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     ������ ,��V)�c� +��� �! ��G	� �)�G ;�4� J� .�*

������� ���#[�	�   ���&�	��n� !��� ;�	> �!

�� 1.� 0��! ��   ������ N�X� .�*��    ;��V)�c� � ��%

D�* ��`��e&% , 	@�V)�c� ��  0&
���-&� �(� �� �FX� $�

 �	���������� ���#��[ $�� ���� ;���&��� 04��* ���� 

 �[�. k%�\
 D�R� ��`��!	�.  

  

��� 	
  

 !��V� ,�V)�c� +�� ��`�� �/G :;���	&.30  g	� ��

D!�� $�	�  $    +&�� ���J� +&Y���&� ��� t)�� g 30-25 

 D��@ �% $���)10  (g	��!    ��/G .��* ��
�@ �L�

�� u�]) !�`��   ��% $�J�2   D!��� g	�� $    !���V� ,t)���  

1     .���!�@ v��#��� !�\�� ���"% J� t)�� �� g	�   ���"�

g	� ��	&. �! �% ����  D�4�R��! $?	)	�2&
 2��� $ $ 

       f����* ��� ��/W�>� �4�*2
 �	�-H D�Y�R��! �4*2


D��! �! ���4�  �)�	�� $�%12   � ���F�*�� �! �H��

12 �G�! � �4���� �! �H�� $  ;����. Cº 1 ± 23 

.���* $���/Y� g	� ��"� ,���!� �! D!�� $�%   t)��� $

  ���	"� g�� J� D!�W���� ��     ,D!��� �
!��q� $��&@  ���

�&���  �! D��@ ���%�*   D���@ � +&
���!��F@ D��@ ,

 ��* �.��� ;���&� 0&
���-&� + +&
����!�F@�� v� .

D!��� $�M^ � $�/* $ ��M<� $��� l��
 $  g	��  ��% 

  ��
�@ ����I D!�W��� !�	�.  ��"% �!  D���@ $    ��% ��%  

2  ���� D!���� g	���1 !�\��� ����"% J� ���� g	��� $����� ,

�WG $�&@  ���I xWI E� 0��! �!.�F�
�@  

   J� �������V)�c� +�������� �! :�������%���!HMG   

) Human menopausal gonadotropin + (HCG 

 E�"#� E���� $���   g	�� $��M�@   ��%  D���@ �! �!

 ;�	> ;�]&]�� �� �G	� �� .�* D!�W��� ,!�	� ��
�@

;���&� 0&
���-&� k]� �    ,�	��������� ���#�[ �!

.�* D!�W��� 2&� �� J� !�	� D��@ E� �!  

      +��� �! D���@ ��� +&�&V� ��� �G	� �� :��� g��

 ,�V)�c��! �-���� e&% �%�* D��@   �! .��R� ��`�� $�

 D��@ �!   ,��Y�! !�	��HMG    ��2�&� ���IU 5/7   ���

) �I�W> 0��! ;�	>IP  ��Intraperitoneal N��2� (

 � �*48  ,�� J� x
 �H��HCG    ����]� ���IU 5/7 

   g	�� ��� .���!�@ N��2� g�� ��"% ��    D���@ $��%

 0>�	
 �� ;���&� 0&
���-&� + +&
����!��	@24 ,48 

 �72  N��2� J� x
 �H��HCG ;���&� 0&
���-&� ,

 J�! ��mg/kg 3    ;��� .���!�@ N��2� g	� �% $���

96    N���2� J� x�
 �H��HCG �� ,g	    D���@ $��%

��G ;�	> �� �%�*� D�/� ���G    ������I ���!�@ $�%

�� 1.� � ���*   .��* D!�! 	R��* �R� f&�� �� �%

��4� $   1�.� J� f]
 �� !	� +�� �V)�c� +�� �! �)�G

g	���      ,����!	� ����&�	��n� $����. ���� �����%

��	"� .�* ��`�� $��!��  

�����( ���/G ����	"� (�	&�����4&
) $J���� ���%,  J�

 +&)���
10 �>�! D�* �
��, ��!�@ D!�W��� �   0�.���

v� ����`�� ���/G ��
���� ?�����
 0��4)� ���� $���&@  $���%

     ����!�@ ����`�� !���������� �����J N��X� $!	V��>. 

K�W��*  $J�����!  0��-�2@ xz��� �  ����� ����@ �!

�)�I  $�&@�! g�� .�* ��`�� +&
���
  ���	"� $�&@   ��%

     !���. ���#�[ ��� � ���! �	����4&� J� D!�W���� ��   

µm 5 `��.�* ��  

{��    {��� J� D!�W���� ��� ,��
�� r��]� $2&��   $2�&��
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PAS )Periodic acid shiff ( �����&/� �����/G  $

  ���-.�� J� x��
 .���
�@ ;�	��> K��@��4&�	���	
  $

{��       |	4����4&� J� D!�W���� ��� ��
��� r���]� ,$2&��

      DJ����� $���� .��
�@ ����I ������ !�	�� $�	�   $��&@

������� ���#[�	� ��� J�   ��2�
�2/3 Motic image plus 

.�* D!�W���  

r"G J� x
 D!�! $���    ,��V)�c� J� 0�>�. $�%  ���

 D!�W���������� J�   $������ ��2��
�SPSS �#����  $20 

)version 20, SPSS Inc., Chicago, IL ( +&Fp"% �

g��  +&Y��&�) �W&>	� $���� $�%±   (���&V� K�����

 �	�����������J� �One- way ANOVA   

)One-way analysis of varianceD!�! (    !�	�� $��%

2&)��� � ����� !�	� �L�     ��2�&� .��
�@ ����I $����

050/0 < P �FV� .��!�@ �]-� ��!  

  

���
	 	
  

�+&Y��& ������� ���#[ �	�± K�����   ��� !��������� 

!����� �+&Y��&  �������� ���#[�	� ��R^ J� ,$ �
 ��� 

� ��}
� l�	&-�&   �! ���#�[ +�� .��!�@ �X����  ��%

 ����$������ Kn����� �Y����4� ���� ������]� �! D����@ 

FV��  .!��� ��R� �� $��! ���� �!     ,D!�W���� !�	�� ��2�
�

DJ����  ��. �� �%mµ  ���     ����"� ,�� +��� J� d��*��

DJ����  ��. �� �V)�c� +�� �! �%mµ   .���� D�* ��&�

����4� $   ���#��[ k��2��
� ,������� +���� �! ���)�G

 �! +&
����!�F@ D��@ �! �	�������� k%�� �� ����]�

 + +&
����!����F@ D�����@ �! �	����������� ���#���[

 ;���&� 0&
���-&�!	�������� ���#[ ��2&� .�	�  �!

 D��@ �%�*35/13 ± 05/358 , D��@ �! +&
����!��F@ 

46/12 ± 84/389  � D�������@ �! + +&
����!������F@

;���&� 0&
���-&�, 10/12 ± 81/316 !	� �   h���) J�

$����, �FV� Kn��� ��! +&� $ ��  ��V)�c� !�	� D��@

.��!�Y� D�%�R�  

l��� ��  04�* 1,     ��� �! �	��������� ���#�[

�FV� Kn��� D��@ �"� ��R� �� $��!   ���#�[ .�%!

����������	�    0����I k��2��
� +&
����!���F@ D����@ �!

��� ��*�! �/G	�d $�	� ��   D���@ �! ��2&� +�� ��

 k%����� ����� ;���&���� 0&
���-&���� + +&
����!����F@

  ���"% .���� D!	� D��"% 2&� ��	�����    �! ��� �	��

 04*2-  ~�)�       J� D!�W���� ��� ,���� D��* Q#�R�

��� ��2
� 2/3 Motic image plus   ��� �* D�%�R� �!

 D��@�%�* ������� ���#[�	�   ��. ��2�&�   �c����

     +��� �! +&�Fp"% .!��! ��Y�! 04�* �! �� ����]� �!

04*, =	���@ $��. �	&-�&
�   !��V�� $�%PAS   ��X3�

   ���&.�� �! 1������� � =	-��� ������� �! D���F���
  $

D�H�I �� D�%�R� 2&� $� .!	*  

 ���C �.�	� ��"� �!     ��� ���#�[ ,�	��������� $

   D�%��R� ����4� ;�	> ��R�  04�* �! .2- v   ���

   +&
����!���F@ D����@ ���� �	���������� ���#��[ ,

��������	�   D���@ �� ����]� �! �%��*   04�*)2- � (

�*�! ��	��� k��2
� �	&-�&
� 04* +&Fp"% .��� �

=	���@ �   D���@ �� ����]� �! �% �%��*    ��>�� ��&&<�

 04* �! .��� D!�4� ��&
2- ~)�  D��@ �� �	��� ��

    ��2��&� ,����� ;���&��� 0&
���-&��� + +&
���!���F@

 D��@ �� ����]� �! ���#[�%�*  ��	����� k%��

     ��� �����]� �! ���#�[ ��2�&� +&Fp"% .��� ��*�!

  ���� ���*�! $!��J �&&<� +&
����!�F@ D��@.   +"�[

+�� =	���@ ��2&� � �&VI	� ��     �! ��� �����]� �! ��%

 ��� ���R� 2&� �Y�! D��@    D���@ ����"� �! .��*��  ��%, 

�*�! ���I =���	) J�
 �! �	��������d  �� �� ���%  �%

 ;�	> �����* D�%�R� �-'	��� � $2���.  
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 ���2��� .- � �
����� ��������� + ����������� ����  � !"  ��#���$ %#�&' -  ������������ ����  � !"  ��#���$ %#�&'  

( - �)�� ����  � !"  ��#���$ %#�&'  

  

  
 ���1. +,-�.#   / ���� +�  � 01-��#���$ %#�&' ��2���#+3��4# � 1#  

5�) 6�3# / �#$ 7�8� � +�1�  ��9 / �� ���� +��:� ��)�:# )050/0 < P(  

  

���  

 ����]� �! +&
����!�F@ D��@ �! �	�������� ���#[

    ;���&�� 0&
���-&�� + +&
����!��F@ D���@ ��,   ��&&<�

   ��� ,��`&�� +��� J� D!�W��� �� .�*�! ��	���   ��	��

   ;���&�� 0&
���-&�� �� !	"� ��XF���   ���� ������	��

aH��  �	�������� ���#[ k��2
�!	* .  

�->�   ��-.�� +����    D��FF� +&�&V� ��� $�   ��2�&� $

g�� �! ���&]
	�  ) $������� E��"� $���%ART  ����

Assisted reproductive technology���� (  ,���*��

�-.�� ��C $  �F�2@����-.�� . ��C $    �! ��� ��F�2@

0��H    ������� �������� �@����M
 � ����� �&W&� 1/�

��	� �� 2&� ������� �@����M
 .���   0���	H �� !	� $

�� ������ $��&��    1�/� J� ��4� .��*��    0���	H +����

�� �	�������� ���#[ ,������� �@����M
 �! ��M@�&(

�� �*�� )29 ,13.(  

g�� �! IVF/ICSI �	��	% J� ,HCG   ��	�FH ��

$��� +�2Y��G E� 2&)���	) �	��	% �	� �V&X� )LH 

 ��Luteinizing hormone( �	-� �/G ���/�  E"#�
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�� D!�W��� !	*. g�� �! �
�� J�  $����� E"� $�%

)ART2�	`� J�� �! ( HCG�� , DJ���� �� ��	�   $��&@

 �@����M
 ��2&� ,�	�������� ���#[  �� �	���������

k&
 ��� +�� � !	"� �F&�,    �F&)��� ��&"%� $!���J !��! 

)30 ,28(.    ;��V)�c� ��3�� �! ,��	����)�� �
��@	�	�

 ��	��FH ����   ���#��[ +&��&V� ���/G �X����F� ��2����

�� ���I D!�W��� !�	� �	�������� !�&@ )31(.  

 �	F����   $!���J ;���V)�c�$�����   ���#��[ +&�&V�

 k��2
� � �	�������� ���F�  �Y-���. ��2�&�,   ���`��

 ��� D�*� ;�V)�c� �3�� �!,  YF���YF� ��X����   +&��

   ;��X(� 0���H �! +�� �* ���� D� )32 ,3.(  ��%   ��F 

����
��Mz� �� �����L� +���� ����]]�� J� ������ ����� )10( .

 �� +�� �� �G	� �� +&Fp"%   ��"� ��L� ���    =	�� ����

   �� �������� ���#�[ �� ���"#� E���� ;��� $�&(

 ,�*�� ��*�! ����       0���H E�� ����"#� E����� =	��

�-���� � �@B ���#[ �� �(��� v	��� ������  .!	*

�� ��R� ����� ,�&��� +�� ��     ���#�[ ��� ��%!  1��

�������, �� ���	�  ~&V[ ����!   ;��� �!	�� D��	� �

 ���"#� E���� �� �X�� �� f�	�� ���J k&�
   ��F&�

�F�D��! E� �� ��� +4"� . $  D���	�    J� D!�W���� ���

�F@D�F%! ��R� +&
����! $    � ����"#� ���/� !�4-"H

��	� �� �� ,!	* E"#� ��/� �&W&� �`&�� �! $   !	��

�� �V�	� ���XG $��� ���	� $    v	�-c� �������� ��"�

�*�� )33(.  

1/� J�     ���� 0���I 0���	H +����   ���  ���#�[ �!

� �	���������(&� ,����! ��     .!��� D���*� +�� ��� ��	�

����V)�c� N���X� $ Oliveira ����c��� ,�������4"% � $ 

�	4V�� �&+  ������� ���#[ � +���  ���!  ���� .

� �!�+ ����� �� �� ��$  ���J� ���'�  F�� �!&+  ��&+ 

79-40 =����  ����`����*��������� ���#��[ ,���	  ����

�2
��k +� k%�� ����
� )28 �oV� ��X)� .(� !� ��Y 

]]�� J�&+ ������� ���#[��	 � +� J� 0]��� ��&�� 

��  �FF�)34! .(���� � �	� ��R
 �&2    1�/� 0���	H J�

���� �� !� ��Y ��(& ��M�@� �!  ���#�[  ����������	 

v	��� ��  �! .��	*k%�\
 Vorgias   ,�����4"% �

! J����� � ��R
 �	� �� ��	FH  0���	H  -�>�� �� !��` 

D�FF� $ � 1.� �����&2 �!� ) ��� D�*35.(  

+&
����!�F@ J� D!�W���     ��&)�V
 k��2�
� a�H�� ��% 

��C ���J �! $J	�&�  �F�2@�� *	�� +�� � !�  �Y���&� �)

=	-��� k��2��
� �! ;����&&<�  +&��Fp"% � �	��&-�&
� $���%

 ���#[ k��2
���� �	�������  �*�� ;��&&<� ��� ,!	*

+&
����!�F@ N��2� J�    a�H�� l	��?�2@� ;�	> �� �%

   $���� �������� �@����M
 k%�� �H����� f���* !�`��

��C ����� �F�2@ �� 2&� !	* )36(.  

$��� ��� +&)�� �� ��� �����! ;���&� 0&
���-&� 

  ��
�@ ����I D!�W��� !�	� h	V� ���	��� ����! )19( .

TAS  ���! +�� J� D!�W��� �� �� �]&]�� �! ����4"% �

 E&�?	�\�� �&>�� �G	�� ,��!�! ��`�� 1�J $�� ��

 k��2���
� � m�����H $!����R@ N������ J� ���! +�����

��n���X&
  �%�  �`&�� �! 1�J !	X/� ���� �! r����

��*��� )37(. ���Y�! ������� �!$  0&
���-&��� J� 2��&�

  �RF� ��� �"4��� ����! !	X/� �/G�   �������-��z&%

 .��!�@ D!�W���Dussault  �� ��!�� �nH� ����4"% �

      �"4���� �	�� +��� !	�X/� a�H�� ;���&� 0&
���-&�

�� !	* )38(. �V)�c� �!   ��Y�! ����R� $$  �&� 2  $����

��� +&)��,  E��   ������! 0&�����
  �
��[�    $���� $	�I

 �! ;���&������� 0&
���-&������� 1&������LF� VEGF   

)Vascular endothelial growth factor (�  1���&� 

1Ang )1Angiotensin (   .��* D!��� ��� �� +&�Fp"% 

;�V)�c� ��R� �� �%! !�����  0&
���-&��  ;���&�� J� 
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N��� ��&� �R��2
� VEGF � 1��&� 1Ang,  ����* J� 

N��� �V��I� �� �`F� �� �	&�C	4���	��  ���  ,!	�* 

;��(� ����". �� $�/)	-�  ��n�oH  ��-I ;�  ��% �! 

f&�� In vivo �*�� ��*�! )39(.  

�� %� =�.,    ;��V)�c� +�������G N�X�,   +����/�

 ��� �	�������� ���#[  $	�Y)� Trilaminar,   !���.

mm 9/12-0/10 S�� �� ��X��� �! �� ��� $�% ��C�� 

�Y-��. �F&)�� �� ���  $ ICSI ��� )40(.  

 �->� 0��	H J� �4� ,���F� �	�������� ���#[

   ���C ��&]
	� � �	��������� �@����M
 �!   �! ��F�2@

g��  03� $����� E"� $�%IVF  �ICSI  ���   .!	�*

� $�%���! ~R�B   � �������� ���#�[ k��2
� �! �(

 �� J�&� !�	� ���#[ �� �� ������  ���	�H +���"�

1/� J� �4� ��� +�����F&�J �! �� k&
 0 $  $�������

�� v	��� .!	*  

�V)�c� NX�  $�[�.+&
����!�F@ J� D!�W��� ,   � ��%

    ���#�[ �����	�� ;���&�� 0&
���-&� �� �� �&���

   ��@� .��%! k��2�
� ��L��� !�	� �. �� �� �	�������� 

     �� �������� ���#�[ ����/F� ��� +&
����!�F@ �   ���

    J� .!	�X� ��G	� 0���I ��2&� +�� ��� ,!�! k��2
� $�.

�
��,       ���#�[ k%��� a�H�� ;���&�� 0&
���-&��

 D��@ �� ����]� �! �	�������� �%�*  .���!�@  ��p��F 

 ,�* ��W@    �� ���� �	��������� ���#�[�  0���	H �&(

�! ���I $!��J!��� .  �� $�%���! ~R� �� E*B  ��� �(

!��	� !��V� ,�	�������� ���#[ ��C ��4*   ��F�2@

RF� ���      �/G	�� 0���I k%��� ,�	��������� ���#[

�
�� �%�	�.  

  

������� � ����  

u�� +��  ���]&]��D��"* �� $ 392442    ��	�q� ���

 ����V�F
 � ;�]&]���$��     �4�*2
 �	�-H D�Y�R��!

 ��/W>�D�4R��! �  � ���� D�&�� �4*2
 $   ����"�

�F�2%   N��� +�� J� �� $��G� $�%��   .���� D��* +&�

�� $��2Y��z� �	��� ����V� J� �-&�� +��� !!�@. 

  

References 

1. Revel A. Defective endometrial receptivity. 
Fertil Steril 2012; 97(5): 1028-32. 

2. King AE, Critchley HO. Oestrogen and 
progesterone regulation of inflammatory 
processes in the human endometrium. J 
Steroid Biochem Mol Biol 2010; 120(2-3): 
116-26. 

3. Richter KS, Bugge KR, Bromer JG, Levy MJ. 
Relationship between endometrial thickness and 
embryo implantation, based on 1,294 cycles of 
in vitro fertilization with transfer of two 
blastocyst-stage embryos. Fertil Steril 2007; 
87(1): 53-9. 

4. Kovacs P, Matyas S, Boda K, Kaali SG. The 
effect of endometrial thickness on IVF/ICSI 
outcome. Hum Reprod 2003; 18(11): 2337-41. 

5. Rinaldi L, Lisi F, Floccari A, Lisi R, Pepe G, 
Fishel S. Endometrial thickness as a predictor of 
pregnancy after in-vitro fertilization but not 
after intracytoplasmic sperm injection. Hum 
Reprod 1996; 11(7): 1538-41. 

6. Scarpin KM, Graham JD, Mote PA, Clarke CL. 
Progesterone action in human tissues: regulation 
by progesterone receptor (PR) isoform 
expression, nuclear positioning and coregulator 
expression. Nucl Recept Signal 2009; 7: e009. 

7. Graham JD, Clarke CL. Physiological action of 
progesterone in target tissues. Endocr Rev 1997; 
18(4): 502-19. 

8. Shufaro Y, Simon A, Laufer N, Fatum M. Thin 
unresponsive endometrium--a possible 
complication of surgical curettage 
compromising ART outcome. J Assist Reprod 
Genet 2008; 25(8): 421-5. 

9. Vergouw CG, Kostelijk EH, Doejaaren E, 
Hompes PG, Lambalk CB, Schats R. The 
influence of the type of embryo culture medium on 
neonatal birthweight after single embryo transfer 
in IVF. Hum Reprod 2012; 27(9): 2619-26. 

10. Al-Ghamdi A, Coskun S, Al-Hassan S, Al-
Rejjal R, Awartani K. The correlation between 
endometrial thickness and outcome of in vitro 



 

  

  

www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /300 ���� /�� ! �"� 1393 1420 

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

fertilization and embryo transfer (IVF-ET) 
outcome. Reprod Biol Endocrinol 2008; 6: 37. 

11. Dietterich C, Check JH, Choe JK, Nazari A, 
Lurie D. Increased endometrial thickness on the 
day of human chorionic gonadotropin injection 
does not adversely affect pregnancy or 
implantation rates following in vitro 
fertilization-embryo transfer. Fertil Steril 2002; 
77(4): 781-6. 

12. McWilliams GD, Frattarelli JL. Changes in 
measured endometrial thickness predict in vitro 
fertilization success. Fertil Steril 2007; 88(1): 
74-81. 

13. Chen SL, Wu FR, Luo C, Chen X, Shi XY, 
Zheng HY, et al. Combined analysis of 
endometrial thickness and pattern in predicting 
outcome of in vitro fertilization and embryo 
transfer: a retrospective cohort study. Reprod 
Biol Endocrinol 2010; 8: 30. 

14. Osemwenkha AP, Osaikhuwuomwan JA. 
Correlation between endometrial thickness and 
IVF outcome in an African population. 
Gynecology and Obstetrics 2012; 2(2): 1-5. 

15. Kyrou D, Popovic-Todorovic B, Fatemi HM, 
Bourgain C, Haentjens P, van Landuyt L, et al. 
Does the estradiol level on the day of human 
chorionic gonadotrophin administration have an 
impact on pregnancy rates in patients treated 
with rec-FSH/GnRH antagonist? Hum Reprod 
2009; 24(11): 2902-9. 

16. Kinay T, Tasci Y, Dilbaz S, Cinar O, Demir B, 
Haberal A. The relationship between 
endometrial thickness and pregnancy rates in 
GnRH antagonist down-regulated ICSI cycles. 
Gynecol Endocrinol 2010; 26(11): 833-7. 

17. Merce LT, Barco MJ, Bau S, Troyano J. Are 
endometrial parameters by three-dimensional 
ultrasound and power Doppler angiography 
related to in vitro fertilization/embryo transfer 
outcome? Fertil Steril 2008; 89(1): 111-7. 

18. Reuter KL, Cohen S, Furey L, Baker S. 
Sonographic appearance of the endometrium 
and ovaries during cycles stimulated with 
human menopausal gonadotropin. J Reprod 
Med 1996; 41(7): 509-14. 

19. Harrold LR, Gurwitz JH, Field TS, Andrade SE, 
Fish LS, Jarry PD, et al. The diffusion of a 
novel therapy into clinical practice: the case of 
sildenafil. Arch Intern Med 2000; 160(22): 
3401-5. 

20. Stroberg P, Kaminetsky JC, Park NC, 
Goldfischer ER, Creanga DL, Stecher VJ. 
Hardness, function, emotional well-being, 
satisfaction and the overall sexual experience in 
men using 100-mg fixed-dose or flexible-dose 
sildenafil citrate. Int J Impot Res 2010; 22(4): 
284-9. 

21. Wareing M, Myers JE, O'Hara M, Baker PN. 
Sildenafil citrate (Viagra) enhances 
vasodilatation in fetal growth restriction. J Clin 
Endocrinol Metab 2005; 90(5): 2550-5. 

22. Moens AL, Takimoto E, Tocchetti CG, Chakir 
K, Bedja D, Cormaci G, et al. Reversal of 
cardiac hypertrophy and fibrosis from pressure 
overload by tetrahydrobiopterin: efficacy of 
recoupling nitric oxide synthase as a therapeutic 
strategy. Circulation 2008; 117(20): 2626-36. 

23. Paulus WE, Strehler E, Zhang M, Jelinkova L, 
El-Danasouri I, Sterzik K. Benefit of vaginal 
sildenafil citrate in assisted reproduction 
therapy. Fertil Steril 2002; 77(4): 846-7. 

24. Warner CM, Cao W, Exley GE, McElhinny AS, 
Alikani M, Cohen J, et al. Genetic regulation of 
egg and embryo survival. Hum Reprod 1998; 
13(Suppl 3): 178-90. 

25. Rashidi B, Soleimani Rad JI, Roshangar L, 
Alizadeh MR. Evaluation of Pinopodes 
Expression on the Mouse Endometrium 
Immediately before Implantation by Treatment 
with HMG/HCG and Sildenafil Citrate 
Administration. Iran J Basic Med Sci 2012; 
15(5): 1091-6. 

26. Rashidi B, Roushangar L, Solaeymanirad J, 
Khaki A, Mohammadnezhad D, Azami A. 
Comparison of morphology and morphometry 
of preimplantation mouse uterine endometrium 
in natural cycle with those received 
superovulatory drugs, progesterone and 
sildenafil citrate (Viagra). Pharm Sci 2008; (3): 
33-9. 

27. Christodoulakos GE, Botsis DS, Lambrinoudaki 
IV, Papagianni VD, Panoulis CP, Creatsa MG, 
et al. A 5-year study on the effect of hormone 
therapy, tibolone and raloxifene on vaginal 
bleeding and endometrial thickness. Maturitas 
2006; 53(4): 413-23. 

28. Oliveira JB, Baruffi RL, Mauri AL, Petersen 
CG, Borges MC, Franco JG, Jr. Endometrial 
ultrasonography as a predictor of pregnancy in 
an in-vitro fertilization programme after ovarian 
stimulation and gonadotrophin-releasing 
hormone and gonadotrophins. Hum Reprod 
1997; 12(11): 2515-8. 

29. Al-Sunaidi M. Role of endometrial thickness on 
intracytoplasmic sperm injection. American 
Journal of Applied Sciences 2012; 9(4): 553-6. 

30. Friedler S, Schenker JG, Herman A, Lewin A. 
The role of ultrasonography in the evaluation of 
endometrial receptivity following assisted 
reproductive treatments: a critical review. Hum 
Reprod Update 1996; 2(4): 323-35. 

31. Timmermans A, Opmeer BC, Khan KS, 
Bachmann LM, Epstein E, Clark TJ, et al. 
Endometrial thickness measurement for 



 

  

  

www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /300 ���� /�� ! �"� 1393 1421 

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

detecting endometrial cancer in women with 
postmenopausal bleeding: a systematic review 
and meta-analysis. Obstet Gynecol 2010; 
116(1): 160-7. 

32. Rashidi BH, Sadeghi M, Jafarabadi M, Tehrani 
Nejad ES. Relationships between pregnancy 
rates following in vitro fertilization or 
intracytoplasmic sperm injection and 
endometrial thickness and pattern. Eur J Obstet 
Gynecol Reprod Biol 2005; 120(2): 179-84. 

33. Senturk LM, Erel CT. Thin endometrium in 
assisted reproductive technology. Curr Opin 
Obstet Gynecol 2008; 20(3): 221-8. 

34. Noyes N, Liu HC, Sultan K, Schattman G, 
Rosenwaks Z. Endometrial thickness appears to 
be a significant factor in embryo implantation in 
in-vitro fertilization. Hum Reprod 1995; 10(4): 
919-22. 

35. Vorgias G, Strigou S, Varhalama E, 
Savvopoulos P, Dertimas B, Akrivos T. The 
effect of hypertension and anti-hypertensive 
drugs on endometrial thickness and pathology. 
Eur J Obstet Gynecol Reprod Biol 2006; 125(2): 
239-42. 

36. Dursun A, Sendag F, Terek MC, Yilmaz H, 
Oztekin K, Baka M, et al. Morphometric 
changes in the endometrium and serum leptin 
levels during the implantation period of the 

embryo in the rat in response to exogenous 
ovarian stimulation. Fertil Steril 2004; 82(Suppl 
3): 1121-6. 

37. Tas A, Atasoy N, Ozbek H, Aslan L, Yuksel H, 
Ceylan E, et al. The effects of sildenafil citrate 
(Viagra) in the early phase of healing process in 
open wounds in dogs. Acta Vet Brno 2003; 
72(2): 273-7. 

38. Dussault S, Maingrette F, Menard C, Michaud 
SE, Haddad P, Groleau J, et al. Sildenafil 
increases endothelial progenitor cell function 
and improves ischemia-induced 
neovascularization in hypercholesterolemic 
apolipoprotein E-deficient mice. Hypertension 
2009; 54(5): 1043-9. 

39. Koneru S, Varma PS, Thirunavukkarasu M, 
Vidavalur R, Zhan L, Singal PK, et al. 
Sildenafil-mediated neovascularization and 
protection against myocardial ischaemia 
reperfusion injury in rats: role of 
VEGF/angiopoietin-1. J Cell Mol Med 2008; 
12(6B): 2651-64. 

40. Al Mohammady M, Abdel Fattah G, Mahmoud 
M. The impact of combined endometrial 
thickness and pattern on the success of 
intracytoplasmic sperm injection (ICSI) cycles. 
Middle East Fertil Soc J 2013; 18(3): 165-70. 



 

 

1- Associate Professor, Department of Anatomical Sciences, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran 
2- MSc Student, Department of Anatomical Sciences, School of Medicine AND Student Research Committee, Isfahan University of 
Medical Sciences, Isfahan, Iran 
Corresponding Author: Bahman Rashidi PhD, Email: b_rashidi@med.mui.ac.ir 
 

  

www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /300 ���� /�� ! �"� 1393 1422 

Journal of Isfahan Medical School Received: 13.04.2014 
 

Vol. 32, No. 300, 1st Week, November 2014 Accepted: 20.08.2014 
 

 
Comparing the Perimplantation Thickness of Mouse Uterine Endometrium 

in Natural Cycle and Those Received Human Menopausal Gonadotropin-

Human Chorionic Gonadotropin (HMG–HCG) and Sildenafil Citrate 
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Abstract 
Background: Uterine endometrium plays an important role in the implantation process. This layer of 
the uterus is affected during the menstrual period. Due to the influence of inhibitors and stimulators on 
uterine endometrium, the aim of this study was to assess the changes in endometrial thickness after 
injections of sildenafil citrate in super-ovulated mice.  

Methods: Thirty adult female mice were divided into 3 groups of control, gonadotropin and 
gonadotropin + sildenafil citrate. In 2 experimental groups, the mice received 7.5 IU of human 
menopausal gonadotropin (HMG) and later human chorionic gonadotropin (HCG). Then, every two 
female mice with one male mouse were put in one cage for fertilization. In gonadotropin + sildenafil 
citrate group, 3 mg/kg sildenafil citrate administrated at 24, 48, and 72 hours after HMG injection. 
Ninety six hours after HMG injection, the mice in 3 groups were sacrificed and their uterine 
specimens were prepared for light microscopic studies. 

Findings: The mean ± SD endometrial thickness was 358.05 ± 13.35 µm in control, 389.84 ± 12.46 µm 
in gonadotropin and 316.81 ± 12.10 µm in gonadotropin + sildenafil citrate groups. The endometrial 
thickness in all groups were not significantly deferent from each other (P < 0.05 for all). 

Conclusion: Using ovarian stimulation, followed by sildenafil citrate injection, would not modify the 
endometrial thickness of mouse uterus. 
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� �	    ��X J����� �_�S3X ���

    �T	 *	
�$& :�� ����S�!	 �� �7 ���'[!�3! :% �0 *� '

 �!'�� 
	'` ��
'� -PX �
���� -3[!	)6(.  

#�	
!�O  �TIM  G�� 
�2001    G��� 7	 #��;���	 ��

    ��� ������$� *� -����	 � *
<% "��� *�!�% ��
�

)7(*N . #�	
!���O ����	 ����� :���L�! 
� �  ���7
����'%  

35 -23q5 #�� c`	� .�!	 *�$+ "�� :�;� :+   ]��=X
	  ���	

:�L�! -�	 #�� ���$3�2 U	'% :� ��� �� )10 -8(.  

    "�5�d
� e�$�!
<% � �f��=X
	 U�5��V� g�'f 7	

 :<�0 7	 *N ���$+ ]�=X
	1-TIM   ���� �
����� �� "

   -���	 #�����'� �������$�)11( .1-TIM  ��
 '���

-��
;$�  ���+4TCD G
<� :� :�K�� ����X   ����2TH 

)2T helper�� 7�'� "(  ��% i��2 �� *	
$& :� � ����

 G
<��� ����	 *���� G���5K �	'��� j'��P�  �����
X � ����

���%
����   ��� ���& Z=X'� ���   ��$%)13-12(  ���	 .

    �'�M<�& � *��� G��5K "��k$X 
� ���� .^! G
M<�

2TH  �
	�)14(.  

:���5��V� ������$+   ]����=X
	 ��K����� l����� �����

�<2 � �K

�  ���1-TIM    *��� 
��+� ������ �  :��

 ��� :��K'� U

B  -��	      ��4`�$�� m����! :��=�	 :�%

-�	 #�� ���$3�2 )19-15 "8(.  

:5��V� ":<�0 7	  ���M�'�� ���^�'K� -�5�0 
� �	

*�����3! �	�  :����%i'����K l1����L 7
���U
����[   

ins/del MTTTVP 157 ���� )ins/del (5397-5383 


� *���	 4 *N 1-TIM �� ������  ���	   
� ���� :�� )

�� ]�=X
	  ����)18(   
� :�5��V� ��� 
� :% ���L 
� .

     o��X
!N p��� :�% -��	 #�� ���$3�2 �$2	N -�5�0

:K�d	 � l1L  *N 
� �	1-TIM  
� ��P�0'X 

f :�

 �
	�! �
0� ��� :� )�=� *	
����)16(.    "G��L ���	 ��

  ��<2 ��� ]�=X
	 
� �3���2  �� �K

�    � *N ���	 ����

    7	 J-��	 #��3! i���!	 *	'�	 -�5�0 
� ��� �
����

���<2 ]���=X
	 "'��d�L .�����2 
� �
 ����	  ��� �K

�

)ins/del (5397-5383   ����� �
������ � *N ����	 
�

-K'� 
	'` :5��V� �

�.  

  

��� 	
  

c�0 ::!
�! �
��  :�5��V� ��	   �

�� �-    '�� ������

 ��
300   � ���� :� )�=� 
����309    7	 ����� �����
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     .��� i���!	 �
����S� � G��P� 
��+ '0�� *���
����

   ��� ���� ��)& �� � :^��� :!
� p�� ���� #�'� �	'K	

! �N'����  r$��0 � ���� s���P� 7	 #�'��� �� .�$����	�

*� �� :�� � �!�� �7��   *����	 *��� ��
� "�	'K	 �

      :����% Z��
X :�5��V� ���	 i���!	 ���$Q�� .�!�
�  �

   7	 � ��� ����tX �'%'�� �M��2 i
<& #�[3!	� u)O	

 -���d
 :5��V� ��	 
� *���$$% -%'� ����X  :���!  �

.���'� 1O	 �=�%  

v	'S��	 :DNA ml 4      �

�� �	'�K	 7	 i��X *
�O

 � �� :�K'� :5��V�DNA  7	G
=<�    *
�O ��;�� ���

   -�����% Z�����
X �����V�P� �7������	�0 DNA   

)Feldan, Canada  ����$����3�2 C�
 g����=f � (

:!�O
�% .���'� v	'S��	 #�!7�� �  

 o���X
!N �����5X  C�
 Z���
X o���X
!N �����5X :

PAGE )Polyacrylamide gel electrophoresis (

�����'� i����!	. :��5V` 	�����	  �bp 201 #���!'�� '��� 
�  �

����<2  "'���k! �

���� ���� �K

�  C�
 Z����
XPCR 

)Polymerase chain reaction ����������� � (  

  ���������������'��	'2 v�7 7	 #��;��������������	’3 -

TGGGAAGTCAGGGGCTGTTTCTGTCG -’5 

�’3 -GCAGACAGGCTGGTTGGTA -’5 '�����wMX 

��L 
� .$%	� .���'�  �<%lµ 25 ���� µl 5/2 7	 X 

buffer10" µl 5/0 7	 dNTP )Deoxyribonucleotide"( 

µl 1 7	 '���  '����	'2 ����) -��k<xpmol 10( "µl 3/0 

������!� TaqDNA-polymerase ����)"*N�$� *	'����	( "

2MgCl )mM 50 (:����� *	������� µl 75/0  �µl 2 7	 

DNA  ��
!N)ng 50 (#��;��	 ��.  

:��!'�  �PCR  Z��
X  #�[����  '<M����
�'X  ����` 

:��!'�  ) ����
Eppendorf, Germany"(  �����  .��2 

*
�����	

X�!� °C 94  �30   ����� :���O'+°C 94  
�  

30  ":�!�T°C 64  
�30  ":�!�T°C 72  
�60  
� � :�!�T

 -�����!°C 72  
�10  UW
��_P� .���� 	'��0	 :��^�`�

PCR  ��<2 GN ��
 '� o�X
!N ���5X 

k$� :�   ���'%	

  e�!
 ��� � �7��	�0 ����      -��y
 ����` #'�^! ������

���!�� .���!���'� 204 #���$���!  ����� �ins ���!�� "201 

#�$���!  ��� �ref  �!�� �186  #��$�� *�3!   ���� �del 

��    G
�_P� ��$+ o�X
!N ���5X -PB -�0 .����

PCR  ��	
X ���5X �	'� � .$��� �K��_X U

B :�

  ��K *N -%'�� :� ��^� �     .��� G���
	 *	'��	 "*	
��

      ����% 

�f :�� o��X
!N ����5X ��� ��	
X ���5X m���! 

.�
� *� M�  

 zV� ���5XIgE   ���K
$�7
{	 C
���� � i�X    :�� :���

  zV�� *	��� .�$� 

k$�IgE )Immunoglobulin E (

  	�����W	 -����% 7	 ��'���� i����X)enzyme-linked 

immunosorbentassay)(Euroimmun, Germany (

 ���K
$�7
{	 .�� #��;��	      Z��
X ��V�P� *
�O ����

  #�[����1800 Cell counter sysmex xt   � C
����

  C�
 7	 C
����� -P��B �����tX 

��k$� :��� r/���

.�� #��;��	 �V�P� *
O iW C'� �  

��<PX � :���X       :�� ���% m����! �����7
	 :�
����

:<���������  *
�������7� �One-way ANOVA   

)One-way analysis of variance#�	� � (   ��;�% ���

 *
���7� Z���
X2
χ  *
���7� �Fisher's exact  i����!	

 zV� ���%	� � ���'�IgE o�X
!N 
� ��'� i�X   ����

 c�7
X ���tX -<& :� ����
�[� U	'��(X 7	 r2 |<�S�

 :��% ���0 *� 7	 r/��� .���� i����!	 '���(�� ����	 ���5�=f

�� 
�[�� � r$0 "�� ���'�(��   zV�� '� �$!	
XIgE 

    *
��7� ���% :�� ��'�(�� ��	 '�TtX "�$��� 'T}� ��'�

ANCOVA )Analysis of covariance  .��� l1�L ( 

$� :��<2 ��� ]�=X
	 ��
'� 

k  7	 �
���� � � �K

�
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 *
�7�Logestic regression   .����'� #��;��	050/0 < P 

�$5� zV� *	
$& :� �� :�K'� 'k! 
� �
	�.  

  

���
	 	
  

:�K��   :�_S3� � ���[�3���7� ���    ���K	'�
�� ����

    �
����� ��� ���'�(�� ��	 ]�=X
	 � ���� � �

� �	'K	

 G��0 
� ���1   ��$5� U���;X p�� .-�	 #���  �
	�

) �� 
�879/0  =P) r$0 � (705/0  =P �	'K	 ��� (

     "���<V� ����	 � ������! -���� :��� ������ � �

���

*� ��      �

�� #�'�� �� 
� ���'�(�� ���	 �K�% �7��

  ��� *��3! 	
 :5��V�     zV�� ����^� 
� .����IgE   i��X

G
<� �	�5X � ��'�      #�'�� �� ���� ���K
$�7
{	 ����

�$5� l)�O	    zV�� :�% �

f :� J�� #���3� �
	�

 

f :� *	
���� 
� '�(�� �� '��$5� 
�� �  'XW�� �
	�

) �
�001/0 < P.(  

     :�� ":�5��V� �

�� #�'�� �� '� 
� o�X
!N ���5X

-�^K
� U

B  �M�) ���'� i��!	 �����1 m���! � (

   UW
�_P� ��	
�X ���5X ��
'� ��PCR    .��� ����tX

��� � o�X
!N �!	�	'K �<2 ���   :�5��V� �

� � �K

�

 G��0 
�2 ��0 ��	 6��	 '� .-�	 #��� �!	�	'K "G

 ���del �$5� 

f :� ���� #�'� 
�    �
�� 'XW��� �
	�

)012/0  =P(.   

  
 ����1��	
�� 
��� ����� �
���� .  

	
�����  
�
	�  

 = �����)309(  

����  

 = �����)300(  
 �����P  

(� 65/14 ± 76/42  68/14 ± 94/42 189/0 

(�,�/�-) /01 189/120 179/121 705/0  

) 234506-57�µl/103(  446/0 ± 085/0 294/0 ± 255/0 *001/0 <  

IgE )Immunoglobulin E () ��,�10log( 390/0 ± 773/0  652/0 ± 727/1 *001/0 <  

(�� /,39) ��:3� ;,<� =3>?"  276/33 270/30 783/0  

*:�51"  ;A�9� B���!�0>� ���  

  

 
 ���1
�� .��  ��
  !" #���$%&' (�$��) ) +,�-���ins/del (5397-5383 �� 56�$7 PCR-PAGE   

)Polymerase chain reaction- polyacrylamide gel electrophoresis(  

1 :9:�
�� :��
; bp 200 "� >
�� %� ?�@
 2 :(�$��) del/del? 3$��) :(� ins/del? 4$��) :(� ins/ins?  

5$��) :(� ins/del? 6$��) :(� ref/del? 7$��) :(� ref/ins  
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�� :���! ��	      ����& ��� *	
�$& :�� 	
 ��� ��	 �!	
X

     
� .�����! ��K'5� ���� �
����� 7	 -��;L 
� �����L	

  ���� �� "���^�ref )679/0  =P(  �ins )055/0  =P 
� (

�$5� U��;X �
��� s�P� 7	 #�'� �� .�	�! *�3! 
	�  

  ���� ������ � �

��� #�'��� �� 
� �/�X
��!N c���7
X

:������5�  �Hardy-Weinberg -����	� �
��7�����  �

 o�X
!N �!	�	'Kins/ins :<B�K ��)   *�$��f	95  :�B
�

030/10-330/1 "652/3  =OR  �012/0  =P ������� (

�$5� ]�=X
	 ��� �
���� :� )��	 'VO  .�	� *�3! �
	�

   '�VO -=� ! ����5X 7	 r2 ��L :���! ��	 )OR   ���

Odd ratio l'_� -�5d� "�� "r$0 ���'�(�� �� (

 ���K
$�7
{	 �	�5X "
�[��   
� ���µl 103  �10IgE log 

 G��0) �� 
	'MX3    ���	 �/�X
�!N G�M��	 '��� ��	 .(

�<2   
� �����;L �� 7��'VO 'T	 p�� �
O 7	 "� �K

�

) �!�	�! *�3! �
���� ��	 G�=`050/0 > P.(  

 *
���7� ����$Q��ANOVA  *
���7� *� ���2 
� �

�=�^5X Bonferroni   '����^� ��
'� ��10IgE log  
�

i'K �<2 �/�X
!N |<�S� ��� � �K

�     :�% �
��! *����

   '��(�� ���	 '����^�  i'�K 
� ins/ins     G�M��	 '���� ���

 �����$5� 
������ � U������;X ) �
	� �
	�001/0 < P (  

 G��0)4   *
��7� 7	 #��;���	 7	 r2 .(ANCOVA  �

0 ���'�(�� ���5X� �� "r$    ���	 "
�[��� -�5d�

�����$5� l)�����O	 ) �����!�� �`������ 
	�001/0 < P (  

 G��0)5.(  

  

 ����2%&' �
 %C�$��) � %&	D %�"�"9- .  +,�-���)ins/del (5397 -5383  

���  �!����
  �
	�  ����  �"# $%&!   �����P  

ins  )9/30 (191 )7/36 (220 )929/1-993/0 (384/1  055/0 

del )5/67 (417  )0/62 (372  )779/0-135/0 (325/0  012/0*  

ref )6/1 (10  )3/1 (8  )105/2-319/0 (679/0  679/0  

�D3E5�F ���"�,4         

ins/del  )9/57( 179  )0/61 (183  )570/1-882/0 (136/1  440/0  

del/del )2/37 (115  )7/30 (92  )045/1-533/0 (746/0  088/0 

ref/del  )6/2 (8  )7/1 (5  )972/1-206/0 (638/0  435/0 

ref/ref )0 (0  )0 (0  )0 (0  )0 (0 

ref/ins )6/0 (2  )0/1 (3  )345/9-257/0 (551/1  632/0 

ins/ins )6/1 (5  )7/5 (17  )030/10-330/1 (652/3  012/0* 

*:�51"  ;A�9� B���!�0>� ���  

  

 ����3%E�� F�6 .  G
@9�H�� 
; I�� ����$ G�"
?�
:�6 ?JE� ?#6  >"K��� ��-�E�!�L"log IgE 

)Immunoglobulin E%&' �
 (  +,�-���)ins/del (5397-5383  

�'���!( )	*��  �"# $%&!   �����P  
ins/del  )072/2-726/0 (226/1  446/0  

del/del )797/1-618/0 (054/1  947/0 

ref/del  )178/4-042/0 (416/0  457/0 

ref/ref -  - 

ref/ins )390/48-026/1 (980/0  965/0 

ins/ins )733/0-029/0 (146/0  019/0*  

*:�51"  ;A�9� B���!�0>� ���  



 

  

  

www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /300 ���� /�� ! �"� 1393 1428 

��� ��� �	
��
  �������)ins/del (5397-5383 1-TIM ��� ��	���   ����� ��	

����
 ��� �����&� @ 

 ����4M
N$�" . #�; IgE )Immunoglobulin EO
$ ( %�96 � (�$��) G
@ %&'  +,�-���)ins/del (5397-5383   

+6D �; P�N� 
"9-" �
  

+���!(  ���� ,��-  !��./ �����) �F(   �����P  

ins/del 610/0 ± 258/1    050/0 >   

del/del 672/0 ± 114/1   050/0 >   

ref/del  736/0 ± 110/1   050/0 >   

ref/ins 083/1 ± 673/1    050/0 >   

ins/ins  581/0 ± 186/2 69/12  *001/0 <  

*:�51"  ;A�9� B���!�0>� ���  

  

 ����5%6�9; . Covariance %&' 9�QR$  +,�-���)ins/del (5397-5383  >"K�� �
IgE )Immunoglobulin E (  

+6D �; >
�P�N� �
 %�96 O
$  

+���!(  ���� ,��-  !��./ �����) �F(   �����P  

ins/del 610/0 ± 258/1    050/0 >   

del/del 672/0 ± 114/1   050/0 >   

ref/del  736/0 ± 110/1   050/0 >   

ref/ins 083/1 ± 673/1    050/0 >   

ins/ins  581/0 ± 186/2 79/7  *001/0 <  

*: �51"  ;A�9� B���!�0>� ���  

  

0./  

   ����& �� 7	 'Tt��� � #��Q�2 �M��!N G)�O	 �� ���

#
P! :% -�	 ���!N � Z�P�    RS�3� *� -�T	
� �

*N � - �!     -%
��3� ���� :�� )��	 
� ���5�� ���

 �!
	�)3(�<2 �� *N p�� 7
$� ��	 .   

�f :� �� �K

�

�
���� G�} � *	
$& :� #���   #��3! :�O�$� ��� ��	7

 -�	)19(.  G
M�
� -���	1-TIM :% -�	 ���0 �X

   ��� G����L	 � :���	 'k! �� ��� *��
� 
� ��L  ��


 �d G
M<�1-TIM *��
� 
� �!	
��     ��d ��
�! ����

 �
� :�K'� 
�% :� ���)20( .  ��<% 

�f :�" *N   ����

TIM �<2    (�<M�� ��$+) ��K

� �$�� �  � ����%	� 

*� o�X
!N '�3��  ��� ��  
� ��!	
X   � R�S�3X ��$�	'K 

 
�% :� ��� *��
� ��
)21(.  

X�'2������ TIM <��&�  ��}5X 
� 'T ����  -��
!'� 

��5K���- � ����X�� G
<��� ����� T  �$��� �)22( � !����  
�

k$X�� ��� � N'��� 3^!�  ��T} ' ��!
	� )8 -7( . :��  

�f 

"\�O 1 -TIM  ���� ���&�  �k$X 
��"�    � *��� G��5K

 �'M<�&2TH  -�	)14( . �$Q���� 1 -TIM    *	
�$& :��

�� #��!'� � ��6�' X�/� ��- A )Hepatitis A virus  ��� 

HAV� 
� (�*
�  -�	 #�� :�O�$� *� !	 �)24 -23(  .  

��3�2 U�5��V� �O'�  ���`�$�� m���! 

�k$� :� " 

 
� C����% ]���=X
	G
��M�
� ����� 1-TIM  �������� �

 :���� *����� 
����+� :����K'� U

���B ������-����	   

)19-18 "16-15 "8(.  
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  ���<2 ����� ]���=X
	 ".�����2 ����	 
�  ��� �K

�

)ins/del (5397-5383  �!	'�	 -�5�0 �� 
� ��� �

 ) .��� ��
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Abstract 
Background: A member of a T-cell immunoglobulin (Ig) domain and mucin domain (TIM) gene 
family, TIM-1, in 5q31-33 region is shown to be correlated with development of T helper-2 (TH2) 
cells and allergic diseases. Polymorphism insertion/deletion (ins/del) of 5383-5397 may affect the 
length of TIM-1 mucin domain. The aim of this study was to investigate the association of 
polymorphism insertion/deletion (ins/del) 5383-5397 and susceptibility to asthma in Chaharmahal va 
Bakhtiari Province, Iran.  

Methods: Polymerase chain reaction (PCR) and polyacrylamide gel electrophoresis (PAGE) were 
used for investigating the presence of (ins/del) 5383-5397 polymorphism in 300 patients with asthma 
and healthy controls. Total IgE was measured via the enzyme-linked immunosorbent assay (ELISA) 
technique in their serum samples as well. 

Findings: Significant associations were found between the insertion/insertion genotype in 5383-5397 
insertion/deletion polymorphism with both asthma and levels of total serum IgE in patients with 
asthma (P < 0.05). Furthermore, we found that the frequency of the deletion allele is significantly 
lower in patients with asthma. 

Conclusion: Based on these findings, we identified a significant association between 5383-5397 
ins/del polymorphism with asthma and with total serum IgE levels in Chaharmahal va Bakhtiari 
Province population. 

Keywords: T-cell immunoglobulin and mucin-domain-containing molecule-1 (TIM-1), Asthma, 
Polymorphism 

 

Citation:  Shirzad H, Meshkat R, Gangalikhani-Hakemi M, Salehi R, Ghasemi R, Hashemzadeh M, et al. 
Association Analysis of T-Cell Immunoglobulin and Mucin 1 Gene 5383-5397 Insertion/Deletion 
Polymorphism with Asthma and Total Serum Immunoglobulin E Levels in Patients with 
Asthma and Controls. J Isfahan Med Sch 2014; 32(300): 1423-32 

 

Original Article  



 

  

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

2- 
�!���  ��!�
) ����#* � �	
�� 
��� � ����  �"�#$%� �!�
) +�,- 
�'��  ��!�
) �"��	� �"�#$%� 

3- 
�!���  ��	
�� 
��� ���	 ���� "�#$%� ��&�% 
�'���  ��	
�� �"��	� �"�#$%� �  

4- 
�!���  ��!�
) �	
�� 
��� ����� 0������ "�#$%� �"�#$%� �!�
) +�,- 
�'���  ��!�
) �  �  �12��� ����3*  �12��� �4�� ��*5��  �62 
�'���  ��	�) +�,- 
���

��	� ����3*"  

5- 
�!���  ��!�
) �	
�� 
��� �����  ������  "��	� �"�#$%� �"�#$%� �!�
) +�,- 
�'���  ��!�
) � 

������� 	
��� 
: ������ 	
���
 ������ ����  Email: shahbazi@med.mui.ac.ir   

  

  

www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /300 ���� /�� ! �"� 1393 1433 

������ �	
�� 
�	���� ����  :������ 	���
14/4/1393 

��� �� �� �� 
���
/300 ��� /��!" ���  
��1393  :���
� 	���
20/6/1393 

 

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

 �"�#$20 Saturne  

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

���#) �*+, 4 �!
  �������. �)�*�/5  

  
  

�����  

:����� 
��
� ���� �� ����� ������ �� ���� �� ���! �� 
��"�#� ���  �$�%! &�
 
��
� ���� &�%'� �� &(��� �! &�
 �  
��"�#� �)���� &  .���+

�)���� ,-� �./�� �  ��0.� 1#�� ���2� �� 3��-�� 45�� �
 6�"7 �� 
��"�#� �.89� �#��� :�
 �� �;</�=  ,-� .��� >�' �� �-�
 �<�� ) �
 �� ?)�"�  �


��
� ����  �$�%! &20 Saturne  &(��� ��MV 18 �)�������� �� A
�B �� �� C�D�� ��
.  

��� :�� ;.E� C�D�� &��� &��#  &�
�B �� ��
Monte Carlo  F ��C4MCNP )Monte Carlo N-particle code(  )MCNPX   

)Monte Carlo N-Particle eXtended
��  ;# �� �6�"7 �7��I ��J�  ;� .�� 
��"�#� ( �K! �LM+ �N$K! ?)�"�  &  3.���+ ) ,K.��

�)���� �� .�� 
��"�#� �7��I �� �
 ;E#�O  �� .�-��+ ;N-�P  6�"7 �)�� �7��I �� 3-�Q� �� ) �� ;E#�O  6�"7 ?)�"�  &�
  ��� &  

 �� ;� ��� F-�E� F ��5 ��21 -ICRP )21 -International commission on radiological protection ) (38 -NCRP   

)38 -National council on radiation protection and measurements�� 
��"�#� (. 

����� :�� ;.E� 3OS �� ���.0I� ��J�  ;� &��# ;.E� T-��� ��
  �� ��0B) �� 
�
�U  ���� &��+��# ) ;N-�P  �D�#�� ���D� T-��� �� &��#5  �S��

�K! �� 
��"�#� .(?)�"�  3 �W2 �� ,K.��cm 5/0  �)�7 �� �U
�B 1#��  ��I ;� �6�"7 �)�� �7��I �� ;N-�P  ��13  �� ;B 3��� �! �� �� �S��

�� �� 3 �W2 A-�%2  )4 A
�B �S�� ������  ;� �
21  ) �S��39  �� ?��..X� �S�� %.� LM+ �N$K! 3 �W2 A-�%�� �� .�.#� �S��12  ;� �S��19 

 �)�7 �� �U
�B �3.���+ �� 
��"�#� .�.#� �S��6 3��� Y�E�� ;� �� �S��. 

����� :���� � 
�Z�#� &�
����0./�B �$-�%� �� 6�"7 �� 
��"�#��  �
��
� ��� ;� �.89� ����� �)���� �� A
�B �� �-�%#  ;# ,.� �� .���� ;���� �



��  �K! �[.PO� ,-� �� 
�� 
��"�#� & A
�B ��%.  ,-��0B 3.���+ ) A
�B �S�� ,-��\�� ,K.�� ��� ]�^��� ��� ;� �� �
.  

:����� ������ �+��/_ ����! 6�"7 
��
� ���� ���)�������� &�
  �$�%! &20 Saturne  

  

: �!�� 3 M5 �`�-��� �-)�Q+ &��EQ� ��E-�� &��D�#� ��.K5��� ��#  ������� ��"=^  &)�N� �,N7�0O ���"Qa �M. .  �" #�$% &%��'

&��()* +��� �(,-� .�-�� /��0 �� &���
(�(
(� ���  &102� �20 Saturne . ��Q"S� �$�%! 
�$U��� ;KD 1393 b32 )300 :(

1443-1433  

  

�'	�($ ��
)� 



 

  

  
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /300 ���� /�� ! �"� 1393 1434 

���� ���� 	
��
� ��� 	���������� �� ���� ����� � 20 Saturne ������� �	
���	
 	���� ���	1&2 � 

�����  

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

��     �� �	������ ��
 ������ ����	 �
 �����	 ���
 .� �


�� �����
  	��	�
)3-1 �%�&' �� ��� �
 �(�� �
 .(  �

�*+�, �' �	 �����
   ����
 -	�./
 ���0 ��%.
 ��
 �� ��

   ��� �� �����	 � ��	 ��� �� �����	 12
 �	 �
 �����	

�� 3.45� 6�	7� ) 	� 4��/��	 �*%( �� .(    ��� �����

    ��� ����0 �	������ 	���� ��	 ��� �� ����	 �	   -����.9

��:�	 ;��  �� �< 7
 ��� : �
  ��.�  �	 �	 ��� �  �

�� ��� �����<=� � �����, ) �::�5����, .(   ?�.=	 �
 ��

 ������	 �	 -@���
 A����� B��%C � D����
 D��E��F ���G�

   ��� ���� ��
 �5%C ��������  ) �����6 ��.�  �	 .(  �

����<=� -��/��	 �����,     6�� ��
 	���I�
 B��� �� ��

 �����
 �G� �	 -J��      ��.=�� �����, -�7���� 1
��� �

��  �:��%�       ;���  ��7�(� ����� K���� -����
 ���� �

-��:�	  �� DI��:<� � �4%�    ?�5�:� ���%.
 �
 � 	� 

��     D�L( �,��� �M���� -��  �.=�� ����, �9� .		�9

      ��� �	 �� ���N*��� 6�� �	��� ���( � ��4� �	 A���

��4� ���, 1:��� -� �
 �� O� �� ) ��	5.(  

����:�	 ;����  �	  ������, 	����I�
 �� -����  � ����

����<=�   ������� -��:�	 ;��  ��7(� �
 �M����
 ���

�� �.=��       1:���� ����
 	���I�
 P�Q5� RQ�� .	��  

 	��F �	 ������ �
 ����<=�10   6�'�� ��
��
   �� ���

    ������� � �����, 1:���� ���
 	��I�
 PQ5� RQ�

) D����9-7�������� ���.=�� ����
���:
 .(  D��=�F �	 ����

�
 �
 .D�� ��	��I�
 ���@�
 D.%�� �� �����,���  �

������ �.=��    ����9 ����������, -�����, D=�F �	 ��

�� ) 	� 5.(  

    ������� ���� ��.=�� D��� ��A �
 V�@    W�C�
 ���

 ��� ��%.
 K��� �,�X� �	 D,���	   ������� .	��    ���

   ���
 DY��4� ��@���
 �������
 D��.�.� Z����X ����	

�[ �� �:.��
 �	 ����
�:
 .�:�4� �����, ������
  7.� ��

�.
 �� ���
 \�*� �	�
 ) D�� �,�� ��11-10  ]�
 .(

^��F �F��� D�� V�@     �	 1���� �	 Z���:� ����

������ ) 	�.9 ���0 ����
 	��� ��13-12.(  

������  ��� 	��I�
 ��4�� ��
 �
 �� ����   �� -��::�

��4� �
 ��4&��� � ��4&� ���	��I�
 B���  �� � ��

  1
��� B����   ������G ����    �*.��� ��
 ��� ��   ���	�� �

��`���7     ������� ;a�( �� ��b
 ���  �.=�� ���   ���

�� ?.49 �� ?5�:� �M��� �[ �
 -	�  ) �::�15-14.(  

  ���� �	 �������� �./����.� �M����� �	�	 D���	 ��

 �M���.� �
 	��I�
50   �	���, ������ �M��� �+�	

   Z�.��� ��
 �c.4�� � �
�� ���
 DY4� ��� .D��14 

 �11   1����� ����d:� ���
 ����
���:
 .D���� ���+�	 �	

������ ^��F �� �	����� -��     ���+�:C ?���  ��� ����

�� �c.4�� � �
�� -�M���.� �:���    �	������ ��
 -�: �


����
 ��   ������� �9��:���
 �     �M���� 1���� �	 -���

�������� ) 	���
 ������I ���.�� ����18-16 �� �	������� .(

���*
 ) �*.����4H2C ) fg��9 ���4<*
 -(8H2O5C � (

) D.,��9C^��F �	 (  ����1
��  ��.4
 ������� ���

�� 	�
����
 ) � �
13-12.(  

�:.�� �	 �	��� h�b=�Q�  ����������, �    V��i�� ���

   \��� �	 .D��� �� 1984    K���� �� ��79NCRP 

��j� �[ �	 �� D,�� ��&��� ���������, �.=�� �   � ���

�[ 	�
��� ��j� 7.� � �� ������ �    ������
 ���� �	 ��.9

) �  ��.
195.5j� �	 .(   �� \��%b� ���� �
 -�*Y0 h�

�.Y  �	�� ���� ���:� �    h�7�.Li� � ��/���	 �� �

) D�� ��  �	����� k�
��19.(  

      ;���  ��� ��
 -h��5.5j� ���� Z�*l� �.:m%�

��:�	   V��i�� ��,�� �b��� �����&� �	 	�
��� �
 ���



 

  

 
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /300 ���� /�� ! �"� 1393 1435 

���� ���� 	
��
� ��� 	���������� �� ���� ����� � 20 Saturne  ������� �	
���	
 	�������	1&2 � 

 ����:�	 ;����  .D���� ����   �20 Saturne  ?��.=	 ���


�7� � �	�� �<.��<����<=� ���I���:    -3�� h���.%b� �

      ������ �	 n��oI ��
 � ���,�� �b���� �����&� �	

) 	��	 ���.��4
 	�
����5�	����j� ���� ����� p(  ������
 �

 ��:.�� �	 �&��c
 -�b=�Q� ��� ���/&��c
   ��F��� �

^��F    ]:�( ��
 �����       ;���  �	 h������ 	��b
� � ���

����:�	  �<�� 7
 �20 Saturn  �M����� �	MV 18  �	

���������, �	 1��� � ���4I ��Y=� .	�
 ��&� V�i�� �

 ����������, �	 �.Gq� ����<%� �     ;���  �� �� �� ����

 ���:�	  �Saturne   ������
 �� ������%.
 ��,����	 �	 ���


) ��	�
 �	��5 ̂ ���F �F��� -�b=�Q� �[ �	 ��� -(   �����

]:( �
   h������ 	��b
� � ��   �M���� �	MV 18   ����


���������, �	 1���  	�
 ��&� V�i�� ��)5.(  

   ̂ ���F �.Gq�� -��X�F B.5j� �	    �	 h������ ����

�����������, �	 1�����  ����:�	 ;����  �	 ����  �20 

Saturne D,�9 ���0 ����
 	���.  

  

��� 	
  

 ��� �� -B��.5j� ����� �	Monte Carlo  ����d:� ���


�.Y  �<���
 ����   �	 P����� �	��[ D�	 �
 � ���
 �

    �.Y��  V���i�� �����
 .���  �	������� ������  �� -����

 �����������Monte Carlo  ?�������� MCNPX   

)Monte Carlo N-Particle eXtended � (

C4MCNP )Monte CarloN-particle radiation 

transport computer code) ���  �	������� (20 -4 .(

  ���� K����� B��.5j� ����� �	 	���
 V�@ ���� �	������  

Monte Carlo MCNP �.Y��   ;����  -�����  ������

����:�	  �<�� 7
 ���QI �20 Saturne � ;[ V������, -

.��	�
 ������ ^��F  

 ����:�	 ;����   �20 Saturne   ;����  �� ���<�

����:�	   (r) ��L��&=��.� ��������%.
 �	 	���(�� �����

 \��( .	�
 ��L�+�1  ?<  �1  ��/���	 ���������
 -

����:�	 ;����   �20 Saturne  � ?<��  -	���b
� ?���� 

 ����:�	 ?.<��&� ��7��(� D��.b0��  �.��:m%� � �[ �

�7., ���������
  �� �7�(� h�Y.��� � �=�/' ?s� �[ �<

�� ��&� .�:�	  

�.Y  V�i�� ���
 ����     ����:� ����������
 -���

    ��7�(� D�.b0�� � ?<�  -	�b
� ?��  ��/��	 ���

��:�	 ?.<&�   ��<�7., ���������
 �.:m%� � �[ �

  ��� ���.� 	��� �7(� h�Y.��� � �=�/' �:���   .�� �


�	�	 �� -h�Cg�� ��� ���%�  ������I���  ������ �

.�  t��2���  

  
 ����1. �	
� �	

�� �	��
���	� �����  �20 Saturne  

��
  
����� �	��� )cm(  � �	���
�	� )cm(  �	���� (cm)  

����
 ���  

�
�	�  �����  

� '� (��)  20/8 '+, 00/10 '+, 00/34 ���-��� ���-��� 

�-. /,�0� 1�� - 00/14 '+, 20/0 ���-��� ���-��� 

23��0  00/1 '+,  77/2 '+, 60/0 ���-��� ���-��� 

�67"� �-0��67�8  00/4 " 9�  ��00/8 '+, :6.�� �� 00/23 '+, 00/10 ���-��� ;"'<� 


�==8 >+?� '��6@ -  20/0  " 9�  ��00/6 :6.�� �� 00/2 ;"'<� - 

�.9�  A'B�� /@ - 00/13  " �=��00/21 �-C 00/2 �B�� - 

�=6.�� A'B�� /@ - 00/13  " �=��00/21 �-C 50/11 �B�� - 



 

  

  
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /300 ���� /�� ! �"� 1393 1436 

���� ���� 	
��
� ��� 	���������� �� ���� ����� � 20 Saturne ������� �	
���	
 	���� ���	1&2 � 

  
 ?< 1��:�	 ;��  ��/��	 �� �� �Y��( ��%� .  

  

���*F�� �	  	���b
� ���
 ;[ V������, 6��� -���b
 �30 

����� f�.5�    �*�+�, �	 � Z�b<� ����  �cm 100  ��

�.Y  -J��    ��	��%� �	��[ D��	 �
 ���
 .�  ����

\�*� -�5%C �	  	�b
� �
 ����2cm 5/0   ������� �	 �

      ���� 6�%� ��
 .��  \��� -;[ V����, �	 B%C ��j�

\�*�       �.Y�  ����<�	 ����:C ��
 ��� ���    ?�%C �����

����� ����:j:� -�����	��  �� ?���+�F �	 P������� ������

�.Y  ���� � v���� �
 � ��[ D�	 �
 ��   ��4��5� ��
�i

      Dj��+ �� ����:.%�� ����d:� ���
 -����� ����� .��� 

�.Y  ���� ) D,�9 V�i�� ��21.(  

�*F�� �	 �.Y  �    �	 \�*�� �	���b� -^��F ����

      J��� �� h������ ?�+��, ��
 � V�����, B%C ������

 �Y���j� ���
 ]w� .�  x��b�    ��� �	 �	 P����� �

Monte Carlo  ���<�	7� �	 �E����F ���� �[ �����
 -

����%.=�� �=�� -	�  ��,�9 �d� �	  ���4F   ���� ���

\�*�      ?���Y� Z����X �� �	������ ��
 � �  x��b� ��

    J��� �� h������ ?�+��, �	 ������ �	 -�	 �
 �� 

�Y��j� �	 .�  �Y��j�     ?���Y� ?����C �� -�	 ���� �

   �������� �	 ��
 �� 21-ICRP )21-International 

commission on radiological protection(  �  



 

  

 
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /300 ���� /�� ! �"� 1393 1437 

���� ���� 	
��
� ��� 	���������� �� ���� ����� � 20 Saturne  ������� �	
���	
 	�������	1&2 � 

38-NCRP )38-National council on radiation 

protection and measurements) �  �	����� (20.(  

     ��
 fg�9 ��4<*
 ]:�( �� ^��F 6� -���
� �	

 D��2Xcm 5/0   �.Y�  �����%.=�� �<�	7� �	   �����

������ �	 � �   \�*�� �	 ��     �	 ���  x���b� ����

�*F�� �	 .��[ D�	 �
 -B%C ��j� ������ �  -��b


   �����0 ���*Y0 D��.b0�� ���%� �	 ^����F ���� �=��F �	

  ?��%C � ����	�9 ����&.
 �� ^����F D��2��X -D�� �	

�.Y��   	����b� ���
 ������2  .���  V���i�� ��A 	����.*.� �	

 h�Y��j�Monte Carlo-   	���b�109 × 2   	��
��� ��A

��A 	��b� �
 �(�� �
 .�      	���� ����� -���  	�
��� �

��7.� ���
 �d�  -��/��	 �� ����320   ��
 .	�
 DC��

��A 	����b� ���
 ���(��  D��.bQ0 V���C -����  	���
��� �

�.Y   �� ��%� 	��F �	 ����1 .��[ D�	 �
 �+�	  

   DY�4� ^���F D.b0�� �  �b� -�/�	 D=�F �	

� �..z� ����%.=�� �
     D��2�X ��� �=��F �	 ���Y=� p�
�

�� D
�G ^��F ����    � D��2�X ��..z� ?�F��� �.%� .

�*
 ���
 D.b0�� �  ���<� D.,��9 � �*.��.  

  

�� !	 	
  

 ?< 2     ���:�	 ;���  ��� �� ���b
 �� ��%�  �20 

Saturne�.Y  -      ��� 6�%� ��
 ���  ����MCNP  ��

�� ��&� .��	  

  

  
 ���2 �	
� �� ����� ���� �� �	 ! .�����  �20 

Saturne�"#� $  �% & % 	� ��� �'	�MCNP   

)Monte Carlo N-particle code(  

  

 ?<���� 3 �����4��5�  �	 �����5%C �	 �����+�	 �

�.Y  ����  ���Monte Carlo �4��5� �  v���� �
 �[ �

 ��� ��&� �� �
�i�      �	 ��	��%� -?<�  ���� �	 .���	

  �M���� ���
 �5%CMV 18  ����.� -2cm 10  ×10  �

cm 100  =SSD .D�� ��  3�� ;[ V����, �	  

  

  
 ���3�+,	-� . �"#� �� .- / '� �0�� � �'	�  �	�Monte Carlo �+,	-� � .��12 3,	
! 	� 45 �  



 

  

  
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /300 ���� /�� ! �"� 1393 1438 

���� ���� 	
��
� ��� 	���������� �� ���� ����� � 20 Saturne ������� �	
���	
 	���� ���	1&2 � 

  ���  ?��Y� ?���C �� ���������, �	 �Y��j� ���


  ������������� �	 ��������
 �����������,21-ICRP  �  

38-NCRP   \�����( .����  �	��������2  �� ����&2


�(��I  �Y���j� �	 �����
 ��� �    ��
 ����������, �	

 ?��������C �� �	����������21-ICRP  �38-NCRP  ��  

�� ��&� .��	  

?<   ���4 -5  �6   �Y���j� �� ?�+�F v����� - � 

  ����
 Z.��� �
 J�� �� x*�2� ?+��, �	 �	 P����

^��F      ��*
 -fg�9 ��4<*
 ]:�( �� �����   � �*.���

�� ��&� �� D.,��9 .�:�	  

  
 ����2.���6 . ��	!�� �	�  �#�	7� �� �  ���8/ '� ��	9
�� 	� 4��28!828: '�21-ICRP  �38-NCRP. 

"#��  

 	� $�� �%�	&� '��	��

��	(  

38-NCRP  

 	� $�� �%�	&� '��	��

��	(  

21-ICRP 

"#�� 

 	� $�� �%�	&� '��	��

��	(  

21-ICRP 

 	� $�� �%�	&� '��	��

��	(  

38-NCRP  

1 683/8E-12 396/8E-12 8  470/1E-12  583/1E-12  
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Abstract 
Background: Photoneutrons are produced by high energy photons and electrons interaction with 
various high-Z nuclei of the materials in the linac head components. These neutrons cause a patient to 
receive an extra absorbed dose. In this research, we investigated the effect of shielding with various 
materials and different thicknesses at different distances from the linac collimator to reduce the 
neutron dose from an 18 MV Saturne 20 medical linear accelerator.  

Methods: Monte Carlo codes namely, Monte Carlo N-Particle eXtended (MCNPX) and Monte Carlo N-
particle code (MCNP4C) were used for the simulations. A photoneutron shielding was modeled in the 
Monte Carlo codes using plexiglass, polyethylene and graphite materials. Photoneutron dose was 
calculated at the presence of these shields and was compared with that which was at the presence of no 
shields. Neutron flux to dose rate conversion factors of International commission on radiological 
protection-21 (ICRP-21) and National council on radiation protection and measurements-38 (NCRP-38) 
were used for the calculations. 

Findings: There was a good agreement (less than 5% discrepancy) between the simulations and 
experimental measurements. Using a polyethylene shield, photoneutron dose was decreased by up to 
13%, compared to no shield. for plexiglas and graphite, decrease in photoneutron dose was 12% and 
6%, respectively. 

Conclusion: Photoneutron shielding using plexiglass, polyethylene and graphite materials can be effective 
to reduce the Saturne 20 neutron dose. Among the used materials for neutron shielding, polyethylene 
showed the maximum reduction and graphite gives the lowest reduction of photoneutron dose. 

Keywords: Shielding design, Photoneutron dose, Saturne 20 medical linear accelerator 
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11Cis ) -�%����".� )������ ��A( 
�����	� :���/�9� .

(
�+�;   �
�J% $�+! $���	0.+%�0.	 �4 ���  ���� ���

 `a��� &	 d��� (
��� )�����*) d�	+��* E���'* ������*�

 ������*� ���4 ($���*�B11Cis  3��.+2* :���� .
�"��#�

(
�+�;   ����� ��	� �����*� ����� ���    
����� ����

��	
��� ����� �	� � ��� 
%  �4 � ���11Cis   �����*�

�0.	
% (0.+% (
�+�; �4 �:.��� �� � ��+;  &�4 ���� �


% �9+� 
��� -.	 .��+;  ��	� E�� ����*� �)2(.  

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

���  

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

����   
�Q�8"9	 +����� $��4 �! 
�"#� 
/���"��	 ���

����     -�*	+!�".���) 
/����"��	 ����18/8  +������ � (

������ g���8G%  ���������	
��� ������� �	� � ����� 

)65RPE���� -.	 
.����� �	+4 (  
�% ��! �4 ��  .���
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    &��W��#!	���% ����B���% $	���I �4 &��.&�+�* -��c'�

.0�K -.	 .:�	 (
� �"9���  7����!+* $���	
�#!	 �4 �

���B    ���	
��� ���J.	 X��% (-�%���� � -.&�+�*) �	�


%  $���	
�#!	 )'I �4 $����; � 7��	��C �� � ��+;

$�'��� +�.� � -��D% 
�/�* X��% ���9 
% ��   ����

(
��! ��J.	 �!   $K �� (+��* h��� �    :��	 ���)7( �� .

 $i j��* �.0�K -.	 $�#�	TYR 
% 
!   $i -�.	 .���

 E&�%�+! ��� +411     �� Z��� � :��	 ��"B+; �	+ 

 k�� �#����/K ��J.	 VI�4 �$i -.	1 
%  ���)8(  -�.	 .

  :�B�4 �� N.&�* ���"9�� :�Q�89 +P� &	 �.0�K �

 �� .:�	 7��l"% �b�"G% 7	����% �� 
/��� $��%

   ��! :��	 
.��= $��� -�m*�+� 3. �.0�K -.	 $�#�	

E�&��D% :'� �4 
%�	+  ��  �� $K ��HB :.�� � �+�;

 �� -�m*�+��� &	 
�����! :'��#  � :���	 E�&����D%


% ��D��"��  
.K)9(.  

�	� ���	� ���  


����� +���'��� ) ����'�Polymer Poly-HEMA  ����.

Hydroxyethyl methacrylate-2(��% �(  
'� +�= �

   
��C	� &	 ���! :���	 ).+"���	   �+%�����% �����2- 

  +�'��� .:�	 (
� )���* :��.+!�"% )�*	 
#!��
��


���� `K ��"9���� �	�	� ���'� ���J�"� �� �:���	 0��.+;  

���� `K ���   +�'��� o�� �4 $
��#� �4 ���  :���

  o��� ��� p�H% � (
��#� +�= 7��Q �4 � 
�"#��


% �	+  +'��� -.	 �+�;���� N 	� �� .
    ���>B �� ���


% �	+  +'��� � j�2% �
H4 ��  
�+�;)10(.  

      
2��� :��Q�89 �(���% -�.	 ���"9��� )��


% $K �4 �
C	� +.a��� :��   :�B�4 �4 �4��% �! 
��


% (
�&     `K ��i��
��� -�.	 ���"9��� :H��5 .���

Z�!	� $�+! _��9 VI�4 �! :�	 �  �� `���%��� ��


% $K 
�/�* -�C .���  �	
M% `a� 
.��	�* +'��� -.	

 ��
C) `K ���.&45  -�4 ��>B `K .��	� 	� (
Q��

������ �
/����/�% 
��% +��� 	� +��'��� �  
.����	�* .
���!

    �� (���% -�.	 ���� $	��I �4 `K `a� �� �i��
��

����6  :���	 E+��� :��B�4 
���.0;)11( �i��
���� -��.	 .

al�% 
% ��	� (��% $	��I �4 
�	�*   
����% s�l�	 
"#.& �

 +�.� � $	�G"�	 t�+>= +�'H* �� 3�""�� 
���� ��

:B�4  ��� ��! �4 ��)13-12(.  

 �4 E+� 0�/ ��"9�� �� v��= )�� �� �i��
�� -.	

 
��% ���!  .������4 )��M� &	 Seidel  �Malmonge  -��.	

 j��* ��4 -�/�	 +'���Wichterle    �	��"2% $	���I �4

(&��	 �`K �� +'��� -.	 )C .
� �H/��% 0�/  )���* �

al�% ��"9�� 
% 	� �	�    
�"�#4 $K a�B��% $	0�% �! 
��

 ��	� : � $	0�% �4)14 �12(.  

 
���� +��'���    7����Q ���4 0���/ ��"9���� �� ���'�

Copolymer 
% ��! �4 w&�� 	� �i �! ���  `a� � +*


% +"��4 	� `K       :��I ��4 +�'��� -�.	 ���J�"� �� .
�!

Copolymer    :����Q�9 �0����/ ��"9����� �� $
����

`K  
�% 	
�� 
"���   
��!)15 �10(  -�.	 .Copolymer 

���%& 
�	 :9�� � 
% ��	+B 	� -��D% � -.+l�   � 
��!

 ��J�"� ��    �	����% � 
�x+% ��� `y��   .:��	 Zl��4


�� z&�	 (��% :�I �4 �'�  0�/ � 
��'* 0�/ �0"�� �

    ���� :�PB�2% V�I�4 �! :�	 
I��8% -�/�"#.+!

   (�	� :��� &	 	� ���9 0��/ �! :�	 ��	+B	    -�.	 .
��	

     � $���4 
'�� +��= �
"�#.& ���;&�� )�/� �4 +'���

    �	+�  -��MM2% ����* ���% �0�/ ��"9�� �� $K �+4��!

 )��) :�	 �"B+;1 ()16(.  

  ����� ���H/��% -.	 ��   ����� ���� ���	
��� 
  �	�

����� � ���    
��� +�'��� ��� +�4     $	���I ��4) ��'�

    � 
�
���� (�	� :����! (
/������ :���#4�	�FBS   

)Fetal Bovine Serum     �� 
��� )�%�I $	���I ��4 (  
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 ���1. ���� ��� �! �	� ���	� ��� 

  

$K ���"9	 (�	� �	+  �� 
�� +'��� +{	 dF� .
�    ��4 ��'�

   ����� 
��� ��� +�4 
/��� :�! +"#4 $	��I   ����

��	
��� 
����     �� -���D% :9��� 0��� � ����� �	�

�J�"� �     ����� �� &���.&�+�* $i $���4    
����� ����

��	
��� ����� �	� 
�� +'��� ��� +4 (
� :�! �  �'�


.�+; 
��+4.  

  

��� 	
  

�	� ���	� ���  

 ���2%x10 :mg 120  
��� ����    �� � 
�� $&� ��'�

ml 1  �������*	95 :���P�= ����* 
���� )���C 
���Q��   

mg/ml 120  (��"���� �� �����2% dF��� .����� �����*

Shaker  ����%� ��Cº 65  7
��% ���48  ��� � :I����

rpm 190        .���� )�C )�%�! ���5 ��4 ��* :B+; �	+ 


8/�9�� taC   i��l.+"���� �4 ��20  ��M� �  ��� �� �	  

g 2000 
.�+; E�J�	    ����% t+�} ��JC �4 ���* �4 .

 �+P�mg/ml 12   ����2% &	x1    t+�} �� � �"��	�+4

     ���� +�.& �� +�P� ����% t+} .
� �"G.� +P� ���%

 7
% �4 -���12    )�%�! +�'��� �* :B+; �	+  :I��

    ����C t+�} �$�+�! ).+"�	 ��P�% �4 .��� 3�9

 7
% �4 +'���30     �	+�  Zl��4 �	����% ��� +.& �M� �

N �% �� .:B+;  ��4 �� $K o�� �+'��� -.	 &	 (��l"�	

 �4PBS )Phosphate buffered saline    ��4 ���4 3�. � (

 j���2%12DMEM/F  -��.	 &	 
��H4 .
��� (�	� ����"#�

���� :�! $��%	 �)C	+% .
� ��	+B +'��� ��� +4 ��  

��	
 "�# $ �%�
��&  
������� ����� ���  ���


���� � ��� 

(+!  $	�	&�� &	 (
� 	
� ��� ��� (
�� 7�B   +�.& �

  +~!	
�C �! 
/�� 3.24     $���*�B �.���* &	 :I���

       ���� 3���4 &	 ).+"��	 j.	+�� :�2* ����4 �"�a;

  
'������4 (�����.�%&K ���4 $	+��.	 
%D���	 ������'�

(
����W�  -�B :#.& � 3�"�i 
�
��% 
�% �  ���K

.
.�+; )M"�%  

:B�4 �&��	
� &	 d� �.6 �
4+� ���   (���  �  �	

� 	
� �"��'��� h����* �4 � 
  3��! ��H4	 �� 
.��

 ���4 � 
��.�+; ���H�  ���H� ml 5-3  
��'.0�K �����2%

) 
.�+; )M"�% &�F#.�ml 1    �.0��K -�.	 &	1/1   
�C	�

���* �	+4 [��	� :�/�HB  �ml 1   �.0��Kmg 1   ����� &	



 

  

  

www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /300 ���� /�� ! �"� 1393 1448 

��� �������	 
��� 
�� ���� ����� �� ������� ����� ��	 ����� ��  ���� ����	  �
��� 0���1�� 2 

 ��ml 1  :�! j�2%12DMEM/F    d�� .(
�� )C

   &�F�#.� ����2% ���C $��/�B �-�H% $�%& :�a; &	

 7�H�  �  7
�% �4 
"B�45   �� ��M� �g 300   ���%� �

C° 4 ) i��l.+"�����Eependorf centrifuge .
��� (

   `���� � 
�� ���G* ��.0�K ���C 
.�� N.�% dF�

 ������ �����C  ����* � ����    j���2% �� 
"B���4 �����

12DMEM/F     3��DB ��4 � 
�
�� ���2%2cm 25 

 ���Cml 1 FBS     $��� j��2% ��JC .
��"B�. ��M"�	

  ��4 3�DB12DMEM/F   
�"�K ����C  3��*��4   ����


��   ��4 -�#.�%�"�+"�	 � -����ml 5     ��* 
�� (
�����

 :�! j�2%20 
Q�� FBS .��+; ��	+B  

��	
 "�# 
������ ����� ��� 
���� ��� � ��� 

�	� ���	� '(
 �$� �) ���  

���* &	 
H4    :��! t�+�} �� +'��� �24  ����9  � �	

  ��4 $K o�� ���"#�PBS  j��2% � 12DMEM/F �

105  ×1    j.	+�� :�2* �����9 +� �� ����FBS 10 

 + 
Q��12DMEM/F .
� :�!  

��	
 �)��%�)    
������� ������ ����  
����� ��� � 

��� �	� ���	� �$� %� ���  

 ������ :�H���� 
����+4 ����P�% ���4  
������ �����

��	
��� ����� �	� � ��� :�! &	 
H4 �48   +�4 �"I��


�� +'��� ��� ���� ��'�   :��! j�2% �� p�H% ���

N'� +'��� ��� &	 +�F'� j��*  &	 
H4 � 
�
� ���K

 i��l.+"���5 �M� �  ��� �� �	rpm 1500���� �   ����

    
���� o���� ��� +��4 (
��� (�	� `�����  $+�"���	  

)FBS 10  + 
Q��12DMEM/F.
�
� :�! (  

MTT -5 ,2-)yl-2-Dimethylthiazol-4,5(-3( 

)diphenyltetrazolium bromide  

(
��� $��� Z.�%&K -.	 ���� $��4 (
�& �   .:��	 ��

 �	
H*104 × 1  ���� ���	
���  ������ �	� �  ����  ��

 i����4 :��� &	 (+lC +� �� �24 ���9  (
� (
���� �


�� �4  j�2% �4 (	+'� �'�12DMEM/F    ��4 (
�� 
�=

FBS 10 ���� .
�
� (�	� :�! 
Q��    :��! ����

 7
% �4 (
� (�	�48    ���%� �� :I���C° 37   �	+� 

 :�a; &	 d� .
�"B+;48    ��4 ����/�	 :�! &	 :I��

 ���9 +�lµ 50 (��% &	 � MTT   ��4 :��� � 
� �B��	

 7
%24  ��%� �� :I��C° 37   dF�� .:B+; �	+ 

lµ 500 DMSO )Dimethyl sulfoxide ���9 +� �4 (

   &	 
�H4 � 
�.�+; �B��	2-1    �� $�����4���	 :I���  

C° 37   ����'� `a�� .
� i�"F�� -�/�#�	 h�+� �4   ���

 _�% ��5 �� ��nm 580 .
� (
�	�9  

  �3�	�
 ��4�5 �� �3� 
�������  
����� ��� �   ����

)Cell proliferation ELISA assay(  

+'��� +{	 ZJ�� ��P�% �4
��  ��'�     +��~�* � 
��� +�4

����  ��� ���	
���  ������ �	� �  ����   	0��/	 $��%&K �

)ELISA  �.Enzyme-linked immunosorbent assay( 

���� -.	 ��� +4 
/��� +�~�* :��     .
�� E��J�	 ���

����  �����	
��� ����� �	� � ���   3���� ��� +4

   
��� +�'��� ��4 (
� (
����      j��2% +�{U�* :�2* ��'�

12DMEM/F  �4 (
� 
�=FBS 10    i����� 
�Q��4 

$K 
/��� +�~�* $	0�% � 
�
� :�!   ��4 �#.�M% �� ��

���� -.	 +�~�*   
��� j��2% �� ��     ��4 p4���% $+�"��	

��"��  :!+�) 	0�/	 :�! )'H/	Roche 
��+4 ���% (

  .:B+; �	+   

���	# �)��%�) %� �6) �3�	
 ��4�5 �� �3�  �$� %� ��

���	�  

	 
H4 
/��� +�~�* 
��+4 ��P�% �4
���! 
4�.&�4 &  ��

 	
���"4	 �+���'��� ��� &	104 × 1  ����4 (	+���'� �������
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j�2% Z�� ���  ����9 �� �"l;      ��4 (
�� (
����� ����

 7
% �4 +'���48      dF�� .
�
�� (�	� :��! :I���

����    
��� ��� +�4 � 
4��.&�4 ��    (�	� :��! $+�"��	

 &	 
H4 .
�
�24    
/���� +��~�* �	0�/	 )C	+% :I��

.
� E�J�	 

7�8 �� �3�  ) �3�	�
RPE cell death detection 

ELISA assay(  

 �	
H*104 × 1 ���� ���	
���  ������ �	� �  ����  ��

 i����4
�� +'��� �4 (
� (
���� 3��� ��� +4 �  �'�

 j�2% +�{U* :2*12DMEM/F     ��4 (
�� 
��=FBS 

10  7
% �4 
Q��48  ��%� �� :I��C° 37  :�!

$K 
/��� �+% $	0�% � 
�
�    �+�% ��4 �#.�M% �� ��

 ����� -.	 
/���    
��� j��2% �� ���    &	 d�� $+�"��	

 :�a;48     	0��/	 :��! j���* ���/�	 :�! &	 :I��

.:B+; �	+  
��+4 ���%  

) ���������������9�
������ICC  ������������

Immunocytochemistry(  

����  �����	
��� ����� �	� � ���   ���i����� ��3 

 �4  ���+����� ���� � $��4 
��+4 :��65RPE �

t+} �� -�*	+!�".��   ����24   j��2% �� ����9   ����

 ���CFBS 10    
���+4 ����% � 
�
� :�! 
Q��

 .
��"B+; �	+  65RPE   ���	
��� �����"��	 ��   ������ �	


% :B�. � ���  -.	 ��D��"�� �� ���	+; 7��Q �4

������ 
��% (+���9y ���� E���'* �� -�*	+!�".���� .����� 

����        )�~% (
���  � ��.6 3�*) (���� 
����� ���

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

(�	���9 �0� � ��	� :�%D�B �   .:��	 j�	� 
C ���

���� -.	     :�B�4 ���D��"�� )�9	� �
���*	+! �   ����

.��	� ���� 
/���"��	  

 t+} &	 (+lC -.
��24     
���� $	���I ��4 ����9


"�K $�
4)  ���4��/�	   
Q�8"9	 ��8*	 
��+4 :��


"�K 
"�K �4 �.���{ ���4   
�"�K $�
�4 � ��/�	 ���4   ����4

���� d������B�*	 
��+4 :�� �.���{ � ��/�	   � ���

.
�
� �"B+; +P� �� (���%&  

 t+} 	
"4	24   ����9 +�� �! ����9    +�'��� ��4 $K �


�� Z��� �'� �H�	 �4 ���4 (
� �	�   Zl��4 �	����% � 

 ).+"�	 � 
�105 × 1     ����% j��2% ��4 (	+'� ����

 7
% �4 �+P�48  ��%� �� :I��Cº 37  .:B+; �	+ 

  t+�} �� dF�24  ����9   ��H�  ��+��.� �   )�%6 �

 ���4 � :��B+; �	+��  ).+"���	FBS  7
��% ���4 ) 	
��C  

1  ��%� �� :I��C° 37  Z����    �� dF�� .
�� �	�

 ����9 +�ml 1  j�2%FBS 10    ����� ����C 
Q��

��	
���  �	������ � ��� (
� 
4�.&�4   ����% i���� &	

   7
�% ��4 t+} -.	 .
� :�! +P�5   ���%� �� &��

°C 37   )��C	+% +.���� �J���� &�� �� � :��B+; �	+�� 

 j��* (
� �.	�	 )'H/	��"�� p4��% 
'���"�����'.	

 :!+�Santa Cruz .
� E�J�	  

  �	+�4 j.	+� -�'� �
��� (�+; 
��+4 ��P�% �4

����  
���� �����	
��� ����� �	� � ���  ��� +4


�� h��) 
.�+; ��	+B 0�� $+�"�	     ��4 -�m*�+�� �0��%K


���"�K &	 (��l"����	 ������4  � ����.���{ � �����/�	 ������  

h������    j������* �"����#� �0�����%KDAPI  �����.  

phenylindole-2- Diamidino-6,,4   (
��� E���J�	

 ��
�)1.(  

 :��;9
�RNA  

    $i $���4 
���+4 ���P�% �4Tyrosinase  ����� ��   ����

��	
���  ������ �	� �  ����      +�'��� ��� +�4 (
�� :��!


��  _	+G"�	 ��'�RNA  ����� &	     &	) (
�� :��! ����

 i����5 -2
�� +'��� ��� +4 ( 
�� � �'�   $	���I �4) $+�"�	

 :�! j��* (
���Tripure    &	) 
�� E��J�	GAPDH   ��.
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phosphate dehydrogenase -3 Glyceraldehyde  ���4

 $	��IHouse keeping gene .(
� (��l"�	  

������ �<��=  

   +��'.	+� &	 &����.&�+�* $i $����4 
�����+4 ����P�% ���4

   (��'���� 
���! ����4 $i�����! :!+���� &�����.&�+�*  �

00073640QT  $i -��c'� .
� (��l"�	GAPDH  �4

�+'.	+� �+�  
ACAGTCAGCCGCATCTTC 
CTCCGACCTTCACCTTCC  

 ����5 ���4bp 77  ����8*	 ����%� �C° 62  $	����I ���4

House keeping .
� �"B+; ��! �4  

  9>
cDNA  

 0"��cDNA   $i���! :!+�� :�! &	 (��l"�	 �4   E��J�	

 �4 ��+'.	+� &	 3. +� �	+4 )C	+% ��P�* &	 d� � 
�

Real time PCR )Real time polymerase chain 

reaction.:B�. �%	�	 (  
Real time PCR  

 $i $����4 
��'! ZJ����    j����* +��P� �����% �����  

Real time PCR    E��'* ����! k�+� &	 )�  .
� E�J�	

     7
�% ��4 ).+"��	 ���P�% �4 E&6 �	�%20   �� ��M� �

  �	&	 ��4 dF� .:B+; �	+  Zl�4 �	���% ��� �+H%

 ��
�) 
� ���* 
.��� Y��G% �Z�!	� +�2.(  

���* &	 d�      �$K $�+�! i���B � 
.���� Y���G% �

 ��JC �� Y��G%   ����µl 9  ���.� ��   ����ml 25/0 

   3�����. +������ ������4 � N�����.&�*µl 1  &	cDNA 

)Complementary DNA &	 d� .
� �B��	 ����% (

 ���JC )��! i����Bµl 10  (��"���� ��Rotorgen  �	+�� 

�%��+4 p�5 � :B+;  ��
� �3 PCR 
� E�J�	.  

  

���
	 	
  

 ����5���	# �3�	
 ���  


���� +��'��� ���! -��.	 ���4 �����* ���4 `K ���'� :���	 0��.+;  �

���� (
��#� ���  ���	
��� ����� �	� �  ����    ��4 ���� 

���� ��J�"� �� .
�"#�� $K ��� +4 $
��#�  +�.
�. �4 ��


% )8"% 
% )���* 
���! � 
���   :I��� $�'� &	 .
���

���� (:�! &	 d� ��	 :I�� ��) ��/�	 � �4 ��  )�8"% �


���! � 
�
�   $��%& :�a; �4 .
��	� )���* 3��! ���


���! 
���! � 
�
� )8"% +�.
�. �4 3��! ���   ����

��04   o��#% +�= ��� �4 �! ���5 �4 [
��	� )���* 	� +*

 )��) ��4 $
.� )4�  ��2.(  

  

 �$�&1�9�? . ���) 
����@ $ 
�3$� ���  �65RPE $ 18/8Cytokeratin  

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

Goat anti-rabbit IgG-FITC (Santa Cruz USA)  Rabbit polyclonal antibody  65RPE  

Goat anti-mouse IgG-FITC (Santa Cruz USA)  Mouse monoclonal antibody  18/8Cytokeratin  

  

 ��
�2���* ��"�� .  
.��� �	�% �Real time PCR )Real time polymerase chain reaction(  

��	 � ����� (N tube)  �����  !��"	� ��#$�  
N 2  µl2  Master mix  
N 1  Μl1  Forward primer  
N 1  Μl1  Reverse prime  
N 5  Μl5  RNase free water  
N 9  Μl9  Total volume  
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 �$�&3 ���8� ���!$�� .Real time PCR )Real time polymerase chain reactionDE ���) ( ��� Tyrosinase  $GAPDH 

)Glyceraldehyde 3-phosphate dehydrogenase(  

Tyrosinase GAPDH   

    b �*  :(`�y)c95  �10 �M� �  
��C+% � 1 :c95  �10 ����{  ��C+% � 1 :c95  �10 ����{   )���)40 (�	+�* 

��C+% � 2 :c52  �25 ����{  ��C+% � 2 :c60  �25 ����{    

��C+% � 3 :c72  �25 ����{  ��C+% � 3 :c73  �25 ����{    

  
  

) `�y72-95(  

 b �*5 
H4 ��C+% �* ����{ 

  

 
 ���2��	
 �E�3�!��8 �
��) . 
������ ����� ��� �	� ���	� �$� �) 
���� ���  �= �� ���144  "F�
)x100(  

  

���� 
4�.&�4   $���� +'��� ��� +4 (
� :�! ���

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

      
.���	�* � 
�"�#� (
��& �+�'��� ��� +�4 (
� :�!

�/��"�	 )���* � ��/�	 :/�C �4 :�;&�4   	� 
���4 ���

 )��) 
��	�3.(  

MTT�3�	
 7�8 $ ��4�5 ,  

 Z.�%&K s.�"�MTT  ����� �! �	� $���    :��! ����

���� �4 �4��% � 
�"#� (
�& +'��� ��� +4 (
�   ����


�� o�� +4 (
� :�!   `a�� :��4�  �$+�"�	MTT 


�H% tD"9	 � 
��	� 	�  ��	
� ���� �� -.	 -�4 ��	�

 )��)4.(  

 
��� 3. "�# ���	# ��� ��	
 ��� ����� 
������ 
���� ��� �) 

�$� �	� H��9
� )x200(  
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 ���4. I��9� �
��) J��8%? MTT �� ��	
 ����� ��� 
������ ,
���� ��� A: ������ �� �3� �L�< %� �
��) ��	
 ���  �����


������ 
���� ��� � M��% �6) %� 48 "F�
 "�# �) �$� �	� D��9
� $ ���	� �	� "N5 ��� O�N8 "�# 12DMEM/F   

)Dulbecco's modified Eagle's medium ( �$�<FBS )Fetal bovine serum ( P�
10 H��) �L�� J��8%? 6 ��) ����5  ����Q

�>68 RS9T� $ ) (��� M����8 ���8? ���050/0 > P(  

  

  
 ���5. ������ � �3� �L�< %� �
��) ��4�5 ��	
 ��� ����� 
������ 
���� ��� ) E�
��4( �6) %� 48 

"F�
 "�# �) �$� �	� D��9
� $ ���	� �	� "N5 ��� O�N8  "�#12DMEM/F   

)Dulbecco's modified Eagle's medium ( �$�<FBS )Fetal bovine serum( P�
 10 

H��) �L�� J��8%? 3 ��) ����5 �>68 RS9T� $ ����Q ) (�� M����8 ���8? ���050/0 < P(  

  

    �� 
/����� +���~�* ���! �	� $����� +���~�* s.���"�

���'�       ��"B�. Z���! +�'��� ��� +�4 (
�� :�! ���


�H% tD"9	 � :�	 ���'� �4 ��	�   
��� ����   $+�"��	

 )��) 
� (
���%5.(  

����   :��! &	 
H4 ��48     +�'��� ��� +�4 �"I���

���� 
4�.&�4 &	 
H4 	0�/	 s.�"� .
�
� :B�.&�4  $��� ��

 ���'� �� 
/��� +�~�* �! �	�  )�  �4 :�#� +'��� ���

   
��H% tD"�9	 &���� �%	 �:�	 �"B�. Z.	0B	   ��4 ��	�

���'� 
�� ���  )��) ��	� $+�"�	6.(  

 �! �	� $��� 
/��� �+% �	0�/	 &	 )Q�C s.�"�

 �+��'���  :���	 (������ 
/����� �+��% ����M/	 )��%�I  

 )��)7 ��PCD% )4�  �+% � (  ����'� �� �	   ����

  
���� +��'��� ��� +��4 (
��� :���!  o���� � ���'�


�� .
�� (
���% $+�"�	  

) �����9�
������ICC(  

 Z.���%&KICC  -�m*�+��� $����4   � -�*	+!�".���� �����

65RPE ���'� �� 	� 
�� ��� +4 (
� :�! ���   ��'�

)��) �	� $���  ���8  �9.(  
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 ���6. ������ �� �3� �L�< %� �
��) ��4�5 ��	
 ����� ��� 
������ 
���� ��� ) E�
��4 ("N5 O�N8  "�#

12DMEM/F )Dulbecco's modified Eagle's medium �$�< (FBS )Fetal bovine serum( 

 P�
10 �L�� �6)  %�48 "F�
 "�# �) �$� ���	� �	� $ ��� UV
 �)��%�) D? �� �) �$� �	� H��) H��9
� 

J��8%? 3 ��) ����5 �>68 RS9T� $ ����Q ) (�� M����8 ���8? ���050/0 < P(  

  

  
 ���7. ������ �� �3� �L�< %� �
��) 7�8 ��	
 ��� 
������ ����� 
���� ��� ) E�
��4 (�6) %� 48 "F�
 

"�# �) �$� �	� D��9
� $ ���	� �	� "N5 ��� O�N8  "�#12DMEM/F   

)Dulbecco's modified Eagle's medium �$�< (FBS )Fetal bovine serum ( P�
10  �L��

H��) J��8%? 3 ��) ����5 �>68 RS9T� $ ����Q ) (��� M����8 ���8? ���050/0 > P(  

  

   
��� 8. D��) H�5��#�9�
 �� ��	
 
������ ����� ��� 
���� ���  E�
��)5( "�# M��� M�� �) �$� ���	� �	� ��� 

"N5 O�N8 �>X M�� �) 10  ,�L��A :FITC )Fluorescein isothiocyanate ,(B :FBS   

)Fetal bovine serum $ (C :DAPI Merge (4',6-diamidino-2-phenylindole) )x200(  
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Real time PCR  
$i ��	
��"���	 
���2�% ����� Tyrosinase  �GAPDH 

 )���) 
� ���   ����10  �11    $���4 $	0��% dF�� .(

 
���� o���� ���4 :���#� �+��'��� �� &����.&�+�*  $+�"���	

   $���4 ���.�; �! 
� (
�J��   �� &���.&�+�* $i �6��4

����         ��4 :��#� �+�'��� ��� +�4 (
�� :��! ����


��  )��) ��4 $+�"�	12.(  

  

%&�  

��	
��� E���"��	 �+��'I -"B� :�� &	    ��4 ���� �	

$�c'� 
*6D"9	  � -� �4 �"#4	� �6�!�% X.+G*

      E����"��	 
�.0�.��� � :��	 j�*+�% �+��.� ��	�%

����	
���  
�	����'�4 -����� �� ����� �	  7���J� ���4

(
�+�;   -�.	 &	 .:�	 (	+'� )��% NB� � ���� ���

������ -��.	 :���! ��� ���H/��% � ����  -��.	 ����"B� �

���� j�2% ��� +4 ��    ���J.	 t
�� �4 b�"G% ���

�c.��  ����� vlC ��P�% �4 
.��   ���	
��� ����  �	�

      ����'�4 $��%�� � ������ v�lC ��J�"� �� � �����


% 7��Q .�+�;  

  

  
 ���9. D��) DE 65RPE ��	
 ����� ��� 
������ 
���� ��� E�
��) 3( "�# M��� M�� �) �$� ���	� �	� "N5 ���  O�N8FBS   

)Fetal bovine serum (10  + �L��12DMEM/F )x100 ,(A :DAPI (4',6-diamidino-2-phenylindole) ,  

B :FITC )Fluorescein isothiocyanate(  

  

  
��� 10. �>N>8 ������9
� �
� M�� ���) DE Tyrosinase )98  = �L��Efficiency ,36/3-  =M ,99/0  =R(  
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��� 11. �>N>8 ������9
� �
� M�� ���) DE GAPDH )Glyceraldehyde 3-phosphate dehydrogenase (  

)100  = �L��Efficiency ,29/3-  =M ,99/0  =R(  

  

������ :���!  ���������	
��� ������� �	�  ��� +��4

d�.+*���% $iD��! ����'� &	 b���"G% ����� �-�����%6� 

$i�������.+��B �Plain plastic petri plate �
CryoPreCipitat membering artificial 

membering �Poly (Hydroxy botyrat co 

hydroxyl related) � N.�%K  E��J�	 7��.W/K � 3�*���%


� :�	 ()18-17(.  
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��� 12. D� �8 D��) DE Tyrosinase �� ��	
 ��� ����� 
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���� ��� �$� ���	� �	� ) ���FBS 10  + �L��12 
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Substrate, on Viable and Preserving Nature of Retinal Pigment Epithelium 

(RPE) Cells 
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Abstract 
Background: Retinal pigment epithelium (RPE) cells play an important role in the maintenance of 
normal function of the retina. Tyrosinase is a marker of RPE cells that functions in synthesis of 
melanin. Polymer of polyhydroxyethylmethacrylate (Poly-HEMA) is the basic component of contact 
lenses. We investigated the effect of Poly-HEMA, as a cell culture substrate, on viable and preserving 
nature of RPE cells.  

Methods: RPE cells between passages 2 and 5 were cultured on Poly-HEMA (12 mg/ml) in 24 wells 
culture palates. Dulbecco's modified Eagle's medium (DMEM/F12) + 10% Fetal bovine serum (FBS) 
were used to nourish cultured cells on polystyrene and Poly-HEMA coated vessels. Morphology, the 
rate of cell proliferation and cell death of RPE cells cultured on Poly-HEMA polymer were evaluated 
in periodic times. Real-time polymerase chain reaction (RT-PCR) was performed to evaluate 
tyrosinase in cultured RPE cells. 

Findings: The cells cultured on Poly-HEMA formed many colonies. These colonies could be re-
cultured on polystyrene. The number of RPE cells on Poly-HEMA and polystyrene were the same 
while the proliferation rate of the cultured cells on Poly-HEMA was reduced; no remarkable cell death 
was detected on polymer and on polystyrene plates. The giant colonies which were formed on Poly-
HEMA were re-cultured. The expression of tyrosinase gene was detected 434.65 in cultured RPE cells 
on the polymer. 

Conclusion: Poly-HEMA is a hydrophobic polymer. When RPE cells were cultured on Poly-HEMA 
they could not adhere to substrate and formed many colonies. Based on our study, Poly-HEMA did not 
induce cell death in RPE cells but the proliferation of cells was reduced. Tyrosinase expression 
revealed that Poly-HEMA could support RPE cultures to establish their population as the main 
constituents of the giant colonies. 

Keywords: RPE cell, Polymer of Poly-HEMA, Tyrosinase 
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A Case Report of Mastitis Due to Brucella Infection in Post-menopausal 

Woman 
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Abstract 
Background: Brucellosis is an endemic disease in Iran. It produces systemic symptoms in humans but 
organs such as breasts are rarely involved. Breast involvement of brucella can be frequently detected 
in animals; however, it is extremely rare in humans.  

Case Report: A 67-year-old woman, living in rural area in Babol, Iran, with fever, trembling and 
inflammation on one side of right breast referred to a clinic. She had fever, weakness, arthritis and loss 
of appetite from one week prior to the visit. Ultrasound was requested and showed mastitis. 
Antibiotics in beta-lactam groups had no effect on the patient. Serology tests of Wright, Combs-
Wright and 2-mercaptoethanol were positive with the titer of 1/640, 1/640 and 1/320, respectively. 
Treatment with a combination of doxycycline and streptomycin lead to clinical care. She was under 
observation for 2 months until her ultrasound results changed to negative. 

Conclusion: In endemic area, brucellosis should be pointed out; as it is clinically difficult to 
distinguish this type of infection from an inflammatory carcinoma of the breast or any other organs. 

Keywords: Brucellosis, Mastitis, Menopause 
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