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Evaluation of the Endometrial Thickness in Mice after Ovarian Stimulation 

and Using Progesterone 
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Abstract 
Background: Human Endometrium is a dynamic tissue during the menstrual cycle which can be 
influenced by ovarian hormones. This layer is the main responsible for the successful implantation of 
the embryo. One of the most important factors affecting the implantation is endometrial thickness. 
This study aimed to evaluate the endometrial thickness under the influence of ovulation-stimulating 
hormones and progesterone.  

Methods: Thirty adult female mice were divided into 3 groups of control, gonadotropin and 
gonadotropin + progesterone. In 2 experimental groups, the mice received 7.5 IU human menopausal 
gonadotropin (HMG) and later, human chorionic gonadotropin (HCG). Then, every two female mice 
were put in one cage with one male mouse for fertilization. The gonadotropin + progesterone group 
recieved 1 mg/kg progesterone at the hours 24, 48, and 72 after the injection of human menopausal 
gonadotropin. Ninety six hours after the injection of human chorionic gonadotropin, the mice in 3 
groups were sacrificed and their uterine specimens were prepared for light microscopic studies. 

Findings: Using the software Motic Image Plus 3.2, endometrial thickness in was 358.06 ± 13.36 µm in 
control, 389.85 ± 12.46 µm in gonadotropin, and 381.64 ± 13.03 µm in gonadotropin + progesterone 
group. There were not any significant difference between the control and gonadotropin groups and 
between the control and gonadotropin + progesterone groups. In addition, the endometrial thickness was 
not significantly deferent between the 3 groups (P < 0.05 for all of the comparisons). 

Conclusion: Using ovarian stimulation, followed by progesterone injection, would not modify the 
endometrial thickness of mouse endometrium. 

Keywords: Implantation, Endometrial thickness, Endometrium, Progesterone 
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 ��2 �E+ ?7��  0/12 ± 0/116  0/6 ± 0/112  040/0  
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Preventive Effects of Intravenous Paracetamol in Post-Partum Pain of 

Elective Cesarean Delivery with Spinal Anesthesia 
 

Mitra Jabalameli MD1, Leila Goudarzi2 

 
Abstract 
Background: Concerning the importance of pain control after cesarean section delivery taking pain 
analgesic to reduce post-surgery pain is important. The aim of this study was evaluating the preventive 
effect of intravenous paracetamol in postpartum pain of elective cesarean delivery with spinal 
anesthesia. 

Methods: In this double-blinded clinical trial study, nulliparous pregnant women admitted to Shahid 
Beheshti hospital, Isfahan, Iran, for elective caesarean section in 2012 were included. 70 nulliparous 
women were randomly assigned and divided into two groups of 35. The patient was anesthetized in a 
sitting position, at the level of L3-L4.. Patients (case group) received 1 g paracetamol in 100 ml 
normal saline or (control group) 100 ml normal saline, in 20 minutes via injecting. The sedation score, 
pain (visual analogue scale), heart rate, mean amount of used analgesic (pethedine), mean, systolic and 
diastolic blood pressure, nausea and vomiting were observed and recorded during the surgery and 
recovery eah 15 minutes till 1 hour and then hourly for 24 hours after the operation in ward. For 
quantitative variables, Mann-Whitney and independent-t tests were used for statistical analysis. 

Findings: During the sugery, the incidence of vomiting and the pain were not significantly different in 
any time between the two groups. The mean heart rate at the 0 and 5th minutes, during the surgery, was 
not significantly different; but at the 15th, 30th and 45th minutes, the mean heart rate was significantly 
higher in the control group (P < 0.001). In recovery, at the 0, 15th, 45th and 60th minutes, the pain was 
significantly lower among the case group (P < 0.001). But, there was no significant difference at the 
30th minute. Patient satisfaction was not significantly different in the case and control groups. 

Conclusion: The findings of this study indicate that the use of intravenous paracetamol is effective in 
reducing postoperative pain and reduces the need for drugs. 
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 G�� �  G�
�%�20 �?%X�  1��� ��Cº 95 �� ���� ��
X 

     �"�R�� ���%"83�
6 !"%O�	5 �"X�� ��"wF� �  &B b$ �� 

 �9m%83� 1 3 �H��  G�� � 10 .�� ���A��� �?%X�  

 ��wF� � �&
6 
�
3 �gFR|�%   /�"�W� B�5�{� 1��

   1&�"M [
"� �%��"7O$ )Bovine serum albumin   �"�

BSA (2 �H�� )
�
�� Bt�� t��6  �"� ��
  ��3 �  (

�9��9 �	  & ��9$ �  K� j� G�� �  ��   �"%O&� 1��"  1 

�{ �H�Q�R�  ��
���M���� )Abcam, England (

 !X� � 250/1 1��� �� & Cº 4  .�9�� � �=9�  s"6 ��


��� ���  �"�9$ & !5
M G��H �2�8�    �"��9�` 1��" 

)Abcam, England(   !""X� �"" 600/1   G�""� �""   

1     �"9��9 B�"2�8� �� s"6 .�"� �5�{� !<��   �� �"�

1� /�"""""�W� �"""""F%�$ ���"""""�(F  )DAB �"""""�   

 Diaminobenzidine-'3,3 ()Roche, Germany ( � 

 G��10 =���� �� �?%X�� x9� & �9�� � �=9�  1(%�$

 �O��� !"5
M G��H �%�%83����� �  . /��"�   1�"�

��FF3 
�%  1    �&
"M &� �� ��
�"��M �%|�&
6  & ���"�

���� .�9�� _����  

 ��_
  �&
M ��5�  1�� ���� �AF�B   ;"0�
� [���

 
�
3 �5�{� �� 
%T #�  �"�9$    �"%O&� 1��"    .�"� [�"@9�

_
   1�� ��5� ��	� 1   !"5���� 
&�  ���
WH _��

 & 1
�3� PBS    
��"F< �"  ��  ���"�   
"w9 �� !"7g�

.�� ��5
M  

    ��="�&
=%� �� Bj"�
���5��� G�"	O�P� !��

 1��"9   �WA"H /�""=%��
M �� ���A�"�� �""  1  �@9
P""�

West   ���""�FM�(  �""  &200 )20   & �|%""� �""��<  

10     �"  /��
"� _
"  !A� �� ��%5 !A� B(/�=%��
M

!���{ µ 6  b&�F� �  &1  � 3     ��
"X �"��
  ���"�

.!5
M 0�8�
� !   �"�%52µm 12000   �"@0 & 
"� 

�""�%5 3µm 72000 /��""� ���""	� .��""   1�""�ECL  &

/��""�  
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""6��
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"""9 ���& �"""�  ��("""5�SPSS ��"""89  112   

)version 12, SPSS Inc., Chicago, IL (   �"  & �"�

 1���$ 
���$t���	� �%a9�%� B /���    �&
"M 
"� �� ��

    & �"� �"8��?� �"� � 050/0 ≤ P     \P"� 
��"F< �" 

�F	� �� ��5
M 
w9 �� 1���.  

  

���
	 	
  

��5�  G�	PX  ��"	� [&
�9$ 1   �&
"M &� 
"�B   !"%3 ��

��&� ��
�    G�"� �"  ���� 1��� �� �$6    ��
"X !<�"�

 �&
M �� .�� ����>����$ B���� ��&� �� !7g� �$�  ���

 �&
M �� ���"�     ��&� !"%3 x"9� �� 1
"%%L� �%"�  �$

�F�3 1�#���3 & 1���%83� !%O�	5 .�29 ����2�   1�"�

��	� !23 �� ;H�0 1   �&
"M B���"�   �"9��  !"7g�. 

1
�3�  1S�O�5��� ���
  �%Fz��   x"9� B�"�   1("%�$

 �%O�� [�< & [
M2SH  &>����$  �"AF� /&�9�B   ;"%O�

 �&
M �� 1���%6
�3� �=%�� ���& 
 ���� �� .  

��  �&
M 1S�O��8%� ���
  B���"�    ��"	� !"5� 

��� & !��� �	%7� ����9 1 #��     y%�"2� ;" �X �"�

.��  ��# �� 1 ����B� �6�   & 1��"T >�  �� & [�%��

  �!�8X �� �m�&   ��"<�X 1�"�     �"�3 ���"	� B��"T 1�

/��""�  1�""�ECL     �""  ;=""� �"" ZM 1
��""� �"" 

  ��""8� & x"9� �""3 ��"�Z6��%�   x""9� & �3�
"�� 1�

/��� 
��� �� 
�
�k6 � ����� ��  ;=�)1(.  

 �&
M 1S�O��8%� ���
  �� ���"�  
�%"��(%9��3 B

 ��""	� h�""�� �� 1���%6
�3�"" �=%���""  x""9�  1(""%�$

���2� �8�%M�   x"9� �� .�"�   �%�%"83����� 1("%�$  "

����i�B   �"6� 
�%"��(%9�M�� s�� �� 1�����   B���"%��

�6� 
�%��(%�i�3�& /��� 
%g=� B���%�� ��  B�#&�9ZM 1

/��� _(�� �� �6� 1 ���%��  �  B��	� 1�l5 ��  ��w9

  �"6� & ��
6&
6�F%�# �%  �
� ��     ���"�� & ��"	� [�"%��

/��� ��      ��"<�X !�"8X �� �m"�& �"  1��"T 1   �"  1�

��# & ��
6&
6�F%�# 1 ��l< 1     �"  �"8��?� �� ���"��

 �&
M���� ���
  ��� �� .�� ����2�  �"�B   �%"Fz��

��2��� !%��=O ��8� j� 1�� ��8� �Fe & 1�  �� 1�

��# 1 �� ����2� �����  &# ���� 1   & h�"�� 
��$

 �&
M �� ��	� ����� 
�� B����  �""""9�R
6  ���"2�

 ;=�) �� 1(.  
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� ����� ����������� ��� - ��� 	� ����  ! ��"�#$ ��� ��� .%&'� (
)��  *� (���

 $	 �	���+�
��������20 .(�	�� %!� ) &���� %��� 0)��	� 1$!�  2��3 "$ *
4� :67$  8�1�7�
��� ���� 0)��%&'� 

	� ��	 ����� ����������� ��� -  9� 	� *� �	�� %!�  	� ��"�#$(+$ 9��:$���� 	$ ;�� ! 9��:$���#��$! (����� 

 *�< 	� � (� %&�� (3�=� ���. :>  ����%&'� 0)�� �  %!� ��	 	� �	�� .����  �����  %��� ?�@� 9��:$������

�	���+�
�������� (+$ 	� *�< A���� � (3�=� (� 9�B� $	  &�� (���C 	��)40.(�	�� E��:!���� F  
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��� 2. ��	 
��
�  	� %�@� �������� %&'� (
)�� ��� �   *� &��� %!�  	� (�$�GH ���PBS 

)Phosphate buffered saline9� *� (  $	 �	���+�
�������� *� �	�� %!�  ! ��� %&� 1$!�  ��20  "$ *
4�

.&���� %��� 0)��	� 1$!�  2��3 ��	 	� %&'� 0)�� (67$ %&C�� 9�B� %��� ?�@� *� %�@� ����� � I��:  %�@� ���

(� 0:!�  (> .&���%&'� 0)�� �  %!� .�	�� I��: ��  �ECL )Enterochromaffin like cells ( *� 0JK�

 %��� ��	%&L�M (N$�� 	� 	�ON �� %!PL (��M�) (N$�� 	� %&'� ?�=� ��&Q R=� �$ (+$ ��  S� A���� %&��B�

(� ���.&  (���C 	��)40.(�	�� E��:!���� F  

  

 �&
M ������/��� B  1��ECL   1��"T >�  ��

/��� ��� .�� ����2� ��	�  ���Z6��%� �� �   ���"�9

�� �
%��F��   ��"<�X �0��"9 �� 
�2%  &    !"5�� ��"T 1�

 �&
M �� .�9��B����     �"3 ��� 
�"29 �"A%3 G����2�

/��� !%	��   1�"�ECL    !"�� �"�5�� >��("5�.   �"��

/���    ��"<�X �0��"9 �� �"�F� �9 ��  ��"T 1�B   �� �"=� 

 �9�"� ����2� (%9 1�	� ��T 
�
M �  j��(9 �0��9 

 ;=�)2.( ���
    ���"	� �3 ��� 
�29 1
���5��� 1��

/��� ��  1ECL �&
M �� 1�� K%�
� �  ���� & ���� 

79/1 ± 76/11  &34/1 ± 35/8   �"""0�& �� /��"""�

��  �@0  >��(5� ��� �3 /��"� ���	�  1�"� ECL  ��

 �&
""M ���""� �&
""M �""  !7""89 ���""��""F	� ��""  ���   

)001/0 < P( ) ;=�3(. 

����9 �%���8%��9�����  _
"    1�"� �5�" �   ��"	�

 1�
 /���  1��G  �&
M ������   �"3 ��� 
�"29   �"��

/��� ���X ��Z6��%� ��  x9� 1�& �F����  �0��"9 ��

��<�X   & ��T 1� � !5�� ��F3�
6 G��H�� �9�� �� .

 �&
MB����      �"3 ��� 
�"29 �6�="�&
=%� G����"2�

/��� !%	��  1����
���M & !�� ��5�� >��(5�  ���

/���   ��"<�X �0��"9 
  �&Z< ��    �0��"9 �� B��"T 1�

�9�� ����2� (%9 1�	� ��T �9�
M  ;=�)4.(   

  

  
 ���3I��: �	��� ��
��)	�� 
��
� .  ���ECL 

)Enterochromaffin like cells ! (G )Gastrine 	� (

��� ��� (
)�� ��� %!�  ���  U���� *� *� �	�� ! &��� ���

 V&�20  *
4�PBS )Phosphate buffered saline ( !
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� .&���� %��� 0)��	� 1$!�  2��3 "$ $	 �	���+�
��������

I��: �	���  ���ECL ��	 "$ ;+ ���� ! %�@� �����  	�3

I��:  ���G  *� 	$���� 	� *� (����
��������$ A�W�$ "$ ;+

 ��X���� V	�H±  �$&'� .0:$ %&� %�$� 9�B� 	��'� Y$�G�$

I��:  ���ECL  !G (C'� ��� *� �	�� %!�  	�  "$ �
B�� �	$�

) ��� &��� %!� 050/0 < P.(  
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��� 4.  R���"� 
��
���� 	� ���
:�  ��\�!�+ �$�� (����
��������$ %&'� (
)�� ��� �  	� (�$�GH ���

%!�   &��� ��� U���� *� *� �	�� !PBS )Phosphate buffered saline ( $	 �	���+�
�������� !20 

&���� %��� 0)��	� 1$!�  2��3 "$ *
4� .��� 	� (67$ %&'� (
)�� ��� � I��: &��� %!�   ��� 0JK� ���
:� 

I��: �$&'� F�	�� %!�  	� (> .0:$ %&� ]=B� %��� ?�@� V	�H *� ��� 	� 0JK� ���
:�  ���  ���

(� 9�B� R�$�)$ &��� %!�  *� 0J�� (
)�� I��: ��$ ! &�� %&L�M (N$�� �� %!PL %!�  ��$ 	� ��  	� �&Q �$

(+$ (N$�� ���: (� %&��B� S� ��&Q A���� ���  (���C 	��)40.(�	�� E��:!���� F  

  

���
        �%a9�"%� �"3 ��� 
�"29 1
���"5��� 1�"�

/��� ���	�  �"�  1G  �"�# �� 1  �"6�  �O�"%��    �"  ��"	�

 K%�
��&
M ��  1�"�   ���"� & ���"� 21/1 ± 74/6  &

84/0 ± 65/3   �""""@0 �""""0�& �� /��""""���""""    

)001/0 < P( ) ;=�3 .(/��� !789  1��G   �"   ;"3

/���  1��ECL  ���� �&
M ��44/57  �� ���  �H��

 ���� �&
M �� !789 ��� �3 �O�056/42  ��  �H��

!789 ��� �3 �F	� G&�A� �� �  ��  �"� 
�29 ���   �"��

)001/0 < P.(  

  

���  


%`o""� �""	O�P� �""�� ���""�9  G�""� 
�""%� 
�%""��(%9��3

 
  1���%6
�3� �=%��/���  1��ECL   ��"	� !5�  ��

 _�����
WH �� 
�29 ��   B
"`� ��� �  h�7��� �� .���

_��(M �   �� �"	O�P� �"�� ����9 & ���� ���& ��3 1�

��&�    !"9�A< G�
"`� 
�� 
� 1���%6
�3�" �=%��   
" 

/��""�  1�""�ECL �""� ��""	�  .�""��  �""2a��� �""9���

 
�%��(%9��31���%6
�3� �=%��  ���%�%� ���� �  ��
��

) G�� ���� ��40    (
�"2%  & �"�A�  /�"� �� �9��"%0 

��    ��"� ��"	� 
��
"� �  
@F� �9���  /��"� &   1�"�

ECL    �"� B�"�� ;"���< 
��  ���� ;%O� �    �� �"F9���

 �F��  
`r� ��	� 
��
� 1�?O� �9&�)19-18 B8.(  

�	O�P� ����9 1  ���	� �3 !�� 
$ �� �3�0 B
{�0

/��""�  1�""�ECL ��""	� !""5�  1  B���
W""H _�""�  

20 
�%��(%9��3 �� s6 ��A�  !789 1���%6
�3� �=%��

      >��("5� 1���%6
�3�" �=%�� !"5���� 
&�"  �&
"M � 

�� 
�29 ) ���001/0 < P .(Cao    
�"29 
���"=�� &

     G�"� �� ��"	� 1���%6
�3�" �=%�� !"9�A< �3 �9���

 �� >%"" 50   ��""@�� V""<�  B�9��""%0 /�""� �� �""�A�

   /��"� �%i�F%"���3 & 1�Z"6 s�� B1�Z6
f���   1�"�

ECL ��   "2%6 & ��"�     ;="� �"  G�	��"{ �"�� !5


�""F	� �""�9$ ��
""� \P""� �""  1��� 1��""   �""{ 1�""�

) ���� ��%?�8� h�7��� 1���%6
�3� �=%��19.(  

Zhao     !"9�A< �"3 �"9�
3 _��(M (%9 
���=�� &

  ��"	� �� 1���%6
�3�" �=%�� 1   _�"�J6/BL57C  ��

 G�""�9   & �5&
�
f��""� B���""	� >��(""5� V""<�  ��""�
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f���   1�"�ECL  �"�    �� �%"Fz�� .��"�

��	� 1 _��    /��"� ���"	� B!"9�A< 1���� 1��   1�"�

�%�� & /�����6 �� 
�29 >��3 �%�� \�
� ���   �"��

)18     !""9�A< pk""0 
�""��� B�9��""%0 /�""� �� .(

 �"F	� >��3 V<�  1���%6
�3� �=%��  /��"� ���   1�"�

ECL  �� 1�Z6�|9 & 1�Z6 s�� B1�Z6
f��� ���� &

/��""� �""�� �""� �""�  �� .��""� !""9�A< pk""0 B�""X�&

   �%i�F%""���3 ��""@�� �� ��""	� �� 1���%6
�3�"" �=%��

�� 1
%M��� ) �F319.(  

  & �9��""%0 /�""� �� ��""	� 
��
""� ��""@�� �""9&�

�%""��   �� .!""�� �9#�""� 1�""9&� B
�""89� �� ��""�

/�""�      �""  G�""� �9#�""� !""9�A< B�9��""%0 1�""�

) 1���%6
�3�"" �=%��40    G�
""%%L� (
�""2%  & �""�A�

��
� >%6 & �9��
�/��� �� �� �9   
�"29 ��	� 1��

�� ) ���8�	O�P� .( �� 
�29 
{�0 1  !9�A< �3 ���

) G�� 
�%� �� 1���%6
�3� �=%��20   �� ;"7X & (��A�

  V""<�  B�9��
""� >%""6 & �9��
""� G�
""%%L� ��""@��

/��""� ���""	� >��(""5�  1�""�ECL ��""	� �� 1  _�""�

�� ���
WH .���  

     �"3 �"9��� 
�"29 
���"=�� & �F%i$ "��(%9��3 
�%

1���%6
�3� �=%�� ��	� �� 1 ���
WH _�� K��� B

   �"6� �9��
"� >%"6 & �7�
�� G�
%%L�    h�"�� [�"%��

 K�
�� B��	�/���  /�"����6 1��  &   1��"�6�6$ '
"�

/��� ��� �� ��  ���)11.( �����3�9 /���  /�����6 1��

��""	�    �""9�
7� �""8%9�=� j""� �""  B�%""�� �""%O�� ��

     �"  ("%9 ��
�"��M & ���� /�"79� �  �� ��F�
���M
f���

 1�Z6
f%� 1�?O� �� �=%5&
� !%H�R 
��  ���� ;%O�

/���  1��ECL    ��
3&�"9$&��9 ��"��� B!���9 �� &

 .!�� 
`r�   BK"%�
� �"�� �"      �%"  1�
"=��< h�"7���

/��""� /�""����6 1�""�B /��""�  1�""�ECL ""  &�  �m""�&

/��� ���� ���& ��
���M �O�� 1�� )23-22(.  

��� �  ���� �    ��"@�� �� ���� >?9 ��
���M �3

���� 1�%i�F%���3 1�������B     
�"29 �"	O�P� �"�� ��

 
�%��(%9��3 �3 �� ����1���%6
�3� �=%�� ��	� �� 1 

    ���"	� >��("5� V"<�  G�"� 
�%� �� ���
WH _�� 

/���  �� ��
���M �O�� 1����# 1 �6�  �O�%����   ��"�

)001/0 < P.(  

Sokic-Milutinovic  �""  �9���""�%  �� 
���""=�� &

 !9�A< �3 ��	� GZ=2�  B�F�"��� 1���%6
�3� �=%��
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Abstract 
Background: Enterochromaffin-like (ECL) cells have an important role in the gastric tissues. 
Helicobacter pylori (H. pylori) colonization has effect on function and the number of these cells. The 
aim of this study was to investigate the effect of 20-weeks Helicobacter pylori colonization on ECL 
and gastrin (G) positive cells in rat gastric tissues.  

Methods: 10 rats were divided equally in two experimental and control groups. Then, Helicobacter 
pylori or phosphate buffered saline (PBS) were gavaged to experimental and control groups three 
times a week for 20 weeks, respectively. Bacterial colonization and histopathological features of 
gastric tissues were examined with hematoxylin-eosin and Giemsa stains. ECL and G cells were 
investigated in gastric tissues with silver staining and immunohistochemistry (IHC) methods. 

Findings: After 20 weeks of gavage, Helicobacter pylori colonization was seen in the gastric tissues. 
Histopathological changes including epithelial disorganization, epithelial vacuolization, lamina propria 
and epithelium irregularities in the experimental group were seen. Silver staining showed that the 
mean number of ECL cells was 11.76 ± 1.79 and 8.35 ± 1.34 cells/volume unit in experimental and 
control groups, respectively (P < 0.001). Immunohistochemistry staining showed that mean number of 
G cells was 6.74 ± 1.21 and 3.65 ± 0.08 cells/volume unit in experimental and control groups, 
respectively (P < 0.001). 

Conclusion: This study showed that colonization of Helicobacter pylori induces epithelial 
disorganization and vacuolization, lamina propria and epithelium irregularities in gastric tissues and 
also increases the number of ECL and G cells in these tissues. 

Keywords: Helicobacter pylori, Enterochromaffin-like (ECL) cells, Gastrin producing (G) cell, 
Immunohistochemistry (IHC) 
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H �� �*        ( �/'
� I��'N& ��O'! I�'B&� �'� 
��'�

 )�� .��1� ��1�)�� P�Q ( ?��D ����1))3(.  

/S� -D��� �)� 	 �� (�?4�B ������I  ���B�

���
1� ���4� (� �D (� 0 -T& 7�(��#  ?!� ����

 �(���/�� )3(���	 .�
��
 ������  '
�#��  ?'!�  �'� 

���� ?!� �B� �� U	�A I20 -10    7�'W �'� 7�!

��/''��X
 �/''� �''� (�� 	�?4�''B /''
� ( �) �Y0''�I? 

 K��  G�������  )�1)3( .�� �G�� �� 1�Z� (� �� 

[���Q � '�� �� ��'��I  '���4�  �'*���*���  0�'��)� 

� 7��
� ?YG  !�
��� ������ �*� ���? �� �#!�� 

.?!� ��)����� 

�'''� ��'''\
� �'''SJ�F� � ���'''��� 
�'''�
����	 ( 

"��0��� ��*  �J�'�J�� 
H (  #'�0  ���'��C�  ���'�4� ( 

>�@�J���	 �) ��� I������ �) ?!) ��1�) 7/�  ��'* 

�0��''�D �''�� ���''��� ��(�''] ?''!� .�� �''�� I(� 

��TT,� P�/^� ��  )�'X��  7/'�  ���'���  
�'�
����	 �) 

��0���D �*�_B����H .)��0 /0�. [(�  7/� )�X�� ��*

7/� �+3� .(�Q �! �� �0��
����	 ��*   �'���0@)4( I

7/� ��*  �'!(��( )7-5(  7/'� (      �'� ./'1 �'TJ� ��'*

%& P��!�b )8( "��T� �� �/
� .)�1  

[(� ����  ?b'�0  �'� () [(�  �'_�) 
����  �'� ( 

.)�! �� ?!� ( �� ���* I-�J)   ��'� �) ���B�� )�����

.)��) ��TT,� "Y� ����  P��'!  �'��  .(�'Q  ���'b& �� 

MPTP )tetrahydropyridine-1,2,3,6-phenyl-4-

methyl-1I( 6- ���(�/�* ) ����	()OHDA-6   �'�

–hydroxydopamine6I( ) �H�����'''	Paraquate(  (


�
�(� /
��* .�� d�!� ��SJ�F� I��B�	  .)�O�'!� �� 

7/� ��* �H�����	 ( 
�
�(� �� ?+& >�)#0 ��  
)�'� 

�� E���1 �S^�( Q[��� ��4�� ?!� )10-9(.  

���0 � #��D ?��*� �) )�X�� I7/�  ���'��  ���f'	 

( 
�#�� ?�T4�� 
H ?!� ( gT,� /���  E���'1  )�'X�� 

7/� �� �� /D 
���� �
�Y� /���0 .�) �F��� �� 7/�  ��'* 

�TJ� ./0�1 �� P��! I�b%& ���  �'
�Y�  ���'!  /'��� �) 

�)���� 
�h�* �() Ig��#� )�/S� g��#�  I�'*  -'3��4 

��� g��#� I�*  7�'W .�() �  g'��#� (  �'!  ��'0���D 

P�X0� )�1.     �) /'0�/� �'� �'�� ���� gT,� I(� ��� ��

�� ?��D ��!�) ����       /'��i� ��'\
� �'� /'��� I/'
�

I7/�  j��'��H  ��'*  ���'�4�  �'3�%��� ��  �'� �(� 

��0���D P�X0� /*) .�) 
��� 7/� ��*  I�0��'�D  7/'� 

>���'''��! "'''! 
�'''
�(� "'''��& ���'''�4� ( 

�@�J���	��#�4 ������  
�'�
����	 ��  �'�  ��'W  �b'�0 

��b1 �!�� �� /
� )12-11( �'�� . ��   �'� ���'G 
H   �'�

���Q��� ��� "! �) ��SJ�F� k+���  �'� [(�  ��'* 

��(�O�� ?!� ( �� >� -��(�	  "X'�
� (  )��/0��'!� 

�(��	 ��0 I/
� l/* �� �SJ�F� � �]�D  )�'X��  >'� 

7/� �0���D �� ������ 
��
����	 E!��  
�'
�(�  �'� 

��b�&� ( ����� ���f	 ��� )��.  

  

��� 	
  

��0���D :�) ��� Ij����H 32 �! [��  ����,'3  �'0 

)�n0 �����( ��  
�(g 50 ± 400  �! (12-10  �� .��

     �) ��''0���D ./0/''1 $�''��0� �4)�''%� ���''3

UO^ ���* �� U
G ���+	  ) d�'Q2    �'* �) [�'�

�0�b''1 -��''! �) ( (U''O^  ���/''Y_0 �''S�bW ��(�

�� /0/1 .��fo  )��/0��'!� ( $H  �'�  ��/'T�  �4�'� �) 

d��''!) ��''0���D ���''^ ?''1�) ( ��''�)  E�'',�  

Cᵒ 2 ± 23 )��.  

.(�Q �/
� ��0���D :.(�Q ��* )���  -��'1  .(�'Q 

?4���) ./
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�(� �''� �() h48mg/kg/ 3 ( 

.(�''Q ?''4���) ./''

� � -''��D 
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�(� �''� �() 

h48ml/kg/ 1 ).(�Q /*�1 (/0)�� .�) ����� .(�Q I�* 

��T��#� �� ���3  �/'+G���  P�'X0�  /'1 ( �)  �'* 

I.(�Q 8 �! [�� ���^ .?1�)  

)���  ������'1 : ?'YG  ��'TJ�  7/'�   �� 
�'�
����	

  �) ( 
�)�_��'�4H �'o(� I
�
�(�  -'���  /��'���OJ�! 

)?��1 I��_�! �����H (.)�O�!� /1 .�� ���  ���� �� 

�) �) 
�
�(� �/���     ( /'�)�Q -'D /��'���OJ�! -���

g�^� 
�)�_���4H �o(� �) Up!  /'1  �'�  �'�  ��'*�() 

)mg/kg 3 I2 ( 1 (-��^ g��#� /1��.  

[(�  ��� :��  ��'\
�  ��'TJ�  ���'���  I
�'�
����	 

��0���D  "'!  
�'
�(� ��  �'�  ���'3  �/'+G���  �'� 

��'''*�() )mg/kg 3 I2 ( 1 (�'''� -'''3��4 �0�'''��   

48 ?&�!  �'�  �/'� 19 �(�  ?'4���)  /'0)��0 )11( .

.(�Q /*�1 #�0 �Y
� -��D  
�'
�(� )  '���� �)  -'��� 

/��'''���OJ�! ( �'''o(� 
�)�_��'''�4H (�� �'''�  �()

h48ml/kg/ 1 ?4���) )��0.  
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/
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���^ �� I)��Q �� d�!� ���4� �0��Q�X��G �� �� I)��) 

�(� () �''	 /''
+� �''� )�''1 ( �''� P�/''0� ��''* ���''+G 
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�0�Q�/G �� �/� 5 �T�^) �) >�  �0���'!� �  �'B�1 �� 
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�''�� �''� 
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* �� 
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#�J�0H ����H ����0 .(�Q 
�
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�(� �� g��W 
���H t  -T�'��  )��'�  �'���T� 

���^ ?4�Q .�� I.(�& 
�#��  �_�'�b�*  j��'��H  ��'* 

����4� �� .)�O�!� ��  
�'��H Spearman  )��'�  �'!��� 

���^ ?4�Q .050/0 < P �� 
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S� ���) �) 

�\0 ��4�Q /1 .�Y
� .)�) ��* ����� �� ���0���D  �'�  �'� 


���	 .�() ./0� I/0/0�� �) ��b!�,� v�,J /0/1.  
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 ���� 
�B0 ./
*) � j*��  ���'Y�  ��'*  �'���D ( 

j��#4� �
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I.(�& �� �!��� �_��b�* ���  �'�� ()  j��'��H 

����4�  �'�  j��'��H  I)(��'�(� �)  
�'��H Spearman 
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 ���� �� �� j*�� ���Y� ��* ����D  
�#'��  )�'�G 
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Abstract 
Background: Many efforts have been made to find a proper animal model for Parkinson’s disease, in 
order to improve our knowledge about this disorder and to find therapeutic approaches. Generally, the 
reproducibility of experiments in laboratory animals is accompanied by some troubles. Therefore, the 
validity of model is certified via certain behavioral tests. The present study aimed to find an accurate 
and reproducible rat model of inducing Parkinson’s disease by rotenone. 

Methods: Male Wistar rats weighting 400 ± 50 g (10-12 months of age) received several doses of 
rotenone (1, 2, or 3 mg/kg) or its vehicle subcutaneously every 48 hours. Three behavioral tests 
(rotarod, rearing and bar) were run in order to check the development of model.  

Findings: Rotenone (2 mg/kg/48h) was an efficient dose beside its low mortality. The latency time of 
rotarod test and movement skills in rearing test decreased significantly in rotenone (2 mg/kg/48h) 
treated animals (P < 0.05). In addition, the results of bar test showed the augmentation of catalepsy in 
rotenone group compared to vehicle-treated animals (P < 0.05). In addition, the statistical correlation 
between behavioral tests justified the development of movement disorders in the model. 

Conclusion: According to the results, it was concluded that rotenone (2 mg/kg/48h) was the best 
approach with reproducible capacity for induction of Parkinson’s disease model. 

Keywords: Parkinson’s disease, Rotenone, Rotarod test 
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0# �#�� �� ��	�MN��(     
���� *�� �� ���E *O� � �(��

�'># 0:��( �� 
�� ,P= Q�*G J� 
�@  ��� RNK

����:�( �� � UTR '3   ���� S����*#mRNA  T����

,1�@  0�# U�'
�  ����� )11(  <��VW�X# J� 0�9V� .@ 

 @������ �� 0:��( �� �'># 0:��( ��=� UTR '5 

���� 
�!( B�( �� ��	�#�*Y 0�: � �(� )13 -12(.  

0# 0'���	 *O� ?�� ��ZW�  J� 0PN�8# [�X1 �� �(��	

   \J��*��Y @0��;��(�� �#���� )���(� �*��>N'
RNA @

 ���������YRNA �*����. <�����H ����'=*	 � )14(. 

miRNA  J� �������;� �� ������N� A���^( ����� �����

*-�    �1 B���'	 @?���>	 �#��� 0>���W��� ������@0W�N 

*�_>	 � 
` A^( J� 0��: ����� � ���;� J��Y�Y`   ���

�����'�� ��     <a"���E� � 
�G*��1 
���b'� 0�����

 ��
���
��� 
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 �
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����� !" # 

0# 0>�W����# ���� )15(�VW�X# ?�� .  A^( 01�*� ��

miRNA ���'�� �� 0# +�(��(�'�����( ��� .�J��*Y  

 
 ���	
�miRNA 


� �� ��� ����� � miRNA c1�	 U�'V# ��G �� ��

RNA  J�*���'�NYII  0���# 0���;��(��   ����� � �(�����

,��(��   ,'�1 �� +�"�@�H�: ���5   0�NY )� �

A  ,'1 ��3 0# �-�d� ��� )16(*.� .    �����V	 ��f

 J�miRNA  J� �*�P�# ��G �� <�(���: �� ��=�# ���

�� ����:��0# �H�: �BF# 0;��(  @�(�� �#�  *��!��


`     0�# ��H�: 0�;��(�� �����:�� J� ��    ��� �(���


` J� 0��;��(��   U���g&# ?�����f ����W�	 %��
�� ����

0# ��� )17(     ���1� ,�1� ?�>'# ,���(�� +�� .  ��

J�miRNA +� �� �BF# ���miRNA   ��� �� ?�M	�*Y �

0# ��F�� 0	��H �� )�� ,W�: �� ���  ��� ���   0W���	

�� ����� � miRNA      ������ ��*�/ 
�*����� +�� 
���

0# ��g	 �(�. ?�� .����  �� ���miRNA  ����= ���

?�� ��= �� ?!�>�NY�� J� �H�: ��    @������ 0�(� ���

N��( <�*��h	 i'F	 �H�:M0# ���	� ����� )18(.  

  ����Z	 ��*�miRNA    ��� ���W��pri-miRNA   ���

miRNA   0�# j� 0��*� 0W���# A���� �� kW��   ����

) �>���1   ���� 0l���;� 0���J��*Y ���������*- ?���� .(

0W��	  J� 0���miRNA    ���E��1 +�� ��G �� �� ����

�/���1-  ����f� ���^N:0��# 0.���E���	  +��� .�(����  

pri-miRNA       ���E��1 +�� ����: U��'V# ���G ��

  �/��1 +�� �>� �� ���(�O �      +�� ��*�'� ��� 7/��(

�^N: � 0# 0��$�(� ���� )17(�N:*# ?�W�� . �  \J��*Y

0# j� ��;� 
��� ��     ���E��1 
��� ����*� �� @���

�/���1-   0��# *��F�# ���^N:   
` U���g&# ���� �����   

pri-miRNA 0#   *��!�� ��*� .����miRNA   +�� ���

��;� �E�� �9
  ����(��E �� � RNase III )1Dcl  ��

 � 
����.Drosha     �� \*�� �����*- ?��� (<�(���: ��

0# )�F(� ��� )16(*.� .   ��fDrosha *-�   \J��*�Y ����

pri-miRNA 0# B�W�	�� �� ��� )19(  ,�/� � ��#`��� @

 �� �'
 ?��,���!# �#�
 �;��� 0��M	�*Y  ?��� .,1� �

,���!# �#�
  ?�#�� �� �#��dsRBD     ��� ��� ,�1�


����# J���MN��(�Z�� ���� ��������Y ����G  A����0��# �����  �

 m>Nn'�Microprocessor  ��0# ��=� ��  ���`)20(.  

�X1�� �� \*� � Microprocessor  ��W�	 ��� �$�	

pri-miRNA 0��'( �� .������ ?�Bl����= *���;# +���@ 

,����(��  �����pri-miRNA   ��*��/ \J��*��Y �����#

0#  �(*�.
�*���� �	  �� ���� ��J` �� 0��� ��G ��  Q��/�

 ����E�1 <��H�gEpri-miRNA 0# ��N^	 ��  ����� 

)22-21( ?������ .Mirtron   +����'� 
������� ������

Microprocessor *- �����  \J��*���Y ������miRNA 

0#  .�(��Mirtron  ����;�( U�����# ��@  ��#�   �*�'N/ ��

��� ,-�� <�(���: *- ?�#�� .�(��\J��*Y ���@   �#���

 ��^N: \*� �   J� 0���$�(�pri-miRNA  0�#    ��� ����

 ��W�	 �� *F�#miRNA  ���: U�G �� kW��22   ,�P=

0# J�� ��� )17(�� �� 0W�: �� .  *- ?��� 
����.�  ����

 c��1�	1Dcl   0��# <����H ����;� �� � �*���.@  ��

 ����� <�(���:miRNApre-  o��E ��;� J�0# �� � �

  )��F(� �1"Y���1 �� �� \*� �'
 *;��� ��B(` mn1

0# ��� )16(.  

  

�

����  ������ �� ��� ���miRNA  

*.�   ?�M	�*�Y A�^( Q�/� �;�(�># �f    �*�>N'
 �� ���

miRNA J� ����V	 @,1� ��!( 78!# 0��E �� ��


`   �*�>N'
 �� �X1�� 
���
 �� ��miRNA   ��� *��

�P�� A-��� 0# A^(  ?�M	�*�Y ?�� J� 09V� .����   ���
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 ������ ��>!	 0NH� ��B=� J� �    \�#��E m>Nn�'�

�������� �   c���1�	 ������ ����^W�RNA )RISC  �����  

RNA-induced silencing complex0��# (  ���� �������

�P�p� � 
`   ��^X�# ��� *�� 
��� ��*/ �� �   A�N'>#

 ��mRNA 0��# T���� ������D  *����1 ���� 0W���: ��

?�M	�*Y     S��Z	�� �� m>Nn�'� ?��� �� ��q. ��G �� ��

0# ����� )24 -23(.  

  

Ago  �6TNRC 

  m>Nn���'� 0N���H� ����:�� *����JRISC  ?�M	�*���Y

Argonaute )Ago0# (    ��� ��� ����miRNA   ��g�#

0# ��� )25( .Ago      ?��� �� r��W�'� ?�M	�*�Y +��

�(�. 0# s�;&#  N�8# ���  ����.  �� �  U��_# ���G@ 

2Ago    +�� 
����
 �� ��*1 ml# � \�# @
�;(� ��

 ,1� ���/ J�MN��(��(�mRNA  ��^X�# 
��� ��   ��� ��

 ��G �� �� �#��miRNA ,1� ��� ,P=@  \*���� 

)28-26( ?�M	�*��Y *����1 .  �����Ago  ����(�#1Ago @

2Ago @3Ago  �4Ago  � 
�;(� ��1Ago   m�l# ��

��*��1@     �� i�*��;	 ���� � ���'=*	 s��*��1 ����

0F(��# �� 
��1"�(�`�   0�# �*�.  ����� )29 @27-26( .

 A^( <�VW�X# *��12Ago U�V- �� ��    ��'=*	 �J��1

� � �X�1�� � miRNA  U�N�1 ��     
������ ��� 0����

,1� ���  /��#@ 0# 
�!( ��� )30( .  

*.� � �'=*	 s��*1 �f � �N��1� � miRNA  ��

 �� ��*1 ml#1Ago U�N1 �� @,1� ��#J��(  �� 0���

� � <��Hin vitro  �/�-1Ago  cZ	*# ?�M	�*Y @,1�

 ����RISC  )���( ����182GW )A6TNRC��� ( � ����G

 ��� *� ��^�;#mRNA  0�#  � ����!(    U���V# 0�!^(

1Ago 0# �P�� �� ��� )31(.   ?��*�����182GW ) ����� 

?�M	�*Y �� ��*'�       *��K ��;�(�># +�� �� (*�l�� ����

 �� ��;���Ago B= J��� ��� ,�;�( 78!# 
` <��@ 

   ��F��( ?��� .���� ��$# �� �'=*	 ,1� ���/    ��� �*��.

����!# �  0��(��	 �� 7^(miRNA    
���� A���� ��

U�N1 �� 0(�#J 
�    ��*�1 m�l# �� ���(��;Y +� ���

 J� 0W���E182GW  
` r�W�����Y ����B6TNRC �����@ 

	 ���#t,-*. ��*/ ��� )34-32(.  

 

  
  

 ���1 . ���	
miRNA  �� �
���pri-miRNA  ��miRNA  ���� ������ ������ ����� �� )17(  
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�� 
 �
� ������  ������ �	
����� !" # 

��
����  ��
 !� ���miRNA  

�� �
 !���"  

�Z�= ?�*	B�l(�*� %&� ���� �   0'�;�(�>#miRNA @

�'=*	 s��*1 .,1� 
` �N�1� ��  ������ ��@   0���(��	

miRNA 
` <�*�O� <��P	 J� �'=*	 A��� �� ��   ���

 ,�NK 
�B�# � ?�M	�*Y B��1 *�mRNA  ��F��(   �*��.

�� )2( �� ��*�( ?�� .miRNA  ��$# �� �'=*	 u�*�

0# ���@     .,�-*. ��*�/ 
��^^&# J� ����;� �=�	 ���#

 U��_# ��*�@    
` �� ��� <��VW�X# J� �����V	 ��   J� ���

  ���� ���P�1� J�*��1 0W�lf R�� ���P�*�(�1 \��

,��1�@ ,���*: ,��$= *����h	 mRNA ,'��1 ���� ����

)�B�NY   ��(��� �*��'� )*= �� 0���   �� 0��V�)  *�� ��*

mRNA ��� �g�# �� �� )�J�Z�� �*�'� ���V	   (��(�

�� ���� 
�!(D  ���E ?�� ��@   ������ 
��!( �   u�*��

,1� �'=*	 s��V# )35(.  

,-*��!�Y  ��� ���'=*	 s��*��1 ����F�� �� 0����� �

�X1�� � miRNA ��;�1 ��   @U�N�1 ��/�- ���  �	t *�O

miRNA � J� �*�.�N= *� �  )�J��Z�� �*�.���� S80 

*���  ���mRNA ,��1� ���� 
���!( �� )38-36( *��� .

     �� �*���h	 <��VW�X# *���1 @���� *�v ����# T"E

 )�B�NY ���-�*YmRNAT�� ���# ��� miRNA  ���

  ?���� ���� ���(���( 
���!( �� ,��1� 
` J� 0����: ����

miRNA0# �� *� J� �V� �:�*# �� ��(��	u�@  �'=*	

���� s��*1 �� �� )43-39(.  

#�$% �� �
 &'�"  

?�� ��=� ��      ���g	 ��� ,�1� �����J 
�#J <�# ��

0#  ���miRNA ���$�	 *- *� ���$# A^(� �'=*	 ���

�����(0��# 
���!( �����= <���
"G� @� 
` ���� �����  ����

0#  �'=*	 +�*&	 R=�# 0H�E c��*� ,&	 ��(��	

�(�� )30( ?��*����� .@ mRNA  U�N�1 �� ��� �   ����

*�_>	 ��(�� � 0# �'=*	 ��$# R=�# 
����(��;Y  @���

E*f  /�	 J� �V�� �  ������ ��$# +� c1�	 0W�N1 � 

 ��(�# �J�1��(�'�Aphidicolin U�'
� �� ���9�# *O� @

0#  .��� ����*- @U�_# ��*� �'=*	 s��*1 B��(    ��� J���(

 
�� ,P=mRNA ��:�( �� T�� � Seed   *�� ��=�#

 ���miRNA     ��� ��� 0�^�/� �;�(�># J��� ��ZW� .����

 
` R=�#miRNA   A��B�-� R�=�# �� ��J���   ��'=*	

0# �(��@ .,1� ��!( 78!#  

 (��)
mRNA 

miRNA �N��1� �� �� �     R�=�# <���P�# ��;�(�># ��

��BF	 � mRNA 0#   J� ���1� 
` .�(��� miRNA  0����

   ��� ��#�� ��G �� ��mRNA    0�# ,�P= T���  �(���@ 

  0�# ����	�MN��(��(� \*� R=�#  �(�*.� )46 -44( �� .

������ ?��@ mRNA   0�# R��*8	 �#�� ��G ��   � ����

   *�1 �� ,�p�P: )�
 ��W� �� 
` J� �H�: <�VX/5 � 

30# �V�;# ��J�MN��(�B.� c1�	 �N': �� @ �(�� )47(.  

*.�  �fmiRNA  \*� ��;(��YmRNA   �� T���

U�N1 �� �#� @����     ,�P= )��
 ���W� �� ���(�= ���

 �#�� 
��miRNA     <���( ��� w��P	� ?�� @A-�� ��

0��# ��� ����� )46( 0���/� ?��*������ .miRNA ���� ����

0���# ,���P= 7/����( �����G ����� 
����!-��  @�(�����  

Turnover miRNA     )� ,����*� �� i�*�;	 ��� �� ��

0��NY A  0��# A��B��-� ������ )49-48( .  U���Z(� ����

    0�NY )� ��� ��(��� ��g�# ?�M	�*Y @
��1"�(�`� A@ 

 ,��1� J� �� ����E �*��>N'
0��# �����  ����E ?���� ����

 *1 J� +�"� ,���*�5 0# i�*;	 ��  � ���mRNA 

 ��$�(� J� ���	�MN��(�B.� �9� x*V# �� ��5   ��*�/

0# ��� )50 @31(.  

 0��(��	miRNA R�*8	 ��@ �F��( �� �   �� ��$#

���� 0Y: ?�� U��  ,���(�� ,�NK A��� �� ��   ����
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 @T����J��    ����Z	mRNA      <��� ��� ?�M	�*�Y ���

0# A���  .���� ��� ?�� )��    ����$# *�O�miRNA  ��

 ��'=*	 s��*1 �� �;��^# �� @A-�� R�*8	 )�l��  

� ,1� ,!.*� ���/ *�K  ��E ?�� ��J���    ����$# *�O�

miRNA 0��# A��B��-� �� ��	 
����# �� .�����t 0��N� *�O

miRNA �	 
�B�# @
� 
��� *� ��t  R��*8	 *�OmRNA 

 +� J�mRNA   ���mRNA      0�!:�- ���G ��� *�l��

 ,��1� <����P�# )31(.  ������# 0��9V� ��@  R���*8	

mRNA   ���� 
� 
���� 0�!��� ����	 �� 0NH� A^(D 

    R�	�*# ��� �����	 ?�� *O� ����# *��1 �� �� 0W�: ��

	 J� *�'�t0# �'=*	 s��*1 *�O .����  

  

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

  J� �*�.���N= �� 0	����: A��^( 0���'�� ����;�1 ������	

  ����'�� �#��� <a"�E� J� ����V	   � 0�'�����E ���� 

 *G���E ?���'� ���� � ���� 
�G*��1@  ����;�1 
����(����;Y

�����b�Y  ��*��� 0��:�*G �� ��    
` R��=�# ���� ���� ���(�

01�J��      ���E ?��� 
J���	 z�P: ����# �� ���V�# ���

0��N'&	 )Self-tolerance 
��	���Y ���� {��1�Y � (  �����

0# <��H 0=��E .�*�.   <��VW�X# ��   ������� *��E�

  ��$# A^( *� 0�Z#miRNA   U�N�1 ?���>	 �� ���   ����

1 ����	 ?��b'� � 0�'��   �� 0��'�� ���;� �   ���#` ,�1�

J�*#� �� �	 .,1�@  ���V	 �� J� 0'� ,Z;(miRNA  ����

��� 0��1��� 0�'�� ��;�1 �� *�.��    J� �����V	 ��� �(�

�$# 
` ?�*	  U��= �� ��1 ,1� ��#`.  

  

 "��miRNA ����
� �� �!�#$ �	* ���  

 01�1� A^( 
�� 78!# ��miRNA  �����	 �� ��

U�N1 ?��>	 � 0�'�� ��;�1     @0Z�g
 ��l��1� ����

    S��Z	�� *��E� <��VW�X# �� ��� ����8( RFV	 ��=

  s���V# �*>N'
 ?��miRNA    �� 0��'�� ���E � ���

��*� 78!#    U���= �� .��(�2@   ���f ��� miRNA 

���'�� J� ����V	 �� ��E�    ������ 0��'�� ��E ���

.,1� ���  

  

 "��miRNA +�,�$ �%�
& ��  

 ������V	miRNA  ?����>	  ��N�8# ���:�*# 0��G ��

�B�*# s�g
� ��;�1@ �#�(*� � 0�/�# ��G ��   �B���

0��# 
����� ����� �(���� )76-75( J� A���� 
����� ���	 .  

400 miRNA B��h# �� � 
���;(�  0����1��� �B(�n#����

���  ��(� )77-76(   J� A��� 
���� � 100 miRNA  ��

0# ��J ?�'8	 
�;(� Bh#   ����)77( ���>( . �   R�W�=

�	 J� �����;� �� ,1� ?�� �= miRNA   �� ��� 0����

0# 
��� 
�;(� Bh# �(��@ <�'�*Y ?�� ��   ,��-�&# ��

����� 
�!( �� ���;�( ��� �  J� ����;� �� ,1� ?��


` ��� ��F�� �J�	 �� �(� )77(  .  

  

 #�� 1 .miRNA����� *�+
" ,� �
-,� .�� ���"��� &�/  

&'(�  
��)
 !*+�� !*,�  mRNA -�   miRNA 

)52 -51(  1�*�  �����TLR�2�3 �(�4� 5��� 6  6TRAF 61 -IRAK a146-miR 

)53(  1�*�  �����TLR�2�3 �(�4� 5��� 6  TNF-α  b125-miR  
)59 -53(  /�2�3 �(�4� 5��� 
�� !**82 6�
9��  :IgG  1.Pu 155-miR  
)61 -60(   �)�� <4)	2B1�*� 6 
��!*+ ����� : �)�� T =>����  a181-miR  
)62(  
�� !**82 �'*@!2)�  �)�� �� 
�
 ��AB :�  B AID  b181-miR  
)64 -63(  Granulopoiesis =>����  223-miR 

)66 -65(   �)�� �4��2B =>����  150-miR  
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)67(  Lupus-like autoimmune disease  
�4��2 :�!D : ICOS mRNA ����*�  
�
 :!+

 E�)2Roquin  
101 -miR  

)69-68(  Fatal systemic  �)�� �!	��F " 1�"�  :� T reg  miRNA 
G4" : ��H�(
�� :�J  

)71-70(  Rheumatoid arthritis  :-�� � 1- /IRAK6TRAF�D���K� 5��� L*M(2 6  a146 -miR  

)72-71(  Rheumatoid arthritis  :-�  3-MMP5��� L*M(2 6 �D���K�  155 -miR  

)71(  Rheumatoid arthritis  =>����  132 -miR  

)71(  Rheumatoid arthritis  =>����  16 -miR 

)74-73(  Systemic lupus erythematosus  =>����  miRNA�D :�  ���
  

  

*.�  J� 0'� ���;� ���V	 �*>N'
 �fmiRNA ���

 ������� ���#� @,��1� ����� 0����1��� B��h# |���g8#

 
` A�^( J� 0��: 0(�B-�J��   @?���>	 �� ���  @B���'	 

���'�� ��ZW� � �*>N'
 0# s�g
� ��;�1 0��J   .�����

 �*��>N'
 <��*��dmiRNA ����;�1 ?����>	 �� ����

�>� � s�g
�   �� B�h# ���E�1 �*�.Zebrafish   ���

,1� ���1� <�ZO� )78(.  

 � �(�*� ,(�	�# �� \�# *;��� ��B(` 0!��#J` ��

  U��Z(� ��    B(����� �� U"��E� ��� 
`miRNA   )��
 �

 ��>!	miRNA    ��� �����!# @�*>N'
 ����� � kW��

 ��0# 
��1a���( J� �Z/ \�#  �*��# )79(  ,����*� .

U�N1 u��(� J� *;���    ��� ��� 
��!( \�# 0(���( ���

miRNA    � ?����>	 0��G �� 0(�����( ����^� �� ����


���( �� ?��b'�   kW��� ����    0�# A�^( ���P��  �����   

)83-80(
���( ��� *� �� 0!��#J` �� .   ,�!� ���

��� ���� �    ��� 78�!# @,-*. <��H }'��n��

134-mir �>� ��    �� @u��8( 0�����(� ���E�1 �*�. �

�N�1� �  
��� ����	1Limk ���� A^( )84(.  

����VW�X# ��  A���^( ����=�= ?�����= ��� *���� ��  

124-mir � �� �     �B��*# s��g
� ���;�1 �� <���

,1� ��� ,�-�&#@    ,���� z�P: � 
���( B��'	 ��

 ���� ���� 
���!( 
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����-*. <����H@ ������� 
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Abstract 
miRNAs (microRNAs) were discovered in 1993 in Caenorhabditis elegans as one of the most 
important gene expression regulatory factors. This regulatory role includes many of the important 
intracellular processes like genesis, differentiation, proliferation and apoptosis. miRNAs are among 
mRNAs and like them are transcribed by RNA polymerase II and then cap and polyA tail are added to 
them. The resulted pri-miRNA converts to mature miRNA by two sequential trimming reactions. 
miRNAs exerts their regulatory effects by translation repression, translation activation and mRNA 
degradation. miRNAs have an important role in regulation of immune and nervous systems and 
disorder in their expression can lead to separate disease in both systems. 
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