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Abstract 
 
Background & objectives:  Breast cancer is one of the most common diseases in women around the 
world and has many causes. Calcium regulation plays an essential role in cancer cell tumorigenesis and 
cell proliferation, migration, metastasis and resistance to apoptosis. Nanocalcium inhibits tumor by 
changing the pH of cancer cells. In this study, calcium nanofluoride was synthesized and evaluated as 
one of the treatment candidates and reducing symptoms in breast cancer. 
  
Materials & methods: The mixture of calcium carbonate was sonicated with hydrogen fluoride and 
the nanoparticles were confirmed by DLS and TEM techniques. MCF-7, MDA-MB-231, MDA-MB-
468, BT-474 and healthy MSC cancer cells were cultured. MTT test was also performed to determine 
the IC50 of the drug and to perform tests for apoptosis, cell cycle, abrasion, hemorrhage, invasion and 
colonization. 
 
Results: The IC50 level of calcium nanofluoride treatment was 1.2 mg / ml using MTT test, but 0.6 mg 
/ ml was used for apoptosis and cell cycle tests with an apoptosis rate of 2.8% in MDA cells. MB-
23117% in MCF-7 cells and 4% in BT cells showed no significant extent. Also, MDA-MB-231 cell 
cycle in G1 and G2 stages showed an increase of 6.7% and 1.01%, respectively, and in S stage showed 
a decrease of 5.79% without significant extent. MCF-7 decreased by 11.46 and 6.43 percent in G1 and 
G2 stages, respectively, and increased by 22.52 percent in S stage. BT in stages G1 and G2 shows a 
64% increase.   
 
Conclusion: Calcium nanofluoride increased cell death by initiating apoptosis, showed good 
performance in inhibiting and reducing colonization, closure of the scratch site, invasion, sphericity of 
breast cancer cells of MDA-MB-231 cell line. 
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1Dynamic Light Scattering   
2 Transmission Electron Microscope  
3 (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) 
4 half maximal inhibitory concentration (IC50) 
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Annexin V-FITC    I�% &
 TC� .��5	: &��L�15  ��%5�5 &H�?54   ��5	: &
�-�� ����� r�a%�5 5�	7����� &J�5��  T� .

&/�/ &
 "����
�-�� 9�1�� 0�  ��  1   ��%	��/  0�   ���a% Binding buffer 1X  I�% &
 � ��5	: &��L�5  <)	� �
 &H�?5 RPMI  

1500    R��@�	���� /��� b��� &
  .<8:    6�%�  <��
500  ���a% 0�  	��/�	-�%Binding buffer 1X    �5  .��5	: &��L�

&/�/ &
 M���> M��%0  w�� ���' ���PI   �  	�  �5   w��FITC �  PI  +3    ��%    w�� 	��/PI    6�7��5 r��� � ��5	: &��L�

 �	�%��������)<8: �	�: 60���� 0������ "���%15.(  

 ����� �B�26    

M��%0� 9�D��  ��	
     /��� &>	V  .�* \1) 0������ l�� &
�8% +�� ���� �0����J &�'	% ������ &
  &� 65	� b��� ���

  "�-/��50  	��/�	-�%PBS  TC� .<8: T-���   %���  &
  �  ��5	:  &��L�  5	�1������  	��/   ��%70    5	�  �A�5 "���)  &


  +����
-��"�-/��  &
    &��L� ���    T-�����5	:"�-/�� .5�5 "�-� <?5 �
�  %��� &
 �� ���* 6  I�% &
 �2    ��UQ� �5 <)��

  ����37�����5	:  .� TC    �� "�-/��  R��@�	�����*+6    5�J�% �������� �5  �3  b��� .��5	: &��Q�  �
1	��/  ��%PBS    �8�
*

  TC�  .�*  65�51    ���a%	��/   ��%PI MASTER MIX +    ���'40  	��/�	-�%PI  +10   	��/�	-�%RNase  +950  

	��/�	-�%PBS  ���� &
  <
�� s�� ���a% &
 �� ����  ��3� <f
� .<8: &��L� �� � 65�
    �� ����  ��3� <G�kCell/ml 

510×5  5�
T� .    <*j: 0�03  r�a% ��%5 �5 &H�?5  +�
 �� ����  �* M���> �	�%�������� 6�7��5��65�5 .��\A�' �  �
    9	�

 �����FlowJo  ���* ��/���)15  .(    

 
5 Apoptosis Test 
6 Cell cycle 
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 5��B <�(7 

  ���� 0� <
� ��� 9�D�� ��	
 MDA- MB231  .��5	: 65�@��� B�
 I	J�3% I�* "5�
 ���5 \�/5 &
  M��%0� 9�D�� ��	


  +l�	>5����  610����MB231-MDA  �5�&��> 	� "    <���  0�6  &��>    .�* &�Q��0�  T�24<)��    i
�$% <G�k  50CI 


  6�%� <��+&��> �5	� �5  880  �	-�%	��/  <8� r�a%    +  120	��/�	-�%  I��
	�  � ��
��120  	��/�	-�%����������   ��
��  

  T� .��5	: &��L�  <*j: 0�48    <)���5  /��
�	� ��� ��� �
  	� r��  5�D�� �	$? I��A &
  *�	> &��>    TC� .��5	:

 "�%0 �50 �24 � <)��  �� &��> &1��5	: ���%� w��� T-�� �� �� ���� I	J�3% "���% � �5  ��	
 ���� u�-��	-�% 	�0

�  T-) ���5	
5	:�<
� �5 .�  l�	> ) &$
�� 0�2)��5	: 65�@��� (15 :(  

 &$
��)2 :( [At-0h_At-Δh)/ At-0h] ×100                     l�	> "�* &�

 �A�5 =  

  

����� �D�'( <�(8   

<
� ��� 9�D�� ��	
 +    ��� ����231-MB-MDA    �5��    <���24  &��>    TC� .���* 65�5 <8�  &
&��>   }�eQ% ��� 

  +�	���r�a% rH�    <8�DMEM  &
 �  &
 P�
	% ��� &��>  ���5 �
 ��1��  +120  	��/�	-�%  � ��
�� I��
	�120  	��/�	-�% 

����������    0� ��
 .��5	: &��L� ��
��48  "��
 <8� r�a% ���� &
 � &��Q� "�  ��� <8� r�a% <)�� FBS  ��5	: &��L�

� I�% &
12 ���� <8� �
 "�%�1� .�* 65�5 ��	? ����
�-�� "��5 <)��+  �512 <��� ��� &��> 0� ��24  ����5 ���	���� &��>

 j���%  8  �	�%�	-�%   �* 65�5 ��	?���g�	��% 0� �� &�B �
 ��	���� TC� .  <G�k �
  5/0  .���* 6����*�� 	��/  ��% 	
 9	:  ��%

  <*j: 0� ��
24  ��� "��5 <)��  "��
 <8� r�a% �5 6�* 65�5 <8� �� ���� ��	�FBS    ���H% &
25000   &� 	� 0� ����

 +�	��� 6�	: ����������   ��
��  � I��
	�   .�* &�Q�� ��
��  ���' <8� r�a% ��	���� ��	�0 <1
? �5 FBS  �5 � �* &�Q��

  �?��  <8� r�a% ��	����  ��� <1
?FBS    <*j: 0� ��
 .�* &�Q��10    �g�	��% "��
 � �
 ���V �5 	� �� ���� <)��

 �A�5 .����5	: ���%� w�� � T-�� 6���1�?�
 ��� ���� � 6�* ��J 	���� v� 0� u��� �
  &
  /��� �J�3�  ) &$
�� �1�3  (

)��5	: &f��a%15 .(   

 &$
��)3:(     

 

                

      

  ٩وئيد اسفيرتست 

  �5 &-��� 0� T�  ��4� &� ����  ��� MDA-MB-231   x4%��  �*� �* 65�5��r�a% +    �� ���� ����
  6   r�a%	��/  ��%

  <8�&L���% 60��   ��5	:  .&
  &��>    +�	��� }�eQ% ������1�� ���    &��L����5	7    �&
  &��>  ���    }�eQ%���5 �
 ��1�� +

  <G�k i
�$%50CI  6�%� <��
  90�	-�%	��/  I��
	�  � ��
��90	��/�	-�%    ����������  .��5	: &��L� ��
��T�  0�  48  <)��  

�� &��>  �
PBS  �8�
*�* 65�5�� � ��5	: &��
C�	� �� .TC� �� ���V v� <��� �12&��>  ��:� �
1�A�5 ��*���6� �*  �  

 "� �����500  �� 1000 �	-�%	��/ a%�r  &��L� <8� ��5	: . &
 5����100  ���� ���V 	� �5 ���� � ��:� �R�&�Q .�* �5 

 ��V  I�% &
  <���	>�    ��	
 ��	
  0������ 	�@��    ��05����  	G�  0� � 60����  ����
�-��  "��5  ��	? �* 65�5.   &f��a% <3J

 
7 Scratch assay 
8 Invasion assay 
9 Sphere Formation Assay 
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  &/�/ �� &
 <8� p	�0� ��	�@�� ���' r�a% + /���  ��0	�@���A�5��5	: \H��% \�	���  .    /��� I��1D��
  � 9��� R��� +  

	�@�� �3��� ����5	: 6����	� <>���-� ��! &
  �����%  ?�
 �����H% .100  	��/�	-�%  0�    � &�*�5	
 ��	�@�� ���' "��
��C���

	�k p	� �� �5    .�* 65�5��	? 6��f
V0� ��
    ��	-� &f�	% &���	�@�� 5���� +&�'	% ���  0� 65�@��� �
    ��  u�-��	-�%��	���

��/4   ��1�:��
)40��5	: l��1* (��    l��1* ��
 &� ��7���% ��%� <��
.  <��3��5   �
    &$
�� 0� 65�@���)4(  ��0	�@�� �A�5

��5	: &f��a%)12( :                                             

��%	� )4(      :  

        100  ��0	�@�� �A�5 = (6�* \�-8� ���	�@�� 5����/6�* 65�5 <8� &�/�� ��� ����) ×  

 ���
 ����# <�(10  

   ��!	� ���� 0� <
� ��� 9�D�� <3J231-MB-MDA ���V	� "��5 .��5	: 65�@���96  &��>    5����410    ���� 65�5 ��	?  

�
 � �*  �D' &
 <8� r�a%100  �	-�%	��/  �����  6�0� T� .�*  <*j:  24<)��    }�eQ% &��> &
 �� ���� \%�� �*� �

� <8� r�a% rH� �	���    &
&��>  ���  ��1�� &
 P�
	%  &��:��J ��$
 ���5 �
  +12  ��
�� I��
	� 	��/�	-�%  �  12  	��/�	-�%

����������  ��
��  0���
 .��5	: &��L�48    <)��&��>0�  9���	��
  �� PBS �8�
*    65�5 ���*    �� ���� ��
C�	� �1� &
 �

  .����5	: l��1* � �0����JTC�    	� �5  <���  ���H%20  	��/�	-�%  b��� ���' ���a%/���     �1000  �	-�%	��/    r�a%

<8�  � �* 65�5 ��	?    I�% &
7  ����
�-�� �5 0����5	: ����37� .  &��>  �����%� w�� � T-��  ����5	:T� .  0�    "�* �8>

 \%��&��> �� +����  ��1�:��
 �
 ���� u�-��	-�% 	�0 �5 ��40  ��	
����5	:)13( .  

 ��� � 5��  

0�T-Test     65�5 &
��H% ��	
  ���� �* 65�@��� 6�	:�5 ��
  ��5  ��% "���%  �P    0� 	�1�05/0  +01/0  �  001/0   &��* &��	: 	G� �5

 65�5 "�8� *** � ** +*��� <%4) �
 ]��	� &
 .�*  

  

F���� � �� ��6��                                                                                                                                                                                                                                                    

  F����DLS  

 �5��5�1�1  60�������������� ���H% ��
��86± 543  �5 � .<�� 6�* 65�5 M��1� 	�%������5�1�2 \�
���� ���H% ��0MV  7/4 ±0/4  

 6���8% % *�.5    

 
10 Colony assay 
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��5�1�  1  .  ���-�0� 65�@��� �
 ��
������������ I��S 60����DLS  543±86. اندازه نانوذرات فلوريد کلسيم  	�%����  .�%� <��
  

  

  

��5�1�2  #�0�� ��5�1� .����� q��� 	
 ��0 \�
����  DLS .  ��0 \�

��> �%�.   MV 7/4±0 /4 نانوذرات فلوريد کلسيم ����  

  

  F����TEM   

     \-* �51  "�8� 6��j:  ��	�-/� u�-��	-�% �����  % ��5 +  ��
	$? 6�* ���� I��S����100  ��200  	�%������5�� .  

  

\-*1  .	��e�    ��	�-/� u�-��	-�%  TEM  ����������     ��1�:��
 �
 ��
��200	�%����  ��
 6�* ���� I��S���� 	$? .100    ��200 

 .<�� 6�* 65�5 "�8� 	�%����  

  F����<�(MTT    

�����   \A�'  0�  <
�MTT   	
  ���  ����MDA-MB-231  �5  ��1��  �
  ����������   ��
��  �5  <G�k   ���  )0�3/0 �6/0  �2/1  

�4/2 �0/5 �0/10  ��%  ��% �5 9	:  (	��/�5 "�%0 ���24 +48 +72  <)���5��5�1�3 .<�� 6�* 65�5 "�8�    
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✱

✱✱

✱✱

✱✱✱

✱✱

✱✱

✱

✱
✱

  
��5�1�3.  6��0 "���% &
��H%  ����  ��% ��!	� ���  65�MDA-MB-231<G�k�5 ���  

  v��Q%����������  ��
��.<�� 6�* 65��� ��% �5 I�a�L�� .    

��5���% 6���5 "�8� *<%4)  &
��H% "5�
  ��
�� ����������    �	��� �
�$��505/0 p< .�*�
  %  

    ��5���% 6���5 "�8� **<%4)    &
��H% "5�
  �	��� �
 ��
�� �����������$��501/0 p< .�*�
  %  

      ��5���% 6���5 "�8� ***<%4)    &
��H% "5�
  �	��� �
 ��
�� �����������$��5001/0 p< .�*�
  %  

  

  <
� ��5�1� 0�MTT     &f��a% ��	
50IC  ��5�1� � �* 65�@��� "�%0 &� �53  "�8�  6���550IC  <�5 &
6�%�    	�� 0�����������    ��
��

65� "��
� "�!	� ���� ��� 	
 MDA-MB-231   %��/��� ����� .�*�
50  �5  ��% 6��0 �A�524  	
�	
 <)��8/4   �5 9	:  ��%

 &D��� 5�
 	��/  ��%50  6��0 �A�5 �5  ��%48  <G�k �
 	
�	
 <)��2/1 �5 � 5�
72  	
�	
 <)��05/1   .5�
  

  6�%� <��
 	�5�H%50IC  65� "��
� "�!	� ���� ��	
231-MB-MDA  "�%0 &� �524 +48  �72 ���J �5 <)��1  

&
��H%  .<�� 6�*  

���J1% .% &
��H  6�%� <��
 	�5�HIC50    65� "��
� "�!	� ���� ��	
 MDA-MB-231  "�%0 &� �524  +48    �72   <)��  

  "�%0  

)<)�� (  
IC50     ��%)  9	:��%�5   	��/ (  

24  8/4  

48  2/1  

72  05/1  

  

 �����<
� MTT  ���	
 65� ��� /���   468 -MB-MDA+474 -BT �7-MCF <G�k �5  )���0 �3/0 �6/0  �2/1  

�4/2 �5/2�8/4  �5 �6/9 �10  �2/19 ��% ��% �5 9	:   (	��/���������� ��5�1� �5 ��
��4 .<�� 6�* 65�5 "�8�     

✱✱✱

✱✱

✱✱✱

✱✱

✱✱

✱

✱

✱✱✱✱✱✱

✱

✱✱✱✱✱✱
✱✱✱

✱✱✱ ✱✱✱

✱✱✱

✱✱✱
✱✱✱

  
��5�1�4.    "���% &
��H% ��% 6��0  ���� ��!	� ���    ��� 65�MDA-MB-468   + BT-474 �MCF-7                    
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  <G�k �5  v��Q% �������������  ��
��.  

  6�* 9�D�� &
��H% "5�
 ��5���% 6���5 "�8� *<%4)�$��5 �	��� �
 ��
�� ����������05/0 p< .�*�
  %  

   �$��5 �	��� �
 ��
�� ���������� 6�* 9�D�� &
��H% "5�
 ��5���% 6���5 "�8� **<%4)01/0 p< .�*�
  %  

      �$��5 �	��� �
 ��
�� ���������� 6�* 9�D�� &
��H% "5�
 ��5���% 6���5 "�8� ***<%4)001/0 p< .�*�
  %  

  F�����(<AO/PI  

  +<
� ��� �5  �����  <�������� u�-��	-�% �
 ���5	
 T-)  \-* �52    % 6���8%  55	:  &!�
	% ��� 65�5 ���U1� .  	
  �����5�1�5 

 6�* 65�5 "�8� .<��  

  
\-*2.  <�( 
� �����G��H F����AO/PI 	�� 0� 6�%� <�5 &
  ����������  65� ��� 	
 ��
��    /��� MDA-MB-468, MSC, BT .  
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��5�1�5.  ��5�1�    <
� &
 P�
	%AO/PI  	�� 0�  ����������    65� "��
� "�!	� ���� ��� 	
 ��
�� MSC, BT, MDA-MB-468.    0�  �G�k

 `	% O)�
 &� ���5����50  �5 +<�� 6�*  ��!	� ��� ���� �A�5 A  <G�k .mg/ml 5   �5 +B .mg/ml 4/2   �5 .�%� <��
C . �� <G�k 0� �� ���  0� O)�


 ���� ��
50  .��5	7�  ��!	� ��� ���� �A�5  

 &
��H% "5�
 ��5���% 6���5 "�8� *<%4)6�* ��1�� ����  �$��5 �	��� �
05/0 p< .�*�
  %  

 &
��H% "5�
 ��5���% 6���5 "�8� **<%4)  6�* ��1�� �����$��5 �	��� �
01/0 p<.�*�
  %   

 &
��H% "5�
��5���% 6���5 "�8� ***<%4)  6�* ��1�� ���� �$��5 �	��� �
001/0 p< .�*�
  % 

 

  

  F���� <�(AO/PI      ���;�� <6��Hodgkin  

 w�� 0� D���� ����	�� <������ ��� ���� 9������	� � (AO/PI) I�	��N� �  ��-��	-�% �R�/����% M��%0� ��	
  <��


��!	�    Hodgkin  .�* 65�@��� ��
�� ���������� �
 ��1�� 0� T�   I�% &
  ��!	� <��
48  �
  i
�$% <)�� 50IC  <a�

  TC� .<�	: ��	? ��
�� ���������� "�%�510  P��Q% 0� 	��/�	-�% AO/PI .<8: 65�@���  /��� <��
 ���%� w�� ��	
 

  q�-�% u�-��	-�% 0� 65�@��� �
 �� ���� �5  -�R�/����% I�	��N�w�� .�*  �����* <������  �%	? �  D���� +�f� ���

&
<�5"�8� ]��	� &
 6�%� ���� 6���5 ���� � q�	�5 0������ +6��0 ���  0� \A�' ��� T-) .���
� 65	% ���  ���5	
 T-)

 <�������� u�-��	-�% �
 \-* �53 �5 ����� .<�� 6�* 65�5 M��1���5�1�6 .��� 6�* 65�5 "�8�    
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  \-*3.  \-* AO/PI  	�� 0� 6�%� <�5 &
  ����������   ��!	� <��
 ��� 	
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