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&� ���2 3��4��� ���� ��#�� (5'�� $�'�� �� �� �� &�6 &7�*�%�7 ��5�8�+
./ .���: ���� �� &+���� 
 &"�� �'��� ;��-� ��< $� $% 5=�>� ?�1�=/  ���

 ���� (
�)�� $� .�*� 
 ����7 5@ &= "� �� !�+A�6� B�+ $� 5�8�+
./ &<�+ ���7C
5��= "� ;��-� &���� D5� �� (E�FG7 !"� .5=�>� 
�5= #+�� $,�7

5' B�H+� ���� ����7 �/�� 5'� ��I�.  

��� ��: �"! 
� �� $J1�K�� 	�� ���  ����7 $� .�*�Balb/c ) ���� =�& 8 -6 6� �-M� �
� �5��� .�/�: B�H+� ($�4��+A�! ���N ��"O ���"�� ��>P�� 

QR7��� )Delayed-typed hypersensitivity "� DTH ($� 6 	
� �� UV� .5�N ����5+� � 
�)�� ����7 (�/���$= �F1�  �� U6 
12 7 �
��(��  ��
�W 

XY7�� ��4=1����� �Z1� 
 ��G)� ��"�%��"=& 
N  �� ��3��5+�:��� ��
�W IL-4 )Interleukin-4 
 (IFN-γ )Interferon gamma (3��5+� :��� 5'.  

����� :��  [��6 O"�W/� \<�� !�+A�6� ���QR7 ����>P ��"���)05/0 < P) ����7 0HP O��% ((05/0 < P _K� O"�W/� ((IFN-γ )05/0 < P 
 (

 _K� O��%IL-4 )05/0 < P!�=` � .5' (( ����4=1 ��XY7 
���P �� �� � 5��' 3
�: �� $>"�F� �� (!�+A�6� �� 35' 
���� 
�)�� $� .�*� ��� $ ��)

&=J� �/�" O"�W/� ���� )05/0 < P.(  

����� :���� &� !�+A�6� 5+��7 
���P �� ���QR7 ����>P ��"��� [��6 O"�W/� \<�� 3��� ���  ��A+ �Balb/c 
  �� $=�� 
�)�� ����7 5'� O��%


���P  �� &="�%��"�� �*>+ 
 ��' ����7 $� .�*� ���
N �� �� a4+ $�IFN-γ  O"�W/� .5�� ���b7IFN-γ  O��% 
IL-4 �� 
���P  ����7 $� .�*� ���

&� 
�#+ (!�+A�6� �� 35' 
����  � � $� 
���P &= "� 0�>�� �I, ���b7 \<�� !�+A�6� $% 5��Th1 )T helper-1 �� .��� 35' &1��� &= "� 
 (

&� (c�@�� !"� $� $,�7 5'�� 
�)�� 
���� ���� &*��=� �
��� !�+A�6� $% �'�� ��d�+� 
��7.  

:����� ������  ($=�� 
�)�� (!�+A�6�Interferon gamma (Interleukin-4  
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����� �� ���� 44-40 !��� ��� .�# !��� ��$%�  &��'�� ��  ��'�(�)� 

!* ����� !+�� ,�-.� /��� �� $�0
 � &��$%� 1��  ��'2  �0'3 �� �� 

��� ��  $+#�)1(.  

��''7 �� 8�� &�''# ��''��� ����''�� �9�''
 ���''��� �''�� .

�9�
 ������ !* �� :�0; 0�0� �
��� � �)�<�� =�>�� �� �0
 !<  =�'? 

 �')�<�� :��''@�  &��$'�A� �� ���0''�  B����'���� ���� .�9�''
 ���''���� 

������� �� !* ��3C� �� ���$�� � �#�D E��1?�  �'F* ��  G)'�  �'�  �0'
 .

H	���7� I9� &�#����  �9�'
  ����'���  ��'.<  J0�'�  &�'# ��  J�'K 

H�	F� � �� ��L� H�	F� ��0�� �M �# ���� ��� &�#����  �9�'
  ���'��� 

���N !* ,�-.� J0�� &�# H��� �� J0�� &�# ����� !* (�)�  $+�'	�� 

� �* J0�� &�# �%�)� �� J�K H�	F� 1�� :��@� �O�  &$�$'
  J�'9�� 

�� $++<P �� !�92 & ��� �:��@� �� ��0� !* 81��  &0'�  ����'9�*   (�')�

������ � �!� 
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����� !* �� J�K �9�
 Q��0� ������� �M R�-� �* �$*  � ����9�*

�D��	?� ���*  ��< /��
�)2(.  

�* !20� !* ����$T� &�# 8�� &�# U��� ����� ������  /���'�� 

����� ����� !* B9< 8�� &�# B�V0�0�09�� ��.�* ��0� !20� ���N 

!�?�D ��� � �3�+
 H	���7� &�# ����F� �$* � ��?��  &��0'�  !'< 

�>+� !* ��0F� H�	�� ���?� �%�)� �$* �$�0
  �'7� ��  &�'#��7#�� 

��0� ������ �� $
�* .!* ��9# �I��� H�� �7
1
  ��0'�  !'*  �9'� � 

��0� W0� �$�
 ��� /��< !< �� �M &��* ����� ����� �� &��0�  !*

��0+� ���� /��A��� �0
 !< H�	�� �+9�� �03 ��*1�� �� ��0F� $+< � 

���� $��0�* �0� !* �;�X�3� J0�� &�#    ����'� !'* (�')� �� ��  ��'* 

��)* � &��@C� �* J0�� &�# H��� ��?  ��'9�*  !�'
�$�  $'
�* . �'�� 8�� 

�9�
0+9�� ������ =��  ����)3(.  

�#$�Z0��(? �#��D �� :�)�<�� ��
 B��0+?  $+�'	#  !'<   �0'� !'* 

�%��� �� !3�
 & ��#��D �02�  $����)4( &���'	* . �� �M  �'#  :��'@� 

�9� �9< �*  J0�'�  &�'#  ����$���'	
  $'���� �  �'O%*  H'#   �0'� !'* 

/���	D &� �� �7
1
 ��0� /��A��� ���N ��   $'���D)5( . ��#$'�Z0��(? 

:��@� B�V0�0�* ��0+�� �� �03  ���'*  �'�  $'+#�  !'<  I��'
  \�0'3 

$]��*�L��� $] ��9� J0�� &�# &$)< � $] H3�  /$'%�  �'�  '
�* $

)6(. �M �#  ��'+_9#  H�1'�M  ���'# ��  I'�)N  ��$'�M  ��'�<��� �  �����1'D 

��$�	<� �� ��L� �� $++< .#$�Z0��(?� ���M ��$�	<� &�#  &0'N  $+�'	# � 

�����0� ��`�* �� ����� J�7���� &�# ���M $���� .&���	* H#  \�0'3 

�&V��M $] $] ������ � E#�< �a3 &��9�*  &�'#  �')�N-  �'N��� 

 $����)7( .#$�Z0��(?� ��.� /��� $�� !< �� ��L� $
� /�� &�# �A��-� 

�� J0�� &�# ����� !* (�)�  $'+9��0�  $+�'	# �  c'��*  E#�'<  $'
� 

�0�0� �� d�T� &�# In vitro � In vivo ��  $�0
)8(.  

�7� �� :��@�  H'L�  B'�V0�0�*  ��#$'�Z0��(?  &��D0'�2 ��  $'
� 

J0�� &�# ����� !* (�)� � �%��9� �� ������ � H�	F� ���  J0�'�   �'#

���P �� ���K !< f�# &�@� �* J0�� &�# �%�)�  '20� �* .$���$�!  !'* 

G��a� E�
 !�AD ���F�FT� � !< ��  J�'�  &�'#  �'�3�  &�� �'*  :��'@� 

$]������ �#��D �� ��0� !* =�� $�Z0��(? =�>�� /$
 ����  E#�g


:��@� ����* h$# �* �]�K �9�
0+9��    !'* $'�Z0��(? ��0� ������

=�� ����g�
� �* �0�0� � �+9�� /g�� !* 0�0� $]� $
 =�>�� �M.  

  

��� 	
  

��� !%��a� B� E#�g
 & &���+* &��*��< 80� &�� �* !< �0*   &�'#

/��� &  ��g�Balb/c 8-6 !�A#  &�Inbred ?�D =�>���.  &��'*  �'���* 

 �@����g�
� ��
 �*i �+9�� ��0�� 80�  �� ��#E����M ������ ����	K 

 ) &��3C'�DTH   �'�Delay type hypersensitivity(   /��A�'�� .$'
  

20 /��� 80� �$� &    /��'D ��'Lj !* �?��X� :�0; !* � !�L� H���

U+
 /��� .$�$
 H�	F� ���� &  ��� �� :$
 =�>�� G���� ��� !* �l��1�

  !''* ��A'';3    &�''#��� �!''%��a� ��0''� /��''D65/3 �85/5  �68/9 

) 80� �# &��� !* =�D��7��µg/mouse/day   .$'
 l'��1� ���g'�
� ( 

!�L� &��* !< ����� :�A	? �?�* ��o�� /��D !* & �N�  �� p��-� &�#

 l��1� $#�
 ��0+� !* ��0* !�?� ��< !* ���g�
�0T� .$
 / &    !'* l'��1�

) �N�A; I3�� :�0;Intra peritoneal  H'>K �� � (ml 1/0   .�0'*

80'''� =�'''9� !'''* ���� ��'''9# �� qr'''�  �'''#108  ×1 �� SRBC   

)Sheep red blood cells !�	
) (/$
 �* Phosphate-buffered saline 

�� PBS H>K �� (ml 1/0 ���0
 ��� :�0; !*   :�'��0�K �.
 ��

�1��l  :$� !* qr� .$
5 ��� �1��l 
���g�� �� �B  ��'��  ,-'.� 

!���� ��?� .�� ��� H>+
 �1���l ��* �� �'o 108  ×1 �� SRBC   p'< ��

80� tj �9� GF� &�
�# =�>�� $
 .qr�� ���� :$� ��  �'#& 24 �

48 � 72 �1� �� $%* �����l  =��SRBC� ���-] &�
 �1��l /$
 � 

�1��l /$.� d�0� �0<�q ����! & ��>�J�� /��$�� &�'�D  $'
 �  $';�� 

�1?��E ���-] p< �
 �� J0��? ��� !)��T� ��D�$:  
  

�����	�����	
	��	���
��
	����	����������	�����	
�×���

�����	�����	

  

  

8�� (�)� ���< 80� �# !* �0�0� : 80'�  /��'� &  ��g'� Balb/c 

(�)� !*  ����'�   !+�'�)Invasive ductal carcinoma(�  �'*  �'���� 

����0� �N(3� ��< �* :���0�K �#�o.����M !�.< $
 . qr'��  �'?�* 

�0�0� !* (�)� �� �$* ��0�K  u��'3 � ��  I'3��  �'��
  &��'K PBS 

I����� ��� ���N �?�D .�?�* ��*�j �?�* ���7� � �� &�#  ��0'3  �$'2 

� !* :�%aN Bj0< �� H�	F� $
 .!�09� &� �� �?�*   �0'�0� !'* (�)�  &��'* 

$��C� ����� !+�� !* /�o.����M /�����?  $'
 . 80'�  &�'# Balb/c  /��'� � 

 H���8 -6 !�A#  &�)0���	�� ��0���
 ����� (�*  l'��1�  I'3��  �N�A';  /��'� & 

�
0L�* )�����<  +���(��� (80L�* $�$
 . q'
 ��  1'�9�  ���'<  �'.
 � 

&0�L
 80�  �'#  �'*  I'7�� 70  $';���  ���'%aN  �$'K ��� 3mm 5/62  !'* 

:�0; ��� ���0
 $�0�
 /�� $
 � !)� &�# ��0
 �� /��A��� �*  qr'��<   !'*

H# !�-* $�$
.  

/0T� & ����9 80� �#& (�)�  !'*  �0'�0�  /$'
:  q'
 ��  �'
wD 

 ��$K10 ��� �0�0� �� !�K�� & &$�0�
 �#�x $���D .��  �'��  ���'�� 

�#�0�0� /���M & ��9�� $��0* .�* y��� U���� I;�K ��  �0'��M DTH� 

��1�� &��� !< ����.�* �@� �� H�	�� �* �+9�� �� ����wD R�-��� $
 .

��$%� 15 �� 80� Balb/c /��� & �0�0� !* (�)� :�0; !*  �?��'X� 

�� 3 /��D U+
 ���� ���N $+�?�D � /��� & l��1� �� &�r�  $'���< . !'* 

/��D  ���0�ml 1/0 ���g�
� ��  ���µg/mouse/day 68/9 !* :�0; 

I3��   l'��1� �N�A';  $'
 . !'*  /��'D   ��')z� $#�'
   ��$'F�ml 1/0 

$���A	?0�7�� !< B� &���� $��C� /$
 &  ���'� $]�  ��'�� ��  ���

µg/mouse/day 20 !* :�0; I3�� l��1� �N�A; $
 �  !'*  /��'D 
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$#�
 ��A+�  ��$F�ml 1/0 �?�* PBS �0� !* !*�.�  �'� ���  H'#����� 

l��1� $
 .l��1� �# �# ��� �� B� ���� � d�0� B� ,-
  =�'>�� 

�� �?�D. l��1� ���g�
� !* :$� 12 ��� ���0��  =�'>��  $'
 �  H'>K 

�0'''�0� �'''# ���  �� /��A�'''�� �'''* q��0'''< !'''���� &  J�'''��>��  

)Mitutoyo, Japan (l)� J0��? ��� /��$�� &��D  :$'
 2LW 2/1  =V 

)V /$++< ���* &  �H>KL  � J0�W (Q��.  

 �� $%*12 80� �l��1� ���    �'* ��'< �N(3� ����0� ����� �* �#

���0A+� � $�$
 !�.< �#�o.����M :���0�K �M J�T� &�#   �'T� �#

 ��'�0A+� .$�$
 �$2 I����� d���
  &�'#  ���'T�  �$'2  /$'
 ��  �'# 

�80� q
 �� 8��9
 �0|+� !* ��.< �0�	��r�0�  ��0�'�  &��'K 

��$'''''%� 106 × 2 J0�'''''� �� d�'''''T� �'''''.< RPMI1640   

)Roswell Park Memorial Institute1640) (Gibco, UK( �� 

�# B#�j ��7�� ���
 24 !��3 &� !�-�� )�# !�09�  !'�  B'#�j (� 

&��* B��T� J0�� �# !* �#  B#�jlµ 20 ���M �V �0�0� !?�]�  $'
 .

H''>K ���''L� �''# B''#�j �''* 10  $'';��RPMI1640- FBS   

)Roswell Park Memorial Institute1640- fetal bovine serum( 

 !*lµ 1000 /$���� $
 � !*  :$'� 72  ���'� ��  �0��'*07��  !'*07�� 

$���D .q
 �� ��� �:$� ���
��7�� 0�A������V � ���� ����  I';�K 

�� �''.< J0�''� �''# �''92 &��M $''
. �''���* &��''* ��1''�� $''��0� 

���<0���''''''''''� &�''''''''''# IL-4 )Interleukin-4� ( IFN-γ   

)Interferon gamma �0''''''''''''''''��M �� (ELISA   

)Enzyme-linked immunosorbent assay( )DuoSet R&D, USA( 

qr� .$
 /��A����  ��'�0A+� ��z7� ��1�� ���%� &��*    �� ���'T� &�'#

 �0''''''''''''''��MMTT )3-(4,5-Dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) (Roche, Germany.$
 /��A��� (  

!�1>�  �I��T� /��� &���M �# =�� �� /��A��� �*  ��1?� &��'�M SPSS 

!-	�  &19 )version 19, SPSS Inc., Chicago, IL(   /��A�'�� �* �

 �0'��M ��  &�'# One way ANOVA  �Independent-samples t 

 .$
 =�>�� ��$K ��+�9��95  $;��� �0* 050/0 < P  }a� ��0+� !*

�+%� ���& $
 !�?�D �|� ��.  

  

���
	 	
  

�� I;�K U���� /��� �@� & ���g�
� �* i��
  ��'����  ��'��	K  &��3C'� 

�� 80� &�#  J�$2 �� H���1 $;�� .��� /$�M E��1?� �aN �
 q
 

�� �
wD ���� &�# 24� 48 � 72 �� ���� !	��F� �* /��D   !'* $#�


�+%� �0� ) �0* :��A�� &���05/0 < P.(  

 �� I;�K U����12  l��1� ���/��� &   �� �0'�0� H>K �* ���g�
�

��0�K &�# (�)� !*  ����'�    I7'
 �� !+�'�1     !'|K(� .�'�� /$'�M

�� $
� !< �0
 �0�0� �� ��0�K &�# ����� /$
 �*  ����g'�
�   �0'� !'* 

�+%� ��9< &��� �� /��D $#�
  �0*)05/0 < P(.  

U��''�� I'';�K �� �0''��M MTT !''< �� B''��T� �'';�X�3� 

���0A+� &�# ���T� !���� !* & ���M �V �0�0�  =�'>��  /$'
  ��0'*   !'*

:�0; ,3�
 B��T� ��z7� ��0�� ��  I7
2 /$�M  �'�� . ��'9# 

 �0''� !''< �0L''.� ��''�� �''���*  B''��T� ,3�''
 �'';�X�3� 

���0A+� &�# ���T�  ��'.�  �'�  $'#�  !'<  �0�'���A����
  J0�'�  &�'# 

���T� !< �* ���g�
� ����� /$
 �$�� �0� !*  �'+%� &��� ��  !'	��F�  �'* 

/��D $#�
 E��1?� !�?��  ���)05/0 < P.(  

�� I'';�K U��''�� /��''� �''@� & ���g''�
� �''* &0''o�� �+��<0���''� 

���0A+� &�#  I7
 �� ���T�3   }a'� .�'�� /$�M IFN-γ   �0'� !'* 

�+%� �� &��� ��0�K &�# ����� /$
 �*  ����g'�
� ��  !'	��F�  �'*  /��'D 

$#�
 E��1?� !�?��  ���)05/0 < P(� ��   ���'K !'<  }a'� IL-4   !'*

�0� �+%� E#�< &���  ��� !�?��)05/0 < P.(  

  

 ����1. �	 
� �
� ������ ���� ������� �� �����	� ��� )DTH  ��Delay type hypersensitivity !� �� ( #��� $�% $  ����Balb/c  

����  

 	� ��� ����
� ����  

 ����	��± �	��� ������  

24 "#	$  48 "#	$  72 "#	$  


"'( 1  

SRBC + saline 
2/4 ± 0/28 2/7 ± 0/30  8/9 ± 0/32  


"'( 2  

SRBC + apigenin (3.65µg/mouse/day) 

*9/7 ± 0/36  *8/8 ± 0/41  *3/6 ± 0/42  


"'( 3  

SRBC + apigenin (5.85µg/mouse/day)  

*7/7 ± 0/54  *4/5 ± 0/53  *3/4 ± 0/59  


"'( 4  

SRBC + apigenin (9.68µg/mouse/day)  

*4/5 ± 0/54  *4/5 ± 0/54  *3/6 ± 0/71  

 *05/0 < P  
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&'( 1 �������) �!�!) *+, ������� ������ .± -��.�� ���/� (�� #��0 $�% �%�(  123�)4���) PBS  ��  

Phosphate buffered saline 5(�%�( 678�  #��0 � (����29�!:'�; 4���)) ��!� !� �� �!�!) �(� .(�����	� 4���))  1��%

#��� 6����� �����	� <� � 5��� <13/� �!= #��0 >� �?@� $��� $�% �%�( 6;� )05/0 < P( 13/� 1�D?E� ������ <�  �� <9��F� �� ���

 #��0�%�( 1� .�(��  

  

  
&'( 2 ���!@� .HE�( 6�;!23I J��.) 1I�.= $�%  �% ��  !� K3	)

.(#��0 6�;!23I ��� #��0 #�!7� 1����� L�% 6.) <� �3?9% 1��%  5���

6�;!23I M�� #��0 1?�N �� <� �3?9% 1��% #�( J��.) �!�!) OP  � ���

6�;!23I M!; #��0  OP!?�� <� �3?9% 1��%PHA ON <�  #�( <��Q� �%

�	 �+3; .�!�6�;!23I O!�;��2�I� � �%O!�>N >� #��2?;� � MTT   

)3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide( 1� O�R� K��?� .6��0 M�+�� 6�;!23I <� �%�  !� $�%  1��%

#�( O���� �����	� �� <�  �!� #��0 �� <9��F� �� 5���%�( � < �!=

13/�  O!�;��2�I��	 ������ $���<?(�� ��� )05/0 < P� K��?� .( < S�!�

������� ± -��.�� ���/� O��� #�( 6;�.  

  
&'( 3.  ���!@� �������± -��.�� ���/� ����!?��;  $�%IFN-γ 

)Interferon gamma (� IL-4 )Interleukin-4 ( >� #�( U(�)

6�;!23I 6�;!23I .1I�.= $�%  >� V	 1I�.= $�%12  &E�� 4���) >��

 1��2������	�5 � � ���( #��� 6R� � W��X?;� <<:�;� $ 1?�N  OP

����!?��; ���F� .���( J��.) $�!�!) $�%IFN-γ � IL-4 � #��2?;� �

 O!�>N >�ELISA )Enzyme-linked immunosorbent assay (

#>����  #��0 �% �� .�( $��05   !��!�!) <� D?7� U
; .6(�� �!�� 

IFN-γ � <13/� �!=  #��0 �� <9��F� �� $����%�( 6(�� ������ 

)050/0 < PY( 1I�, �� U
; <� IL-4 � <13/� �!=  �%�� $��� O�R�

 ���)05/0 < P.(  
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'�(  

!< ��� $�Z0��(? ��0� ���g�
�   �0'� !'*  �%�'�� ��  ��'#��D  �0'2� 

.���� B�V0�0�* :��@� �#$�Z0��(?  �'� ���* �03 �� ��0+��    !'< $'+#�

�M �� �7�  �#\�03 ���M ���$�	<� ��   .$'
�* �#$'�Z0��(?    ��'
�� �'*

/��D       /��'D $'+��� �'9L� I'��� &�'#5-OH  !'F�K �� & A   /��'D �  

4'-OMe !''F�K �� & B  I''��� �4-!''F�K �� I''��0*�< & C c''��* �

J�7���� ���< �z+3   �'�K� � ���M &�'#&  ��$�'	<�   �'� �'#  $�0'
 )9(. 

    �'� �'�L� ����'� ���'* &��* �� !+��� ��1� R�L���   J0�'� .$'+<   � �'#

�>����  �*�L��� &�#      E��1'?� ����'� !'* (�')� ���'?� �� �+9�� H�	��

��  \�03 �o�� �� .$*����#$�Z0��(? $] ��;�3 �M �*�L��� �# � .��

  H�1''�M �''���%? ��''L� �''* �#$''�Z0��(?  ��r��0A''	? $''+��� ���''#-A2 �

      E#�'< c'��* ���+'� $�'	<� B'����� � ���g�	<�0r�� ����g�	<�0�7��

�� �$* �� R�L���  $�0
 )10( . ��;�3������ $]  !��� �#$�Z0��(?

J0�� �� �A��-� ��0��  &�# ����'� !* (�)�      .�'�� /$�'�� :�')@� !'*

�F�� �* �#$�Z0��(?&    !'3�j p'N0� ��'+_9# � �0�
0
M &   �� ��0�'�

J0��  &�#����� !* (�)� J0�� ��� c��*  H�	F� ��L� ��+_9# � �#

�M �� ��0�� �� �# $�0
 )11(.  

�o�� &0� ���  /$'9� h$# &    ����'� H'�� ��$+9'.���  �'��+
 

   �''L+� ��'';�X�3� � $''+9?$# �0''� !'* !''< �''�� ���''#���� �3�'�

J0��  &�#�0�0� !* (�)�    J0�'� !'* � $'#$* ���N h$# ��0� ��   &�'#

$����� G��M H���.  h$# ��� �0� !*$9�/    =�'>�� �'K��2 l��� ��

�� ���D�       �� 8�� �'�� �'�F?0� ����'���� �0'2� ���0'� G��� �� ���

�� ��$T�  h0a%� ������ �9�
 �9� !* $�$2 ��7��� /����� P$+<

��� /$
 )12(.  

�9�
 J0�� �;�X�3� ��� :�0; !* G��� ������ �� &�#  J�K

�� �� H�	F� I9� ��� !< $.<�    !'20�� �� �L20'� I*�N ��9� �#�D

J0�� �� H�	F� J�K �� H��� &�# $+< )13( �'+* P  �'*  �'���    ��0'�* �'D�

  $'
�* ������ �9�
 :��;0X3 $2�� H# !< �?�D ��< !* �� �
��

�   �� �'+9�� H�	�� �o�� h�� �� � $+< I9� �;�X�3� &0T� !* H#

$+< ��0F� )14( ���  8�� B'� ��0+� !* �� 8�� ��� ��0�  R0'�a� 

.��< �?�%� ����� $]  

��0�''� �''+9�� �0''��M  E��1''?� �''* ���g''�
� �''@� �''���* �''L2

i��
 J0�� �#�  &�#T !�09>� .��� /$
 �K��� &  ��'�0A+�  &�'# 

/$
 y�	K  ����	K ������ G20� !< &�&��3C� ��   ��'+j �$�0'
 

���M �* !< � ��0� �� �A��-� ��0�� �$�0
 !2�0� �0*�� �V��� �@  }
��

�� �� !�3�+
 ���<0A+� =�� �* !< $++<    �'�� .$�0'
 ���'<0A+�  �'#  &����

;�03!�92 �� �   J0�'� ��'.<   !�'	# &�'#     ���'� G'�2 �h$'# ���

���0A+�  �#     ��0��'�0D�? � �'#V�?��<�� �'���%? �'�0F� �(�	<��09<)

   ��'�0A+� B��'�(* I7'
 ����� ��#V�?��<�� :�2�L� �� �%��9�    ��'#

 I'�?���0� G�2  '# E+'<�� � �    �'�0
 �*�'L��� &�'#  �'�    �'�� .$+'
�*

E+<�� � =�0� :�0; !* �# �� �#�x ���0
 ��A� $�0
.  ����� :$�

E+<�� ��� !<  �'� �03 �z<�$K !* �#  '�� �$   �0'� !'*  J0'9%�72-24 

��� ���� )15(.  

 ���0� � /$
 /$#�.� U���� l)�E�
 !�AD /$'++< B��T� ��� � & 

   i'��
 ��1'�� !'< ��� ���g�
� �� &��� ���0��   J0�'� �'#�   &�'#T 

i��
 � $.-* �0)L* �� �79<    80'� &�'
 p< �� =�0� ��$�$
 &�#

< ��''>�� /$''
 y�''	K''+ ��� .$µg/mouse/day 68/9 ''+j &���� ��

���� �� ��� ��� .�0* ���;0X3  &�#24 �48  �72    ����'.�* ���'�

+%� h(�3�� /��D ���� �* �� ��� �
�� �#.  

�@� 
����g� :�0�0� $
� �* /��� J0� �� &  �� �0�0� $
� ������

/��D /��$�� p��-� &�#       :��'A� .�'?�D ���'N !'	��F� ��0'� � &��D

�+%�  ��� �� ���6  ��*� ���g�
� �* /$
 ����� /��D /��D   &�'# $#�'
 

 #�'.� /$ $'
      :�0''; !'* �� �0'�0� $'
� ���g''�
� �l'�FT� �'�� �� .

+%�� ��L� &��� ��<.  

 �@�
����g� z7� �*��  '�0A+����:  ��'�0A+�   y�'	K &�'#   �� /$'


���M �* !L2�0�    �'� �'�z7� �0'*�� �V      J�'9�� �� �0'3 :��'@� � $�0'


�� ���0A+� ��z7� .$++<    !��'.� ��'��� �� �'#   J�'%? &�'#    d'�0� �$'


���M  d�0� ����* ��� .��� �V  J��$'�� 8��MTT    .�'?�D =�'>��

/��D �� ��z7� ��1�� �)	� ����� �T� &�#   /��'D !* $#�'
   E��1'?�

�+%� }a� !* &���M �|� �� � �
�� $��� &���.  


� �@����g� �0� �* $'�  �'����<0��:  ���<0���'�     �� �'9L� E'F� �'#

$���� �+9�� H�	��� J0�� ���)��� ��1*� * �# !�� ��9
    � $'��� � $'+�M

i��
 �L2      �'� ��'�%� �� ��'%� �'+9�� &�'#      �y�'�� �'�� �'* .$'++<

i��
     ��0'�� !'* �� �'+9�� H�	�� �+��<0���� &�#I  �II  H�'	F�   &$'+*

/��< i��
 .$�� * ��|?�T� &�# !   �����'� !'��� \0'X3  !'a�K �� & 

i��
  �0� &�#I !F)� �� &$+* i��
 :��;0X3 �� .$�0
   �0'� &�#I� 

��   $'��0� ��0�IFN-γ      &��'* !'< ��'* =�'� ��  �$'
 J�'%?   �� &���'	*

H	���7� J0�� �� ����?� &�#  &�#Th1 /$
 J�%?   �'� }'
��   � �0'


!X-.� & i��
 �0)L*  �0�0� !��� �+9�� &�#R�	K !* �� $�M )16(.  

H	���7�  i'��
 E#�< G)� �0�0� ���? &�#   &�'#Th1  �'+* �  �'* 

 $��0� E#�< ���IFN-γ  $��0� E��1?� �IL-4 ��  $�0'
 �� �'�� �� .� 

i��
 �� R0<�� ��|?�T� &�# i��
 ��0F� .$�0
   ��0�'� &�#Th1 

 ���?� �� ����� $��� �0)L* !*����� !* (�)�  �'� B9<    ��1'�� � $'+<

E�
 �LDM �� �0)L* �� $.-* )17(.  

!%��a� ��� ���  �* ��9�����g�
�    $'��0� E��1'?� G)�IFN-γ   � $'���D

  �'+%� &��'�M �|� ��  �0'* ���     ��1'�� �I'*�F� �� �IL-4  E#�'<  �'+%�  ���

�
�� . ��0� ���A�
 i��
 &�# �+��<0����    $'
 /��� ��'.� !'<   ���g'�
�

 G)��A�
 i��
  �9� !* �#Th1 �� �0
.  
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���< �0� !* �����  &�# �0'�0� $]     � H�F�'	� �'�� l'��� �� ��

�� H�F�	�  '��0� $  �'*   '� �'+9�� H�'	�� &��C ��w'o* ��@  &��'* .�  ��@C'�

����+9�� H�	�� �* �0�0� $] &�#���� H�F�	��   �'|� �� H	���7� ��

�� !�?�D  P�0
!< ��� J�� �9�
 E#�< �* ������    G)'� �0'�0� H>K

!>��� �� � �M �D$++< R0<�� \�03 E#�<�    H�'	�� ��'L� E#�<

�� �0�0� d�0� �+9��  .�0
!< ��� =��  �9�'
   �'� ���'���    �'* $'��0�

&�F�� ���M ���* �V $�$2 &�0�0� &�#�     �'+9�� H�'	�� B'��T� G)�

�o�� h�� �� .���D� �9�
   &�� H�F�'	� �0� !* ��� �79� ������

� I��0��1D��< /$++< H�|+� � & � �+9�� H�	��C  �'* �� � $
�* !�
�� ��@

�+
0A+� ��>���   �'+9�� H�	�� ��1D��< I��0� B�����0�0# ��z7� G)�

���D )18(.  

!%��a� �]�K &   &�0'�0� $] \�03 ����� �� ��* ����� &��* !<

 �'� ��.� ���� /��� ���N ����* ��0� �� ���g�
� ������ $] �   $'#�

���g�
� !< �� ��.< J0�� &�# �0�0� !* (�)� �)	� !* $���A	?0�7�� 

 l'?0� ''��  I'9� �''� $''+< �  ���'+_9# &���� :��''@� &�0�`�$''�0+9�� 

&0N &�� ���. �� ��L��� !>��� &��D  �'�   !'< �0'
  ���g'�
�  �'*  ��'
�� 

�Dg�� ���# �0j ��9� �;�X�3� !��� J0�� &�#   ��0'�0� !'* (�)� 

Q��0� �)��2 �H< �9�N ����
 � ��+_9#  �'��*�N  �A�'
  !'* Th1� 

���  I�'	���
 �� ����  !'<  !'*  ��0'+� &����  �9�'
0+9��  ���'���  &��'* 

����9�* ����� !* (�)� R�-��� �0
 . !'�)��  :�'%��a�  &��'.�*  �'L2 

�
�� ��3�� H	���7� :��@�   /$'
 /$#�'.� �  �'o��  ,3�'
  &�'# 

�V0�0�09��7� =�` ���.  

  

)������ � �*+,  

   �0� &V0'�0�* :�'F�FT� 1'<�� &��79# �* !%��a� ���   /�o'.��� ��0'7

!�F* �7
1
 =0�� �� ! (U�)     ��'+<��< �� !��'�� ��$'* .�'?�D :�0;

 /�o.����M!+��� !< ��07�0� &V0�0�* &    H#��'? �� l'�FT� ��� &��2�

�� &��1o��r� �$����M ���D. 
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Abstract 

Background: Among the various methods of cancer treatment, the method is more considered which 
has the most toxicity on the cancerous cells and the minimal side effects on patients’ healthy cells. 
Flavonoids are polyphenolic compounds which due to their biochemical and therapeutic effects have 
attracted scientists’ attention. This study aimed to investigate the immunomodulatory effects of 
apigenin as a flavonoid in anti-tumor immunity and tumor-growth inhibition. 

Methods: This study was carried out on Balb/c tumor-bearing mice, aged from six to eight weeks. 
First, the optimized dose of apigenin was determined through delayed-typed hypersensitivity (DTH) 
test. Then, breast cancer tumor were induced through tissue transplant method and after 12 days of 
treatment, their spleen lymphocyte proliferation and spleen lymphocyte cytokine production were 
assessed via measuring the amounts of interleukin-4 (IL-4) and gamma interferon (IFN-γ). 

Findings: Apigenin caused an increased delayed-typed hypersensitivity (P < 0.05), decreased tumor 
volume (P < 0.05), increased the IFN-γ level (P < 0.05) and decreased the IL-4 level (P < 0.05). As 
well as the lymphocyte proliferation in apigenin-treated mice increased significantly in comparison to 
the control group (P < 0.05). 

Conclusion: Apigenin can cause an increased delayed-typed hypersensitivity in Balb/c female mice 
and decreased tumor-growth in tumor-bearing mice and can alter the cytokine ratio to IFN-γ. Increase 
of IFN-γ and decrease of IL-4 in apigenin-treated mice show that apigenin can switch the mouse 
immune system towards Th1 and cell-mediated immune responses. Considering this issue can be 
expected that apigenin is a proper drug for cancer treatment. 
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