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Abstract 
 

Background and purpose: One of the most important challenges in nanomedicine is timely diagnosis and 

effective treatment of chronic disease. The aim of this research was to synthesize and characterize 3-layered 

magnetic silica nanocomposite with simultaneous application as a contrast agent in magnetic resonance imaging 

(MRI) and for drug delivery. 

Materials and methods: In this research, magnetite iron oxide nanoparticles by co-precipitation method, 

first layer of silica by a method similar to Stober method and second layer (mesoporous silica) by removing template 

method were produced. Existence or deletion of surfactant molecules by Fourier Transform Infrared (FTIR) 

spectroscopy, particle size and morphology of particles by high resolution scanning transmission electron 

microscopy (HR-STEM), magnetic properties of particles by vibrating sample magnetometer (VSM) instrument, 

mesoporous structure by Brunauer-Emmett-Teller (BET) method and also crystalline structure of nanocomposite by 

X-Ray diffraction (XRD) method were investigated. Diphenyltetrazolium bromide (MTT) and lactate dehydrogenase 

(LDH) assays were used to study cytotoxicity of the produced particles. 

Results: Produced 3-layered nanocomposite had the size of 180 ± 10 nm, specific area and average pore 

diameter of 390.4m2/gand 3.01 nm, respectively. The saturation magnetization value of nanocomposite was 21 ± 0.5 

emu/g. Cell cytotoxicity of nanocomposite with human prostate carcinoma epithelial-like cell line Du-145 and 

erythroleukemia cells K562 were reviewed. The results revealed that synthesized nanocomposite enhanced no 

cytotoxicity in tested concentrations. 

Conclusion: The result of present study illustrated that produced nanocomposite has preliminary essential 

capability to be used as MR imaging agent and drug delivery system. 
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 ��	
� �����5: 9�) FTIR )Fourier transform infrared-� ( :��-�.�	/��	�a :;<'�/ $��27/ -� =>? b :@%0 -� $��27/ <'�/  

  

 
 ��	
� �����6 �	
� :HR-STEM )High resolution-scanning transmission electron microscopy$�	�	1��	� ( 	0 $�23  

 $�	�	1��	� ������ $��� �� �@���5 �@� 	0 $�B C-	� 	6�7�1 D $�1�5 �	6�7�1 =E7E��  
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 Q,7� k�b� )
�4� �2X  ���67 �'
>� �2 Q#�	��
#�#8  "U�� �

   �2 )�
UU�� �UU�� )�5���UU� QUU� |
UU��	θ2 ~ 23  � ��UU�	 QUUI�2

�	    k�Ub� )
U�4� �2 "S

 )�'��( �2 k�b� "�� 2
I� .2
7

 Q,7�X        %U�� 8U+�+�	�<	 )�����f�U� QU>+�	 <U�# VU
 Q'��(

)28( �2 c�� "UU�� 2
UUI� .θ2 ~ 2/2 �2 �UU�'2 "UU�� �2 � QUUI�2

 l�<UU� )�UU'��(    8UU+�+�	�<	 c�UU#
3�<�� ���f�UU� ��#�UU�# �UU�

 %�� ) ,��2)29(.  

       �U&�\�!]	 Q#�	�U�
#�# )��U� �$��U��# odUI A�U��<'� ��2
6#

 8UU��/� `�� }�UU�� �UU� � UU7  UU�4
� 8UU+�+�	BET  �'
UU>� �2

 ���679     �U� �2�U	 c�� QU�G�# �2 ���2
6# W'� �2 .%�� � 7 �2��=

Y "'c
54
	 (� Q'  odI �!/!	 � %�� � 7 � #�7
� (�3 )��

 �U	 �'�<*� 2�'( L�7 ��       � U�� ���U
 L�U7 A�2 QU�G�# �2 . U��'

�	 �	 "'2<# �b- Q� �  !
        QU'Y  U!S odUI QU� �U	� WU'� .2
7

c
54
	      �U!/!	 �U��]� QU#
3 WU'� .%�� � 7 �2�2 %g&# (�3 )��

A���<'� Q� |
��	 odI  �+�	 2�
U	 .�
� odI )��   %U�� 8U+

)30(odUUI ��2
UU6# . - XUU�@/� �2 � UU7 <�!UU� Q#�	�UU�
#�# odUUI��

    Q�UU�2 A��UU�S J
UU# A�UU��<'� �UU� X��UUn	 �UUa�G  ) UU!�IUPAC 

)International Union of Pure and Applied Chemistry( 

V� )����2
6# )���      (� � U	= %U�2 QU� rnU� %G�&	 .%�� �	2

 <�4�#=BET  �� �����4/390 �nP �A�3 �� O��	��	   ��2
U6# �2 ��bG

 ��UbG �(� #� O'(
�   �U�011/3    �= �U�f�2 VU1G � ��	
#�U#    <U�# �U�

2939/0  �U3�'� W'� . 	= %�2 Q� A�3 �� L,5	��	    %U����P ��U�

       �)��dU3��� QU!�	( �2 )��3��U
 QU� )��U� ���f�U� W'� Q�4�� A(Y

�	 ���# �� ���2 ��� � 86G . �2  
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#�# WUU'� J�gUU7� �\�UU!]	 �� UU@	 2
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 %UU'(
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#�#     Q�UU&� )���2 QUU
 ����UU�	 )�UU�   (� 85UU��	 )�

    �U7
� �U� %U��!�	 ?��[
#�# Q7
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#�#

Q7
f 2
I� 8�42 Q� � !�&� �5���� )�  )Y�� 2� ,� �� ?��[
#�# (�

       ��U��� � �5���U� QU'Y �2 2
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#�#

      �2 .2��2 ��I
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 ��	
� �����9: L��DM�� NOP <QD���� ���0 $�	�	1 @�!�� �@�  

  

    rnUU� �8UU+�+�	 ���f�UU� 8�5UU�� �2 
UU�4� ��
UU!B QUU� )�UU�'2

      � U#2
� �2�2 �U7
� 8U+�+�	 )�5���U� �U� �� %��!�	 ?��[
#�#

   �UnP �U� � 7  �4
� �&�\�!]	 ?��[
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Uf ��\�U� ���!7 c
�� �

562K  2�� #���� �
	(= . 7 �2�b���MTT   �'�U#�
� }��� �� Q


c
��   8U�4�(��� 
�� A
�4�(����  '�	��� c
�/	 8' g� �2 � #( )��
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 ��	
� �����10: ��'�
� ()	�*� ���� ,2�)	�*� $1 $�B $��� ������	� ������ �' �	6�7�1 =E7E��DM�  

  

  
 ��	
� �����11��'�
� : MTT )3-[4,5-dimethylthialzol-2-yl]-2,5-diphenyltetrazolium bromide(  

 ���0 R�71 �	3 145-DU @%0 -� 24 �S	1 �	
�� 	0 �T7U �	3 97�E� -� $�	�	1��	� @�!��  �@�  
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� �����12��'�
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c
�� %s�� �2 ��G Q#�	��
#�# ?���1	 �2 ��   Y�U� %g&# Q� )��

�6# ���
 �Q#�	��
#�# �
eG A B �2 �= Q� %g&# <�# . ��'  

 �1!�LDH     QU� �4
�U� )�U�� %	H� ���'(�� )��� <�#

 �UU	 ��UU
    V'<UU#= � UU7 2�(= QUU
 ��UUS v2��LDH  .�UU/	 (�

 ��UU�# �4
�UU� ���UUf .�UU/	 �2 �= � UU7 �UU�� � �6UU�H�
���

�	 �= l�	 � �4
�� )��� L'�+� � !�2    ��= QU1��# �  U7��

    .2
U�  U��
f c
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 ���67 �'��>�13  �14   �2 )��U� �� �1!� W'� Q� |
��	 j'��#

 �4
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�U� �2�U
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6# � %B�UU�  �UU'�� A�UU� (� )�UU�3

c
��  rn� ���LDH  c
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#�# �U� � U7 ��U6�� )�U�

%s�� �
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��      8U��P ���U
 <U�# c�U�!
 )��
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c
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 ��	
� �����13��'�
� : LDH )Lactate dehydrogenase (���0 R�71 �	3 145-DU @%0 -� 24 �S	1 �	
�� 	0 �T7U �	3 97�E� -� $�	�	1��	� @�!�� �@�  

  

  
 ��	
� �����14��'�
� : LDH )Lactate dehydrogenase (���0 R�71 �	3 562K @%0 -� 24 �S	1 �	
�� 	0 �T7U �	3 97�E� -� $�	�	1��	� @�!�� �@�   
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