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�� ������ ����� ����� �� ����� ����� � !�" �#"�  �$%�� & '()*�+ �, ! �-�� �$.� /0�*1 !��� 2�(-� ���(�3 !�"  �+ ���4 '5 �� & ���

6����5 !��7,  ��#8 �9+  (: �� 6����5 �� �/;� 2��-" �8<#=� �� �=�-" �"�>=����5 ?���(�3  � �" �� ���@8 �  ��� /�A ! �$%  !�"  �� .�**+

 �&  ���C� ����� �D�3 6"&E, �� F�" 3 ������(� �AG�  �� &/�9���  ��#8 � ��! �-� + �,'()*� �� �1��.  

��� :�� H(� !�" �����A ��  '�& ��g 50 ± 400 & �; 12-10 �2�� !�"�&�  K9$L�'(*8&  )mg/kg 3� 2  &1 (��  '5 O��3�  �� ? (A 

!�94���  �"48 /P�; C�  ��  �/%�� ; ��  (Q*� �� .���(-�� ����� ��� �; 6����5 ! �$%    ��& �8& R*��� �1 �����  �� &. 

����� :�� '��� S; '(*8&  )mg/kg 2 (�� OA�(% ����� 48 �/P�; �1&  ��5 �+ �� '�T�� U�� & ��� ����, V�(� �� ! (: �+  � ��� �H&  !�
W� 

  � ���X8 YZ3 '��� ?��6����5 ? �.� & �& �8&  �"! $+�3�   �6����5  R*��� �� *X�  (:�  ��! )050/0 < P( /%�� 6"�+ .�� ��%�: '�T�� 

�(-4 ��<[P  � 6����5 2�**+ /%�� � ?���(�3  �  �� 2�**+ /%�� � 2&�\ �� �)��
�  � '(*8&  ! �*X�  (: �� O��3 !  ! ��)050/0 < P(  6��T%�

�2&<P �� .��� '�=� �'�T� >$)]-"� ��� 6����5 !�" �! �$%  �� ^��W ! ��5 ��_� ����� S�<P ! �$%  ��� �(�. 

����� :���� �  �'�� �'()*�+ �, !�
W� /.4 �$%   �+ �� !�"�&� S;  '(*8& )mg/kg 2���� OA�(% �� (� 48 �$.� /P�;�� 9��� �� H& /� �(�  ��#8.  

:����� ������ ! �-�� �'()*�+ �, �'(*8&  ��& �8&  6����5  

  

: �!�� �)3 �O�P�-;� 2�*,�T�� �H(��% 6L�&�)0 �'�� 5 �-�3  T�]��+ 2���.  �"� �� �"#
�� $%"
 �"&#����� ���'�( )�� ���*�

+���,- . '�.ZA� �#1T, 2�#=��� �9��1393 V32 )296 :(1258-1250  
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��  /1�� �'�  �)1   /'3�)  ��'� )��'4�� 60   ( 7�'!4 

 /3�)  ��'� )��'4�� 80   '� :� 7�'!�  /'*) )1( .� �'� 

����''�� ''� �''!�� ���''3>�  �''� ��''4� ?''!) ��
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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���) ./

� � 
�
�(� ��  �()h48mg/kg/ 1I  .(�'Q 
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?4���) ./

� � 
�
�(� �� �() h48mg/kg/ 2I  .(�'Q 

?''4���) ./''

� � 
�''
�(� �''� �() h48mg/kg/ 3 ( 

.(�''Q ?''4���) ./''

� � -''��D 
�''
�(� �''� �() 

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.  

��� ����	 
���
� ��� ������  

j����H )(���(� :   >'� Ij��'��H �'��  j��'��H  �'b�S� 

?YG �������  �!H ��* �b%& �) 
�Q/0�G  ?'!� ( 

�� /0��� ���� �*��� >� 
���D �����  )�'1  �'�  ��/'^ 

I�0�N& �_
*��* P�/0� ��* ���/^ ( �O+� ( jJ)�S� 

�� jX
! /���0 .�) ��� I�SJ�F� ����� [�� �*  -'b^ �� 

Z(�1 �SJ�F� ?,� >� ���0�� � �1���H 5 .�(�  ���'^ 

/
�4�Q �� �� >� )��+�& ?��q /
!�� .�� ���  ���� �� 

�) �* I�(� 4 ?��0 ( �* ?��0 �� �/� 300  �'�0�q  �'� 

�(� .�_�!) �) 7�D j��L ���^ �� /
�4�Q . ?&�'! 

j��L  ��',�  .�_�'!) �) �(� 7(�  I[��'�H 11 �() 

�) �T�^) )�� �� �) ����H I�(� [���H �� 15 �() �) 

�T�^) /�!� .j����H )(���(�  j�'	 ��  P�'X0�  ��'T��#� 

�) �(� 7(� ( �* 48 ?&�! >�  ��'� �� �(�  "X
'	  �'� 

/S� ��G� /1 )13(.  

j����H r
���� :��� j����H ��  ��'\
�  jX
'! 

���Y� ��* ����D �) [��  �'*  ��'G�  /'1 . �'�  ��'W 

�S�bW ���_
* �� [�� �) >� E�,� /�/G (  ��'�� 

���^ �� I)��Q �� d�!� ���4� �0��Q�X��G �� �� I)��) 

�(� () �''	 /''
+� �''� )�''1 ( �''� P�/''0� ��''* ���''+G 

��*����) E�,� �� U�J �� /
� .)��+�&  [�'�  ��'* 


�''�
����	 �''� ��''b� �) �''�� j��''��H ��''L) ?''4� 

�� )�1 .���� P�X0� ��� j����H �* >� ��  [�'�  �'* 

�0�Q�/G �� �/� 5 �T�^) �) >�  �0���'!� �  �'B�1 �� 

l�O1 )cm 20 �F^ ( cm 40 Z�O��� (���^  /'
�4�Q ( 

���� �* I[�� )�/S� ���S4) ��  �'� �(� ()  �'	  /'
+� 

/''1 ( >''� �''� �''* () ?''!) �� ����''� �� sF''! 

�0�''1 j��''* ���''^ )�) ( .���''�) �''* �� U''�J I)�''�0 

[���1 /1 .)��+�& [�� �* �) ��� ��0 #��^ ( >� 

E�,� IP��H �� >� ����() ����/�( "+�4 ���)�� /1 ( 

�!��� ( �*)������ 
H E!�� �%�1 ��  ?b'�0  �'� 

.(�Q ��* �B����H �� Z�W� I)�� �� P�X0� /�!� )11(.  

j����H ��� :��� j����H  #'�0  �'�  ��'\
�  jX
'! 

)��G �0�N& �) [�� �* �� P�X0� /�!� .���� P�X0� 

I
H () P�/0� ���+G 
���D �� �(� �+�� ��  �'�  Z�'O��� 

cm 10 ���^ .)�) /1 )�� ���b& I�_�) k%0 �&�O��� 

�''� 
��''�D �) ?''�S^�� r''
���� )��) (( 
�''�� �''� 

���_
* �� 
���D >�  �'�  �'* ()  j�'!) �� �� �(� 

�+�� �� �� I?1�) �_0 ��1�) �� /1 .?��Y0 �0���  �'� 

���''� P�''X0� �''�� j��''��H �) �''\0 �''�4�Q /''1   

)Cut-off time (180 ��0�q )�� )14(.  
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� ��	 ������  ����� ��	�
�!��*�+ � 

��)�T� ��4�� �� �* ���3 ��_0��� ±   ��'�S� l��',0� 

k��S� ./1 /0� .�� �G�� �� �� ��� t���� .)�) �*  �'S�bW 

)�� ) ���'�0  
�'��H Kolmogorov-Smirnov(I  ?'YG 

#�J�0H ����H ����0 .(�Q 
�
�(� �) �* �(�  �'� �(� 7(� 

E!�� 
���H t  �'G(�  �'���T�  /'1 .��(�  �'� �) 
H 

�(�O� �
S� ��) �� �(� 7(� I/1 ./*�B� �� 
��
&  
�'�� 

)�X�� 7/� �T+� /�)�Q ( �) ��� I�(�  ���'�0  �'�  .(�'Q 

-��D 
�
�(� �� g��W 
���H t  -T�'��  )��'�  �'���T� 

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

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

���^ ?4�Q .050/0 < P �� 
��
& sF!  �'
S� ���) �) 

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


���	 .�() ./0� I/0/0�� �) ��b!�,� v�,J /0/1.  

  

���
	 	
  


��* �0�Q  �'� �)  -�'1 1  ./*�'B�  �'�  I)�'1  ���'�0 

���D �� ?4� )��+�& .(�Q ?4���) ./

� �  
�'
�(� 

�) j����H )(���(� �) ����T� �� .(�Q /*�1 w)��  �'� 

�� ���0 � )�� 
�B0 ./
*) � j*��  �'
S� ��)   ��/'^

�0�N& ( 7)�S� ��  /1��)050/0 < P.(  

��
h�*   -�'1 d�'!� �� 2I  ���'�0  ��'��Q  ?'4� 

�''''
S� ��) )�''''�+�& �) () j��''''��H  r''''
����  

)010/0 < P** (( ��� )001/0 < P*** (I)��  �'�  �'� 

 ���� 
�B0 ./
*) � j*��  ���'Y�  ��'*  �'���D ( 

j��#4� �
S� ��)  )�'�G  �0�'N& �)  .(�'Q  ?'4���) 

./

� � 
�
�(� �) ����T� �� .(�Q /*�1 ?!�.  

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

����4�  �'�  j��'��H  I)(��'�(� �)  
�'��H Spearman 


�B0 )�) �� ����0 -3�D �� j����H  ��'*  ���'�4� �) 
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Induction of Parkinson’s Disease Model in Rat by Rotenone 

 
Arman Rahimmi1, Farnoosh Khosrobakhsh PhD2, Esmael Izadpanah PhD3,  

Kambiz Hassanzadeh PhD4 

 
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. 
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