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*�)D�	��/ EF2 AG�6�1��
/(01 �H�� ���D� 	�I- ������	 �J�
K��	 ��J���	

**��)D	��/(���> 	�6�1���LM4� 3�B3��D�=(�
A���3@ ������C� NML� ��6�1 AG�6�3�1��2 !�O�O"1���� B/�� A�� �3�D B2� �������	 	�P4 ���
� �(P1

***�(2� EF2  N�Q�R �)D����2 �����)9���3�/�������	�������
�
/(01 

****�)D� 	��/ EF2 ��-��J���	 ���1���
�������	 �������
�
/(01 

�6�O� ?@�/�	 S/��1 :UV/U/<:

,(/X� S/��1  :%Y/Z/[Y

����
�����: ���� �������  �)Ciprofloxacin (   ����  !�" #$  �
�%    &�'�	�(��� �)$���* +  ��    +�!��� �� ,�� �-$ ./�%0� . �($) �
$   )��(��  �)�!�23  +$ ()
��!	�0��45 6�� +�% 7��28� #$ �%+�3 4	� 9 0��45 &��() � �2%+ ���	� ��:!�) ;+($()$)($) () � <== �2�) (�2>?  +$�� &�2�() � �)�4!�$)�6.

 @�%:�2A'�B� ������ C�� ��6 +D
()E
#�!F�F"(G��'$ 6 H��� ������?�������()IJ� 0�����KLM 
$�.

K�( � )$���%:N= ����KLM 
$� )$O� ��(�!�
� �) ��  ��!	� ���3)<==n ( Q
��#" �)<==n (���6 R��� .K�� ��!	� ���3 () S�� �� �%T=  � $U2V #$ #�( 
  K�� Q
��#" ���3 () � ��)�� �)�4!�$ )($���!�$ H
$�6 () 7"���� +�($)  ���() #�) �%�������   &$D2� �2� $( �mg/kgW/<N   S�2� �2�T= #�(    S(�2M �2�

    �� 0��
()  ����6" 7" () ���L���) .!X6 #�( ()R�J� 0��� Y �'���� ���L� () <=%Y[�'���F�!�%  �(�� +$��+������ C�� ��6 +D
()Apoptosis (� �
 K�(Tunel +[�'���F ��:>
��#" ��  �)�!����6.

\
�2!�: ���� &$D�     ��]^ _�( �� �� ���!F�F" +�%+$  ��)�� ���"()    Q
��#" ���3 () <`/<=±<W/<W�() � ���3��!	c</N±d  $ �? )��
 e� �  �2� S$�  &$D2�
)=</= P≤( 	A� )��($).

 3 �f!��+:   &��  )$�A����� ���!F�F" +�%()�'�' g� +�% 	�� ��!	� ���3 �� 0h��  ]i�� j��^ &$D� ��)�� �!��
 Q
$D�$Y � 0��3 �f!� &$��  �2
$ �?
�($) � ��$�� () +(�(���� kh�K���� +�%�6).

�% �[$� ��? :#�!F�F" E
 /�J� /����?������� /��K +�%LM 
$�2

�����
 \�1��2 �)�-  ���	  A����2 ���	      (2��]= ���]#� A�]�	

�P��  �]���	 . ]��#�? A�]�       I� �]J/ A���	� ���)]D	 

�P�      ����I ��33= �/�P1 M���� B/(1  �	     �]2 _6�]2 	�(@�

 �� ��������.  	��H%`   � 	�(@� �$�	 a � b�U % 	�(@�

(*X�           A��]��2I� �]J/ �]2 	�]+ ����I d�e �	  A�]�

 ���)D	A���	�'��D�31 N�)0�������)g'U(.�P�  B/(1

  �	 G�1�� M����   ���)D	 B/�(��/��6�*��N    �
]�� �]2

&Y]i`%�@�)D�� @�(��D 8�*���)�  j�*    �
]�� �2Y %

�3)9�)Z�Y.( A����2 I�   	��/� A��   ��]33*   �	 �/�]D���

  ���)D	 �� A���	�   ��]1   �]2��(#��� ]/N?�)K6 ]DK�NI�(

D�)9�N? D N8�I�D��#�Nk  ?��#� � �6���(��#36 �]�A

G���3/  ()*�2 l��3��2 /��/    	(= ����� )Y�V .(A�(2   �]��	 

 A����2 B/�      \]�1��2 �])�- I� �]� �]�/  �   �]3���  �	����]+

 ML� �6�3�=����@B�D�9*��@�(K�D)(Ciprofloxacin

 �� �	�#)D�	��  �]* ]2� ]���J�9 I� A(���]�4 � M]�� 

DNA-gyrase) I�(��
/����1(       �]�I�2 I� ?]5���� �2 �
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�*�+ ,�- ()*	'B/�� A��#> ?@(5� ()*	 '	�C� ����(2� (0*� ��� ()*	 ����� � 

��� ���
� ���� ������	 ���
� ������	 ����/��	
��� ���	 / ����� �  / ��P2 ;<�٢٣

�)]]��A�]]�(DNA -Supercoiling) DNA N (]]�LJ1 I�

 �]]� A(���]]�4 A()=�]]2�]]3= .��	 B]]/� �]]��	 �	 �

?��#�     �6��]D M+�	 A�� M]L� 6  ]�()9/��D����/ N
�G�)

��/()*�2��/ *(2�1 ���I�6/Nk @�)]D��  8�*���� j�]Q�

)U`'i(N��#�? A()=�2 A��      ���)]D	 �	 �#3� �(� A��

A���	�'�31]]DN��?]]��#� ��]]D���J/�� A�]]��/N

�/����=�/N=�=�)�()D��)Z  NUU  NU%  NUg�UZ (  ���9]2

?]]D� (m�]]�  .���	 B]]/�A��]]�3���  �	 �/�]]� ���)]]D	

�n����A�  	�(@� �)=(H ]  _6�2��)�=	�=(   NMo#� ���1 N

  ��� �	 A���3��� �B)@�p0D �� � �	�� . B�3n��  ��]m-

 (]]2 l�]]DA
]]=(� q�o]]�� ���)]]D	)CNS( �	 &'U %

  ��� ,��
� �����2?D�)Z�UY.(     ,��
]� �]2 �4�1�2

  P4 ?���P2 ��I�D]  ���)WHO(  N     ��]D \]/ 	��H

  I� B��I �(= �	(� �2 A�)2�A����2  �]#� A�]� ��  �]3���

    A��]��2 � I��D�(2 NMD        �]�H�� B�
]� �]�
��- A�]�

 �D�31 A���	�� �  �� r�   � ��(2  !�� I��	 s(o� �2 I���

�)�-     ���]� \]�1��2 �]1    	��]H Z`  �]1 V`  ��	 I��  ]��

)UY�UV(  d�e ���	 B/�    �2 �����	   !��  
�G�1��(K]D�

 �9�� �	)[±VZI��() UV�Ui( �	� ]��, ]"$�/�(]

)Y±Z[I��()%`'U[(  ?O2�u�	��	. �D�(2 v0e  A�]�

  �)�X�    ��� �	�	 ���     B/I�
*��@�(K�]D �]*   �]2  d�]5@

]]*I�K]]D�* 	(g
]]/� �]]���(2 w(]]� p0]]D A ��]]� 

d��D)I�)���- (��	��)U`�%U�%%�%g(  �	  v�O"1 B/�

�2 1 m��      (2 ���	 B/� �6��)H� (�6�6 �D A����3(@  ?@�2�	 

 xy]�2��, "]$�/�( ���]2,TUNEL )Terminal 

Uridine Nick End Labeling(�)+�	(��/�.

K�( � )$���%
 I�%` (D��,"$�/�(]  C]� (]� 	� ��)9]/�)Wistar(

+   ��� A���/(   
=(� I�   �(]/� ��)D�� �)�)9��   �	�#)]D� N

�� .  BD ]��, �]�A ]"$�/�(]    	��]H �	 [  � �])#� 

     	��]H �	 ���I�gU`±%Y`  	�]2  .  �	 !�]�   Nv]�O"1 

��, �]�A ]"$�/�(]U%        � �/�3]��� �	 ?��]D U%

     ��(R �J/��1 �	 ?��D �� �	�	��)&    �1 z0$ &  p]� (.

 A���P�� {�e� A��	)g/%Y  ] &/%g (�)��D �4�	  	�(]�

     {�e� ?2�e� �$�	 �V`  ]YY %	�2 . ]��, �]�   �	 �]2

  ��(�)U`=n (   � d()3=)U`=n (    ���]� ��9]O1 �56�u�.

      ���]]��	 I�	 ��(]]�� �]]2 �X]]> I� �]]56�u� ��(]]�

B�D�9*��@�(K�D)  �(/� ]�/�-(     �
]�� �2 mg/kgY/U%

 ���� ��	��+(2)%`�%Z(      �������- q- �	 d��"� ���	 

  �2   ���I�� !��$  �   !�� �2g`   I��    �� 
/��1  � A�(2

 ���	 s(o]]� I� �]]3��e�N  ������]]�- q- I�� (]]� 

q-]]+A��]]��,�]]�A�	  }/�]]51 �]]56�u� ��(]]� 

����)V.(

����� ?��	(2 ?P4 �H�(4 ,��:

   I�� �	)o�� ,�� ��  N2    d���)�2��]2�)3� �)mg/kgZ` (

   �R�#$ M+�	  ���]� ,�P�2 .       �]�H�� I� {�#]$ kK]D

  s�J�   �� I�2 �J� �~(� .  ��y�2      ��(]� �	 (� �	 ��

      ���� ���+ �2 I� �56�u� � d()3=. �	 ��1�+ v]�O"1N

  �P�- ���R v0e      !�]����H I� ?/��H )%Z(    !�]� �	%

?��D)UU]&z0$  ( �2CO2���� �)�= .

MH�(�    ?@�2 AI�D �	��-  A�(2   ��J]D�(J�� �2 �56�u�

A���:

�����     B�6��(@ d��"� �	 ��U` %�0L1  ?��� � �  I� k]�

P1� e�O� �� ��JD�(J�� � ?��F~�2 )�Y(N  
]��- ���A

9*�1����B�'I�Q�/B)H&E (  �������.kKD  x]]]�P1

(/�o1 ���@ I�ASA 400 Kodak Ultra ��JD�(J��� 

d�� A���)Olympus/3H- Z (�	�#)D� B��G ?+�D��.

()��@���A A�(2 w(���D (uR �D�(2��:

w(���D (uR���(@� �(��2  q���)@ �i()��@��� NA��.

 d�2�1 �D�(2   d��D � �y�2 A��    I� - A��   (]��  w(]�

����(2��� A
/�ld��D ) Apoptosis ( ,�� �2Tunel:

           ,�]� xy]�2 ?]@�2 I� �3�@���� ���2 ��P1 I� k�  A�]�

RAT��(]]�  A�]]��]]56�u�(Experimental)� d(]])3= 

(Control)N ,(2     ?��F~ �2 �/��Y    ��P1 �(J��  � (]2

�� �	�	 ��(R ���*  A�(2����(2 w(� �D�(2A
/����
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l�O6� k/I�)���- �D�(2��(K�D �D�1 ��@=��9�Dxy�2 ?@�2�	 B���,"$�/�(���2,TUNEL

��� ���
� ���� ������	 ���
� ������	 ����/��	
��� ���	 / ����� �  / ��P2 ;<�24

�D]]d�N?�=���� ?*(� ?+�DI�)���- )(Rosche

 ��6-2�,�� Tunel�� �	�#)D�.

�6�]B�@����   A(��2,(��A)@�2 ��2
� /M�.

  ] q 	�	��(R  �	 �]P�-  �]/��(J�� ���)]D	700W  �]2  

 !��U`�O�R	 .

� �	�� �	 	(= �2�J�� ]   !�#9]@(@�2 (PBS)N ��]HA

H202g %2 !�� �U`�O�R	 .

! �2�J�� ]  !�� �2 	(=V` A��	 �	 �O�R	 gi �4�	 

�)��D	�(� .

�  ] ��)9�A ,(]2 �]�A )@�]2 �N    �	�]� �	 ��]2 �]D

(@�2PBS).(

�  �]]2�J�� ] 	(]]=,(]]2 �]]�A)@�]]2 � �	�]]� �	 

antifluorescein-pod !�� �2 g`�O�R	 .

 � B)9� ],(2 ���	 �	�� PBS��2 �D �
�� �2 .

�'�)�]]>- 	(]]* ,(]]2�]]�A)@�]]2 � �	�]]� �]]2 H202-

Diaminobenzidine (DAB-Rosche -Germany).

� ] �- ���A
�R�()@� �B��9=�1��� �2)%i'%Y.(

6��-����- 
A:

  A�(2 � �D�(2   �	 r/�])� �9/�O�   �	   I� ��(]�  ,��F-

test (Fisher test)�� �	�#)D� .P values -)`U/±P (

��� �)@(� (�� �	�*	�2  (�� I��35� A���-?D� ��	.

\
�!�
 �2 �D�(2     �	 A��� ��JD�(J�� ��,��A ]"$�/�(]

 ��(]]��]]56�u� I� �]]= B�D�9]]*��@�(K�D� �]]2  ���]]O

mg/kgY/U%     !�]� �2 V`       �]�	�2 �	(]= �	�#)]D� I�� N

�
@�/E   ��$�@ 2  �]6�6 B�   �3��]D A�]�     ���]+(� N(]@ �

  E/�
@� (���D (uRw��)d��4 (    N d��D w(�  �	� A��

  ?�D�1��(KD�I  ��   ��(� �	�56�u�       ��(]� �]2 �9/�O� �	 

  d()3=)  M��U(  	�	 ��� .d��D �����1��(KD� A��  ]2 �

  ,��Tunel  ��PR ��� �2       �]�	�2 ��]�- �	 �(�1 A�  �]*

  d��D ��3�	 ���   �]�	��51 �= 	�2 \�1�)���- A�� �	

  ��(��56�u�    P4�]1 M2�R �
�� �2  �      d(])3= �]2 ?09]�

  	�2 �)@�/ E/�
@�.         d��]D �]= ?]D� (]=� �/�]�  A�]�

  \�1�)���-�	 ��(� �56�u�    �]� ��]/	      �	 �]6� ���]�

d�2�1        ��(]� �]�� I� (�/	 A��     �]* �3)]���� 	�]4�

����)H�ً ���   ��3�	�(��)score(A����)F� d�]2�1  �]�

�2	.

d��4U:NA���- 
�6��- {�(� (uR��(���D ��(� �	(��	N

NE/��I- � d()3= (P<0.05).

 3�%�� l��5 �B^* ���3�%

ZiU/U±&%U/` *d()3

`i/U±ig/U E/��I-

*z�~�1 ) :q���)@ ��(@� �(�I� �	�#)D��2 ��(���D {�(� (uRi N

?D� ��/	(� A()��@���.(

  I�U``  �3��D �6�6 (@   ��(� (� �	  N%` !��$ �2 	�� 

   q�F)�� �@	�o1���� . d��D 	��51�  A�Apoptotic   �]2 

      d()3= ��(� �	 �D�)� ��eZU/%±g    ��(� �	 ��56�u�

Ui/U`±UY/UYN    �
�� �2 `U/`≤P �35�   	�]2 ��	.  B]/�

d��]]D�	 �]]���(]]� ]]��Ad(]])3= )MJ]]�%(��]]56�u� 

)MJ]]� A�]]�g�Z (�	�	 ��]]��]]��(]]L=� d��]]DA�]]�

\�1�)���-       �]56�u� ��(]� �	 �	Score A�]�)7 ]]Sc5(�

)10]Sc 8() J�M A��U�g�Z(�3)��	��(R.

M�� : A��� s�(]��(]��� ?@�2I� �]5uO�   ��(��	 �y�2  ?]"1

�56�u�. ���  - A
��H&E. )×320 (     d�3���G ����)��� B)@� B�2 I�

)�]���(��(���D {�(� ���+(� �)���)D (��Q��� ?]R	.
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�*�+ ,�- ()*	'B/�� A��#> ?@(5� ()*	 '	�C� ����(2� (0*� ��� ()*	 ����� � 

��� ���
� ���� ������	 ���
� ������	 ����/��	
��� ���	 / ����� �  / ��P2 ;<�٢٥

  M��� :  uO� A��� s�(��(���5      d()3= ��(� �	 �]y�2 ?@�2 I� � .

��� ]~ A
�� -��� B���9]=�1��� �N ]2�J13 \]�Tunel.)×;�� (

d��D  A��Apoptotic�	    �����1��(KD� �	� =    ��]PR ��� �2 � A�

���-�	 �(�1���)����(?R	��Q���.

M��; :     ��(]� �	 �y]�2 ?@�2 I� �5uO� A��� s�(��(���  ?]"1

�56�u� .���~ A
��-���B���9=�1��� �2�J13\�Tunel.)×��� (

d��D  A��Apoptotic�	    ?�D�1��(KD� �	� I=   ��PR ��� �2 � A�

�1(���-�	 ����)���� (��Q��� ?R	.

M��� :     ��(]� �	 �y]�2 ?@�2 I� �5uO� A��� s�(��(��� ?]"1

56�u�� . �]��  ]~ A
]��-��� B���9]=�1��� � ]2�J13 \]�.Tunel

)×;�� (d��]]D A�]]�Apoptotic]]=��]]PR �]]�� �]]2 � �(]]�1 A�

��-�	�����	  score8-10��	��(R ��.

mL�3 �f!� � �+
  I�)���-/�   
/� ����(2 w(� A �� � d��D  NA	��/��  ?]D

   d�J6�� A��J�� �2 �=     � �6��D ���+ A�� ��]��  A�]�

  ��	�6��D    � �2 ��01�� �	   � �� ���	]]�   b]��2 �*

�  + � d��]D !��]] + ��]=	� ]]]]2 	� 	�]FA  �]P�- 

��	��)UZ(.   ?93��� I�)���- �	    +(2 �uR �2 SD���

  I������ ?@�2�	 �����/  �7  !�)D�(� ]/    �]2 �	 �

34� � B/��	���I�� �	 ������)9   �/�y��    �	�� M]L�

  �/  ��	 �� ?D�� .   B]/�   �]3/-(@  �	   
�G�1��(K]D�  � �	

   1�)�D M���� �2 SD���   �� ��9*��  ��	�*    ��� B/� I� 

2�  d��D 	��51 B��A  934 ���I �   �6�]D  d��]D � �]�A

  �	(�  d	�51	��/� ��  �]3*)%Y�%V(.   I�])���-  �	  ?]@�2

"]]]$ ,�]]]� �y]]]�2�/�(, ��]]]e �]]]2 d�]]]�5� �	 

�����1��(KD�A�� �]�1) �]�H(� (%A�gA�ZA  �� 

��   - ��R� �6� ��	  ��H(��	  A�� ?�]D�1��(KD�INII

�  ��1��(KD�  �	�� �R�#1� �?D)%Y�%i(. I�)���-  �J/  I� 

    d��D �� �(�G	 ��$� M/�	 ]�    �	 �����1��(K]D� A�

 ���	 �	 �]]5�0e �/�(]]�
�G�1��(K]]D� ��]]� �)+�3]]�

?D�)%[ ( /��	 �=     �u�"� �("� M���� �2�/�2 ��� B �

��]]���/���]]]]���	(]]=)gU'%&( .r/�]])��]]D�(2�]]2

   ,�� �	 A��� ��JD�(J����A �/�(]"$ ��(� �56�u�

   A���	I� �=B�D�9*��@�(K�D  �
�� �2 mg/kgY/U%  �]2

!��V`��    �]�	�2 �	(= �	�#)D� IN  ��]�     	�]�/� ��]3�	

  ��$�@B�2 �6�6  �3��D A��   ���+(� N(@�    (]uR E/�
]@�

w(���D��  ���)H� �*	�2 " (m� �	 5@ d� �]� N��I�K]D�*

2 ��I�KD�* ��oFAg   �1 [���2 .I ]/  ��I�K]D�* �(  �]2

  ��3�/ ]��  �u]D��I�  �]�A  N�]P�  ]�� �]3���1  �]D�1

    (� p0D� ��� d�5@ B/I�
*��@�(K�D    
]/� �]���(2 wA

 d��D ���)I�)���-(  N  ���+(�Dw(���N��* 	��51 E��

�  �(KD� 8("1 N�� E/�
@� DNA      �	 ��]� �]5uR �5uR

� �(KD��� 	��/� �/������ MD)g`�gU(.

�	 56�u� �  A���0R�N  ������1���(*�()��  �)9� �� B

d��D  6�� ?�D�1��(KD� A�� ]�   �	 �   (]/I  ��J]D�(J��

Archive of SID

www.SID.ir



l�O6� k/I�)���- �D�(2��(K�D �D�1 ��@=��9�Dxy�2 ?@�2�	 B���,"$�/�(���2,TUNEL

��� ���
� ���� ������	 ���
� ������	 ����/��	
��� ���	 / ����� �  / ��P2 ;<�26

���A   �� �2 ���()J6��  �1 ��(��  D M�� (�   I� �P�- �D���)

  2 �2 	(��y� I�Q�� /@�3�M   �]56�u� ��(]� �	 �P�- ��(1

         ��]3�	 ��]� d()3= ��(� �2 ?09�-       (]L*� �]* 	�]2 

d��D  ����1��(KD� �	� A���   6�� ?�D�1��(KD� �  ]�  �	 �

�6�6 �3��D A��    6��]D w(� ��7	 (@�     I�(]�� ��]� I� 

	�O5��A  ��	�2 ��� )gZ'g%.(3n���B 	 � ��JD�(J��

ML� �1�(���1 ���()J6�B�1���(*�()� d��]D �� �]�A

  ��> �	 ��Q�/��A   �/��  �� ��/	  ��  �*  ?93��� ]����

  I�  ���+(� ��(���]DN  �
]@� /  �]�	 E�  �]1 ٔ (]�m    (]2 - 

d��D��A  ���2 ��Q�/�� .  �7�
@�/   ��	 E  �2  	(* d�5@

��I�KD�* ��   ����1  ����(2 w(� p0D
/�A    d��]D ��]� 

))���-I�(	�� (2�32 N�/B �1 �� � !�( ]�G�6�1���)9/  �	 �

d��D  ��    b��2 ?D� �	�RD-�    ��+�]D ���")D�  p�'

�y�2�AN ��4 �/ � �/   ��$�@ 	��  B�2�6�6 �3��D A��  (]@

	��.   v�O"1 �	��  A�(2��1/  
 d��D w(�   I� ��� I�(�� 

	�O5��A   � �	 �* � ��� ���D�(�A 	  ]/    	�]2 ��]� �� �


]]/� �]]���(2 w(]]�A��]]D ��]]� d)I�]])���-( I�  ,��

TUNEL �� �	�#)D�N  �]���1 �*�/�#1 ]� � � F�]1� �

DNAAN    d��D �	 ��� �5uR �5uR �]�A 1�)���-  ]��� �

��		.             Nd(])3* � �]56�u� ��(]� �	 (� �	 ,�� B/� �	

Dd����A   �6�6 �	 ��1�)���- ��A      �]�� �]2 (]#�3���D 

��PR  ��	�2 ���- �	 �(�1 A�.  - �]4�1 M2�R  �]=  	�]4�

d��D��           ��]R� I� ��]� d(])3* ��(� �	 \�1�)���- A

 	�F2	�+ w(�A � ����(2� ]/
  A    d��]D �	 ��]�  A�]�

   	��	 �5�0e�  1 �	 �ٔ�/  � �D�(2 �)@�/  A��  �)�X�  ��]�

    A�(2 �* 	�	        
�G�1��(K]D� ���(]1 � 	�]0P2  �	   � ��]�31

      6��]D 
/�]�1 � ?�5�4 �#H�     d��]D ��9]O1 �  �]�A

934�   ����1��(KD� ��H(� I� �  D� �1   ��Q�I�1��(K  �2 I���

 1�� M�9��)��   6��]D ��	 � 	��	 	�]4�)%g�%V(  �]* 

(@�  ����(2 w(� �3/
/�A    d��D ���     	��� B/� �	  E]O�

�P��	��	 . �O� �	/  �9	��51d��D��A 1�)���-  ]��  �	 

 d()3* ��(�  �D �2 ���	�(K�*��@9�D�BN�/�1 B ]��!�(

   �
�� �2`U/`≤P  �(� �	  ���	 � �35�   	�]2 ��	. (]L=�

d��D \�1�)���- A���	 M]H�(�    �(]�� )Score(N)Sc5-

7(�)Sc8 (  �	  ��(��56�u� ��(R �3)��	  �*   ��]3�	 ���

  ]���1 �R�1M  d��]D  �]�A   �	�   6�� ?�]D�1��(KD� ]��N


�G�1��(KD��K�� � @�(1-� �6�6 ��A �3��D  � (]@  �* ?D

	6��� 	 /  I� (2 (�2�  d��D B)@� B �]�A  ]34 9�   �	   B]/�

d�2�1���  ����4  �P�-I�  ]�/ �/(� 	�]2.� ]/  �])� B/ r

1�ٔ�/� �)@�/ ��33*  �D�(2 �	 �� A�� B���� d�]2�1 (2 �]�A

�D�3�(@   � ��� �* 	�2� 6�� 	�	� d��D B �]��/    �	 �]* 

    M���� �2 SD��  ��D��7	 I�])���- ]�� ���]�  �]��

d��]]D�]]�A����1��(K]]D� �6�� ?�]]D�1��(KD� � ]]� �

�3)9�)Z`'gY.(d��D �]�A       I� �]+(2 �	 \]�1�)���- 

d�2�1 �D A���3�(@   ��(� �	�56�u�  �� ��/	   �6� ����

 d�2�1 �	��      ��(]� ��� I� (�/	      �]* �3)]���� 	�]4�

����)H�ً     - ��3�	 ���   ?D�   d��]D �]= �]�A   	�]4�� 

��	/d�2�1 B�3)��	 ��(R M���1 ��)F� MH�(��	 ��.

�)@�/ � A�� ]/ O"1 B ]�  v   �]2 ]1�ٔ ]�/  �   	�]4� d��]D �]�A

1�)���-�  2 ?@�2�	 ��    ,���]2 �yTUNEL    �])� �]2 N/ r

 �]]]D�(2����]]]� ���]]]D�(�A �]]]* �]]]��()J6�� 

1���(*�()��   d��D �)9� �� B  6�� ?�D�1��(KD� A��� �

  � ��� ��� 5uR 	�	� �F2 ?��  �� ����(2 w(��/
A  ��� 

 ��� �	/d��D B�1 ��ٔ�/	��� �)gZ.(

 )� �	� � ���    	(* d��)D� ��1 ��1 �*/  
Mg/KgY/U%

 	 I�� ����	 I� D �(K�*��@9�D�     !�]� �2 BV` I�� N  �	 

   � 
�G�1��(KD� ���	 d�e�    p0D ����1    	 p�]D- I�(2 �

2 ?]]@�2]]�� �yd��]]D w(]]��]]�A����1��(K]]D�  � � 

D�1��(KD��  ?I       �]5�0e �]+(7 N��]�   �� 
�G�1��(K]D�

  M)F�* ]3�   �    p0]D      �	 A����]2�� � 
�G�1��(K]D��K��

,��   (� A��N		(�   �7 �1ٔ ���	 (�m  �	  ?93��� �9��

  �2���,��   (� A��  N���2�X6 �� 	�P3���   �* ��3* 
/��1

 B/� ���	 �2 ���)H�	�� �����.

  ���	��R � (J�1:  B2� ������C�    ����]��	 �3�]D ��]��

��
��  )�P2 ��P� �  �(P1  '  EF2��-   ��J�]��	 ���1

��
������ ������	 ��
��
/(01 .

Archive of SID

www.SID.ir



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

����� ��	�
��:()*	�*�+ ,�- .
/(01 ' �2��+ �2�34 �)5/(�'�6��1� �7�* ' 8��  ' �)9��* : ;<<

ir.ac.iaut@khaki.dr & com.canada@arashkhaki

27

,��	�

1. Mandell GL, Douglas RG, Bennet JE. Principles 

and Practice of Infectious Diseases.3rd Ed. New 
York; Churchill Livingston, 1990: 203-205.

2. Neu HC.Optimal Characteristics of Agents to 
Treat Uncomplicated Urinary Tract Infections. J 
Infection 1992: 20(Suppl 4): 266–71.

3. Orenstein R, Wong ES.Urinary Tract Infections 
in Adults. JAm Fam Physician 1999;59: 1225– 34, 
1237.

4. Jun YT, Kim HJ, Song MJ, Lim JH, Lee DG, 
Han KJ, Choi SM, Yoo JH, Shin WS, Choi JH.In 
Vitro Effects of Ciprofloxacin and Roxithromycin 
on Apoptosis of Jurkat T Lymphocytes. J 
Antimicrobial Agents and Chemotherapy 2003; 47: 
1161-1164.

5. Reece RJ, Maxwell, A. Probing the Limits of the 
DNA Breakage-Reunion Domain of the Escherichia 
Coli DNA Gyrase A Protein. J Biol Chem 1991; 
25: 3540-6. 

6. Giamarellos-Bourboulis EJ, Grecka 
P,Giamarellou H. Comparative in Vitro Activity of 
Ciprofloxacin vs 8 Antimicrobial Agents Against 
Nosocomial Multiresistant P. J Aeruginosa Strains  
Drugs 1995; 49 (Suppl 2) : 203-4. 

7. Ronald AR, Nicolle LE,Harding GK. Standards 
of Therapy for Urinary Tract Infections in Adults. J 
Infection 1992; 20(Suppl 3): 75-80.

8. Hooper DC, Wolfson JS, Ng EY, Swartz 
Mn.Mechanisms of Action and Resistance to 
Ciprofloxacin. Am J Med 1987; 82(Suppl 4):12–20.

9.Warren JW, Abrutyn E,Hebel JR, Johnson JR, 
Schaeffer AJ, Stamm WE. Guidelines for 
Antimicrobial Treatment of Uncomplicated Acute 
Bacterial Cystitis and Acute Pyelonephritis in 
Women. J Clin Infect Dis 1999; 29:745–58.

10. Naber KG, Landen H. Rapid Resolution of 
Symptoms with Ciprofloxacin Therapy in 3859
Hospitalised Patients with Urinary Tract Infection. 
International Journal of Antimicrobial Agents 2004; 
23: 35-40.

11. Firsov AA,Vostrov  SN,Shevchenko AA, 
Portnoy YA, Zinner  SH.A New Approach to in 
Vitro Comparisons of Antibiotics in Dynamic 
Models: Equivalent Area Under the Curve/MIC 
Breakpoints and Equiefficient Doses of 
Trovafloxacin and Ciprofloxacin Against Bacteria 
of Similar Susceptibilities. J Antimicrob Agents 
Chemother 1998; 42: 2841-7. 

12. Sissi  C,Andreolli M,Cecchetti  V, Fravolini  
A,Gatto  B,Palumbo M. Mg(2+)-Mediated Binding 
of 6-Substituted Quinolones to DNA: Relevance to 
Biological Activity. J Bioorg Med Chem 1998;6 
(suppl 9): 1555-61.

13. Andriole VT.Urinary Tract Infections in the 
90s, Pathogenesis and Management. J Infection
1992; 20(Suppl 4):251–256.

14. Christine Norra, Erik Skobel, Christian 
Breuer,Gerhard  Haase, Peter  Hanrath, Paul Hoff. 
Ciprofloxacin-Induced Acute Psychosis in a P atient 
with Multidrug-Resistant Tuberculosis.J European 
Psychiatry 2003; 18: 262–263.

15. Neu HC.Optimal Characteristics of Agents to 
Treat Uncomplicated Urinary Tract Infections. J 
Infection  1992; 20 ( Suppl 4): 266–71.

16. Leslie P, Gartner Games L. The Color Text 
Book of Histology.2nd ed.  Phliadelphia ;W.B 
Suanders Compmany, 2001; 487-509.

17.Junqueria L C, Carneiro J, Long jA. Basic 
Histology. 5th Edition. New york; Appleton, 1986; 
468-484.

18. Bustos-Obregon E, Rodriguez H.Testicular x-
Ray Irradiation in Adult Mice as a Model to Study 
Spermatogonial Proliferation.J Andrologia 1991;
23: 447–50.

19. Kerr JB, Maddocks S, Sharpe RM.Testosterone 
and FSH have Independent, Synergistic and Stage-
Dependent Effects Upon Spermatogenesis in the 
Rat Testis. J Cell and Tissue Research 1992;268: 
179–189.

20. Raz R,Naber  KG,Raizenberg  C.Ciprofloxacin 
250 mg Twice Daily Versus Ofloxacin 200 mg 
Twice Daily in the Treatment of Complicated 
Urinary Tract Infections in Women. Eur J 
Microbiol Infect Dis 2000; 158: 327–331.

21. Shinoda K,Mitsumori K,Yasuhara K,Uneyama 
C,Onodera H, Hirose M,Uehara M.Doxorubicin 
Induces Male Germ Cell Apoptosis in Rats.J Arch 
Toxicol, 1999;73(suppl4-5):274-81.

22. Suschek  CV,Krischel  V,Bruch-Gerharz D, 
Berendji D, Krutmann J, Kroncke  K D, Kolb-
Bachofen,  V.Nitric Oxide Fully Protects Against 
UVA-Induced Apoptosis in Tight Correlation with 
Bcl-2 Up-Regulation. J Biol Chem 1999; 5:6130-7. 

23. Zhang  J H,Zhang  Y,Herman B.Caspases  
Apoptosis and Aging.J Ageing Res Rev 2003; 2
(suppl 4): 357-66.

24. National Institutes of Health. The Principles of 
Laboratory Animal Care. Polish jour of Veterinary 
Science; National Institutes of Health Publication,
1985; 86-23.

25. Xiaozhong Yu,Hisayo Kubota,Ruisheng 
Wang,Junzo Saegusa, Yasutake Ogawa,Gaku 
Ichihara,Yasuhiro Takeuchi, Naomi 
Hisanaga.Involvement of Bcl-2 Family Genes and 
Fas Signaling Systemin Primary and Secondary 
Male Germ Cell Apoptosis  Induced by 2-

Archive of SID

www.SID.ir



l�O6� k/I�)���- �D�(2��(K�D �D�1 ��@=��9�Dxy�2 ?@�2�	 B���,"$�/�(���2,TUNEL

��� ���
� ���� ������	 ���
� ������	 ����/��	
��� ���	 / ����� �  / ��P2 ;<�28

Bromopropane in Rat. J Toxicology and Applied 
Pharmacology 2001; 174: 35–48 .

26. Meistrich ML.Effects of Chemotherapy and 
Radiotherapy on Spermatogenesis.J Eur Urol 1993;
23: 136–42. 

27. Judas L,Bentzen SM,Hansen PV,Overgaard 
J.Proliferative response Of Mouse Spermatogonial 
Stem Cells after Irradiation.A Quantitative Model 
Analysis of Experimental Data.J Cell Prolif 

1996; 29:73–87.

28. Clermont Y.Kinetics of Spermatogenesis in 
Mammals; Seminiferous Epithelium C ycles and 
Spermatogonial Renewal.J Physiol Rev 1972; 52: 
198-236.

29. Raff MC.Social Controls on Cell Survival and 
Cell Death Nature 1992;356:397–400. 

30. Nakagawa S, Nakamura N, Fujioka M, Mori 
C.Spermatogenic Cell Apoptosis Induced by 
Mitomycin C in the Mouse Testis.J  Toxicol Appl 
Pharmacol 1997;147(suppl2):204-13.

31. Johnson  L, Petty  CS,Neaves  WB.Further 
Quantification of Human Spermatogenesis: Germ 
Cell Loss During P ost-prophase of Meiosis and Its 
Relationship to Daily Sperm Production. J Biol 
Reprod, 1983; 29: 207. 

g%' �=�+ N ,�- . ?D��OH �2�(PDN  �(]/�   . ��]#>A

B/�� ?@(5�   .A
2N 
]/�(�  .I �]��AN� ]@B��  . ]���-�N

��/... :  �J/G�6�1���)9�� !�(m� �D�(2B�D�9*��@�(K�D

   xy�2 ?@�2(2��,"$ I� �/�(    ��J]D�(J�� ��]"6

���()J6�.����  ��
� ��J���	 �    �]�
� ���� ������	 �

���NUg[YN��P7 d�D	�������Yi�$ N :�' .

;;' �=�+ N ,�-   .   ?D��OH �2�(PDN �(]/�  . ��]#>A

B/��N ?@(5�   . A
]2N
/�(�. ��]�HAN  I�]3P�   . ]���-�N

��/... :D�(2 ����	 !�(m� ACiprofloxacin   �
]�� (]2


�G�1��(KD��	!� .���� ��
� � e p �34 Nq ������	

�]]�
� ��]]���2�]]�PN(Ug[ZNd�]]D]]� )��]]�����%N

�$:g`'%U. 

;�'  �=�+N,�-  .��#>A   B/�� N?@(5�  ]2 NA
N 
]/�(�:

 !�(]]m� �D�(]]2B�D�9*��@�(K�D �P6��]D (2A �	�

6�1(D�   �	  ]��, ]"$  �/�(] . �]���  �]�
� �  ]e p

�34Nq  ��
� ���� ������	�2��PN(Ug[YN  ]� d�D)��

�����%�$ N:UU['UU`.

35. Josefa Blanco- Rodri ´Guez. Deoxyribonucleic 
Acid Replication and Germ Cell Apoptosis During 
Spermatogenesis in the Rabbit. Journal of 
Andrology 2002; 23(2): 90- 99.

36. Omura M, Romero Y, Zhao M, Inoue N. 
Histopathological Evidence that Spermatogonia are 
the Target Cells of 2-Bromopropane.J Toxicol Lett
1999; 104: 19–26.

37. Xiaozhong Yu, Hisayo Kubota, Ruisheng 
Wang, Involvement of Bcl-2 Family Genes and Fas 
Signaling System in Primary and Secondary Male 
Germ Cell Apoptosis Induced by 2-Bromopropane 
in Rat. Toxicology and Applied Pharmacology
2001; 174:35–48.

38. Allan D J, Harmon B V, Roberts S A. 
Spermatogonial Apoptosis has Three 
Morphologically Recognizable Phases and Shows 
no Circadian Rhythm During Normal 
Spermatogenesis in the Rat. Cell Proliferation
1992; 25: 241–250.

39.Takehiko Koji, Yoshitaka Hishikawa, Hiroshi 
Ando. Expression of Fas and Fas Ligand in Normal 
and Ischemia-Reperfusion Testes:Involvement of 
the Fas System in the Induction of Germ Cell 
Apoptosis in the Damaged Mouse Testis. J 
BIOLOGY OF REPRODUCTION 2001; 64: 946-
54.

40. Brinkworth MH, Weinbauer GF, Schlatt S, 
Nieschlag E. Identification of Male Germ Cells 
Undergoing Apoptosis in Adult Rats. J Reprod Ferti 
l995; 105:25–31.

Archive of SID

www.SID.ir



�*�+ ,�- ()*	'B/�� A��#> ?@(5� ()*	 '	�C� ����(2� (0*� ��� ()*	 ����� � 

��� ���
� ���� ������	 ���
� ������	 ����/��	
��� ���	 / ����� �  / ��P2 ;<�٢٩

Survey of Induced Apoptosis Effect of Ciprofloxacin in Rat's 

Testis by TUNEL Technique 
Khaki A.(D.V.M,Ph.D), Ghafari novin M.(MD.Ph. D), Ebrahim nezhad A.A.(Ph. D), Khaki A.A.(Ph. D)

Abstract
Introduction: Ciprofloxacin is a synthetic antibacterial agent belonging to the family of fluoroquinolones that 

has a very broad spectrum against of microbial pathogens, especially Gram-negative infectious diseases, which 

has been approved in more than 100 countries in world.

Objective:  The aim of this study was planed to see apoptosis effects of ciprofloxacin after inducement, in rat 

testis.

Materials and Methods: The twenty male wistar rat were selected and divided randomly into two groups; 

control (n=10) and experimental (n=10). The test group was received 12.5mg/kg (PO) ciprofloxacin daily for 

sixty days, in their drinking water however the control group just received its routine drinking water. On sixtieth 

day the testis tissue of rats in both groups were removed in 10% formalin solution and prepared for light 

microscopy, and the Terminal Uridine Nick End Labeling (TUNEL) technique was used to identify apoptosis. 

Results: Light microscopic studies showed apoptotic bodies in tissue of testis in experimental group were 

(15.15±10.17) and were(3±2.41) in control group, This difference in apoptotic bodies in experimental and 

control groups was significant (P<0.01).

Conclusion: Since in our study ciprofloxacin had side effect such as increasing apoptotic body in testis cells in 

rat in experimental group, then it was suggested that ciprofloxacin using in human could induced many 

histopathogical disorders and might be decreased the fertility rat.

Key words: Apoptosis/ Ciprofloxacin/ Rat/ Testis
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