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O	 �)
	� $��l"  B�� ���	 .):

 Y1� ]��#���
�  ���     /q�� .)�: �
U��� LC�H �

��39 �� ���	� �� %�D��	� ����U �� F1�Z �24 $���U 

.)�): �)��	  

 
��? ���
�� �� /0��39 ��  L���#� �	70   1 )�>��

����:� � "	�����) !RUV  ����Ultraviolet L�����  $(  

8/0  �1�&���
    � ��: ��? $L�9� �1�H �D? ]�\ 

 ��)�#5000    �� j�� ��� �1� �	 $��	 L�9� ���39  ��� 

 1 ): �
���=)   
� � 20   ��	 �8��� L�9��  ���  
1��

.)"4O;	 %�D��	� �
O	 �	 �# ): ���� 
� � ��#�	�&��  

/0  �� ��B  $
� �400  �1�&���
   ��	 $�D? ]�\ 

  % ���# .): ���7� j��< �� ������  ���    �1��� 1� ��	

 �1�� 1 ���� !�� �' ���	 $�1�� j� :)�): 3�O8#

    %�)"4�O< !��� �' ����	 �X�� ����   �����J    �����

  �����1� �� $���� !�� �' �1�� �� .)"
���1 $4  1

7  %�1� �D? ]�\ L�9�  ���     ]��\  1 )�: ~���U

1 f�� 
1)	 $)�)* 40  �1�&�� ��
   L��9\ MTT   ��	

 �l9`5/0  �9% f��   �	�9% ���
   ����7� j��< �� �	

 �:G� �� /0 .):4     ���9�# %��1� L��9\  $�@��

 j������< ������ �����	 1 )����:400  �1�����& �������
   

Dimethyl sulfoxide .)���� ���7�  
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    ��
6	 
)�: ~���U ���	�? L�
�O�    %����`�� ����

 % ��# $
��� ���j��< ��  �� .)�): �q�0 ��	 B�)"<

   ������ %����X< 
�I���  $
�����0������� ���� )OD  ����  

Optical density(  ��X
���� ]����#Micro plate 

reader   L)� )Bio-Rad, Hercules, CA, USA �� (

L�5  ~�  545  �
 �������)�� �  %	������ ���	 .): ���

 %�)"4O< L�9��  ��� �63MG $ ��39�    %��D��	� ����

�1� �� L�9� �1�H ���1  17  L�9\  ]��#��#�9� 

�)�' �l9` �	 )�3   )�>��4T#    ]���# 1 )��)���� ���

 ���l9` (���:50 $70 $90  1100  L�����#� �� )��>��

[' �.)�): ���  

!:�0 �� /0  $C5 �	 %��L�9� �� � �����  ��
��� 

   %���1�
&�� x�&���1�&�  ]����# $��J��� �1� ���	

.)"
��� ���� ����J  ���  %D	1�  

���)�� ��	 �� $����� �� ���� %��X<   1 )�: ����

 �	 B�X���  ���       ��	 $����&# ��� ��� �� �)� '   
���"@

      /q�� .)�: ��
��� ��l� �� ������ �� ���� %��X<

�O��8  ���� �  B�X��� ) ��±    Q��H �� (�����  F��\��

%��"�     f���� �� ���R
���� ���	 $
����	 ���  ��I����SPSS   

) SPSS Inc., Chicago, IL(  1 
�� �'    I�����' ����

 j��� /�������1 ) �����5Analysis of variance  ����

ANOVA 1 (Tukey    �����8  .)�: f�E��050/0 < P 

%"�  uJ� 
��"@ �	 ): �
��� �l� �� ���.  

  

���
	 	
  

 c�5 ���
�FTIR  %�9�� �
O	 ��6#��    �� �)�: t��  ��� 

 �&: ��1 !��������  �):  .��� 
����  ���5   �� ��?

 �)��D  �&: %  c�5 $��:FTIR t�  ���   ��� �����

 ��� 3D��	� %���� 1 sU�: j�0Mulberry   %�"��
1-cm 1190 $1-cm 1516  11-cm 1624  ��	)24( �	 .

    $%�D	1� %��1�
&�� x�&��1�&�  ��1�A# �� ���R
��

� ��
U�� I��O	��� ��  ����  �J8�  �l� ���9�#  ��� �

 %�1�� y�4#�� $%\J���9�# ��  B�X���  1 �X�)&� �	

���)��  ���9�# �� .)�): %���	  

  

 
 ���1 ��� .FTIR )Fourier transform infrared spectroscopy ��
�� ���� (�� ��  �� ����� �� � !"# � �$�%� &�'(� )*� !   
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 ���2 ,-% �� �.�/! ��/���0� 1"�%/���# �*"2� .3��!�  �� ��� ��  4���A 35�� ���/ 0/100 4B  35�����/ 20/80 4C  35�����/ 

50/50  /D ��/ 35��� 80/20  :�.� �! ;.*���/:�%"��< ��#� .�=�   

  

 �&:2 uJ� ��1�A# $�O	��� �� � �
U���   �)�: 

 !���� �� %  .)��
��� ��5  �&: �� �?2 �	  ��71 

�	��  �)��D   % ��# uJ� $����O	��� ��   ���9�
 

���)�� B�X���  .��	  ���RH ��   % ���# ����	 %\J� �

 ��O	���  ���    ]���# ��? f���   ��I���Image j   �4���\ 

 L1)* �� $)����1   .��� �) '  

  
 >/�?1������ )�@���# .  ���$A �� �(-% �3��!�  ��  

������ ����	��  ������ ) 	
mµ(  
 ���� ����

� �!"�/$	%&��'  

55/23 ± 20/224  0/100  

17/5 ± 12/131  20/80  

56/9 ± 60/190  50/50  

35/36 ± 7/257  80/20 

 ���	�8 �O�  ����)��  �L�9� �� �63MG   ��J� �	

 h�R� 
�& � %	����� 1 =��RH L�9��  ��� �63MG   ��	

     ��J� B�X����  $��O	��� ��
U��� �U�� L�9��  ��� �

63MG  �D?����  �):  1 �D? F1�Z c? �1� �	

 �� /0 %�D��	� 39��7  ���	 $�D? �1� L�9��  ��� %�

 B��
D�	 �?B60   �)�:   ��1��A# �1� �� $)"
�:�� �� %

 %D	1� %�1�
&�� x�&�1�&�  1 ���� x�&�1�&� 

 L���  %"�X���  �J� 1 ): �4��\ 95  ���	 �
 1�&� 


' �� ��� �	 .) '  

 %�1�� y�4#����9�# �� ��O	��� �� ��   ��	 uJ�

 �&: �� k�@3  
�D�����  �):    B��� ����� �	 .���

 % ��# �� $��1�A#�O	��� �� $���  � ���9�#  ���   ��	

 r)"
:�� ��� �X�)&��	 ���� �    ���l� L���� �� ��@ �? �
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 $�D? ]�\ �L�"X�  %�����: �����#  ]���# �): )�

L�9� ������	�
  $  
�& � ... 1 %��9� ��� ��	�*  ��* %�

 
����  ������9�# ���� �� ��
��:)" B�X�����  $B���";�� .

���)��  ���9�# �� �S��   %��1�� ��� ��O	���  ���  ��

 L1)*2 .��� �) '  

 ���	��� �	  f�&\
�� 
) ' ��O	���  ���  L1)�  $

 �� j� �� ���D�
' ��   �4���\  ��D� !�� �' ]��#

  L1)�* �� $%	����� B�� ���
� .):3    .���� �)� ' ��	 

 ����l"  FG��H 
���& � %	�������  %E��)��# (�����# 1

�O	��� �� (���# p�� $ ��O	���  ���   �����1� ��4 $

12  121  �� /���0����� L����9\  �� ������PBS  ��  

 L1)*4 .��� �) '  

 ���
� 
� �'MTT  �&: ��4 Y��I�  �):  .���

 $���
� B�� ���� �	OD �4^  �):  ����1� ��4  17 

 �4O� ��	  �1�      FC
�U� ��	 (��#�# ��	 L1� �"� %  ���

050/0 < P  1010/0 < P �I���� !�   B���� .������ ��

 ���H   FC
�U� ���? ���� %OD   ������1� B��	4  17 

"� % .��4� ���  

 �&: $B�";��5 1�A#��    %��1�
&�� x�&�1�&�

L�9� �� �63MG �D?  ���� �):   ����
�O	 �1� �	

 ����1� �� �� %�D��	�1  17  
�D� �D? � %   .)���

 �l� �	 $��1�A# B�� ���� �	 � %   )��� B�60   �)�: %

L�9� ��    �1� �� �
�O	 �1� ��	7  �4�O� $ ��	  �1� 1 

��46	 ��� �
���.  

  

  
 ���3 �C�D E-'# �� �.�/! ��/���0� 1"�%/���# �*/�2� .3��!�  �� ��  !"F=#  �!��G�% :/!  H���5�!� : �  :�.��I
I� ��  4�@*��* ��

A 35�� ���/ 0/100 4B  35�����/ 20/80 4C  35�����/ 50/50  /D ��/ 35��� 80/20  :�.� �! ;.*���/:�%"��< ��#� .�=�   
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 >/�?2������ )�@���# .  ���$A ��  �C�D E-'# ! 3��!�  ��  

������ ����	��  ������ ) 	
mµ(  
 ���� ����

� �!"�/$	%&��'  

95/8 ± 80/198  0/100  

15/8 ± 95/129  20/80  

28/9 ± 90/119  50/50  

39/7 ± 22/121  80/20 

  

 >/�?3 �!�.� >/�# .3��!�  �� 

()"��� ��	 
 *��� ) 	
Mp(  
 ���� ����

� �!"�/$	%&��'  

10/2  0/100  

28/0  20/80  

14/0  50/50  

12/0  80/20 

  
 >/�?4 :�/ K��< �L!  .3��!�  �� ��0/� :�/ �� 35�� �
�I# ����/! !   

 ��� �� ()"��� $�� +
	' ����

21 ��.�� $�� �" (/)�  

 �� ()"��� $�� +
	' ����

 ���12 ��.�� $�� �" (/)�  

 ()"��� $�� +
	' ����

 ��� ��4 ��.�� $�� �" (/)�  

 ���� ����

� �!"�/$	%&��'  

0  0  0  0/100  

0/39%  0/38%  0/30%  20/80  

0/83%  0/72%  6/11%  50/50  

0/73%  0/69%  4/6%  80/20  

  

  
 ���4 :"#�M N*��� .MTT ]3 -)4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide��*�'# R[  �

 �0�@T )�@���#!"�� )OD  �*Optical density (35U  ���  ! 

 ����/!1 44  /7  ����>"
% �� �3.<  ��� ��.*��� ���� �/! ��  

FC
U� �� �"� % :��� *050/0 < P  1** 010/0 < P  

  

12"  

   .���� %�������� ����O	 ������ ���45 �� 3D��	� �  B��

  2�4"  ���� �	 %�������6# ���   3�D��	� �  ���*1 ��	 

 % .)�' ��  B�	���� �� $3�D��	� c9
�  � 1�  �����  �

Eri  1Mullbery    ���? ��	 ���  �O�� 
��"@ �	 (9`�

 %  )�1�)25-24(.  

  

  
 ���5 �� �.�/! ��/���0� 1"�%/���# �*/�2� .>"
% �� �

63MG 3.< � �   ���  ����/! !  ��.*��� ���� �/! ��1 

)A (/ 7 )B3.< (  

0

0.5
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1 4 7

O
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��E� � �	  ���   �) '��  c��5 FTIR ��	�^ $   ���?

$����J  B�� �� �? t� ���    ���R
�����  /"�*  3�D��	� 

 ���� �	 .��	0j�  ������Z �):  �&: ��1 $ L���
H� 

%   �1�t� �� ����  ���R
��  3�D��	� 1� �� %4�?�# $Eri 

 1Mulbery  ���? ����< r)"
��O�0j���  ��������A�D   �

 3D��	�Mulberry �	  ��71  �)�� %   $%���5 �� .���: 

 
��	 B60�" ��  �0�j �� ����Z �):   �� L���
H� B��� $

 ��J  % )"?      t�� ��
U��� �� ���� B�&�  �? ����  

���R
�� 3D��	� $Eri  3��	  ��? �
�� .):�	  

  $%0�&��1�&�  ��1�A# �	 �*�# �	 ��O	���  ���  ��

 $Q���H ��������9�# ����$B���";�� .)������ %4����"  � 

�8 �O� � �	 �J�  ���  ��	 �) '� L�9� ��$ ���)�� �	 � 

��9�# ��� \J�% Y��I�   ���	 �):�  ��O	���  ���$ 

	�X��� �B�  ��# �? ��� (9J %  L�9��  H �� ��� Q�� 

����# $���)��%�    �� 
' ��U�� ��	 �O	��� uJ� �� h�R�

��
:� �	 .)" B��   ���*1$     1��A# ��	 ��*�# ��	��   uJ��

���O	��� ����$ ��  ���l� ���	% )���� ����O	�� 0/100  ��

?/
���
��	�3D� �8  �� ��O�   ��O	��� ��	  ���� � $��X� 

\J� k5�" % 	 ��9�# )�����
D� .����  

��B O ���$  % )���# ��	� ����I	��   ��9�� ��D?% 

l��� �O	��� ):�	 36  ��r 
�< L�9� �? �* 
' ��  ��

S �� �������� ���  \J��%    ��� ��
U��� ���1  )��	� 

  �O	���% $)��:  k5�"  ��*1\J�%  $��9�# )���

L�9� �1�1 /��:       !���? �� ��O	��� ��U�� ��	 ���

 % )��2��1 �� .$ L�9� �� �
�� 
' �6"#  ���%�    ��	 ��?

1�� ��9�# ��� \J�% X	 �����$)��   h�R�% )""?  1

��B 1��e%$  % )���#  �
��� ��? �	 �O	��� ����	  �):

��	�  �� �D? )�	� .)�� !��? �� L�9�  

 %	�����f�E��  �):  ���D� L1)  ���	�O	��� �� $

  ��? ��� ��7�  B�� �X���	 ��O	���  ���  %E"R��� �

�
U��  �):  �� /�0 1 )���� %�S�	 %&���&  f�&\
�� $

 �D? 2��  ]�\  �� B
��� ���� 1   ��6*��  ��\# ��

 ���	!"��# ���� %���)"� =�������# Y��
���� $%��:�	 �

%��  �&: 1 )��:
' ��  �	�^ � %     B
����� �����# .)��� 

 %9? �&:�O	��� �� $ %  )���# 
��D�   �)�"��  � f)�@ 

 �# �&: �����9�# �� %�1�� �
' ��     )�"< ��� .)�:�	

 B�� �\> %���	O ��� �	 ���� $� �'!�   %�	�E# ���

 � � $���� %  ���D� L1)  ���� �	 �:�� ��l
�� 
��#

Y��I�  �):    $(����# )�"���� �1��: 
� � �� �4� �# $

 1 �������� ���)�����  ������9�# �����  % �����# ������	

�O	��� ��.)���	 %��	 ����# 
1)	 ����J  B�� �  

 ���G0 (���# p�� !E"� ���
��O	���  ���   I���

   $
����
�? %���1 )>�� !��I�� �	 �? ��� B�� �X���	

�  ������ 
�I�  �	 �O	��� (���# p� �I��� !�   ��
���

       %���1 )�>�� !��I��� $/�&@ ����H �� �� � $���

   !���? Q�@�	 $�O	��� %
���q �? ��
U�� �� 3D��	�

 (���# p�� %    ��? %
�O	��� ���	 �? �* 
' �# r��:

 3D��	� �� ]8��
U��  �):  $������     %�4���# �����

 �)��D ��% .��:  

 /0 %  �� �R� 
��#     )�"���� F)�� ��? %J����:

 
)��  %��	 $�D?L�9� �� �	  �6"#   �� �? FG�H 1 %�

���     ���� ��
6	 $):�	 �O	��� � ��O	���  ���  ��	 %�

   1 ���: �
U��� 
���
�? �I* �� S�	 %��1 )>�� ��	 

 ��5      ��D? 3
�O�� �� F)�� ��? %�� � $/&@ ��� 

 )�	 �RH $��S�5 %  =)  L�9��  ���    2�7�  j�� ��

 ���H �� s�D  %��& 
1��    ���� ��
6	 $):�	 %"#

�O	��� ��       3�D��	� �I�* �� S��	 %���1 �4�O� ��	 %�

.��: �
U��  

�
&�    ����
� $���� ����� I��H �? ��X�� 36  �

�	  ���  �) '   3�D��	� %�)"4O< 1 ���� %	����� ��
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 !��I�� .���"� %  ���OD �4^  �):  �����1� �4  1

7  �4O��	  �1� 1  
�D� � %     3�D��	� ��? )��� ����  

���R
��       $%�A��U�� B
�:�� ���*1 ��	 $�����J  B�� ��

 ���	L�9� �� .��	 ���&� ��E�� ����  

 �&: �	 �*�# �	 $B�";��5 !��I�� $B60   �)�: %

L�9� �� �	 �:G�    (���"  %�)"4�O< ��"�  �	 
� �

  ����
� B�� ���E  �� $B���	�"	 .��� 3D��	� � %   
���#
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Preparation and Characterization of Silk-Chitosan Composite as a Three-

Dimensional Tool for Culturing Osteoblast-Like Cells 
 

Shahin Rouhi1, Mohammad Rafienia PhD2, Hossein Salehi PhD3, Elaheh Poorazizi PhD4 

 
Abstract 
Background: The culture and proliferation of osteoblast-like cells has an important role in clinical 
and research use and bone biology. The results have shown that culturing cells in a three-dimensional 
tissue-like microenvironment with engineered geometrical properties gives a better effect on cell 
culture than two-dimensional ones. The aim of the present study was construction and evolution of a 
three-dimensional scaffold with suitable features for the cultivation of osteoblast-like cells.  

Methods: Silk-chitosan scaffold was prepared via freeze drying method. Scaffolds structure was 
analyzed using scanning electron microscopy. The mechanical properties of scaffolds were evaluated 
via measuring the compressive strength and the degradation of them was investigated via incubating 
the samples in phosphate buffer salin. The cytotoxicity of silk on MG63 cells was assessed using MTT 
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay and cell adhesion was 
investigated after cell incubation on silk substrate. 

Findings: Scanning electron microscopy data indicated the appropriate porosity and porous structure 
(pore size: 200.90 ± 46.75 µm) on scaffold surface that might improve nutrient transport, transmission 
of signal and cell penetration into the scaffolds. The results of mechanical properties showed that the 
scaffold was appropriate for three-dimensional culture of cells and the compressive strength was  
0.6 ± 0.8 MPa at scaffold. Degradation test results showed that increasing the weight ratio of the 
chitosan raised the rate of the scaffold degradation. The results of MTT assay and cell culturing 
confirmed non-toxicity of silk and its ability to accommodate cell adhesion. 

Conclusion: Silk-chitosan scaffold prepared via freeze drying methods can be promising for three-
dimensional culture of osteoblast-like cells. 
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