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I/ 	��� ) ��� *- ���?� �����10.( 

$%&'�( => =@A ��;1"�� �2'�&  

�4���� I/ IE6 �#5��#� ����� ����  ��0�� �� �71 �+#�    K���� ����

./ �&A .2� � 	�	� 9	��� 92�	�� �7     i	�� ��� ^u�� .	���D ��#D

24    .����2 ���R 2� ^��! � 	�	�� 9��� �����O ���Zc� I/ %��A�� �(���

���?� ;��
� �+#�� �� �7     .2� ��	�c� � 	�	�� ��&A ���j E,�- �

./ �"  ^u� � <G
� (�!�S 	��) ��&(� *O� ���� ��2��" �?- �� �7

  ��Z��� ��� I/ IE6 	j��  �1 C�     ��Z��� ���� �� .	����D �Q���W 

 � �4���� �" .2� >��0�W0 �� �4���� �&A .2� >��0� .	���    
  

�Z���  �1 (100 (W-W0/W0) X = ���?� I/ IE6 �#5��#�  
  

���2 B��9�2� �&�C $"&  � �("�	& �"8  

���� ���� 2�� 	+6� $��#� �  2� *��3 �# ���?   ��'� �����  �Q�-�   ���

��2/ �� >�c��� 2� 	0� � 	�/ ���� 9�5�&     ���� ��C" � >�+�� ��&-�B 

�����% 2��  tr- ��7II � 	
� i�0ZO ��#+� ���� ���9	    ^u�� .	��

3�� ���� i�:4� >�+C� ��#� )PBS  ��� Phosphate buffered saline (

)Sigma-Aldrich, USA(    ����A b���( � �	
Q?7 ���� � �&�4�

   U��� 2���Sr- *� �/ 9�D ./ .	� �	6 ./I )Sigma-Aldrich, USA (

 .� #� ��1 �+#�   �� � 	�� ���'� ���� ���� )�D �7 ��2� �� )�D

 ����37 �6�� ����� �  i	� �� ���D50  2� ^! .	� ������ �c#O�

���� G" 2� .���
#?R�   ���&- B#��C� *� ���/ *��G$ *��7 %����- � 

Dulbecco's modified eagle's medium )DMEM( 

)Sigma-Aldrich, USA( �|
A ��6      ����'� ./ ��� *� ��/ �2���

    ���� ��� �3�+�� I��� � 	� S�#:������ ����� >�+C� ^u� .	�

 ���r� �� � 	� ;#-�" �&- B#C� �� 9	�/   ���7T25   �� � %�c�
�

 ��"������37 �6�� ����� �  �� ���D5  	�j�� CO2    �Q�4� ����R� �
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�#+=" ���� .	� 9��� �&- >�+� �   ��&- B#C� ���'� � 9��� ��7

 2� 	0�24    ���� ���� �� 2�� �� �7 ./ 2� ^! � 	� }��0" �(��

>�+� � 	� )�G�� ��-     �3�+�� �����4�2 ������ ���� )�� S���! ��7

�4���� ��� .	
���D ���O 9��:��� ���� �7  

$%&'�( ��' �& ���2 $4# "8  

1��=3 �4���� ( �
��Q#� � 

>�+� �&- ����     �	���� ����� 2� Y��&� ���#
� ��7300   ���#3���#�

  ���#+!) ���7�� ���� �� �#Q�����"24   ^u��� .	��� ����=�� (�����A  

104 ���5?7 ����6 � 	��� �����'� ./ ���� >�+���  .��� >�+��� �2����

     ./ 2� ^�! � ����D )��G�� w�
#�u#! %?( �4����300   ���#3���#�

./ �� .S�
��Q#�  i	� �� � 	���D ���'�10  ��=3 %#�&" ��6 �c#O�

�� �#+!      ^u�� .	�� �����ED ��-�$5/1  ���     ��&- B#�C� ���

DMEM  ���$15  	j��Fetal bovine serum )FBS) (Gibco (

 �1 	j�� Penicillin/Streptomycin )Gibco   .	�� ����'� ./ �� (

 ��"������ %A�� �� �#+!37 �6�� ����� �    ��� ����D5  	�j�� CO2  �

 �Q4� ���R�70  	j��.��2/ � 	� %c�
�     � �����4�2 ������ ���7

.	�	� )�G�� *�:7 � )�� ��72�� �� �3�+� �#|�"  

2�+!/���Q#� ��2�u��- ���� �4���� ( %�3� %#
�� 

 ��4���� �	���    �+#��� ��� ��7  >����"� � )Merck (70    z��T � 	�j��

 i	� �� <:
����3     ��7�� %�A�� ��� � %������ �(��    ��#+! ���7  

24 >�+� .	�	� %c�
� ���A       1��?�� 2� 	�0� � 	�	�� �
#�4u��" ��7

 ��	0"104  � 	� %c�
� �4���� ��� >�+�5/1 ��  �&- B#C� ��

 ��"������ %A�� �� �#+! .	���D ���'� ./ ��37  ��6��  ������ �   ����D

 ��5 j��	 CO2    .���2/ � 	�� %�c�
� �Q4� ���R� �    ������ ���7

��.	�	� )�G�� *�:7 � )�� ��72�� �� �3�+� ����4�2  

����2 �
"�%
  �2'�&  

   .�������2/ 2� �3�+������ ���������4�2 ���������� ���������MTT  

[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] 
)Merck(.�?3/    ��� � �#+=" �7�� �7 �&- B#C� �	��� .	� 9��:���

5/1 �#3���#�� PBS �2� ���    )��G�� ��&�4� �Q"�� �� �7�� �7

 �7�� �7 �� ^u� .	�400 �#3���#�� C�#B    � ~3��A ��&-

40 �#3���#��  >�+C�MTT +! .	� ���'�#� �7  i	� ��4  �(��

������  �C� ./ 2� ^! .	�	�#B �� ��� +=" �#�  �400 �#3���# ��� 

Dimethyl sulfoxide )DMSO) (Sigma-Aldrich, USA (�� 

�7 �7�� ���'� ��D�	 � �� i	� 2 �(�� ��  ���"��� �  ����� 

b�"� ���O 9��� 	� )DMSO �- .��- %$ ���>��4 �7�  .�2������

3�" <:
� w��#	 �� 	
- ����� �� .(100 �#3���#��   ��7 >�+C� 2�

+! �� �� �7��#� 96 ���A %c�
� � �#.�  IE6 ���� )Optical 

density ������ OD( ./ �����7  9�5������� ������Enzyme-linked 

immunosorbent assay reader )ELISA Reader) (Hyperion 

MPR4 @�� >�R �� (570  ��72�� �� �������3  �7   � 	�� 9	���A

�Z��� �� �3�+� ����4�2 	j��  �2    .���2/ ��� p���� � �Q��C�One-

way ANOVA  .	� �����  
 

�Z���  �2 (Viability (%) = OD Treat/OD Control X 100  

  

���	 	
  

�2'�& D
"�1 $9
' �2"	* $%&'�( 5)* �%
'������  

 ����P"SEM _� � �� ���2�u��- �4���� ���?�    �� � f�+�=� ���7

�3�$   ��Q�� 2� 	�0� � %QO ��7  ) .���- ��Cross-link  %��� �� (2 

.��� 9	� 9��� .�&�  

  9	�� �4������3� [�#3� �ZO �#5��#�500   92�	��� ��������   ���#D

 .	���B������ 92�	���� �����?� �� %��=+=" �   ���� ������� 9	��� ���#�" �  

1/7   )��� 2� 9��:���� �� �- %=+=" 	j�� .	�/ ��� �� ������#�   �� ���

 ���P"  #3��/Matlab       ��� ������ 	��/ ���� ��� ���P" 2� ����� ��

81/83 92�	�� )�?" .��� 	j�� ��#D  �� �73 .���D )�G�� ����" ���  

I/ �����  92�	��� �� �4���� D �#�� ��2 ��� �   9��ZO t��?" �   

I/ ������� oZ������ ��������?� ~=�����&� 	������ .9�5��������   

Pendent drop IFT measurement apparatus-CA-ES10  ��

�� 9�ZO 2� ���P" �� �#��q �7 �� ��-��A ��R �� <���2/ ���  ���D

����2 �#5��#� ^�( �7 �� �  ���� � z� �?� �� �� �l� ���� �

�� �Q��C� ���P"      ��� ������ ./ �#5���#� ��- ��-71/31    .	�� ��6��

 I/ IE6 �#5��#�24 ��(��  �4���� �5/68 .	�/ ��� �� 	j��  

����2 �
"�%
   

 	0�>�+� @��=��� 2�    %���) ����#
� ��73   � )��� ���72�� �� � (

>�+� >�c��� 2� ^! *�:7  >�+C� 2� 9��:��� � �4���� ��� �7MTT 

>�+� �#|�" � ����4�2 .� #�      ��� �Q�4� ����Q#� 9���D �� ���#
� ��7

 *�:7 � )�� ��72�� �� <7�- ��� �- ��� .�&� <7�- 	7�� 9��D

�
0�  9��D �� .��� ���      �� ��?- <�� ��� 9	�� ��4������3� ����Q#�

>�+� ��	0"      ���C3 2� <�� ��� ���� ��- 	� 9	7�&� ./ ����4�2 � �7

�
0� 	7�� 9��D �� �Q4� ����/    *��:7 � )��� ��72�� �� .��Q� ���

        ����Q#� 9���D ��� �Q�4� 9	�� ��4������3� ����Q#� �4���� 9��D

� �- ��� .�&� �3�+� ����4�2 .� #� �� <�� ��   ���C3 ��� <�� �� ��

���
0� )���� 2�� �� ������/ ���
0� *���:7 2�� �� � ����� ���  ����Q� ���  

)05/0 ≤ P %��) (4.(  

  

���  

_� �        ��4���� 2� 9��:���� ����� ���	
�� �� ���6�� <3��� ���"

   	���� ����� ��	
�� �� 9��:��� ���� �4���� W��A .��� ;��
�
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     ���	
�� ���6 ��l� ����� ���� �3�+� @��A ^���"�� W��A �� .	��� ����� ����2 �7�Q� ����  

  
 (E��)  

  
=  

 ��*2 (E��) .$%&'�( G"��� �
�.� ���*  � ��H ��
 �!�"# �1"1 ���* I� G"��� �
�.� (=) J�(�# �� K'L&) �(�# ��  �
"-11000  �4000 (�&��&  

  

  
 ��*3���2 �
�.� . ) �&�C  � P�4� �("�	& �"8 JQ�( �"2"�

K'L& "& ?��<� R��2�����  �
"-1100 (�&��&  
 ��*4 �
"�%
  ��� > D
"�1 '�(�-1 . ���2 S�T8 � Q�2 �"8 �' '(

�	<� GU�V�*) ()8"* 5��X '( '�( )05/0 ≤ P(  
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  ��4���� �A��� ���� ����2 �(�
P� � �0#QR ��7�?#+!   ���7

����D ���O 9��:��� ���� ���2�u��- ./ .�#� 2� �- 	�� �+! �7   %��3� %#
��

  ;���
� ���E! ;��=" �4�2 � ���D2�� �4�2 .��� ���� %#3� ��

�� 9��� o#6�"       .���- ���2�u��- 2� 9��:���� ��� W���A ��� � ���

� �- ���Q#� �� �?#+!     ��� ����c" i	�� ��� ���� �#H"��! �   ����D  

)15-14.(  

   ��7��� ����� [��#3� ������3� v������#� ����P" �� �6�"��

) ���� .�	� � �A��
��Bead(  9	�
7� .�&� �- 	����   ��4������3� �

�+!/���Q#� ���2�u��- �4���� Y��� �� %�3� %#
�� ����� �� � 	��� ��7 

Ravichandran � .���������?7 ������-  ���2�u�������- ������4����

�+!/���Q#�    .�	�� ����#3� �� � 	���- �4������3� �� �#-�Q� >��4#+D

 �ZO �#5��#� �� ����400 9	� �4������3� [�#3� �ZO �� Y��Z�) ������� 

�� �03�Z� � �'�$ (���  	�
���� )14 .( �#�
J?7 Perumcherry � 

 [�#3� �ZO �#5��#� .����?7500 �����3� 2� �� �������  ��� ���Q#� �4�

����� �� �- 	����/ ��� ) ���� �c��Z� <7�n! ��� ��715.(  

������2 .����2/ 9	��
7� .���&�  ��#� t���?" � I/ �  �T���� �������

  �����2 �#5���#� .��� ���2�u��- �4����  9��ZO �    ��4���� ��� I/ �

�+!/���Q#� ����2 �#5��#� 2� %�3� %#
�   ����Q#� �4���� �� I/ 9�ZO �

��� ���4������3��� 9	 ���03�Z� � Ravichandran � .������?7 )14(   

-71 �6��- ��?- ��� �-  .��&�  9	�
7� � I/  ������  �����  ��4���� 

�$��R 9	� �� �03�Z� � �'�$ ��� . 92�	���  ���#D  �#5���#�  	�j�� 

%=+=" .�&� 9	
7� � %=+=" �T�� �4����  ���  	���� . ���4����  ��� 

%=+=" T�� .���� >��Q" ���� ���� � �D	
Q4� ��&#� ���� >�+� �7 �� 

��G�� �� �	
- �� �G#�� k(�� <�� �� ����4�2 �3�+� �� ���D )8(. 

Ravichandran � .����?7 ��6 �����    2� �3�+�� �����4�2

>�+�      9��:���� ��
#
6 [��� 	�
� .�A 2� Y�&� �?#&�� � ���#
� ��7

�
0� i��:" � 	���- 9��D �� �� ����      ��4���� ��� 9	�� ��&- ��7

    	����?� 9	7��&� 9	�� �4������3� �
��Q#�)14(    ������ ��� ��-   ���7

�03�Z�  ��
0� i��:" � ���� �c��Z� �'�$ �   9���D �#�� ����   ���7

��=3 �4����  ��+!/���Q#� ���2�u��- �4���� �
��Q#� �    %��3� %�#
��

  i���:" ��� .	���D 9	7�&� ��T �" �&- 9��D � 9	� �4������3�

  � [��#3����� oZ� ��� �� >�+� ���� �D	
Q4� �+( �� ��� ��?�


J?7       �#�� (��4���� �� E���
� ���6� ��+( ���) ���� ���� >��Q" �#

>�+� �� �Q4� �&- B#C� �� >�+�     ��" ��&- � ���=3 .��� ��7

     �� � ���� �	�0� �� i���j ��� ��T �" �&- �- ��� �	��� ��T

��=3 �&- >�+�  #� �
��Q#� �       .����� ���=3  �-�� �� ���6�� ���7

    ��&- B#�C� ��� �� �E�V� ���� ���- >��Q"   ��?� �	�#!    �� ���� 	�

-

>�+� 9	� �4������3� �4���� ��Q� �#� �7  �   [��#3� 2� �	
��� ��"

�� )�� �� ��Q� ��� .	
���      >�+�� ��" ��" 	�
��� ���" �    ���
- �� ��7

�� �5� �5�	��  �&- B#C� �� >�+� �7 oZ� )�?" �- �3�$ �� �����

     @���A ^���"��� ��-���- 	�
��� %�?( ��� .��� ��Q"�� ��   �3�+��

�� 9	�2 ��6�� .	� �� �0#QR ) 	���8�� ���
&#! ����� �� .(    ��� ����

    ./ ��#����� W���A ���2�u���- ��4���� �� ���� ���� .�� ��   �� ��7

./ 2� � 	#&=� ��Q��      �����  ���?" ����� �3�+�� �4���� .��
( �� �7

��6 i��j �� �4���� �� � ���D 9��:��� ����\,  �4������3� ���

 ������D 9��:��� �QP( ����  ��?" ��6 ./ 2� �.  

  

������� � ����  

 2� ����D�� �3�c� ���.���!  �����    	���� ����
���- � �+(�  	?�j�   ���

9��?�  � �&7�n! ��R394917    9�5�&��� ��&7�n! ����0� I�P�

�� .��:j� ��� ! )�+(   .	���� .�D	
�4���    ���6 �����0� ���� 2� 

 ���?$�� ��� 5��u� �'�$ <7�n! �3�� 	
��?�. 
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Abstract 
Background: Nowadays, the biodegradable polymer nano-composites have particular importance in tissue 
engineering because of mechanical properties and good biocompatibility. The aim of this study was to design 
and evaluate nano-composite fibrin/polyvinyl alcohol (PVA) scaffold using electrospinning method and cell 
viability on it.  

Methods: Nano-composite scaffold fibrin/PVA were prepared by electrospinning method while 28.5% of the 
polymer was formed of fibrin. The porosity of the scaffolds was calculated via scanning electron microscopy by 
using “Matlab” software and porosity morphology, their distribution and size of the nanofibers. Water absorption 
test and contact angle measurement were performed. Also, human adipose-derived stem cells were used for cell 
viability evaluation on scaffolds. 

Findings: The mean diameter of electrospun fibrin/PVA scaffold was measured 500 nm. The average pore size 
and porosity of the prepared sample was 1.7 micrometers and 83.81%, respectively. The average contact angle 
was 31.71 degrees and 24-hour average water absorption was measured 68.5%. Evaluation test of the cell 
viability has a significant difference compared to control groups. 

Conclusion: The results of this study show that electrospun scaffolds fibrin/PVA can be used in cartilage and 
nerve tissue engineering. 
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