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�����  

:����� Candida albicans
 ������ ���� � ��� ��� �� ��� � � !" #$ �� � .��" & Candidiasis � !"$ '" ����& � (�)�* ��+��,- . ��' ��/ �� �� 

����  !� Candida 01� . 23# 1�
' 4 #$ ����) '" ��-5�1�6��� Candida '" ��� � � !" 78# �� � .2�! �� ��� 
�9: ;# 1'�$ '�<� .  1 =�$� ����  !� 

Candida ��� ��� �� � !" 23# � ��==5 . >� 23# � ��==5 1�' 4 "��.  

��� ��: ���?� !  � �" ��1� �� @��1 �� ��� � � !" . A�6� ." �.� 38 ���  �� 23#  � ��==51�' 4  ("'�# �.�) � #�4� �� =1$ 75/9 ± 50/48 F 1 . >�23# 

� ��==5 �G  (�! � �.�) � #�4� �� =1$ 79/10 ± 68/44 F 1
 I?�'.G� "��� .@��1 ! � .'� J#�K Sabouraud dextrose agar 0�5 �"�" �� . =-5$ L: M 

�� 01" 
��#G �� J#�K CHROMagar candida F N��� �"�" �� .=O?!�
� #���6 �=P A�6� . pH � !" ! ." 
�.� LQ�# "��� . 1 =�$� ���� !� Candida   �

 �� �" ��1�Polymerase chain reaction-restriction fragment length polymorphism )PCR-RFLP (*�?() ��. 

����� :�� ��.�+$ ����  !� Candida albicans
 Candida kefir . Candida krusei '" "'�# �.� �� ))�R 10/42
 30/5 . 63/2 �S'"  "��. '"  �.�


�! � ����  !� Candida albicans . Candida kefir �� ))�R �� #���6 31/26 . 63/2 �S'" ��! �# "��� .T�U �� 5V 01� �5 ����  !�  

Candida glabrata . Candida dubliniensis ���?� '"  !� !�W �X �� ." �.� ��! �# ���. 

����� :���� ��� �9: ;# � �� "�"  �5Y�� ��-5�1�6��� Candida albicans '" 
"'�# �.� ��/ �� "�+� "�� �! � �.�. #���6 �=P 
A�6� "��9) Z� +3#$ 1�' 4 

. T�[  ['�0 0���\� � !"
 ,\# )�� *#��[ �9�]# ��==5 ��� ��" & ��-5�1�6��� �� 5��� '" � !" "��.  

:����� ������ ����  !� Candida 
 Candidiasis � !"$
 Polymerase chain reaction- restriction fragment length polymorphism  

  

: �!�� !���� 
 ^'�?J# �?J#� 
�6_ + � �" `$ �;3# '�a$
 _�(��
T�\� �  .a � N!"��. �"�#$%� ��&� ��� �������  ������  �����'�##� (�)�  �

"���* + ��� '�##� (�)� � "���* . � \�S� $(�6a ��(���" �-&#1394 b33 )362 :(2110 -2105  

  

�����  

Candidiasis� ������ 	��
 ��� 	� ���  ����   ������Candida 

� 	���� Candida albicans ����� ��   !� .��#�  	��� �� � $� �%�& 

#%'� ��( �����   )� 	�� ��� �%*  *�����  +,��-�  �+�..� �!  	��  �/�0��1 

�� +#�� .Candida albicans� �%&�2�( !��0 3!�4� 5��� �!  6�2%* 

�� +�� .���� �+,�� 7�� 5�+�� 8�9� :� ;<� ��� -��%= 	�  >!��? 

��!���� �%-��!+� �@A%� ��  +�#��  	��  >!+�4  
+.B�-3� �  *�C 


+..�� Candida albicans !�  >!����� � ��(  ���!��� : ����  ���� .

Candida albicans �� D#& /�A�= )��EF�%�%�; :� ��G��>�  5EF�� 

7�� 5�+�� 	� 5��.� HB.� �%�E�&�� �������  ��� �<� ��+ �  ���  1���� !� 

)�%+ �5EF� I��� &��8 �0�� ����� �� ��&
 )3-1(.  

$&�� O%%>�& !� G�%� 5��� +.��� 1��� &P�5�  �Q�/��  1���� 

pH� R:�� � 62$�� �/0��1 �%5�/ �/���
  H�<�  SF�@  ������ � 

&��8 �0�� ��� &@��T����� I��� O%%& !�  !���0  5����  ���  ��&�
 � 

+#! �%&�2 	��
 ��� Candida �! =��&0  ��� �!�A .� ��( O �%%>�&�  ��� 

1��� �� O%%& B-�� !� !��0 �%��&6� �5���  8B��  1����  �����U� 

�����  �!�"� 
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��� ����	�� �� ��� ����� ��������� � ������ ������� 	
��� '���%�
 ) 

�0��� 5��� �� ��# )5-4(.  

��������� :� �����B.� ���; *����� S&��G� ,��X��� !� ������� 

Candidiasis �� +#��Y �&3 	� I��� O%%& ,X���  �@�� � �%Z�  5���� 

��  ���# � � ��( O �%%&�  I����  [�-%* !�  �����%�/  5+�#  	���
  ���� 

Candida �� ��&
 ..\<�%(� ��� �%!�] ���C *���� ^O�	 �� ��&� 

Candida Y��� !� ��%	� 8P�� =��&0 5�!�A �;  �G�%� ^O ��	 �� 

8����.� �&���� Candida albicans ���� ��&��
 )6( .>���,)�`� 5���2� 

�� +.�� 	� a&b� �%!�] I��� 1��� pH 5��� ��  �#�� � � ��( !� 

����%��/%5� 	��
 ��� Candida �)�$� �!�� )7(.  

����( '���X�� 	��� »A���� ��� ���%!�] 8B��� �/��0��1 ����%����/%5� 

Candida �� e+#��«� !� -�%!�� :� >�,)�`� �!��  I�G�  ���� )9 -8( .

!� R!�/
 ��� �+,���� ij%& ��� �%!�] 	� !�   �/��� �  ���  ��&�<�  ��� 

*���� �:%	.�� ,X��� � �%<�-%; !� �%5��/ �!�� 	,)�`�  !�&�4  	��0&
 

��� )9 �5(. �� 	P� 	� ����%��/%5� 	��
��� Candida !� 5��� ��&0� 

a&b� �+..� � �%!�] � �%/ T�<,��� :��� �%!�] !� �5��!�2� 	,)�`� � 

&X�C �� a+� ���.#��  	���
 ���� Candida !�  Q�/��  ��&�0�  a&�b� 

�+..� � 9%a&b�& �+..� � �%!�] Z���� +#.  

  

��� 	
  

	��<�
%&�: :� 	,P�&� 5�
+..� 	� ��:A� ��]�2 �% 5����!�<  7+..�� !� �� 

��&
 38 �&�� :� 5��&� a&b� �+..� � �%!�] )��&
 �!�� ( ��� � �%]��%( 

.�� 75/9 ± 5/48 T�� � 9%& �+..� a&b�� �%!�] )��&
  +���# ( ��� 

�%]��%( .�� 79/10 ± 68/44 �T�� n@ :� <6%*  1��&@ 	���� �  ̂ �$� 

�X!���	��� 5�+� (�-# �5��� 	��<� 
%&� � 	*<� +�A . +# !&U� ��&�0� 

��!�� ��&
 *4�+C 2 ���� *B4 :� 	��<� 
%&�� �%!�]  T�<,����  ��&�6� 

+.#��Y &� �� ��&
 �!��� +.4 5�$ �,%B � +4�0  5�+���  ��.�b���  Z+�� 

���%�� �  +4�0&� 	��
 �X��>�, =$: � �0A ����� +.#��.  

�[P �:�+�� 
%&� pH �5��� ��  �������� :�  ��]����   1�.��pH � 

+.4 Q�/� �� �������  :� ��]���� Autoanalyzer�  Q�/��   5����!�  &�� �� 

���&
 	� >!�? 9%& &G�6� H<P!�A� +# .+��( >!�? 	� 	� �%!�< 

�:�P� ���� +# 	� Q�/� ��$ �! !� 5��� 	]� �!�� � &�  +�.3 ��i �%	  ��; 

!�� !� 5�!� �� a&p &����* q!� �!��  7!��$ �<� ��+ . 	���<�
 �%&� !� 

DB? �%( >���� 10 -8 !� �&#�� ��#�� Z���� Y+# �&3 	�  =��C  Q�/�� 

!� >���� ����� 	��B#:�!  ���  +����  >������  +�#�� �  �.\<�%(  &�i� 

�/0��1 =�C Q�/� #��� :� �^9 5�!�$ r.$� �+# +#��.  

����� ���� �	
 ����� 
���� CHROMagar candida � 

Sabouraud dextrose agar :	��<�
 �%&� :�  �&��C �  ������  ���<� 

��&0� �!�� 	,)�`� �� ���q  &�����*  �q�� &�  Z�����  +�# �  	��  �G�%� 

�2� Sabouraud dextrose agar  *�U�.� �  	��  >+��  ��;  	���� !� 

���� 30 -25 	P!�� ����� ��&
 	��6�� �&
�+ .ns�� Z�< �@ �%� ��� :� 

&t� +#! �� Z+� +#! �!&�� #+ .��+, .��� +#! ��	�0�  R!�<�# � :� 

�; .���  �u)��$  &�� �!�  �G�%�  ��2� CHROMagar Candida 

�2� ���� +# � Z�< �@%��� !� ���� 35 	P!� � ����� ��&
 	�  >+�� 

48 ����� 	��6�� �&
�+ .+#! Candida &� v���  w��!  �.��� �� ���� 

�+# :!����� �&
�+ )12 -10(.  

1.��� ��:%�&�� �@%:�&< )Polymerase chain reaction �� 

PCR:( 7�&���� DNA �:� ������� � R�! Glass bead *.0 Z&0�&�� 

Z���� �0&
 )15 -13(. &� v��� >�,)�`� �B4�� :� �&@���&<�   

ITS1 )5’-TCCGTAGGTGAACCTGCGG-3’ (� ITS4   

)5’-TCCTCCGCTTATTGATATGC-3’ (	� '�. 0��� �[P 

Q�&�0� 	��
 ��� Candida !���+� ������� �&
�+ )16( .�&�� 1.��� 

PCR� n@ :� ��:A�1 ��� ��+,�� Z����&� �; 1.��� 50 �%)�&6%&�� 

�� 5 �%)�&6%&� &0�� PCR� 5/2 �%)�&6%&� 2MgCl 50 �%�� �!x��   

1 �%)�&6%&� Deoxynucleotide nucleotide triphosphates 

)dNTP (10 �%�� �!x�� 2 �%)�&6%&� �&@�&< �0! )ITS1 (� �2
&� 

)ITS4(� 5/0 �%)�&6%&� /�A�= Taq DNA polymeras unit/µl 5 �  

5 �%)�&6%&� DNA � &`U� qA � �])����%�/ �Z���� +# .0�&@%* ���� 

*C�&� &%r6 	,`4� �!�� &t� !� (�� 	,)�`� !� T�+P 1 �+�A ���. 

�[P �!&�� ��+���� �!�� &t� :� TE :!�
A 1  +?!�������� +#. 

=��y� >x���bG� PCR ���� =�/���A ����� :�z�����+���� )RFLP ���� 

Restriction fragment length polymorphism(: ��&� �����  R&�� 

;%�<�/�A !� 	�#! ��� &%r6 �	�0� � DNA � +%)�  �����])�  >������ 

!� ���&<�� ������ :� �� /�A�= &ix��+G� MspI � HinfI ) ��%5E�. (

������� �&
�+ ./�A�= HinfI  !���4  ����  	�� Candida albicans �! :� 

Candida dubliniensis 	� ��  /��A�= MspI  *���4  Q�&��0�  �<��  �+.�#�� 

6�%; �<��+ )17(  .  

  

���� 1. ����� ���� ���  
 !	"� �#$ 	! �%& ��'���  

����  	�� ����) � ��	�� (���  �	��   ��������  

Initial Denaturation  95  5 )�*�+  1  

Denaturation  94  30 ��,*�  35  

Annealing  56  60 ��,*�  

Extention  72  60 ��,*�  

Final extention  72  5 )�*�+  1  
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������� �	
��� ����	�� �� ��� ����� ��������� � ������ ������� 	
��� '���%�
 ) 

���� 2. )*��$� 
 +���  �",�� PCR )Polymerase chain reaction (� RFLP )Restriction fragment length polymorphism ()16(  

���� 	
� Candida   ����� 	
� ��	! �!  ���� )bp (	! "�#$% Hinf I   ����� 	
� ��	! �!  ���� )bp( "�# 	!$% Hinf I 

Candida albicans  300 ! 240  270 ! 270  

Candida tropicalis  340  !180  260 ! 260  

Candida dubliniensis  300 ! 240  260 ! 290  

Candida krusei  260 ! 250  240 )150 ! 150(  

Candida glabrata 330 ! 570  360 )270 ! 270(  

Candida kefir 720 2361 131 ! 117 

  

{B   �*<,)�!����17 �%)�&6%&�   �&�`U� qA2 �%)�&6% &��   :� &0���

/���A :� Z�+��� &����= �����  �|����&�10 �%)�&6%&���  T���bG�PCR �   

1 �%)�&6%&� /�A &� :��=  |����+#  ns� �	�  >+��;   !� �����

���� 37 	P!� � �����   ���&�
 	�]� !���  +�# . ��[P  ��!&��  T��  

>�,`4 �!�� &t�� :� TE 2 +?!� ������� �&
�+  T�+P)2(.  

  

$��&	 	
  

	,)�`� � &X�C &� �!� ��  ��&�
 38  &���� :�  5��&��   �+�..� a&�b� 

)�!�� ��&
 ( �9%&  �+�..� a&b�  �� �%!�] ) ��&�
  +���#(�  n�@ :� 

	,P�&� 	� ��:A���]2 �%5���!�< �7+..� Z���� �0&
  .  

� �%5�/ ����% ���/%5� Candida albicans !�  5����  ��&�0�   ��&�


�!�� �%1 :� ��&0� +��# ��&
  Y����  	��  !�� �  	�� � �%]��%(  ��%!�] 

0&b�� !� ��&0�  �!��� ��&
� 41/8 ± 63/20   }��!� :�! �  &�� �!� 

��+, .��� &<�� �~&i ��� )05/0 < P.(  

.\<�%�( �%]��%( �%5�/ pH |�B!� .,�� !��� ��  ��+�,  �.���  �+�P 

�+# :� 5��� !� �� ��&
 �!�� 	,)�`� 5�2� ��+� .�%5�/ +.4  Q�/��  5���� 

!� /%� �!�� ��&
 49/0 ± 28/2 � !�  +���# ��&
 00/25 ± 14/2  ���� 

	� >��� .,�� !��� 5�2� ��� )05/0 < P .(  

��+, �!��� S��-� 5�: � ��!��  ��#�+[�  5����  /�%�  ���  1���� 

����%��/%5� Candida !�  &�� ��  ��&�
  |��B!�  �.,�� !���  5��2� ��� 

)05/0 < P.(  

	��
 ��� Candida !� ��&0� ��&
 �!��� Candida albicans �� 

16 �!�� )10/42 +?!� �(Candida krusei �� 1 �!�� )63/2 +?!� (

� Candida kefir �� 2 �!�� )30/5 +?!� (Y��� ��� !�  ��&�
  �+���# 

���[. Candida albicans ���� ������&0� 10 �!���� )31/26  (+��?!�� 

Candida kefir �� ����&0� 1 �!�� )63/2  (+?!��+��2� +#.   

*6��# !�  �����1  �2  Z������ �������RFLP-PCR  �:!���0�&�6)� 

 >x�bG�	-��U� �  �� !� 5A � .���� �+��2� *��4 ��&
   ���P� ��� 

������� :� /�A�= HinfI �Candida dubliniensis !� �%�  ��; :� �� 

��&
 +��# � �!�� �+�� +2�.  

 
��0 1. ���� ��"$1 ITS )Internal transcribed spacer (

	%����*"2 �� )!�345� *� ��6%���7
 ITS1 � ITS4 )8��9 
�� 1 �   

6 :�:$��$ '"�'"�1 bp 50= 8��9 2 :Candida albicans= 8��9 

3 :Candida krusei= 8��9 4 :Candida kefir= 8��9   

5 :���0 3@�1(  

  

'(!  

��+C 400  	���
 :� ��
!�% =�-  ����  �������  (����  �&��C �  5���� 

�� +.#��Y  	��  !�� �  	�� !�  &�� �% ��� )% &�� :�  Q�/��  �5����  ��%1 :�   

106 �%��
!��&6%=- �� 5�� � ��0� .� �6� :� � ��( �%��
!��&6% =�-  ��� 

Candida albicans �� +#�� 	� �%&�2�( 	��
 � Candida !�  5���� 

����� � '������ ��&��]� 	��� &���<� ���#�H �+.���-� *����# '������   

Candida tropicalis� Candida glabrata� Candida krusei� 

Candida parapsilosis� Candida guilliermondii �   

Candida dubliniensis �� #�� )18( .  

Candidiasis ����� !� ��%	� � 62%* �%0�%=� �  +�#!  ��%1 :� 

+C 	��
 ��� Candida ����� �� ��# .&� 	��
 O%%& !� G�%� 5��� 

*r� �/0��1  /����
  �Q�/��  1���� pH  �Q�/��  1���� &P ��5�  �Q�/�� 

a&b� �%�!�] R:�� � 62$� 5��� I��� [-%* !� ����% ���/%5� 

	��
  ���� Candida  ���  +���# . (�6<�  ����  	��  ��%!�]  	��  !��  

9%U�-�&%= I��� �/0��1 ���
�<�%( �
%:�6�	� ��# )19(.  
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                                                  )A'�    (                                                                                      )B(  

��0 2. )A'� +C",�� *	"D��4�'� :(ITS-RFLP )Internal transcribed spacer- Restriction fragment length polymorphism (E$F ��%G 

HinfI !����
 ��� *�%�  :��:$��$ �bp 50 8��9 � )!"� 
�� 6-1 !���� �� I"���
 �$"7$ *� ��
  !��D�)��J 
�� 1� ���0 � !	"� �0��   

8��9) 
�� 4 -1: Candida albicans=  8��95 :Candida krusei=  8��96 :Candida kefir.(  

 +C",�� *	"D��4�'� :(A'�)ITS-RFLP E$F ��%G MSPI !����
 ��� *�%�  :���:$��$ bp 50 8��9 � )!"� 
�� 6 -1 !���� �� I"���
 �$"7$ *� ��
  !��D�

)��J 
�� 1� ���0 � !	"� �0�� 8��9) 
�� 4-1: Candida albicans=  8��95 :Candida krusei=  8��96 :Candida kefir.(  

  

	��
 ��� Candida �!��� �%=�- /�A�<�  ���  +�#��  	��  +��!��4 

�%(�&��!+ ��� ���!A%; !� ��� �%!�] �!  	�� �&% >��B  ��!��%5E�. 

 +�B�* �<�� +�. )20(.  >��,)�`� : ����� 5���2�  ���  +���  	�� aF���$� 

.,�� !��� �%( >+# ����%��/%5� Candida !� 5���  ��&�0�   a&�b�

�+..� � � 9%& �+..� a&b� � �%!�] �!�� ��P� ., %�%( � �%5�/ 4� �%{ 

 !��yC Candida albicans !�  �&��C � �5�����  |��B!� 	��� *������ 

�+,��� +.��<� �(� �%5�/ ��F� �%�5��/ A ������  �&��C �  5���� � 

��F� 5�+�� �� �!�� )18(.  

Arendorf  �Walker &� �!� �� ��&
 54 &���  �+�..� a&b�  

� 9��%& �+��..� a&��b� ��� �%!�] 	��,)�`� � ���%5� +�����<� 	��� ���%5�/ 

Candida !� 5��� ��&0� *4�� 	� 	� R�! �2� ��
!�%=- %�j+  �#�+ 

���� 	� !�  .,�� !��� !� ��&0� �+..� a&b� � �%!�]  ��%1 :�  ��&�0� 

9%& �+..� a&b�  �� �%!�]  R!�/�
  �+�#  ���� . �.\<�%(� !� � ��( 

	,)�`� �%]��%( pH 5��� ��&0� *4�� Candida�  &��<� )3/0 ± 6/6 (:� 

�%]��%( pH 5��� ��&0� 9%& *4�� )3/0 ± 8/6( ���� ��� )21( .  

!� 	,)�`� � &X�C �%/ � �%5�/ ����% ���/%5� Candida albicans 

!� 5��� ��&0�   �+�..� a&�b�  �� �%!�]  ��%1 :�  ��&�0� 9 �%&   a&�b�

�+..� � �%!�] �+��2� +#Y 	� !� � 	� ��+, }� 0&b��� +.4  Q�/�� 

� �%/ ��+, �!��� ������� :� S��-� !� :�! !� ��&0�  �+�..� a&b�  �

�%�!�] >��� *��4 	tCF� � .,�� !���   T��B�� 	� ��#��. <� �(%�.\ 

!� 	,)�`� � $�%& �%]��%( �%5�/ pH !� ��  ���&�
  |��B!�  �.,�� !��� 

�� ��+, .��� �+P �+# :� 5��� �� ��&
 �!��  	�,)�`�  ��#�+�  (��� Y

 �	�0���� 	,)�`�  �Arendorf  �Walker  �����<����!. 

a&b� �%!�] �� O%%& !� T���  ����  �@�� � �%T�  5���� �  1���� 

T��� ��� n���&]�x � ��6)%�  ����  �5����  8�P��  =��&�0 5�!�A 

����%��/%5� �!�4 �� ��# )23-22( . 	�,)�`� � Shin �  5�!��6<�  &�� 

�!� �� ��&
 180 &��� a&b� �+..� � 9%& a&b� �+..� � �%�!�] 

��C� :�  >+�# ����% ���/%5� Candida !�  ��&�
   �+�..� a&�b�  �

�%!�] �B-� 	�  ��&
9%&   �+�..� a&�b�  �� �%!�]  ���  +�#��  	��  ��� 

	,)�`� � &X�C ����<�� �!�� )24(.  

!� 	,)�`� � &�� � �&�%(   5�!��6<� � 5��2� ����  +�#  	�� :�   

37 &�� �+..� a&b� � �%�!�] 27 &�� �!��� ����% ���/%5� Candida 

����� +.���#�� � aF����$� ���.,�� !��� ����%( ��+���, 	�����
 ������   

Candida albicans� Candida glabrata� Candida krusei � 

Candida tropicalis !� �&�C � ����� ��&0� �+..� a&b�  �� �%!�] 

� 9%& �+..� a&b� � �%!�] ��P� �!�� )25( .  

&
� 	3 !� 	,)�`� �  &�X�C � �%/ Candida albicans !�  &�� �� 

��&
 �%&�2�( ����&0� �! 	� ��$ ��b�$� ���� ��� �� ��P� ������� :� 

/���A�= ����� &ix���+��G� Msp I � Hinf I� Candida glabrata � 

Candida dubliniensis  �+��2��2+ . 

��%	� 
%&� �[��� ��( 	� a&b� �%!�] :� *����  +,��-�  ��+�..� 

�[P [-%* +#! 	��
 ��� Candida !� 5���  ���  +�#�� � ��! ��� 
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��� '���%�
 ) 

�#�+[� 5��� +.��<� S��-� �5�: ��+, }�  0&�b��  ��%�!�] pH � 

+.4 Q�/� !� �%5�/ ����%��/%5� &<�� �~&i �� +.#��  .  

.\<�%( !� ��( 	,)�`�� =[� &�( 	��
 �  &�<���  �+�P  �+�# :� 

5��� ��&0�   �+�..� a&�b�  � 9 �%&   �+�..� a&�b�  �� �%!�] � 	���
 � 

Candida albicans ������ � 	�����
 ������ Candida glabrata � 

Candida dubliniensis 	� 5��.� !��0 5��� �+P �&]��+.  

  

������) � *+�  

��( 	)�U� :� 	�0&
&� �&  UG% ��U�  �B&��  ��� �@ ��5�  	���� �  q��b� 

��]2��� Z��� 6#/@� 5�[�?� 	� �!�<# �&  393272 �� +#��. 
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Identification of Candida Species in Oral Cavity of Smokers and Nonsmokers  

 
Mohammad Reza Javaheri1, Faezeh Mohammadi PhD2, Mostafa Chadeganipour PhD3,  

Shahram Nekoian4, Parvin Dehghan PhD5 

 
Abstract 
Background: Candida albicans is the most common fungal species isolated from the oral cavity. Oral candidiasis is 
due to biofilm formation and an overgrowth of Candida species. Cigarette smoking can affect Candida colonization 
of the oral cavity. This study aimed to investigate the presence and identification of Candida species isolated from 
oral cavity in smokers and nonsmokers individuals.  

Methods: 76 oral cavity and saliva samples were collected during March 2014 to September 2015 from two groups 
of smokers (n = 38; mean age: 48.50 ± 9.76 years) and nonsmokers (n = 38; mean age: 44.68 ± 10.79 years) as the 
control group. The swabs were cultured on sabouraud dextrose agar (SDA) media and then, pure colonies were 
picked to transfer on CHROMagar candida. Likewise, the saliva samples were collected from the both groups for 
the measurement of salivary glucose and pH. The identification of candida species was completed using the 
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method. 

Findings: The incidence frequencies of Candida albicans, Candida Kefyr and Candida krusei were 42.10%, 
5.30% and 2.63%, and 26.31%, 2.63% and 0.0% in smoker and nonsmoker groups, respectively. However, 
Candida dubliniensis was not detected from the oral cavities in both two groups. 

Conclusion: At the present study, the colonization of Candida albicans in smokers was more prevalent 
compared to nonsmokers. The amount of salivary glucose, the number of cigarette smoked per day and the oral 
hygiene status were the most important predisposing factors for candida colonization in the mouth. 

Keywords: Oral Candidiasis, Candida species, Polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) 
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:����� �������  ������� ���D ������ �� ��� �!� ��"�# � $�%&� '� &(�� '% )�*�+ ��� ���*�� � )�*�+ ��, ��� )� )��-�+ ���  .��+ &� ��� .��+� 01  .2 �3

 ������� �� 4����D )� ���*�� 4���� �+&� 56�+ �� 5�� 7� 2 +�# '8�9� ��+ .23�� )��-�+ � )�*�+ ��, ��� . �&� :2� �� ������� �� 4���� &�;<# )�D 4�&=&���+ � 

 ���a1 4�&=&���+ �� '���1� ��  ���a1  '� >�?� 4+��*�� �� )��-�# '�MS 23 @�( +.  

��� :�� '8�9� ��+ ��  .)=��A# )�&(# �57  '� >�?� ��*��MS  ������� )!���B% C+&;+ )��&� �+&� D�&E 7� .2 23 ���1# D�&E �� '�D 6+ 28� .6 .12  �24  .D��

 ������� �� 4���� �H#D  ��� 4�&=&���+ �a1 I%����).  (4+&�+ �L���� �%&3 �,�� ��� 4�&=&���+ M1= &��� D�&E � 2��=&E �+&Na1 2 ��*  �=����.  .'8�9� ��+ ��

'�=��  ���MRI )Magnetic resonance imaging ���8� � ��O �+28# .(EDSS )Expanded disability status scale .'8�9� P�&3 @���� �� (12  �24  D��

D6+2 + ���� Q���  P�  '� '��� ����R S�� R P�  .�=&E �+&N )��&� ���� 4���� P�&3 6+ 28� ��� C��T�� �&�E. 

����� :��  ������� �� '% ) +��*��D D&*  .��+� ��+ �� 4���� ��� �� 6+ 28� .2 23 4����  �EDSS ����U ) &#014/0  =P) &�*% ��O 4+S�� .(240/0  =P �+28# � (

 C�8��W ��� ���Gradient-echo )GE) (001/0  =P2 �+� 4�X  ��, 6+ (. 

����� :����  �������D  '� >�?� 4+��*�� 4���� �+&� Y���� )!*% ) ���� D+� 7�MS )� ���*�� 4���� �� ��+� ��+ 01  .23��  �� )����� )�*�+ ��, ���

 C�1�1H#)����  '� >�?� 4+��*�� �� 0��ZU ��+ Q���  .�&�E �+&N �&�X�� '[�# ����MS  ������� \9� '% �+� 4�X D )� 0�U ]��O 2 +�# D2��% )��E  )?���� �

 ���*�� C23 �+&�MS  ������� '^ &E+ .���-  �� .23��D )*   ���*�� 42�R ��[� '� �BO 4+��O '� '"_>� ]��N ]��O 7� 2 +�#MS )� ��+ .23��  4+��O '� 2 +�#

��3 '�=&E &"  �� ���*�� ��+ 2�2X# �� D�1�� )9�H� ]��O 7�.  
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MS )Multiple sclerosis ������ 	
 (  ����� � ���� ���
� ���

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

&�' �� (�"��  )�*�+' ��$� ,��- ������ �
� .�"�*� � .
/� .��$1

 ���
+1 �� �� )������ � 2�" (�� �3����      �4��� ����5� �"����� ���-

)���� �
� .26� �3��71  &��' 8��4 $�  � $�93� :� � �-    .��3�- �����

)���� ,� ����� �� ($;�<� �� �� )������ 2�/6 =��>�� ��-  �",��"�

?�� ,� (��@36� �� $
+1�" �� �� �      ��
� A�!$�6 ��$�� �
+B
��> ��-

�� ������ .���!  

�� )��1 �! �
�> )C ,�  ���MS      D/3��� 	�
 ��6�6� ���; ��

    ) �+��!$� ������ .3���6 $��� ���! 2��6� �����
� �����CNS  ���
  

Central nervous system���� $�EF��# ( )������ $��G!� =���7��1  ,� ���-

  (����! A�!$�6 ��-����    ��� (��@3�6� ����
� �     8
��H# &�I" .����!

(���!  ������ )���� �� ���
� ��-MS ?�� ��    ��$�� �
+B
��> ��-

 .
/� D$3�!MS      �$-��J K���#�� 8��L� ��� .26� (��" �3M$1 (�
��"

 ����3
�D   ��
� =)�� ���
� 8
�H# �� )C �H��; &I" � ������ �
� ��

 ������ )���� �� D��H� ��; �� ����3
�MS ) 26� (��� $EN�1.(  

 ������MS   &�I" .���� �B3� �P�5� � 	�3"Q 8��� �� $- ��
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 ����3
� ��$� �L��3��D   ������� +"Q�#�' ��MS    ��P�5� 8���� ��� =

�� $� ������ �
�  .��$1MS  ��&<�     $�#��� ��3�6� R�� ,� �! �
�-

   &�<� ��
� �� .2�6� S
�� $3��� =��3-     T$�H� �� �$��1��$4 =��-

�H��   U�H�V &@��� ������ �     ) 2�6� W�
�� $�3�! � $�#2 �H��� .(  �

�� Y��� =&@�� ������      �����3
� )��� ��! ����D     ��
� .���! ���L�#

    �����3
� ZP�6 ���� �! 26� )C ,� �!�� =K��#��D   +"Q�#��' �MS 

���P� ) ���� ��>� [�*H� �3    ������� $�� �����3� �P�5� 8���� .(

MS �� $�EF#       ��� D���3�� =8����� ��
� ���� ,� .��"��71  �H��� ���  �

  ��B�-$M 8���� �
 �
�]�# �� �
��M�$9> T$� �� 2�" &@�� ������

T$� �� 26� �*�� �!     W�
�� U��3<� �
���M�$9> U��3<� ��-   $�#

�3� �P�5� 8���� ��� �� =���� )�+�� $� �! ^�MS  ��� $�EF#   =��"��71

) ���� 8��� �
$#$EN�4.(  

�HL�P� )C ,� $@" 	
 �! �
�-��4�� ��� $� ��   ������� �� �-MS 

 ��" 8��I� �� ���4 �$�1��$4 `�� =�HL�P� �
� �� .�� `�%"� =��� /3��

 ������ �� /3�� $P� &
�+M� �� ������MS    2���� K���#�� (��
C ��

)5 �34� .( �H��� �!       ��� �����$� 2�6�' ��� &@��� ������� �   =���!  

7 -   ��� 8
���# D�$@��! �L�! �� D�$3�!����-�     ��� =2�
�]" �� � ����

 ����3
� D�HM 2�L���3� ��%
�D �� $%��    ��� =2��L���3� ��
� �! ���   ��"��#

) ���� �3��� 	
Q�L�"��
� $�EF# =8���� $
�6 $�EF# ��� ��6.(  

 ����3
� �! ��I" )���]M ��$�D ��  �� �"��#MS    =����� �3����

         .���� ����� ����
� .3��6 �� )C &�I" 2�6� `,e ���! ���; ��

 ����3
� 2�L���3�D ��    �� ��f#�$�' )���� :�#$# �
�� � )Q )��� �"��#

(�"$�1 �� D��#� �
�"��# =����, �
� �� D�G� 	
 .�-� $��9#   )��� ���-

 ����3
� �L��6D )VDR  �
Vitamin D receptor ��� (  ) �����7 .(

�� .-�$M �� ���"�*� =$�� �
�  ����3
� =)C �� �! ��!D ��   .�g" �"��#

D��6 �� =�#�h � ��1,�6 ���
� 
� ��-� $�� �
� i��-� ���� �! ��

   $�EF��# $��� 2��Le� +���" ������� ����$� .����! ����%
� =��3��- &���!��

����' .���M���  ����-VDR  $���MS  ���"���)8 ������3
� $�EF��# .(D  ��

&�' D�� �� ���
� ��� )���� � �$�1     (��� (��� )���" �"����� ��-

   ��
� k�L��"C �
$#$EN� �6�$� D�� �� =$V�� D�� �� ��II5� .26�

  ) ��3�- ��"��> T���� �
$3�! �� ����3
�9  D��� =����m�- .(   ���-

 (������� ������@� �"��������   ��������3
� D�������� .�����"�D  ��EAE   

)Experimental autoimmune encephalitis  �� �� .�
/� n�� (

?�� �� &-�! �- ) �-�10.(  

 ����3
�D ������ $
�6 ��     ��
� p2�6� $EN�� +�" ���
� ��� ��-

  ��� R�#$�� ���
� ��� .�"�*� �� �� ����3
� �
� �$*��� =$��   .�,��6

 ������3
� �B3����-D �������� �� +���" �� �
����M�$9> T$��� �  ����-

Parkinson  �Alzheimer�� = �P��� �� �! �
� )��#    ���� �L���3�� �

 ����3
� �� ������ �6 �
�D ) ���� (����11.(  

(��� $3���  ����3
� ����! �� �-D    �� �L���3�� D/3��� 8��� )���� ��

  ��� $�g" �� .���� (���� =������ 2M$��'      ������� ���"��- ��! ��6�MS =

 ) (��� �����]3L� ��������IBD  ���
Inflammatory bowel disease =(

) ����q�#���� 2��
$#�CRheumatoid arthritis) [���'�L =(Lupus =(

) ,�$�*6��$#C =��! ���
� ��� ������Atherosclerosis +�" .6C � (

  ������3
� ������! $�EF��# 2��5#D ���� ) �������13-12 r��L��B���6 .(  

 ����3
�D ������ �� ������ +�" � ���
� ��� ��- ��-   ��� �! ���]3L�

     ������� .2�6� $��1�� =��3�- R�#$� �
�������� $g" ,� n��MS 

    ��! 2�6� (��� ���� .26� R�#$� ,�$'�f36� &
�+M� $P� �� ���m�-

 )������MS    �����! =$�V�� D�� �� �
 �3�71 �� �"��, 26� �*��

 ����3
�D ) ����� (�$! ��$%# ��14.(  

� �
� �$���! $� )�II5� =�
� $� ���   )����� �� �����3
MS   +�!$�#

(�$! (�� D��"� �� � �"�  ?�� ��$�� �
+B
�> � �I#�� ��-    ���>�� ���-

�HL�P� 	
 �HL�P� �
� .��3-    ��! ���� ��! �6 �� �M���# ��$%# �

 ����3
� )C ��D   ��3� )�$M$3�
� ��a1     )������� )����� �� (s!����6)

 �� /3��MS �# �� s!���6 �� )C $�EF# � (��@36��� �
�I� �
�].  

  

��� 	
  

  =t���I5# ���
� ���;57 ������� ,���u� Relapsing-remitting MS 

)RRMS(    	�����! ��� (���! �H>�$�MS    ��$�-+L� )�3�6�����([) 

�"���� ���HL�P� ���� )�]@��v�. ?�� ������#  	������! R��6�# ���-MS 

 $]� ,� )�]@v� ([) ��$-+L� )�36�����1391  $]� �#1393  �� `�%"�

 8v�� ^��%� �� �!24 �' (�� �� �$�1  ��6�$� .����    �
$��C ���-

 $]� �� �HL�P� ���� �����1393  .��6� `��#� ��  

   ����,��� 8�HL���3�6� =�HL�P� �
� ��$� )������ A�<3"� ��-���H�

(��  �2013 McDonald# n��/;� = ����*MRI n��/;� =���L�� =

 �6 =�-�B�
��,C W
�3"65-18 =D�6 `��  ����  ��; 40 ,��  8��4 ,� 

^�$��� ���HL�P� � EDSS )Expanded disability status scale (

$3�!  ,�3 ���' .�& I5# `�%"� ,��=t �!�� � ��)���� �� 6�s!�� ) 2���6 

2!$� 6�DQ�� �
)�$ (�� n�� 40 ,�� 25# )���� ��$4 ��3M$1  .  

   ��� ������ $B
� ne/3�� 8��� =�HL�P� ,� w�$� ��-���H�MS 

 �CIS )Clinically isolated syndrome   .�
/� �3M$�1 $g" �� �� (

 )����� =������ .�"�*� �        8
��H# ��
 � (����! A�!$�6 $�B
� ���-

(���!  �; �! s!���6 ,� $�  �� ���
� �4     (��� (��@3�6� �3��71 (��

 ����3
� ,� (��@36� =�"���D  �; .��! 8�*� �
4   =��HL�P� ,� 8�4 (��

.- ����� ���L�� n�HL�P� �� 2!$�   ��
 ��HL�P� �� )��,     (��� ��6 ��;

   S��M� ���
 .���L���3� =A7��> ���� R�#$��� ne/3���� �3����� =�3���71  

 ����3
�D.�"��� �-�$�� � ������� =�H��; $�  .��! ZP6 =  

(�-��� =�
� $� (�/�  �H��; $�  �$*��� 8G� �
�� n/*�� �
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  ����4 �
 ����! =	
Q�L�#��- =���! =���  =	�L���3� =���� .3�6

   $�� ��� $�%�� )������ )C ����M w�      =����m�- .��
�$1 ��HL�P� ,� ��-

   ���M =n���3������ =��
,��#�$�!����- i$��     ��$�� D��3
x
� � ��q��#

     &�I" 8��L� ��� .��
�$1 ^���� �HL�P� �� (���! 2!$� )������ ����#

       ���L�# �� ������� ���" T$�H� �� �$��1��$4 n��� D�; � )�+��

 ����3
�D� �
��M�$9> t;��� ,� )������ ����# =    )�]@�v� )�3�6� �����

 .�"�� A�<3"� ()�]@v� $]�)  

 ����� s"�$��@�! t���; t���I5# ��$��>� ?��  ������L�ICH-GCP 

)International Conference on Harmonization of Good 

Clinical Practice) 2��M$1 ��$��4 D$��3�! 2��5# (16-15 ,� s��' .(

    =����� 2��
Q�L���" ���� )�������� n������ � ���HL�P� 2���-�� ���6�$�

2
�V� ���"      ��HL�P� 8�HL���3�6� .��� :�! )������� ����# ,� ��3! �  �

�3��! R6�# $V��   .���6� ��
F# �� )�]@v� �*�+' `��� (�B�"�� y/�� �

&
��,C 2�E +!$� �� �HL�P� �
�   .��6� 2�E �� )�$
� ���L�� ��-  

  =��HL�P� ���3�� ��70       �� .�"��� A��<3"� R
�$�� ��>�� ������

D��$   =��L�� �$112 )C ,� $@"    ��� ���� ���-���H� �3���" $;�� �� �-

      ���; ��� .�"��� i7�� ��HL�P� ,� =����� ��� ?$
7' `�� �
 t�I5#

 ^��%� =��!58  �� /3�� �����MS  �� �HL�P� � �"�� ���� �HL�P� ��

  ������ 	�
 +> �� p�"��� ����� 8*�� )���=      �1���m�' $;��� ��� ��!

 .�� i7� )����  

 t�; )������(��� � 2��> �I�; ������ �   sz�6 � �"�� ����

 �M���# A�<3"� [�6� $�1:1  �! UL� (�$1 :�"�� .�I# (�$1 �� ��

�� 2M�
�� s!���6 RIM      (�$��- ��� s!����6 ��! A (�$1 � �"�$!

�� 2M�
�� �!���� .��! �"�$!.    ��$�� �M����# ��; �� �! �"������

 ����3
� 2M�
��3D �� A�<3"�   =�"���7000     ��$�� ��"�,�� �����4 

 n��v �� � �"�$! 2M�
�� ����3
� �3@-    �����3
� ,� ��
� 8��5#3D =

 )������14000  ��$� �"�,�� ����92 �3@-  �4��� �    ��"�$! 2�M�
�� (��"��. 

 ����3
�3D       ��� +
��%# �"�5��v ��� Z��v ,�� $�- �!���� n��v ��. 

 ����"$� ,� (��@36� �� �M���# A�<3"�      ��HL�P� ^�$�� ,� &��' �$#��z���! �

2
Q�L���" .�� `�%"�    ,� s�' ��HL�P� .g�� n��
�H� �� �! �
�-6 =12  �

24 �� ���*�- (��     s!����6 (�$�1 �̀��! �! �
� ���� �� ��/;� =�"�$!

��! (�$�- �� s!���6 (�$1 �̀�! � �
�]�# ��  ��� 2M�
�� D�
$# !  =��"�$

&�' n��
�H� =n��$V n��v �� �! 26� $!h )�
�� .��3���"   (���" ����

�� `�%"�      ��$�� ��� �3�6��� )������� ,� =�HL�P� ^�$� ,� 8�4 (�� 	
 .��

   ��1x
� � ����4 ���-���� 8��� �*�+' t���6 )���    � 	�
Q�L���" ���-

 +!$� �� =	
Q�L���" � �*
+�M n��
�H� `�%"�MS ��! �H>�$� )�]@v�  .�  

         8���� =���3M$1 ��$�4 ��6�$� ����� ��HL�P� ��
� �� ��! �
�-$3����'

�3M�
  ��-MRI )Magnetic resonance imaging   ���� ����H# � �+9� (

 .�"���MRI     =��HL�P� ^�$�� �� `����L����1 �� �+9�12  �24    ,� ��H� (���

n�H
�V ���H# 2]> )���� ^�$� s"�]"�   n�H
��V � `����L���1 �� (�"��

 �
�>MRI  $
���# ��2T .�� `�%"�  

   � )������� (�$�1 �� )���� n��@# ,� �! $�3H� 2
Q�L���" 	


�3M�
  $
���# =2���" ^/;� ���L�� ��-MRI    $3�����' .�$�! ���
,�� ��

�H��6�# =����� ���HL�P� ���
� �� ���! ����� ���-��� �����H# `��  .��
/� �

 # ����4 .
/� )�� $#�� �
 �
�> n�H
�V S�%# =	
Q�L���"  U�
$H

��  84��� �! ���24   2�"�@� � :# �� �;��#�� � ��*� D�; 2��6

 .���� �3���"EDSS    ���
�H� $�- �; �! $B
� �*�+' � �-���
�� �

�� 2�E    ��u $�1� �! 2��� �>�# �
�� .��3M$1 ��$4 �>�# ���� +�" �"��

        )���m�- ���� =���3M$1 ��$�4 ����
,�� ����� ��-$3����' �
� =��
�H� $- ��

� T����)��� �� �3M$1 $g" �� ���> ��-  $P� �� )������ ���
� �# ��

(�-��� n��v �� .�3@�" �� i7� �HL�P� ,� ����� =T���� � .��    

 )������ ����#MS   	�����! )���!��! =MS    ��$�-+L� )�3�6�����

 )����!��! � )�]@��v� ([)IMSS )Isfahan MS Society ��$��M� =(

(���! ���
,��   $
����# �MRI  2�
Q�L���" �     n���@# ����� �� ��-

(�$1 (���! 2M�
�� ��- )���� �  ��3M�
 � U�3<� ��-     ��# =���L��� ���-

 n�� `��#� )��,24 �-�� �� �HL�P� �  =(��� �
� D�; �� .�"��� ^/;�

 =()���� T���� ,�$� n��v �� $B�) ��$M� �
� � )������ ��� K��#��

 .�
�$1 ^����  

 [�6� $� ����C 8��5#26� 8v�   $�� ��� .�� `�%"� )���� �� ���


)��,C ����# =�
�          .��� `��%"� $�g" ����� ���-$�93� ��� :�6��3� ��-

)��,C  ��-t =2
χ  �Fisher's exact      �� =:��#$# �
��� .�"��� D�����

�I��6 � 2��> =�6 $g" ,� (�$1   �1���"��� �MS    .�"��� ��B�-

 =)���� ���3�� �� (��C 26� �� W
�3"6 =12  �24     ^�$�� ,� s�' (���

 )��,C ,� (��@36� �� (�$1 �� �� )����t  )��,C .�"�
�$1 �
�I� .- ��

Repeated measures ANOVA     ��� ��>�# ��� �� (�$1 �� �# �� (��@36�

 $��9#EDSS   .��! �
�I� t�I5# �; ��  

�HL�P� 8��5#     (��@3�6� ��� $�V�� � ̀$�" ,�   ��+�M�SPSS  �<�"  �20 

)version 20, SPSS Inc., Chicago, IL(  ̀ ��%"�   .���05/0 < P   ���

��H� ZP6 )���� �� �3M$1 $g" �� ����.  

  

���	 	
  

 =�HL�P� �
� ��57   ��� /3�� �����MS      ��$�4 ��6�$� � ��HL�P� �����

 )������ �6 ��B"��� .��3M$14/7 ± 5/28 ����� ��  �65-18   .���� D�6

7 ) $@"3/12     � �$�� =)������� ,� (��v��50  ) $�@"7/87   ), (��v��

 .�"���33  ����3
� =s!���6 (�$�- �� )������ �
� ,� $@"3D   2�M�
��

 � �"�$!24  2M�
�� s!���6 �]�# =$@"��"�"�  D���> �� .1  S�
,�# =

      :�� $�� .2�6� (���C )����� ^�" :� $� 	�M�$1��� ��-$�93�

 )��,Ct    ���H� i/3��� (�$�1 �� )������� �6 ��B"��� =   .2����" ���
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�� ��� ������ � 

)��,C :� $� =���m�-  ��-2
χ  �Fisher's exact  ��"���$M S
,�# =

�I��6 � 8-F# 2�HV� =n/��5# =s�>  �����M �MS   (�$�1 �� ��

H� i/3���� ��� ) 2���"050/0 > P(.  

8*� ��  ��-1  �2 ��3M�
 �"���$M �v�� :�#$# �� =   ���-MRI  �

 2�/� ��L�� �"���$M �v�� +�"MS     2�5# )������� �� (�$�1 �� ��

.26� (��C �HL�P�  

  

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

  

  
 ���1�����  !����� �"�
 .  ���MRI )Magnetic resonance imaging�$%�&� 
��� '���() �
 (  

  

  
 ���2 ,�-. /%��  !����� �"�
 .MS )Multiple sclerosis���	 �
 �
 (  
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vitamin D+interfron interferonVitamin D + interforn Interforn

����  

�����  

���	���D �� �������� ����
  ��������   �����P 

 �  5/8 ± 4/29  6/5 ± 3/27  31/0  

+,-  �.�  )2/15 (5  )3/8 (2  69/0  

�1  )8/84 (28  )7/91 (22  

234567  8�9:� .:1  )2/21 (7  )2/4 (1  21/0  

8�9:�  )5/48 (16  )3/58 (14  

���;����  )3/30 (10  )5/37 (9  

<�=7 >4?@#  <�=��  )6/57 (19  )8/70 (17  31/0  

�.��  )4/42 (14  )2/29 (7  

�A!��  ��4��B C  
Multiple sclerosis 

�����  )9/90 (30  )8/95 (23  15/0  

����  )1/9 (3  )2/4 (1  
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 ����2 01�� ��$� 2��3!� � /4!�� .EDSS )Expanded disability status scale���	 �
 �
 '���
 �� �$) � �56 �
 (  

����  

�	��  

 ���	���D � ��������  ��������   �����P 

D4E�7 ���1  32/0 ± 14/1  21/0 ± 10/1  780/0 

6 �?! ��  63/0 ± 50/0  54/0 ± 06/1  001/0 

1 �?! ���  63/0 ± 50/0  60/0 ± 17/1  001/0 < 
2 �?! ���  76/0 ± 53/0  10/2 ± 18/1  011/0 

�?F�G� ���1  48/0 ± 12/1  54/0 ± 44/1  014/0 

 ���A�P 001/0    

  
S
�� � ��L�� =(��C 26� �� W
�3" $��$�  ������ 2�/� �
$#MS 

   �� ��! ����; �� p��� �
� ���# =�HL�P� ���� (�$1 �� ��13   ,� $�@"

 (����! 2M�
�� (�$1   �����3
� �D �   �� � s!����69    (�$�1 ,� $�@"

(���! 2M�
��    ) ��� (�-���� ��
� ���# =s!���6 �4/39   8���I� ��

5/37  )��,C t�; � (�v��Fisher's exact ���H� n��@# =   ���� ����

) 2���" ��>� (�$1 ��220/0  =P 8*�) (1 .(  

  �����3
� ��$6 ZP6 ��B"���D     (�$�1 �� �� )����� ,� 8��4 ��

 ����3
�D �  s!���6   :��#$# ��� =�]�# s!���6 �40/6 ± 12/14  �

30/7 ± 03/16 ���� �� `$1�"�"   $�3�L    )���,C t��; � ����t  i/3��� =

����H� ) 2�����" ����>� (�$��1 �� ����� ����300/0  =P =�����m�- .(

 ����3
� ��$6 ZP6 ��B"���D    :��#$# ��� =(�$1 �� �� )���� ,� �H�

90/16 ± 98/38  �60/7 ± 00/19  �� `$1�"�"����  $3�L  ���� n��@# �

��H� (�$1 �� ) ��� ���001/0 < P.(  

  ~���� ��B"���EDSS      2�M�
�� (�$�1 �� �� ~�<��# )���, ��

(���!  ����3
� �D �   :��#$# �� =�]�# s!���6 � s!���632/0 ± 14/1 � 

21/0 ± 10/1    )���,C t��; � ���t=   ��H� n���@#� ����  ����   (�$�1 ��

) 2���" ��>�780/0  =P p(� ����B"��� �
�   ,� =~����6    ,� ��H� (���

 ��H� n��@# (�$1 �� �� �HL�P� `�%"� )��, �# )���� ^�$�� ���   p2����

�� ��;�  ~��� �!EDSS   )����� 25# (�$1 �� �� �HL�P� )��, ��

� ��
��3�� D � 6�s!��  �6 ��s!��   #$# ��� =��]�# ��: 48/0 ± 12/1  �

54/0 ± 44/1  )����,C t���; � �����t= ���H� =(�$��1 �� n����@#� ���  �����

)014/0  =P .(  

��  D����>2  8*��� �3� =���B"���  ~�����EDSS  )����, ,� ��

<�#�~       )���,C `��%"� .2�6� (���C (�$�1 �� �� �HL�P� `�%"� )��, �#

Repeated measures ANOVA "�+ 9# �! ��� )��" ���n�$ EDSS  ��

;� �H� i/3�� (�$1 �� �� =)���� n��� ���   .2���  

 �� �! ��� )��" �HL�P� 25# )������ �� ��� �6�$�6  ,� �H� (��

 �� ������ =)���� ^�$�1 ) $@"2/4     ��]�# s!����6 (�$�1 ,� (�v��

) ���" ���420/0  =P �� ������ =)���� ,� �H� D�6 	
 �� .(4   $�@"

 ����3
� (�$1 ,�D �  � s!���67     ���� =��]�# s!����6 (�$1 ,� $@"

) ���"1/12 � �� 8��I2/29    )���,C t��; � (�v��Fisher's exact =

��H� (�$1 �� i/3�� ) ���" ���170/0  =P   =)����� ,� ��H� D�6 �� .(

 ������3
� (�$��1 �� ����� �������D �  s!�����66  (�$��1 �� � ������

 �]�# s!���69  ) ���� ����2/18   8���I� ��5/37     t��; ���� p(��v��

 )��,C2
χ��H� (�$1 �� n��@# =  ����" ��� )130/0  =P  8*�� �� .(4 =

26� (��C (�$1 �� �� ��� n�HM� ���H#.  

  

 
 ���3 01�� /4!�� .Expanded disability status scale 

)EDSS (���	 �
 �
 �$%�&� 8�9!� '��� �� '���
 �� �56  

  

��v�M ��B"���    ����� �
$��C ��# ~�<�# �
��# ��� �"��, �  �

(���! 2M�
�� (�$1 �� ������  �� ����3
� ��  =s!���60/2 ± 2/6 

 (����! 2M�
�� (�$1 �� �   =s!����6 �8/1 ± 5/5     t��; � ���� (���

 )��,Ct��H� i/3�� = ) ��" (�-��� (�$1 �� ��� ����810/0  =P.(  

  

���  

 ����3
� �! ��� )��" W
�3"D    )������� )����� ��MS    � 2��G� $�EF�#

 ^��%� �� =$V�� &-�x' �� .���� �M�5�57   D��6 �� �; �� �����

  ��]�# )������� ,� �-�$1 .��3M$1 ��$4 �HL�P� ����    (�$�1 � s!����6

$B
�   �����3
� (�$�- �� s!���6D  (��� ��; ��    2�M�
�� )����� �

 ����3
� ZP6 =�HL�P� �
� �� .�"���"D  ���H� ��; ��   (�$�1 �� ����
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 ���4���	 �
 �
 '���
 �� �$) ��; �
 �� ���() 
�. <�$�
  !����� .  

  

(���! 2M�
��      &
�+�M� ��HL�P� ����3�� ��� �
�I� �� � ����3
� �
� �

(���! 2M�
�� )������ .2M�
  ����3
� �D      ��� =$�B
� (�$�1 ��� 2�"

��H� ��; ($�" ����  �EDSS  (����! 2M�
�� (�$1 .��3��� �$3�!  �

 ����3
�D ���H� ��; �� =       .��"��� )���" �� �$�3�! ���� )�+��� ����

,� s' =���m�- 24 ��H� &-�! (�$1 �
� =(�� �� +�" ����  n�H
��V 

Gradient-echo )GE( (���! 2M�
�� )������ .�"��� )��"   �����3
� �

D ��
�' ��B"��� =$B
� (�$1 �� �
�I� ��  ���H# �� �$#NT2   ���$%#

   �����3
� ��! ��� )��" W
�3" �
� =��! ��; �� .�"�$!D    ����� &�I"

��� 2M$��' &-�! �� ��]� ���MS ����.  

n�I�I5# =$B
� W
�3" �]���� �� ���� )������ �� 2�M�
  (����! � 

����3
� D �� )��" �"��� )17 .()��+M� ����3
� 3D ��   $�%�� s!���6

�� &-�! �3M�
 ��- MRI �� )18.(  

[��I�  n���  �B3�� )FSS  ��
 Fatigue severity scale (� 

)�+��   ,� s�' ���4     /3��� )������� �� (���  ���MS   (����! 2�M�
��  �

 ����3
�D ����3
� �! $B
� (�$1 �� �
�I� �� =D     =��"��� (�$�*" 2�M�
��

) 26� (�� ?��+1 �$3�! )�+�� ��19.(  

 ����3
� ,� &
�+M� =D�@;� 2�H�> ��D   �� ���� )�+�� &-�! ��

 �� /3�� )������MS ) 2��� .�I3� 2�"20 ���$M� ��� =���m�- .(

����3
� ZP6 �! D )C )��       ��P��� =���� $3���� ��H��; ���; ��� �-  �

 ������ ��� D��3�� �� [�*H�MS ) 2��� ��>�21 ��H��> �� .(  �

 �� /3�� )������MS �� 2M�
�� s!���6 �!     �"��� ZP�6 � ��"�$!

 ,� �$#e��25-  ����3
� �!����-D    ������� 2M$���' $�6 =��3���

) 2��� 2I��P� �HL�P� �
� W
�3" �� �! ��� $3�!25-22 .(  

 )��" �3�71 n�HL�P�(���  26�   ��� /3�� )������ �!MS  ZP�6 =

 ����3
�D ��
�'   ) ��"��� ������ 2�H�> �� 2�" �$#26  	�
 �� .(

 �� /3�� ������ )�", =&-�x'MS   �����%� $�
, )���� ��   2��H�> �

�  )C ��! ��� ~<�� � ��3M$1 ��$4 �6�$� ���� ����     ���u� +��" ��-

 ����3
� ����!D  ����3
� ZP6 ��� p��3-D )C   �������� )��, �� �-

) ��� $#e�� =�"���" ������ �! �"��, �� 2�"27  $�� D�� ^�V�� �
� .(

    �����3
� ��! 2�6� �
�D     ���� 8���I� �� 2�I�I� ��MS   �� ������

�� 2gM�5� # .��! )��" ���4 n�I�I5(���  26�    ���� ,� �������� �!

 ������MS �� 2H"���  =������� �! 26� �
� �L��3�� 8�L� 	
 .��!

 ����3
� )�+��D �� &
�+M� ��  �� )C �3gM�5� n�$E� �� $%�� �! �-�

 ������ $��$�MS ��        ,� ���� K���#�� ���>� =$�V�� D��� �� .��$�1

 ����3
�D �� �"���� n�$�EF# �  ������MS   ) 2�6� ~<����"25 .(

     ����H# � K���#�� ��
� )�$�! ~<�� ��$� ���m�- =$V�� n�HL�P�

:6���  ����3
� ,� �
$#D  ������ 2M$��' &-�! ��$�MS  D�� ��

  .26� `�%"�  

 )������MS    �����3
� �"��� ZP6 ����� 2�H�> �� 2�"D 

��
�'    ���u� =)������� �
� �! 26� (�� ~<�� =���m�- .�"��� �$#

 ����3
� ����!D    �����3
� �"��� ZP6 ������� )���� �� ��� p��3-

D ) �"��� �$#e��27   (����! ~<��� =$��� �
� � (     ��! 2�6� ��
� �

 ����3
�D   ������� �� /3�� ��$� �M�5� 8��� 	
MS  ���   �� .�����

�� ~<�� 8�4 n�HL�P�   ��$�� �M��5� 8��� 	
 ������� �! 26� (

 ������ ���MS �� ���� ��     ZP�6 ��! 2�6� �
� 8�35� 8�L� .���

 ����3
� $#e��D      �� )������� ��
� 2�gM�5� 2��� =������ )������ ��

�� ������ �
� ��� $��$� ) ����28.(  

 ����3
� 2�L���3� $#e�� ��P6D     &
�+�M� ��� $�%�� 26� �*��

]3L� �V �6�'D��6 ���  ��-T regulatory ) ���29 =.L�6 ��$M� �� .(

 ������3
� i$����D  ��!���L$3�
� ����L�# &
�+��M� Y�����10  &-���! �  
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17Th )17 T helper�� ( ) ���30    $�g" ��� 8����� �
� ��� $- � (
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Abstract 
Background: Vitamin D metabolites are involved in immunological signaling that leads to suppression and 
regulation of autoimmune and inflammatory pathways. Therefore, vitamin D supplementation may be a viable 
method for treating autoimmune or inflammatory diseases. This study aimed to investigate how treating with 
interferon beta-1 with vitamin D differs from treating with interferon beta-1 alone in patients with multiple 
sclerosis (MS).  

Methods: In this phase II double-blind randomized clinical trial, 59 patients with multiple sclerosis receiving 
interferon β-1 were split into two groups, one supplemented with vitamin D, to study the clinical effects resulted 
after 6, 12, and 24 months. We used analysis of magnetic resonance imaging (MRI), evidence of clinical 
relapses, and expanded disability status scale (EDSS) scores at baseline, 12 and 24 months to perform statistical 
analysis. Type of statistical analysis varied based on the measured outcomes. 

Findings: After 2 years of treatment, patients treated with vitamin D experienced decreased EDSS score  
(P = 0.014), decreased rate of relapse (P = 0.240), and decreased average number of gradient-echo (GE) lesions 
(P < 0.001). 

Conclusion: Vitamin D is a viable way to supplement the treatment of multiple sclerosis and its role in 
autoimmune diseases needs to be further clinically investigated. Our results suggest that in a population of 
patients with multiple sclerosis, vitamin D levels are a good predictor of the severity of the disease. In 
conclusion, vitamin D may not be a significant factor to consider in the etiology of multiple sclerosis, but rather 
a possible environmental exacerbating factor in the progression of the disease. 
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 %F�:�   ������ ��1� +����� �� �K�� �� +�� 6���� ��
�Lynch 

     8���� f-� '
��-� - '����1� ������ �� #$���� ,D�� �$ - �! �;�� 

    ��� ���G�< ���� ��� ����E
� '�� ������!   $��!)12 #10(  0����.U .� .

) ���
E
!��:
;��E��Immuno histo chemistry  ��IHC  8���� �
� (

+
[`- ����� �7 ��
�        +�=2 ��2��� 9
���( �
�:� �$ %�
 $ 8��;

B���� - �<�!  ����� �� L�@� ����E
� 8�<Lynch �� 6$�=���   .$��!

   +�$-��S� �� �� $��2- %
�$ �� #B�X '�� ��     0����.U ���K�� �$ ��;

 0���.U .� #���
E
!��:
;��E��MSI )Microsatellite instability (

�� 6$�=��� �U �� �;��E; �$ �
�  $$�<)14-13(.  

 B������� �$1977 ������:�g� '
������ 8  ���������� ������DDE��  

)National cancer institute 8�h����J� i��� %��� #(Bethesda  ��

   %&�J�� ��� $�E� ����� +�L��-�&
� 8������� +
[`- ����� 8���

) $�� 8�
(�VD��� -$ �h��J� �� - 8�
(�VD��� 4( �h��J� -$ .�15 .(

 B�� �$2004   i�� .� %&J�� �D� #6�! ����� %� ��@��� 0���G� 8���

 %� �� �! ����� 8�
(�VD��� 4( �h��J�Promega  +G�< ���)16(. 

      �����E
� +
[�`- ������ 8���� #$��������� %&(-� '�� 6.-���

  ��������� ������ j�&����J�Lynch   8�����;��
[� k������� .� ������

 /��$���:�UBethesda )Amsterdam and/or Bethesda criteria( 

6�! T�I��� �� ��� �� #���  $-�)18-17(.     ��� f-� '��� #B��X �; ��

9; ����� �� .�
� %
�$ ����; �h��J� ��3 ���.   ����. - ���    - +��� ���

��K�� 6�hJ���.U ��E( �$ �U    +�:
� ��m� ��&�� �;)19(    #'��� ��� ���� .

fL( 6$�� �!-� '�G�� 8��� ���;  9�� - �(  �����;   ��� ��(   - +
���:X

%� �� ���J� ��
a�n� �    ��K�� - +�G�< ?��a 8�h��J� ��3 8�;

  ��! �[��Y� '���3 �$ oD�I� 8�
(�VD��� 4( 8�;�h��J� �G�[� ��

)21-20 #10( 8�;�h��J� '�� '
� .� .�@! ����    �h���J� -$ #4�
G���

BAT26 - BAT25 6�! �� ��! �( ���:; �;�h��J� '�)22 #17(.  

#�J;-p �$   8��
(�VD��� 4( �h��J� ��13PTHL3 #SEC63 #

HPDMPK  -U79260  �����! ���G�[�)23(���[��Y� �$ .  #���h�$ 8�

    ������ +�S( 8��h�$ 8�
(�VD��� 4( �h��J�CAT25  ��FY�� �$   8

 ���J� �E2�(3′  �7CASP2  ��$�< �����)24( �h��J� .CAT25  �$

�:�g� q��( 6�! ����� $�������� %� �� �:��F� '
� 8 DDE��  #������ �

�� ��J� �� ��Q�� +
a�n� � - +
��:X  $�$)25-24(.  

Morandi -    8��
(�VD��� 4�( �h��J� ����&E;MT1XT20  ��

�FY�� �$  ���J� �E2�( 83′  �7MT1X  �� �:��F� �$ �� ��$�� �����

CAT25     - +
����:X .� #8���
(�VD��� 4��( 8�;�h����J� ������ -

 $�� ��$�� �� 8�(Q�� +
a�n� �)26( ����.�� #�[��Y� '�� .� r�; .

 �h����J� +
��a�n� � - +
����:XMT1XT20  %��� ���� ���:��F� �$

Promega  0�����.U -IHC   ����
[� k����� .� ���� $���� �������E
� �$

 ��$��:�UII        +
[�`- ������ #��[��Y� '��� �$ .���$�� 6��! T�I���

    %�� k���� .� +�L���-�&
� 8�������Promega    f-� ������ ���

) ��L� $��������Gold standard method�! e�I(� (.  

  

��� 	
  

 +
[E2�[��Y� :  .�1159    ������ -$ .� B������� ����� �� L�@� ��E
�

      8��
���� ?��F
FS( ����� �$ ��� 8���
�I� - B�S���13 - ��1=a�

 9
&X��1=a�       ��� ��( ��! +���� �$ #���$�� 6$�-U %E� �� ��� +@�

0�� ���� 0�� '�� .��;$ t�� u���� 8    �$ �(Q�g�� 8-��X #����
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���� ���	
� ��
�� �� ���������� MT1XT20 	� ����� ��	
���  HNPCC ������� 	
�� &���1
� � 

�F��� �� �Y��� 6$����  �� $�G $�  8     - ������ ������ ��� L��� �$ f�

����� ����         #�@X��n� �$ 6����� +���! �����E
� ����E( .� .$��� ��;

+��`� ���� .�! +G���$ �@�� 8   ?���L��40   .� ���E
�1159   ���E
�

 ��$��:�U 8�;��
[� �� �[��Y� $���II   #+���1� �$ - +!�$ +F��Y�20 

���E� �� 8��E
� �U �-�K� �[
@� +G�� - ����( 8  #$�� ^���$ �$ �;

����� $���    .����G�< ����v 8��[� 8�;  '���  ��[��Y�  q���(  ���
E� 8 

�vL � 6�hJ��$ ��D� �&!� ��1=a� $��� �w(�
 ���v +G�<.  

x��I��� DNA ����7:  x��I���DNA  .�40   6��! +
@_( +G��

 ) 6��! ��
G��� - '
����G ��Formalin fixed paraffin embedded (

 �! ��K�� %&(-� k@� ��)27(  '
G���� ���\�� �� ����� �$ .   -$ #����$.

 f��mµ 10  6��E; �� +G�� �; .�ml 1      T��
( 4�� %� �$ 'D���<

Eppendorf � �
E( 9KX �lµ 5/1    ?��� ���15     .��! ����&�� ��F
v$

y	���# T���
(  T����! ���� ���;rpm 13000  ?���� 8����� -5  ���F
v$

6�< �U .���! 7�
=������#     .� 6$�=���� ��� ,�
(�( �� +G�� ��
����
;�

 B���(�100 #90  -70 +G�� .� %&�� rmX .� y .�! ��K�� �a�$   ��;

 ����������:��� �$SpeedVac  8�����$ �$ -°C 45 #lµ 600 .� SDS 

)Sodium dodecyl sulfate (��  +\D�1  #�a�$lµ 30 .� V(-�
 .��� k 

  +��\D� ����mg/ml 20  -20 �����$ .� Chelex20   .� ������ ���; ���� 

�
(-�&
T� �; �G�`� �! - ���E�  ?�� �� �;�4   ���$ �$ ,�!8 °C 55 

�$  y	�� .$�
< ?��a �E���U 9z; �( ���! ���&�� ��< TU ��EX# 

���E�    �U +��(������ - ����! 7�
=������� �;     8����2 T��
( �$ ��;

  x��I���� ��G-�D� %�G f-� .� 6$�=��� �� - �! 8�-�$�<DNA   ���

.+G�< ��K�� ���$ ?��a  

0�������- Multiplex polymerase chain reaction 

)Multiplex PCR( ���8 �
 9��:  I�J(
H ��� �����8 �
 L���-�&�+ 

Promega� :
+ .�� ����� ��� �����8 �
 L���-�&�+ Promega   i�� .�

 �h��J��@! ���� G��� �
4 )NR-21# BAT-26# BAT-25# NR-24  -

MONO-27 (��  6�! %
&J( +�L��-�&
� +
[`- H
IJ( ��\��

  ) 8��
(�VD��� i�� �h��J� -$ 8-�X '
�dE; +
� '�� .+��Penta 

C  -Penta D�� ���E� .����&!U ����� �� (    ���! 6�@��!� .� �( �!��

���E� ���E�X�    %�X��� .$�-U %�E� �� 8�
<�D2 �;Multiplex PCR 

 +����! %E[��������$ k��@� ����Promega y	��� .�
���� ����K�� ����# 

���E� �DX�� �$ 6�! �
_&( 8�;   6�h���$ q��( %@v 8ABI PRISM 

3100 Genetic Analyzer     4�
 - +�G�< ����v ������ $���   8��;

��� .� 6$�=��� �� 6�! $�K��   ����G�GeneMapper 3.7    6��! $�1��J
)

  ����IE;��� ���< �; .���G�< ���v �
:=( $��� (6��.�� +��! q��(

          ������ ��� #�����( ��� L��@� %��U - ��[
@� %��U '
�� %&! - 6.����

�L��-�&
� 8�������+ $���E� - �! ��G�< �\� �   -$ .� 0
�� �� ���;

 #�h��J� i� .� ������� �h��J����E� 6-�< �$  8�;MSI-H   .����G�< ���v

�����E� �����E� - �h����J� -$ ���� 4��� �$ 8��������� 8���$ 8���;  ���v�G 8���;

    ����E� 6-��< �$ ��
� �;�h���J� �$ 8�������   8��;MSS/MSI-L )MSI-

low/MSI stable ���v (.���G�<  

����.�� [`-+
 MSI     (�VD��� 4�( �h���J� .� 6$�=���� ��� 8��
 

MT1XT20 : 8�
(�VD��� 4( �h��J�MT1XT20   0����- k��� .�

PCR ���E� �$ �U �-�K� 9��� +G�� - ����( �� L�@� 8�;  9KX �$ �;

lµ 25   0����- u�DI� :�! �
_&( ��. q���! k@� �� -PCR  -��X8 

ng 100  .�DNA# lµ 5/2  �G����� .�10X# mM 4/0 �� .������;�E8 

Forward 5′-CAGCTGTGCTCTCAGATGTAAA-3′  -

Reverse 5′-CCA AGTGCCATATACCCAGTGA-3′ #(  

5/0   9�������U �����X�- .������E
DTaq #mM 2/0  �����; .�dNTP   

)Deoxynucleotide triphosphate - (mM 5/1  .�2MgCl  .$����

y	�# (
T��;  6�h��$ �$PCR   ���E�U +���! �� kD[��� Eppendorf 

   %�X��� - +�G�< ���vPCR  ���K��  ��! . �����(��$
�� �-� �
� �$  ���$8   

C° 95 - �� ?�� 5 v$
�F ��K�� +G�< - �� 30 � �3 8 30 ��� �
� �8  �$

8��$ C° 95 #°C 58  -°C 72 �DX�� .�! B�@�$ %��� ����� 8  8.��

 8��$ �$ �
�°C 72    ?��� ��� -10      8��1��� .+�G�< ���K�� ��F
v$'5 

 �E���Reverse   +�����DG {��� q��( #Cy5  ���J�    .$��� 6��! ��$

6.�������    %����U .� ������� ����; k���
v$ 8    6�h�����$ q�����( ����;  
Automated laser fluorescence express DNA sequencer 

)ALF express (����� -  �����G�AlleleLinks  q����( 6���! �
��a�()

 6��.��� +��!       6.����� �h���J� ��� ��:��F� k���� .� - (6�h���$ 8  8  

)Size marker( .��$�< �@��S� $��������  

��K�� 0���.U ���
E
!��:
;��E�� :���E� .� ���� �; .�   L��@� 8�;

 �U �-��K� �[
@� +G�� - ����( ��    %v���X #��;4     .��! ��
1( ��L���

 '
V(-�� ��
� ����.��    9��:
� 8��;MMR   %���!MSH2 #MLH1 #

MSH6  -PMS2 f�� 8-� ��     +��I�` ��� ����;mµ 2-1   ���K��

'
G��� .� y .+G�< ���E� ���$. �U ��
����
;� - 'D��< �$ �;  ��� �; 

 B���(� .� 6$�=���100 #90  -70 �DX�� #�a�$   ����U �����.�� 8  �$ �7

 .� 6$�=������� ������ ��--�&������� �$ - ������JG |�����(�EDTA-Tris 

)Ethylenediaminetetraacetic acid) (9  =pH(   ?����� ����� -  

20 .�! ��K�� �F
v$  y	��#  f���   �$ ��;dH2O )Distilled water (

���E� .���! �J�:!  ��\�� �� �;�_�     �7-���� 8�;.��
�:�-� 8.��

 %v��X ?�� 8���5      - ����! ����&�� .��
�:��� �7-���
; �$ �F
v$

 -$ y	����   ?������ ������ ������ �����; - �������5  �$ �����F
v$TBS   

)Tris-buffered saline.���! ��:! ( {�� .� 8�
<�D2 8���  8�
�U

�
� a�n� ��# �; f�� �� ?�� 5 v$
�F +S( (
��E  ���  B��DS�  ����D� 

6���� 8 V(-�
' ���v +G�< .y	�# j�D�    ?��� ��� ��� �; - ��� -$ �;5 

v$
�F  �$TBS �DX�� �$ .���! �J�:!8 ��U #�[��  $���8  ��;8 �-� �
� 8 
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�� �� ���������� MT1XT20 	� ����� ��	
���  HNPCC ������� 	
�� &���1
� � 

v�
k  %��! 6�!NCL-MSH2# NCL-L-MLH1# NCL-L-MSH6 

- NCL-L-PMS2  + ��)+��! Leica Biosystems  ����� �; �� (

���E� .�  �$ - �! �G�`� �;��$8 °C 4  ?�� ���4 .���! ���&�� ,!  

���U    .� 6$�=���� ��� ��� -$ �
�-� 8$��TBS     rm�X - ��! ���:!

y	� .��$�<#  ����E�     ?��� ��� ��;30    0����- Z��[� �$ #��
���   ��<  

Post primary block   .� 6$�=���� �� �h�$ ��� -$ - ���G�< ���vTBS 

 ?�� �� �;��L�� .���! �J�:!30  �E
D �$ �
���Novolink  ���&��

 ��� -$ 8��� .�� - ���! �� �J�:! +S(TBS   y	�� - ����G�< ���v# 

 B�DS�DAB )3,3'-diaminobenzidine( �U ��    '��� .��! �G�`� �;

 {���� %��X��� ���� #�������G ��
������
;$ #+�������� 8���
�U  - �����1�

j�    ���:�7���(� q���( �;��L�� ����.�� .�! B�@�$ �;��L�� 8.��

���E� - +G�< ��K�� 6�@     {��� ����FG ��� $�2- ,:X �� �;   8��
�U

����:; '
V(-��� 8�  8���;MMR H��F� 8���$ 6-���< -$ �$ #MMR 

)MMR-deficient H���F� ����v�G - (MMR )MMR-proficient( 

�F@� .���! 8���  

�������.�� 8������U: ) +
�����:XSensitivity +
���a�n� � #(

)Specificity0
 f.�� - (  +�@_� ��
� )Positive predictive values( 

����� .� 6$�=����� ���� #6���! ���[��Y� 8���;������  �����G�SPSS �I��:�  8

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

  

���	 	
  

~�� #����� %S� #����� '� - +
:�2 $�G L�@�:  6$�����  �$   8��;

MSI-H  -MMR-deficient ��-��G ����� '��(    6��! 6�;��J� 8�;

 .� ?��@������ 6$-� #6�[� #����� 8�;    #4�
�
���(�E; #4�3�� 8

 B-�2) ���: - ?���-�1 .(  

 6$�����  '�� �$        8$�[�a ������ k����� �$ ��;����( ���J
� ��;

)Ascending colon( ��-�� ����� - )Descending colon(   $��K��

  B-��2) ��$�� 6�!2 6$�����  �$ .(   8��;MSS  -IHC-proficient 

     #Z��� �$ - ��! 6�;��J� 8���E� ���-��G �� 4
�
���(�E; �����

 B-�2) ��$�< 6�;�J� �
� ��� �����3 .(  

�FY�� '���J
�   �
��Eh
�� #6-�< '�� �$ ����( $�K�� �$ �
<�$ 8

)Sigmoid( ����� - )Rectum(  B-�2) $��4 ����E
� q���� '� .(

MSI-H  #����( H
IJ( ���. �$8/38  6.���) B��   ���� 849-31 (

 ����E
� q���� '� - $��MSS/MSI-L #5/46   B��� 6.���)   ���� 8

64-24( .$��   8��;����( ��J
�MSI-H      ����E( 9�� 8�����$U ~��� .�

) ��G��Poorly differentiated adenocarcinoma  ����E( q���� �( (

) ����G��Moderately differentiated adenocarcinoma ����$�� (

 B-�2)5��-��G .(   8��;����( '��(MSI-L/MSS  ��F@� �$  �L���� 8 

.���G�< ���v ��G�� ���E(  

%� Promega:  ����E� �� +�L��-�&
� +
[`- ����� 8���  8

���E� �� '
�dE; - ����( �� L�@� 8    .+��� x��
�X� �U �-�K� �[
@�  

5    +��
� 8���
(�VD��� 4��( �h����J�Promega   i��� �h����J� -$ -

 f-� �� �U 8�
(�VD���Multiplex PCR   %&�!) ���! ����.��1 .(

 ��
� �$20 ���E�  #����( �� L�@� 88  ) ����E�40    8�������� (��a�$

 6-�< �$ - ��$�$ ��J� �;�h��J� �$ �� ��Q��MSI-H   - ����G�< ���v

12 ���E� ) �h�$ 860    8������ ��� - j��� 8������� +
[`- (�a�$

 6-�< �$ - ��$�$ ��J� �� �;�h��J� �$ %���MSI-L/MSS    .����G�< ����v

 8�;�h����J� '���� '
��� �$�@��! ������  #4��
G���BAT26  �$�$ ����J� ����

 �; �$ 8�������8  ����(MSI-H     �� ���! �h���J� '��(�������� ����� ��

) �!40  �h��J� -$ �; .(�a�$NR21  -NR24  �$7 ) ���E�35  (�a�$

  - ���$�$ ��J� 8�������BAT25 - MONO27    �$ ,�
(�( ���6   ����E�

)30  - (�a�$5 ) ���E�25 .��$�$ ��J� 8������� (�a�$  

8-���- i���� �h��J� MT1XT20: ��J� ?Q�nS�  6��! ��$   ���

 0���- .� %a�X +����DGPCR     6�h���$ .� 6$�=���� ��� #�h��J� '��

Automated fragment analyzer      ��; .����G�< ����v �����.�� $���

6.���� �� �h�� �$ �

]( ���< 4
 8 ���E� 8�;   +@�:� ����( �� L�@� 8

4��
 ���� �����E� 8���;    8��������� ������� ���� #�U �-���K� ���[
@� 8

 �$ +�L��-�&
�    %&�!) ��! ���G�< �\�2    8���� #��[��Y� '��� �$ .(

 �h��J�MT1XT20B�� �� %�U ~�� ��13 #   8��;bp 190-185   ���


 +
� �� �:��F� �$ .�!Promega  ��L� $�������� f-� ����� �� ��

 �h����J� #+��G�< �����v ������� +��S( �����.U '���� �$MT1XT20 #
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Abstract 
Background: Colorectal malignancies with high microsatellite instability (MSI-H), either hereditary or sporadic, 
demonstrate better prognosis, altered response to fluorouracil (5FU) chemotherapy and altered operative 
approach. It is now recommended to perform MSI testing for all new cases of colorectal cancers regardless of 
being categorized as hereditary or sporadic. This study aimed to evaluate MT1XT20 mononucleotide marker in 
Iranian patients with hereditary nonpolyposis colorectal cancer (HNPCC). The samples were further 
characterized using Promega five-marker MSI testing panel and immunohistochemical (IHC) technique.  

Methods: MT1XT20 mononucleotide marker and commercially available kit (Promega, USA) incorporating 
five quasi-monomorphic markers were studied in 20 cases of HNPCC using polymerase chain reaction (PCR) 
technique. IHC was performed to evaluate the status of all four important mismatch repair (MMR) proteins, too. 

Findings: Eight (40%), seven (35%) and five (25%) cases showed MSI using Promega kit, IHC and MT1XT20, 
respectively. Among the markers included in Promega kit, BAT26 marker with instability in all 8 samples 
(100%) was the most instable marker. NR24 and NR21 markers showed instability in 7 cases (87.5%); BAT25 
and MONO 27 markers were instable in 6 (75.0%) and 5 (62.5%) specimens, respectively. 

Conclusion: Although MT1XT20 is considered as a valid single marker in Italian population, it seems this is not 
hold true about the Iranian patients. Instead, BAT26 among the markers included in Promega MSI testing was 
shown instability in all 8 samples of MSI-H colorectal cancer (CRC). Therefore, it may be concluded that 
BAT26 alone is as efficient as the cohort of five markers in Iranian patients. 

Keywords: Hereditary nonpolyposis colorectal cancer (HNPCC), Microsatellite instability (MSI), MT1XT20, 
Quasi-monomorphic repeats 
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)Central venous oxygen saturation (�����B,  � 70 ������ 


� ��	� )5�P ! (� Evans !  � �	�"4H  � CRT   /
 � �$% ��� *�	�, 

��  2@9��	� � ���*�	4, �e	
	� 2�  ���� M	> )6(.  

	�> �� �9� 	��g  �	/T	<
 �:4H	>�,W ��I�  �$N4H !,0   �	�/T	<


�9�� ���:   �� ��� M	Q> �0 
�,�$ 8 �5,L �!,/�  	��> � �g   ���� �  �

2� F �/T	<
 * /� h�H 	� �1	P,,0  Y_��,�  � M	�Q> , ��@�  
�4%�   ���

CRT � ��,� �	4 	��	> �� ���
�� >	U�P � �-�� �� �� M	Q> ,�.  

  

��� 	
  

0�  WH!i�F &� �/T	<
 * +H �H!�� J��$�  �:> ��  E	�� �� �51394 

� ���	���	4,   ��H#T  *    .2�)�� M	�Q>  �	@I��  (k) 2�,/49   ���


 �/T	<
`
	� �� �	4, �>	5* �� P �9 `4%� C�> 	�� .��    ����
 � ��) 

	��	> ���� �-�F� �!�� 
�� l � �)  !�, 	��	> �� ���
�� �-�F�   �!���

"B�  � �H	�`,   .�>� �  

*	H�	,/
 �!�!  ���  ��/T	<
  ̀ 
	��    ��� ���� CHF   ���)*   �!���


��( ��� `�	4� F �>	5 * ���   �P �9 `�4%�   ��	�C�>  � 2�;� ���@, 


4%F� �!�;
 �� 
 �9! M�%2� �5 ��J h�m
M� 
�  ! 2���, 

� 2U) 
 !�	4,  ��*  .�� �/T	<
 �� 25��F0,$N4H ��� ��U
 ���  ��

 ��� 2)  �����  �	�B)  � ��3 E���,  ��)W,  � 30  ����� �� (  

30 �U,�� * 	UT  �  D� E! * ���@, 
4%F�   �>�3 �!���*#�   `��	�

H �!�� ! �GP�
�
��S, P0, `4%F ��	4,  .���� n�	3 �/T	<
 �   

�� E
�) �  ��	I��  	�J!�	U
 2@9 �>4> +QP ���� * 
 !� �,:>	,0 

 o<� 0�)�� �G> �� 	� !48 ,�	$ 95    � �� F�����J  ��
�80   F�����

/
 h �;> ,�	   ���� ��� �	
��  �
����  E�	�/
 9/0    �!	�I� `� ��P !

$/
� � � �,0  E�	/
 �5 �!�� !�5/0F +QP �>4> * ��
 �	,> �/T	<
   ���

 � �/�50 �,�	4   .�� ��!J�� �!�� �H ��  

'!� �� �	5�0 �5 �� ��� �/� m� � �O  ��,W  �>�D   q��8

U;�,�	U�F �,� �	4 "�#� #5�
 �� ��$$5 �/9 �
�  �H#T *  (k) F�	@I��  

`�� ! F`4% A	�  �� M #%  � �#�2  �>���  ���� �� !�     k	��  ��� ��5

5 *  O�-�F CHF �� �J  �/<� 	�H�  ���F  ���    �!��� � �$% ���
 !  ��

�% �9! M�% ���� +CHF $% ��  � �� ! �H	��/T	<
 ���>  .  

� 0�)�� � �� �  D��	4, !�* `4% 2C�F �% ��P + ��	�,   `
	��

2SPO )Oxygen Saturation�	��1 F(  ��9�� ! �3 �	B) FO-� * 

 ��� �� �P�J 	H � �> � �*�,  2�Y !�
 ���� ���� �� ! ��    ��� ��5

	H	@�>  k4-
 �8* >	�) M �> � ��	4,  ���F�� � �	�4,   ��/T	<
 �� !

4>� � 2�� DS� .��F�	4,   2��� 	� ! ��� � �	:> O-� o<� �  ��e	�

!� ��* � 03	> �����	4, )�"� 03	> �  	H*  2��	�   E	�4%  �	B) (	�

�
 �� >	
� 	�� I� �� �5*�,  �:� F���   �>	�B> ��5 *    �  ��3 n!��3

�)	� A!�%� DS� .2� F �� �	B)��� � ��     2�B��	� �	�
� ���
 !

 �)	�� �3�    ���� 	�� ��5�      ^C�B
 03	�> r�>� ���� ��
  ���F 

� �> � �*�, 
 2�Y !� ����� .  

*	UT  ���@, 
	4� ��� �� �	4, �	�"�  �� ?�8 !��    	�� �� �>	��� 

>	�$)F`, �5  ��J ! M�� 
�  2���,    � ��@:> ! ��� M	�Q> * � ���@,  	�� 

 FE)�!��O2N )Nitrous oxide( 50 ���� �5  ���i,   .2)�� M	Q>   

>+, � M	Q>  �  D� 2%	���@, 
4%F�  �:�� �	���  ̀ ��� '!�F 

CRT � �> � �*�, $N4H .�� 2�Y !0,   � ��>  �	�
� ��� � *��, CRTF 

�%���P +��	��,   F���3 �	��B) FO��-� �	����1 `
	���2SPOF 2EtCO   

)End-tidal carbon dioxide (! BIS )Bispectral index#��,> ( 

� �> � �*�,  !�� M�) (49 *�!J �	%�8  � �H�	4, ��� 2�Y�.�  

�� � 	H* � �	@> �� ��
J 2��2� M�> 	�   � #�) SPSS  �C��> * 23 

)version 23, SPSS Inc., Chicago, IL( �
�J ! 	H* �	
J* 2
χ  !

t #Q� ��
��  !-;�`, � � ��2)�.  

  

���	 	
  

��  �0 F�/T	<
 100 �,�	4 2;� E	4%  P �9� L-�C
 �5 50 �I> �J  	�H 

�	\� 	��	>�� �-�� ! 50 �I> �J 	H ��	) �,�	4* �-�� F�>�� �� !  ��/T	<
 

�>�� .
,:>	,0 0� !� �!�� ��
 !  �H	��  ��� ��� �,O 9/11 ± 6/53 ! 

2/14 ± 6/53  �
�J ?�8 ! �� E	�tF $/
 �!	I�� � �* �,0   �!��� !�

) 2� �> �9!990/0  =P �� .( �0 �!�� !�F  ��� ��� �,O 26  !23   ��I>

) ��
52  `�	U
 ��46  ! (���� 	���� �, � �	�4    ��
�J ! ��>�� ��2
χF 

$/
 h��3 � � �* �  �,0 ) � �> �	B> �!�� !�550/0  =P .(	��(  ����0 
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����� ��	
�� �
�� ��	 �� ���� ��� 
� �� ���� ������ �� ����CHF  ���� ���	 
���� �������  

P �9 E	4%  F�!�� !� �H �� `4% V>�   �> ! �) 	�� +"�� 25   �� ���


 �!����
  !21 ) �� �H	� �!�� �� ��
50 ��   `��	U
42   ! (�����

$/
 h��3 � � � �,0 ) �B> ��H	B
 �!�� !�140/0  =P E!�9 �� .(1 F

���( t�
,	H�* ) ��
�,&  �!�� !�
J2�  ��.  

��  E!�92
 F0,:>	, /
 h �;>  ! �	�,  	�H��
 �	�* �4H &�,
	$� 

�� �	4,  ��`�� 	UT  � * ���@,  !30 ���U, 	UT  �  �/�* � ���@,  ��� 

&,"I� !� �!�� ��
 ! �H	� 
J .2�  ����  �
�J O�PtF 
0,:>	, 

 �� O��-� �	����1`���� �  *	��UT  ����@,� �� �!���� F����
 ��� � ���8

$/
� � �* ���B, ��F 	
  �� ���U, * 30 �/� 	UT  � * �F��@,   �!	�I�

$/
�  � �0,�  �!�� !��9! .2� �>  


0,:>	, � �	B)E��, #,>   �  `��T	U* ���@,  �!�� ����
  �� �

$/
 �8� � �* ���B, ��F 	
  �� �� ��U, * 30  ��/�  	�UT  � * � F���@, 

$/
 h��3 � � � �0, !�  �!�� �9!% �� .2� �>0,  E	�PF  0,:>	�,
 

�	B) � �3E��	� �� ��?�	 30  !60 �0,  �!�� !�h��3  $/
�  � �

2� �. 0,:>	,
 �	B)  ����
  �>	���� ��  ̀ ���  	�UT  � * � ���@, �� 

�!�� F��
 �8 �� $/
� � �*  ��� ��45F  	�
   �� ��U,�� * 30  ��/�  � 

	UT * �F��@, 0,� !� �!�� �!	I�
 .��>  


0,:>	, �9�� *   ���� �� �P! 2SPO  �� ̀ ���  ��/� ! �   *	�UT  

F��@,� ��  �!���H	� � �$/
 �8� � �*   .��� ��e	� 0,:>	�,
  	�H  ��

�� �	
� !� �H�U, * 30 �� !�U, * 60    �$/
 h���3  �!��� !� ���  � �

 �!�� �� ! 2� ���
 .�� ��e	�  

0,:>	,
 �	
� ��  �����  �����
 ��  ̀ ��� �   *	�UT   ���@,� �� 

�!�� ��
 21/0 ± 94/0 ! �� �!�� �H	� 18/0 ± 76/0 �U,��  u��� 

0,:>	,
 �	
� �� ���� ����
 �� �!��  ���
  ���  ��8  ��$/
 *� � 

��B,� �� .0�  F0,:>	,
 ��  ��U,�� * 30  ��/� �   *	�UT   ���@,� �� !� 

�!�� ��
 ! �H	�  ���  O�,��� 18/0 ± 90/0 ! 17/0 ± 81/0  ��U,�� 

�!	I�! !� �!�� �$/
 � � �� )001/0 < P.(  

	� M	Q>  �
�J t �9!� �� �!�� ��
 )���
 �� ��	��	>  �>	�U�P  

O-� (�� �G$
 ��	���  � #,
  ��,,t� ��  2%���  ���  �����  �����
 

0,P ��@,� �
4% 2��> �� `�� �  F��@,� 015/0  =P ��  2��� 

�
J �5 �	,� �� WH	5 �$/
 � � �	
� �� ���� ����
 0,P  ���@,� 

2��> �� `�� �  ��@,� �� � �	4,� ���
 �� CHF �
 ��	�.  

�� `"� 1F (��� �	
� ��  �����  �����
 �� !�  �!���  ���
 

�/T	<
 ��
J 2� .  

0,:>	,
 ^3	� 2ETCO ��  ��U,�� * 30 �� !�  �!���  ���
 ! 

�H	��� ���� O��,��� 16/3 ± 94/36 ! 87/1 ± 88/32 ! h����3  !�

  

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

                                                               ����  

�����  

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

 � (���)  )*��)� ± ��)+� ,�-.��  9/11 ± 6/53  2/14 ± 6/53  990/0 

123 ] ���+5)����([  �-�  )52( 26  )46( 23  550/0  
�7  )48( 24  )54( 27  

:;� <�= ]���+5 )����[(  "����  )32( 16  )24( 12  140/0  
>	
  )50( 25  )42( 21  

�?�@ A �2)�  )12( 6  )12( 6  
-� # ��-B  )6( 3  )22( 11  

  

���� 2� .��� �� !� "��# � ���� ��������$� �	%�����&�  ���� �� ����	�  ���� �  

�����	�   	�!  ���� �� 	��	��� �	����� ���  ������� �� 	��	��� �	����� ���   �����P 
��!-C D�@ (�E)@� �� ���+5)  <F@ 7� A�EG� �
;�)!  0/13 ± 5/93  6/12 ± 5/86  008/0 

  30 @��E)  7� �+!A�EG� !�
;�)   9/12 ± 6/87  0/17 ± 9/88  660/0 

�;�?)� ���H )mmHg(  
<F@ 7� A�EG� �
;�)!  2/28 ± 6/145  7/11 ± 8/129  001/0 < 

30 @��E)  7� �+!A�EG� !�
;�)   0/18 ± 5/125  7/13 ± 0/126  880/0 

�;���I� ���H )mmHg(  
<F@ 7� A�EG� �
;�)!  0/19 ± 2/92  5/8 ± 9/84  014/0 

30 @��E)  7� �+!A�EG� !�
;�)   7/13 ± 1/77  7/12 ± 1/84  009/0 

J�;�� ���H )mmHg(  
<F@ 7� A�EG� �
;�)!  7/22 ± 6/108  2/9 ± 2/98  003/0 

30 @��E)  7� �+!A�EG� !�
;�)   4/13 ± 1/93  5/12 ± 8/96  160/0 

�3�� ) A�K-� L��-M AC°(  
<F@ 7� A�EG� �
;�)!  2/0 ± 4/35  3/0 ± 4/36  001/0 < 

30 @��E)  7� �+!A�EG� !�
;�)   3/0 ± 7/35  3/0 ± 4/36  001/0 < 

٢SPO )Oxygen saturation(  
(����) 

<F@ 7� A�EG� �
;�)!  2/3 ± 5/92  3/3 ± 1/94  015/0 

30 @��E)  7� �+!A�EG� !�
;�)   4/2 ± 3/97  3/1 ± 4/99  001/0 < 
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����� ��	
�� �
�� ��	 �� ���� ��� 
� �� ���� ������ �� ����CHF  ���� ���	 
���� �������  

  

  

�v5 �P  

  

]�� 75%  

  

�>	,
  

  

]�� 25%  

  

`� �P  

'(� 1. )* ��� *&��� � +�, 25 %� 75 %���0 1��� �$ 1���	� �� 2��3� 30 � 60 �� �� ����  

  

F�!�� �$/
 � � ) ��001/0 < P( .0,$N4H 0,:>	,
 BIS  �U,��� * 30 

0�  �� !� �!�� �� O,��� 94/7 ± 34/54 ! 42/7 ± 16/50 ! �!	I� 

!� �!�� �$/
 � � �� )008/0  =P(.  

  

"#�  

����� ��� ��� 
F���� �� '!��/�  ��* �����    ��3 '����

�)	�� 
 �3 '��� 2%�� .2� F���� -5 ���, *  2�)	�  	�H*   ����

 �8 ���U���� �	�"� 	$� .2�  ��  F0�   ����� 	���    ���� ��� �	�
�� 


 ��Q
x�� 	H*  03	> ����	� ��� WC��  2��� L5F  �
�   � ��

�	5 �3 '���*�-, 	� ��  ��� 2)	� 	H* G> ����,  > O�-� ! #t
 #�, 

�� ��	�  ��5! 0��� FO,��� 0,$\ y	�$��  �
 �� �5 �� � �	4,� ���
 

�� ��	��	> �>	U�P  FO-� 0�  �	
� �	�5 ��   F!� 0��  �  .�����  h��H 

�-5 �  M	Q>  0�  F�/T	<
  �����Y_��, ���@,  
�4%�     ��� �	�
� ���

���� 
���� � ��� �	4, 	��	> �� ���
��  >	U�P� 	U
 ! O-� ���� * 

 �H	� �!�� 	� �J��.  

!� 
 �!�� �� !F�H	� �   (����  �$�� !  ���$9 !  V�>  ̀ �4% 

�@�	��B
 � ����3�� ���>�� ! �!	��I� ���$/
 *� � 0,��� ����i�! *	��H 

&,) ��
� � �	4,� !� �!�� ��H	B
     �!	�I� F0��  ��� 	�$� .�B>  *	�H 

�H	B
 ��� �� !� F�!�� �� E	4�P  �	��  y���
  ���  ��9!  ��	���	> 

��-� �� �!�� ��
 ��� 2�   .  

�� �� g�	�> 0�  F�/T	<
 �
 E	4�P  �!�  W� #�)   �	�
�   ����� ��� 

����
 ���� 03	> �� �!�� �H	� �� 30 �U,�� �/� �  *	UT   ���@,� 

2��> �� `�� F��@,� �  	� WH	5 ���> �	B) �3 ��  0��   �-��	) * 

�>	
� `�	� �,9� ��	� .WH	5 CRT �� �!�� ��
 	� �9!  WH	�5 

�	B) �3 �8 �� `�	� �GP�
 )30 �/� �U,�� ��@,� �   2���>  ��� 

`�� ��@,� � (F �� 2-% WH	5 �!�� ��  &,�	S4��  *#�5�
 !  WH	�5 

) A!�% 7	�U> Vasoconstriction( �<,;
 �� 2-% WH	5 k���  

�	4,� �
   ���	�)1 .(  F�!��% ���  � ��Y   7	��U>   ��!�%�  *	H����H 

��	B$��  ! *���! #,> �� ���B� 0�  �Y  &45 ��$$5 �$��H  .  

����� *	H��
 �	�  &�,
	$��4H  � �	�4,�  �	�B> � �   � �	�4,� ��5 

�	\� ��	��	> �>	U�P  FO-� �  �	��1 O-� *��e	�  2���>  ���  � ��)  

+T	� �� `�� *	UT  �   ���@,�  � ���3��  ��>��  ��5  0��   F��Q,�>  	�� 

�����)	� *	���H 0����  ����/T	<
 �> ���C4H u�� �  *����8 ����� ����5   

Resting tachycardia �  +��% �,T!  * ���  �� CHF �
  ��	�)2.(  

�� �� g�	�> 2�� ��  F���
J �� 30  ��U,��  ��/� �   *	�UT   F���@,� 

 �!	�I� ���$/
 � � 0,��� !� �!����  ��H	�B
 ���B> ���5 ���
 E	��4�P   �!�

��3 �
 ��� ��)�� 	� *	UT   F���@,�  ����> �  2��  ��  WH	�5 

� �/� �	��1 O-� �� �!�� ��
 �Ya
 (� ! ���� .  

����� �	B) �3 � �	4,� �� `�� ! �/� �  *	UT   ���@,�  �	�B> 

�5 � � �	B) �3  FE���,�  E���	�� !  ����
  �>	���� ��  ̀ ��� �  

*	UT  ��@,� �� �!�� ��
 �8 �� �$/
 *� � ��e	� 2�   ��5  2�-% 

�J �9! k���  �$,
� *  �� 0�   � �	�4,�  ��
  ) ���	�7( . ���  ��	��% 

��	� F�:�� V�8  �  2,/1!  2
��� !  � ��<3  �T	�4�P   �  ���	> 

`4% �P �9 ! �9! �� �� *�	4,� F��-�  ����> �  2��   ���  � #�,
 

k���  �	4,� ! �� 2�	@> W� #)  �	B) �3 � z��,Y_� ��	�.  

�� �/� �  *	UT  ��@,� �� �!�� F��
 WH	5 *��B,� ��  �	�B) 

�3 FE��,� E��	�� ! ���
 �>	���  ��H	�B
  ���  ��5  �,Y_�� �� 

��
 �	B) �3 E��	�� ����	� �� �5 0�  ��)	� #,> 	� �,Y_�  *	�H!� � 

*���H �5 O-l  L,/{�  ���$$5 *  O�-� !  +���,�  ���-�-  ���!�% 
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The Effect of General Anesthesia on Capillary Refill Time in Patients with 

Congestive Heart Failure Compared to the Control Group 

 
Mohammad Golparvar MD1, Saeid Abbasi MD1, Roya Kasiri2 

 
Abstract 
Background: Capillary refill time (CRT) largely used as a quick way to assess the cardiovascular system and 
the status of peripheral blood flow and perfusion in patients. On the other hand, cardiac heart failure is a complex 
clinical syndrome happens due to improper ventricular function and causes ventricular hypertrophy and 
dilatation tends to decreasing in cardiac functioning and in capillary refill time. This field sometimes has 
contradiction and this study aimed to determine the effect of general anesthesia on capillary refill time in patients 
with congestive heart failure compared to the control group.  

Methods: In a prospective cohort study, 50 patients with congestive heart failure and 50 non-affected patients 
with cardiovascular disease undergoing elective surgery, were selected and both capillary refill time and 
hemodynamic parameters before induction of anesthesia and 30 minutes after it, were measured and compared. 

Findings: The mean capillary refill time before induction of anesthesia was 94.0 ± 21.0 and 76.0 ± 18.0 minutes in 
patients and controls group and the difference was statistically significant. The mean capillary refill time 30 minutes 
after induction of anesthesia was significantly higher in patients (90.0 ± 18.0 minutes) compared to the controls 
(81.0 ± 17.0 minutes) (P < 0.001). All hemodynamic parameters were significantly different between the two 
groups before induction of anesthesia; but in 30 minutes after surgery, systolic blood pressure and heart rate were 
not significantly different but diastolic blood pressure was significantly different between the two groups.  

Conclusion: Patients with congestive heart failure in terms of hemodynamic parameters are different from those 
without it. It is necessary that during the operation, anesthesiologists should pay special attention to hemodynamic 
status of these patients. While such patients have longer capillary filling time compared to normal individuals, we 
can use this parameter as an indicator of the likelihood of heart failure in care and examination before the surgery. 

Keywords: Capillary refill time (CRT), Congestive heart failure (CHF), Anesthesia 
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     ��� %��� P#���' +����1� Q�# ��� �$�!� �$�J Q#    ��!�� �� .�!�8

���	� ) 3	1��� ���DC   ��#Direct current ����	� � (    i������ ����

)AC #� alternating current �� ( %����-� �  ��'�9�4� J	 �/�  ��G	#" 

)ELF #� Extremely low frequencyH�� +���1� +/> 0� (�  ���E� 

� �2!/�	��� FJ�� 2!/� ��	�� _�'	a �+��  � ���� �	���  )���J� �� �		� 

G F�8	�� �� ��9 �� .%���-� � �'�9�4� �� (��&� �H��	�� $ �#���  ��	" 

�� ���
�#Q -�	T � ��E� 2!/� �#%� �'�  �!8�' �� �	 �0�N  0�)��� 

;G I!&'#�� �	���� �� ���1� 0�	�� $#��� �a4�#P ��#��� ��� +���1� .	�� 

H��� ��E� 
!/��  ��%���-� � �'�9�4� J	/� �G	#" ��  ������ � �	��� 

)��J�� ����� j�N� ,>��� ���
�#�� J�� ��� U�!'�  ��E ���  �!�8 �

�� 09	" F��> ^M� �� � k!lJ ��$ 3�	��� )��J� � '	a R��8 ��8 

4�m	+ '$�J� ��E� 2!/� ���!J �8 )14 -13.(  

2!/��� ����#���
� +��	
�V4� �4 �� ����[� ��	���� P��1'� �������#

�� �&#� ��� ��#R!
!	� ��9. K'�9�4 �� �0'!�' ��!�> 0� ���9 ���  $�1 

  � ���8 0��	<'��� ^)!� �)��J ���	� �a���!/	9   ��M�p> Q�#�-�

0g	��� �� �M/D (��#�-� � �� ) �!815"	�g�� .(� K'�9�4 ��   ����

a����<� ��_ �H���   ����5 T�!� �!�!� ����� �� +4�� �#���5 (����

) ���� �������917-16K'���9�4 �� .(  "	��� ����� 10   ���� a���!��/	9  

1 a����<�� 0g	��� �# �Mp> Q#�-�    +��� %���' %�#� �#���5 ��� � ��

)18.( ����� $� ����5 ��  ��q +	
�V4 0� ���    ����	� "�#� ��!��!�   ���

%�8 0�J���G  +��P#��$= $� ����V� `#��' 09 ���   0�9 +�� �= $� �9�U

��	��������
� "#��	� "#�� �4 ��[� � �!�!� �8� �� ��� ��!��  ��	b�� ��#

�G!G= Z!D� Q#�-� �# � �
!/�!�� ���� �� $ ) ��8��19.(    

 "#� �/6� r��P��sG�  0��#�1� � ����� �     ����	� 2���>� ����

%�����-� �� ����	��������
� � ) "	#���G ����'�9�410  ���� a���!��/	9  

1       2!/�� �
!/�� 3	��1� ��'�� �� 2Y��J� ���N#� �� (a����<�   ����

 �'���MCF-7 )Michigan cancer foundation-7 (+��.  

  

��� 	
  

� ��#" �P��sG � ���	������ ��������
�	��   K'��9�4 ��125 �175  �

225 9	a���!��/  (���8 ���� �00/1 �75/1 � 50/2 �	Y������� ���� ��� 

%�� � '��� 2!/�� MCF-7 ��  a9��P��sG  ����    %�<��'�� �����

[8	� ��[�� ���[� �$� ��!�#��� ���D  +�4�5 . ����� 
!� �	� � �	���  ���� 

i������ 
!� ����	� %���9� � �� i�����  �!�� �#"  %����-��  ��'�9�4� 

U���  +[) .�8 0�J�� �%$��'� 5	�� ��!� ����  �����  2���>� � �	���� 

-� � 2!/� K'��L�� �����	T  ��!� +�9 %$���'� 5 �	��  ����D  +�4�5 .�� 

W��� FU��� ��$=#�P �� T�!� ���� K'�9�4 � (�8 +-6	u!��!/ 

�	��  2��DSO-2090 USB  :� ��!�� �	#�  ����D  +�4�5 . ����� V� 	�	" 

��[�#" 
=	R� ������
� �������
��# 
= K�) $�	��R��   ��8 0�J�� ./���

��� �� �7����  �!���$=MTT ]3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazoliumbromide[� 
=	R� `'��  0�9  ����9#"  �:��	� ��  ��� 

��� U	(� 
!/�� �+8�� ��5 i���'�#�.  

���� � 2��>�	��� �%�� 0� �]' �� 
!/�� 0V
�l� +-��   ��������
�

�� ��� /G i��	+ 
!/� +�9�  ���D+4�5� .#" ��������
� �G 0�# 0�'� � 

)��J�  Fp�� �����#��5 ��� ��   �4Y�� K'���L�� x��l��  ��	"   yl��

-� � �����
�	T +�9� � (�8	���  ��H����   2���>� ��8� . �#"  �F��> 

1��� R��
� +4� ���M) ,>��	3 4Y��� 8�'� $� K'��L�� -�	T �8.  

+�9 T	-� �� �������
� ���� ���D $� FMD�    ����9 F#����� F�>

   0�/U�� �� .+�4�5 W��N'� 0/U�� 0� �� � 2���     �!�� ��#$ ��������
�

 %�<�#��$=$� %��&��� �� 0/V8 � �8 %��� (���U �
!�V�. 0/U�� �� � 

�V��  �8 F��
� ���     $� K�G +�#�[' �� � ��8 %��� !��3   i�� �0�1	D�

� ������
� 00/	�� �    %��8 %����= 2!�/-�     2!/�� �!����8 �4��� �  

PBS )Phosphate-buffered saline ( %��������� 0������HBSS   

)Hanks' balanced salt solution(���<#� F#������ $���5 T���!� � 

%!-' .�8 %��� !���8 �      �� +��9 T	�-� �� ��������
� ���	5���D

 F�81 +�� %�8 %��� P#��'.  

%�� +�9 ���� � 0V
�l� ��!� �
!/��  +�9 T	-� $�DMEM 

0� %�Y> � 100 ��G �U�� "	/	�/�/	� �� �� "	�#��!�G����   a�	' � ��	
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��� �����	
� ���
��������� ��
��� ���
� �� ���  ��
��  MCF-7  �������	
� ����� ����(�) * 

10 �6��  ���5 "	�) W��)FBS  �#Fetal bovine serum ( %��&���

2!/� ����� .�8 �� �� Q�Y4  ���T-25    �!����!�'� �� KL�� � �8 0��#�

 ���� ��37 0)�� � ��'��    ����U ����55  ��6�� ��  �	��9�   ����D "���9 

2!/� ���9 0�	�L#�� +[) .+4�5 ���   "	��L#�� 2!/-� $�25/0  ��6��  �

EDTA )Ethylenediaminetetraacetic acid( 03/0 ���6��  �4���� ��

� ��� ����� ���� .�8 %��&��� ���'     ����$ (��� � K'��9�4 � ����	

���	� 2��>��  $�0�  �
!/� %��5  F���8      %���5 ��!��> 0�� %���5 Q�#

���8    ������
� ����� %���5 ����	� �D�4 �
!�V� +�9 T	-� �� T14

.�8 %��&��� ���	� 2��>� �� �����
� ����� %��5 � ���	� 2��>� ����  

��9 "#� ����� +	/G $�  ���6 0'�J �8 %��&��� ��z    (�!�6 "#���

 093     ����	��������
� ����	� 2���>� ��!� Q��_1    ����� Q���_

       �!�J �!�{U ���� ������ +�[) 0��) �����
� ����� ��� ���	� 2��>�

 � (�����
�1  +[) 0� �����
� ���� Q��_���8   .+�4�5 ���D �/6�

   ����	� (��8 ��� � K'�9�4 �� �����    %$���'� ���� 0��    W��N'� ���	5

 � +4�#;G"	<'�	� �  �� ����> 0  %���= +���� �  ��#��5 0M���-  2���>� .

���	� %�� ��� �� ./��� ��� �      W��N'� �!����!�'� F�J�� �� �
!/��

2!/� �	b�� � �8� .D!� ��a	� .�8    �!��$= ��� ���	� 2��>� ��� �� ��

MTT       ����9  ���J � ����� j�lD $� K�G .+4�5 ���D ����� ��!�

6�4Y� ��!���!�'� FJ�� $� +�9 r�m/ �#$ �� 0��!' u!�����	�� 

 0� �5�!
= W�> (�!6 �� � +4�5 ���D ���#$�� ��!� �
!/� �5�!
=

KL� .�8 %��� �!� �#$� Q��_ ���� $� 2!/� +�9 T	-�   ��J ��

5���# %$��'� 0� � � 200  2!/-� ��	
���	�MTT      04��q� Q���_ ��� 0��

      0�� � ��8 ���;�5�) +�	/G �!�J i�� �F#���� FU��� W�N'� $� KG .�8

   ����U +�8;5 $� KG .�#��5 F1��� �!���!�'� FJ��4    $� +�	/G �+>���

Q��_ �� 0� KL� � �8  ��J �!���!�'��  ��a	� 0�800  %���� ��	
���	� � 

DMSO )Dimethyl sulfoxide (.�#��5 04�q�  

 ��'�!J +��[)�
���<_ ��  %�<����� $� ��!��'  P'�!��JELISA 

)Enzyme-linked immunosorbent assay (.���8 %��&�����  ���6��

2!/� ��'�� %�'$  3	�1� $� ���
�<_ %��5 �#�� ��!'  %��5 0� �� ����8 

� 0     $� ���'�� %��'$ ���9 x�#�&� $� �
!/� �8� .D!� ��a	� .��= +��

0�#�1� ���� .�#��5 0M��-� Q# ��> �    %���5 "	�� �� ����	� �	�:�   ����

0V
�l� +-� �
!/��  ����= �!�$= $�ANOVA .�8 %��&���  

  

���	 	
  

�	��a b�� .D!�	� 
!/�� ����  K'�9�4125 9	a���!/   (��8 ��00/1 �

75/1 � 50/2 �	Y����� � �� (��  ����  '���$� 24 �48  �72   +>���

��5 0M��-�#� .��1�#� 0�  2��) �� %��= +��1 =�+�� %�.    

    (��8 �� �
!/�� ��	b�� .D!� �6�� �K'�9�4 ��� ����� ����

 +���50/2 K'�9�4 �� � Y�����	�  ���125 �175  �225   a���!�/	9

(�� ���� �  �'��$ ���24 �48  �72  +>��   �#���1� .��#��5 0M��-�

�F6�U  2��) ��2 =�.+�� %�  

0�#�1� � ��a	� �	�:� ���$ P��� �� "	� %��5 ���  �
!/��  +�-� 

P#��$= ��  2����) 1 � 2  ���  �!��$=  �����= One-way ANOVA� 

��� ���' 09 "	� ���$ �� rY�J� ��V� ���� �!)� ���� . �"	��g��  ��� 

P#�a4� ����$ ��a	� .D!� �	b�� �
!/� �� Q# K'�9�4 |�J  ����� 

(�8 ��� ./��� ��!� �%��&��� P#�a4� +4�#.  

  

  

  

  

  

  
         (.
�)            (i) 

 ���1. ��	
 :�� �  ���� ��� ��� �� �������� ��
6 ��	
 :� . ���! � .�"# $�% &��� ��������� ��� &��� ���'  

  

 (�)*1.  ���+ ,
�#�- ��  ��. ��/�0 �'�0 )1��125 4)� � 50�����#  ���1 675/1  �5/2 4)9 �� � :;0����9   
�9< ���24 648  �72 �?�.  

(��������) ���  
�	�� (��	�)  

 �����P  
24 48 72 

00/1 60/2 61/5  15/11 030/0  

75/1 04/6 66/8  26/23  004/0  

50/2 28/9  98/13  82/31  004/0  
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��� �����	
� ���
��������� ��
��� ���
� �� ���  ��
��  MCF-7  �������	
� ����� ����(�) * 

 (�)*2.  ��  ��. ��/�0 �'�0 )1��4)� ���+ 50/2 :;0����9 � �� ,
�#�- ��� 1256 175 � 225 50�����# � ���� 4)9 ���  
�9< 246 48 � 72 �?�.  

("��
#$�%) &'	%�  
�	�� (��	�)  

 �����P 
24 48 72 

125 28/9 98/13  82/31 004/0  

175 58/6 61/12  27/28  002/0  

225 79/6  40/10  40/17  230/0  

  
()*  

� `#��' 0� 0)!� �� 0%��= +��� K'�9�4 ���� 09 �#��5 ����   ����

%��&��� ��!��     � i������ (�!�6 0�� ���	� 2��>� ���$ (�� 0_ ��

2!/� 0� 0&D� ����    �� .�D!� ��6�� ��a	� ��8�� ���	� �'��� ���

2!/� �	b�� �� ���	� a	' �� �4� $� .�!8� ��  (�8 0_  ����	� 2��>�

      �������� ��# � ��MlD ��!�� 2����9 (��D P#�a4� +/> 0� ��8�� ���	�

H�� 0� �N��   ��� 2!/�� �	b�� .D!� �6�� "�4�     �!�� $� ���� .�!�8

�<#�� H�� 0� �N�� K'�9�4 P#�a4� ��' �	b�� 2���9 (��D "�4� �!8z 

� W�> "#�:�� �K'�9�4 P#�a4� �	�  ��#���
� (�p��� $� �8�' �'�!�

2!/� ��� MCF-7  09 �8��   �!� 0��     (��p��� 0�� k!���� F���9

�� .+�� |�J K'�9�4 Q# �� 2!/� �#�'��� � Q#���
�  

�� +&5 ��!� 09 [� K'�9�4	0� � ��!� ��#" 2!/�� ��   ��'�!� ����	" 

K'�9�4 ��� 125  �175 9	a���!/ � �� � �8��#"  %����-� �  ��'�9�4� 

� 09 +��	��a �q#^ �'����# ���
�#�� 2!/� �  ��q#^ �� ���
� �#Q 

 ��=0� �1� �!#M� #���� � .+��#" 0p��� � ���
�#�� 2!/� �� �#" 

%$!��U � ���'�9�4�  ,��>������ �!��8���6�� �� ��� $�:�	� ��= M��8	0 0��� 

%���-� � �'�9�4� ��	�� �G	#"  ��8��  0�9  ��[��  ��� ���  �-�	T   ���J 

2!/� ��� ��  ���;56�J �� TM��� �	+ 5��'���� 2!/� +��.  

���4� $��  �= ���;��5��� $� ����6�� �!�� 0��� ���� TM����� F����9

���	�  H�� K'�9�4 �� ��� ���   �� $� 0�9 ��8��     ��8�' 2!/�� Q�#���
�

��   %����-� "�#� �� �0N	�' �� .�!8      2���>� 0�9 �'���	� ����'�9�4 �

��  ��!8  ��� �
!/��  ��J ���	� �		�� ,>�� 3�     ����	� 3�� � �!�8

 �� �
!/� FJ��.��� ���!J �		��    

  �4 "	�U �� �!�� Q# $� 2�U�  0�J�_ ���#     0�� 2!/�� ��
!/�� �

0l���    ��� P��s�G "#� �� 09 ��<#� F��!> � �!J �'!# (H��M� �

      +	�6�J ����� ��!�� ���8 %a�#�YG 0�/�) $� �+�� 0�4�<' ���D �]'

�� ���
���) � 2!/� ���� Q#0  �#�)=�     0�� ���#���
� ����	� Q# ���

�� �!)� 0	
�� Q#�-� $� KG 09 �#=     2!/�� ����� ��# ���� $� 09 ��

�� (�!6       F���!> Z!�D� ^�)!� ����a��� ��# � �	�� ��'��� ���#;G

����= 0'!5 �� �<#� �         +�]/E ��		�� ���N#� ��� ���<#� ���	� 0�� .�!8

2�'�9  ��	
!� ���	� ��'!# ���  ���   ��4� $� � �!�8�    "�#� �� 2Y��J�

�� �'!# (H��M� W�> ,>�� ����	�  .���5�<#� �#!� $� ����   2���>� ��

 �)���J ��	��������
� ���	�   7���� ���     ��
���>� ����	� K'��9�4

�� � +-� �� 2!/� ���� � ���� ���	� ��!�:) ��� ���D �	�11 �7(. 

� �!)� ��#" �#�%�5� ��  ��!���#" (�!6  ���� � �	��� ��  ��� b�� �	� 

�	�� z��9 !-' 0�� � 09	��� 
��>�� )��J��    �� �� 2Y��J� $���� ,>��

U �� ��!� ���9 2�� �	" �4�#�� 0J�_ � 
!/��  ���  �!�8� . �#"  ���� �� 

��  ��!�8�'� ' $�	��� �� �!4����
�$�    i������ (�!�6 0� 09 +�'��

 0�MlD�� (��I�  2��>� 2!/� ���� ������ ��� �!8z  !�-' 0��    ��� 0�9

 �� �K'�9�4 �� ^����� i����0]-
 �� � +�� 0� �� %�I	��� �	��� �  �#� 

�����
� +Mb� +9�U ��  ��� �� �0]-
 �� �#��<    ^�lD �� +��Y> 09

�� �����
�		� �� ��9��� %�I �#F 0� "�4� �� +[)  K��>  �!�J �� ���� .

�5� K'�9�4 
��>�� �� 6�J	+ �� �
���#Q �  �'�����# %�I �  �-�	T �= 

^����� z�8��  0�0'!5 ��  ��!� 2!/� 09}��G !5�# �� 0�		�  K'��9�4 �� 

0�8�� ��8�� %�I �   ������� �#�  �MlD���  2!/�� �����   0�� 0�'!5 �� �4 �#a 

�� �!8 �) �� ��  PJ�_ 0� Z��8 �!J��  ��9)14.(  

 �!�9 �� `#��'(�V
�l� �%���� ���'      (�!�6 0�� Wa	'���� "�#� �

 � +�� %�!M' �VlD~��a5 ���  �F�> Wa	'��� �� k��	�U�   ����  ���/>

 ���'����4 ���� ����9 0���   (H= ��a���� ��a��4�$�� +4����	G ���� 0��9 ���

= ���!J ��	� a	' F�> "#� Wa	'��� 0� ���� �G ��!� ����<�#��$!�.�  

x	1-� "#� �� +	��� �� ��	�� ��!� ����   $� %���5 "#� 3	�V� ��!�

P#��$= �� %$!U ��  �In-vivo +�� ���	� ��U �z    ^M�� 0�� 09 ��_

%���-�       �!�)� ����	� 2���>� �� ��#����-� 0�'!5 �	� ���'�9�4 �
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Abstract 
Background: The role of ion channels and ion concentrations in cell cycle events is noted in recent years. 
Investigation of the role of ion channels during different cell cycle phases tend to discover a relationship between 
the potential of cell membrane and cell proliferation ability. A variable electric field is produced due to changes 
in cell membrane potential that plays role in cell division. In this study, inducing external fields with similar 
intensity and frequency proportion to those fields in cell membrane, the effects of low-frequency electromagnetic 
fields (ELFs) on viability and proliferation ability of MCF-7 cancer cells was evaluated.  

Methods: Electromagnetic fields with three different intensities and frequencies were produced using an 
alternative wave generator and an amplifier. MCF-7 cells were exposed to electromagnetic fields (EMFs) for 24, 
48 and 72 hour. Along with each treated cell group, a control group was considered. The influence of 
electromagnetic fields on cells viability and proliferation was examined using MTT [3-(4, 5-dimethylthiazol-2-
yl)-2, 5-diphenyltetrazoliumbromide] assay. 

Findings: The relative frequency of cell growth inhibition for constant frequency of 125 kHz, for intensities of 
1.00, 1.75 and 2.50 microtesla and exposure time of 24 hours was 2.40, 6.04 and 9.28 percent, respectively. For 
the exposure time of 48 hours and the same frequency and intensities, the relative frequency was 5.61, 8.66 and 
11.95 percent, respectively. Under the same conditions and for the exposure time of 72 hours, the relative 
frequency was 11.15, 23.26 and 31.82 percent, respectively. For constant intensity of 2.5 microtesla and 
frequencies of 175 and 225 kHz, the relative frequency of cell growth inhibition for 24 hours was 6.58 and 6.79 
percent, respectively. 

Conclusion: The relative frequency of cell proliferation rate reduced with increase of exposure time as well as 
intensity of electromagnetic fields. However, it does not notably change with increasing frequency. According to 
finding of this study, it can be concluded that electromagnetic fields with frequency and intensity in this range 
can disturb the division cycle of MCF-7 cells. 
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Expression and Purification of the Recombinant Kinase Domain of FGFR2b and 

Study of its Structural Changes Due to the Interaction with Gallic Acid 
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Hossein Piri PhD2 

 
Abstract 
Background: FGFR2b plays a significant role in cell signaling pathway, regulating several key biological 
processes including cellular differentiation and proliferation. Genetic alterations of the tyrosine kinase domain of 
FGFR2b, such as point mutations, occur in breast, ovarian and prostate cancer. This study aimed to express and 
zepurify the human FGFR2b kinase domain and to analyze its structural changes upon interaction with Gallic 
acid (GA).  

Methods: Expression of recombinant protein was induced with 1mM IPTG at 37 ºC and analyzed using sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The protein was purified via affinity 
chromatography and the protein sample was dialyzed and then used to be analyzed via SDS-PAGE. Chemical 
denaturation and intrinsic fluorescence spectra of the purified proteins were carried out via adding different 
concentrations of Gallic acid. 

Findings: Comparison between pre- and post-induction samples via SDS-PAGE analysis showed that the 
expressed protein was soluble at 20 ºC. Additionally, its purity was confirmed. The intrinsic fluorescence spectra 
of kinase domain in the presence of Gallic acid showed an increase in fluorescence intensity and maximum 
emission wavelength. 

Conclusion: Regarding to the results, the recombinant kinase domain of FGFR2b (38 kDa) was expressed, 
solubilized and purified. Changing in tertiary structural kinase domain reflects a conformational change within 
the protein that is important for the biological function of FGFR2b. 

Keywords: Receptor, Fibroblast growth factor 2, Gallic acid, Spectrometry, Fluorescence 
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������ ,
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 (��� �( �w�b�� � 4]� � T��� � \
� ��bbt#� ���- ��bbt#�

�	
� z(��M- 9��b  ����� �4]� � ����� ����'    .,!%� ��!- }�t �

d�� �'��' ��� ���)� ���" ��Y �� ��8L�c� 2�� �( ���E  �!8L�c� ��  �

�C 3���4* .(�� 2�]L��  ��!�E    �	M�!b� � �!�P
  ��!�   �2�!�6�� � ��

�C (��� (��?� (��8  �8L�c� ���E 9� �    7�!% �!  ���P!�� ����E   ��!�

87-1386  ,%� ��- d��4E � �)#��)52( �t!&' .    ��(�!�' �!��* �

 7�% �  e�Y 2��1390  �(��- 1 .,%� ���V  

:������� (��� �����]#� �8L�c� �(  �!��'�� 2�]L�� �    9L�!% \!
� �

K%�C ����P�� ���'    [�!%� �!� ��The WHO Stepwise approach 

)STEPS����'� � ( ���E      �'�!�* �����!% ���(���'�#!%� [�!%� �� ��

,�&� �|8� �( .,%� ��- �M��Y ,-���� K%�C ���   ��$!� ����'

 ��#.�% ~PM ��STEPSK%�C � 35�<% � �?�W� ��� ��    ���!� 4�'

  K!%�C ��!
" ��Y �� .,%� ���(�E ����  (��?�  �!��'     �!� ��#!)� �!�  

4 �� ,�&�  :��-��,�B  +�%�  ��F') (��?� O�?��E��( 3��$Y�

(��Q  ,�8W� � �]- �3$�bZ  ��4�� �k�* �2%   ,�8!W� �

�(�b#�� - ����#*� � ,�0B  9���      ����!EV �!� ��!��� 35�<!%

����� �( (��
�� � d�J' � � ���J�% ���f] � ��!��  �!��  !	
�� - 

�����  �L�8?�, ?�4��� �"     �( �� H(�!� d�!J' � ���!EV ��4��

���- � (��
�� 2��6�� � �	
� ��%�c. ����� (��� �   �E�!'�

 (���� 2�� �( �� (��?��� �g�% )18 -17.(  

����  �!�f]  (��
�� 2��8    K!%�C �� �(��!?� ��  �!��' �   (���'�#!%�

�fo (��� ^�b� ��� ��  ��� �!� �!� �C � !����     ��!- �(�P#!%� \!%���  

,%� )51(. ,�B  9�� ��� �[�#%� �� ����� 35�<% ���  �� �
��_�

" � �V�P�, E�'��  �,�B  9��"C      � 7�!M e�!- �!� �!c��� �( 4�'

����
"���C � ���L�� 3����8� H�g'�� ����� �( � 5�<% ���- �  �_��!% � 

   � 5�!� ��!. ���I ���. ���)?�C �,���( ��F' �	
� ��%�c. �����

�_��% � ������ �
���? �6�� .(�� �	
� �����2  �� � 5�� (��?� ����35 

K%�C �7�%   (���'�#!%� ���'Rose )Rose Angina Questionnaire (
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����  ���(�( u�t) ���{'V  ����" �Minnesota   ��!- (���'�#%�

   ut!)� ��!F�� �� (��?� H��E��(��"��#�L� 4�L�'V ���� �(�!"   ,!�P�"

  .�- �(�P#%� �	
� ���(�(  

u.�- �2��6��      ��!. ��!)? �2!JL � �!�" ��( ��� ���� ���

   �H�!  7��#!&
" �O�L�#%��( � O�L�#&�%Low-density lipoprotein  

)LDL �(High-density lipoprotein )HDL�(  2�� ��C�!!l�L�CVA  �

B��  �     ��#��!% �( � �#!-�' ��!. ��� ����&�
ECBC )Complete 

blood count � (C-reactive protein )CRP  2�]L�!� ���E �( 4�' (

����'� �8L�c� �( .,%� ��- ���E ,�&� �2�]L�� �     H�!% �!  7�� ��!�

K%�C �
M�� �% �� �( ���'       �( .,!%� ��!- �!���  H�!% �!  7�� �  

  
  

 DE11��	�
� .  �Cohort ) !�"#$%ICS  �'Isfahan Cohort Study(  

!�"#$% 
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I�����) 

%)9/15 (1988 

12514 %)0/48 (6010 

 2%�#�"  ��35 

%)8/15 (1028 %)1/33 (2151 %)1/51 (3324 
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����� �� >/1 �M�-% /'/. �

����� � :��$%7520 

�'��') �
�� �2153�'��' + ( ���

�
M�� �� ��- �?�W����'�� H�% � �

) ���P�� 9L�% \
�2334�'��' + ( ���

��- �?�W�) ���* �3033( 

1 :���J�C ��P
   

2 :�	M�b�� ���" ���- K%�C���'� �O�?��E��( ,�8W� 

�(�b#�� �����#*� ���J�% ,�L�8? ����4�? ���f]  e�- �7�M 

3����8� ����L�� ����'� ���E��� ���4�? � ������-��� 
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,�&� ��" �L�M   K!%�C H��!�I   �!" �!��'   ����!'� ���!-  ��!�E   ��!�

  � 7�� �!M��� �( U_? �,%� (��?� 7�M e�- � 3����8� ����J)����V

 ,%� ��- ���%�C ���'�� H�%)18-17(.  

2- ��	�
�  <�	�SB� � <����� <'/	%� !��%�.�� !�T��T >��� �

U�%/�  

�8��* :^�� �  ��"(�" 2��L��10-2 �L�% K�C �  ��'�#&�( � �'�#&�(

K'�(   ����!�V18-11  �L�!%      2��!L�� ���#!%���( � ���!����� DY�!_� �

K'�( [���� 2�L�<&� � 2��
8� �.�� � �����V 

�'��' �����? � �'��' 9gM d�� :���E �'��'    �!�I \!"�� ���E

�
M��  K�!C 4"��� �r(�" ������ ���� �� ��   ��#!&�( � �'�#!&�(   ��!�

 U%�  ��- d��4E ��#%��� � ��#%���( ��������� [���� � d���V

qg' ����P�� ���#%�� � ���- vY��� [�%� �� d���C   r��� � (�!�V

:,%� ��- H�g'� ��� 3��� �� 

1- ����% 2��8  �  �'��' qg' �� ���P�� ,�8�* ���E   �() (�!�V

(H�% O� �� H�% 

2- �'��' 3�_	Y 2��8         D!c_� ��!&�* D!���  [�!%� �!� ��!�E

� q
#t� vY��� ���#%�� � ���- 2��6�� � �
�bZ  D���  [�%� �

�V �#�8�* 

3-  2�!!�8  �?(�!!b �!!-�. �!!� ([���!!�)  � ���!!- vY�!!�� ��

� vY��� ���#%�������- � ( 

4- �'��' (��� ,�8�* u�bt    7�!�#M� �� ��%��� �� �� ���E

�%��� �V 9gM �� \%��#� 

5- [$" �?(�b  w�t#'�      w�!t#'� 2�!�6�� � �!%��� �!� ���

K'�( �?(�b  [$" 2�� ���( �����V �� 

��  �*� �� 7���? (��V�� ,	&' �� � �� x�ZL  ,!�(  �!'��' E !��� 

7(�8� 10 ����( ����M ,	&' (��� Kg�% 3/0 � ��c. 5 ����( 

9gM �'��' ��  � �\ �( �M��� 7�� � H�%  �() �!"  vY�!��  (��!� � 

���- (7(�8� 1946 � 1992 K'�( ���V 18-11 �7�% 1946  �1984 

�L�� �P'�2 ��2 K'�(  � �����V398  �425   [���!� 2�L�<&� �P'

�� ���-��� �( ��%��� ���)� �,-���� \���� �9��'��  !-���C�� 

�(�� �( � d����� ��,& %��-� )�� �'��' � (��V�� (H�
� E !��� 

,%� ��- .��$� ��� �� � �'��' ��� �(�   � H�( �!M��� �( ���-

� H�%�2 �'��' ��8L�c�  �!���  ?(�!b � (�" ��  ��!"10 -2  �L�!% � 

C�K '�#&�(� '�#&�( ��  ����� ����� �L�� ���2 �V ' �� !�4   H�!g'�

4* � �'��' �" 9gM .,%� ��-��3� �'��' E��� ��� �   �!M���

���'�� �   ���!E �( ���P!�� 9L�% \
�  �!��   !C ^�!��K  �!#PE  �(

 7��*1 �6�� ��2 �� �D 9gM �'��' � %����  ��#.�% �( ��-

 �8L�c�� �V  ��!�  �!�   (���!� [�!%��   �!'��' �( �!" E !��� .( !�� 

�(��  7��* �( ��'�3 ���V ,%�.  

]#������ ��� (�������D�* ���� :     � ��!"(�" ���!E 3�!�$Y� ���V

 ���!E �(�� X��#� �� �*�  �� � ��'��*�'       X�!' ��!�I ��!%��� (��!� ��!�

K%�C �P  �� ���' !�O  ��!��    K�!C ��!"(�" 2��!L��    ��'�#!&�( � �'�#!&�(

 K!'�(  K!!'�( 2��!L�� ���#!!%���( � ���!!����� ����!!�V  � ���!!����� ����!!�V

' � ��#%���(�4 �
8� � 2�L�<&��2    �� k!C .,!%� ���(�E �M��Y �[����

 K!%�C ���'��*�' � ��"(�" 2��L�� �� �	#" ,��W� \&"  �!��' �   ���!M

 � d�!J' ����EV �O�?��E��( 35�<%      ��!c. �!���� (��!� �( (�!�
��

��Z' � ,���� � K�C � 7�#�"     ��"(�!" ����( �� �!c. �!���� 2�� ���E

 �!�� ���� ���fo (��� ^�b� ���  (��� �( ���b#.� 35�<% kl% � 

����'� .,%� ��- ����  ��'��*�' � ��"(�"     � �!�" ��( ��!� ���� ��!�E

% ��. ��)? �2JL�L�#&�O ( �� L�#!%���O   7��#!&
"  �H�! LDL� HDL� 

��    ' �#!-�' ��!. ��� � ���&�
E !�4    !�6�� � H�!% � 7�� �!M��� �(��2 

 2�� ��C�l�L�CVA  �B� �
M�� �( � K'�( �( �H�%  �����V18 -11    �!� 7�!%

) ��V ���53 �47 �44 �42 �39 �19 -17 �13  .(  

3- ��	�
� ��1%/"� DQ��P >��� �  

�8��*  ������ ���- �#-���� ��%�C :^�� � U��� �[��-��" ���(��"

(���b. � �#L�() ubt#� � ����� O-4C � �#-����  

9gM ��? � �'��'��� �'��' E���  �!'��' �!� :     �?(�!b  d�� �!� ��!�E

�(�% �� �'�(��" e�c% �( ,�$% H�F' ���"��" 2�� -   ���!#"( ��%��-��"

��� �'��' 9gM �������  �  �� H�% � 7�� �M��� !�\ 923 � 2015  �!P' 

���� M�' �( ���� � �'��' � (��V�� ���- � (��� E���   .,%� ��- H�g'�  

   D!�* ���!� :���!���� (��� �����]#�     �� ���!E 2!�� 3�!�$Y� ���V

K%�C ���'  ��"��M �� ���-4C ���� ���b#.� ���50    �!� ����#!%�C �7�<%

40   �!� ������� � �#-���� ��'�(��" �7�<%50      .,!%� ��!- �(�P#!%� 7�<!%

K%�C '���     ��!%�C (�!�
�� � d�!J' ����EV (��� �( � 5�<% ���M ���

��f]  (��� �( �#-����   �!���� ����4�? ,�L�8? �3��'�.( r�  �i�Z� �

��c.  ��Z' K�C �   ���!��� 7�!#�" � ���E   �!	
� ��!� -   ��!���� ���   ��!�

������ �����( ��o � �����( ����( �� ���   �!-��)49 �23 �18 -17  9!gM .(

'��' �"�'��' 3���4* � � ��� ���E ���'�� �M��� �   ���P!�� 9L�% \
� �

���E �(    7��!* �( ��- (�� ^��1   �2�!�6�� �   �!'��' 9!gM D!���  � 

�!!%���  � �!!8L�c� ��#.�!!% �( ��!!-�V ��!!�  �( �!!�.( (���!!� [�!!%� �!!�

�'��'  7��* �( ����E4 .,%� ���V  

4- ��	�
� !%����� >��� �  

�8��* � ^��:  ��8L�c� �� Kt� 2�� ^���������   �_��!% �!� �  �#�!% � 

�_��% �� ������� ��	
� � �#�% �      O���!&�� ���f!E 3$!�M �!� �4]�

 �_��!% �� ������� ��4]� �  ,!&  d���      �,!	�� �?��E�!�{'V �!� ,!	��

 �_��!% �� ������� � CABG )Coronary artery bypass grafting  �!� (

PTCA )Percutaneous transluminal coronary angioplasty �(

�_��% �� ������� � �8��* �	
� 3$�M ,
� �� ��#&� � �'(��.  
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Isfahan Healthy Heart Program, Sample Size and Sampling Structure:  

A Comprehensive Report 
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Abstract 
Background: One of the important strategies for preventing and controlling cardiovascular diseases (CVD) is 
providing training through interventions at the population. This study aimed to explain the sample size and 
sampling structure of the Isfahan Healthy Heart Program (IHHP). This program was considered as a 
comprehensive community-based interventional trial to modify population lifestyle in relation to cardiovascular 
disease (CVD) and its risk factors prevention and control.  

Methods: Isfahan Healthy Heart Program (IHHP) addressed four target groups including adults, health 
professionals, patients with cardiac diseases, and children and adolescents in three districts in Iran including 
Isfahan and Najaf Abad (intervention) and Arak (reference). It was consisted of three phases: baseline survey in 
2000-2001, intervention in 2002-2005 and post-intervention survey in 2006-2007. Four evaluation studies were 
done during 2002 to 2005 to evaluate knowledge and behaviors improvements. 

Findings: The sample sizes and sampling methods in the pre- and the post-intervention phases were as followed: 
12514 and 9572 and quota, stratified, cluster, random, probability proportionate to size, systemic and simple 
random in adults; 1946 and 1992 and quotas, stratified, cluster, random, probability proportionate to size, simple 
random, simple random in adolescents; 923 and 2015 and simple random in health professionals; and also 814 
and 502 and simple random in patients with cardiac diseases. We carried out a 10-year longitudinal cohort study 
entitled the Isfahan Cohort Study on population aged ≥ 35 years starting from the baseline to examine the 
incidence of cardiovascular disease events and to calculate the risk assessment chart for cardiovascular disease 
occurrence. 

Conclusion: Isfahan Healthy Heart Program, as comprehensive community-based interventional trial in Iran, 
was so similar to the same worldwide. 

Keywords: Isfahan Healthy Heart Program, Cardiovascular disease, Prevention and control, Sample size, 
Sampling structure 
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