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Abstract 
Background: Serum adiponectin (ADPN), an adipocyte-produced hormone, has a higher level in 
patients with uremia with or without diabetes. Plasma ADPN levels are direct predictor of 
cardiovascular outcomes among patients with end stage renal disease (ESRD). Also, Studies showed 
that level of adiponectin reflects death.  

Methods: Seventy-three under-hemodialysis patients without diabetes were selected. Fasting blood 
sample of all patients was caught to determine ADPN level and other parameters. Weight, body mass 
index, waist and abdomen were measured, too. To assess the relationship of ADPN level with other 
parameters, Pearson test was used. 

Findings: There was significant negative association of ADPN level with weight (P < 0.001), body 
mass index (P < 0.001), waist (P < 0.050) and abdomen (P < 0.010) circumferences and serum 
triglyceride level (P < 0.010). 

Conclusion: Our results demonstrated that serum ADPN level in without-diabetes patients under 
hemodialysis show malnutrition, wasting and lower muscle and fat tissue. The findings need further 
evaluation to precisely find the impact of ADPN on mortality and morbidity of under-hemodialysis 
patients. 
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!�)	 
$�	� �	
� *+ ���� ���  ��	�,	 ��	

  �-��� (� .$ /�0� �� ���	
1�� ' ���2&�� �
3 ��

�� �	�4 �	�!�
$ 
��� (	 5�+���   ������ �	�� .���!&

 *,�$�� �+��� (� 7$�� �) *�	 82� ��!�� �	�,	 9$	

  	� ������ :;�0� .��� �� �
� 9!!0� ���< =�
� %��

���	 �< >��	 ��   �0��	 �	��?� 9!�!0� �	�� .�
) @�  �

     =��
� ��) A'	���� B'� .�$ ��	�,	 =�
� ��,�$��

9!��� C���	D<   B'� �	
��
E ���� ��� �	 �D����	 ���FF ;	

  .��$D
;
!� ����� $(� �*���	 %���� ���!$G� ��	�������	

��  ����)6-1.(  

51�� (	 .$D
;
!� ��� $(� ��   .�$D
;
!� ���

�� �!!M� ���� �N	 �� �)  �< O	��!!M� ' �

)  ��  P���4 �

%(	��	      %(	���	 ' ��'<��� �	��� .*��	 ���!&   (� ���!&

�� %��#��	 ��, =�
� %�� *,�$�� �+���  Q��� .�
�

51�� 9$	 �0�	 �� .$D
;
!� ���    ��$�� ���,��$�� �

   ����� ��� �E	 P��4 ' �$R� �	���)12-7  B'� .�$ .(

   B�� �� �.�$D
;
!� ��� $(� �	�� �$U3 ��	�����	

��	�!�	 �'(
�'�) ���   �� ����� (	 C�� %�� ��"$	 �

*!�
#
;  *�	 �
1 ���)17-13(  ����� .In vivo  '

 �$In vitro  *!��
#
;      (	 �2���+� :$���� ��
�1 ����

��	�!�	 �� ��+� ��'(
�'�) ���   �	��!� 9$	���
� .���

   	� �
���� ��	
�� �� %�$� 
��� ��, .$ ��,�$�� (�

��     ����� ��� P�W4 (	 ��) (� Q��� �
X
� .$ �� �	
� 

*!���
#
; ��	�   O�
��Y ���� ��
��1 �����In vitro  '

��	�!�	 B�� �   �� B�� �� %Z$' �� ��'(
�'�) ���

.$��
�     P�!;� ��� .�
� � 9!!0� �*�	 %��< *�� �� ��

 *!��
#
; ��-
3 � E   ���	�!�	 ����    ��'(
��'�) ����

A�� �� ���  .�
��� 5!�+� P��4 �N��� .$ (	 �0� ��

)�� �� �	�� (� Q��� �
X
� 9$	  ' *��	 �Y�[�1	 �

 ��	� \�� �
!�	�W!;�) �
X
�)17 -16(.  

   .�$D
;
!� ���� $(� �	�� �) ��]$� ���+� �
�(<

�� %��#��	  A
F�� B�� � ��
�    �	�	� *!��
#
; ����

      ����� (	 ��0� .*��	 �;
F�� 8!��?� \�]
� ���� �$�

���� �$� �;
F� 8!�?� �� �� �� �	�!�
$  O�
Y �� ��

 .�^
) 8�_ �
^ �$ .$  	 ���   �< C
�_ (	 ' ����� (

   A
F�� 8��U�
�!� �� ����� �� %'UE �) �
���   ����

�� %�$� ��1�   �
��)21 -18   %���� �
��(< 9�$	 .(   ' ���

7$�� %(	��	 ' *�	 ��    ����$( �	��0� 5!�+� ' ��!&

     ��$ ' �$
�[� B(	���� O������	 (	 %��#��	 �� 	� A
F�

�� �$R� ����	 ����
�$��
F,     ����� ��$� �
��(< .�(��

�	�� 7$�� ��
 � �-�� �	�0� �� A
 0� O�!F E  P��4 ��

 *�	 \�"�	)21 -19(  �'��� ���(� ���b� O�
Y �� .

mGy 100 -50   5!��+� P��4 �$��?� 9$�� ) �	

E ��

    ���� .��$D
;
!� ����� $(� �� �< .��!�#� ���� ���$ '

��	�!�	 �� ��!� ��'(
�'�) ���  ��
�)17(  O��?!?X� .

 (
��
�< �) *�	 %�	� ��+� �!1	*!�
#
; ��  �
1 ���

����   �	���� .��$D
;
!� ���� $(� .��$ �	
��
E ���� ����	
�

%(	��	  �'� ��) �� (� ��!&)24 -22 �8.(  

������ f�� (
��
�< %�� ��$�  A
F�� �    Q���� �� ���

  *!�
 ��� ' %��

) �$�2� 8$UE ��     ����� ��F _ (	 ���

�� 	� %�$�� 9$	 .*�	     ��0��_ �� ����� (	 ��0� �	
��  �

� g
[1 �� �;
F�A
F   ����� ����    ��M� ' �
�1 �	�

   f��� �F�Y	 *FE ����� (	 �0� .�
 � %���+� �	
���	

*!���
#
;  *���	 (
����
�< ����)29 -25 �13 �� (
����
�< .(

     ����$( �	��?� �	��,	 (	 ����$( �	�0� �) �
��� ��	
�
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FITC )Fluorescein isothiocyanate ����� (   �����	
�

%(	��	  �
� ��!&)29 �23 �8.(  

  

��� 	
  

����� ���	  

   %(	����	 �	���� �i��!?X� 9��$	 ��   �� (
����
�< ����!&

*!�
#
;  *;�W) ��	��
$�	� %�]��� �� �$��(< .$ ���

60   ��2#�����Y	 (j) 	�2�����+;	�!� ����������� !� ��

)(TearatronPhonix Canada �  ����� %�	� k���!��  

 P��)1  ��	��
�$�	� �� %��#��	 ��
� ���(� �	�� ' (

)Gy 10-1/0  ��!&
���� (	 C� (
��
�< ��?;	 �	�!� (

   *!��
#
; �� �	�!�
�$ ����
��� ��     �	��,	 �
�1 ����

.�� 9!!0� ���� �� Q��� �� kF3'	�   

  

  
 
��1 .������ ����� � ������ ����� ���� ��  �� �!��"   

#� � ��$� �% ���&��  '�  

  

(	 %�� �) �_ �<  *!��
#
; �;
F� mF��� ���   ���

*!����  �
����  ��'��#�� (	  �
�1  ���+�  ���  ��
�� 

 P��)2(� 9$	���
� *!�
#
; ��� T �	�� 9$	 �$��(< 

@����	 ) ����4.(  

�� 9$	  ��
�b
� (	 16      �� 9�� ��� 8;��� k�F3'	�9!   

35 -18 �E	 �) 9� A����! �� ��]!� ' P�;	 '  �?���� � 

  ������ ������  �
���	��� ml 10  �
�1 ��  n��o ����� 

���
$��p� ����,�& ����  P����)3 .(9��$	 ����) ���� *��$�E� 

P��'�� ��� ��	�����	 q
��� \�"�	     �
�1 Cp�� .���

   '���� *W��� ����   ���)Phosphate buffered saline( 

PBS i!4� �� ' �
1 i!4� %��  ��	�< ���    P�1	� ���

� 9�;�,��]$ '�� �)� cc 5 A
FX� P�$�,  ����  .�� 

��
���  ���� P��?�
�' ���� 20 ���?!4� D
#$������� �� �'�   

rpm 2000 �
#
;*! �� 	�_ ����. *!�
#
; ���  	��_ 

�%�� �� �� ���p$   h��� 
�F�  ���!�< '  B�� ��  ����� ' 

�Y�� A
F� ��� %��( � �< �� .�� 5�+�  
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 '1  ��������Y������������< .�������!�
!� ' PHA 

)Phytohemagglutinin (���� ���?� r���X� �	
��
E8! 

;
F�� �,�s	 %��  ��
��  %�'��,	  ���   �
����
��	 �� '

;
F� *+) g
[���  �	�4*,�& (	 C� .3 ('� (	 

�� =!X� *+) 10 * �4 ml 1 A
F� �� 8)	��  .�$ 

�
!F!� �� �F!� ��!; 	�_ ' �� 10 F� *�! 6 �$���   P�?�
�

 ��'  *�!F� ��  ��� �(� ��  %�'��X�  �Gy 10-1/0 

���� %�	� �� .��� $(� ��$�!,  ���  %�]���� Farmer 

)Nucler Enterprise Zurich Switzland2570 (' 

\
���, A��0� *,�� \�"�	 ��  ��� (�  ��_'�1  %�]���� 

%(	��	 ��!& �
� .Cp� *!F� ��   �
����
��	 �� %���'�

    �	��?� ��� ��� P?�
� (
���
�< 	 ���"$     ����� ��� %���

%(	��	 ��!& �
�.  

������*���$�  

����0� (	 3 ('� �	����2]�� ������p�
�!�
 �
���1� �� 

��
�����
��	 A
F��� ���� *���	��� ����	 ���� .��$9  ��
��b
�

���p�
�!�
  P1	� �� �$.  ��;
; � ml 15  P�?�
�  '5 

4�!�?  ��rpm 1500��� ��� ����� t��	$D
#   .��� C�� 

 (	�$��9 ��$7 '��$�   ;
F�� g��4�  ��µl 200  ���$7 

4��� %����  �	�4*,�&;
F� g�4 Cp� .�    �,��� ��� 	���	

PBS  �,�� �� Cp� 'BD )BD-Bioscience ( 
�+��� 

 h�� 'Anexin v + FITC )BD-Bioscience  �< �� (

 ' �,�s	154�!�? ��� ���   h��� Cp� .�� ��
��	 t��	

 �� �,�s	PBS  h�� ' ����PI X� ��!= ��& �,�s	$� .

A
F� Cp�  �,�� �� ��BD-Bioscience 4� �!i   �	��?� '


�<�< (
�� ��
F, �� ��$���
�� %(	��	 &!�� .��  

������*���$� 
�$:"  

   �
����
�$� �
������ %�]������ ����� ����
�$�����
F,  

)Becton Dikinson FACScan (	 %��#�����	 ����� (

\��  �	�,	Cell-quest  %(	���	 �� .�� \�"�	    ��
^ ���!&

  ����!; '� ���� ���
�$����
F, %�]����� =���
� ����	�����  

nm 530  'nm 640�
�< � ������ ���� %���� ����"$	 (
���

%(	����	 %�	� P��!FX� .���� ����!& \���� =���
� ����  �	���,	  

Cell-quest   
�F_ �� ��
� �&�
)	�� .�� \�"�	FSC 

)Forward scatter  ��W
_ ' (SSC )Side scatter ' (

 9!� �   C������
F, �
�3PI  'FITC   A
F�� �	���  ����

%(	��	 *!�
#
; .�� ��!&      ��Y�� ��� ����� *�!& ��

��	 (
��
�<%(	   �� 
�F_ �� ��
� �&�
)	�� .�
� ��!&

 O'�#�� u
� A
3 '�nm 530  ' �W�nm 640   ����4

%(	��	 A
F� �� �	��    .��� ���!&FSC   �� �&��
)	��

%(	��	 �� 
F_      ��) �;��� �� v*��	 k���
�� A
F� �

 �W
_ �&�
)	��SSC  ���!;
�	�& �� k��
��   �;
F�� �

 '� 9�$	 (	 %��#��	 �� .*�	 (�;
F� ���1��)   ����	����

*!�
�; ���) *!& ����	  ���) *!& ' mF��� ���

*!�
#
; .��	� �
_' ��  

FITC  �� %�� *#_Anexin-v    �W�� C�����
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�� ��"$	   %(	���	 �	��� �) �
)     %��#���	 (
���
�< ���!&

��  h�� .�
�PI   ����4 C����
F, �� (�$�$ 8$�!�'��)

%(	��	 �	�� A
F� ��!& �< ���) 	�_ ' %('��� ���  ��

A
F� (	 �� %��#��	 (
��
�< ���     ��� O��EU3	 .�
��

 %��< *�� �� ��
 � ��� %���< (	 �0� �FY�,U� ��
 �

%(	��	 ������	��� .*�	    �(���	�_ �����	 �%�� ��!&

�0��_ ��2^ *!�
�; �  ��� 	� ��     (	 %��#���	 ��� .����

   
��F_ ���� '� �&���
)	�� �	�
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 ���
) �&�
)	��SSC �� � *!��
�; *!0 _ �$(   ���

*!�
�
�) *!�
;
�	�& ��� *!�
#
; ' ��  ��
1 �� (��

%��1 (	 9! � ' �;
F� ���   *!��
#
; �
�3    	��_ ���

��  %�	� .��
��    �	��� ���10000    �'��� �� A
F��3 

�� *�� �� �?!4� A
F� .�
$<    A��� �� *!��
#
; ���
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#
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F, ��  ��� P!��+� ����
   ��� ' ��
��    ��� ��
�	
�

%(	����	 .��^
) �  ���
0$ �������FSC .��^
)  ' ����

��!;
�	�& f��� �   ��
0$ ��SSC  f����    5!��+� ���

A
F��� 9��$	 .��
��� %�	�  h���� ����Anexin-FITC  	�

�� @R_ �� �W� C����
F, �
� ' �

) .�
�� 

�� � 
�$:" � �*1;" �%  

%�	� � P!FX� ' �$�"� �F��� '� �� ��  .�$ 	���	 .���

  ���0� '� �	�
 �FSC    k��� ���SSC   C�����
F,

  *!��
#
; �(���	�_ ' �$���
� �	��     ��� 8��� ���

 P��)4-A�!��� Cp� .(   *!��
#
; ��� q
��� �   ���

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

A
F��� ����	'	�,   *
����
F, ���� �����PI  k���� ����

Anexin-FITC  A�����) '� ��H1FL  'H2FL ��� �	�

A
F���� �$������
�   ����� 8����� .���!�
��
�< ������  

 P��)4-B    *!��
#
; ����) *�!& (	 C�� .(   �� ���

 �
X
�FSC    k��� ���SSC     ��	�
� � 9�$	 �'� ���

  ��!��� .��� 5�+� �!��� ��2^  �FITC   �*�Ww�PI 

A
F� �� q
��� �!��� 9$	 �) �#
�  .*�	 %('��� ���

�!���  �FITC  �*Ww�PI �!��� �) �#
�    ��) *��	 �	

A
F�    %��� (
���
�< ���^� %(�� �) �$��    ���+� 	� ���	  

  

  
 ���4- B          ���4-A            

  
  

��� 4-D         ��� 4-C        
  

 ���4������� 
����������� ������ .  
�!T Annexin V + FITC  ��" #$ 
% &'��()�* %)+�,� �-.�FSC )Forward scatter (

�1)��)  &-�" &'��()�* 2�3 �$ 	��� 
SSC )Side scatter (#��%4��)�' #56� %)+�,� 
 #,! 
)  )% �7( 8�9� %+ �:�3 ;)%< 
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Abstract 
Background: In events such as a nuclear explosion or leakage of radioactive material from nuclear 
power dungeons or other events in nuclear medicine departments in hospitals, many people 
accidentally receive an unspecified amount of ionizing radiation. First step to treat is evaluation of 
radiation dose received by the victims. In such situation and in radiotherapy program, dosimetry is 
used for evaluation of treatment planning. Some measurable biological indexes used for evaluation of 
dose of radiation. Some measurable biological indexes can be used in biological dosimetry to measure 
the radiation dose and estimate the radiation effect.  

Methods: In this study, the test for biological dosimetry based on apoptosis induced by gamma radiation 
in peripheral blood T-lymphocytes was performed in 16 volunteers. The blood lymphocytes were 
isolated and cultured in RPMI (Roswell Park Memorial Institute) 1640 medium and then, were placed in 
5% CO2 atmosphere at 37°C. Then, the samples were prepared from the culture medium and radiated 
with different doses of gamma radiation. Sample transferred to incubator again to measure their 
apoptosis. Radiation-induced apoptosis in the cell population was measured by flow cytometry using 
Annexin V + fluorescein isothiocyanate (FITC) and prodidium iodide (PI) stains. 

Findings: Radiation induced apoptosis was measureable with enough precision. But measured apoptosis 
depended on delay time after irradiation and protocole of flow cytometry. 

Conclusion: The results of this study show that it is possible to use radiation for measuring apoptosis 
as a biological dosimeter in a short time after radiation exposure in the events such as a nuclear 
explosion or leakage of radioactive material. 

Keywords: Apoptosis, Flowcytometry, T-cells, Lymphocyte, Biological dosimetry, Radiation 

 
Citation: Tavakkoli MB, Kheirollahi M, Kiani A, Kazemi M, Mohebat L, Haghjoo Javanmard Sh,  
et al. Evaluation of Measuring Radiation-Induced Apoptosis in Human T-Lymphocytes by Flow 
Cytometry as a Biological Dosimetry System. J Isfahan Med Sch 2014; 32(284): 610-20 

 

Original Article 



 

  

* ����� ���	 
���
 ��� 

�� � ���� ���� �������� �  ������ �� ! ��"#���� ��$%�� .'��  

1-  �����	
��
����� ����	 ���� ���� ������� �����	
 � ��� � !"#$� � ������	
 %�&#&�� �� ���  ���� ��'��	
� 	 �(�)*+	 �(�)*+	(	��  

2- ����
�"�	 ���� ���� ������� �����	
 � ��� �� ���  ���� ��'��	
� 	 �(�)*+	 �(�)*+	(	��  

3- �
�"�	 ���� ���� ������� �����	
 � ��� �� ���  ���� ��'��	
� 	 �(�)*+	 �(�)*+	(	��  

4- /�
���� ����	 ���� �
$�	 ����
� �����	
 � ��� �� ���  ���� ��'��	
� 	 �(�)*+	 �(�)*+	(	��  

5- �/�
���� ���� ���� ������� �����	
 � ��� �� ���  ���� ��'��	
� 	 �(�)*+	 �(�)*+	(	�� 

������� 	
��� 
: ����� �	
� �

�  ���  Email: hashemibeni@med.mui.ac.ir   

  

  

www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /284 ���  /!"# �$� 1393 621 

������ �	
�� 
�	���� ����  :������ 	���
7/12/1392 

�� ���  ���� 
���
/284 
��  !" ��� �#�$/1393  :���
� 	���
29/2/1393 

  

������ �	�
	 � �
�� ����14 CD �44CD ���� ��  ���� �� ��
� ��� !� ���

)ADSCs (���� �  ��$�� %��&' ( ���)!* ����$ �+�%	,��)!* )!�  

  
����� ���	
1� 
��� ���� ����� ���2� 
��� ���	
�	 ��������	3� 
��� �!� ����"	�2�   



#�
$ ��%����4� ��
' �!� �
#�	5  
  
  

�����  

:����� �	
��
 �� ���� ������ �
 	
 ���� ��� ������  �!� 	
 "��# )ADSCs  �%Adipose tissue-derived stem cells ('() "�*�(� 

'+�� ,
�-. ���/��
 "� ��0 .��!�� "2�34�5� �6 7��6�2 �� 8%
 ����	 9�:;
 �*0 <'�
 =7��
��  <�� '���
�>�
�? *0� 
 @
� ��� A%�B2 "C�;�C� 

���� '�
 
 ��34�5� "D6 �� ����	 � E2�
��� ����F;�!; "B5� "G H;I
�*�6 9�:;
 �*0 '�
 .�� 8%
 <J��
 KB2 ,*� � ���� �L�M" E2�
��� 

F;�!;���� B5�" 14CD  
44CD G" �+*�%
 H;I
�*�6 '�
.  

��� :�� '+�� "��# �%	 �*�) ";��;
 3 �/; 'B2 ��OP2 Q%H;R 	�;IS6 �%H:2 
 ����  ��� ������ '!6 ��
� *;*0 .���� ��� ���� '() 9
� I���=" 

�F;�!;��� B5�" 14CD  
44CD �
 ����� � ���+������� �TD� .*��+�� �
�U ���/��
 ����8� 
8% ���� �� V4R '���
� �����% OP2 'B2 
�� *�9�% 

;I
�*�6A� ���� 
 *;*0 ��
� '!6 ��� H%�D2 ��+�% �� ���	
� 7  
14 ���� '()" F;�!;���� B5�" 14CD  
44CD *��+�� �
�U ���/��
 ����. 

����� :�� 7��� �F;�!; 44CD  ��8/96  *���	
 ADSCs ��� YZ!�[*%  ��
14CD  ��6/98  *���	
 
8% ���� �� �7��  .*!;�F;�!; 44CD  ��

���� ��� ������ H%�D2 ��+�% �� '���
� ���%V4R �� 	
� 7  ��3/96 *��� 7��� [*0  	
� �� ��
14 \��6 =
*�  �� 
 ��68/52  *���*��� .7��� �F;�!; 

14CD 
 ��8% ���� ��  	
� ��7  
14 2�2 ��^� 7/99  
9/99  *������. 

����� :���� �F;�!; 44CD ���� �� ��� ������ 
 ���� ��� H%�D2 ��+�% �� 	
� 7 �� *��� _�� 7��� "� <��0  	
� �� ��
14 = \��6
*� �" *�6 .

 �F;�!;14CD ���� �� ��� ������ 7��� "D; <��0 ���� �� ��
 ��� H%�D2 <��+�% � _�� *��� ��7�� �" ��0
����� .8% ��(�!�= "� ��0 �� E2 �� �)�2�
��� 

����F;�!; \�= ��/� G" H;I
�*�6< "� 7
�2 	
 
8% ���F;�!; '() Y�Z!2 H;I
�*�6 
 ��%�K� � ���� ��� �D2H% ��+�% �� '��
�*�6 ��� "3�`G 

���/��
 ��6.  

:����� ������ ���� ��� ������ ��# 	
  �!�<" �*�(� <H;I
�*�6"  <'+���F;�!; "B5� 44CD< �F;�!; B5�" 14CD  

  

: �!�� <a�;
� "?�
	 "D0�� <���� "�� <Q��
��
 ���%*�/�
 <"�? ";��4

 <	�`%�+ ��b;��6 "�? Q%�� ��`6
. �"���� #��$� � %&'( ����14 

CD �44CD +,�( �� ) %.�/ 0� 1�$� ����2. ���ADSCs (+,�( �  ����� 4��5
 ��(���2� ����� %6�4�����2� �2� . ��:�

 7�(/�
 "C0H= �*C!;
�1393 [32 )284 :(630-621  

�
��-. �/��� 



 

  

  

www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /284 ���  /!"# �$� 1393 622 

������� �	
�	
��
 ���� 14CD  �44CD �� ������ �	������ �����  ���	
)	��*�� � 

�����  

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

������
  !��" #       �$%��� &���� '(��)��� � ���

 #����* +� ,���
-� !���./ #��� ����� 0��(�� � �����

     #�  0��� #�� #�*%) �� ./%" 2��3 ��4/ ���)�3%5
��

   ���� 6��	7� � �8%� 9��7 �:�� ��	�� �����

#�;<) �           =  >%��   ?�%�� ��@
8� A��B +� CD� E3 =��

��       ����� 0����F E3 �$%��� G ���) 0��
H�� � /��I

�� ���8�%)2��3 G���) �/ ��	�� ���    ,�J�K ���

  ��L* ���� ���
L� /����  M+���� ��� 0�� +� .���

������ E/���  0�NO����*  #����* +� M����/ 2����3 =����

) ��� #
��I ���: #*%) /�%� ��	�� �����3-1 .(

>%�� +� #  ��� >�� 0��
4  =��U@
� �� =/��
� =��

  ����� ���
L� #��* +� ���� ���
L� �L* ,�
-�

����� �� M/��
��  ./%">%�� ���@8�N� =/��
� =�� 

)MSCs  ������Mesenchymal stromal cells�( 

>%�����  =�����Multipotent  �Nonhematopoietic 

�

V� )4 .(>%�� 0�� ��  N<� #��* +� ,�
-� X��
� +�

  =���F �Y%��%
���� �#����7 ������4 ������ �E�%-
����

Y���
  � ��%��F... � E��8/ Z$�F � �� &��-
�� �8%" 

)8-5(.  

��J�* M+���� �I]�� =���/ #  �$%�� =��   =���

 �
�"�� ��+�    E�%�
7 ��^)MSC   ��� #
��
�"   :�8%�"

#� �I�
�V4 ���8�%)  �� ��
��`F    a��^$ +� � #
�"�/

     a���^$ +� .�
��"�� ����`������ #���" =b%��$%��%�

  �/ � �
�"�� #
"�/ �� /%� =+��+�� ���8�%) =/�(��7

2����
� ���@  C�����" �M/� #��� N�����) �����8�%)  =����

 �(�����%c�/3 � ��������
  ������%5
��) �����@8�N�

(���%)�c�) ���/��8� �   #
�"�/ �� (E��%8) ���/%
 �

� .�
��"��  +� ������I �c�)%��
� d���^$ +O8���@8 =���

  �� ��O�/ ����I � �

  E��� /%� ef� �/ �� �^f�

�

(8 E��� )10-9(.  

M/�/ E�@8 ?�J$�f� #  �8� >%��   A
�@� =/��
� =��

  E�%-
���������� N��������<� +� )BMSCs   ����������  

Bone marrow stromal cellsO8�@8 �( �^f�� =��� 

73CD �105CD �90CD �164CD  �1STRO  �/ ��

�� E��� /%� ef� �

    ��:�� � �O8��@8  �^f�� =��

34CD  �45CD �

V� )12-11(. 

 �)�J$�f�N�8  #�
��+ �/ #  =  �O8��@8  �^f�� =��

>%��   M��" Y��l8� Y%��%
�� +� A
@� =/��
� =��   ���8�

M/�/ E�@8 �8�     0��� =/%L�@� ?����) #  �O8��@8 =��

>%�� 0�� �^f�  � ��BMSCs /���8 /%*� )13(.  

>%��    ) ����4 +� A
�@� =/���
� =��ADSCs   ���

Adipose tissue-derived stem cells( #
���/  =����

 �^f��� ���
�5)��F =���O8���@8 +� ���	��" �� E�����

��               #  �

  >%($%� !��"   !�m� �I�
�V4 =��29CD 

 �e49CD>%��($%� �  ?���8��%$��� !��m� M���8��I =����

)44CD) 0���/���  �(144CDG�N��83 �(  �^f��� =����

)73CD0�5)����F �(   �$%���� &����� '(��)���� =����

)90CD �105CD>%��($%� �(  !����/ �I�
���V4 =����

) �$%����54CD>%��($%� �( ���:��7 �I�
���V4 =���� 

)106CD0�5)�����F �(  E������c�  ������n
) =����� � 

�
83 Eb   ���� �
���� =��I+�� =�� )15-14 �5( o  ����

 >%��� 0��   ���   E%�� =���O8��@8 ��:��    !���: +� +���

45CD �31CD� 33CD �34CD �14CD  ����b11CD �

a79CD �19CD �� HLA-DR �

V� )16(.  

#��J$�f� #��
��+ �/ #��  =�  �^f��� =���O8���@8 =

>%��    ) E���8/ Z�$�F +� A
�@� =/��
� =��SHED   ���
Stem cells from human exfoliated deciduous 

teeth    #��  ����� M/�/ E���@8 ������ M���" Y���l8� (



 

  

  

www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /284 ���  /!"# �$� 1393 623 

E2�
��� F;�!;���� B5�" 14CD  
44CD G" �+*�%
 H;I
�*�6 �����  ���	
)	��*�� � 

 #��@� �>%�� 0�� �^f� =���O8�@8ADSCs   o����

  >%��� 0��� #  ?���) 0�� ��   ���56CD  �146CD  ��

�� E��� /%� ef� �/ N�8  �

 )17( .>�p 0�� ���  E���

 0���O8�@8�^f� =���    � ��@  �O8%�O4 #� #
V�

q�� ���^) =�� �.�V� N�8 �)����<) =���/  

?�� >%�� =���� =��  N�<� +� A
@� =/��
� =�� 

E�%-
���� )BMSCs������ E�%��
7 #��� ( ��@
� 0����)U 

>%��        6%�V^� ����� ����
L� =���� =/���
� =���

�� �8�" )15 �(  &��-
��� � �8����� !�$/ #� M+���� ���

>%�� E��3    ) ����4 +� A
�@� =/���
� =��ADSCs(� 

>%�� 0��        ��L* ����� X���
� +� ��(� E�%�
7 #�� ��

 M/�
�VI ?�%� #� ����� ���� ���
L�     =�  /�%��

�� ���: M/��
�� �8��I )18(>%�� 0�� . �� ��   #�� �
8�%)

 ?�%���vitro In ��" M/�/ ���@ �8%  ?�%��� #��� �

 �"� X��� � 05�f� �

 )19(� . # M�`�7�   r-�@�

 #  ��� M�"ADSCs    =�
�@�� ��8b����
  !�V8�
F

 #� ��V8BMSCs �8��/ )20( �� � M/� #� �
8�%)  =��

  ��
��� N����) ��8b���
  ,�
-�o     ��B #�  �$��p �/

E3 Z�)%
� ,�
-� =��b���F �� s�p �� /%" )21(.  

 Y�l8� N8b���
  E%����F E%
 �) #  �)�J$�f� �
@��

M�" ���� +� ���I3 =��  ��JK� �� ��8b���
 t �u

���V���/ !����: +� =���J� #��� =����!����%7 �  � ���"�

q��  ����� #
��"�/ N�� ��) �(�8���(� �����^) =����   

)25-22(    E���� v���� ��� ��8b���
  N���) ����+�� .

Z�)%
�  !��: +� �
�����
  =��9SOX   w%�8 Eb`�  �
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 ���� 14CD  �44CD �� ������ �	������ �����  ���	
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>%���� ���@  M�O��@���+3 #��� >���D
8� C�����" ���^) �

 /%� ��+ �/ � !��
������ �
4 ?�Jf: #�  M���� =�
�

    0�$����� ������� ?�����V� ����� � ����" )PBS �����   

Phosphate buffered saline) (Sigma M/�/ %@
V" (

8%� 9��7 � �
��� ���� � �"�   'c�� .�" ��* E3

��4 �����   w%�8 +��8b`  >%�^� �/ΙA )Sigma  #�� (

�E�N� mg 1 �+� #�=   ���4 ����� Y�I ���   M/�/ ����:

��/ �/ � �"= Cᵒ 37  ?�� #�60 :/#D�   .��" #�%(8�

�B� +� 'FE�
� Nl) +�#� ��� !��  E�"= m
��  E/� 

N83G� N83 Glp G�G�  ��#   #�
�� ���  =  �^�C�   ��@ 

DMEM )Dulbecco's modified Eagle's medium (

)Sigma�������������p (= 10  ��������������/FBS   

)Fetal bovine serum) (Gibco ( �1 �������/ 

Penicillin/streptomycine )Gibco (.�" #��K�  

 �
��� >%�^�  �M���3 ���/ #�   � ��" b%����
8��� 

� �$%�� 6%�� #    �$%��� 6%��� #�� .��3 ��/  #��

�M��3 ��/   ��@  C�^�DMEM )Sigma (  =���p

10 �������/ FBS )Gibco (  �/ � �����" #������K�

����`�  =����25T � M/�
��VI �%)����%(8� �/ Cᵒ 37 �

2CO 5  ��V8 ��%B� � ���/  .��" M/�/ ���:  ��L*

#��-) >%�� =  +� �J� ����K� =��24   z�%�J) �7��

 .��" Y�l8� Y%���    ��� E3 +� '�F4-3    ���� ��� +��

        ,��  E��" ��F +� ��J� .��" Y��l8� Y%���� z�%�J)

��`� >%�� ���   ����F >�D
8� ���* ��`� �
4 #� ��

 � �8/� >%��  b���F =��/ =�
�%
���%�� �L* Y�  �

   �^f�� =���O8��@8 �����44CD  �14CD   /�%��

���: M/��
�� 
��I�
.  

����������� ����   

/����J) 105  ×1  >%����#��$%$ �/  =�
�%
����%�� =����

� �" #
-��  C�%)PBS )Sigma ( =��p5/0 ���/ 

  =����I Y���� 0��%���$3)Bovine serum albumin (

BSA )Sigma (M/�/ %���@
V"  'c���� .����" lµ 3 

83����
   �^f���� =���O8����@8 #�����7 =/�����44CD   
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8���     �$%��� 6%��� #��lµ 500 
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��/ C��%) ��/

�
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����� .�"  
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  G��� E3 +� ���J� .���" �����()ml 5/1  ���@  C���^�

DMEM-high glucose )Sigma  ���� #��� r$���� (

   ����4 ��� #� ����L8 �/ .�" #��-) � #��K� ���4

    �/%��� ?���
�]$3 =������� =����p #�� ml 2  Y%�����

b�������
 8=������p �� DMEM highglucose �  

)ng/ml 10 (3TGF-ß )Sigma �(ITS )Insulin-

transferrin-sodium (1 ) �����/Gibco( )Sigma �(

)µg/ml 50 (ASP �BSA 1 �����������/ )Sigma( �

Penicillin/streptomycine 1 ) ���������/Gibco(�   

M 7-10 Dexamethasone )Sigma) � (µg/ml 3/5 (

Linoleic acid )Sigma   �%)���%(8� �/ � ��" #��K� (

ᵒC 37  �5  ������/2CO  ����� � =������LO84  �+��

.��/�I z�%J) E3 Y%���  
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 !(")2( +�� �/ 7  +�� �14  0�O8��� #  �" �����

2�)�) #� E3 +��� 3/96  �8/52  ���/./%�  

�@8 �^f� �O814CD  �/ N�8ADSCs    ��" ������

 �/ �6/98 >%�� 0�� +� ���/  �� E����  ����/�I    0��� ����

>%�� �/ �O8�@8       ��V���/ �/ #�
��� N����) =/���
� =���

 +�� �/ E3 +��� 0�O8��� � �" E��� ?�
�]$37  +�� �14 
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 ���3. A �� ( ADSCs)Adipose tissue-derived stem cells (������ ���  44CD �� 8/96 �&�� 	�'� () �* +��, -��  ��)14CD  ��6/98 
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 �������� ���  14CD �� 9/99 �&�� 	�'� () �* +��, ��.   

  

103            102           101             100 

FL2-H 

١٠٠ 

٠ 

103            102           101             100 

FL2-H 

104          103           102             101           100 

FL2-H 

١٠٠ 

٠ 

104          103           102             101           100 

FL2-H 

104          103           102             101           100 

FL2-H 
104          103           102             101           100 

FL2-H 

٠ 

١٠٠ 

٠ 

١٠٠ 

٠ 
٠ 

١٠٠ ١٠٠ 



 

  

  

www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���32  
���
 /284 ���  /!"# �$� 1393 627 

E2�
��� F;�!;���� B5�" 14CD  
44CD G" �+*�%
 H;I
�*�6 �����  ���	
)	��*�� � 

���  

�I]�� +� �(� =�� >%�� =��� #  �����   =/���
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�� y�f� /%"�      �/ ���� �^f�� =���O8��@8 E����

>%�� 0�� ef�  ���� �� )30-29(   =/���+ ?��J$�f� .

    #�  ���� M���/�I r-@� � M�" Y�l8� M��� 0�� �/

 � +� �����I  0���� ef��� �/ �^f�� =���O8���@8 0���

>%�� �� E��� �� ��8 E��� �O�/ ����I � �8%"   �8%�"
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>%���� �/ ����m� �����=/����
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 E����8��%$��� G �����) s����p �/ =������K C������-

/��/ E�(��I%5)��F )15.(  

 �/ �O8�@8 0�� !p���#�$��   �/ N8b����
  =  Y��O
�

) E�" G ��
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  �/ ����L� x��D8 � /%��" )34( .

����J�* 0���
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  )9(  #�J$�f� 0��� �/ .� 44CD  �/ADSCs  �/

 /��/ ��D��f� ���: ?�J$�f� �� � �" E��� ��.�� ef� .

#J$�f� �/  =�� E���(�� � �
� ��"�� #  =�ADSCs 

��8/�/ Y�l8� �0� �O8�@8  �/14/87 ���/ >%�� ��  E���� 
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H�� .  ���7 =   � �%�F  E����(��

44CD  �/ G����ADSCs  G���� �SHED  y%f���� �/
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@� =/��
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44CD  �/53/90 >%�� ���/ ) �" E��� ��36.(  

#J$�f� �/  �K�p =44CD >%�� �/    =/���
� =���
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��� N���) +�� �/7   y%f�� �/

�" E��� ��.���   E3 E���� ����  +�� �/14    ����F x��� 

 ���
8 �� #  /� Lee   /%�� A���%� E���(�� � )21 �/ .(

#J$�f� E3 =  �O8�@8 ��44CD  >%��� �/    =/���
� =���

) E�%-
�� N<� +� A
@�BMSCs   �/ Y%�� b����F �/ (

52/98 >%�� ���/     �/ E3 E���� E�N��� � ��" E��� ��

>%���� ���  ���V���/ �/ M���" M/�/ ���@  =/����
� =�

 +� 'F �?�
�]$32  #
��71/42    #���@� #�  /%� ���/

#J$�f� ���
8 ��  +�� �/ �K�p =14 ./%�  

#J$�f� �/  =Diaz-Romero   r-�@� E���(�� �

 #  �"44CD ������
  ef� �/  E�V8� �J��B =��

)HAC   ���Human articular chondrocytes E����� (

��    E���� � /%�" E324      �E��" ���* +� '�F �7���

61/97   ����� M���" q��N��I �����/)37( 0�������
� .

��      #�  ����I #�l�
8 E�%�)44CD    �^f�� �O8��@8

>%��       �/ �O8��@8 0��� �M�`�7 #�� o���� =/��
� =��

������
  �� E��� N�8 �J��B =��     E3 E���� ���� �/%�"

 N���) �B ��8b���
 ADSC �� x��   ��� 0�� .����

��       �/ #�  �
�@  C��^� #�  ��"�� 0�� �O8�@8 �8�%)

 G���� N8b���
  �L* �7%
	� ?�%� #� M�O@���+3

��       �/ E3 ��J��B ��$�p #���@� !���  �%�B #� �/%"
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./��/ =�
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14CD ��F%���c�$ �%
c����� ������ ���� �����  �/ �

 ����%8%� � ��b���� ��    ��� E���� ���  /%�" �   0��� ����

 �/ �O8�@8ADSCs ��8 E��� ) //�I38.( #J$�f� �/  =

Diaz-Romero  ���" r-��@� E�����(�� � #��  0����

������
  �/ �O8�@8 E�V8� �J��B =�� )HAC(   #� 

24 E3 E�" ��* +� �7�� �� ��  �/�;I�� E���  /%�" o

 +� �J� E3 E��� ���2  #� #
��  x���  �L*%) !��: �%B

�� ����  ) ���/+N����) ��7 #� # Dedifferentiation (
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�   ��8b�����
  N�����) ��B /��
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������
      ./%�" E���� #�
��� N���) =�� #�J$�f� �/  =
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Abstract 
Background: Nowadays, adipose-derived stem cells (ADSCs) are widely used for cartilage tissue 
engineering. However, most studies are in the field of scaffolds, growth factors and mechanical 
stimulation methods. But, few studies have been conducted regarding changes in surface markers 
during chondrogenesis. Accordingly, this study aimed to assess the changes in surface markers CD14 
and CD44 during chondrogenesis.  

Methods: Human subcutaneous adipose tissue were isolated and cultured from 3 persons influenced 
by collagenase enzyme and stem cells. The cells of second passage were used for flow cytometry 
analysis of CD14 and CD44 surface markers. Second passage cells were cultured in alginate scaffolds 
under the influence of chondrogenic medium. Differentiated cells at the days 7 and 14 were used to 
evaluate CD14 and CD44 surface markers. 

Findings: The mean expression of CD44 in ADSCs was 96.8% but CD14 did not expressed in 98.6% 
of the cells. In stem cells, the mean expression of CD44 differentiated in alginate scaffolds on the day 
7 was 96.3%; but on the day 14, it fell to 52.8%. The mean expression of CD14 at the days 7 and 14 
was 99.7% and 99.9%, respectively. 

Conclusion: Our investigation revealed that the stem cells and differentiated cells at the day 7 express 
CD44 at high level, but at day 14, the expression of CD44 in differentiated cells is reduced. CD14 is 
not expressed on stem cells but in differentiated cells is expressed in high level. Due to these changes 
in surface markers during chondrogenesis, using them can be offered to determine chondrogenesis and 
to compare differentiated and normal chondrocytes. 
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EDH: Eextradural haematoma; ICH: Intracerebral hemorrhage; SDH: Subdural haemorrhage; IVH: Intraventricular hemorrhage 
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1O�� �� ��/B� � �)/�   =���� 1O�� )���� vAB.� ��3

�)�� u��@ 1O�� �     �� .1��� 8��� � ��2;29 =���

   ��BS � ���)�� �+6�� ��� ������� *�� N�� =�;�B�

   �)��<��D ���� �� ������� �S��� ����� �� �fL� ��

�)
  �� ������� *�� N�� ������
 =��M� N�23 �� .)��

 *�� ������� .1�� ���23 �I� �� � 1.� ��� 1O��

EDH      ���fO � 1��� �)�
 ����/0 -M�� 8�� ��

 N����) ���� �����B�� �� W�B��C� ������ ���2<Dura  �

  ���S�� � ���� �K9��0 ���, ��� �;�B� �� (�2;29 � 

n6�� ������� *�� N�� ��T� �� �0 �    �������� *�����

   8��23 =���M� N��23 �� .1��    �)�9 �� ��< ���4 '1 

U.� 1+h N��B/�� =1�� -./�  �� r���� �)��

 *�� �������EDH .1��  

0(P)
 ,�H5:� V)�5: 

 '�)9 ��2 8��    RB����?M� w���0 �)�@ 1�� �� ��3

 �� sD ��d�� �3 ���� ^�B��50     .1��� �)��@ ��C�

8�23    '�)�9 �� ��< ��42     N��� �� =1��� -.�/�

��d�� ��d�� =��
 ��3  ������� ��� :�����0 ��3

� 8�� N��B/�� ������� 1�L,�� .)���� �� �3  

�T@U V)�5: �7$� 

�T@U V)�5:  �7$�1 

  ���AS�� �� ���K���/�D W�� ��������� ����a�� ���� � 

�TE4   �)���1  ) ��� s��0��� ��Confusion matrix (

�� ���XB��       8��/� ���I, ��h��� s��0��� N��� �� .��


�)�3� � ���2� �TE4 1��� �< 1�� ���3  �)�
 �)��  .)��� 

8�23  '�)9 �� �< ��43     �� ���XB��� ��� =1��� -./�

 ������� �)
 ����� W��IVH  1+h ��8/91   )�h��

��T� �� � .)���� ������
 ������� *����  

  
 `
7�1�H� V)�5: . �7$�  

������� ���  BR (%)  Accuracy (%)   Similarity (%)  Specificity (%)   Sensitivity (%)  

EDH  83/44 87/96  79/94 88/97 23/94 

ICH  05/51 10/96 85/91 45/98 32/90 

SDH  12/50 15/92  45/67 86/93 11/75 

BR: Brain hemorrhage detection error; EDH: Eextradural haematoma; ICH: Intracerebral hemorrhage  
SDH: Subdural haemorrhage 
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 `
7�2\�
 . N	5:Q <5)& I+� bC 3 R7�A DC� �� ���  

����� 	
  ��� �����  ����!"# �	
  

+�,!�-. /0�1�  8785/0  
+�,!�-. 2"3�  4394/0  

���� �-3� �-4  5810/0  
�5!6 �-3� �-4  3702/0  

� �-3� 7-���  2340/0  
� �-3� 8"19#  1810/0  
��:� ;,!<  5689/0  

�=�"�> ;,!<  5030/0  
?�3# ;,!<  8358/0  

!,-@# A> �B +�,!�-. /C1�  6424/0  
/C1� +�,!�-. 2"3� �B /0�1�  2791/0  

+�,!�-. D!� E�!""F#  9879/0  
+�,!�-. /"GH-�  9442/0  

  

�T@U V)�5:  �7$�2  

    �)3��/� ���a�� ��� ��AS�� N�� �� �    G��.B�� ��z��0

�;�B� �� ��d�� � �TE4 �TE4 1+h =�)��  � �E, �)��

 '�)9 �� ��d�� G�.B�� �� )L�4  �� sD .1�� �)�@

 �TE4 ��� s��0�� 8@�      �� 8�E�B�/D ������ N��
�� )���

 '�)95 .1�� �)�@  

 '�)94 �� 8�/� �TE4 1+h �< )3�   N��
�� )��

 8�E�B/D �����13/94 �� )h��  =�?�� :��E� �� .)
��

�TE4 N�� �� ���XB�� ��  �K�0 =)��8/5    �����!0 �� )�h��

�TE4 ��EB
� �� �)�� .)��
  

  
 `
7�3�T@U V)�5: .  �7$�1  

  ��$% &'( ��)*  +,- ��	. 	
  �/�$%  IVH  

IVH  74/91 ()h��) 6 5 118 

�L�E4  37/88 ()h��) 4 114 5 

pe< ���� �3  49/ 93()h��) 115 6 2 

�TE4 1+h �)��  82/91 ()h��) 00/92 ()h��) 20/91 ()h��) 40/94 ()h��) 

IVH: Intraventricular hemorrhage 

  
 .`
7�4 �T@U Dc1 ,�H5:� �� 78� 
 �@d �7$� 0(P)
  

��$% ��)*  ����� 0	1��# �# �/* ��)* ��$% &'( (�(�2)  ����� 0	1��# �# 3$4 ��)* ��$% &'( (�(�2)  

kNN  41/54 59/41 

SVM  13/94 93/79 

KNN: k-nearest neighbors; SVM: Support vector machines 
  

 `
7�5�T@U ��& 9)�3�� . \�@	5%� &���� 
	��� 7$�  

������� ���  Accuracy  ICH  EDH  SDH  

SDH  65/93 ()h��) 2 6 118 

EDH  8/92 ()h��) 4 116 5 

ICH  96/95 ()h��) 119 3 2 

Accuracy  13/94 ()h��) 2/95 ()h��) 8/92 ()h��) 4/94 ()h��) 

EDH: Eextradural haematoma; ICH: Intracerebral hemorrhage; SDH: Subdural haemorrhage 
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5'*  

 �M�T� N�� ��   � �������
 ���<��� � �TBC� W�� ^�

�TE4    �)�
 ������ W�� .)
 ����� ���� ������� �)��

      � 8���
�D -�.�/0 1�,� ���T0�� 1�K9 �� �
e0

R�2!0 
��C0 8@ ����   8����2�� 8�9 :�;� ��a�� �� �3

     ��AS�� �� �)�B�� =c)�3 N��� ��� 8)��� ���� .1�� � 

U��.�   �S����� ����<��� ��������
 W�� ^��� =�)���

�������        *����� =W�� N��� �� ���XB��� ��� .)�
 ������

  �Q��� 1+h �� ������� �S���90  ) )�h��87/96 =

10/96 =15/92  �80/91   ���� 5)��
 ��������
 ()��h��

 ̂ �7�< �BS �< ���4      ���� �������� �S���� N���0

  ��AS�� �� .)�)�
 ������
 �     g��.B��� �� s�D =)�L�

    8@ N���BK� G��.B�� � ���S�� ��3 �� ��d��    *����� =��3

 ���TE4 ��������� �S�����  ���AS�� �� .)�)��
 �)���� � 

�TE4 �TE4 �� ���XB�� �� �)��     =8�E�B�/D ������ N��
�� )��

 1+h ��13/94     ��TE4 �������� *����� )�h��   �)���

   �)�
 ������ W�� �� ���XB�� �� =�;�B� �� .)�)
4   *���

 -�./0 N��� �0 �� ����!0 �� ������� P���I�

�TE4 � )
 ���� < )���� �)��    )�����O =q���4 N��� �� �

���6 ��7� 8���2�� 8���� � �� 
��C0 ���� .����  

  

��#2��4 � �678  

 1��C���M����� =���/�D ���XL9 nM���h )��2+� ���B<� ��

   ̂ �2< ����M� ��� =�����
�< 8�B����2��  �� 8���/�� ����3

����� � 
29 N��k23 � ���� �������  ��?��D ���@

���� � ��~� q�T+0 N���� ����? ����. 
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Automatic Segmentation and Classification of Brain Hemorrhage Regions 

Using Multi-class Support Vector Machine in Computed Tomography  

(CT-Scan) Images 
 

Bahareh Shahangian1, Hossein Pourghassem PhD2 

 
Abstract 
Background: Brain hemorrhage due to head trauma is one of the most common causes of death. Early 
diagnosis of location and type of brain hemorrhage is crucial. For saving the patients completely, it is 
necessary to detect the correct location and type of the hemorrhage in an early stage. In this study, we 
introduced an automatic brain hemorrhage detection and classification algorithm to improve and 
accelerate the process of physicians’ decision-making.  

Methods: To achieve the purpose, at first a segmentation algorithm was used to detect and separate 
the hemorrhage regions from other parts of the brain. Then, a number of appropriate features from 
each detected hemorrhage region were extracted and then by using genetic algorithm, the most 
convenient features were selected. The utilized computed tomography (CT-scan) images in this 
research were collected from Kashani hospital CT-scan center (Isfahan, Iran) and were of 70 men and 
women between the ages of 15-60 years. 

Findings: Using the proposed segmentation and classification algorithm, the segmentation accuracy 
for different types of hemorrhages [epidural (EDH), intracerebral (ICH) and subdural (SDH)] were 
obtained as 96.87%, 96.10%, 92.15%, respectively. Also, intraventricular hemorrhage (IVH) was 
detected and separated from other types of hemorrhage with the accuracy rate of 91.82% and classified 
with accuracy rate of 94.13%. 

Conclusion: In this research, an independent and automatic brain hemorrhage detection and 
classification algorithm was assessed. Our proposed algorithm is an attempt to improve and accelerate 
the process of physicians’ decision-making to save the patients’ lives. By using the proposed 
algorithm, we were able to detect and classify four kinds of dangerous hemorrhages in CT-scan 
images and accelerat the process of the victim’s treatment. 

Keywords: Brain hemorrhage, Segmentation, Genetic algorithm, k-nearest neighbors (kNN) 
classifier, Support vector machines (SVM) classifier 

 
Citation: Shahangian B, Pourghassem H. Automatic Segmentation and Classification of Brain 
Hemorrhage Regions Using Multi-class Support Vector Machine in Computed Tomography 
(CT-Scan) Images. J Isfahan Med Sch 2014; 32(284): 631-46 

 

Original Article 



 

  

1- �����	
� �
�� ��������� ����	
� � ������ ���� ���� ����	
�� �� !"
� ��� !"
 �
�#
  

2- ����%&� �
�� ��'�( ��) ���*
� ����	
� � ������ ���� ���� ����	
�� �� !"
� ��� !"
 �
�#
 

������� 	
��� 
:  ������	���
 	��  Email: azarbaradaran@med.mui.ac.ir   

  

  

www.mui.ac.ir  

 ����� ���	
�� 
��� ������–  ���32  ����� /284 
��  /!"# �$� 1393 647 

������ �	
�� 
�	���� ����  :������ 	���
23/11/1392 

�� ��� 	� �� 
���
/284 �!�"/#$% ���  
��1393  :���
� 	���
5/2/1393 

  

���� �����	 
��
� �� ����� ���:  �� ����� ���� ���� ���� �����  

 ���!�� "�� �� �����	�#���  

  
 ������� 	
��
��1
���� ���� ���� �2  

  
  

  

  

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

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

�����  	
 ����!  "#�$�� %����& 
 %�'

 ���   %��() �

 *+�
 % �����'
���(,  ��� ��  ) ./�0� 2-1  45��

 �� .(

	
 ����!   ������   ����  ����() 	
  8�9���:  %��'

 � 

��
��  ��0��  ���  4.���0  ���
 ��  "���;)
  4��
��� �� 

�����  ���� %) %  ��< %�'

  �
��=
  >
����(,  ���  ��� 

>����$�?��?/�
�'� �� 
� "��@� ��&A��� �
���� ���� 4.��/�� 

�����?B�� ��
�� %  ��<  %�����&  ���,��  ���  .���0 .

"��C� �����' 
 IgA ����
�C� )IgA nephropathy 

 �����Immunoglobulin nephropathy	
 ( ������?�  

>�;� ��� �����  ���� ./?!� %)  ��  �
�  D�E   ���� 

F(?E� "#�  %�() ���0 >
���(,  4��� G�  4���  "�#�  

�/� �/�  
  >�� ��  ���  ��&
  ���  .���
H, )5-2 .(��  ���
 

������  � 4���� *
J��� ���  8�9����: ����$�
��� 4%���() 

���� ��� �.9?�  K
���  %��()  %�)  ��   ��!���L�  ���� 

��
�C?� ��M�
 *.0    ��� *.��� 4.��
    
 N�E�$� .���0

%OP< ���� Q��� �./       �� ���� ��$O� 4���
�� ����

*.�
 >�?/) �����  ��
 >� �� �C�
 �� ) ./)6-5.(  

>�� �� %9'�S� T� �� 4��B
 ���  ��U �� G��  �

 �
� � 341     ���X'
 4������' "���C� %  J?P� ���� 

Y� ..��0 ������  Y
������  ����
 ����
�� 8�9����:  ����

 %) ./?#����279 ) �C�1/81   �
�
� Y
�����  	
 (.^��

    4.����  %��() K
��� ����253  ) ��C�2/74   (.�^��

*�
��� �� �/��
 _��� �
�
�   4.����  G� �82   ��C�

)0/24     4%��() K
��� 	
�(L��

��� �
�
� (.^��60 

) �C�6/17   4T��?��P��� ������+��
�L�� �
�
� (.^��

13 ) ���C�8/3  Y
	
���L� �����'�L���

 �
�
� (.��^��

 
 � ��?'
 ��a2 ) �C�6/0   �
�
� ���� Y
����  	
 (.^��

) .���  ��
�� "�'�L�

7.(  

        %�) .�.���� %�M�?� ���
 %�  %�'�O� ���
 Y�,./!���

���� ���' "��C� Y
����  �� %�() K
�� ���   5���0 ���

��     b��@' 	
 ������  Y���  >�9# �  ����	 .c �� 
 .0� 

Y� .��
� %S 
� Y� d�M�
�� 
 �L�/�()  ���/$�� ��/e�� ��

���� %) .�����  %�OP< �?!�� �� ��� ��
�� ���   �.�/ 

D�� f	�
 �� ���, ��

 �����' "��C�   *.�//) ����,  �

%OP< ��
 %�() d�M�
�� �
�  �./   O� Y
�����  ��
 �  "���

  ���!C� T� %  	��� �
� �  %9'�S� ��
 4"O�Oc �� .���,

������ �� �$�� 



 

  

  

www.mui.ac.ir  

 ������ ����� ���	
�� 
���–  ���32  ����� /284 
��  /!"# �$� 1393 648 

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

%�() �!���  	
 Q���     "��= 4������' "���C� Y
����  �

  ���'����� %  ��=�� �) 	
 _�/?=
 
 �����  ��
 ���� 

) "�
 *���� .�)A� %�() K
��7.(  

   ����'�#��� �����  "�� %  ����	 %=�� *	
��


g�'�C!# �?�� d�./� ���() 8�9��:  Y� ���
��� %) .�

�� *.�� ���	 �� h���' �      
 "��
 *.�0 ��(= 4��0

"!���'����      ��,+�
 %�  "P�!� .���  4%��() ���   ����

 Y
����  �!���  �� .�g�'�C!# �?�� d�./� T���'�#���

�?�� %) ���X/� i�jB %  �����'  ����     ��?�� ����

Y� �� .�g�'�C!#      ��?�$�  %�=�� 4"��
 *.�0 "P;� ��

) ./����11 -8(   ���
�� 8�9���: �;)
 %) k�:�� ��
 .

    %?B�/�0 h����' �����'�L��

 Y
�/� %  %?0H, �� %)

��   ��� .�g�'�C�!# �?�� d�./� ��'� %  4.0    ��� 4.�0� 

�� ���0 %  ���.  ���
 Y�/)
 ) .��15 -9.(  

%��  ����< ���() �� Y�����= h�����' 4T��?��!�� 

�?�� ���  �� �� *�
��� � G� �� _��� �� l.//) ��
  ���
 

%) ��
 _��� ��  .�.�$�  �����
�C�  ���  �&m��  4.�0�  

"@� ����  "�
 .%  �n� �� .�� ��  o�
��0  4��:�c 

.��  �
� ����
�C� �0�� 	
 d�./� �?��  .�g�'�C�!#  %�) 

��
��� Y� �  h���' 5��0 4"�
 ��0 �)��� )15 -9.(  

  

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

'���(�# . ������ ����  !"�#$�� %&'�1393 (31 )284 :(649-647  

  

References 

1. Mubarak M, Nasri H. What 
nephrolopathologists need to know about 
antiphospholipid syndrome-associated 
nephropathy: Is it time for formulating a 
classification for renal morphologic lesions? J 
Nephropathol 2014; 3(1): 4-8. 

2. Nasri H. Hypertension and renal failure with 
right arm pulse weakness in a 65 years old man. 
J Nephropathol 2012; 1(3): 130-3. 

3. Baradaran A. Antiphospholipid syndrome-
associated nephropathy; a nephropathy needs 
classification. J Nephropharmacol 2012; 1(1): 7-9. 

4. Nasri H. Antiphospholipid syndrome-associated 
nephropathy: Current concepts. J Renal Inj Prev 
2013; 2(1): 1-2. 

5. Mardani S, Nasri H. Catastrophic 
antiphospholipid syndrome presenting with 
sudden renal failure and past history of long-
lasting psychosis and hypertension in a woman. 
J Nephropathol 2013; 2(2): 110-3. 

6. Baradaran A, Behradmanesh S, Nasri H. 
Association of body mass index and serum 
vitamin D level in healthy Iranian adolescents. 
Endokrynol Pol 2012; 63(1): 29-33. 

7. Wu LH, Yu F, Tan Y, Qu Z, Chen MH, Wang 
SX, et al. Inclusion of renal vascular lesions in 
the 2003 ISN/RPS system for classifying lupus 
nephritis improves renal outcome predictions. 
Kidney Int 2013; 83(4): 715-23. 

8. Serrano F. Antiphospholipid Syndrome: A 
complex disease. J Nephropathol 2013; 2(1): 73-4. 

9. Daugas E, Nochy D, Huong DL, Duhaut P, 
Beaufils H, Caudwell V, et al. Antiphospholipid 
syndrome nephropathy in systemic lupus 
erythematosus. J Am Soc Nephrol 2002; 13(1): 
42-52. 

10. Anis S, Ahmed E, Muzaffar R. Prevalence of 
anti- beta2GPI antibodies and their isotypes in 
patients with renal diseases and clinical 
suspicion of antiphospholipid syndrome. J 
Nephropathol 2013; 2(3): 181-9. 

11. Mubarak M. Hidden face of lupus nephritis 
exposed: Isolated tubulointerstitial lupus 
nephritis. J Nephropathol 2013; 2(1): 71-2. 

12. Nasri H. Linkage of elevated CaxPO4 product with 
inflammation in maintenance hemodialysis  
patients. Minerva Urol Nefrol 2006; 58(4): 339-45. 

13. Hajivandi A, Amiri M. World Kidney Day 
2014: Kidney disease and elderly. J Parathyr 
Dis 2014; 2(1):3-4. 

14. Nasri H1, Baradaran A. The influence of serum 
25-hydroxy vitamin D levels on Helicobacter 
Pylori Infections in patients with end-stage renal 
failure on regular hemodialysis. Saudi J Kidney 
Dis Transpl. 2007; 18(2): 215-9. 

15. Nasri H, Ardalan MR, Rafieian-Kopaei R. On 
the occasion of world hypertension day 2014. J 
Parathyr Dis 2014; 2(1):19-20. 



 

 

1- Associate Professor, Department of Pathology, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran  
2- Resident, Department of Internal Medicine, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran 
Corresponding Author: Azar Baradaran MD, Email: azarbaradaran@med.mui.ac.ir 
 

  

www.mui.ac.ir  

 ������ ����� ���	
�� 
���–  ���32  ����� /284 
��  /!"# �$� 1393 649 

Journal of Isfahan Medical School Received: 12.02.2014 
 

Vol. 31, No. 284, 1st Week, July 2014 Accepted: 25.04.2014 
 

 
Vascular Lesions in Lupus Nephropathy 
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Abstract 
Vascular lesions are of significant importance in the progression of various kidney diseases. Indeed, 
various kidney diseases result from primary lesions to the vascular component; however in some 
cases, vascular compartment is involved secondarily in the disease process affecting primarily either 
the glomeruli or the tubulointerstitial components. Recently, much attention was made toward 
vasculopathy in patients with lupus nephropathy. Most of these morphologic lesions belong to 
antiphospholipid antibody syndrome nephropathy. In this regard, it is necessary to precisely define 
vascular lesions in patients with lupus nephropathy. 
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