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) %�( !���� ���g	V	��8 ��$2F D( 1�9.$ %�	$34.(  

�5-B �3) q��Z$  D�[0$ 6  :	�E� )  !4�
�E$ 6 

����"�� p��� �3) 3.g	V	��8	�-�n  �8.7  <!��0I �% 
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 1	$�� �� <DF�T G���� )��$� D.�E� 6 !�9_� �	c'$ !"

One-way ANOVA )One-way analysis of variance( 

 �%���'=$ �P��
  )��%050/0 < P  ���&> u|��
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:6�I Y�2( �.?��.$ !( 1� �..=�  )���% �?�2�� �" �3
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 ���1���	 . ��
��� � ���� � �������������� ���  

���� (!�" :$"%&'%������( )* �+��,� �-�� !.�/� ��� S )Synovial membrane �� (�,1� 2���3�
 4AC )Articular cartilage (

 45.67� $'%81 ��EP )Epiphysis (5�" ��   49"�/�
" :�(MP )Metaphysis(  49"�/�
" :�(��� ��DP )Diaphysis9"�/�
" :�(��* �� ( 

;��
)�< ���� �'%& 5	*��=> �- ?.@�� $"%&'%������( (A ��)* �- 5���	 2/3 %-"%- �< ���	 �  �@��E ?�F %�< �� ���	 5-��=)" 9�,	 ")

5�  ��G�	 ?�F H��I� =" �@��E ?�F ���	 J+�* �  K�G %- $'%81 (?�F) ���/E %- K�%/�µm 5� �
* �- �@��E ?�F .+�> 

)Degeneration depth �� DD) $'%81 ?�F 4(CD  ��Cartilage depth) �@��E ?�F ���	 ' (DD/CD  ��

Degeneration depth ratioJ(  *+F �L %��+�> �
* �-  *+F �-1 ��*:	 +��- %�4  %�,�- �@��E M+�.�
"  

 (N���� +��� �'%& 5	*��=> �- ?.@�� $"%&'%������(  �<9�,	 �+3�* � �="+	" ��3�� 5� �@��O� ;�" )* ��%�)>�P�
" ���%��")�� �%�& +��- 

)Q):-  5���	2/3  J(%-"%-TDW )Total degeneration width (��G�	 �< R%F � K�%/� �+� �="+	" $'%81 5.S" TO
 =" �<  �%�&

5� *�� 	 �< ���� ') .�
" ��,& K�%/� �	�& %� )�L* �< �
" ��G�Significant degeneration width��G�	 R%F ( �  �+� K�%/�

53@� M)�S �-  %U	�,	 �< )"*R%F  9> )* �< �
" 5.67� $'%8150 .�
" ��() ;�- =" 5.67� $'%81 ���/E %�,�- �� +S)*  

  

���
	 	
  

 ?�F ���	�@��E  

      D�5�$ \��[$ ��W� %�	�$ �% )���$� D.�E� 6 !�9_�

   !�( %�% 1��@� !=��S o5� �4-� p��� �" �.�
�	(

   !����8 23���� :6���I ���" �.���
�	( D��5�$ :6���I �.��"  

)002/0  =P) �'� :6�I <(022/0  =P  R�.(�� :6�I 6 (

) �.�
�	( D5�$ 6 �'�040/0  =P�'=$ �6�0� (  )��%

.���% %	>6      �4�-� p���� ��" �'�� �W� �" !P"�� �%

  !����8 23���� :6���I ���" �'��� :6���I �.��" !=����S o��5�  

)001/0  =P�'=$ �6�0� (   �.�" �$� <���% %	>6 )��%

 �6�0� �'� :6�I �" �.�
�	( D5�$ 6 �'� R.(�� :6�I

�'=$ ) 2@� :23�@$ )��%050/0 < P.(  
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   :6��I ��" �.�
�	( D5�$ 6 �'� R.(�� :6�I �."

 !��8 23��  ��'=$ �6��0� ) )��%001/0  =P  :23��@$ (

 D��) 2�2.(   

  

  
 ���2 ;�U	���) �������� M"%�	 .±  ���� (*)"+	��
" $"%�	"

 K�G %- �@��E ?�F ���	mµ�+3�* 9�,	 %�X�- M"%�	 .  �

5� %�,�- M��+S .+��-  
* �+3�* 9�,	 53@� $Z��" *�[' �  ' �3� + ;��
)�< �'%& �- )"*

�3� �'%&  '.�
" ;��
)�< �'%&  

  

��G�	 �< R%F ���� �+� K�%/� �  

     D�5�$ \��[$ ��W� %�	�$ �% )��$� D.�E� 6 !�9_�

    !�.T�� D�( ���� p���� �" �.�
�	(   R���Z� )

 �" �.�
�	( D5�$ :6�I �." !( �
� ��� �?��." <:2�

 ) !�����8 23����� :6����I001/0  =P  �'���� :6����I <(  

)012/0  =P   �.��
�	( D�5�$ 6 �'� R.(�� :6�I 6 (

)001/0  =P���'=$ �6���0� (  �% .�����% %	��>6 )��%

     ��" �'�� :6��I �.�" !( %�% 1�@� G���� �'� �W� �" !P"��

) !��8 23�� :6�I001/0  =P   6 �'�� R�.(�� :6�I 6 (

 ) �.��
�	( D5�$001/0  =P  ��'=$ \����� <(  )��%

     D�5�$ 6 �'�� R�.(�� :6��I �.'i53 .���% %	>6

  ��'=$ �6��0� �.�
�	( ) )��%001/0  =P   :6��I ��" (

 D��) ���% !��8 23��3  .(  

  
 ���3 ;�U	���) �������� M"%�	 .±  ���� (*)"+	��
" $"%�	"

��G�	 �< R%F  K�G %- �+� K�%/� �mµ 9�,	 %�X�- M"%�	 .

�+3�* 5� %�,�- M��+S � .+��-  
* �+3�* 9�,	 53@� $Z��" *�[' � )"*  ' �3� + ;��
)�< �'%& �-

5� �3� +��-.  
** �+3�* 9�,	 53@� $Z��" *�[' �  �3� + ;��
)�< �'%& �- )"*

5� +��-.  

 
  �]�G�	 R%]F ����      )�]^ �]- �+]� K]�%/� �

53@� )"*  

     D�5�$ \��[$ ��W� %�	�$ �% )��$� D.�E� 6 !�9_�

!.T�� ��� p��� �" �.�
�	(    !�" :2�� R��Z� )

�'=$ �	*  %�% 1�@� ��%  �.��
�	( D5�$ :6�I �." !(

    6 �'�� R�.(�� :6��I 6 �'� :6�I <!��8 23�� :6�I �"

   ��'=$ �6��0� <�.��
�	( D5�$    ����% %	�>6 )��%

)001/0  =P   !�( %�% 1��@� G���� �'� �W� �" !P"�� �% .(

   ��'=$ �6��0� !���8 23�� :6�I �" �'� :6�I �."  )��%

) ���% %	>6001/0  =P  �'�� R.(�� :6�I �." �$� <(

   ��'=$ \����� <�'�� :6�I �" �.�
�	( D5�$ 6  )��%

) �����2� %	��>6050/0 < P  :6���I !��( 1� ,���T .(

     <!���8 23��� :6��I ��" �.�
�	( D5�$ 6 �'� R.(��

������'=$ \��������� )���% ) %	�����" ��%001/0  =P (  
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 ���4 ;�U	���) �������� M"%�	 .±  R%F (*)"+	��
" $"%�	"

��G�	  �+� K�%/� �53@� )�^ �-  K�G %- )"*mµ %�X�- M"%�	 .

�+3�* 9�,	 5� %�,�- M��+S � .+��-  
* �+3�* 9�,	 53@� $Z��" *�[' �  ' �3� + ;��
)�< �'%& �- )"*

5� �3� +��-. 

 
  )* �+]]� �+��]],� ������()����]]��� M"%]]��`�

$"%&'%������( ��  

\��I6��.$	�	/  �	�
6��.$ j
	� :2� !�/�I )�3

 �� )�	�}�� �*�a$     �.�.�-(	��53 ��" :2�� )9�.$�- 

!53 !" �	"�$ ���	v� :6�I ) D�� �% �3  )�35   ���9 

.�
� :2� !����  

  

  
 ���5 J���� +��� �'%& 5	*��=> �- a�-%� $"%&'%������( .

2�.
 ;�() ;�- =" �- ��%�)>�P�
" M�@��E  *�b�" ' 5('%81 ���

��)* 9"�/�
" $'%81 TO
 )* 5U�()'%( ��   5	 �+�*

5� :�%� c	) �- .*��- ��%( ��* �@��E ��� 5�)�S�� +

Q):-)  5���	10 .(%-"%-  

  
 ���6 JH��
 +��� �'%& 5	*��=> �- a�-%� $"%&'%������( .

Q):-) �
" �*"+	 9�,	 ") 5S�� %��`� $'%81  5���	10 .(%-"%-  

  

  
 ���7 K�%/� �'%& ;�" )* J�3� �'%& �- g-%� $"%&'%������( .

)���-  H< h��%��� c	) %��`� �� �i3� �< �)�^ �- J*�- 5�O


5� �+��,� ?�F 2�.
 49> �-�I� )* ' *��   ?�F )* 5('%81 ���

Q):-) +3��� H��
  5���	10 .(%-"%-  
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 ���9.  ' �3� K�<%� �'%& 5	*��=> �- a�-%� $"%&'%������(

 �< �)�^ �- J*�- 5�O
 )���- K�%/� 9> )* �< ;��
)�< ����

2�.
 9> �-�I� )* ' ?�F H< h��%��� c	) %��`� �� �i3�  ���

Q):-) +3��� H��
 ?�F )* 5('%81  5���	10 .(%-"%-  

  

���  

     :�6% n�� ��W� ��
��" ��S�T o�.aE� �� \23 ) 4 

!���03   D��5�$ \���[$ 6 j��
	�$ �2��� ���" �'��� )�

M	$ )	��� ������	
�
� �" �.�
�	(   ����E�F )�3

!'.$� �% .%	" ���-�6 �� )  �.�
�	( D5�$ \�[$ �W�

 �2$ !"4   p���� ��" !�03    ���g	V	��8	��-.3 )��3

M	$ )	���       <������	
��
� !�" ���4$ ����E�F )��3

�
�	( D5�$ :6�I �." !( %�% 1�@� G����  :6��I �" �.

     ��'=$ �6��0� <p���� !�
 ��3 �% !��8 23��  )��%

 .%��% %	>6 

Lay  61����53 �"  :%�0��
�    ���[0$ \6���] ��

 R>	$ �.�
�	( 6 �.$	(�	( D5�$ !( 2'�/���% 6�I

 J-.V	"���( ��&$1�(�I� %	>	$ �%  \6���] %�I ��2 .

'i53.� 1�aaE$ �W� �c/�E$� ��� 6%  D�5�$ ��  2�'�" 

�2$   :%��( ��(r      :�6% �� u�8 !�( )�	�* !�" #2��� ) 

�$ �B�" 9.� ���$�%      �� ;	�S	$ ���� D�.V% 1���� .2��$

      �% D�5�$ 6% ���� 	.��2.�-(� ����� ������	� �� ����

{�8 !�	I )��
       q�B	� 9�.� 6 ��@'(�6 1l.�-(� )��3

 �% 9��.� G������ ����� .2'���-��% 2����-(� n�����.� 2��.V	�

�$ �S�T o.aE� )��
�� ) 2��"6.( 

Huang ��53 6 1���% ,2$   ����� ������ �"�_�

 j
	� :2� %�_�� U�&�V� �" �� �.�
�	( �W� <��a� ��

,��-��( ��[0$ 16�% o��9�   J�2�
 	�	$ ���6� )�3

M	$ )�8 N$ D[0$ �%   .2��%�( �
��" ����EF )�3

   )���% �.��
�	( !�( 2'�/�I !_.�� 1�aaE$ <���&� �%

�$ !( �
� )	B ��.-" �"�&�V� 2S �W� �% 2��	�  1�$�%

   ��W� 9�.� G���� ��� .2��" 2.0$ ��a� �� ���� ������

   �� ��S�T o�.aE� �% �.�
�	( \�[$ �� ���� �4h$

�$ !.>	� ) 2'(36 .(�
�	(.� �� ��G  �����  ,	��66�/ 

%	>	$ �% I.1�3� �
� )37 ( !�( �%  ���=V�P$ �� �.� 

WO�.� 1� �% ,��'( ".��5) v	��$6� �.2 ���� ���  ���4W� 

:2��� ���
� )41-38< 9 .(,���5�T� ��$� %6� V%��.D 

���@Z"�W�� ������ :%����$ �% %	���4&" p������ ����3) 

3.g	V	��8	���-��� ����	
���
��� �% aE���.o <���S�T 

��F��.� 2��S "���&�V��< 2��S ��-(�.��2� 6 2��S 

V6�8.
��0.�	� 1� �
� .� ���  :%��$  �'i53.�  !�4'> ) 

"�&�V�� %���5� ,	�
 
.6	'�<,� V�=/.� /6��	� �.D �� 

��&$ $�  2�'( )38.(    D�.V% !�" �.�'i53  ����	���  ����� 

-(�.��2.	 ��� D5�$ �% {�8 ��
) !�	I �3)  �-(�.1l 

@'(�6� 6 �.9 qB	� V	�.2 �.���n �-(��<2  ��
�	(.� 

$� 2��	� R>	$ 73�( /�k.�  ��3g�/6�(�$ �% V	� �.2 

�.�����n ���-(��2 )NO ���� Nitric oxide (6 TNF-α 

)Tumor necrosis factor-alpha  ���F� 7a� !( (�� 

�% ��/�2' "�&�V�� ������ �" :2&� <2���% !��� .%	�  )

J&$ ��� �� ��$ �.�
�	( !( �
   %	�4&" R�>	$ 2��	� 

���S���= )Lesions(  ����� !��( %	������W� ����$�%� �% 

���S���= 2������2 )!���T�$  !=����S �� )�!��( ���" 

V6�8.
��0.1	 2��2 :��53  ��
� (". ���@  ��
� .� ��� 
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:2$� �
% !" (R�B) �
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�	( �.F�� ��� )��" ��� �
� !( ��� :%�$  ��" 
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�
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Abstract 
Background: Osteoarthritis is the most prevalent musculoskeletal disorder leading to chronic pain and 
severe disability and its prevalence is predicted to raise significantly in the future as the population ages.  

Methods: Thirty male Wistar rats (weight of 173 ± 1 g, age of 8 weeks) were randomly divided into 5 
equal experimental groups: 1. Intact control, 2. Osteoarthritis, 3. Quercetin 4. Swimming, and  
5. Quercetin + Swimming. Intra-articular injection of 50 µl of monosodium iodoacetate (MIA) was 
applied on right knee of rats; similarly, saline was injected in left knees. The used training program was 
swimming in moderate intensity for 28 days. After the completion of the protocol, rats were killed and 
both knees of the animals were assessed histopathologically. One-way analysis of variances (ANOVA) 
and post-hoc Tukey tests were used for statistical analysis, at the significant level of P < 0.05. 

Findings: Results indicated a significant difference between quercetin, swimming and quervetin + 
swimming groups with the osteoarthritis group (P = 0.001). 

Conclusion: Regarding results of the study, it can be concluded that swimming exercise at moderate 
intensity and quercetin supplementation, either alone or in combination, have a positive effect on 
improvement of osteoarthritis symptoms of rat’s knee. But, it seems that separate effect of quercetin 
supplementation and its combination with swimming exercise does not excel the effect of swimming 
exercise alone. 
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