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

��% ."�� ����'5 ��%'
 6�-7�  �3+�� 17MCF- ��% �� ���  �� 9�2 ."�� ��:; ��%'
 (  %� ����	� ��'.� /� "�� /��� (	<'� �3+�� 1	2

��% %� =����	� ��'�� )�*�+,+-�� ��'.� ��%'
 ='>	? @�AB,  �3+�� 17MCF- �+
 /��� (	<'�.  

��� :�� C+�� ��-
� ��% 1	2  17-MCF E�B� %� 1640-RPMI )Roswell Park Memorial Institute� ( E��'I %2CO 5  1	�� ! �$%�
°C37 C+�� KL� .�;�I ���� ":�  "��M /
 	296 "N�O 	
 ! PA-�� ��	, ) ����	���'�� 6�-7� 1	2Mµ 1000-1/0 ��� /
 ! %	Q�, (48  "S	�

C+�� (�;	� ��;� �$%� (���� .�;�I /
+�;�  T!% 	
 	2MTT ]3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide[ 

 .���'5 /W�	B� ! ��%'
X;% �� ��	Y-�� 	
 �+-M+M  �M+��!'��� �	#3	Z� ���[Q2 C+�� 1���  1	2 %	Q�, ";	�%+�� X;% E�+, ����	� ��'�� 	
 ��I 

33342Hoechst  �!'��� 	
 ��2	:� !K;	�%+�� \+� "�'5 ]	^;�. 

����� :�� C+�� �$%� (���� =����	� ��'�� "N�O _����� 	
 ��#� �%+$ /
 �2	I �!'5 	
 /*�	A� %� ��;� 1	2  "�	� _2	� 1%��)050/0 < P /
 `(

C+�� �$%� _2	� /� a�,', ���  "N�O �� ��;� 1	2Mµ 25  "N�O %� ! �	O Mµ 1000  �+b 'c���? /
���%. 

����� :����  �� '-:�
 "N�O %� ����	�Mµ 25 ��% %� )�*�+,+-�� ��'.� 1�%��  �3+�� 17-MCF �� �I	
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��. �� ' 2�"&	 �'/� /�� ����� 3��4� $  /4��( ��'�

2�!� 
�� 56�
 '   ���- 7�� �� ����� �� �"8
 $�.


�*9 �:�( ��  &; '     5��&< ./�&��� ���="4� �/� $�.

2�!�  ��>6, /? �� ��� ���. ��
    $��.��
�, ' /�&���

�
 (�@�� �AB�
   ��
 ��	 /&&	   ���"-��� /�4��,   $��.

    �� ./�.( ����9 )C��D, �� ��=E 
F, �� �'�@
 �A�8�

2�!��� 5���&< G������H- ���:�(  ���� 
����9� %�����.
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���-/� (�@�� �P� �( ��"*Q �����  2�!� �(   $��.

�Q� � ' $��@
 2��!,2���; � �
 (�@�� ��"*Q $�.   .(���

    �J'�"��� ��� �"�*��' 2��A
 ��� �� ����� 3�4 5��

�R ��/�#, �	 �4�4� �( ' 
��    ' 
��� 2��AE ��S �.

  7(��64 
�E���( 5�T:��C �J'�"��     (��@�� ��"�	 %/�4�

�
  (��)2( . ����� 5��U!S�   !���' ���� $   ��*Q���

     7/�� ������&� V��; �( ��� �E��1�
�
 �( �	 �;'/4

 ���
 7(�( W�#��=, %
����   %�:��*X�� �� ���89 .(����

7(�,    �!���E �( /���� ��<�	 $�. $ 4-3    /�A� ��"[.

 7���'(\��1�
�
 5�&]�. ./4�� �&��A
   $�:;����S $�.

 �. �	2  ��
 \�@4� ��� �� 2��   �� %/4���50   �:;���

�
 ��SR �
 �	 /4(�1 ���*� ��C /4��,  �� �������� �� $

/.( G�@4 )3(.  

     %��"�*Q ������ �� $��1��!C 7�� 5��;'� ' 5��"D�

�R ���
 �� �	 
�� �1/4� �8� ���_,   �4/�� 
�;�AE �.

��`_, '  ��' 2�"&	 �� );�� $   ������ ' 7�+;��� ��D�

 ������ .(��( ��"*Q ����� �'�� �(     ���=4 ���-� $��.

�
  ('/? �	 /.(4     �( a���"
 �4/�� 
��;�AE 
���

   �.��	 �� ��"�*Q ����� �� �"�� ��- %�"[. �� 2��

�
       ������ �'��� �( ���`_, 3��4 ' ���`�S )�J� ./.(

      ���� �� ���`�S )��J� �( ��8�E (��C' .(��( �+4 ��"*Q

'�"���� b`��C ��"��*Q ������� ���� �"���� ' 7('� �( �J

�
 $��1�!C  5�
��"�' c�H
 5�&]�. ./&	    ��	 ����.

�"4R   5�
��"�' /&4�
 %/&"*. ��/�*	�E   5�
��"�' 'C  �(

 
�� /�[
 ��"*Q ����� �� $��:=�Q)4(.  

  d'� �� %��"�*Q ������ ��
�( �(    ��[!"#
 $��.

�
 7(�["�� e��� �	 (�� ��
�( 5�� 5��,   ��,�Q �
�� �.

��/�#, 5"��(�� %�4�
�( ��
��. %�4�
�(  ���� ' �.

2�� �( .
�� �4�
�(  d'� �� ���-� $�.    /�&4�
 ����.

Monoclonal antibody% Photodynamic therapy ' 

Angiogenesis inhibitors  7�D� ����� ��
�( �( T�4

�
 ./4��  

 ������� (��C' $    ����� ���� ������ ' G�T��!E 5���

 
�*�J�;�64� a��, 7(�"*1      ����9 ������ (���
 ��.

.
�� �"E�1 �� )�*+, f���  $/&�Domingo%   G�T�!E

  ��
 )��*+, �"�( ��D< ��   �"��( :/4��� $   �
��� 2'�

"�� 5��"=�� �� G�T!E   h���' ���� �� �	 �"�*�*	�,�

7/&	��Q a�F
 �(  \��4��'� %7��C %)�
(�	 %��&��R) /4�

(b�� '% �"�( $   $�'��B b���	 ���&� �
�� \'(

  �"��( %($'� ' \��&!�� %T&:&
 %
;�8	 %\�	) $   \���

' �6�4) �6�J�;��� 
��.� �� G�T!E �
��  ()�(��4� ' 

�"���( $  �6�J�;�	���
��E 
����.� ���� G�T��!E \����D<

)�;�1 %\��&�
�;R)  ' i�� �� �1� $T!E G�8�	�, .()�"�;

/&&	 �'�@, �/� ��J�;��T�E% �
     ���� ����*� /�&4��,

/&�����j ��< �� ���	   /��4�(�9 G�T��!E 5���� �� $�����*�

2�6�(�� ./&&	 /�;�, (��R $�.  

 �/� �( ��� ��    )"�*�� 5��� 2(��A, �� 2��A


���"4R 2���6�(�� ' �4�/���*	� (��( (���C' (��R $���.. 

�4�1 i�� �	 �
�:&.     $/�? ��� �k��*	� 2�AE $�.

     2�!�� �1/�&.�	 G�/�9 ��� /4��"� �	 /��� U�;�S 

 %(�������
 ���@&
 /��4��,  %�����< �������/�*	��Q ����

��!#, $ 7'�1     $�.���*
 �( ����_, %���/�[;��� $�.

2�&:���� 
��/��.  ��"�����. �( �����_, %�;�!��� $���.

 �� U��R ' )�*!	DNA      ��
� 5��� ��	 (��� 2�!�

�
 �,�@&
 /4�   7'��� G�T!E .(�� ����� ' $��Q ��

2�6�(�� /�;�, �� /4�(�9 �	 5�� ��  �� (��R $�.DNA 

/&4���� U��R 2�!�%  ��
 5�&]�.    )�
��, �� /�&4��,

DNA /&&	 $��1�!C )6 -5(.  

 7'�1 �� �	 
�� 5�:&� $T!E )�
(�	II b  2'/C

   ���,� (/�� �� �H&� 5�� .(��( m!A, ��'�&,48  ��' '
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 ��,�4/112  ���6� 2�"*��	  �DC' �� $�.
�� .

 ' (��/4 (�C' 
A�8� �( W;�- G��� �� )�
(�	 ��

 ���/��7  p&�� �(      ' $'� ��� 7����. �4/�A
 $��.

�
 7/�( b��  )�D
 �� �6� .(��     ��A�8� h���&
 5���,

 ��,�, %)�
(�	 
��)7(.  


�;�AE     ��:��� %���*E h���&
 �/4���� ��89 �� ���.

$�,�� 
-�� �� %�/�=	 �!6�4 $�. -   h���&
 �� ���
(�	

�D
�     r��A
 �( ���*4� 5"E��1 ���9 U8� �	 /&"*.

�
 T!E 5��   ���J�;��� ��� ���4 ���- �� T!E 5�� ./4��

 �4s��) 5��20 -15 2��%(   ���*4� �/� �( h�@, t���

�
    5��� V�4�JR a���, )�
(�	 .(��    G��+�+F, ��!!�;�

�"�( �( ����� $ I �������� �
  ���9 �� 
��� �"E�1 .

7(�( ��=4 $J�;��
/�Q� G�A;��
      U8�� )�
(��	 ��	 /�4�

  ��
 7/�A
 ' ��!	 %G�"�'�Q %��� �( ��
�, (�@��   .(���

�
 )�
(�	 d�1�- �(      �( ���
�, (��@�� U8�� /�4��,

 )�*�4�6
 .(�� �u�� ' G�"�'�Q     ������ (��@�� $��.

     7/�=4 �"-�&�� ����- ��� )�
(��	 a��,   )�
(��	 ./�4� 

  U���R t��� ' 
�� ��*	�,�"�� �
�� �� 5�&]�.

 2���6�(�� ���� �"��*��'  ���� (��R $���.DNA  �( 2�!���


L!S  $�.mM 10 -1/0 �
 (��.    
��� �;��? �( 5��


L!S �( )�
(�	 �	  �"�	 $�.  ���� ��   t���� 2���A


 �( ��>6, ' )�
�, �.�	DNA �
 (�� )8(.  

7J�' ) ��"Q�QR $Apoptosis�=�� (   (��( �4��4�� $

 v�8!1 �/� �/C �� 
-�( �� v�� �(�"E� �&A
 �� �	

�
 �1 ��     /��	K, ��"64 5��� �� ���&A
 ���=, 5�� ./���

7(�
 v�
 �	 (��(   �/�C ' $�'�B �#� �� 7/4� $

 �� �4/=4�-�<  ��
 7/4� G�(�C�
 �1/4� $   ./����

   7/��  ���A, /&���E �� %��"Q�QR 3�4 �� �;�!� v�


 ��
 2�AE ' /����       ��
�6, �( �� )�D
 ��+4 ��� ��	

     w�[? ' )��L&, �( 5��&]�. ' �;�!�� �Q G�(�C�


2�!� (�/A, 
E�� $�.     �( �;�!�� ��Q G�(��C�
 $�.

   ��
 ��[�� ���J�;��T�E ' ��J�;�,�Q a����   /�&	)9( .

  ���J�;��� 
��.� %��,�"Q�QR $�./&���E 7(�"�*1  $�

  )��L&, %��"���. /��>6, %T���, %�
�6, �
�� �	 /4��(

2�!� c`? ' �&��� )"*�� (�6!�� �(  ' W9�4 $�.

�
 �u
  /���)10(.  

2�!�  
 G�����_, a��, ��,�"Q�QR $�.�  ���J�;�E�

�
 �"-�&�  /4���   %G�����_, 5��� ��� .    ��<�	 2�!��

�
 �
 �6� �� %(��     2�!�� ��� �� �����, ' /�"E�   $��.

�
 
�( �� �'�@
  �/�Q h�@, �R 5�,�
'�	 ./.(�
 	 �& /

�=S �� '$  ��
 G�C�D
 �"*.   ��=S %/�&	$   �������Q

�1/��
R��  �/���Q �����.���
 /��&	 
����D4 �( '%  ���� 2�!���

�=S �� ���.��"-��$  ��
 ��T@, �"*�     \��*C� ��	 (���

�
 7/�
�4 ��"Q�QR /4��7(� �	 5�� �� �C�, �� .   �;�!�� $

7 -MCF   G��A;��
 $��� 7/� �"-�&� 2/
 �� ���&� ��

 ��
 �&�� ����� �4�*4�      ���"Q�QR ��	 ��C �R �� ' /����

  �( )�
(��	 /��!	 �� ���4     %(��� 7/�=4 ������ 7(� 5���

     /���!	 ���*	�,�"�� G���P� ��� m�+F, 5�� �( 5�����&�

7(� �( )�
(�	  �;�!� $7 -MCF/� �"-�(�Q %.  

  

��� 	
  

7(� :�;�!� 
=	  /�� G��� �� ���4 (��
 �;�!� $

 ����E �( 7/� 7(�(   $��.2cm 25    �;�!�� ��4�� ��

    ���� �!����E�� ' $��/����- ������� ��"����Q �"�"��*4�

    �(��	 �4��[� /�B �� VQ ./� 7(�( 2�+"4� 7�:=��
�R

5�(�"� 2�!F
 �� ���E c����-   
�=	 a�F
 %�6;�

      �� V�Q ' /�� ���!#, ���&�
s (��. ��� �( �R �E�B�

  ��� %�;�!� )	��, �L4 �� y�6�'�6�
 ��� �( �����

 ��,�����64�2co  a������ ����5  /����(2co %95  /����(

 $�
( ' b���
 $��.°c 37 ���E ./�(�1 �+"&
  �.
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�!��' �� �4��'�   )	���, ' /�� �L4 �� y�6�'�6�
 $

     \/�� 2��"&	 5��&]�. ' �;�!�� $J�;�E��
 %�;�!�

  /�&"E�1 ���9 ����� (��
 �<��9 ' �����"	�� �1(�;R

 �����E 
��=	 a��F
 '  ���. ���.3-2  ����� ���� �'�

 z��A,   ����E 
�=	 a�F
 z��A, $��� ./�   ��.

�;�; �� �&D	 
=	 a�F
 %��&�
s (�. ���  ���"�� $�.

    /��/C ���"��� 
�=	 a�F
 ' �+"&
1640-RPMI 

)Roswell Park Memorial Institute   $'��? ��	 (

10  %�;�����1 5���&C \���� /����( �E����  %G���&��6��

�������@
 $� �� $�./������ ����&�
R ' 5�
����"�'  %����.  

U/ml 100 �&Q  ' 5�!��mg/ml 100  5�*��
�"Q�"��

�
 ���E �� %/���  ��
 �E�B� �.   ����E ./��   ����.

 ��,���64�2CO �
 �+"&
 ./4/�  

    d'� �� 7(�["���� ���� �"���*�*	�,�"�� �������

MTT : MTT)Microculture tetrazolium test (

     ��	 
��� bR �( 2��!F
 )�;'����", p4� (�� ��4

 J'�/���.( G�&���*	�� a����,$�/��&	�"�
 ��4   $���.

2�!�        ��:4� U��	�, ��� ' ���?� %2��AE ' 7/�4� $�.

�
 ��/8, 2�!F
�4 ����
��E    2��? ��� p4� 5�� .(��

���
 ���? ���;R  {���
 2���� �( p��4� G/��� ' (����  

nm 570 2�!� ��T�
 �� U��&"
  $��� .
�� 7/4� $�.

2�!� %�"�*�*	�,�"�� �������    �� 5��*|��, a���, �.

  \s a���, d���� �� VQ ' /4/� �/C ���E  	

�"�*4�( �� ����}4  $cell/well 103  ×5 
��!Q �� %   $��.

96     �� V��Q ./4/��� 7(�( 
��=	 ' 2���+"4� �6.���<  

24 2�!� �	 
���     < 
��!Q i��� ��� ��.  ' /4/�8�*

�!?�
 (��' 
L!S �� %/4/�(�1 /�� $  ��  !"#
 $�.

�������	 )�
(�������	 /��������!	 �( 2�������? PBS   

)Phosphate buffered saline����D, ( 7/���  %/��4(��

./4/� 7(�( ����,  

 �� VQ48  2�!F
 %
���MTT  ���D4 
L!S ��)

mg/ml 5/0  �(PBS    ' /�� �E��B� 
�=	 a�F
 �� (

 
�!Q4  $�
( �( 
���Cº 37 64�  V|�� ./�(�1 ���

  {���- 
9( �� ���� ' p4�� �� 2�!� 
=	 a�F
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Abstract 
Background: Cadmium is a heavy metal widely used in industry and a major environmental pollutant 
which cytotoxic effects in different cell lines were investigated. MCF-7 cell line is one of breast 
cancer cell lines which cadmium effects have not been studied on it, so far. The aim of the present 
study was to investigate the cytotoxic effects of cadmium chloride in MCF-7 breast cancer cell line.  

Methods: First, the MCF-7 cells were cultured in RPMI-1640 (Roswell Park Memorial Institute) 
medium, at 37◦C in a 5% CO2, 95% air-humidified incubator. Then, the cells were transferred to a  
96-well plate with various concentrations of cadmium chloride (0.1-1000 µM) and treated for 48 
hours. Percentage of cell viability was measured via MTT assay [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide]. Also, microscopic studies of cadmium chloride-treated cells apoptosis 
were performed using Hoechst 33342 fluorescent dye and were observed via fluorescence microscopy. 

Findings: Increasing cadmium chloride concentration significantly decreased the percentage of living 
cells compared to the control groups (P < 0.05). The viability reducing started in concentration of 25 µM 
and reached to its maximum in concentrations of 1000 µM. 

Conclusion: The results of this study showed that cadmium have cytotoxic effects on MCF-7 cell line 
in concentrations higher than 25 µM. In addition, the study showed that cell death induced mechanism 
by cadmium is apoptosis. 
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