the pathogenesis of diseases. The aim of the present 
study was to investigate the frequency of c-MPL and JAK2V617F mutations in Iranian patients with 
Philadelphia-negative Myeloproliferative disorders.  

Methods: Peripheral blood samples from 60 patients with Philadelphia-negative Myeloproliferative 
disorders, subgroups of essential thrombocythemia (ET) and primary myelofibrosis (PMF) and 25 
healthy subjects, as control, were taken. In order to investigate the mutation status of c-MPL and Jak2 
V617F via using sequencing, the amplification refractory mutation system-polymerase chain reaction 
(ARMS-PCR) and allele specific-polymerase chain reaction (AS-PCR) were used. 

Findings: Of the total of 60 patients, 34 (56.6%) and 1 (1.7%) had Jak2V617F and c-MPL mutations, 
respectively. Patients with Jak2V617F mutation had higher white blood cell (WBC) counts (P = 0.005) 
and hemoglobin concentrations than those without the mutation (P = 0.003). In addition, for all healthy 
subjects in control group, mutation was negative. 

Conclusion: The present study revealed that the c-MPL mutations, unlike the Jak2V617F mutations, 
are rare in Iranian patients with Philadelphia-negative Chronic Myeloproliferative disorders and the 
low mutation rate should be considered in the design of screening strategies of patients with 
myeloproliferative disorders. 

Keywords: Amplification refractory mutation system-polymerase chain reaction (ARMS-PCR),  
c-MPL mutation, JAK2V617F, Myeloproliferative disorders 
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 +�=��� "���, *B�
�$4 C(8 "�# F���0 >3��8 C3-1 " 9�G�8	3H1 "-1 +)�.  

:����� ������ F���0 >3��8 C3-1 9�G�8	3H1 "-19�;8.�& * F��I) "�# ��$%& *B�
�$4 C(8 "  

  

: �!��  *�<@� F,	)1 *,	�G
 "-3��8 �	3�<#b��c d�#�4 *�!��<7
 ��D,�� /�	�7
 K�6
 ��( */L3�� ",��1.  ��"� ���! ���#� $� %��&�'(

)�''� )�''� *��+
 ,�-�. � /�0��
1�2�. �-1 4� )�( 5��6�&� /�7
��� 8�-�9����� )��:& ��� ;����( ,6
 � . F�M �, /VL
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�����  

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

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

������  ����� ���-    ��� #���$ �� ���
��  ) &��!1 .(

  *��+� ,-�.�/ 0/�1 ��� ���� ,�2�1-   *��.+�1�34+5

�� ���6  ��� ���� 7�-�$ �! �&��$ #8+ �$ !��9

�-*'�� .)�/	 
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������� 	
��� �������� �� ���� ����� 	������������ ���  �� ������ �	
��� �
��� "���0� 1 

  :&����$ ;3&���1 ,3<��+5 .!��! *���.+�1�34+5 �-1  �!)

 	����$ �.$���$ ;3&�-=>- 1 	����$ �- 2 1/15/4/3EC D

ACE  �3Angiotensin-converting enzyme E�F-� (

 ) G�/� ��	�H1
�>�I�-� JK$ ��2    ����� ,3<�+5 *�3� .(

    ;3&��1 ,3<�+5 .!��! 	���+ ��$ 
 �
� �� !�� !�L���

:&��$ *�.+�1�34+5 �-1 )ACE  M����/ ��� ���� (

�� �&� N�+ 
 O5 7!�F1 
 �� ,�2�1   *���P�� 
 &�$

*���+� ,-��.�/ �! �&����$ #��8+-  .!��! *���.+�1�34+5

ACE  *��.+�1�34+5 ������- 2    ���� Q��8�� N�3 �

:&��$ ) R
�� �DRVYIHPF ������
�> N3 	� �� (

 *��.+�1�34+5 7�F� ��S-1 )DRVYIHPFHL  &��I�1 (

�� *�.+�1�34+5 #��$ .&�$- 2   T��/ ��� ��3�U �!

�� ��� ���� #��$ !�".  

  �;�3�>��+5 �;3�>�->�$ ;��" �!�3	 �<-�/ ���
��!

     ����V� ����! ���� �!��! !��U
 ��1���/�I 
 ;3�>��3<�I

 ����/ &�+�� ����.� �W��    �N��� ����   
 ��I��$�=3��

  :&���$ ���X� ���&�-=> .&�-.� ��� ���� &3&" G��  �

*�.+�1�34+5 :&��$ ;3&�1 ,3<+5 -1    ��+��U ����V� &���� �

) G/�3�9 *3� .(  G�"�9 �Y�� ,Z1 ���" �! ��&�-=> �+

���� 
 �� G��3 �����9 �! *��P�� 
 �� ) &+�"5 -4 .(

&�-=>   ���S !�� &I�
 *�H1
�> �I��1 �! �-.3	 7�F� ���

�� 
 &�-.� 7�F� ���/
 �� &�+��1    ���3<+5 <�I
�&��� �

�&��F� ,��[� ���\ �! - :!
�  ]	�!���> ���\ �! ���3 ��

   �&�" ;���$ &�+���) &+�" !�	5 �3�^S   ����Z1 
 ����>

 7��F� ��\ �� .(��"2  �120     .&�+��! 7��\ �����5 &�/�

 &��-=> �,[� 7��+! ��     ��� �-�.3	 7��F� ����   	� &��+��1

  N�1��-�.�/ �V� 
 &+�" ��� ]!�9 !��
 :!
� E3�\

 ������ �! �F��`�� ����V� ���3 �&����$ 7������ �� !����

�&F� - :!
� ) &��$ !�3� ��6.(  

�����5 T�$�1 
 ���-��/ G�6�b� �I��1 
 &�/

#8+ G/� *L�� ��&�-=> *3� ��" ;��" ����-� ���- 

  &��` ������3� ;3&��F1 ��+&��F� !����� 7���b1� ��+������

���-+5 �����
�L��   #����$ ��!���8F+� &��` �G+�&���.$�

:&��! #��$ 
 7
�-.�$    .&��"�� �-�"�! ��� ���� �

    &��c :&�" �-����" �-.3	 7�F� ���&�-=> 	� ����.�

�� 
 &�-.� �!�L��� �+��1   �-�.3	 ��V� N3 	� #�� &

 !��� �3 7�F� ����^S ����$�1 ����� �� 
 &�"�� �-"�!

) &+��9 ���� :!�W-/� !��� �^d�10-7.(  

*�H1
�> �7�f �� ��  :&�W�/ ���    Y���-�" ,�Z1 �

�� &�-=> 	� ���� ��6� g��� &+��1     �-�.3	 7��F� ����

   �����	 *�3� �! �8�8h1 �#�
4> ���U� ���	 �1 .&"��

 i�+�   &��-=> �3��/��" �E�8h1 *3� 	� j&� .!�� :&�+

:&��$ ��X� *�.+�1�34+5 ,3<+5 �-1  <�I
�&�� 	� ;6�f

*�H1
�> ��3<+5 :&�W/ ���  
 *�.=> �� Y���-" ,Z1 �

G/� *�1��L+�>.  

  

��� 	
  

 ;��" #�
4> *3� �! :!�W-/� !��� !��� ,3<+5  *��.=>

 �*�1��L+�> 
2  
3-N    *��+�5 ;���� ;�k��3�$� ;3���

) *�����.3K9 ;�����.3K9FAPGG  �����3-2(-[3-N   

Furyl acryloyl]-L-phenylalanyl glycyl glycine)  �

��l�/ G$�" 	�-   
 ��L3��5 #3�&�I5  ;3�-�+�-�/�  	�

      ;3&��1 ,3<�+5 .&+&�" ���&�3�� ����I5 m�� G$�"

:&��$ *�.+�1�34+5 �-1 �3� 	� .&" :!�W-/� Y���-" �  

���� �  ��	�
�����     ,�[� ����2�� *�3� ����� :

*�H1
�>   :&�W�/ ����      	� :!�W-�/� ��� Y���-�" ,�Z1 �

,3<��+5   ) &��" i���+� *�1��L+���> 
 *���.=> �����11 .(

:��b� *�H1
�> � :&�W/ ���    ����� �! Y���-�" ,Z1 �

 �! ��W.� ,3&/pH ���X�  ,3<+5 �5 E��� ���   �	��/

       G��.+ ��� :&�" E���� *�H1
��> ��� o=/ .&"20/1 
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��� �������� �� ���� ����� 	������������������� ���  �� ������ �	
��� �
��� "���0� 1 

�+	
 ���-.��/ �� ,3<+5)/  �! *��.=> ,3<+5 (�+	
pH 

 �p$�&��f5/2  <�I
�&���� ����2hI *��3� �! .&��" �����`�

      �&�� ��� 
 &�" q
��" *��.=> 0/�1 *�H1
�>120 

  ����! �! ��1���L+� �! �8��!Cº 37     ��1 G���9 �����

    ��� o=�/ .!��" ;3&�1 !�� ��<�I
�&�� �� *�H1
�>

 �&-�� �-��� ,[� ���� #�$�
 r��Z�pH   �� r���Z�

 ��5/7  G�.+ ���� *�1��L+�> ,3<+5 
 &" :&+�/�20/1 

�+	
)/     	� o�> .&�" ����`� (��-�.��/ �� ,3<+5 �+	


  ����� 7��h� �<�I
�&�� ���	 i��1�15   O5 �! ��8��!

      .!��" s���-� ,3<�+5 G��I�F� ��1 G��9 ���� ]�U

  �! ;��6�f �����.+�=/�/ o=��/rpm 8000  �! �
!

�8��!  ����15 -+�/ �8��!  ��� �3
� 7��h� .&" u�W3�

     N��$ ��� o=�/ .&�" �	�/�&U ��<�I
�&�� �����

 ���S �� ���/��-�����-I
� :�l-/!Da 3000 ���&�-=> �

Nc�$    �	��/�&U &��3��� .&" ��X1 :!
&h� *3� 	� �1

  ����� ��f�� �� �! .&" i�+� ��f�� &�c �\ ��&�-=>

    	� ���<�I
�&��� �
� ��� ����9�1��
�$&��3��� i�+�

/ ��-18-C   :!�W-�/� ��$ ���+ �	�/�&U v�bZ�

 !��� ;3�-�+�-/� 
 O5 7Kf 
! ��2�� *3� ���� .&"

 �
�f �$ G��9 ���� :!�W-/�1/0 ��1 &6�!  
��k���

) &�/� N�-/�TFA �3 Trifluoroacetic Acid �� �! (

  G��2�S ���� ����� ���� ���+��+ *����P�� .&��+!�� 7K��f  

mg/ml 30 1 :�l-��/! ���� 
 ����X1 O5 �! .&��" E��3�<

   
! 	� ����d-� G�2�S T�" �! ��&�-=> N�LW1 &�3���

  ��+�9 ��� .G��9 ���6 ���	 �� G�.+ 7Kf   ��$ ��

      ��1 &��3��� q
��" ����	 �! 7K�f 
! T�$�1 &6�!

���8��!  ;����" �,���> �95  
 O5 &��6�!5  &��6�!

   �&�� ��\ T�$�1 *3� .!�� ;3�-�+�-/�40    ��� ��8��!  

60  
 O5 &6�!40 ;3�-�+�-/� &6�!   o=�/ 
 &�/�

 �&� �\15     ���F3 7
� G�F�`
 ��� �l3! ��� �8��!  

95  
 O5 &6�!5   ��\ .G�9 	�� ;3�-�+�-/� &6�!

  ��� ����� :!�W-/� !��� 7Kf ��3�U G��/ ��&� *3�

ml 2    *��$��� .!��� ��8��! ��     	� o�> s��-Z� ����

g�U .&+&" N�� �3��! <3�� �� ���
5  

  !���� 7�bh� ��I��1 *��F1 &�3��� i�+� ��2�� ��

�./x� �� �2+ *�� �   oL����H1
�> ����I�"Pty Ltd" 

       ��� &��3��� *�3� .&�" 7��/�� ��I��-�/� �+&�/ �! g��
  

s�����\ ]
� �&����I�� �������U ������/-j�����1   

)MALDI-TOF mass spectrometry.G��9 ���6 (  

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

!�"���#�$��-1  !���� �50IC  

 ���-��.��/FAPGG  y���� 7���\ �!nm 340  ����!

 ���� O^��U *3�-�����   ���-��.��/ :!���� *��3� .&��"��

:&��$ ;3&�1 ,3<+5 v�bZ�  ) *��.+�1�34+5 �ACE( 

�� O�.h�     i��+� �5 �
� �!��3	 ���8�8h1 
 !�"

     �! ��-�.��/ 
 ,3<�+5 0�8� ��$ �+��	 �! .G/� :&"

:!��) &�"�� 0�h�      �-�"�&+ !��U
 ���l3! ����X� �

       ������ ,3<�+5 7��F� :��l3�U �! ��-�.��/ *�3� �(&�"��

����  ����f�+ �! �5 O^��U 
 !����9  �nm 340  ���-�$

��     �-�"�! ���[f ,-�.�/ �! �&��-=> �9� 7�f .!�" 

�� &�-=> *3� �&"��   ��-�.��/ �� :�l3�U 7�d"� �! &+��1

  G��I�F� ��<�� �� �-.� ��-.��/ ���-+ �! .&�$ G����

�� �:&��$ ��X� &�-=>      �!�	5 ;L�" ��� 0��h� �! &�+��1

 �-�$ zZ�� ���	 �! �5 O^U #��$ 
 &+��� ����

.&-�� R�W1�  

   �! .!��� ��3	 ���6 �� #3��	5 *3� i�+� ]
�

 �&��-��µl 22   G��2�S ���� *���.+�1�34+5 ;3&���1 ,3<��+5

mU/ml 50 �µl 100 �+��+   G�2�S ��� �&�-=> �   ����

 �3��������X+mg/ml 019/0 �039/0 �078/0  
156/0 �  

µl 100  ���-��.��/FAPGG   G��2�S ����mM 5/0  
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��� �
��� "���0� 1 

µl 100 :&����$ ;3&���1 ,3<��+5 ������ *���.+�1�34+5 �-1 

 o3�1)HCL- mM 50  ��pH 5/7  ,3&�/ &3��$ �3/0 

 �
� ��-/� 
 ����mM 1 �&� �� #�$�
 
 :!��5 (

2 .&" i�+� �8��!  

    G��I�F� #��/ ����� *��P�� �#3��	5 *3� �!

      *�3� ��� ��$ !��� 	���+ !��� �W�� &��" �&�-=> ���X�

 :&" �-��/ ���6µl 22   *��.+�1�34+5 7&��� ,3<+5  �

µl 100  
 ��-.��/µl 200   &�" :!�W-/� ����  {3��-+ 


� ��� E�\ ) &" ��/�h� �3	 �12.(  

100 ×     O^�U �����d1/&���" O^�U �����d1)}

 (:&��$ ��X�– 1 {=  :&���$ ;3&�1 ,3<+5 ��X� &6�!  �

*�.+�1�34+5-1  

 *����F1 ����2�� ����50IC 	� �\����Z� T���1�1 ���� �  

µl 65 FAPGG  G2�S ��mM 5/0 �µl 50    ��� &��-=>

G2�S  ���mg/ml 019/0 �039/0 �078/0  
156/0 �

µl 175  
 �������µl 30  ,3<���+5ACE   G���2�S �����  

mg/ml 0023/0  .&+&��" r����Z� ,��� ���� T���1�1 ����

   y��� 7��\ �! O^U �3!�8�nm 334     ��$ �+���	 ��1

      G��V �&�" N�3!<+ !��� �p$�&�f �� O^U �����d1

  �� ��� 	� ,3<�+5 ��X� &6�! .&3!�9  #��> �    ��� ��-W9

G2�S ���� ��X� &6�! ��!��+ 
 &�5 G/!  &�-=> ���

.&" ,/�  

 �()* ���� �#+
� !����10-DG  

   &���-=> ����X� ����lI�10-DG   ����h�� ,��/� ���� �

Lineweaver-Berk �� *��F1 �� .!�"   ;L�" �� �U�1

 ��!����+Lineweaver-Berk� ����  ����X� ����lI� �����1

       &��-=> ���X� ���lI� *���F1 ��� .!��$ *��F1 �� ��3<+5  

10-DG ��    �5 #�L����� �l+��lc ��� ���1    ��� ���

#3��	5 .!�� �> ,3<+5     G�2�S {��> �! �L�-���/ ���

 ���-��.��/ s���-Z�FAPGG )mM 011/0 �023/0 �

046/0 �093/0  
187/0i�+� ( �+��+ .&"   !���� ���

 ;��" #�/µl 22  ,3<+5ACE �µl 50  ��) ��-.��/

G��2�S  �(s���-Z� �����µl 50  G��2�S 
! ����) &���-=>

 �
����W-�mg/ml 046/0  
090/0 
 (µl 200  �������

ACE       
! ���) &��-=> ���[f �! ,3<�+5 G��I�F� .G/�

) &" :&��/ &�-=> O��S 
 (�
�W-� G2�S13.(  

 ���-(����* � �� �.�/0�(��   

o���k�L�� G��V-  ) *-���Michaelis-Menten) (Km (

�������� G����/ 
 :&��" <�I���1�$ &���3��� �  ����3<+5 �

)Vmax  ��!���+ ,/� �� (Lineweaver-Berk   ��!���+)

G2�S J�LF� ����� �! ������ G��/ J�LF�   ����

  *����P�� .G��/� ����/�h� ;����� (��-��.��/ s���-Z�

 �L�-��/ ����-����>K i  ��X� G��V) 7�b1� ���� :&��$

        ��3�+�V ��!���+ ,�/� ��� (!�	5 ,3<�+5 ��� :&���$ ��X�

 ��!��+)Dixon.&" ��/�h� (  

/
#0
#� 1����2 	�
���  

  &���-=> #�L������ ������10-DG  ,3<��+5 
ACE  	�

i���+  ��<����Molegro virtual docker  .&��" :!�W-��/�

 ,3<+5 �&F� �/ ��-��/ACE   G3��/ 	�PDB   ��-��9

����/�h� ������ .&��"  &���-=> #�L������ ������-����> �  

10 -DG  ,3<+5 
ACE    �u��+� �;�$ 7�b1� �u�+� ;��"

i�+ 	� �N�1�-/�
�-LI� �u�+� 
 �I�LI�� *��   ��<���MOE 

)Molecular operating environments( &" :!�W-/�.  

  

���	 	
  

*�H1
�> #�
4> *3� �!    :!�W-�/� ��� Y���-" ,Z1 ���

    .&��" <�I
�&���� *�1��L+���> 
 *���.=> ,3<��+5 
! 	�

��<�I
�&�� ]
� 	� :!�W-/� �� ��  ���  ����/��-�����-I
�

 
RP-HPLC )Reversed phase- high performance 

liquid chromatography   N��3 .&+&��" �	���/�&U (
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��� �������� �� ���� ����� 	������������������� ���  �� ������ �	
��� �
��� "���0� 1 

�F �  �&�8� *3�-��� �� �&�-=> �    N��> ��3	 � �/ �RP-

HPLC zI����    ;L��") &��" �	���/1  ����2�� ���� .(

G/! zI�� ���&�-=> �� ���3 �F � *3� ��1   ���� �&�-=> �

 ]
� ���� ���l3!RP-HPLC zI����  &���-=> .&��" �	���/

  ]
� ��� zI��MALDI-TOF mass spectrometry 

   &��-=> �I���1 D&" �I��1 *��F1DAESLSRLLG  
10 -

DG  �5 �I�L�� �	
 
 &" :&���+Da 18/1060  ��/�h�

 ;L") &"2.(  

  

  
 �0314�-5#����-� .  ���RP-HPLC )Reversed phase- high performance liquid chromatography ��	�
���� (

!�9��-* ��:  ��� ��	�� �; <-�-(3 �=� � �>�?2 �2 �3 @��A /BC� D�* .!���-0��* � !�")* ���  �26 GHI  DH� �; J� �()* /
�#� � ����

K�L 3 !���� /�-I /��   

  

  
�03 2.  ��
�� �()* M� �3 2���� ���N? 4-I .(O�;) �3 P
�A �()* /�-I �-(�#(��-(0) � K�L10-DG  � /�-I Q��(� -�":� (!���*)

 �()* /
�#� !����10-DG  
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 ���X� G�I�F�ACE  �!In vitro  .&" *��F150IC 

 ��X� ���� 	��+ !��� G2�S50    ,3<�+5 G��I�F� &6�!

:&��$ ;3&�1 *�.+�1�34+5 �-1 �� s3�F1   ;L�" .!�"

3  &�-=> ���X� G�I�F�10-DG  ��� ���+ ��   �! .&��!

   ����X� G��I�F� G2�S19/53    ��<��� 
 &�6�!50IC 

mg133/0   &��-=> ��X� ��lI� *��F1 ���� .&" ��/�h�

10-DG ��!��+ ,/� �� �Lineweaver-Berk   ���lI�

.&" *��F1 ��3<+5 ��X�  

 &�-=> ��X� ��lI�10-DG    �-����� ���S ���6 ��

 ;L") G/�4    ��$ G�/� ���F� *3� �� ��X� q�+ *3� .(

  ;��b-� ,3<��+5 7���F� :���l3�U ���� :&����$ ����X� &���-=>

��+   ,3<�+5 7�F� :�l3�U 	� ��S ���l3�U �� �L�� D!�"

�� 7�b1� .&��3  

 *��F1 ���� :,3<+5 ��X� �L�-��/ ����-����> *��F1

  ) ���3<+5 ���X� �L�-��/ ����-����>Km� Vmax  
K i (

 ��������!��+ 	�Lineweaver-Berk  ��������!��+ 


) �3�+�VDixon�� ���+ {3�-+ .&" :!�W-/� (  �! �$ &�!

 ���������!��+Lineweaver-Berk  �! 
 O������S �!

G2�S ��[f :&��$ ��X� &�-=> s�-Z� ���   �T��" �

���       #���$ ��!���+ �&��� 	� 7��\ 
 G���V �&�� 	�

��  ��X� &3x� *3� �$ &��3 ��X� G��V .G/� �-���� ��S

) !�	5 ,3<+5 �� 7�b1� ���� :&��$K i   ��!���+ ,�/� �� (

 �� ����� �$ &" ��/�h� �3�+�Vmg/ml 25/0    G�/! ���

 ;L") &�55.(  

  

  
 �033 ��>� !���� .50IC  �()*10-DG  ��	������ �2ACE 

)Angiotensin-converting enzyme(  

  

  
�03 4 ��2#H� .Lineweaver-Berk  �()* ���� �#+
� !���� ��-;10-DG  ��	�� ��
��� �2ACE   

)Angiotensin-converting enzyme T�()* ���:(� �UBV �2 �#WX �2 � �()* Y��V �2 ��	�� ��
��� .(mg/ml 155/0  �  

mg/ml 310/0  ��2#H� .� � �3 !����Lineweaver-Berk  ���� �#+
�/� J�[� �()* !�� ��-; �� /(;�?� -�V �2 

y = 20.726ln(x) + 91.788
R2 = 0.9764
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�03 5 �()* \ #� /(;�?� -�V ���� ��-; ��#��] ��2#H� .10-DG��#��] �����2#H� !�� � � �; .   �;�]

) 2�M� ��	�� �; ���� ���� ^�_��K i .�� � 2 �; (K i  ��2#H� `�3 ��2#H� a�� M� ^#L M�

Lineweaver-Berk �UBV -;�-; �2 /� �� �.� ���� ���� KB(=� ��� 2#3 

  

   &��-=> ��$ !�! ���+ {3�-+10-DG    ����� G��I�F�

 ,3<+5 ��X�ACE     ����$�! #3���	5 &��3�1 ���� .!��!

  #3����	5 .&��" i���+� �I���LI��   ���� �����$�! �����

 &�-=> ��&3�> ���/����W�$10-DG     ,3<�+5 .&�" i��+�

ACE :��+	 N3 ��> �  ;��" �L1 �&�-=>625   &��/�

 ;����" *����! 
! �! ������5292-1 ;����" i
! *����! �

623-293  ��$ ��&8� 
 oL��� �WI5 	� �-��� ,3<+5 


���� ���-� ��hW��6 ;L��" .&��"��  �����6  
7  �����$�!

  &��-=> #�L���� �
��+ 
 �I�LI��10-DG   ,3<�+5 


ACE ���� �����+ �� ���U�! *3���-X� .&����! ! � �����$�

277/228-  *���� �!10  .&���5 G��/! ���� �����$�! ���

 ;L"6   7��b1� ��L� �! &�-=>N-    	� ����� ��� *���!

&�/�    *��+u�5 ;���" ����5 ���381  *3u���=�/5 �494 �

 *3&�-.��365  &��/� N���1��9 �362  *�+��k�1 �358 �

  &��/� N�1��=/5354  *3	
���1 �501  *3	
���1 �498 �

 *3&�-���.��491 *3<����I �489  
 *������1��9259 �

�� #�L���� &�/� *3� .&�$ �� ����5 ���   ;���" &�+��1

 �+u
�&�� 
 N�1�-/�
�-LI� #�L���� .&�"��  

  ;L�"7    7��b1� ���L� �!C-   	� ������ ��� *���!

&�/�    *��+u�5 ;���" ����5 ���381  *3u���=�/5 �494 �

 &�/� N���1��9362  &��/� N���1��9 �262  *3	
���1 �

498 *3&�-.�� �491  
 *3<�I489 �� #�L����  .&�$

&���/� *��3� ���� ������5 �����  #�L������ ;����" &���+��1

.&�"�� �+u
�&�� 
 N�1�-/�
�-LI�  

 7
&U1  7�b1� ;3��1pKi   �I��LI�� *��� �u�+� �

  &���-=> *���� N�1�-��/�
�-LI� �u���+� 7���b1� �u���+� 
  

10-DG  ,3<+5 
ACE  ��� ���+     ����+ {3��-+ .&��!

�� ���� &�! :&+�� &�/� � ��   N����1��9 ;���" ����5 �

 &�-=> �! *�.3K9 
 *�/�I �&�/�10-DG   7��b1� �!

 ,3<+5ACE !��! #8+.  

y = 0.0129x + 0.0033
R² = 0.9994
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 �036. �[>� ��0H�-; � ���  �()*10 -DG � N- ��	�� !��2ACE )Angiotensin-converting enzyme(  ��0H�-; /B� ���H� � (O�;)

�()*–  ��	��(!���*)  

  

  
 �037. �[>� ��0H�-; � ���  �()*10 -DG  �C- ��	�� !���2ACE )Angiotensin-converting enzyme(  /B� ���H� � (O�;)

�()* ��0H�-;–  ��	��(!���*)  

  

 ^�I1) ^�_�� ���H� -�2�>� !�H=� .pK i��� �c-�� � (  �()* d0B)H� ��-; ��10 -DG  ��	�� �ACE   

)Angiotensin-converting enzyme(  

�����  

 ����� �����

���	���������  

 (Kcal/mol)  

 ����� �����

�������
  

 (Kcal/mol)  

������� ��� ����� 

(Kcal/mol)  

 	!�� ����� 

(Kcal/mol)  

pKi  
(µM)  

C - ,-��10-DG 70/18- 93/154- 23/9 215/162-  309/22  

N- ,-��10-DG  12/18- 86/155- 2/9  058/164- 197/23 
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"#�  

 ������� 	� �L3 ��� ��� ����   ����� ����-   ���
��

 !
&f �$ G/� {3��20-15    �I��� G��F�U 	� &6�!

  ��`���� !�� �� 
 G/� �-��/ !�� ��9�! �� ��XU

 
 !����$��� J�-$����W+� ��-L��/ �	
��L��/�
�15 &���+��

��f�� *3��5   ��� :����� �� �� ����$ ������ �  .!�
5

   ,3<�+5 #�8+ v�b� *3� �!ACE    ����� ,��2�1 �!

.G/� ,X� ���.� ���  

����  N��+ 
 ��F3�� 7!�F1 �$ ��\    ,��2�1 �! ���

  �G�/� �3��� G���� ����! ����&+�-.> �! ��� ����

 ,3<��+5ACE    ����� *��3� �! ����X� #��8+ ����! <���+

��   ,3<�+5 .&"��ACE   N�3»   ��.$���$ ;3&��-=> �!

	�&�-=> « *��.+�1�34+5 7�F� ��S &�-=>�$! �$ G/�-1  ��

 ;3&�-��.�� �!���$ �&��U ����- 7�-  ����X-+� 	� *���/�I

*�.+�1�34+5 7�F� &�-=>�-$� �� �5 ���.$���$-2  ;3&�1

��  *��.+�1�34+5 .&�$-2      
 R
��� �&�" ���1 T��/

  ���� ����� ������ #3�<����  .!!���9ACE  *����P��

�!��� *���$    :&���$ !���9 &��-=> N3 �$ ��   ���
�� �

  ��� 7��F� ��S �G/�      �� ���� ����� *3������� 
 &��$

�� #3<��  ,3<+5 ��X� �
� *3� 	� .&�!ACE ��   &�+��1

:�� 	� �L3   	� ��L3 
 &"�� ��� ������> 7�-�$ ���

�943
  ���$�1 �-.3	 7�F� ���&�-=> !��� �! �$ �3��

      ���X� G��I�F� �G�/� :&��/� ����V� ��  ,3<�+5ACE 

�� ) &"��15-14.(  


��! j�b� ��+�U ����� *-��9 �2+ �! ��   ����

   �-�.3	 ��3
��! g��� N3 	� :!�W-/� G���� ��3����"

������ ����! �! �F��\ 
 �� *"
� ��   ���[f .!!�9

&�/�    �! *��+�5 
 *��/�I ;��" O��
�&�� ����5 ���

 &�-=>10-DG   G��I�F� �9&��$ ��X� �V� #3�<�� ����

ACE ��  ��� ���+ �,3<+5 ��X� ��lI� .!�"    ��$ &��!

 &�-=>10-DG �� �+�lc �:&��$ ��X�     ,3<�+5 ��� &�+��1

.!	�/ ��X� �� ,3<+5 G�I�F� 
 &��3 7�b1�  

  ��� ����+ �L�-��/ ��FI� � 	� ;6�f {3�-+   &��!

 &�-=> ��X� ��lI� �$10-DG    �-����� ���S ���6 ��

 ;L") G/�3 ��F� *3� �� ��X� q�+ *3� .(   ��$ G�/� �

  ;��b-� ,3<��+5 7���F� :���l3�U ���� :&����$ ����X� &���-=>

��+   ,3<�+5 7�F� :�l3�U 	� ��S ���l3�U �� �L�� D!�"

�� 7�b1� ) &��316 �:&��$ ��X� ���&�-=> ��X� ��lI� .(

      ��-�.��/ 7��b1� .G�/� 0�1��� &��-=> ��-���/ ��   ��3

 ��� :&��$ ��X� ���&�-=> ACE    ���1 �I���1 ���    &��-=>

���$ ����X-+� �-����� ���c ���9� .G��/� �-��.��
 �����.$

   ���X� ������ �� �F��\ g���� 	� :&" zI�� ���&�-=>

:&��$ �� ;�� �-���� �     ���X� ���&��-=> ����� D&��$

     ��3 
 �-������+ ��-����� ���S ��X� ��lI� ����! :&��$

  ���&��-=> �7�p� ���� .&�-.� r��Z�MY �IY �LW �

LIY  
YGGY :&��$ ��X� ����� ��  ��S ���  �-����� �

)17���&-�=> 
 (IW �FY  
YLYEIA  ��X� ����� ��

:&��$ �� ;�� �-�����+ ��� ) &��$18.(  

���FI� � �! zI���� ���   ����! &���-=> N��3 �	���/

:&��$ ;3&�1 ,3<+5 ��X� ���� G�I�F�  *��.+�1�34+5 �-

1 �-+5 
    ����+ G�/�> *�1�u <�I
�&�� 	� �-+�&�.$�

 i�+ �� i��5 J�+���� �! ����Cod    *�3� �! .&�" i�+�

,3<+5 0/�1 
 y��Z-/� G/�> 	� *�1�u ��FI� �  ���

     *�3� .&�" <�I
�&��� *��.=3�-��$ 
 *�.=3�1 �*�.=>

 �I��1 ����! &�-=>LLMLDNDLPP   �I��L�� �	
 


37/1140  ��-I�!       ���S ����6 ��� &��-=> *�3� .G�/�

 :&���$ ;3&�1 ,3<+5 ��-����  *��.+�1�34+5 �-1   ���X� ��

�� 
 !�$,3<+5 ���� &�-=> *3� *��= �-+5 ���   �-+�&��.$�

  	���1�$ 
 	�&�.$��> ���1�1��9 �	�1��.3! &�.$��>�/

      &��-=> *�3� ��$ &�+!�! ����+ {3�-+ *3� .!�! #3�<�� ��
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��       ����� �����! ����� �3�^�S ;��L� ����� �� &+��1

    :!�W-�/� ��1�&��.$� J�-�/� 	� ���9��U 
 ��� ���

) !�"19 �&�-=> *3� .(    �! :&�" y��Z-�/� &��-=> �����

&���/� ����! ���`�f E���8h1 ������5 �����  
 *���/�I �

�� &�/� N�1��=/5  &��/� *3� .&"��     #�8+ ������5 ����

   :&������$ ;3&�����1 ,3<����+5 ������X� �! ������X�  �  

*�.+�1�34+5-1 .!��!  

�FI� � �!    ��-+5 ��V� ���l3! �    ���X� 
 �+�&��.$�

:&��$ ;3&�1 ,3<+5 *�.+�1�34+5 �-1  �
� �� o�/�/

) m�

���->Petrovac sausage *��3� �! .&��" i���+� (

 ��FI� � o�/�/m�

�->  ����Z1 o�/�/ q�+ N3

:&" N�� �  ���3!�U
 GI�3� v��6����-.  G�/� .

   ���
���� 	� ;��� o�/�/ *3� 	� :&" y��Z-/� *�H1
�>

 7�L3!��1�1 - ;��W3! -2 -  ;�3�L�> -  ) ;3	��&���DPPH 

���3 picryl hydrazyl -2 -diphenyl -1�1(  N��3 ���$ ��

 ��-+5 #�/ ���� T�$�1   �G�/� �-+�&��.$�   &�f �!

61/27  &6�! 	
� �1 G�I�F� *3� ��&8� 
 !�$ j^f90 

 !
&f �� ��
���45  &6�!    ,3<�+5 ���X� G��I�F� .&�/�

ACE   :&��+ ��
��� *�H1
�> �! <�+11/27   &�6�!  !���

 	
� �1 �$90  !
&f ��71  &6�!&�/� )20.(  

�FI� � �! �  ��l3!  0�/�1Jamdar  
 �����L�� �

�-+5 G�I�F�    ,3<�+5 ���X� 
 �+�&�.$�  :&���$ ;3&��1  �

*�.+�1�34+5-1 0/�1 
 ����	 i�!�� *�H1
�>   *���P��

�U�! �V� !��� �5 G�I�F� �� <�I
�&�� �   ����� �/���

   7���L3!�� j^��f G���I�F� .G����9DPPH  0��/�1

��<�I
�&���� ���U�! ���� �3���� �  <�I
�&����20 �30  
  

40 G2�S ��	� �� &6�! mg/ml 2  ��+��+ 	��   !
&�f

50   ��U�! ����� ��&8� *3� �$ �I�f �! .!�� &6�! � 

 <�I
�&��10 &6�!�  !
&f21     G��I�F� .!��� &�6�!

 ,3<��+5 ����X�*���.+�1�34+5 :&����$ ;3&���1-1 ��	� ����   

gµ 250 �3�X+ G2�S �3 �+��+ mg/ml 7/0   .&�" ����

    �����	 i�!��� *�H1
��> ���� G�I�F� *3�66   &�6�! 


��<�I
�&�� ����  s�-Z� ���97-90   ��$ !�� &6�!

 ���U�! ���� r������ �5 ��&��8� *3�-����� �  <�I
�&����  

40  &6�!!�� )21.(  

�FI� � �-+5 �V� �      ;3&��1 ,3<�+5 ���X� 
 �+�&��.$�

:&����$ *���.+�1�34+5 �-1   o�I�k���$ �	������� 0��/�1

)Bambusa caulis in liqiamen ���-��9 �����6 (

 .G/�  :&�" y��Z-/� �^d� g3�� N3 o�I�k�$ �	�����

���/ 	�  ����/
 �� ����� � �   ��� ����9    *�3� �! .&�"��

�FI� ��  ��&8�50IC 7�L3!�� j^f ����   ����DPPH 

   T���1�1 ���� o�I�k���$ �	������� 0��/�1 ;���.$
�> 
   

g/mlµ 85/79  
85/28 7���L3!�� j^��f .!���� ��� ��

DPPH  ;�.$
�> 
 o�I�k�$ �	����� G2�S #3�<�� ��

�1 g/mlµ 125 ��  ��� T�1�1 17/83 
 00/90   &�6�!

.&����/� *�����P��  ,3<���+5 �����X�ACE G���2�S �!   

g/mlµ 2000 ���+��+ 	�  ����41/52  &��6�!&���/�.  �!

 ��&8� �$ �I�f50IC �5 ���� g/mlµ 1750 !�� )19(.  

  &���-=> �:&��" �3���/��" ���&���-=> *���� �!MKR 

 ��&8� ����!50IC  �� �����Mµ 2/0     &��-=> *�3� .G�/�

 ����!C- 7�����1ARG   G��p� u��" ;�I! �� �$ G/�

    :&����$ ;3&��1 �9&�+��!	�� ������ �*3&��+��9 :
��9  �
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Abstract 
Background: Due to the side effects of anti-hypertension drugs, extracting bioactive peptides from 
natural sources is of great importance. The mail goal of this study was identifying a peptide for 
enzyme hydrolytic of ostrich egg white protein hydrolysate (OEWPH) and investigating its inhibitory 
effects on angiotansin-1 converting enzyme (ACE).  

Methods: The ostrich egg white protein hydrolysate was prepared using pepsin and pancreatin and 
then fractionated using evaluated reveres-phase high-performance liquid chromatography (RP-HPLC). 
Tandem mass analysis of the purified peptide was used to reveal peptide sequence. ACE inhibitory 
effect and kinetic parameters of the reaction in the presence of the peptide was evaluated. Molecular 
docking was used to determine the interaction parameters of ACE-peptide comp. 

Findings: Peptide sequencing of the selected peptide revealed a DAESLSRLLG (MW = 1060/18 Da) 
and named DG-10. The DG-10 peptide showed a potent inhibitory effect on ACE with the half 
maximal inhibitory concentration (IC50) value of 0.133 mg/ml. Lineweaver-Burk plot exhibited a non-
competitive behavior in the presence of the DG-10 peptide. Molecular interactions and energy binding 
of the peptide with ACE were investigated via molecular docking. 

Conclusion: The DG-10 peptide isolated from ostrich egg white protein hydrolysate displayed a 
potent inhibitory effect on ACE. 

Keywords: Angiotansin-1 converting enzyme (ACE), Ostrich egg white protein hydrolysate 
(OEWPH), Peptide 
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4 �� �� A;���� J[ � ' m�ZO �M�% �� �%=G�� � 

 ���' J�( F&�/ ' 
�'� ��CMH ��P"� '  ����� �& W����
 ��� FC@� d��� �� ���< (�	�# @�) ��	 ��   ���#�H

   �
��&. �� G7 , 	��SSD )Speech sound disorder (
 ���CMH Q"�#&� & .|�^ ��A�,O ,�7�% �� �%=G�� �" 

#�s ��P A�	 �" ���< � #��s ���CMH   ' m���'   >��M���	
 �� �����CMH ' 
��& �& ���< �   9��( ;'�M% �$���

����. ;'�M% Q"��      ' 
�#�2"� ����% T��� ��& #�P � 
' �C���	  �2C�^+, "�H �� +,	� D ' .��D  �I� #&

 V��3H  �	����� ��CMH 9"��A Q��A�.�'� ���< #�&�

�#"�� \=C^� ; 
�#"� �� ���CMH6-5  ��$�� ,O��

�� F��D �� ��D    ��& �� G7 K=C^� ��1-7/0   ,�O��
3� ��$��� �� ~��D� �� �"�D ;\=C^��.  

 
*+�,�- ����) 0Language disorders(  

    ��A,�� "�#( �� K=C��^� .� ;����I< �	���&. K=C��^�
�"�- �#�H��"     
��&. .� +��MC��� ��" J�( �� �� ��� ��

    �	��&. ;\=C�^� .,�	��� �7�^� ���CD�	 ' ���CMH
�� �	�&. ;�<=�� V.��#- �� �%\=C^� F��D   ,	��D

   9�"��4 ��" #��#H �� �%=G�� �& ��   ;����� m�Z�O
  #��2"� ���" �	���$� �(���Z	) ;=���� ' (�1���7�(���)

�I �       �	���& 
��&. ���� Q�G�� ' ,� A�#�A 
�&. ��A
  ' (
���&. J���( �� K=C��^�) �"�� ��D �(
���&. ,���7�%)

+��D�   ' �.��(4 , 	�� �, A� ��#/ #�c8% �Z% �� ��SLI 
)Specific language impairment.(   

   .� 
,��	��^ ' 
���&. �����CMH ;\=C��^�  ������

�"�D    , C��A ������ F"�'� �� ����G% ;\=C^� Q"#%

 ��10-4   ��� #c8�C� �� 
����� ,O��  ) ,� �32-31 .(

   +��%�� ;�#�c8�% ��� QG�� 
����� �� ;\=C^� Q"�

    
4 ' ,�D�& �C�D�� �C�=�� #�& �%,� , �& �"    ��& �� ��A

  ������ ���?Z% ;=G��      ;\=C�^� ��: #�H� .,� �

   �^� ��& ���� QG�� ���I%��  >�, �� ��" ;\=C   ���A

  
4 ���< ������� T�s� �� ��� W,D�& +�#�A �#2"�   ��A

) ��� �C^� D�	34-33.(  

  
�1�   2�
-*+�,� ������ � 0����  

� ) '5�663#Aphasia:(    ' �����I%�� `���	 *��"

�	��	 �3_� T��4 .� �� +#G��	 �� 3_� �: �   ����
�� ��        ��3�_� �����% ��&#�� ��CG�� .� ��D�	 ,�	��%

 �& ' ,D�& ��#� �" �	�M<   #���^ ��& �� �%=G��
 ' ;���� 
�#x�     �
,� �D �
�#�� �IZ�O �� `��	

   ���� ��M�C@� ~���	� ' ���� +�#�A QCD�	 ' 
,	��^ 
)35(+,��ZC� ;\���"� �� #��M	 
������� *��" �',�� .   �

) , C�A =CI� �.�(4 �& �G"#��36 ' ( �� 
�"=CI� ���D
 �', �K�� #A80000 ��� #M	 )37(. 

� ) '9 :��; �<%=�Learning disability(: 

 
�'� ��A,� "�#( �� ;\=C^� .� �M��    ��"�- �C^� �D
    ���C�D�	 ��" ����CMH 
�&. �#&��� �" J�( �� �� ���
      ;����O ��& �� ���^ ����� Q�G�� ' , C��A F��^�



 

  

  
www.mui.ac.ir  

 ������ �	
�� �	���� ����–  ���32  ���
 /301 ���  /" ��!" #$� 1393 1518 

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

;���� �� �	��%�	 �
�#� #G( �
,� D ��A  �
�. 0#
    
���	 ����"� ;�I���Z� >�P	� �" ' QCD�	 �
,	��^

�"���D .� �#�H����" ;\=C��^� .,��A�  ;\=C��^� Q"#��%
�"�D ' , C�A ����� 
��'�    ��#�H���" K=C�^� Q"#%

 ) ���� 
,	��^ K=C^�39-38  �',� .(5   .� ,�O��
���,� 
����� ��� ��$��    =C�I� K=C�^� Q"� �& ��
�� 
4 ~��D 
�3�� ' , C�A  ) ���� 9"�3(� K�40 .(

 �	��� ���4 �I�30-3      #�A ��$�I� ���$�� ,�O��
   �� ����4 Q�"� �� , C�A �#�H��" K=C^� ��:� �����

 �', �� ����12 .��� ,O�� 

� �<%=� �����= )Reading disability (�; 

�66��;� )Dyslexia:(  �',�� ����G"#�4 ��15-7 

 ~��	� ��:� ���,� Q� � �� 
����� .� ,O�� �M�C@�
    >��P	� >,�< ��& ���% �& ., C�A 
,	��^ ;\=C^� .�
  ����' � ��. Q"� �� ���/� ;�<=�� �
�#"� �� ���#&

   �� K���C� ������� ,A��D S��� #& ��� W���,	� �'� 
 .� #C�� 
�#"� �� 
,	��^ K=C^� �& =CI� 
����� ���4

 �����49���- ���CMH ,��D�I	 )42-41 .(FG��D ���P"�� .� 
;\=C��^� �H����"�# ����� ���� ��   �����' ���& �
4

 �"�� ��D ��"��� �& ��=��� .� ��������^#&'  ����D�A
 �� �#( �"�	��% �#�H���"   
,�	��^'  QC�D�	  ;����� 

�Z% #�c8% ��#/ ��  �#��H '  ��& �	  �"��	��%��   �^� �D
+1�'   ' ������	 ' , � 
,	��^ ����� 
�#� 9@& ��A
d��  !�$�T7��� +,	��^ +,D  `@�� ���  ���D .

�� Q"� ������&  ���	 3_�      #"'��?% �C���� ��& ,�	��%
  �� 0'#�� ' ��,��<� ,�� 	�� ��� �$�  �� � V.��#��-, .

��G��"� T�s�  .� �D�	K=C^�  �� ����	 ��  �#��/ 
�& >�	 Perisylvian  .���Q"� ���	 �M�v' �  V.��#-

 ���� +,�< �& �� 
�&.'  .'#�&  K=C�^� �� �
4   �"��	��%
 
,	��^ ��#& d���m�ZO  F�C@� ��  ��� � � , )43 .(

���	 � �#�/ )Perisylvian( �� #& +,	#�H � �����& 
.� ���	 �#�/  qI%#��  ��&  J��G% .�  ����� VLPFC 
)ventrolateral prefrontal cortex(� MS� PAS� 

TAS ' TAU ��  ,�D�& . T�7��   ��� Q�"�  ��<��P� � 
�D�	'� ��A ���	 � Perisylvian �� ��"��� �&  #�2"� 

���	  YG%�����a	  ;'��M%  d,�	�  ����  �� $� ���� �� 

��	 �� ,A� .��#& �K��� ���� 2FOXP  ��G" .�  Q�"� 

;'�M% W��� �A �& ��Z	 �� ��,�� 
��& Q"� Q�a%'#- �� 
�����	 Perisylvian *��" 9"�3��(� ,�� ���	��� )1/1 
�#&�#& (�� �I�	 �& #2"�  ����	  YG%�����a	  
���	 

�� ,A� )44.( 

) ��G��"�RD   ��"Reading disorder (  �� 
�#��-
3 -2 ���� =C��I� 
�#��C^� .� #C����& #��&�#& �.���� )45(  '

+,�<     ��& �� 
�#��- ;��$7��� r"�C	 +�ICD� �& 
���Z� �
�� J��$% 3�	 
�#C^�    ��� +.'#��� ��� �#: W, A�   J��	��

7�G7�� ��A, "�#(     ' 
�#��- 3�_� �� J��G% ��& qI%#� �
 ;'��M% ' ���	 
��G" ��� �& 
�#C^�    `C�@� �"��A

  .���� �����' 
������� 3��_� ���%���	4 �� ���C Y ���
     +���� J�P 
�#��- ��& �I��	 *��G��"� 
�#C^�  �

 ��^ 3_� �C�# ' �� ���	 �� �#C�� �#C���^
) ,	���46   F�"��% 
�#�C^� �� Q"� T7�� �K� Q"� �& .(
�% ,	��� +#G��	 '� #A .�    ���=� ;����I%�� �� �3_� �

  +#�G��	 .� ��� % 
�#�- �� �7� �� �,	#�H +#�& ��^  �
�� +��MC�� �: ���    
�����A Q�� 6�A .,�  �   ���A

) , ��I%�� �� �3_� ���%�	4 �& 3�	 �� �46.(  
+, "�3( FGD �& �#�� Q"�   ��� ��� +,D �C(#"u- ��

��A �� ,�' ��A�� *" ��G��"� I� � 
4 �& 
�"=C
 ��� ' ���,	        #�". ��& ���%� ( S���� #�& �� 
4 
���%

+'#H   ����� ���G��"� �K��� ��#& .�#� J���% �"�A3 
  ) �C^� �D +'#�H #".Cognitive subtypes  ��� ���� (
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) ���,� ��D .� ;����I<Auditory (-�"���D  ~���	 Q"#��%
��G��"�-) ���,"� �Visual  �3��#�% �" ����% ' (

)Attentional ��� ()48-47.(  
  ��	�H 
4 ' ���	 �D�A J� �� $� �& ��G��"�

   +�#�� ;��Ic� �H���	��^ ' �"��/'� ;�$7��� ��   �,�	�
�����/ ����G�C	1 ����� I�  ����  ����G�C	1 N����M	 ����&)

)Penetrance (70-50 .(,��O��    F�����< ���: #��H�
�[=� F&�/ J�� 3�	 ���Z�   ���M�� ' ���� �� ��

,	��� 
4 .'#& )50-48(.  
   ,��< 9��	 F��7� �&+     ,� "�#( �� ����Z� F����< �

  ���� ����' ��/ ��� �& K��C� Q"� ��[(� ' �#�H��"
) ;�=O� ��Modifications(  ��-�     9��	 3��	 ��G�C	1

Q��$%  +,  �  �� �� ��RD     +.�� Q�"� ��: #H� �,  � �M"�
���' ;����Z% , �.��	 ) ��� #%51 F/�, .(9   S����7

) ���	19 -1DYX ()9 -1Dyslexia-susceptibility(  �&
�������'   ������	1 #�����#� �2C������- ;����$7��� �  

)genome wide linkage studies  9��& ' (  .�14  
1
) ��� +,D �"��� D ��G��"� ��#& ,",	��52.(  

J���� 
1 Q��"� Q"#��%  .� ;����I< ���A1C1DYX  ��)
1DYX �(2DCDC  '0319KIAA  ��)2DYX �(
3ORF2C/19MRPL  ��)3DYX �(1ROBO  ��)
5DYX �(4DOCK �I2GTF �1FMR �A2DIP �
B100S  'L0319KIAA    ���� Q��"� T��7�� ., C���A

      �*�"��a% y��Z7 ��& F/�,� ��� ��� +,D `@��

1 Q"� .� �����& �� �A   �GI�D *�" T7�/ �� , 	��%  �

   �	'����������	 ;#������������ �� �7���������G7��  
)Neuronal migration  �	��������4 ,�����D� ' (  
)Neurite overgrowth   ���� ��& ' ,  � 9�	 ��M"� (
�
4 .� *" #A �#G��< �� K=C^� ��$�I   �GI�D ���A  �


4 �& b�� � �	1      ;#����� ,� "�#( ���"��	 �� ' ��A

    ���%� ( FG�D ��& �� �^�� ,A��^ #c8C� �� �	'��	
) �(�" ,A��^ .'#& ��G��"�53.( 

� ) >?6666;� ���6666@5 A 6666.#SLI  �6666;  

Specific language impairment( : .� ;�����I<

;������ b����C�� �� #�^8��%   �����' ���& �	���&. ����A
���&�/ ��A ��� ��C^� D �I?<    ��$�I� ��D�A '
 .���SLI  .� ,$&4   ��� +��� `�@��% �27��  ���D� 
�	��. =< d��� ��"   �� 
��&. �#�H���" �, � .� ��
K��  ��7'� ��A  ��� 
���	 ��  ,�A� )55-54(  >���� �� .

 �!"#$%SLI 
1'#CA ����& �7=C^�     ���< ��� ����
   #��2"� �� ���?"��	 ���& ' ���,��	 ���?@�� ���C�#

+.�      3��	 ' ���� D� $� ' #���#H 
��6�A 
�&. ��A
���&�/  .��� +�#�A 
�&. �"�� D ��A ��CMH    Q�"� ���A

��#(� ' Q� �& 
4 V�A ���,	 �I�� % �A  
������ .SLI 
;����  ��A ��� ��" �#C�� �<#� �& �� �	�&.  ,�	#�H �


�H1�' �� $� J�( ��  ��	�3^ ' ,	��� FG��   ;��_7 �
4 
 ) ��� q��C� , .� #C�� �A56.(  

  ���� ���� % ������	1 #����#� �2C�����- 3�7���	4 '�
 ��#��& �� S�����7SLI ���C(�"  :,��	�24q16 )1SLI �(

13q19 )2SLI ' (13 )3SLI) (57  �Q�"� #& +'=< .(
   �� $� ��A�#�A ��� ��O� ,",	�� 
1 ��   ��& �� ����

SLI �� 
��	    .� ;���I< �,� A�2C2ATP  'CMIP 
 S���7 ��)1SLI ' (2CNTNAP  ., C��A SLI  ��

 �',7 -5      ��#�/ #�c8�% ��Z% �� ���$�� .� ,O��
�� ) ,A�58 ' (���#&  ;\�"� �� �G"1�7���,�-� ��A

+,ZC� �G"#�� � )32( ) ���	�� '59  ���� +��� 
��	 (
   
������ �� K=C�^� Q"� ~��D ��5    �',� �7���7 

,O�� .��� 

� B�C    �6�<C '�6�� �6D;9E )DVD  �6; 

Developmental verbal dyspraxia( : K=C�^� �� 
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�2 A��A ' K#C � �C�#  >�,�	�  ���A  ����CMH ��  ��� 
#��P � ���& K=C��^� �� ����P"� �����CMH 
�'� ���� ���#��H 
9 � ��"#- �,D� ��=� )DVD (�" ����#-4  ���CMH 


��'� ������� )Childhood apraxia of speech (
, "�H .Q"� ��7� �	��. 5�M%� �� ,C(� �� �� >��- �A� 

3_� �& ;={< ���CMH  �
�&.)T7 ' +#P  (K=C^� 
��P"� ��D ' ��#( ���/ �& 
��.��  ��A�  Q�"�  ;=�{< 

�� ��� ��P"� ��A�,O J[ � ,D�I	 )60 .( ������#-4 
 �C�# K=C^� *"' �	��%�	 �� >�P	�  ���7�$( ����� 

' ���,(,A �& ���' �% ' �2 A��A QCD���  �	=�{< 

 �$�I���� �� �& r�( �" #"�� T��4  ���A  ���  ��" 
���C�# F��&�/ m�����% ,��D�I	 ' ���P�C	 �� �  T����4
"� �I?<P�� �� #2"� ;��I< �& .��D� �6�A��   ����/ �A

, C�A �$�I� �#G��< �&�  ����	#& ���    .� b���$� �3�"�
���        ' m�Z�O ;���# ���/� >��P	� .� �	��� 3�_�

�� , �(,A �D� )61.( #&  ��I�  V��3�H Shriberg ' 

�����������G�A �DVD �2-1 d����������� .� 1000   

)2/0-1/0 ,��O�� (d����� �� #���H�� ���� ,�� � )62( .
9�� �� 
1 0'#$� 2FOXP 3�	 �� ,	��%  ��& DVD 

#��P � ���#��H #��H� ���: ���� % ,��O�� �G:����   
.� ��������� DVD �����P�C	 � 9������ �� Q����"�   


1 �� ,D�&. 

�  ) ��666%": '��666( �<%666=�SSD  �666;  

Speech sound disorder(:   ��" ��CMH ��,O K=C^�

) ���' K=C^�Phonological disorder(    ~���D ���
  �',� �7�� �� 
����� �� 
416  ) ,�O��63 �� ' (
 �',�� �7���� 9��D 
�������4 ) ,��O��31 ������ (

�A'#H \=C^� .�;  ���CMH ����    ��& ���  ;=G���
+��MC���� ' ,���7�% �� ���?"��	 ' ���[M�%  .� T���� � �

 ' ���� +�#�A ���CMH ��A�'4   ��M�%   ���A�'4 ��^#&

��CMH �    �A��H ��" d��� ����� 
�&. �� (��')  ��#�(�
       `��	 ���:� ;,�D ��& ��M�� ��" ��� y�Z7 �& �7�&

�� ) ��#H64.( SSD   �� �%,�� , �& ;�#c� ��� QG��
#& ., � K��<� d��� �H,	. #&    ��� � �_7��& �K���� ��

�6@"��%  .� ��SSD    V��3�H ���^ ����� >�"� �� ��
��    ;����� ��#��� �� �� �#C���& `"��	 �,  �   ���A

      
���	 ��#�(� #�2"� ��& �I��	 ��^ ��=� ' ���I%��
�� F_D , �"�� T�s� ' , A�   ��� ,  � b�@C	� �� �"�A

       Q�"� K���<� ��& �#�C�� .���	 ' ,�D�& �'3	� �� #C��&
;���� ) ,D�& �CD�� �A65 .(    F�&�/ ;��&���% F��7� ��&  

   ' *���G��"� ���%� ( Q�& �� ����%SSD   ����'
 ���� K����C� �����  TI��� �	���D�x�A �'�  ����� D

)Etiologic(    �C�D�� ����' K=C^� '� Q"� Q�& �"\�&
,D�& )66-64(    ����#& ��& 
����Z� �S��� Q��A #& .

S���7  �	1 ��A ,�",	��    ��& 
��"=CI� �� ���G��"� 
SSD    >'.���'#� Q��& �� �2C����- 
�3�� Q"#C��& �3 

)5DYX�����Hf"' ' (  �����"�'4 �"������H3�� ������A  
)Speech-sound coding( �����[(� '  �����"�'4 �
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���	� �� ����G% ;\=C�^� Q"#%
 ����     `���	 ���:� J���G% 
���& 
�'� ' Y����� ���
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  ���,�	 �� >.\ q��% ��^ ��CMH �'� ��� '   ��& ,�	��% 
9 ��' �A" �M��< ' ���C(� � JC^ �#H) �69(.  ~���D 

      ��� ���#�(� �I��	 ��" ��H,�	. K�� �� K=C^� Q"�



 

  

  
www.mui.ac.ir  

 ������ �	
�� �	���� ����–  ���32  ���
 /301 ���  / #$���!" 1393 1521 

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

�� ��[C	�    K=C�^� Q�"� �& ��^ �H,	. �� ��& *" �'�
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4  Q"� �� .��� 
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��(#v       ' ���$% �J��G% *�"1�7'��	 ' ��G�C	1 ���A
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  �H,��6�- F���� 
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www.mui.ac.ir  

 ������ �	
�� �	���� ����–  ���32  ���
 /301 ���  / #$���!" 1393 1523 

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

\���.���	 � ��. Q"� �� ;  
  ���� Q"� ����� ���A� �� ��#& �� Q"� �� �: 
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 �2CM��D4   ���� K=C��^� '     
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Abstract 
Language, as an exclusive salient of human kind, is the requisite of development and formation of the 
human society; thus, it is at the topmost of human evolutionary features. Language and speech can be 
studied in various fields such as biology. Biolinguistics is an interdisciplinary field in which biological 
development of language is studied. It aims to find the functioning cycle in mind that enables humans 
to perceive the principles and bases of language. Language genetics, a subfield of biolinguistics, traces 
genetic factors in the formation and perception of language. Although a variety of theories have been 
introduced to explain the origins of language, considering recent studies, acquiring essential genetic 
abilities for speaking are undoubtedly of the most crucial necessities of this skill. Researchers have 
recently found defective genes in a wide spectrum of language disorders, through which they strongly 
confirm that speech systems rely on these genes to function properly. However, there is no report on a 
study which answers this question clearly: considering the origins of language and human evolution, is 
the proper function of genes, genetic structures, and general requirements necessary for speaking? The 
evolution of language and genetics of speech disorders along with the outstanding improvements and 
recent studies are discussed in this review article. 
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