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��0<�  
���1�: $ K�L 
��M� �� �N�7 !�
�)O�$! �8!A$� ��   �)O �$!D$ P�A0�7�&,!L 
��M� 
L)�� )�Q/' �� �R6!S' H,�   T,�D�/' ��DA0�

�,%�� ��N� � 
���U.  

����� >?�:  )%,P �R6!S' !'23,�!"#
� A$!VL�L�8� C��L !�� �&A� P7 ��   
�D' ��6  �24   �	!DL !D�  �DQ�W  !D� �

1000�500�100�10�1  �1500 '� ����� ' ����
 6��&    �&'�&���&�VDL� �!"&DL% !� C��L X�' �+)% YVL � ��N��' �)O �$!$

)% �$��$ !�� ' %)�'C�&/0 � �R6!S !�� �Z[' I/' �
 R7��H %��,�.  

��:�� ��: ,�&�! !��  �R6!S'8!#$ '
 ��% �0 \*��� � �[0��� X�' C��L )% ��N��'  6  �&	!L �Q�W )%1  �1500   ������'

�&�6 
��' �� 7�7 ���] 9/30 % �7/44 % � ��N��' )%24 7�7 �� �&	!L�] 5/26%  �4/64% '
 ��!� . ��N��' )%24 L��&	!   !D�

�� �Q�W `,����   �Q�W )% �a,�1000 �&�6 
��' ��  ������' 
' 
6��L X�' �� �E/'  �Q�W 2� 
6� %��500    `,��D�� !D�

�7b
' `,���� 
�N�7 \�!* )�U �� �)O�$!$ ���L ���N��' 8!'2 � �Q�W   ��!,.  

����* (���: � )%,H �R6!S' cd#' %��,� �0 C��L !�� �&A� P7 �� !$ �� 8�( �)O �$T,��/'��A0� e!&ZA$  .!A�
'  �/D�!� 

 ���L �0 �)�U �� )�U �� 8!'2 � �Q�W G�!7�7b  ��  �Q�W 2� �a,�500 
' �&�6 
��' ��  ������' f��!� e!/�F  ��N��' )%

24  �Q�W ��&	!L600  X�' g	!� �0 
&Q�W 8��/	 ��50 C��L 2� �+)% 
' !� %�� �,%�� H��R7.  

 ���
�@�? �� :O�$!$ �)T,��/' ��A0�� ���L� C��L �&A� P7 �!� 8�( ��  

��
 AB �CCD� �/�4 �����C: 

2�� ��?" /2��F< ���/G /����) 90 /��J%K19-14  
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���1�

C!L )%  %��)!0 ��(� �!�
�)O�$!$ �0   %!DR�� !D�$3  H�D� 

1 !7100 �&'�$!$ '
 ��!�   ��	 )%h�&d' ��N 2� �2,�A 

)�!DD/��� �DD���
� 2!DDL�)�%�� !/DD+,G �@DDW
,� 5�DD$��� 

2)�!#0�� !/+ �,G h�&d'   )�DU �D� ���, ��D/  ��  ��D��,` 

,�&�! L��)1(.  H,���!/�k7 D��� )%    � 
D�,��� 
!�D+�l(

 
,!����!�$3  ��	 ��A� �2��$��)!   mSDL �ZA$ � Pn�0

  TDE� �� !D�$3    � o�DU PD, 2� �%!I&DL�   �!D� �D���� 
 

��N��' �k�
 ��)!0 8!��//0 o�l' � 8�  �D",% o�U 2�

 )��DF      83 2� 
D�!$ 
��U!Dd' �D� �&D#�� �DN�7 
 !D� �) 

�� ���'
  %2!DL)2(.   8�Dn � 
��DM�� 5�D6�,�
  
�)O�$!D$ 

ep'!0 6��R' 
�)O 2� 
�!I&'
 '
 �!��)4�3(�  )O �$!D$ 
�

h�&d' ,��/' ��A0� ���N 2� T
' $��7/ � Y� 2� @DN q 2�

�U,r ��L�� ),� � ?)��� !#W 2�� $ 
6��L��  )�DZ	  �

 )%��!� !��  �s&A' o��%��$�)5(.  

$!$ 2� �%!I&L� TW���	 �O�)  ��DA0�  T,�D�/'(MgO)  )%

3 ���L �)�#0 8 ��C��L !�  ���!� !��   %)�D' �&�0 8��

 )% �%�R&' 
!R6!S' !�$% )% �n�� �L� �&��� )��* �N�7

 �� h�&d' 
�)O �$!$ 
��M� !� �S��) C��DL  !D��   � 8!DA$�

� 8���� !E$  ��D�      �D0 �DL� ��D� cdD#' �  � q@DN

 ���L!$
�)O �$    G,�DL ?)��D� � �D,) ��L�� 2�   2� �D7

 � �%�� 
6��R' 
�)O!� ��N��'  !�$3 
D' ��7 D$   �D� �DE/' �

�)!��� �Z0 h�&d' �!��,) �����0 ��� $�( �
)10-6( 

 %��u' )�#0 )% ���  !E$� 
!R6!S' 
6�'
  D�!��)11( f

�@6  �Q$ ��'
 �L) F!� C!� )% ��D� %�N�' 
!	pU� �� 

�L \'!0 v)%�� ��s6!� � �!0 
�)O �$!$
 �$
 ��!�.  

  8!DD�'� � 
�)O PDDn�0 )!�DDA� �2��DD$� �DD� �DDN�7 !DD�

 �� ��N��' � 
L�&L%C��L !��  P7�&A� ��  8�( �� 83

$!$ P�A0�7�&,!L 
��M� !7 T,�� �    �D� T,�D�/' ��DA0� �)O

C��L �&A� P7 �!�  %)�' 8�( ��T��% )��* 
L)��.  

���� >?�� 

 ���7C��L !�� �&A� P7  )% ��P,  �R6!S'

!'23,�!"#
� �M�� �� T,��/' ��A0� �)O �$!$ 
�L 


C��L !��  P7�&A� ��  8�(10  !� T6!L � w6!� %�'

'�"$!�H /L
 25 C!L ?�) !� %)��$!&L� MTT )3-(4,5-

Dimethylthiazol-2-y1)-2,5diphenyltetrazolium 
bromide( L)�� %)�'
 *&��� )��/�)12.( ���� �,H 

 �)�Q/'5 )!V� 8�( �&�6 
��',/�  
�' ��5  ��) �s�*%

 �5�6�7!�� �A��')8��&�x ��,8�� (y��d' �  2� Y�

��!F� 8%��$ 5  C��,!� �&�6 
��')8!�63 �v�'(�  
�' ��

5 *%��s  )�% !�3000  �s�*% )% )�% 5�I,�&$!L) ��/�L

�,8�� ( �� �VL YC��L !��  P7�&A� ��  ��N �V�� !�

�$�,%�� �  �L !� �#&A� )!� �L 2� Y����,5�6�� ��R7 %

103×5 G,!' �#0 {�u' )% C��L 1640 RPMI  TE� !�

!�$
, ,P '����6��& �7�� �,%��.  �8!/��U� )�Q/' �� %��R7

C��L !� �&$!0 \L �!"&L% 2� �%!I&L� !� ) ABX 

Micros60،France-Japan(  ?)!����$�.  

� Y� 2�,�($!$ �)� � �)OMgO  %!R�� !�40  � �&'�$!$

  82� �D� mSL �ZA$500      �D� �D� GD��'�&' �  �0�D� 2

  8!DD�63 PDD&�6�6(Lolitech, Germany)  �  �DD� C!DDs&$�

�!"#,!'23�  !� 2� �%!I&L� ���$�,% q3�Q�W  !D��   hD�&d'

2 �20 �200 �1000 �2000 � 3000  ��  ������'
��' �&�6 

 �DD��7 �DD� � ��DD'�%� )%100 '����6��DD& DDA$!VL�L 2��8� 

C��L !��  P7�&A� ��  8�D( ' )%������ D�� 9  �D$!( �� 

),�&d  YVL �100 '����6��&  2��Q�W !��   �$!D$ h�&d'

�!� P�!n �� �� �)O�    � �%��D�� C��DL  YVDL  �DQ�W

!�$
, 7�7 �� P�!n �� )% �)O �$!$�] 1 �10 �100 �500 �

1000  �1500 '� ����� � �
��' �&�6 ��$!L) �  
�' ��6 

 �24 )% �	!L  )�7!���$�37  �N)% &$!DL
  %��D� )Fater 

electronic� �,8�� (�$�� ����$�. L)�� )�Q/' ��
  
��M�

 P�A0�7�&,!L �)O �$!$ ��A0� T,��/' �� C��DL  !D��   PD7

�&DDA� ��  2� ?�)MTT )3-(4,5-Dimethylthiazol-

2-y1)-2,5diphenyltetrazolium bromide(  �%!I&DDL�

%��,�. ���� �,H   )�DQ/'25 '����6� �D&  �D�u' 2� CMTT 

)8!�63 �v�' (�Q�W !� 5 
��'   
D��' �D�  ��  �D&�6    �D� �D�

 � ��!F� P�!n3  )% �	!L37 �N)%  %��"�&$!DL   �D���$�
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 ���0/� ? ���"��!�� #$%&����                  2�� ��?" ��
 AB �CCD� �/�4 �����C: / ���/G2��F< / ����)90/16  

 YVL ��$��50 '����6��&    C�$!D������,� C�D�u' 2�70 %

)�v�' 8!�63 (     q@DN 83 2� YD� � ��!DF� PD�!n �� ��

 �)�$)Optical Density(   PD�!n �D�   |�D' C�DU )% 

490   ���&�VDDDL� �!"&DDDL% !DDD� �&'�$!DDD$&'�& �)ELICO 

spectrophotometers, India( !� )% � �}��*,8! ' D�8�� 

6��L X�'
 %�� �ZL!u',�.  

 8���' �,!�$ )% ��D//0)!�'
   �D�)50  �D+)%  
D/R, 

  X�D' g	!� �0 
&Q�W50   C��DL 2� �D+)%   
D' !D�  %�D� 

)LC50(  ����!#' �M� 8��� �Q�W ���  
/R,&Q�W
  �0

� �Q�W 83 )%�~ �L �M�
  ���!D#' C��L ��  
D�$   %�D�
(NOAEC: No observed adverse effect 

concentration)  ��$ � cd#'�$�,%�� ��AI7.  

� )%,H �R6!S' 2� C�&/0 !�� ��Z[' 
I/' � P$p� $ D�� 

�%!I&L� �� �� )�U� �0 )% P�!n C�&/0 �Z[' q3 �Ss' 

� )% P�!n y���' ��  C�D&/0  DI/'
  {Ds�  6!DL�H  C!D'�$ 

��!F� �$�,%�� e!/�F   8!D/��U� )�Q/' ���0 D�� !'23, 
!D# 

)!��% )���7 %��,�$�.  

 �$ 2� �%!I&L� !� 
!	pU� \��u7 � �,�E7  )����SPSS 

 `,��,�16  H�"$!D�' 
)�+ �� �,!&$ �  !E$� �   o��Du$�

)!�R' ��$�,%�� ?)���. �      8%�DZ$ C!D'�$ �D� �DN�7 !D� 
6

�%�% !�   \D��u7 � �,�E7 ��N 
0)!n 8!�' �/'�% � �$!�' 2�

H�/��� �,%�� �%!I&L� 05/0P<    
D/R' 2�D' 8��D/	 ��  )�%

�� �&��� �Q$ )% �,!&$ 8��.  

��:�� ��  

� )%,H  2� Y� �R6!S'��N��'  C��L !��  P7�&A� �� 

 !� 8�(�Q�W !��  �)O �$!$ h�&d'MgO    
�D' �D�6  �

24 !&$ ��	!L,� ' �+)% �� y���'   �%!I&DL� !D� C��L X�

 ?�) 2�MTT 2)� %)�',�!
 ���� )��* . 2� \+!� �,!&$

 ��N��'C��L  !D��   PD7 �&DA� ��    !D� 8�D( �DQ�W  !D�� 

 ��N��' )% �)O �$!$ h�&d'6  �24  X�D' 8���' � �	!L 

6��L
 )�+)% ( .!L� ��'�"$!�H  !D&$,�  !D� �% )  `,!D'23

)% \��1 �L� ��'3.  

8!�� )�U  �Q�p' �0'
 %�� ���\* � �[0���  X�D' 

C��L )% ��N��' � 6 7�7 �� �&	!L�]  �Q�W �� y���'1 

 
D��' ��  ������'  �D&�6 )9/30(%  �1500    �D�  �D�����'


��' �&�6 )7/44(%  �L� D6�
 � D,H ' D�8��   �D�N��' )%24 

7�7 �� �&	!L�] 5/26  �4/64  �+)%'
  D�!��f.   H�D/���

 
6��L X�' �+)% ��N��' )%6 W `,���� !� �&	!L  �DQ�

 2�1  !7500   ������' ��$ ��� !7 `,����'
 ,��! � 2� 
6

 H,��Q�W 
/R, �R� �� 1000  �5000 � !��Q�W `,����� 

 
6��L X�'
�$ `,���� ��!,.   �D�N��' )% �0 
6!� )%24 

�Q�W `,���� !� �&	!L   
6��DL X�D' �D+)% �   )% �a,�D�

 �Q�W1000  `,����'
 , �D�!�   
D6�  �DQ�W 2�1   !D7100 

���'
��' ��  ���  2� ��N��' 8!'2 `,���� !� ��&�66  ��24 


' `�!0 ���L 8���' ��	!L ��!,.  


' y!Z/&L� �R6!S' �,!&$ 2� H,���!/�   �DQ�W 2� �0 %��

500  
D��' ��  ������'       8!D'2 � �DQ�W `,��D�� !D� �D&�6

��N��' �7 
)�+ ��b  T� �  8!D'2   �)O�$!D$ ���DL �  �D�$

�N�7 \�!* )�S�
 
' `,���� ��!,.  

  �DDA7 �,!DD&$Mann-Whitney  %�% 8!DD#$ �DD0 )%

 ��N��'24 &	!L�  2��Q�W  100 �  
D/R' �DS��) �)�%   H�D�


6��L X�' � 2�%  
6� %)�% %�N�  �D�N��' )%6  &	!DL� 

 {s� 2� �Q�W `,���� !�1  ��10  � HD,�)  y!DZ7 D/R'
 )�%� 

�DDL� )٠١/٠P<( . H�DD/����u7DD�\Kruskal-Wallis 

���"$!  op&D(�  D/R'
 )�%  X�D'  6��DL
 )%  �DQ�W  !D�� 

h�&d' )O�$!$ � !��$��$ !�� C�&/0 '
 ��!� )01/0P<.(  

!&$,� y���' ��   8��D�' ��D//0)!�'
   �D�)50   �D+)%

(LC50)  �  ��D� ���!D#' �M� 8��� �Q�W (NOAEC) 

% �)!�� C��N )1  �DL� ��'3 . 8!D��  )�DU    �DQ�p' �D0

DD'
 �DD� % �DDQ�WLC50  2� YDD�24 �DD�N��' �	!DDL 

�����µg/ml 600 �0 
6!� )% �,%�� H��R7  )% �D�N��' � 

6  �&	!L �Q�W H,�R7 \�!*��H %�Z$.  

�?�61:'�8��LC50   �NOAEC !$)O�$�MgO   )% 
�'

8!'2 ��N��' 6  �24 �&	!L  

/��O )µg/ml( F6��� �6 4����  F6��� �24 4���� 

LC50  d#'!$c 600 

NOAEC  d#'!$c d#'!$c 
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 #0G1: '�"$!�H �+)% X�' 6��L
 �� A� �)O �$!$ �Q�W ]MgO )�&�6 
��' ��  ������' (��N��' 8!'2 �  

QJ�  

 
��M� ��l( )% �� �R6!S' 8�/0!7 ��/,� �� �N�7 !�

    PD7 �!D� C��DL �� T,��/' ��A0� �)O�$!$ P�A0�7�&,!L

�&A�       �!Dn 8�/0!D7 83 �,!D&$ !D, � ��D#$  !E$� 8�( ��

,� �,!&$ �A,!s' �@6 �L� ��#$!� !��+ �R6!S' H  H,� 
��M�

�$!$ C!��7��$3 �!� C��L �� �)O ��A0� �)O �$!$ H�/��� �

�&A� P7 �!� C��L �� ��s$   
D' �DA�' 8�( ��  �D�!� . 2�

 
��U�L,�G %�� %!�&	� \�!* � ���+ !� 8�A7 MTT  ��

 8��/	,P ��� �M�' � .!A� )�����   ���DL 8���' H��R7

�$!$ )% 
�)Osu7�
!s �R�� 8!�'� �L� �,@� )14-8�10.(  

����,` !L 
��M�,A0�7�&�P �� $ 8!'2 )��'��  HD��' 

�L� �� ��	 C!l7� �� �&D#  $!D$ �
�)O  �D�  �7��D��H  !D�� 

mSL 6��L
 ,! \(�% 6��L
  ��D�!�  � 8�Dn D,H  D+!(�� 

�L� 8!'2 �� �&A���.  

� � 
�0 )�U!&$,� �R6!S' H,� %�% 8!#$ �0  !D�   `,��D��

�' 8!'2��W 2� {s� ���L 8���' ���N  �DQ500   �7x!D� �

 ��� !7
' `,���� ��!,f  �@6 !D&$,� � D,H    !D&$ !D� �DR6!S',� 

R6!S' �Jing Sun  8�)!D��� �  �Ge S  8�)!D��� �   �D0

 �$%�% 8!#$ �� T,��/' ��A0� �)O �$!$C��L !�3 � �7��D$�C! 

 %)�% 
�L �M�e!&ZA$ ��d%)�% 
$��)5�15(. X�' C��L   !D�

x!�&���� ��	 \(��7 %����	 '�)�/0�&� )% C��L  !D�  �

 H�/���@�O�I$,�� 2 D,%!  �)O�$!D$   �D� 83 ��M!D7 � % D,�)�� 
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