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�1��9: ;��< )� ��. 
'1�� =��> ���� !&�8� �'�� !���)�� ?
� �� �� @$ ��� (!"#�$ 
# 7�A�� (!&�8� )�0$�$.   ��B$ �1�) C��': .  

��� ��:  ��� ���8': ���� (�+&�D: E� F � �� �� 
�
# �05�� !���� .��05�� ���� G"#   	)�
�� �''+4 ���    ��H� !� �0"&� I�"� �"': )� (��


# 	��J0�� !*� � !� �0"&� I�"� �"': . ��) �µg/ml 200   800 �8': ����   	� � �#�$ �� ��  L�"'82 �8'4� !8$ (	
*�   	
# MN-� G"# ��  

 ��48   72 ;��< )� ���� ���:). MTT 
,0��2 ���P �'�� !���)�� ���:. 

����� ��: ���� �8': �� 1��'�8': G"# �� (	� � �#�$ �� ��. 
 	)�
�� �� �   !&�<nm 150 	)�
��     �DPnm 15 ����   �8': ��  �� ��. 
'1��

 �#�$PEG )Polyethylene glycol (L�< ���� nm 150 �DP   nm 23 
����. L�8� ��B$ �1�) �8': ���� T�+: �� �0��2 ���P ��  ��

	
# MN-� U�� �� �H1� (	
*� MN-� ��. 
'1��  ��� �0�� C. .��� C�*� ��+- 
� � ) � ������ �� (�'�� ��� .L�8� ��B$ �1�)  ���P ��

�8': ���� T�+: �� �0��2  �#�$ �� ��. 
'1�� ��PEG : ���� )� �0���8' 
���� 	� � �#�$ ���� ��. 

����� ����: �8': ���� V��4 !&�8� W�: ������ !: (	
*� MN-� �� �98X G'"*4 )� !#�� 
���4 �8': ���� ��� � � �� !,'Y4 �$    �X V'Z: �� ��


#�� �'Y4 �$ .�8': ���� V��4 !&�8� W�: ������ (��� �� 	 N�  �#�$ ���� ��PEG  ���: L�8� U��   �#�$ U�� �'[\4 �]��'� (	� � �� �1��9: ��

C. !&�8� �'�� �� �+&�D: ��� ��.  

����� ������: �8': ����  (!&�8� W�: (��B$ �1�) (��. 
'1�� ��MTT  
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�     #����$!� ��
� %
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������ &' �()� *�+' �  ����	 	
  �)1(.  

�	�$!�� 	��
� &���� �	 /��0 
��� �   ��' 1(� � ��2

��)�� #!�3�    ��2��!��� 
���� ��� 4��562 � �2

#� #����	 
��� � #��+7  ���')4-2( . 4�;   
���� ���<

=
>��� �������� �	  ���2)5( ����$�@ A��+��;� %MRI 

)Magnetic resonance imaging ()6(  �������	 �

��� !" ���#� 
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  #� � C����2 � ��D ���)8-7(   �� ��G �	�$!���� 	�
���

#� 	 �H .=
��
�     ���>'�G %
���� I���J� �	 /��0 � �2

��6�' ����	 �	 #���$!� �    &�' /���$� 4�� &@ ����	 �2

�< #���
�
�' /� K�     ��!��� � ������� �� #���� &@ �2

 /��0 =
����
� &��' �(��)�  *�+��' ����2   %�����  ���

#� ' 		 H .    � 	�
�� 4��� &�'  !��' &L  2 ���� A��+;�

  /��M��N� �	 �2��!��In vitro  �In vivo    &�'  �O��

�@ � 	�O�� ������ /�)�P� � �2    ���� 	�
�� 4�� �

��� .   �	 #M���� �
�D &' %�2��!�� 
��� 4�� &L  H�

#� �	�$!�� ���� ��
�
���   #;��@ /�Q3D� ��� R��
�

�	��S� ��   �	 ���)�� �� ' 	�
� 4�� ��6� � #�6�� �

#6� I !�	  ���')9( .     A��+�;� 4��� %����	 4��62 &'

 %U V�/�� W    	�
�� 4��� #�6�� �� ����6D� =
VX

#� 	�O�� �� ��@ . /� K� �� #;�@ /�Q3D� 4!��	 ���'

 &�>�� 
��� #6�       �� ��'  �Y!�� �	���� /� �N %��2

	
' �2�
 .     Z �Q �� �2��!��� 
���� 4��� �� # '

 �
(Q #�
>� ���[�	
6� #� ����@
!�� &' �  � ����

#� =�6Q� �� 	
 ��K<  ���@)10(.  

#� #6� 	�
� ]��7 &'  O�� ����
�   #�
H���
H ��2

=
>� �	  ��
� �2)2( .      �' ���6Q �
�D &�' ����6���	

^)����� ���  #�� #�
>� * � _Q�' &@ #��2   %��
��

��� +@ 6!�  ��� .   ��� � �
�!7
7< �	 &@ #>��
Q %4�� '��'

  �� ��G &��M��N� 	�
��� %��!��)2 ����	 #�
>��� �� ����

#���  ���� �H)11( .   ����6�����	 %4����  ��' ��3��Q �	

 ̂ �)����� �
O!)�  ��� � ��2     �< �� &�@ ��!�)2 #���2

&>�� 
��� A2�@ �� � A��+;� �' %`� D   #�
>�� * � �2

#� a� ^)����� 4�� �� #�� R�2	  ��2%    I !��� ���J��

#� 
�����)@�  ���')13-12 .(  
������)@� I !�� ��J��

  #�� �����@
!�� 	 �>6Q c� d� &'  O�� +��   � 	
��

  #�� e��$�� #�
>� * �  ��!;� .   &�>�� 
���� %4�� '���'   ��2

#�         =��(�	 &�' %�����@
!��  �' f
�� /� �K� ��' ����
�

   &� L ���  �' %
������)@� I !��     ���g� #�
>�� �

 _Q�' � ���@ 	�O�� ��
� #�
>� * �)14(.  

&���
� 
�����  �Kh��� %4����  ��' ��3��Q ����2 #���' @ �	 

/�M��N� %#��
�X #@�X �� ���
�
�� H  ����i
�>!�7� � 

j��!�� 4�' #!;�' #� ���' )15( .  %��6�� A2�@ �� '

  4��� 	 '��@ ����� � ���H��� �)�� ��
 A��+;�

U�2 ����	 �	 /��0 
���  � � �H A��
7 �� ��   ���2

���Q c����  ��� ��	)#�<  �[ � #�< (�< kN�  '   ��2

 #�� �	�$!��   	
��)18-16( .    �� #��d' 4��h�� ����

#� e
; ��
   =
���>H 4>��� #>7 �� ��
�)PEG   ���

Polyethylene glycol ()18( �� !���)@	 %)20-19( %

 ���
!�@)21 %16( ���� ����� #>7 %)23-22(  � 3�D %

 ����)24( 	 ' l��.  

#� &@ ����	 +�� #(��M� ��� &!$H 	�
� &!(��  �� ��
�

     =3�S�� %�
����+� �
>H< %��6�� �� �' &' &>6� �<

  	 �' l��  !��' ��6� 	�O�� � =
>� ���[ �	 � �m7

)27-25 %20.(    
����  �Kh�� �
V �	 &@ 4�� &'  Y�

&>��  ��� 4�6� &@ =
>� 	 �>6Q  ' 42< ��)@� ��2

 �< �	
'�� � ��6� �� ' �� � � �m7 �)�� 	
(�' &'

     4�� '���' R��)�� 	
��
� #;��@ /�Q3D� %	
�  O��

&M��N�   #���6!X� #6� /� K� %��' 4���� �� '  W�X �

  �' 4�2< ��)@� /��0 
���  � ���� A��
7 �PEG  �	 ��

=
>� �	� ��2 � 929L 	�	 �� G #�� ' 	�
�.  

  

��� 	
  

4�� n� A2�o7  &�M��N� �  #�' O� )Experimental( 

 �Kh� #�� ' &' �< �	 &@ 	
' 
��� &>�� ��2  42< ��)@�

��	 �	 4���7 ��2)µg/ml 200( �   p��')µg/ml 800 (

#>7 � ���� A�
7 q
� �	 �' �   4>���  �	 �	 � =
��>H
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 r>!d� ����)72  �48 �Q�� (  ' =
>�� ���  ���2 

�	�  �929L       
����� ��3�� ��� ��6�� 4���M� ����

   �� �	�$!��� ��' ����  @0 /��0 s�� MTT   &�!�	 7

�� . ��� l�O�� /������< �	  2 ��3Q �2��	 �� l��@

)X  ' % t���� �' = !�@  '  &�)��J� 	�
� +�� ���� c

�; H �� G.  

 ���������� �	�
 ��� ��� ��� ����  

H�< ��H �
uX �	 �+��
�	 j< � ����
  � �!��� �' � �

^2 �� �	� .42< �� >@ n6� )II (42< �� >@ n6� � 

)III ( n���� >@ ���� =
>S� �	1  ��� �X �p
� � 

 � �� &;�W� ���� =
>S� &' vC� t�	 ��'   � �!��� �'

 �H�< ��H �
uX �	
 ̂ �2 �  ����� �	� .  �H�< ���H
 �

#� �o�)@� �� ���Q #N�S� 	�O�� _Q�' 	
� .  �� v�7

8 e
; =
>S� &' �Q��%    n�� !�� �����01/0   �p
��

 /�� &' � ��	 H &;�W� ��   �� �G ���t� ��� ��� n

�� �	�	 . %#��� =
>S� �	
6� ��� �� v72   � &�(� �

  ��' ��'  250  #�>��   ���  �!��  n�� !�� ��01/0   %�p
��

�� &!)� j
�� . ���	 �	 %=�5d� �	 #���� =
>S�

6 &��	%  ��� �����t� ��M' ��2��@ ��� . &���� � 


��� &>�� ����	 ��2 =
��>H 4>��� #>7 % s�� �' `'�N�


��� +!�� &>��    #�� A��
7 ����' ��2  ����' .   4��� ��'

    &;��W� &����� =
�>S� &' =
��>H 4>��� #>7 &@ /��$�

#� �	
 )28(.  

���� ���� ���  ��)Modification(  


��� &>��  v����� 1�
� x3!� �� v7 �2 )Vortex (

   	�
�� ��+��� &' %=
>S� ��� ��
��� �� ����6D� �

   ��� &�!d�� �
����; �	 � &!��	 ' =
>S� �� ���� .  &�'

 ��+��9        ���@ 1��S� %���� &!���	 ' =
�>S�  �'� '

)DMEM  ��Dulbecco`s modified eagle medium 

10 �y�	 (FBS )Fetal bovine serum ( &;�W� �< &'

 /�� &' � ��	 H24 �	 �	 �Q��  �� �G �
��'
��� �

�; H . #D �� v724    �
�$� !���� ��' =
>S� %�Q��

rpm 1300  /�� &'30  ��� �
�$� !��� &J�G	 .  vC��

   &����� ^�OX ��+��� &' � �� &!��	 ' #��� =
>S� � 

=
>S�%    ���@ 1��S� �< &')DMEM %10  ��y�	 (

FBS �� �	�+;�.  

����
 ���  

=
>�  ��2929L  ��@ 1�S� �	DMEM  ���X &@

FBS 10 �y�	 #� � �����t� %���'��� .=
>�   &�' �2

 	��M�10000    ���>7 n�2�L  2 �	96    &�!d�� &���

�������   ������	 �	 �
�����'
��� �	 �37 &�����	 � 

#!���  �'
D� %	� H90  ��y�	    �o��)@� ��Y>[ �5 

�y�	  �� G��!; H.  

������ ���
 � ���� �� �� ��� ��  

=
>�   ���>7 n2�L �	 �296    ��� &�!d�� &�����  �

100  ���@ 1�S�  !��� ��� )DMEM %10  ��y�	 (

FBS �< ��� &��'     /���� &��' � ����	 H &;���W� ���2  

24  =
>�� �� �� �	�	 �� G �
��'
��� �	 �Q��    &�' ��2

  ��(��)5' ����>7 r��@ .   ������ 4���� #��D �� v��7%   

40 
��� ��  !��� ���  &�>��   =
>�� ��� ��2    &�!d�� ��2

������. �Q���� ������7 ���� vC��� &��M��N� 	�
��� ����2   

)48  �72 �Q��(%  ����� �	�	 �� G �
��'
��� �	 .   �2


��� �� ��	 &>��  �	 �26 �� &!d�� n2�L . �X� � 4��

 �����<A�� MTT �' &� �� '� ��	 H �� ��.  

���
 � !"# ��!$ �
% �  

���� ��� � C� �� v7     �� ���>7 %&�M��N� 	�
�� ��2

   #���� 1��S� ��!'� 	
2  �� �	 � �� z�� �
��'
���

=
>�  &' �< �� v7 � ��	 H z�� �2 =
>�� ���   %��2

 &���' ��+�����µl 100  =
���>S� ��MTT  ����Y>[ ����'  

5/0 #��>��  #��>��  ��' l ��H   ��!�� �	 ����� ���XPBS 
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��������� �������< �
�����< �� ������� ��� ����� �����2  

Repeated measures ANOVA  � 

Fisher's least significant difference �� �	�$!��.   

���	 	
  

 ��
(Q #�� !��� {
��� ���  ���V�)TEM   ���

Transmission electron microscope( �  #���'��

Scanning electron microscope (  �� &�@

 %�� &!; H �2    ���� &�' &��
� �'1  �2  
���� 

  &�>�� ���� &' %���� A�
7 �' 42< �  ��

 #�
Dnm 150  ������� � �    �NGnm 15 � 

 ��2�      A��
7 ��' 4�2< ���)@�PEG 

150  NG � nm 23 ��	
'.  

  ����� ���' &���
� ���'3  � �m��7 ���)�� ��+���� %

L &���
� �	     
���� r�>!d� ��2��	 �'

     %�2��� &�' �(�)� ���� |3y� 42< ��)@� ��2

  #�����M� U3!�����   	�	 �������� ��	)032/0  =P �   

&>�� 
��� 	�
� �	 &O�!� 4��   |3�y� ��2

#� ���	 +�� ���� 	
� .  

  
��� ���� $� &�' �() *  !�+,  -'�# �� ��� ���� ���

&�.�/ 0��� 1�%�23 ��4 (5�� 6�5
4 5� 7
�, &%4�  4 85' �

&$���� 0� � �� 

 ������ �	
�� �	���� ����–  ���
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Phosphate buffer saline (M 15/0 =
>� ���   ��2

#�
����
�< m[�@    ��� ���5�7 ��>7 ��	 &'

4  ��� �	�	 �� G �Q�� .  v�7

 �Q���%     z��� �
���'
��� �� ���>7

=
>� ��� ��   � ��� &!��	 ' �2

     n�2�L  �2 &�' =
���7� 7�+�� =
>S�  !��� ���

   ����� /��� &'20   �	 &�J�G	

      �	 ���� ������ ���2�
>' ��� ��; H �� G �
��'
���

 �' �
Y�� &' �< �� v7 &   ����< ���	

  /��� &' ��>7 %��
��� =
>S�15    ���  �' &�J�G	

�	�� �Y>[ ���J� �   �	 ���� �X

   ����������+�p� ��t!������	 ������' =
�������7� 7�+��   

STAT FAX(  z
��� =
��D �	 %545 

=
>� ����	 &@   !���' ��2�   %�����'

 ����Optical density ( � �p���'

  ������  ��!6@ =
>��� ����	 ����2

  &�N'�� �� ��
�� �    ��)��  ���

=
>�      ��' � 	 �@ ~d��� �� ��2

	
6� &)��J�. 

Toxicity% 	 
1 �mean	ODmean	OD
Viability% 	 100 � Toxicity  

   l �� �� �����< ���2   ��+�;�SPSS 

SPSS Inc., Chicago, IL (  ��� �	�$!��� . &�)��J�  �

 �� H �' 4��562 �  t���� �' �2��	�2��   n�� �� '

 n��� v�������� +������< n��6@ &��' ���'�K ������  &��; D

Tukey ����� l����O�� . ������

������ �	 ���'�K ����2��	  � /����$!� ����2


��� ���!� � &>��    � ���� |3�y� ��2

��������� �������< �
�����< �� �������

Repeated measures ANOVA

Fisher's least significant difference

  

 �	 ��
(Q #�� !��� {
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���7� 7�+�� =
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		 H �X ���� . �' �
Y�� &' �< �� v7

  /��� &' ��>7 %��
��� =
>S�
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)USA 2100 STAT FAX
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n��2�L &��' �(��)�   ������  ��!6@ =
>��� ����	 ����2
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>�

&�
6� � �2�� 	
6� &)��J�
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�%��� ;4%  

 �
���< l�O�� ���    l �� �� �����< ���2

)SPSS Inc., Chicago, IL

 �� H �' 4��562 �  t���� �' �2��	
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>�� � �m�7 �)�� �	 ���	   ��2

  
��� ���� �  �� &��� 4 &�' ���� ��� ���� ���

 %/ � (.� 4  �!�5!72 �3�
  

 � (.� �� $4/  � �)05/0 < P(1:♣♣♣♣ ��!�C�  $4/ �

µg/ml 800 )05/0 < P(0�(
 1   ���!�E� ��
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����� q
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&�.�/ 0��� 1 &$���� 4 85' � 0� � �� 

  
 %/ &��� 4 &�' ���� ��� ���� ���

48 �3�
  

 � (.� �� $4/  � �)05/0 < P( 1#: ��!�C�  $4/  � �

P( 1:♣♣♣♣ ��!�C�  $4/ �µg/ml 200  ��

0�(
 1  �����  ���!�E� ��± �.��/  �

�� F� G, �'��.  
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6� &' �()� %r>!d�
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	&)��J� � � ��2��	
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� .   |3�y� q
�� �	 ��	 A��+;� �' &@ ���562
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 /�	 ����� $4/ ��)05/0 < P
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(� ��	.  

  
��!�C� ��� ���� �  4 &%4� -'�# �� ��PEG 

Polyethylene glycol(  %/ � (.� 4  �!�5! ��72 �3�
  

 � (.� �� $4/  � �)05/0 < P( 1#: ��!�C�  ���$4/ �

05/0 < P(0�(
 1  �����  ���!�E� ��± �.��/  �

�� F� G, �'��. 
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� ���!'� �	 �2��!�� 
���

#� �
(Q #�
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�� ���	 �2�� �� H .    
���� &�@ #���� �< ��
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��	 H &)��J� ^2 �' � �� l�O�� �2 .
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>�� � �m�7 �)��    �� �G ���2

&>�� 
��   A��
7 ���2     ��' ���� �	�	

  &��
6� &�' �()� %/��$!� ��2��	 �	   �2��� �

 ��!��	 ���	)001/0 < P .( �' A2�@ 4��

#�M� A��+;� %��	 A��+;�  ������ ���	 .  %&�)��J� �	

   � ���� ��' ���� ��	PEG  ��+��� %

    ������ �	  ��2 �	 ���� A���
7 ��6���)48  �72 (

 ��� ��2��� .    &�' U3!�� 4���

#�����M� ��������< �������  ������� ��	)04/0  =P  �  

  

��� ���� �  4 &%4� -'�# �� ��PEG 

 ( %/ � (.� 4  �!�5! ��48 �3�
  

 � (.� �� $4/  � �)05/0 < P( 1#: ��!�C�  ���$4/ �

0�(
 1  �����  ���!�E� ��± �.��/  �

�� F� G, �'��.  

 ������6% ��	 µg/ml 200  �	  
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���' #�����< ��N &@ ��� .   &�' &��
� �'
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72 #�M� ����< ��S� &' �Q��
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)Polyethylene glycol
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1�S�   /�	
��
� ��' 1�S� ����� n��
�
�' ��2

1�S� 4��562 � ����  /�M��N� �	 #�
>� ��@ ��2

����< 4���� ��7 � #����M� 	�
��� �����X #2�t���  ����2

#� �	�M!� ���' .  4��� �	 �2��!�� 
��� 4!; H �� G �'

1�S� 4���� 7 %�2 #� jm� 	�
� 4�� kN� &' �2  ��
�

  &��J>X n��� ������� �    ��
���Q ���S� #������� 7 �  

Hard corona #��� ����2	 . A���
7 4���� ������� ���'

 %#����� 7pH  #��  ��g� ��L	 ��@ 1�S�    &�@ 		 �H

  ��g� 4��pH#� #�
>� * � c�
� % 		 H . z�� �'

  ����H l � 4���� 7 ���X ��@ 1�S� �	 @)FBS 

 ��Fetal bovine serum ( �� v724   &;��W� � �Q��

  �	 � ���g�  t�	 %���� ��@ 1�S� �	 @pH   1��S�

#6� 	�O�� ���� 	
� .     �	 /��0 
���� 4!; �H �� �G ��'

  �� n���
�
�' 	�
� 	
�� �' %���� 1�S�  %���� �; � ���

�< =�V�� �� ' #���   #�6� #G��' /��0 
��� �' �2  ����� .

 /�(K &'  O�� q
W
� 4��pH #� ���� 1�S�   		 �H

)35-32( .      |3�y� ���62 &�@ s�� 4��� ��' %4�� '��'

#� %	��	 l�� /��0 �	 @ `�G	 �
D &' ��
�   ��+��� � �

 /� K� =�(�	 &' #�
>� * �   &�' �� /��0 
���� ^�J!)�

	��< ��	.  

��62  ��� �	 &@ &�
H3 #� ���	   |3�y� �' %	
�

&>�� 
��� �< ��6� ��+�� �2     &�@ ���� &�!;�� A2�@ �2

46�� �� ���� 	��	 	�
� 4�� ���  � .  ����!� ��!��� �	
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�6S� 1��
� &�@ ��

    4�2< ���)@� /��0 
���� %��� l�O�� �����62   �� �@

 ���' ����� �	�	 A���
7 � A���
7 �����' �����PVA 

)Polyvinyl acetate( %   ���!; H �� �G #��� ' 	�
� . �	

 /��0 
��� q
� �	  2 #�� ' 4��)A�
7 ���' � �' (  &�'

 �' %���� � ��� |3y� /�
y ���<A�� MTT   #'������

��� ��� .=
>� � �m7 �)�� ��+�� %A2�o7 4�� �	  ��2
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�

���� |3y� q
�  �� s��+H �< �)32(.  

����� �� &��@ �����562  ����23  �4 &��)��J� �	  �
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����� 4���' � �m��7 ���)�� U3!��� % ��t�	 /����(Q

&>��    4��' �� ����� ��mH �' ���� � ��� |3y� ��2

#�    A��7 ���� ��)�� �6� &' #!)�� 1�� � � 	��

#� 	�� .#�  Y� &' =
>� �' ����7 4�� �>Q ���   ���2

���' 1(� � �	 � .&���
� �' &���� �  &�>�� 
��� �    ��' ��2

>���=
>��� �� ����y�	 %=
  #�
>��� * ��� ����L	 ���2

#� ��
� .=
>� 4��   A�����< ����7 �� �2)72  �Q��� (
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=
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=
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    =
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�
� 4���� 7   ���2
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���
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Abstract 
Background: Major applications of nanotechnology in industry, agriculture, biology and medicine are 
growing. Given the broad range of nanoscience in medical sciences, evaluation of the cytotoxicity of 
iron oxide nanorods through comparing viability and apoptosis formed the objectives of this study.  

Methods: In this study, the nanorods were synthesized by coprecipitation method and transmission 
electron microscopy and scanning electron microscopy was used for determination of the size and shape 
of nanoparticles. 200 and 800 µg/ml urea and polyethylene glycol (PEG) coated nanorods, in forms of 
modified and non-modified, were assessed for toxicity using MTT assay 48 and 72 hours later. 

Findings: The length and diameter of the urea- and PEG-coated nanorods were 150 and 15 nm and 
150 and 23 nm, respectively. Viability of cells exposed to non-modified iron oxide nanorods was less 
than modified form. This toxicity showed uptrend with increasing dose. Viability of the cells exposed 
to PEG-coated iron oxide nanorods was lower than urea-coated once. 

Conclusion: It appears that the increase in apoptosis affected by non-modified iron oxide nanorods 
might be resulted from formation of protein rings called Hard Corona around the nanorods. In 
addition, more increase of cell death by PEG-coated nanorods compared to urea-coated nanorods is 
indicator of the effect of type of coverage and type of cells on their cytotoxicity. 

Keywords: Iron oxide nanorods, MTT, Viability, Urea coated iron oxide, L929 cell line 
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