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�*8� � 1	/Z� �
��� ��  ���� �� ���
�	��  .�a� 

� ��[��$�F� ���� 	�����] 7	����	2�  ��� ���5	� .���
��� 

�	���������

  ��  � ��*� "� 7�*; 
�	)  )	�  j�2! 

� (;� ��*��  �� �	�� ��	� (� �	  "��  �*�� )
 "��&* 

1	/Z� ��+ .�� "��	2� �� z`,� ��5 %&� "+ ��	� 

	� �
��� m�	��� 1  3
�  O
�� 50  R���gZ	� �R#��� 

��
�5  	�� ���*���+  �� 1*3& 	�� #
%&O���P 

�	
��   � �*5 )52.( ��  �	�^   "�+ � �
��� )
 "��&*  �  

50  R���� 1  3
�  O
��
FE�� �� ��
�5  DNA �� 

1*3& 	�� 	�*�&O���*� ����� )53(6����	�� -  "��  ��w� 

 � �&� �
���  	��� �	���������
 �
  )
 "��&*  %�a4 

&���  h��
� 1*3&  	�I&	�� �� %&� �  %�&� 6�/� 

gZ	� ��
�5  �  �&G
I  	���  �	�/�^�   ���/+�  "�� 

DNA 1*3&  	� �*5 )53-52.(  

7	����	2� +�����  "��� ��&���  ���EF
� �����
� 	���� 

 

�	��� .+ 9�	+�# ��  ��5� � h�� �
�  1*3�&  	��� 

��
�	� ,��R�
/  "�0���) ��� .	� ��6 1	^ ��  W��  *�& 

	���] 6�� D8�
 7	�D  ����+��) � ��  ���*���  �!	���� 

%&� � �� �*& ���� ���
$ � Y	T��  6���   �&���   	��

�� m	`��� ���
�  

�	��� ) �$�R�   -����
�  -��	�
� 

(����)  ��	��   ��� �  �*�8� � �*� �
�  ����
� ( ��*�� 

��	:�&�- &�
j ��*� %&� .�� �G 	4 "+ 	���] D8�
7	D 

Y	��T�� ����5 ��
�
�	 7�	��:�� � �� �!�*���  �!	����� 

 ��� ���5	� � �� ��#��  "����	2� �� "��� ��&���  ���EF
� 

�
��� 	�� �	���������

  �� 1*3& 	�� ��
�	� b�,� 

�� %#	� ��S  "�0���v� -%&� "��	2� � ��	^  Y	�T�� 

%#�$ .r�� �� ��6 "��	2�- &���  �E�
F ��	� �
��� 

�	���������
��
  )
"���&* 	��� 7���5 	���� 5/0 � 1 

 3
�  � O
�9�	+�# 50  R���"� 7�� 20 � 40 !�
"D 

�� ��� )"��� 7���� 7 ��� (���� ���
��R ���5� � h����
� 

1*3& 	�� ��
�	�  /
,��R� b�,� ��5 �� %#	�  ���S  

�	
��  *��.   

  

��� 	
  

����� ��	
���� 
� ������ � ��
�� ����   

&�
"3 � �*�
����+� � �
��� �	���

  &
 �&*�   ��W 
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 �������� 	
���
�� �� ������ �� ����� ���� ��� 
����� 	�� ��!� 
	��� ����� %
��&	' � 

&
. )
� ) *�3�&
�� ( 	��  "��
� �  "��*��&� �� ��  9��4 

�+��3��
W � ���2! ��30��  20  ��	��&  ������ 1*���   

24  ��	& � ���*� .720 ��� &
. 
�   ��+�� ���  "�� 

�2! 1  3
�  ���"� ��� "�
� �  *�3�&
�� )
~ �
��  ��5 

)(�5 1 .(*�3&
��  "��  7�*�;  �D#�  �� 	��G� �	��, 

���! %#�$ � "�  �*��  ��&�  "��  ���*:�
����*���  	�� 

D�
\	 �;�� V	��� (c�� �5 .���*:
����*�� "�  N��� 

�a5 	� 9�	+�# 50  R���� V	��� 220 %�� (;� �5 .

	� [�� ��" �  *�3�&
��  	�� �4 ���	 1/202   �3
�   ��v�G�   

395  ��3
� ���v�G � V	����� 68/4 � 19/9  %�������
��� 

�	���

  &
&*�  	� 7�5 	�� 5/0 � 1   �3
�   O�
�

�*� �
� ��$���� .������ ��&���  �4����	 � (���5 u*��� 

�����- *�3��&
�� "��� ���W Multimeter ��T
1	��� 

)Digital Hitester 3256-50- Japan (� �������W 

&�
�*�&*3 (;�  �5 .�	+
&��P
�* &
.�
 � ������ $ �
�� 

7�5 �
��� �	���

  "3;	^ 	� ��	:�&� ��  ��W  ���O�
� 

)Leybold Didactic GMBH 51662- Germany (

 Y	�T�� %��#�$ .��0�*����  � �
��� �	���
��
  �� R��+�� 

��&
. ��)
� 1±  ���;���*���. �� "��/� � 	��G�7	��, 

3)
% 	�� �*3&  %8�  ��	�� ��  R�+��  *�3�&
�� ) 	�� 

�
��,�6 ��0�*��  (���! ���#�$ .	��� (0�� *�3&
�� 

�� ��^
6 	����G�� 	���  ]���&	���������� $��
�� ��$����   

)(�5 1 .(��

7�� 	�� � (;	^ �� �
��� �	���
 �
  

(�	! .,S 5*)  �*�.  

1*3��&  	����� W��&O# �*3��&  	��� ��
���
"� �   

1000 1*3& �� �� W�	S �� 3)
%  	��� 96  W��	S 

%5	+ ���5 .1*3&  	��� "�  �*��  #�	�c�   "��  ��5 

-���$ �� ���$  ��	520 � 40 !�
"D �� ��� �  �	�aS 

���$ %8� ��	� 
D�
. ��$���� .���$ 	��  ��	5�� 

*�3&
�� _*�	0 ���! ���#�$.  

��� ������� �� � �!� 	��"��  #�$%� ��  &$��� 

��'�  

"�*/� 	�� ��S  �	
��  �� %#	� ��S  �	$����  .�	�0 � 

	� I
+  	����% �� �G  	�� a� �
" ��$ ��� . 9�) ��  (�/Z 

��R&�-6 %#	� ��S  �� %/
! .�5  "3�;	#O� �� ���� 

r���t �	��^� PBS )Phosphate buffered saline(   

���! %#�$ �  %Z��& "�  "�� 	��G� �	��,  ����$  Y*�3Z 

�,��{ )�`� %#	� &	�5  ( �	��,���  Y*�3Z  ��5R)  

�	a:;�  (�D���  �5�.  "��*/�  ���S�6  �	�� �� PBS  "�� 

�*0  *,�
5 ����  ��5  	��  %�#	� ��  ����� �  �*�0 

�	Z� ���$ .��S  	�� ��5��0 "� "�*� �  6��	�# 15 

&  &  (D��� �5�� .5/0 �
3  �
��  R��G�.  �	��VO+ ΙA 

 �02/0 Y�$ ��*) �	�VO+ �� 5 �
3  �
�� mG �l	�G  "�� 

���� �� �W Y�$ ��S   "#	��� ��$ ��� .m��  "��*�  � 

�*��	# "�
� �5 � 9) �� �	�� ���� �5�-� "�  7��� 

30 !�
"D �� �*�	�*��� ���! %#�$ 	�  1*�38� � �0�*���  

���	T ���$ .9v& "� �
��R .� .T^ R�G�. ��	:�&�  -��5 

����8�
C �	����^� FBS )Fetal bovine serum(   

10 �;�� ���R#� �5 	� 7��F� R�G�. h�0  ���$ . 9)

 �G ��"� 7�� 10 !�
"D � 	� ��� 1400   "�D
!� �� ���

���	&�V*: Y	T�� %#�$ .	��j ��  �� 3`� �
"   ��5�   "��

 �*���T� 5 �
3  �
�� 8�
C "� m*&�  "#	���  ��5 � 

)
%v ��$�� �  �*� "���T� "� 7�� 5 !�
"D �  	�� ��� 

1400  "D
!� �� ������	&�V*: Y	T�� %#�$ .	��j �� � 

3`�
"   ��5�  �
�	v&*&
�*  �*3�&   "��  W�&O#  	��� 

�	^� 8�
C ����� FBS 10 �;�� ���� �5 .  

���� �� � �!  

1*3& 	�� ��
�	�  /
,��R� b�,� ��5 �� %#	�  ���S  

�	
��  �� 3)
% 	�� 96  ��	�S   	��  �
���
"� � 1000 

1*3& �� �� W�	S "� ���/� 100  ���
����
�  �8�
C 
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��� ����� 	
���
�� �� ������ �� ����� ���� ��� 
����� 	�� ��!� 
	��� ����� %
��&	' � 

%,+ �	^� FBS %,+ �5 � "�  7���  ��W  "�	P�5 

��� "�*��� ��$�� .  

1*3&  	�%8� ��	� �	���������

   	��  9�	�+�# 

50  R���� 	� 7�5 	�� 1 � 5/0  3
�  O
� "��  7��� 

20 � 40 !�
"��D �� ��� � ������ 7 ��� ��*����  �����! 

���#�$. ���$  	���  %�8�  ��	��  (�	�5  �	�aS  ����$ 

���*� .���� ��	�  ���$ "� ��5 � �	1  	�4    I�
��� "��

-%��8� 1  ��3
�   7���� "��� O��
�40 !�
"��D �� -���   

1  3
�  O
��7�� " 20 !�
"D �� -��� 5/0  3
�  O
�

�7�� " 40 !�
"D �� ���  �5/0  3
�  O
� �� 7��� " 

20 !�
"D �� ����*� -.  

���$ 	�� ��	5 �� (0�� *�3&
��  _*�	�0  ����� 

20 � 40 !�
"��D �� ��� �����! �����#�$ .����5�C ������ 

���$ 	�� %8� ��	� � � ��	5 �	�
�  �*�� .��  Y	�/� 

	��G�7	, 3)
%  	��� R+�� *+�( "+ ��0�*��  � �
��� 

�
,
"� -�*� ���!  ���#�$ )(�5 2.(  

  

 

  
 ()*1 .
���� � ������ 
� �����	
� ����� ��-�� ��.�� ���� ./-� :
�� ��-�� 1�2 �		� �� ��%� �� �����	
� ����� � "�! . 3�* �� �4���

����" ���5 ��6�	 � .��� �" ���)6 �����	
� .7 :8	���" ����96" ���� ����� 3����
� ��" 
�� .��� �" 7��2 :��;! <� &��=���5 1�2 .> : 
����

��-�� :�		� � �� ��%� �� �����	
� ����� "<� �! ��-�� ?����@�������� A' <� &��� �� 
�� ?��� �	��! 7��2 :��;! <� ���B�� � 1�2.  

��
 � 
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 �������� 	
���
�� �� ������ �� ����� ���� ��� 
����� 	�� ��!� 
	��� ����� %
��&	' � 

  
()* 2 .&� 2  ?"�� <	�%�� ����� ��D��	)6 <� (6�� .��� �" �!

�	���= ���5. 

  

���$$6��� �$$E� � �$$*� �� $$�  �$$!F$$��� 	)�$$�G   
MTT assay  

���� �����	  �
��R h��
� 1*3&  	���  %�8�  ��	�� � 

��	��5 �� _�� MTT ��	:���&� ���5 .3)��
% 	���� 96 

W�	S �� �*�	�*��� u�	0 �5 ��� 8�
C  W��	S   	��

	� ��	:�&� �� )
%v �*�&	) 3`�
" ��$�� .�� W�	S  	�� 

100  ��
����
� 1*�38� PBS  ��W  �	��  *�,�
5 ���� 

�5. 9v& "� �� W�	S 100  ��
����
�8�
C  %�,+ 

�!	# FBS � 10  ��
����
�1*38� MTT "#	�� �5 � 

3)
%  	�"� 7�� 4 %Z	& "�*���  ����5 . 9�) ��  ��  

��6 �	�� 3)
%  	��� �*�	�*��� u�	0  ���5�  1*�38� 

(0�� W�	S  	�3`�
" �5.  

 �G �� 9)100  ��
����
�1*38� DMSO  "��  ��� 

W�	S ���R#�  �5� "� �*0  )
 %�v ��$ ��� . 1*�38� 

�� W�	S 	� )
%v �*�&	)  "��  (�0��  ��W 3) �
% 96 

W�	S �� ���  (�D���   ��5� ��  �	���&� �
���� ���� 

ELISA 	� 1*� u*� 540 ���*�	� "�5�[$ �5 � �
��R 

OD )Optical density( "���*/� ���*��0 ��$���� � 

7��! 	D�� 1*3&  	�)Viability ("P&	8� 5�.  

 �����  .�&�  ��8��   �����	��&� MTT-  ������ 50- 

100- 500- 1000- 5000 � 10000 1*3�������& ���� 

W���	S 	���� ���W 3)��
% 96 ��	��S  "��� �����/�   

100  ������
����
����8�
C %���,+ ����!	# FBS �   

10  ���
����
�1*38� MTT ��"�` �5 �  "��  7���   

4 %Z	& "�*���  ��5 . 9�) �� 4  -%Z	�&  �8�
C  ��� 

W�	S 3`�
" � 100   ���
����
� 1*�38� DMSO  "�� 

�G  	����R#� ��$�� .9) �� ��S�6  �	�� )
 %�v  -����+ 

3)
% "�  �	���&� ELISA  (�D���  ��5 �  �	�D��� OD 

���� �� W�	S )����� 7�	:�� �*3&  (���*0 �5 .  

���6��� H)��� �� �  �!�� I�� �J�.� ��6��K � �  

���� Y	T�� �*��G ����	v *3� 8�
C �� W�	S 3`� �
" 

 �5� �� �	� 	� 100  ��
����
�1*38� PBS  *�,�
5 

��$�� .50 �
����
�� 1*38� ���
v
6/EDTA ��  ��� 

W�	S ��"�`  �5� "� 7�� 4  	�5 !�
"D "�*��� �5 .

9) �� �	�� ��D� 50 �
����
�� 8�
C  %�,+  �	�^� 

FBS �
R "� �� W�	S ���R#�  �5� "� �*0  	� )
%v 

�*���&	) )
%��v ������$ 	��� �����
v
6 ��h�0  �*��5 .  

100 �
����
�� 
�	v&*&
�* �*3&  	� 100 �
����
�� 

x�� ����	v *3� �� ��� �W Yl  M*�3`�  ��5 . ������ 

1*3& 	� � "+ x�� �G  ���5��� "� ��*�Z  1*3�&  	��� 

.�	& � �
R (+ 1*3& 	�� ���	,� ��5 _�	/5 ���5.  

%Z�& h��
� )Proliferation rate ( 	��  ��	:��&� �� 

��

6 %P
� 1*3& 	�� ���� "� (+  1*3�&  	��� ��� �
" 

"P&	8� �5.  

����� G��	�� �*� )Growth kinetics(  

�	�� �� ����� ��5 "� ��*�Z �� �
�	�  %�a4  �&���  

�5� 1*3& 	�� ��
�	�  /
,��R� b�,�  ���5 ��  %�#	� 

��S  �	
��  "P&	8� �5 .1*3&  	���  �8�
C  %�,+ 

�	^� FBS 10  �;��	�  �
���
"� � 1000  1*3�& �� 

�� W�	S "�*��� ���5 . 9�) �� 7 ���  ������  	�a� � 
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��� ����� 	
���
�� �� ������ �� ����� ���� ��� 
����� 	�� ��!� 
	��� ����� %
��&	' � 

1*3&  	�"� W/+  ��8��   �����	��&� MTT  �� " %�&� 

����G � �	���� �� ������� ����5 )Doubling time (	��� 

��	:�&� �� 1*��#  ���"P&	8� ��$��:  

Doubling Time = T [ln2/ln (N1/N2)] 

 1*����# 6���� ��T  -��	����G �	����N1  �N2 "��� 

���
I ����� 1*3& 	�� �����
�  �	a� � "
� . 

 (
38� � "�RT� �	��G���� �    C�&*� 	�� Y���  ��R�#� 

SPSS  Y	T���5. %a4 &���  7	#O�0� �
6 ���$ 	� 

 ���*��G One way ANOVA ��	:�&�  ��5 . rO��0� 

���
��	
6 ����  	����� 7�*��; 05/0 < P �����  ��� 

m*
8� �5.  

  

����	 	
  

����� N�-������ �� � �!  

1*3& 	�� ��
�	� ��4 ��5 ��  %�#	�  ���S   	��  .+����   

80 �;�� �� q+ W&O# %,+- ��	t +��   (��5 

� V*�*#�*�� #
�&O���P
W �	,� ����� .&���   	��� 

V*�*#�*�� 	� �
�*�&��� �	# %&����+ ��	:�  �
6 

V*�*#�*�� 1*3&   	����  ����$  	���  %�8�  ��	�� � 

 ��	5�	,� ���� )(�5 3.(  

  

 

 ()*3 .P�� �N�-����� �� � �!� &Q� ���� � �!�* ����@� :�6" �%� .����� �!� G6N�-����� �� R�)���)�� ��� &����	�   

S�9�� &��= )T�.� �6�;� 40 ×.( 

Exp (40 min) Cont (40 min) 

Exp (20 min) Cont (20 min) 
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	��� ����� %
��&	' � 

  
��! 	��"�� �;�%��.� #�%� :�* �� &��� ��'� 

	X�� ��"� ����% �� :��= �!� �!�* "��.  

1*3&  	��� ���$ 	�� ��	5 �*�.  

] � "%&�  ����G �� _�� MTT  "�+ 

1   �3
�  O�
� � 40 !�
 "�D �� ���  	�� 

7�	:� ���  ����  -%�5��� �� _�� 

�	v *3� %Z�& h��
� �� ��6 ���$  .�� 

	�� %8� ��	� "�  �*��  ����  ���� 

� ��	5 �*� )05/0 < P ()(�5 5.(  

 ����� ��* �" :��= �!� -� �� 

	�� ��	� "� X
� �� ���$ 1  3
�  O
�

!�
"��D �� ��� �	���� �� ������� ����5 

Doubling time( "��� �*��� �����  ���� ����/+ �� 

�*� )05/0 < P.(  

�� ����� ��5 �	,� ��� "+ 1*3&   	���� 

��	� %P
� "� ���$ 	��  ��	�5 � �
�	 

���� �� ����� ��5 n����� "+ � ��6 �� 

� �5� �
��, 1*3&  	���  ��	��  ���5 

0

50

100

150
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Abstract 
Background: The effects of non-ionizing extremely low-frequency electromagnetic fields  
(ELF-EMF) chronic exposure on human beings due to its potential health hazards has become a focus 
of interest since many years ago. Stem cells are useful models for assessment of effects of ELF-EMF 
on other cell lines and human beings. Adipose tissue has been known source of multipotent stromal 
cells (MSCs), which can be obtained by a less invasive method and in large amounts compared with 
bone marrow stromal cells (BMSCs); so this study was done on human adipose-derived stem cells 
(hADSCs). The effect of ELF-EMF with intensity of 0.5 and 1 mT and 50 Hz on proliferation rates of 
hADSCs at 20 and 40 min/day for 7 days was assessed.  

Methods: MTT assay was used to determine the growth and metabolism of cells and Trypan blue test 
was also done for cell viability. 

Findings: The proliferation rate and growth of hADSCs in all exposure groups was significantly 
higher than that in sham groups except in group of 1 mT, 40 min/day (P < 0.05). 

Conclusion: The results showed that 0.5 and 1 mT magnetic strength fields can promote the 
proliferation rates of the hMSCs derived adipose tissue regarding the duration of exposure. 

Keywords: Non-ionizing extremely low-frequency electromagnetic fields (ELF-EMF), Human 
adipose-derived stem cells (hADSCs), Adipose, Proliferation rate, Growth 
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