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�)�"*� �( +�*'� � ,�-.� 
��� /0��� !01�� 2�' 3�45� 
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  � ���� 6�����

7-��� ,�"�� !� �(  "8���� &�0�� � 
��9"8: 
��� /��) /� ��� !� 2�.�"�' 7-��� 7��  � �;�' 2�<*� ��=( !� ��� .(��  �">�� !� ���: 
�)����.�� /�����? 6�)

!%�"� 
 0� ���� �>. �� 
�)����.�� 6�� 7��  � .$�� @� "8���� !�8� ,�"�' $A�4' �( B=�C /�
�� 6/="8� /�
�� .$�� �>. (�"� �'�� ��  /�-��� /�
�� D0-�� ��.�"

� /="8�E��  � /<� .���� (�F�� ��G�H ("H !� $I-. ,J �( � ���K� � &"8� �( ��G�H (�F�� 2��L /���� �">�� !� !� /��)  
�)T !8��� !� 
 /0.J  �(�40�� ,M

/� /� ��N<� /���� O��� J 6("? &"8� ��N<� 6!%=�P� 7�� �( .�?�� E"� /=�KG 
�)  7�Q���R �� ��? 7
�� 
�)31Omp � /8� ����� E�� �(  � �(�40�� �� @�-�

  � �(�40�� 
��I� �� ��N<� /��� ��Carboxanil ide -5 -tetrazolium -)H2( -)sulphenyl -5 -nitro -4 -methoxy -2( -bis -)3,2) (XTT (  

 �Diphenyltetrazolium Bromide  -5,2 -)yl -2 -Dimethylthiazol -5,4( -3 )MTT�? /���� (.  

��� :�� E"�  
�)BalB/c   � �(�40�� ��PBS )Phosphate buffered saline 6(31Omp  @�-�� /8� ����� 7-��� � B����".1.Rev  !0*�

 .�.�? 7
�� ��?30 E"� 6W��X� 7��HJ  � @R  �� ,J &�KG � �.�? !0*� �) &"8� .��(�9 ��: �) !0-) �� 
�)  2���F� �( ���J $�( !� &�KG 
�

31Omp )µg/ml 5/2  �5B����". ( &"8K� ,(�� !1�Y� �� ��N<� ,�X�� .��01�9 ���L  
�)XTT  ��MTT � ��.� �? �;�' Z.� ���[� � 
��9. 

����� :�� $��"4�= E"� &�KG 
�)  B����". 7�Q���R �� !� /��)31Omp !�:�"�  � �%� 6�.("� ��? 7
�� 
 /0.J 7�� �� (�F�  ��N<� !� \��? 6,M

/�%� 2��4� 6��N<� 7�� � �.(�� E"� &�KG ��N<� �� 
��(  �� ��? 7
�� 
�)PBS /� ,�*. ) (�(010/0 < PE"� &�KG 67�� �� ���� .(  7
�� 
�)

 �� ��?1.Rev  ���9 �� !-��]� �(PBS ��N<� ) (�( ,�*. 
�0*��010/0 < P  � �(�40�� �� ��N<� /��� �� O��� J  � �(�40�� $="�� 7��^
) .(XTT 

�? �(�( ,�*. X�.. 

����� :����  7�Q���R31Omp  Z.�  � �(�40�� �� ��N<� /��� �� O��� J 67�� �� ���� .(��( �� /="8� /�
�� ���K� /��.�"�XTT � $'�� /*��� J 6

&"8� ��N<� /��� �� �">�� !� �(�� /� &�KG 
�) �?��.  

:����� ������ &"8� 6B����". 7�Q���R 67-��� ��N<� /��� �� 6/=�KG 
�)  
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  ���� ����	��� 
������    
���	� � ��	������ �������

�� ���������   ��� ��������� ��	��� ������ .��	�

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

�+������ ,�-� ��     $���� �	��.� /0��� �$�� $	1��

) 0�� �&�!14.��� .(    6��� �� 
�7	# �	��   �	��

����+� �   8���	9� ����	��� $���&� 	��� /����� :� ��;

 ��	���� ���& �� �!
()�     <���=! />	�.+� �$ �����

   /4��9?�� � ��$�	�� >���# �� >@ A��B! 	� 4�9& CD�

��+@ $	1�� �$	�    ���� 4���� >���# >�� E�� �$ ��	�

�� FG� �� +�� H�	��@ �$ ��  �!
()� �-�I)! �	�

�� $	1�� ) �9�6-2.(  

�M�N 
�*$ �� �     >	��B�� 0�O	P# �$ �*���� �9���

�� /
���� ���� ��+@ �� >��!      F��.�� ��+���� ��� ��+Q

   "���� ����& �� �*���� �9���   �	��T   � <���=! ��

 4�.��� 4��	� 0R& /��	�+ ��S	� $	1��    ���� �	��

    �$	P���� 
����� ����� �#��    ��	����� H�	���@ .$���

 ���+@ ��	�	9� �� �� 0�� ���� /��T(! >Q    ��� ��	��

   $	��1�� � �*����� ���9��� F���.�� <����=! ��	��+��!

"�����  �	���T ��S	��� ���� <���� /���+��$ �� ��  .���9�

    0����P9* ���T(! >�B��� /���T(! ��	���� H�	��@   �	��

   �$ ���� H9����� �$ �	U��)�	��@ �$ ����� �$�$ 0��)�

�� $�1� ���V���G W� � ����� �  ���+@   >	�)+ �� >Q

�� ��$ )7(.  

0���P9*  �	�T ��+@ �	����YZ �� H9��� �$  <�+Q

   ��� ����������� �����������[�V ������������GMHC   

)Major histocompatibility complex "���� (   �	��

��99� >	�� � ��+@ �� ��T(! �� \��� />Q .�99�  

0�����P9* ����T(!  �$ ��	U��)�	��@ C������ �$ 	���

��+@ 	� H9��� >Q  	��� ]� �+	�� CD[   >	��B�� �� ��$

��+@ >@ 	� 
MG ��   
�7	# ��	��� �� 	� � ��� 4��� >Q

��+@ >@ ��	# F.�+	V����(�� ��  .��	� ��[	� $�MR� >Q

0���P9* 4����	9�       �$ ���	M+ �� �MS >	��B�� <�� �	��

��+@ 	� $�����     ���T(! .���$ >	�)+ ���T(! ,	� >Q

"���   �	��T    ��� F�� ���   ��+��!+4CD �  �� 	+8CD 

����+@ ���7	-���  ������ ����7� 6�� <��� /����	� >Q

    ��� H9���� �$ �*���� �9��� $�(��� ��	+��! ��	����

<��=! 0�� '�	P�� �	� )8(.  

     ��	����� ���a9� ��� �$	P���� $��� 6�� 4���)��

 �� �$	P��� /��T(!H-thymidin3 ��    6�� 4��� .���	�

     ����@ 0��$ ��� c���& � 0�� d	� ����	.# ����$

0�����	G   �	��9M� ���� 6�� 4���� .$��$ ���e��Z �����(!

�������+�  >�B����� ������VH-thymidin3  �	��	���� �$

DNA     "���� ���T(! E	�U9� �$ ���� ���	� ��	! �	�

   ��!��f� ��� $��$ �!
()� F� 6�� 4�� ��M*� .0��

  ����� >$�� g	+�f� /�������$�� $��� �� �$	P��� �9+	�

  �	��+	���.Z 0������� 0���	R+ �$ � >	��.+� 0�
���

	#���& >@ �� H�	��@ 4�� �� 
7 �+�.  

     
G���# ��� � '
(�)� 4��� �� c	9�&� ��a9� ��

  �� �$���� ! /���������$�� 
������ �� �$	P����� >�+	����

6�� 0���P9* ��T(! ��	���� �	�   ���� �$�$ � ��! 	�

6�� 4�� .0�� <�+ �	�#� 
�	� 	�   E���*�����! �	�

 
���MG ��Carboxanil ide-5-tetrazolium-)H2(-

)sulphenyl-5-nitro-4-methoxy-2(-bis-)3,2 (

)XTT) � (Diphenyltetrazolium Bromide -5,2-

)yl-2-Dimethylthiazol-5,4(-3) (MTT �$	P��� /(

   �������9+	� 4�������������Z j�*	������+@ <������� ��

Bromodeoxyuridine-5   �	��	��� �$ >@ ��	���$� �

DNA����+� /��[	� 
�()! ��	! �	�   ����k! >�B�� ���V

�BU� '�   H�	����@) �������B�* �	����9��@NAG  	���  
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Net acid generation test  ���+@ ��	��$� � ( >Q   �	��

 0�� ��T(! 	� CM!��)9(.  

      �� �$	P���� �	�9M� ��� ���T(! ��	����� H�	��@XTT 

    ��� ����& >@ �� ��� 0��� �$	�� %[	9� ����$    ��� >���!

  4��9?�� � >$�� �$	� /�������$�� $��� �� >$�(+ �$	P���

$�� ��	�� >@ �d	� 0�7	-��� )10(  0*�R�� $�&� 	� .

6�� �� 0M.+ 6�� 4�� �� �$	P���     4��� �� /��U�$ �	��

��+@ ��	�	9� ��a9� �� H�	��@ >Q     ��� ��
����� �	��

��  0����P9* ��T(! n�	� �9+��!   ��S	�� �	��   /�+��� ��

       	�� 0�+�P� ����� �M�.+ 0�O	P# .0��� ��)+ �$	P���

 �$ ��.9! ��� 
����6��  	� ��� 4��� �	�31Omp 

    0��� ���� �$�$ >	�)+ ��.9! ��� 
����)12 -11(  �

��+@ 4�9?��  ��+@ 4�� ���� "	+����+�� �$	� �� >Q   ��+��!

   0�a[	=� ���.9! ��� 
���� 	� 0+�P� ���� �� >���#

��	�+ )14 -13.(  

     8����!�+ 4�o!���Z ��� 0��� ��� 0�	p 4�9?��

31Omp ��    � 6��V�� E��� 	�� �+��!    	�� ���� 4���

��$ H9��� ��.9! ��� 
���� 4.��� 6�� )15( .

��� *	f� �$ /�� 4���� �� �   ����T(! ������� ���� ���;	#

0���P9* 6�� �	�       	�� ��R&��� �$ ���� 4���� �	��

 8�����!�+ 4�o!����Z31Omp  6�� �$ �� �$	P����� 	���

XTT  �MTT �� ����$�Z.  

  

��� 	
  

4����� 6�� 6���� ��	��� ����+@ �� �$	P����� 	��� 	���  >Q

   C���! ���)�Z /4.��� 6�� � 8���!�+Delpino  �

0�� ��� 6��BV >��	(�� )16( �� 4�� �� .3   ����V

 
�	� ���V ��) 6��5 E	+ �� (6��  �	�A /B  �C 

 ���V �� �P7 ��� �$ .�� :�� !A /µg 30  4�o!��Z

 8�����!�+31Omp )18-17  �����V ���� /(B  6����

  ���� ���)� 4.��� �     ���.9! ���� 
�����1.Rev 

   ����V ��� � /�+��[ qG	+ 0+��&$� 	� �����C /PBS 

)Phosphate buffered saline    0�+��&$� 	�� ������ (

 ��� �$ .���� A����B! �G	P��7 A����S �� 
���	�15  ����

���V  �	�A  �C A��B!    qG	�+ 0�+��&$� 	� ����� 	�

.�� ���(! �+��[  

������ ��	��
 � ����
� ���� ����� ) ��MNCs  ����

Mononuclear cells �� (����  

 �� � �45  �� ���4�*�� 6�� /A��B!    $��� ���� �$ 	�

     .�+��� ���)� 0��	R+ �$ � r��[ />$�V A��S �� �����

 
(*� 	� >$�� �+�P� �; �� � �70   ���a9� �� /�7�$

��R! � "���  �	�MNCs>@ "	=S ��7	[
� /   ���& 	�

"��� � "��� �� .��@ 0�$ �� "	=S �	�   "	�=S �	�

cc 10 PBS  ��	���������#5  ����������7�$EDTA 

)Ethylenediaminetetraacetic acid �[	��;� $���� (

) ����$�V Q��P���+	��� � ����rpm 1500  '���� ����5 

    �Y�� .0�[�V E	�1+� �U�$ �	� <� 
�� 4�� .(�D�G$

      �	�� 4��� � ��� ���I�� ��$ ����� %�	�cc 5 PBS-

EDTA "��� �� $��   s	���#� 	� �� � � � �[	;� 	�

"��� 0*	# �� ��	��$ 	�   0�G$ 	� .��@�$ >��.+	Y���

"��� >��.+	Y��� 4��    ��� "	�=S �	�cc 5   "�(�	�[

 ��� >��.+	Y��� �� ��=+ �� t��$�V �[	;� 
�����

    ����@ 0��$ ��� 8���! /���$� �$ .$��U� ���G "�(�	[

��	+�� �� � � .��$�V Q��P���+	� �    ����S �	U���$

 $����U� 0����� ������@ ���� �	U����$ ���� $���� F���a9!  

)rpm 800  '�� ��25 .(�D�G$  

�*	� /���$� �$ �  �	�.� 0G$ 	� ��#�� �$ 4�� ��P�

      	�� ��U�$ �	�� <�� � ���$�V ��& ����	Z 0Y�Z 	� d	�

PBS-EDTA  "���� �Y� .�� �$�$ �)�.� $��   	��

   ) C��=� ������ � 6�	���Sigma, USA (DMEM 
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%
��&�' ( 

)Dulbecco's modified Eagle's medium >����� (

<�	u �� 
��$ �$ $� 
9[ .�� F�.D!    "���� $��� !

  <���	u ���� �$105 × 2  �$µl 100   0��)� C���=�

DMEM    >	�(�� ��# 	�! �� � � .$�� $� 
9[ >��� 

�����1+� �  $���� 0���	�� ����� $	��� 
��#��� �$ $����  

)Cº 4( )20-19.(  

 ������XTT  

   �$	P���� 	�� �*��� ��T(! ��	���� H�	��@ E	1+� 6��

 ��XTT 0�� ��� �$�$ >	)+ ��)�Z )21(�� .   �� 4���

��=+ ����� ��a9� �� � w�	Z "��� ��$  �*	=S �	�

 8���!�! 4�o!��Z ��31Omp"��� /    ��� �*	�=S �	�

   ����#�� �$ �����V ���� �� �����@ 0���$ �  �$ 
��MG

 <��	u    0���Z �	��96    ���� �$ .�+��� F��.D! ���+	�

 /<�	u200  � �� ��I�� 6�	�� �� � � "��� ��B�

 �� ���V �� ����3 ��$�V �$	P��� <�	u"��� .   �	��

    '��� ��� ���� �$�$ 0)�48    ��!	���(+� �$ 0�	��

 ����$5  �������7�$2CO  '��	������1� �$31Omp   

)µg/ml 5/2  �5 4�*��	(+	� /(A )µg/mL 3 � (PBS 

)3 .�9�[�V ���G (E��� �� ���� <�	u  

"��=� XTT  >$�� 
# ��mg/ml 1   �$��ZXTT 

 $����# 	��! ����� E���V H���Z �� C���=� �$50  ���&�$

DMEM   ��� .��@ 0�$ �� $� 
9[ >���cc 5   4��� ��

 /"�����������=�µl 25  "�����������=�mM 5 PMS   

)Phenazine methosulfate) (Sigma �� .�� �[	;� (

   /����@ 0��$ �� "��=� 4��µl 100     <��	u ��� ���

       "���=� >$��� �[	�;� �� �� � .���$�V �[	�;�XTT-

PMS0��Z /  �	�$ �$ ��!	��(+� �$ 	�Cº 37   '��� ��

4  ���G 0�	� �	U��$ �� �$	P��� 	� >@ �� � � � �9�[�V

  y��� "�S �$ ���� �B�*�492   ����+	�+   ����+ ce�&

>@  >�B�� .�� ��+��� 	�SI )Stimulation index  	�� (

 .��@ 0�$ �� ��� "���[ �� �$	P���  
SI= (mean	OD	of	Stimulated	culture −

mean	OD	of	DMEM	blank	control)/

(mean	OD	of	Unstimulated	culture −

mean	OD	of	DMEM	blank	control) 
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Abstract 
Background: Brucella melitensis infection is still a major health problem for human and cattle in 
developing countries and the Middle East. Cell-mediated immunity is the dominant immune response 
required for protection against brucellosis. So, identifying of new candidates which can induce cell-
mediated immunity is demanded. Proliferation assay is one of the methods used to evaluate the 
potential of an antigen to generate memory T-cell. In the present study, the proliferation of speloncyets 
obtained from immunized mice was evaluated when they were challenged by recombinant Omp31 
(rOmp31) in vitro.  

Methods: Mice were immunized by phosphate buffered saline (PBS), rOmp31 and formalin-killed 
Brucella melitensis Rev.1 with Freund’s adjuvant. At the day 30, after the last immunization, spleens 
were removed and homogenized. Purified rOmp31 (2.5 and 5 µg/ml) was added to 2 × 105 spleen cells 
and then, the speloncytes were incubated at 37◦C in 5% CO2 atmosphere. After 48 hours, XTT  
[2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide] and MTT  
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assays were used to show the 
splenocyte proliferation. 

Findings: The splenocytes of mice immunized with rOmp31or Rev.1 started to proliferate after 
stimulation with rOmp31. There was a significant difference between SIs obtained from rOmp31 and 
Rev compared to phosphate buffered saline group (P < 0.01 and P < 0.05, respectively). 

Conclusion: Based on our findings, rOmp31 could generate a good memory cellular immune 
response. In addition, the method described here to study the speloncyte proliferation using XTT, is a 
simple and efficient method. 
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