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��� �  �!��"# �$%� &���'( )#�* �
#+� �+��DNA  �
'���, �-.* �%/�# 

��0 ����� -�/� &,�# �� )Rutilus frisii kutum(  
  

&3�� 4�5���$ �6�#1&��.'* �7� -�8# �2*  

1- ��� ��	
 ����� 
��� �������� ������� ��
� ���	� �� ���� ��!�!�� "�#$ �
%���� ��  
2- ��
� ���	� �� ���� ��!�!�� "�#$ �
%���� ����� ��	
 ��'��  

  

�-�
:  

(�#� )��*�	'%+� ,��- .��� ��	� /� ��� ���� �	0�� ��1DNA �� ���0'��  /� 2�� 3!� .���
2�� /� �56� 7�� �$	� � �+�8� �#$	
 ��	9 /:�� ���� 	 !� ��1 .��� /'* �� (�;$� �� 	<�= />+�?�

(�#� )� ���0'�� �� �!��#9 ���� .��� "��	� 2�� ���	��@� )� �A	� ��!�� 
�0� �1�� 
5� �	0�� ��1
)�CARutilus frisii kutum/��8� (  �)��
� ��E�� 3!� ��	� .10 �� �� �1�� �
$  G)� �� 
9 H��'� 

1±7  � "	
 3� ����J� (�K 2±10 �'��� 	'�  /�8� 
� 
5� �*�� )� �G-/��;� �1  ����	�/��;� .
�  �� �1
.!��)- L�	� �1  �C!	* ��80 - /��8� �� .
�
� ���� ��	9  ���N� 2�� �)����	� (�#� /� ����'�� ��1

ON= P��0!	'��� Q#'R� J=�	� ���	0�� 
�
!��� ��� (P ��;��� G��) �
� �.1�� �1 �  G��) �
�
 �+�#� ����!� ON= .!�C*� �
��� C�+ 	*�� �� �	� �
�S"7 ����- ��	� ���� ���� �!�8� �� � ��1

T��  /U��� /'01 �� J9�
= �
� /� 
!���	� "�!
��� �� �
� �C��-
� �
� .1�� 	� ���$ ��� G��� V!�'� .
WA�� 3��X;1 .�*�! .1�� C�� �?A (�;'=� ��*	Y� J!��� � ���� � G��)
���� ���� G��)- ��1  (�K

 
Z�� �/+�5�� (�K ����� L�0��� �����DNA /+�5�� ��  �Tail Moment  2�� �� /6!�[� ��/��8�  �)��
��>� O�'A� �
� ��
� G��� �� ���� )05/0P>.(  

��;	$� :�-�'* (P  )��*�	'%+� �+�#� ^�  �DNA ���!�� 
�0� �1��  ��CAi kutumiRutilus fris.  
     :�*�!�� `!�����!	8� 93                          :2	!NS `!����c- 93      
   * :(�d6� �
�6!�� kalbassi_m@modares.ac.ir 
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�#-=#  

/1� �� /'�N
 ��1.1�eS 2�� 3'*�! ��	� ,��- �! � ���� G�C�� 
���'� /� �
!
: ��1

DNA �)�
�� �� 2�� .�*�! />��� �
�� �	�
�����1�� .��� ��	� ��
>'� ��1�%�'�P ��1  ��

 G�;'A��DNA "��	� )� /� ���� ��:� G- 3!	��� �1 ���� .��� 2�� /� G���1  .�	� �����

2�� )� �%! ���� .��� 2����� ���6� ��1- G�;'A�� �� ,��- ���	� ��E�� /� f�9� � 
�

DNA  ����P ���'g� )��*�	'%+� )� ���0'�� �� 2�� 3!� �� h9�� �� .���DNA (�#� �*�� ��1

� ����i	R� J��$ L�� � ,��- �
� /� /'6� �	E� /+�5�� ������ ���c ��	= )� ���� �!�1DNA 

�9�� (P /g0Z �� 2�� H��� /� �
���T�� ��1 �C��-� j�%��	%�� �� J��9 ��6= ��1

 (�� �� ��� 3�+�� ��	� 2�� 3!� .
�'61 G
� �;� �!�8� �� � �)����%�-1978  H���

Rydberg   �Johanson  (�#� )� ���0'�� �� (�� �� .
� "���� G���
��'6S ��11984 Ostling  

 �Johanson ��	� ,��- �!����� �� G- ����6= .!�C*� � ���� .��� 2�� ��58� ��1

DNA  ���!� 2�� 3!� �� ���	��@����� .��� /� /� 
��	�2 (�#� )��*�	'%+� �!�	0�� ��13 

�*�! �	8� )Rojas et al., 1999(/+�1 J�%�� �#$ /� /+�5�� �! ���� "�� .  	l� �� /� ��� ��

	=/'�� �� ��1DNA �� ���!� �%!	'%+� G�!	: �g� )��
- (P )� �	'6� �� ��� .��  3��

2��,��- G�C�� J�#g� � /!C�� ��	� /� �0#'R� ��1��1 �
�!7- ^�6�����P 	� �1DNA  ��

 H!�	�1� �!��)-� �� ��%� �>�5K H�g� ����� �!3 �	� 2��� ������! �-�,�1 �

^m��DNA  �� '6%� ��1^� /'��� � '6%�1�� � /'�� �� ��!��1� #9���! �S��!��
  )�

(�#��1� ���� ��	9 ���0'�� ���� �	0�	�
�n�A H�g� �� �� 2�� 3!� . )4/7 pH�!��#9 � ( 

)13>pH��� ��� "���� J��9 (  H[* �n�A H�g� �� G- )��*�	'%+��� 
���� �6%� �1�  ��

/'�� �� DNA  
1� G��� ��+�=��� /� ��  	� ���$ �!��#9 H�g� �� G- )��*�	'%+��6%� �1 �� �

/'�� ��� �6%� �1 �^�  /'�� � C�� � �!������� ��� )Singh et al., 1988( .o8�  �!C� 3!	�

�
�!7- � "�;� ^�6�����P p��A ���	� ��	� ^��%� 3!��	8� ��?�g� �6!) ��1 	1 )� �	�
 

 "�
�� �! �*�� L����	�  .!��)-���J!
5� ��#��9 �'=�� /� /� G�!C�- G
� )� �'*�� 	1 h9�� �� . 
                                                           

1- Comet Assay 
2- Comet Assay 
3- Single Cell Gel Electrophoresis 
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G
� (�#� /��� 
��� /'��� �� �	0�� ��1 !� �� O
1 �*�� G���$ /� 
���� /'*	
 ��� /� 2�� 3

"�
�� G��� )� .��� �� �#A�� ��1 �*�� G��� �	� "�� �� 
5� /#;: )� o6�+���'� �� J�A� o8� ��1

 ��� �
� ���0'�� G�!C�- ���� .��� ��>+�?� )� ����6� �� /�)Dhawan et al., 2009( .

 (�� �G�!C�- �� ���� .��� 2�� ��>+�?� 3�+��1996  H���Nacci  ^�0� ��� G���%;1 �

���� .��� 2�� .��� /'*	
 ���Z �!�!�� �1���  �� ���!) ��	��@� � �#��%� 
��� ��	�

/��8� �)�� (�#� � ����:�� �� G- )� G��'� /� �?!�	� ���!� � ���;�S ��	� ���0'�� Q#'R� ��1

;1 �� .��� �'��� 3�Rydberg   �Johanson  (�� ��1978  �*	>� �� ���� .��� 2��


��	� ��
� )� rS .Ostling   �Johanson  (�� ��1984  /� �n�A 	*�� H!�	� �� �� 2�� 3!�

 /���� �� � 
��	� ���Singh  (�� �� G���%;1 �1988 #9 /R6� �1
>� /� 
��	� �*	>� �� G- �!��

Olive  (�� ��1989  G-;%� ��� J�	� .Bauch  (�� �� G���%;1 �1999  .��� 2�� )�

 ��'A�� �)��)�� ���	� ��	� ����DNA (�#� )� ���0'�� ������0�+ ��1�  ���0'��
��	� .

Garcia  (�� �� G���%;1 �2007  2��T��  �C��-
��	� s	?� �� �	[� ��	'�� ��. Xu  G���%;1 �

 (�� ��2013 (�#� )� ���0'�� ��) �!�K �1�� "	t�� ��1Carassius auratus(  /� "�
9�

/��8� �)��  (�� �� .
��	� 2�� 3!� J=�	� )� �A	�1392  �������� ���0'�� )� (�#���1 oR� 

o�m ��) � 3��: �1�� (C9 �7- 3� �� G�;� )Onchorhynchus mykiss 2�� �� (T��  �C��-

 ���	� ���� .��� 2�� �� �� 
!���	� "�!
��� � �	[� ��	'���	�� . /#;: )� 
!���	� "�!
��� T�

T��  �� o1 )��1 
�� �� 	E� /� .���� G�6�� ���� ��	� ���!) ��	?A /� ��� �����#* ��1

 �� �'=�� �#$ /� ������#* � �� ���� �7�� �;�9 � ��	?A ��:�T�� �C��- ��0�� � s�<� �

�	[� ��	'�� �C��- T�� /� �56� 7�� �$	� � 	!��Y��  .���� ��g:��u�	�A� T�� �����#* ��1

 /U��� �
!
:�
�  ��0�� />+�?� ��	� /� ���DNA �� ���0'�� )��*�	'%+� �� �:�	R'�� ���
 

)Safe StainG- )� ���0'�� � ( ��	� �1T��  �C��-�� /�Z�� C�� ���� .!��)- �� o8� .���  3!	�

 2�� �!C�T��  �C��-$ 	!��Y� )� ����- /�8� G�%�� ��	[� ��	'���
� G��� ���  �� G��� �� /�

 2��T��  �C��-.��� ���5� 	!NS G�%�� 
!���	� "�!
���  

 3'6%� � )��*�	'%+� H!�	� /#;: )� G- Q#'R� J=�	� �� �2�� 3!� )� ���0'�� )�v- G��) )�

(�#� ����!�,��- )� �0#'R� L���� ��	� �� ��� �
� ���!� ���	��@� �1(�#� �� �1 ����0'� ��1
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���,�  /U��� �n�A H!�	� �� ���� 2�� )� /R6� 3�+�� /� 3!� /� /:�� �� .��� 	�
� �3!�	���� 

 H[*���6%� �6����/'���� ��1 �6%� � 
�� ��%�- �� ��/'�� ^� ��1  J��9 2�� 3!� �� ��

 H��� ���� 2�� �!��#9 /R6� ��� 3�+�� ��	� 3!�	���� ���5� �!�����Singh ) G���%;1 �1988( 

 2��C

� 3��X;1 .)Xu ) G���%;1 �2013( (�#� )� ���0'�� ��	t�� �
� 
;��� ��1 �1�� "

�E#v ��/ � ���� ��!�C*� ��1 �� �
���� J�'� 
!�6���0+��1 )DMSO /� "�
9� (/��8� �)��  2��

8� .
��	� �!��#9 ����o  o� ��>+�?� �� G- )� ���0'�� ����� .��� 2�� ��;1� 3!	�  �����

(�#� G
� ���K	� � �%�'�P�1 ��� . /����$�  2�� 3!��� 
����  ���� ��>+�?� �� ����

(�#� ,��- ���!)�� .��� ��� /� C�� ���6�� "	t�� ��1DNA (�#� ^� ^� �� � �*�� ^! ��1

"���� ��#��9 G- wJ9�
= 3'��� ���'A� �� �� /��;� �#�� 
�m 
= ��)  3��X;1 � (	'�+�	%�� �! "	


�!C� /#;: )� ����Y'9� /*	Z (�= 3�$ �� � �9� ��$	� ��+�8�.��� 2�� 3!� ��1  

 /��� 	E� .�� ��	��@� (�;$� �� G��'� G���;� 
�� 	�� ���� ���Z /� �� 2�� 3!�  �� � 	�

 �	:� 	�7�� �!�����	� .��� "��	� 2�� Q#'R� J=�	� �� ���	��@� (�;$� />+�?� 3!� )� O
1 .

 �� �
!
: 2�� �/���� V!�'� (�Y= �� G��'� �� ��� ������	� .!��)- "���� G��) �
� .1�� 

 �	Z/*  	!��Y� ��0�� .!�C*� (�= 3�$ �� � �1� �!��)- J!��� � ���� .1�� ��9� �� �!�:

 JZ�= /U����	� o6�+���'� �� J�A� "�
�� G���$ /� 
5� �*�� ��;1� /� /:�� �� �'��� 3!� �� .

(�#� ��� 	� 	<�= />+�?� �G�A /�0Y� � ����:�� ��!�� 
�0� �1�� �� �*�� 3!� �	0�� ��1

��� �CA.
� "�   

  

>�� � �$
# �,  

 ��
>�10 />?9 �� �� �1�� �CA ��!�� 
�0� �1�� 
9 )Rutilus frisii kutumG)� �� ( 1±7 

J� (�K � "	
 2±10 �'���  3+�� /� � /�8� ���� �!�:� 
�8� 	!�Ac �)��)�� C�	� )� 	'�

 J['�� ��
� ���	� �� ���� �!�!�� "�#$ �
%���� G�!C�- ���[�[g�
� .�1��  �1 )� J59

.!��)-  ���1��	� 
!
: H!�	� �� ���
)���  GCR� �� /'01 ^! �
� /�100  i- ���= �	'�+

/ � �
� �1���1 � �
� �!��)	#�  �
� 3!� (�K �� .
�
� �����1��Nv % G�C�� /� G��1��2  G)�
                                                           

1- Dimethyl Sulfoxide 



$�%���& '��()* � '+�� :���-�  �.��/0 �&�� '���)1 20�* ��03� �3��DNA  ��)���4 �5(* ��6�0 '4�0 ��5�6�      17  

 

 "���� ������ ����� ��Nv �� G
�.
� H!�	� 	!�� 3��X;1 
����  ���� �����%!���- �� �!���

12:12 ���� � 2±20 �'��� /:��  y�g+ ��	

�.  

  

�?
�?��$�%�  

"�;�� �� ���� ���
)��� 10 />?9  G�C�� /� ^R�� J
 ���S )� ���0'�� �� �1�� /X�150 

�#�� 	'�+ 	� "	
 )ppm2�8�� J��� ��K /� ( 
�
�. 
>� z!	�� )�� G- 
5� �*�� )� �';69 �
: �1


� ^! )� rS �  ��'6� ���  �� ^;� ��06* 	*��)PBS1 {8  �
!	#� o!
� "	
2/0  o���'S "	


 �
!	#�44/1  � ��06* o!
� "	
24/0 	*�� ���= i����	%�� /� (��06* o���'S "	
 PBS 

)4/7pH� ( DMSO %10  J['��
�/��;� /���� �� . �1.!��)- L�	� G��) �� ��1 �� ����  �C!	*

80-  ���
8 �
�
�.  

  

@��#+� ��, A��)#�* @  &���'(  

� (B�$(-,�� ��%;) &���'( )#�* �
�%# >�   

J;>+���'�� f5K ���� .��� "��	� 2��  Singh ) G���%;1 �1988� ( Tice  G���%;1 �

)2000 (��E�� 3!� ��	� .
� "���� )�  "�!
��� T�� � 3�!�S i�c /?[� �(��	� i�c /?[� )��
-

 
!���	�)�; �� ��	� (�Yg�( ���0'��  .
�/��;� �
'��) `! )� ���0'�� �� 
5� �*�� ��14  /:��

�'���  (��	
 ��	�,��- )� �	�
�#: .
�
� i�c V!�
� /� ��+�;'=� ��1 ��	� /� ����'��

(�#� � �+�#� G��6��t���	*�� )� ���0'�� �� �	0�� ��1PBS  )4/7 pH(  � �
��� C�+ G���$ /�

 �^�����C!� (�#g� �X�9 2�� /� 
5� �*��G�)  GP�;1
� rt� . ��	�(�#� /� ����'�� ��1

�	0���  ��� �� (�� P��0!	'���rpm1170  �
� /�10  ���� �� /[�9�4 �'��� /:�� "���� ��	
 


� G�	� �
: )� rS .�!�� (�#g�� 100  	'�+�	%��PBS  ��:�� i��� /�
� /*�<�  � /#=	�

 ��� �� P��0!	'��� "��1130  �
� /�7 ��� �� /[�9� �4  /:���'���  ��	
 .
� "���� ��	�

(�#� ���N
���"7 ��� �1 ��1  ON= �!�� (�#g� 
� �10  	'�+�	%��PBS  �100  	'�+�	%��

                                                           

1- Phosphate-Buffered Saline 
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3�!�S i�c /?[� )���
-1 )LMPA ( 
� /*�<� G- /� �  ��� �$	� /� G�	� �t�S /5�	� ^! ��

"7(��	� i�c /?[� )��
- �� J59 )� /� )��
- /� /'�v- ��12 (NMPA) %2/1 2�S��  �
� ���

 ���N
��� �
����
� .(P G
� /'6� ��E�� /�� /��;� �1  �
� /�60  ����) /[�9�4  /:��

�'��� ��	
 ��	9 (�XR! �� (
�
� ���� �
� /� �
��� C�+ 	*�� )� ���0'�� �� �
� 3!� )� rS .60 

) /[�9�6/14  �
!	#� o!
� "	
27/3 '�� �	'� 3��- �� 3#��� "	

��� ^�EDTA  �12 "	
 /

 �r!	�8% �o!
� 
�6���
�1 "	
 /10 DMSO  �1 �#��  G�'!	� 	'�+X-100  ON= /� "�
9� (

(�#� o��S�'�� ��!�'g� 	!�� � �+�#� ����!� �1
� .X�S G
� )�� ��E�� /� .DNA� "7 /� �1

 �
�20 �!��#9 �	� 	*�� �� /[�9� )13>pH{  ���= )��*�	'%+� 	*��12 "	
  �o!
� 
�6���
�1

37/0 "	
EDTA ��	9 (
�
� ����  G�!	: �� )��*�	'%+� �!�8� �� �21-20  �
� /� �+�20 

 .
� "���� /[�9�T�� ��	�  �C��- 2�� )�T��  �C��- )� rS .
� ���0'�� 
!���	� "�!
���

�n�A "7 �)���n�A 	*�� �� �1 )4/7 pH{ 85/4  (P 	1 ��� (r!	� 
Z��10 	'�+�	%��  (�#g� )�

X1  .
� /'R!� 
!���	� "�!
���5  ��10 "7 �T�� G�	� /*�<� )� rS /[�9�r%$ ����- �1 ����	� 

/+�5�� �)����%�- ��E�� /� .
�
�����#* j�%��	%�� )� ���� ��1� )Nikon E200(  /� C8��

 3�����)Olympus DP72(  �!�;�
�C� �100X  2�� Q#'R� J=�	� ��YR�� .
� ���0'��

 (�
: �� ���� .��� "��	�1  /Z�A�
� ��� . ��	��;� J6%�S J!
5� � �)�� 	!��Y� ��1

��
$� /��  ��C*� "	� )�Comet Score  /R6�5/1  ���0'��
�.  

  

��� � >�� (C &���'( )#�* �-� �+��  

GP�;1 
�!�	*  �*�� �)�� ��	�(�#� /� ����'�� �C!��P�;1 (�#g� )� ���0'�� �� ��	0�� ��1

PBS  P��0!	'��� )� 2�� 3!� �� .
� "���� �X�9 � G- Q#'R� J=�	� � )� rS .
�� ���0'��

GP�;1 
�!�	*  �
� /� JZ�= (�#g� ��*�� �)��10  �1� .���- �+�= /� `! ��� /[�9�
� .

(�#� /� ����'�� ��E�� /� rt��	0�� ��1� 10  �+�#� G��6��t��� ���9�* �;69 )� 	'�+�	%��

 ��990 �� 	*�� 	'�+�	%PBS  �E#v �� 
� |�#R� J��� ��K /�%1  /� �+�#� G��6��t��� )�

                                                           

1- Low Melting Point Agarose 
2- Normal Melting Point Agarose 
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 rt� .
!- ���20  �� G- )� 	'�+�	%��80  |�#R� 3�!�S i�c /?[� )��
- 	'�+�	%�� 
� 
�!�	* �


���N"7 ��� (P ���(P G
� /'6� G��) �
� .
� "���� "��	� 2�� f��?� � �$	� /� �1 �� �1

 ����4 /:�� �'��� ��	
  /�5  ��10  C�+ 	*�� �� �	�
��	9 G��) �
� 3��X;1 .�*�! .1�� /[�9�

 )� �
���60  /� /[�9�90  � P�'+� �G��) �
� )� o$� )��*�	'%+� H!�	� /�#� .�*�! .!�C*� /[�9�

 � G�!	:pH  /� 
!���	� "�!
��� T�� G��� ��6= /� /:�� �� .
� "���� "��	� 2�� f��?� 	*��

��� "7 /� �
�� )��� (�;'=� � ����- /�8� /� "�
9� �1
�"7 /� ���Z 3!� /� . ��1T��  �C��-


� �
�m "7 p�YR� }� �� �
�
� / � /'01 �� �
� /� J9� 
= "7 /5>: JA�� �  .
�
� ����

 2�� Q#'R� J=�	� ��YR��/��8� �)��  (�
: �� ���� .��� �
�2  /Z�A �
����.   

� 2�� 3!� ������#* j�%��	%�� )� ���0'�� �� )Nikon E200 3����� /� C8�� (

)Olympus DP72 �!�;�
�C� � (100X  J=�	� /6!�[� ��E�� /� .
� ���	� ���� 	!��Y�

/��8� � "��	� 2�� �� ���� .��� 2�� ����� �)��  (�
:) 
�
� /6!�[� o1 �� �
�1(.  

  

 ��-D1>�� &���$ 4E$%# �F��=# :� �
�%# ��, )#�* @A�� �-� �+�� ��� �*  

@��#+� G
?  (-,��) �
�%# >��  ��� � >�� �-� �+��  

�+�#� G��6��t��� )� �+�#� 2	'6
 /�8�  
�� "����  
� "����  

(�#� (�Yg'�� ��g����	0�� ��1  P��0!	'��� /#=	� ��  P��0!	'��� )� ���0'�� G�
�  

f�9� �+�#� G��6��t��� �)��  
�� "����  ��0'�� �� )� �PBS %�E#v)1(  

.��S ��	� (��	� )��
- �E#v "7 G�	� ����1  %1  %2/1  

(P ��;��� G��) �
�  u7�;>� 60 /[�9�  5  ��10 /[�9�  

�
��� C�+ 	*�� )� ���0'�� G��) �
� � ��5��	�  G�6%! ,��	�  
60 /[�9�  

G�6%! ,��	�  
90 /[�9�  

T�� (�#g� "7 ����- "���� � �C��-�1  � "�!
���
!���	  

�� ����-  


!���	� "�!
���  
 �
� /�2 
� ����- /'01  

.!��)- "���� ��	� ")7 G��) L�;��  400 /[�9�  330 /[�9�  
* .��� ���� G�6%! �
� �)�� /��8� � "��	� 2�� �� �� �
�� 	�c (�
: �� /� ���� 2�� J=�	� 	!�� 
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 ��-D2� �� )#�* @A�� @��#+� B'HI# 4E$%# &?�#+ ��-D :�-� �+�� ��� � � �
�%# >�  

  
(-,��) �
�%# >��  ��� � >�� �-� �+��  

)#�* @��#+� 4E$%#  (�=�(�) ��#+  )#�* @��#+� 4E$%#  (�=�(�) ��#+  

1  
(�#g� /�8��1- /��;� i�c � �1

�*�� G�	� GP�;1  
90  

(�#g� /�8��1- /��;� i�c  � �1
�*�� G�	� GP�;1  

90  

2  
P��0!	'��� /#=	� �� "����  �

"7 ���N
����1  
60  

f�9�  �)����	�  /� ����'��
�E#v %1  

10  

3  
"7 (P ��;����1-  C�+ (�#g� /�8�

�
���  
60  

"7 (P ��;����1-  C�+ (�#g� /�8�
�
���  

20  

4  "7 G��� ��	9�
��� C�+ 	*�� �� �1  60  "7 G��� ��	9�
��� C�+ 	*�� �� �1  90  

5  
"7 ��'6� �� G��� ��	9 � �1 	*��

�!��#9 �	�  
30  

"7 ��'6� 	*�� �� G��� ��	9 � �1
�!��#9 �	�  

20  

6  )��*�	'%+� "����  20  )��*�	'%+� "����  20  

7  �n�A � ��'6� "7 �)���1  10  �n�A � ��'6� "7 �)���1  10  

8  T�� 
!���	� "�!
��� �C��-  10  T�� 
!���	� "�!
��� �C��-  10  

9  "7 �
1�����	%�� 	!) �1j�%  60  "7 �
1���j�%��	%�� 	!) �1  60  

  

���#� 4�'8� � ���A�   

��	� �;� J6%�S J!
5� � �)�� ��C*� "	� )� ��
$� /� 	!��Y� ��1Comet Score  /R6�5/1 

 ���0'��
� .��	� /��8� � "��	� 2�� �� /6!�[�  (�K 	'����S V�S ���� 	1 ��	� ��
� �)��

����1 (px)���� L�0��� �2 (px)/+�5�� (�K �3 (px) 
Z�� �DNA /+�5�� ��4  �Tail Moment 

 .
� /'*	
 	E� �� ��	�C�+��- "���� 
!��� 	1 �� ����- ��150  ��100  ��	9 ���!)�� ���� ����

���� 3� ���� O�'A� .�*	
 "��	� 2�� )� JZ�= ��1�  2��/��8�  �)�� �
� �� G��)-t  ��

                                                           

1- Comet Length 
2- Comet Height 
3- Tail Length 
4- DNA% in Tail 
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 z?���>� ���� %95 C*� "	� �� ��SPSS  /R6�18  ���	� )� ���0'�� �� �1����;� 3��X;1 .
�

 ��C*� "	�Microsoft Office Excel 2013 .
� o�� 

  

O��H?  

��>� O�'A� />+�?� 3!� ������ (�K 	!��[� �� ����� ���� L�0���� /+�5�� (�K 
Z�� �

DNA  � /+�5�� ��Tail Moment  	!��Y��
�- ��� /� )� � .��� "��	� 2�� 2�� � ���

/��8�  �)��
�� �
1��� G-  J%�)1.(  

WA�� 3� ���� 	!��[� ����- ��1C�+��- 3��X;1 O�'A� ����� /+�5�� �#Z� ��1��>� ���� 

��
� G��� �� )05/0P>.(   G��)- )� JZ�= V!�'�t  J%� �� C�� �'0:	�v1 .��� �
�-  

  

  

 4
�1P�3?��# �F��=# :* ���.?� &'Q$ R0�� O�� ��,��� � � �
�%# >�� �� �� )#�  �-� �+��  

  

 	!��Y�)� �
�- ��� /�  	!��Y� ��0�� �� �� �*�'A� �0�� 	E� )� C�� �����#* j�%��	%��

��
� G���  J%� )2.(  
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 4
�2�
'� : ��0 ����� -�/� &,�# -.* ��,Rutilus frisii Kutum &���'( )#�* �
�%# >�� �� 

)A��� � >�� � (  �-� �+��&���'( )#�* )B(S &����;��� 100X.  

  

"7 	!��Y� ��0�� 3��X;1/��8� 2�� /� ���� .!��)- )� rS /#Z�*�� �
� /�8� ��1  �)��

"7 �� �
� )� rS �
� ����- ��114  J%�) 
� /6!�[� )��3.(  

  

  

 4
�3 :�
'� ��0 ����� -�/� &,�# -.* ��,Rutilus frisii Kutum   

 �� � %���V� )�/�*)#�* @��#+� +$ W� �'Q��6� �-� )A�X � ( +$ W� �-� 
���� ��,14 +�� )B �� (

��� � >�� �-� �+��S &����;��� 100X.  
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 G��)- ����- C�+��- 3��X;1t WA�� ��	� �'0:"7 �� ���� .��� �#Z� ��1 /� �!�1

r%$ .!��)- )� rS /#Z�*�� "7 � 
�
� ����	� /� �!�114 G- )� rS )��  O�'A� �
�
� ����-

��>�  ���� z?� �� ��%95 ��
� G��� )05/0P>.(  

  

 

 4
�4P�3?��# �F��=# :��#+ �� �� )#�* ���.?� &'Q$ R0�� O�� ��,:  � @��#+� +$ W� �'Q��6�14  +��

 @��#+� +$ W�  

 
Y8�  

/1� �K ����1 �*	��S /'�N
 /Z	$ �� h!	� ��1�6!) ����� � /� Jn�
�+�� �+�%#� ���!

 2�� 
�m J��%� � ��	����!)��  ����P ,��-DNA 2�� 3!� )� �%! .��� �
� 	����1  .���

 �������. o8� )� 3!� ��1�	���� 3!	� �� G�!C�- /� |��	� "�#$ �� 2����	l� ���	� /� G��� 

.8: ���� ^�6�����P ���� ��) ��!�) �!�Nv ���� W�R��  /� |��	� ��>+�?� � �
!� ��	S

^!  � m��S DNA/ � �K "	t��  ����� �
� 
�#� �! ����� �����	�.  .!�S ��E�� /� 3!� 	� ���$

o'6������
�!7- ^�6�����P ��	l� ���	� � ��- ��1�*�� )� �"�;� � �1 G�!C�- Q#'R� ��1

�� ���0'��  ���6� ���� .��� 2�� ��	� G��� �+�#� ^� �#$ /� �1�� 
���� ���!C�- G�A .���

� ��� ,���)Buschini et al., 2004( � o6�+���'� 	�� �� G��� J�A� �#$ /� 
5� �*�� .
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o� G
� )� �!��)� ,��- ��>+�?� ��	� �5���� WA�� ��� �%�'�P ����� )Devaux et al., 

1997(� 
5� 
���;1 C�� /�#� �*�� . 7�� G�A G�!	: � 	~� ��5��	� h*� .[� G��� ���� �#$ /

�� ��� ��>+�?� )� ��� 3!� �� 
�� / ������ )Belpaeme et al., 1998((�#� . )� .��- ��1

�*�� 3�+�� )� �%! "�
�� 3!� .
������A	� i	R� J���$ � ��5��	� J��[� �� �!7�� ����6=  �!�1

,��- �	>� �� o�['6� ���Z /� /� ������� ��	9 �?�g� ��1 )Fassbender and 

Braunbeck, 2013(^� ��1�� G��� ���� �#$ /� G�A �*�� . (�#�) �+�#�(�5#
 (�	0�� ��1-

 ��E�� /� ��� .��� ���0'�� J��9 ���� 2�� �� �'=�� /� C�	9 ��1 G���- ��� /�(�#� ��1

�*�� )� �	0�� �!�1
���� (�#� /� �*�� 
!�� �
5� J!
5� �	0�� ��1��� )Tice et al., 2000( �� .

 3!�/>+�?� ^�����C!� � �C!��P�;1 (�#g� 	� ���$ PBS  �X�9 
���� �%!C�* ��C�� )� ��	� C��

 ���0'�� �*�� 	'8� G�	� GP�;1
�p�YA 3!� �� . Guilherme  (�� �� G���%;1 �2012  C��

�X�9 )� �+�#� G��6��t��� /�8� ��	�GP�;1 ��	� C�� ��1 �*�� �)�� ��� .��- � 
5� ��1

) �[�[= �1��Anguilla anguilla�*- "�;� 	�l�� �g� /�  (  �
���� /'*	
 ��	9 .� ���0'��

GP�;1 ��	� �X�9 )� ���0'�� .
��	�  /� ����'�� 
��� 
5� �*�� �)��(�#�h!	� �� �	0�� ��1  	�

�� "��	� 2�� �� /� �+�= �� .
��� (�#� G���- ��� /� �	0�� ��1 �� P��0!	'��� )� ���0'��

�� "���� ��� 3!� �� ./>+�?�  J�+
� P��0!	'��� �� '�� /� )���}�� � ��	��@� ����%'�� ��1

3��X;1 � �!��� (�#� 3'*� ��� )� (�;'=�� � ,��- )�	� � �1 J=�	� ��?A ���!� (�;'=

 ON= P��0!	'���
�f�9� )� ���0'�� �� .  )� ���0'�� G�
� � �+�#� G��6��t��� )� �';69 �)��

 �	'8� V!�'� � /'*�! .1�� ��� 3�= �+�;'=� ��1�?A �G��) �� �!�: /*	Z 	� ���$ P��0!	'���

� /�� ��� (P ��;��� .
!-
��� ��1N
1 �� H[* "7 ��� �
� ��� ���Z (P G
� /'6� O

��  G��) �
� Q#'R� h���� �� /� �	�
60 ��� �
� 	�c /[�9� ) Singh et al., 1991; Olive 

and Banath, 2006; Tice et al., 2000(  2�� �� ���/��8�  �)�� i�c /?[� /� /:�� �� �
�

 G��) �
� �)��
- 3�!�S5  ��10 �� �!�0� (P ��;��� ��	� /[�9� .�� G��) �
� .
��  ���� �� 	�

4 /��;� 3'*� ��� )� � G
� �
�� (�;'=� � (P z?� G
� ^�A 	� ���$ ��	
 �'��� /:�� ��1

�� .!�C*� �� �?A � ,��- (�;'=�  .
1� ���� 2�� J=�	� /;1u�'!�8�  /� ����'�� /� 	��� 
!��

DNA (�#� � o��S�'�� ��!�'g� ��+�#� ����!� ��E�� 3!� ��	� .��� O
1 �*�� ��1 ���v
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(�#� /'61 )� �A	� .�C!	� G�	�� /'61 �%�'�P ��!�'g� �� ��� ON= � /'6%� 
!�� �1

G�	 �1�eS C�- )� �+�#� ����!� 3'6%� � ON= ��	�o!��	� ���0'�� �Z�A ��1  3!� �� .
��

p�YA Hughes ) G���%;1 �1996 � (Cabrita  G���%;1 �� �+�#� ����!� ON= ��	o!C�- )�-

)���d��	S ��1 K ��	� ���0'�� )��!)����� �  ���� ��>+�?� /;1 �� �5!	[� �
��� C�+ 	*�� L�� .
��

���� G�6%! �!��#9� � "���� G- �� ��	��@� J9�
=/>+�?� 3!� �� .��� �
 C��  C�+ 	*�� ,��	�


���� ��� G�6%! ���� .��� /���) �� �
� "���� ��[�[g� �� )Collins, 2014( G��) �
� .

(�#� �;��S�'�� ��!�'g� ON= � �+�#� ����!� 3'6%� ��	� ")7 3!� �� �1 ��>+�?�60 

 	�c /[�9� �
���� ) Tice et al., 2000; Kilemade et al., 2004; Olive and Banath 

2006; Garcia et al., 2007; Kosmehl et al., 2008; Guilherme et al., 2012( 3!� �� .

 />+�?� /� �
��� C�+ 	*�� G��) �
�90 �� 	E� /� .�*�! .!�C*� /[�9�  �#$ /� �
��� C�+ 	*�� 
��

�
�!�� G��� ���� ���9 ��1 ��	� ����!� J��� ON=�+�#� � )� �*�<� ���� � ��!�'g� G�	� 3��� 

 �)����)- 
�!�	* 
���'� 	'8� G��) �
� .!�C*� ��DNA (�#� .!�C*� /��'� �� .
�R� ��58� �� �1

�� 	l� ��1 /� 3!� 3;< �
��� C�+ 	*�� G��) �
��U  ���DNA (�#� ,:�� /%#� ���
� �1

#� ����!� ON= )� G���;K� � �6%� 
�!�	* J�;%� �+��� ��� )Kosmehl et al., 2008 3!� .(

� ��>+�?� �� V!�'Xu  (�� �� G���%;1 �2013 (�#� ��� /���� �
� "���� "	t�� ��1�  C��

	* 	l� �� .���� �[��?�-�%!	'%+� G�
�� �g� )��*�	'%+� 
�!� � '6%� � ,��- �
� /� /'6�-

 ��1DNA� /+�1 �� J�%�� (P /g0Z ��� �� �������%�- ./+�1 3!� �)T�� 2�� �� �1  �C��-

.�� s�<� �#$ /� 7�;>� /� ��� T�� )� �	!��Y� 	�!�1�  "�!
��� 
���� �����#* ��#��9 ��

 ���0'�� 
!���	��� ��� )Sestili et al., 2006; De Cavas and Konen, 2007; Collins et 

al., 2008; Kumari et al., 2008( .Garcia  (�� �� G���%;1 �2007  2��T��  �C��- ��	'��

"7 ��	� �� �	[�.�� ��;!� �#$ /� h9�� �� .�	� /U��� ���� ��1  /� )��� "
$ 3��X;1 � 	�
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Abstract  
Single-cell gel electrophoresis (SCGE) is a method that used to evaluate 

DNA damage in single cells. This method due to its great precision and high 
operating speed, considered than to other methods. The present study was 
performed to optimize some of the alkaline comet assay steps by using Caspian 
kutum (Rutilus frisii kutum) liver single cells. Hence, one batch of the fish 
fingerlings was used for the experiment (n=10, 7±1g) and fish liver tissues were 
dissected and transferred to freezer (-80C°) until starting the optimizing 
procedure and other common methods for comet assay tests. In optimization of 
conventional method for obtain single cells, centrifuging steps were deleted. 
Also, the solidification of gel on slides decreased and lysing time of cell 
membrane increased. Finally, a simple way to archive slides stained with 
ethidium bromide was present for at least two weeks. In addition to reducing 
experimental time and consumption materials, the optimized method led to 
lower cell damage and possibility of artificial error. No significant differences 
were observed between comet indexes, such as comet length (px), comet height 
(px), tail length (px), DNA% in tail and tail moment, achieved from the 
optimized and conventional method. 
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