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 PBS   

)Phosphate-buffered saline (���7 �������5�6����P 

�;�� ��#F� �&L �;�� .�F $U
#��     D&�n 5�&�/" ���

� .�F 4�� 47�&   ��� ��� �#L �,�/, '��"PBS   �
��F

&�� �! �F
 �&L �;�� �� 4�Q ��   �� )�* .��F ��1

 4�&�� � \	 � \	'   ��&L ��;���    4�.(��; ���ml 50 

�;�� .�F $U
#� �"
   ��&L �� 5��F ��1'�    D&�n ���

 � $U
#�&6�� ���    4�� �� 47 4�&�� ��� �� � �F 4��

(���'� �&L 4���  ! 5�F 5��R
����C ��� �� .�F
   &�"

�&L g&+�' ml 5/0 B,7��  ��,2A�I 01/0   ��]�� ��� 

4�.(�; �;�3� �F    B�,7 4�&�� ~���9� �� )�* .��   ���

�&L�'  ��� �� 4�.(�;30 	�� ��U    ��&�	 ��!����.,� ��

 .�F 5��� &���&�   B�,7 ��m^�'�  ����i  ��P�  ���^
 

)Fetal bovine serum (FBS 10 �]��  ���  4�.(��; 

��^
 �&L� �01 e#Q� 4�&� B,7�� �;�3� �  )S�� 

 ��� ��10 	���U  ��� ��rpm 1600  &
,����2�R   .��F

���O ���� �9!�� � 5�����  ����i  ��P�  ���  -���� 

(���� �;�3� � *��S �F � �,�/, �� ��� 5 	���U  ��� 

��� rpm 1600 &
,���2�R �F .)* �� �9! ��� 
  ����O 

��'���� ���,�S����4� (������ ���01 ���P�  ����

N�A;  ��"
  ��
��
  ����i  ��P� F12 /DMEM 

)Dulbecco's modified eagle medium/F-12( 
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����� ��	 � 	�
� ���
���� ���� �� ������� ���� ����	 
��� ����$�� � 

��^
 FBS 10 �]�� � #*�  �����C /���
*&
��� ���C   

1 �]�� $U
#�  .�F  

�U(�
 �/!�B ���� &: ���` 0!�� 
 :&R����,   )�*

  (���� @��/�F g�m,� ���  ��01  .�P!�$  '&R�����,   

106 × 1   ���� ���� �������i DMEM/F12 ����^ 
  

Heparin pen/str 'hEGF )Human epidermal 

growth factor) '(Basic fibroblast growth factor( 

bFGF  �B27  .���F $��U
#�  $������bFGF 'hEGF '

B27  �Heparin  ��� �� &"�N  ��� �� ����i (�� ��� 

F �;�3�,�.�  

�U(�
 �/!�B ,2���,�N:  .�P! ���$   �� �"&R�����,

   ��� '��U(� �� )�* �
R" ����i  ���^
    ��� &R�����,

4�.(���; ml 15 ���F $��U
#� .ml 1 B��,7�� &!����S�C-

EDTA )Ethylenediaminetetraacetic acid ( �����

&
*
 ��H  ����� 4�F ��1 �01 � �F �;�3�   �� ��"

� ���H' 	� ����U    .��F 5��� ��&�	 ��!���.,� �� ��� 

5��R
�� �� ���i �
�� �P�
 g&�' B,7�� e#Q�   ��F

* ����� ���#L �� )��* �����S  '4�&���5 	�����U  ��� ����  

rpm 1600 &
,���2�R �� .�F�i ��
 ���� �9! �"�� 

�� ��i �"&R����, �� ��������, �P�
   5��F �&R#�

  &�" g�m,� �01 .�F �;�3� 'H�����7    8���#� ���� !

�F �
;&+ &l, �� ����.  

���� �"
 f N! �P��� �
 � �&+ 4��#�� 5�"�F 

���� � �"
 " �� 5�F �(��S.,���2��� E(7� ���#'  �� �

E(7 5�&+ 4��#����# �F �
;&+ &l, ���,. 

5��, 
    ����� 4�&�� �(���S.,�  " �� ��" ���2��� 

E(7���#: (��� @��/F�  �&�� � �F g�m,�
  &�" ml 1 

" �����������2��� E(7�����# 106 × 1  &��l, �� ������

E(7 ����� .�F �
;&+���# ��^
 ����  ��"
 #� ����
 

� ������ 
  �� y,&�Gage 22 N"�L ��  ��"
 �* ��� 

well 24 �
��
  �����CaCl2' mM 102 5&\	 ��o+
 

�* .�F�� �
��
 ����"
 E(7���#  �, ��� ����   �����

 ����� .�F 5��� ��&	 ��!���.,� ��CaCl2 �� ��
 � ���"� 

� � �F Do^��"�    &;��� ��� ��� ��mM 20 Tris  � ��N 

�� ��� ���i .�F �
�F �P� )S� ���i  ��U(� �P�
 

���'� ��^
 
,7� ��!��N �� N"�L   �;��3� �"  ����&+ �

�*��  ��&	 ��!���.,� �� �"�;&+.  

��&�� 2�(�;���
 ���� �"
  �(��S.,�  5��R
��� ��

�� :SEM 2�(�;���
  �����  ��"
    �� 5��F �(���S.,�

E(7���#' � �� 5��R
�� �����.��&.  �,�&
.(�� )SEM 

 ����Scanning electron microscope (����&��  .���F

�����"�
 E(7�����# "�(��&;���* ������ 4  ���]���e!���� � 

@&� �"
 ��/m,�
 )Cryocut 1800, reichert, JUNG, 

Germany0! (�� @&� .�F�"
 mµ 9   5��� A�: HF�*

 � ������ )S����� � �����F���.������&. ����,�&
.(��   

)Seron Technology AIS 2500, India����&� (� 

�&+�.�  

��������� Doubling time: 4����� �� &����&� 4���F 

)Doubling time '(� �4��#�  � ����
  ��01  ���&�� 

�F� ����  ��"
 #� ����
     ��&L ��;�� �� 5��F ���1� 

������ �F .���� �" (��� ���&! �� �104 × 5   �����

�* N"�L ���� well 6  5�&+)�"�F/" � (�C   ���� !

" �� ������2��� E(7���#  ��� ��1 5�&+) ��� 1 '(

3  5�&��+) ���2 � (7  5�&��+) ���3  .���F ���P� (

Doubling time � ���&; �� 5��R
�� ���& :�F ������  
  

Doubling time= T[
���

�����	�
�
] 

  

T   ����7 4���� �� &��&��'H N1  (�� ���� ! ���  �N2 

�0, ��� !�� ���� .��� �"  
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����� ��	 � 	�
� ���
���� ���� �� ������� ���� ����	 
��� ����$�� � 

#.! ��N Real time RT-PCR:    ! ���l#� ��� ���C 

/�� ��4� 42 �"
 � �� '&l, ���� ��C #.! ��N   5��R
���

�&� .�F
 �����1
 ���� �"
   5�&�+ �"��F   ��� ��

�*��' �� B,7�� &!��S�C-EDTA 5��R
��  ��F . ��01 

���� c�&9
�� �"
 5�F �(��S.,�' ���i �� �P�
 

���"�  ���N   .��F $U
#� 4�.(�; �"����    &;��� ���Tris 

  
���^ 4�.(�; �� � �F �
�F3  �����  &�
�(   ��&
���

 .��F $U
#� ����    � 4��F $�^ �� )�* ���"�'  ����i 

�� �P�
 ���"�   ���^ 4�.(��; ��
  �����&
  ����� 

 � �;�3�5 	���U  ��� ��rpm 1600 &
,���2�R   ��� .�F

(��� -����  5�&+ �"��F  ����� �  ��"
   c�&9
���

E(7 �� 5�F� ���# ml 1 PBS   * �� )�* � �;��3�� ��S 

 4�&��� ��� 5 	���U   ��� ���rpm 1600  &
,����2�R 

.�F PBS ��
 ����  ��,�/, � �F Do^ �"  �� ��"
 

�| ��&	 �;&+  c�&9
��� .RNA   � �� 5��R
��� ��� ��� 

RNeasymini  ����� �RNAase-DNAase free � 

$.!�&* ~��&�  �� ��,�/, .�F g�m,�
  ��|   5��� ��&�	

�����^&� �� � ����F 
 ���� �'  B
#���� ����01cDNA 

)Complementary DNA (  �� )�* .�F 5��R
�� 47 ��

 c�&9
��mRNA )Messenger RNA (  �� 5��R
��� ��

 '&
��
;�&
.S����� 5�6
�����OD )Optical density (

.�F 5�,��Q �,�/,  

���� 5��R
���� �� �9���, ���&���
 '%���. � �� ��
 

���6(�
 mRNA c�&9
���� 5���F' �
��F� 
 cDNA 

�
Q�� �F .�� ��C ��l#�'  �,�/, &" ��mRNA   �����

 �� � �
F��&� &l,�N ��!�&.��-  � �F $U
#�oligo 

dt * � �;�3� 47 ����S � .�F�!�&. ���-   5�6
��� ��

����&!�&�. ��� �� 
C° 65   ���� ��5 	�� ��U   ��&�	

�&! .����F 5���������  ��Reaction buffer 'dNTP 

)Deoxyribonucleotide triphosphates( 'Ribolock 

� )Revert Acid reverse transcriptase (  

Revert Acid RT �� �N ��!�&.��- 0! ��� * �� ��S 

� .�F�!�&.��- ����&! 5�6
�� �� �"�&�.   ��F c��Q

�,�/, � �� �"
 �| �&! �� .�F �
F�o+�8 0!��  5��F '

µl 8 * ����� ���#L � �;���3� ���,�/, &��" ��������S  .���F

��!�&.�-� ����&! 5�6
�� �� �"�&�.   5�6
��� � $U
#�

�&�
 � ��/���� 
C◦ 42   ���� ��60 	�� ��U  ���� �
 

C◦ 70  ��� ��5 	���U l#!�� .�F  

 g���m,� ���01Real time RT-PCR '�&!�����  ��  

)µl 5/1( cDNA )lµ 5/1( 'SYBR )lµ 10 '(dH2O 

)lµ9/7�
F� '( 
  �&P�*�
F� � 
 *��&     ��� g���� &�"

��4�B lµ 3/0 �&�
 &" 42 0!�� �F. (��� �&*��"&/
 

������� 5��R
����� �� �����C ���� (�\� �� ������1 1   

�75� ���.  
  

 ����1. �	
� ��
�� ��������� �)���
 � ���
��� �� ��� ���� !� (#
 Real time RT-PCR   

)Real time quantitative reverse transcription polymerase chain reaction(  

Gene Forward (top) Reverse (bottom) 

Nestin 
5´-AACAGCGACGGAGGTCTCTA-3´ 
5´-TTCTCTTGTCCCGCAGACTT-3' 

MAP2 
5´-TCAGAGGCAATGACCTTACC-3´ 

 5´-GTGGTAGGCTCTTGGTCTTT-3´ 

GFAP 
5´-CCTCTCCCTGGCTCGAATG-3´ 

5´GGAAGCGAACCTTCTCGATGTA-3' 

GAPDH 
5´-ACCACAGTCCATGCCATCAC-3´ 

 5´-TCCACCACCCTGTTGCTGTA-3' 
MAP2: Microtubule-associated protein 2; GFAP: Glial fibrillary acidic protein; GAPDH: 
Glyceraldehyde-3-Phosphate Dehydrogenase 
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���� ���� �� ������� ���� ����	 
��� ����$�� � 

 42 ��)Glyceraldehyde-3-phosphate 

dehydrogenase( GAPDH  42 4�����#� ������"����F 

 .�F 5��R
����C H����7 �&�
 �,�/, &"'     ��&�.! ���� ���

� �� .�F�!�&.�-� �,�/, � �
�� �" �� �"
 �|  5��� ��&	

    5�6
��� ��� )S�� � �FReal time RT-PCR   ���U
,�

��;����,&� . 
  ��� �� 5�6
��2  � ����15 	�� ��U 

.�F �&1�  

g&������, ��  ��B������;�SPSS  �9�������,  
18   

)version 18, SPSS Inc., Chicago, IL(   4����7 �

ANOVA One-way ��&� �01� # ��  ��� DA
Q�

 4���5�&+  .�F 5��R
�� �"050/0 < P   {\�� 4��#� ��

�# � ����
;&+ &l, �� 
 �F.  

  

���
	 	
  

!��$� %
�
&�
'� �
(! ��  

48 (�� �P� �� )* ���� ��� 
  �����  ��"
 #� ����
 

5�F ��1 �&L �;�� ���' � ��C  �����   ����! �� ��"�& 

����.��&. ��^&�  
���&
#�  /1 ���] ��� �
� 

���� �� 42�&
" �"
  �����  � $.�F ��5�   �� .�,��F

 2���*3-2 (��� ���&! �� 90-80   ����� '��]��   ��"

��7�H f N!�� �
 ; ����A��&�  $.F) �#
F�� $.F

a1����� �� .(�i ���*�H ����U(�
 �������' J!�����&  ��

2�(�;���
 ���� O/1 $��F �" +�F� �� ���A*�
  �

.P!�$ ����  .���� �48-24   �� � �����'  5���!  ��"
 

�&���
 .��P! &R������, g���, �����$  $.��F) ���Fb1(. 

�"&R����,
   5��F �&�R#�'    ��� �� ��P� �� )�*�i 

�U(�
 ���'� ��� ��  ,����7 ���F ��   ���,� ���F ��
� 

 $.F) �#
F��c1(. 

�����"�
 E(7�����# ����& ����.����&. ����^&� 
 

���&
#�' � �5��! ���] �"
 �&�
   (� ��� � ��,��� ��$ 

"���� " D�RF��2��� E(7���# ���� �"
   4���� � �&+

���5� 
  $��	 47 �� ��1��5�"�P�  $.F) �,���d1(.  

  

  
 )��1!��$ .� %
�
&�
'� �
(!��� �$
��� ��� ��� *� �&�$ $�+� ,� *� �-��� ./0� � 1�
	2�3� 4��5 �� �
�%��� 6�7�8��) .a (

�
(!��� �$
��� ��� ��� *� �&�$ $�+� ��5 ��� �� 9'
: ��5 )Dulbecco's modified eagle medium/ F-12 (

DMEM-F12. )b�
(! (��� �$
��� $�+ �&�$ *� ��� ���� �' �� ��� ��5�;
 �-��� ./0�  8�' 1$7 ��� � *��
)  .��!��
3

)c= #� ��5 (�1�� �
(!��� �$
��� $�+ �&�$ *� ��� ���� ) .��� �-��d( �
(!��� � �� ��� 1�
	2�3�
�%��� 6�7�8�� .

!��$� ��� %
�
&�
'�# ' �$
>
�!��� 1(?�'�� @�A$ .�&�B ;�C3� �!�� �5��3�� ) ��a) D(b) � (d (µm 200 ) �� �c (µm 50  
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����� ��	 � 	�
� ���
���� ���� �� ������� ���� ����	 
��� ����$�� � 

  
 )��2��/� .�� '
>
�!��� 3�� ���� ���C3� H�$ *�� $
���� 6�7�8�� ��?� �
(! ��� �$
��� $�+ �&�$ *� ��� ���� �-�� ���D 1�.� �� 

�AI �� ��? )��� �
(! ��� ��5� .��� 4��3 �� 

  

�� �����!�& ����.����&. ��,�&
.(�'� "����2��� 

E(7�����# �.���F �����] ���� �
 ����^ ���#,�� 5B��Q
 

���� �"
 �&�
 �� 4��� � $.F�$.F) ��� 5�  
��" 

a2  �b2.(  

!��$� ) 4�� �$��$ �� 4�'*Doubling time( 

�U� �01��� 
 ���� 4�F &��&� �� 4��� ���  �� �"

�����i  ���P�DMEM/F12 " �����2��� E(7�'����# 

 ) 4��F &��&� �� 4���Doubling time ����� (   �� ��"

�"��� 
1  5�&+)1 '(3  5�&+)2 � (7  5�&+)3�&� (
 

���� �"
 #����
   5��F ���1   ��&L ��;�� ���   5�&�+)

�"�F���� � (  ��"
 #� ����
  " �� �(���S.,� ���2��� 

E(7���#' .�F g�m,� 

�
, `�:�v � �  5���7 ����'     4��F &���&� �� 4����

����  ��� �� �"�
R" ��C # � ���R! 5�&+ ��� ���
 

) �F��001/0 < P�&� �� (
 ���� �"
   �� �(���S.,�

"����2��� E(7�����# )005/0 ± 460/0 ���� (�&
��P �� 

���� �"
 5�&+ �"�F )004/0 ± 380/0 ��� (���.  

  � '4���� ��Fo+ �� ��6,��C     4��F &���&� �� 4����

���� �"
  " �� �(���S.,� ���2��� E(7� ���#'  �B�;��H 

��&
P
 *��� �&�_   ���: ���
    �� )�* ��� ��� �� ���

������P�' 003/0 ± 060/0 ��� � �
�����R" ��� ��'   

005/0 ± 460/0 ��� ��� .��C 4��� �&�
  �����  ��"
 

�(��S.,� �� ��� g��' 005/0 ± 180/0 ��� ���.  

���� ���� �� �"
  5�&+'�"�F � ��6,��C � ��C   4����  

1 ����P� �� )���* ���' 005/0 ± 690/0 ��� � 3 ��� 

)* �� �P�' 005/0 ± 170/0 ��� ��� .7 ���  )�* �� 

�P�' ��6,��C ��   ����� 4��F &���&� �� 4�  � �� ��" ��C 

�B;� 5�&+�H ��;� )004/0 ± 380/0 ��� ($.F) 3.(  

  

  
)�� 3' .
K3�
L �
(! 4�� �$��$ �� 4�'* ���  ���B����  �

�
(! ��� � �� ��� 1�
	2�3�
�%��� 6�7�8�� ��*�� ��� 1  ���B)

1 D(3  ���B)2 � (7  ���B)3' .(
K3�
L  ���B �� 4�� �$��$ �� 4�'*

���� �M' �
N 1$� �-' �� ����1	 �
(! �$ ���  *�� �� 1�
	2�3�7 

 O��5���� .�P��
LD '
K3�
L �
(! �� 4�� �$��$ �� 4�'* ��� 

 *�� �� 1�
	2�3�7 �M' �
N 1$� ���� �-' ���1	  *�� �$1 �A&��O 

��&� )001/0 < P***D  L
K3�
'± ��
M' S��93�(  

0

0.2

0.4

0.6

I< 0.�G .
 0.�G >! 0.�G

 �
�>

 �
#��

# �
� 

�
��

2
)

2�
�

(

���1 0.�G   ��4<F�% �-.&�*� 0.�G

***

***
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Abstract 
Background: Different studies have been done to obtain sufficient number of neuronal cells for 
treatment of central nervous system injuries. Adipose-derived stem cells have higher proliferation rate 
and more resistant to apoptosis. These cells can be induced to differentiate along several multilineage 
cells such as neuron-like cells. Alginate hydrogel is a polysaccharide polymer that has proper 
properties including biocompatibility with no immunogenicity. In this study, the effect of alginate 
hydrogel on the cell viability, proliferation rate and neurogenic differentiation of human adipose 
derived stem cells was evaluated at 14 days after induction.  

Methods: Adipose-derived stem cells isolated from human, were cultured in neural induction media 
and seeded into alginate hydrogel. The cell viability and differentiation efficiency of encapsulated 
cells were evaluated via doubling time and real time quantitative reverse transcription polymerase 
chain reaction (real time RT-PCR) analysis, respectively. The collected data was analyzed using one-
way ANOVA test. 

Findings: The rate of proliferation of encapsulated cells significantly decreased as compared with 
control group (P < 0.001). The expression of nestin, glial fibrillary acidic protein (GFAP) and 
microtubule-associated protein 2 (MAP2) markers significantly increased as compared with control 
group (P < 0.001). 

Conclusion: Altogether proliferation rate of encapsulated cells in alginate hydrogel significantly 
decreased as compared with control group, but alginate hydrogel can promote neural differentiation of 
adipose-derived stem cells. 
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