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سازگاري آلياژ مينالوكس و آلياژ مشابه خارجي زيستبررسي و مقايسه
(In-vitro)
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Statement of Problem: One of newly presented base metal alloys (Minalux) is produced according to
VeraBond2 alloy (Ni-  Cr base) composition. Several studies showed that, cytotoxicity of base metal alloys 
can be occurred due to corrosion and element release.
Purpose: This study evaluated the biocompatibility of these two base metal alloys in three steps: as cast, after 
polishing and after porcelain firing cycles. Release of Ni and Cr ions were measured to determine if there is 
any difference between these two alloys.
Materials and Methods: Samples of two base metal alloys were subjected to Neutral Red Assay, MTT Assay 
and Trypan Blue for biocompatibility tests. Fibroblast Balb/c 3T3 cells were used for cell culture. Samples 
were contacted directly with cells in 37ºc and 5% Co2 concentration for 72 hours. Teflon samples were used 
as negative control. ANOVA test was used to compare different groups of two alloys. In addition, the release 
of Ni and Cr ions in to saline solution was measured by means of atomic absorption spectrometry.
Results: MTT and Trypan Blue didn’t show any significant difference between Minalux, VeraBond2 and 
Teflon. Neutral Red Assay showed no significant difference between these two base metal alloys but as cast 
group was higher in cytotoxicity in comparisons with polished and firing groups in both two alloys. Release of 
Cr ion was non detectable (Cr < 1 PPB) but Ni ion was measured and Ni release was significantly different in 
as cast groups (P=0.007) of two alloys.
Conclusion: There is no significant difference between cytotoxicity of two base metal alloys and polishing 
and firing can decrease cytotoxicity of both alloys.

Key Words: Base metal alloys; Biocompatibility; Cytotoxicity; Element release; Nickel release; Chromium 
release 
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 �������� ���� ����  � !�	"� #�
�� $ %&�'� 
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 ��-� 2��3��5 4� Q> �3 �� @���
 �3 4� G#-Z# .�4���
GN��O�&) G���.
r�� @���
 4� G#-Z# .�4���  B�-T G$ ?�-��F�As Cast

)�/�P>� 4� ?+(
H�@���
 4� G#-Z# .�4��� &#�$��� H B�-T G$ As Cast

a�I%���+ B�-T G$ ?�-��F�� @���
 4� G#-Z# .�4��� .&)
) G#-Z#Polished(

m�@���
 4� G#-Z# .�4���&#�$��� HI%���+ B�-T G$  .&)
) G#-Z#Polished(

f��� @���
 4� G#-Z# .�4���I%���+ B�-T G$ ?�-��F .&)
 6� �+ IP+ AJ��� �$ .��Z3) G#-Z#Firing) ( ���' ��&$

6� �+ ����(
u�@���
 4� G#-Z# .�4���&#�$��� HI%���+ B�-T G$  .&)

 6� �+ IP+ AJ��� �$ .��Z3) G#-Z#Firing) ( ���' ��&$
6� �+ ����(

e�.�4����-�7� 4� G#-Z# 
(Small Parts, Minami Lakes FL)

G#-Z# ��-� �� .��5 2�3r � H B�-T I �$&F  �"� 
I��5.

G#-Z# ��-� �� .��5 2�3a � m(Polished) I%���+ 
&) ,�M#�.

G#-Z# I%���+ I�_ G$ I%���+ Q�� C 4� �&�$� �3
G�-� ?1  � Q�>� B�-T ��� �$ 2�rpmaHkk .��7� � 

&) . 4� .��7� � �$ &N$ G�J�� ��Polishing Compound 

(Jelenko, NY- Buffing Bar Compound) &Z# � 
(2.5 mm rag wheel)&) ,�M#� �>��# I%���+  .

 Q�>� �>�� IZ�' �� I%���+) ��D�� G$ A$�"� IZ 
G� � (Gd� �I��5 B�-T �3.

G#-Z# �� .��5 2�3f � u(Fring) \�� G$ I%���+ �&�$� 
 6� �+ IP+ AJ��� ?1  � &) ,�M#� i-�Ceramco

.4�5� A��) ����)ºC��k( ��+�� [r) ºC�fk( ��+�� [

)ºC�ak( G#&$ 6� �+ [)ºC�kk ( *��5 �)ºC�rk ( B�-T
I��5.

G#-Z# [6� �+ IP+ 4� ?+ 4� .��7� � �$ s��&M� �3
Polishing Compound&#&) �>��# I%���+  . �� ���Z�

 AJ��� �-XF� G$G#-Z# �K�"�� �5�-�
 4� 2��/0�+ 2��$ �3
3 � I%���+ A>� � 4� .��5 �Polishing Compound

&) .��7� � G#�5�&_.
 ��-F� G$ �-�7� &3�) �&) !�P�#� �7F� ��>4 � �+ �-�7�

�� �7F� Q���-�-�� �� ��-� ��-� �$ �5�-�
 ���F� 2��$ � 
$ ����*�Z� �� .��7� � G�� ������ .G#-Z# ��N$� �� �-�7� 2�3

G#-Z# �>�  G$�0�) G��� �3 &#&)rk.(
 []>��4
 ,�M#� 4� Ad' � I%���+ AJ��� ,�M#� 4� ?+

G#-Z# ���� *�Z� AJ��� .��5 2�3u[f[m[a � e I�_ 
W�K�$ A��� G$ I%���+ ��-� 4� AT�J �5�-�
 G#-5 �3 ����

 �>4 S���� G$ �������-�-��  � ��$ �$ ��-� 6>� ��%�&� �n�
&) ,�M#�:

E� � ,�# ��-�� Q> 4� .��7� � �$ �-�JPCR* G$ 
G#-Z# �&�$� [�-�E� IZ�' Q> � !
 IZ�' G  B�-T �3

&#&) *�Z��G#-Z# ?1  &) G��) �3&# B&� G$ � f �� G"�'� 
&F���5 ���' �-�E� 6�Z3 �� Q�#- ������ . �� 2&N$ AJ���

&) ,�M#� .��5 I73 �3 ��-� .G#-Z#�� ��O"� ��$ �� !
 �$ �3
 G� �
 4� ?+ � &#&) G��) ��$f!
 �� G"�'�� �� �-$�T 

 G$ � &#&) G��) �O"� !
 �$ s��&M� [&F���5 ���' Q�#- ������
 B&�f&F���5 ���' Q�#- ������ �� [�O"� !
 �� G"�'�  .

G#-Z# ���� ���' A��) &N$ G�J�� �-#��� �� �3�f G$ G_�� 
 B&�f�-$ Q�#- ������ �� G"�'�  . !
 �$ -0��) 4� ?+

G#-Z# [�O"�� G$ �3 B&Hk .4�� �-#��� �� G"�'� �f ���' G_�� 
&#&) .��� . � G��) ��O"� ��$ �� !
 �$ ��$ G  �%
 G�J�� ��
 B&� G$f �� u B���J �� I��  ºCuk A>�� � �>��) �� 

* JPCR: Jelenko, Armonk, NY- Jelenko Polishing 
Compound Remover
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&#&) Q0%.
��
�� ()��*�+
,� �� ��:�-�  I �$��d�� 2�3

Balb/c 3T3 c���� �$ rHfkk �� �$�� ��Z��#�  �� �-�  
W��� I0� Hm&#&) G�)�� �(3�U  .G#-Z# @���
 2�3

&#&) A"�F� ��(3�U G$ 6�)�� 4� ?+ G�T���$ .G#-Z# &>�$ �3
 G$ S� 
 4� �� &#-) A"�F� ���-�  6�)�� 4� ?+ G�T���$

 .&) G�)�� s�d' 2���-�  G>C(Pre Plated) � �-) !�F�_� 
�-�  [@���
 6�$ G���� ]F����-) AT�J ��E� � �3.

 �-�G#-Z# � �3 B&� G$ @���
 2�3eH �-��$-(#� �� I��  
ºcae �$ C02f %&F���5 ���'� G$ {-$�� ]>��4
 G  ?1  

 �$ \��Z) A��) �������-�-�� MTT Assay,

Trypan Blue � Neutral Red&) ,�M#� .
-�) �� �.	��Trypan Blue :2��$ [��-�  \��Z) 

h��% 4� ?+G#-Z# 6�%� \��Z) [�3�-�   �3 �� �-_-� 2�3
Q3�U 4� Q>�#� 4� .��7� � �$ �3&) ,�M#� -�$ ��1>�� 2*��
.

MTT Assay* :MTT) a�m � f2� A����H � f
2�&���$ ,-���4���� A�F� ( ,-���4���� !
 �� �-�E� QZ#

(Tetrazolium).���
 B�-T �� G� I �  �� 24� 
�-�E�� ��4 [AF� &'�� ��E� �> �(Z# 2�3I � �#.

 �-�E�MTTc>*#
 ��n�� IE�  I�� G$ 4�#@��&�3� 2�3
 �#� ]7F$ �-�E��# ��4���� G$ ,-���4���� G"�J 6��()

�� A>&d� �-�  �>�Z �+ 2�0� 4� �-d� G$ ���' G� �-)
�� �ZM� �-�  A%�� �� � .�-d#&$�> . �$ �-�  2�0� ?1 

2&� � �-#�+��+�*>� ���*������-� �-DE� � .&)*��  ��4
�� AJ A$�'��K 4� .��7� � �$ G� �-) A$�' �MF 

.4�&#� I � 2��5)r�[r�.(
�-�  �� ��N� 2�&F�-��� 2�34�#@��&�3� .&#4 2�3

 A>&d� q��$MTT�� �-�E��# ��4���� G$ �-�E�  � &#-)
�-� �Z# ���}� 6>� q��$ .��� 2�3 &#-))r�.( B�(0�

*MTT :(Singma- UK) �SK ��( � I��) ������  /���>�
�4% 1 mol/L HCL in 2- Isopropanol

 \�� 2��5��($ 6�JMTT �#C-K ���4 [ ���*�� 6�$
MTT I � �
 c���-$��� ��n�� � )m�HI��  (� ���K 4� 

 IX�� �t��&JMTT �3 2��$ Cell Line �I � B��7�� 
 IX�� 6>��$�F$MTT$  G�-�  6  [G��� ��� 2�3

I0� ��n�� ���4 B&� � � ��$ IE� ��-�  I�NZ_ [G���>
�-�  2�� .���G�Z_ 4� 2�3 �$ ��� B�(0� MTT I � 

)Hk .(�E� .���
 �-MTTB�-T G$ mg/mlfI �  .
���-�����(1 � .�/� � QZ� G$ p>��#�UV �-K �� � 

 h-�fek�� .&#�-% ���-#�#  �-))�.(
Neutral Red Assay (NR)�:NR) a�-F��
 �e�

A��� 2��H&>������&�3 6>��F� A���  ( ��NV 24�$ S����
I � !
 �� �-�E� � .�� �#� 6>�� G��� �� &#�-� � ���4�*�

&$�> �ZM� .&#4 2���-�  2x�5 ,��_� . 6>� ��-�  !j_
 �>�Z �+ 2�0� ^>�K 4� ��N���� ��"�#� � -� S����

�� B�-T���5 . �ZM�NR,�4�*�� ����  ��D�� ^>�K 4� �3
�-> G$ �
��+ &F#�� I$�n 2&� � 2�3 ���� 2�3&>���� 

$ �> ���4�*�� ?(>���� G �#-���� �-# ������ ,��NR ���� 
,�4�*�� &� � ��E��� �3&)�$ .�-�  ��S� 
 2�3 �> .&>�

 [.���NRA�-��� ��  � .&0# 2��&�/# �Z �+-��  2�3
�&  ��-F� G$ �>�Z �+ 2�0� 2��&�/# �$��$ �� NR ���� 

�Z# AZ� �-�  &F�)Hr( � .�/� � QZ� G$ p>��# ?1 
 ���-�����(1 � .�/� �UV h-� �-K �� � fmk-#�#  ���

�� .&#�-%�-).
.4�&#� 2��$ �T�F� !�P�#� 
� ��$ [24� ��4
 2��5

 G� �-$ ��d' B�N��O� �-K G$�P0� 4� Idn A$�' �>��"� ��
�� ��4
 �3@���
&#-) . A$�' ��� ��d' B�N��O� �� G� 2�T�F�

&F���/# ���' � ��$ ��-� [&#�-$ Idn . S���� �� G� 2�T�F�
 B�-T G$ @���
Trace Elements � ��$ *�# [&#��� �-�J 

 &#&0#)HH.(

�Shimadzo Co. Japan
�(Sigma- UK) NRSK ��( � I��) [������  /���>�
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2��$.4�&#� �-> 24� ��4
 ��*�� 2��5 ,��� � A(�# 2�3
� ?�-��F�� @���
 4�&#�$��� H Q>@-�->*�� ,�  4� 

(Normal Saline- 0.9% Nacl) �$ pH&) .��7� � �tF%  .
.4�&#� \�� G$ ^�"E� 6>� �� ,��� � A(�# 24� ��4
 2��5

���-�����(1 � �Z�� !j_ 2(Zeeman 5100 pc) G$ 
 B�-TPPB (Part Per Billion)G>*M� ]P$ �� �  2�3

I��5 B�-T I7# INFT .�/03�x+ �>��Z�).
� ?�-��F�� 2�3@���
 �������-�-�� &#�$��� H G  �$ 

 �$ \��Z) \��Trypan Blue [MTT Assay � 
Neutral Red 4� .��7� � �$  �-�4
ANOVAQ>  G��K �

,�#� 2���
 ��*�SPSS 10�$�>4�� ��-� [G�>�"� A��E� �  ���' 
I��5.

����*�&
 �� /)���Trypan Blue : @���
 2��3��5 G�>�"� ��

� ?�-��F��&#�$��� H��3 6�$ 2���
 �X# 4� ��3��5 4� Q>
�FN� W��%� &0# .&3�0� 2���) ���-Z#r(.

 /�)MTT : 2�3@���
 2��3��5 G�>�"� ��� ?�-��F��
&#�$���H�FN� W��%���� ��&# ��0# 2) ���-Z#H(.

 /�)Neutral Red : *���#
 p>��# G�>�"� ��ANOVA

 \�� G$ @���
 �� �������-�-��  � ��$ ��-� ��NR 6�$ 
 @���
 4� G$�0� 2��3��5� ?�-��F��&#�$��� H W��%�

�FN���� I)�&# �-_� 2) ���-Z#a(. 2��3��5 G�>�"� ��
�$ ���P� .��5  &3�))�-�7�( B�-T G$ ?�-��F�� .��5 [As 

Cast) kkr/kP<(� &#�$��� H B�-T G$ As Cast

)::�/:P= (�FN� W��%� 2���� .��5 �$ ���&3�)&#�-$ . ��
 2��3��5 6�$ ?�-��F�� @���
As Cast � Polished

�FN� W��%��� �-_� ���I))kkr/kP<( 6�$ 6�FYZ3 �
 2��3��5As Cast � Firing�FN� W��%� ��� .&3�0� 2

 &))kH/kP=( 2��3��5 6�$ ��� �Polished � Firing

�FN� W��%���� 2I)�&# �-_�.@���
 ��&#�$��� H 6�$ *�# 

 2��3��5As Cast � Polished�FN� W��%�  �-_� ���
�� I))kr/kP=(� 2��3��5 6�$ A() 6�Z3 G$ As Cast � 

Firing�FN� W��%� �0� ��� .&3 &))kam/kP=( &F#�� � 
 @���
 ��-� �� ?�-��F�� @���
&#�$���H 2��3��5 6�$ *�# 

Polished � &#�$���H�FN� W��%� ����&# �-_� 2I).
 @���
 �� 4� ,��� � A(�# �T�F� 24� ��4
 ��*��

� ?�-��F��&#�$��� H 4� .��7� � �$ �-�4
ANOVA ��-� 
��# � I��5���' G�>�"� � �$�>4��$ �>4 p> G&�
 I �:

�
��%&
 ) �
��� � � 0�
"�1	� !�	"� �� 23	4	4�
�
3	� �4'�5� 

6��� )�7 �� 2"
,� /)��� /�) ��Trypan Blue

�
��%&
 ) �
��7 �6��� )� � 0�
"�1	� !�	"� 23	4	4�
�
3	� �4'�5� 7

 /�) ��MTT

�
��%&:
<� ?�-��F�� @���
 As Cast;��
  &#�$��� @��As Cast=� ?�-��F�� @���
 

Polishing9� &#�$��� @���
 Polishing�� ?�-��F�� @���
 Firing

8� &#�$��� @���
 Firing���-�7� 

1 2 3 4 5 6 7
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 4� ��Z� ��3��5 ,�Z� �� ,��� 24� ��4
µg-L r \��*5 
&) 6�FYZ3 � 4� ?�-��F�� @���
 2��3��5 �� A(�# 24� ��4


�Z� �X#+ [�6�>�@���
 4� ��&#�$��� H&) \��*5 � �X# 4� ��� 
 ?�-��F�� .��5 *_ G$ 2���
As Cast� &#�$��� H B�-T G$ 

As Cast) kke/kP=(�FN� W��%� ��3��5 �>�  6�$ ��� 2
 &0# .&3�0�) ���-Z#m(.

./��+��� ) ����
 �� ��0�$ 4� ��d' B�N��O�u0>��4
 �� G#-Z# �� .��7� � 

I � .&) .� G�T-� G$ G_-� �$ ^�"E� 6>� ���6�$ G�  ���Z��
 A'�&J 4� .��7� � �$ �Fd� [���&#�� �a A>C� G$ *�# � G#-Z# 
 4� [���� B�#�(�� ,&� � 2��D�'�a � ��$ I�_ G#-Z# 

&) .��7� � .G#-Z# ��&N� ]>�*�� �$ G� �
 G$ G_-� �$ 6(Z� �3
 &>�Z# ���}� 2���
 p>��# I �)G$ G_-� �$O% ���N� 2� �� C�$ 

$�%�0>��4
 4� �� (0>��4
 G$ {-$�� 2�&� ,�'�� G$��
 i-� B�XJ�� G$ G_-� �$ 2���
 B����%� ��F� �� .&) .��)�

I �. 4� �(> ��-F� G$ �-�  Q��-$��� I���N� � ��$ ��
 BC�"� �� [�#�&#� ��-� �������-�-��  �$�>4�� 2��)��

 \�� [��d' 6�""E�MTT��-F� G$  � �-ZN� \�� Q> 
0>��4
 G#-5 6>� �� .��7� � ��-� \�� ��F� ��-F� G$ �3�5��

$ GI � G��� ���) Ha[ra[rk[�[a.(
Bumgardner�  v�J �-% ��%� ^�"E� �� ����yZ3

 4� AT�J p>��# G�>�"�2��#-�4
MTT �� Gw 
s���w �>��) �$ ��� ���P� z��3�/0>��4
 .&) ,�M#� ���y> 

��y�� �� I �G��#�� �>j+ &#�)Hm .( 4� .��7� � ^�"E� 6>� ��
 \��MTT��&# ��0# �DP0� ��&FU p>��#  . G$ G_-� �$

0>��4
 G$ {-$�� p>��#2�� � A(�# 24� ��4
 Neutral Red

�� �X# G$& �[ �� ��X�#� ��-� Q��-$��� � �+ .&3�0� ,&� 
 \��MTT I3�d) �> W��%� �-_� G$ G� �
 4� ]�$ 

�� �N'��G#-Z# �� ��n�� IE� [&)�$ {-$�� ]>��4
 ��-� 2�3
 � cMJ �-U ����-�pH �-�E� MTT� .&) .��*�� B&�

 �-�E� ��n�� ���4MTT�-�  2��  2�3Balb/c&)�$ .
�FN� W��%� �-_� ,&� �� ���P� 2��3��5 6�$ ���

 �$ \��Z)Trypan Blue��0#  �P0� ��n�� ,&� .&F3�
�->�� �$ .&)��4
 2�3�� �0� I��  2&)�$�B��d� G$ 
�/>��-> �-�J �n� �� �-�  2�0� 2�>j+�-7#  [.&)��4
 2�3

�Z# ��0# ��_-� A$�' ���}�&3� .��Z� �X# 4� GU�5 I��$�'
.&#4&#���(Viability) @���
 2��3��5 4� Q> �3 �� 

G$�0� 2��3��5 G$ Id�# ?�-��F��&#�$��� H .��5 �  &3�)
��� ��0# ]3��.

�
��%&
 ) �
��: �6��� )� � 0�
"�1	� !�	"� 23	4	4�
�
3	� �4'�5� 7 �� 

 /�)Neutral Red

�
��%&
 ) �
��; � � 0�
"�1	� !�	"� �  ��	� <
' ����� �� < .	� 

6��� )�7
�
��%&:

<� ?�-��F�� @���
 As Cast;� &#�$��� @���
 As Cast=� ?�-��F�� @���
 
Polishing9� &#�$��� @���
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