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�����  

�����: �	 
����� ����� ������ �� �����  ���� ���  � �!"#� ��$Leishmania %�� �&� '�(��) �� * %	�+  ,� 
�-.�/0 �.#  %��  12� �*

�����  34*5�5�2�� �5, 14.6 ���7 8� �$&!�4$ ���0 �	 95	 0  � ���0�� %:�, # �	 �� '�� �	 5	 SAC )S-allyl-cysteine( �0 &��	 .>6 8� 

�72 ����  	 ���0 12� �?@	 +�  	 ��* 
�-.�/0 �* �Leishmania %�� �&� '�(��)  �?@	 +� >�A0 )�-.�/0 12� ��SAC  )��	  	 # 85�B5B6

���� >5�� C.# B Leishmania major ># 	 D2� � ��  �!�&� ��� 	.  

��� ��: �25� 8� �-.�/0 12� �� � ���&����� Leishmania major (MRHO/IR/75/ER) &� ���C��� .)%?* 8� EB 
5����0# B  �	 �$

%F�"  ��$5/2 )5 )10 )20 )40  #50 ��0 �I50  8�SAC &�&� �7�50 . 8� EB72 ���� ��&-� )%��� >6 >5�� C.# B # 85�B5B6 )�$ &2� K ��� 	 �$. 

����� ��: L$ %F�" 8� '�&* ��$ SAC ��.� M��	�  ���� �� 85�B5B6&?� .%F�" �* � * N@?0 >5�� C.# B ��� 	  ��$5  #10 ��0  ����� �I50

&��5	  OP� >�A0  	  +� 12 �?	 .Q R 8� �&$�?0 ) �2� � D�0 �* � * N@?0 S��40 %F�" �#�T %?* ��$ �U� ��$2 �20 )40  #  

50 ��0  
8#� V�P�� � �?	 ��&-� ����� �I50)Roset (�0 &!��	. 

����� ����: ���6 %:�, �* �2�7 >6 8�  ���&4*�SAC %F�" �* � * %	�+ A� �-.�/0 12� # %�� �&� %	�+  8� �2�$SAC �0   	 �W��!0  +� &��5�


5����0# B &�� X2�AY� # ��	 &��	 ����� %?* D�0 �� �$) �0  F� �	 
5����0# B &�� %U7 Z �0 ��0�� >�5!� �	 ���0 12� �* &��  ���� ��$

�0 � K �� [ ���C��� ��50 &��5�.  
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������ ��	
���	  �����	� �� ��    ������ ��� ����  ��

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

80  )��* ��+, ���&-� .*�� )2-1 .(  ��� ����	� ���

   �.��5, ��	
�����	  ����* 6.���� ����7 )����#( 8

 -������ ��	
���	 ) ���9:��& (  �.�5, ��	
����	 �- 

�
�; <#�� � "#� -7�=�   ������ ��� %.>�� ���  ��

?@, �� Leishmania �-� %���  %��* )3 .(  ��	
����	

   �% -�
���BC D�	�* ��B��� �% �.5,%�    ��B�� ��E�	� �

�
�	���# � ����# �% �9  $��E��C�  ��	% ���� B��	�� �����

 � "	>�, ���� ����@*�
 � ����@* �    ��� �� ��	���

"#� 6%�� $��EC� )4 .(B��@� G:��� H�#� B�   86.�*

   ��B��� �% �.�5, ��	
���	 ��B� ��E	�30-20  ��E�� 

 ��# �% %����  I�	�B� ��� �� �& "#  �
�	��#20000 

 .�., %����%  ��B�� J5�=� K��
-� 6.�%   %��*)5 .(

���� � M���� -����,� ���-    ��,��  ���! �%�N�!�

E, �� �9 8����	� ���O P+� �� -Q� ����	� ��B�   ����

"#� 6%�% ��B! ��+,R    -
��+, ������# �& -���S ��

   Q��� �� ���@� �� �� ��	
���	 "*�.+�  -��*�.+�

 "#� 6%B& -CB>� ��+, TU# �%)6.( 

����%  %�+@�	W �.5, ��	
���	 ��B� �%.>�� ���

"#� 6.*8   %��.�
 %��,� ->7�! ����% ��@� -� . �%

 -��
9 -�	CBX Y@W G����� 8BZ�� ���   �9���)  �[	��#�

 -��
9 �	��5\� � ]��#��@W �� P�.# G�
�&�5;   G��	
��

 P	�
��&�5; �� (     �����	� ���� �����% ��� <��  .@����  

)8-7.(     -�W �% �%.�>�� G_Q��� -
���% P�`� ���

%��%. 6�a
 � ���% E���� -�,�+� ) b���E�( ��@�E� 8 � 

 "����� 8����% ���� �%�� -
:�7 8.�.* "	�# 8:��

���%�  -�[5! %.�>�� M���� � - 8  �.�[& � ���	5&  ��

�% P�`� ��� M���� �5�,"#� -
�� .6�_� ��8   ����

 -
���% P�`� �%��
� � ��%��� ����	� �� ���_�[�   ����

P+� � %��% cBN� )@� ��	5& � -[5!    ���� ���� �� B�

  � "��	
  ��& �9 -�=�Bd� �&   ���7 ���   ��� ����>�

6��% ��.@e � %��% ��	
 ����% )9-8 86 .(�@�    �5� B�

�., -����% ��Q*� �� -��	�#% ��B� g_� h�C  ��& .

)�B# %�[+� ��Z .
����   P��� B��8    M����� ��B���&

%��% ���%� ��@i�� .*�� ��*�% �� -[
�, .  

P+� �� 6��B��     �����% �% .��., ������Q��� ��B�

����	�    ��� B�� b�	�a� 8�.5, ��	
���	 �5�, �� ��

"#� -��	; ->	[7 G:�Na�.  ������% �� -Q� B	#

 -��	;-� .*��  �� �&��*j;  ��% ���  ->	�#� %B���&

����	� �� ���	�� ����% �%  ���*�% ��  "�#�.  ��@&��� 

 �� $	�8000 �>�U� �  ��[@, B� -�5�    J�5�=� ����

   B	�# -Q�`��	�.�	W� � -@	�� 8�`��&����C 8-��	�	*

"#� 6.* ]��
� .    B�� -@	��� � �`��&�����C G�>�U�

 ��@	�� �% B	# ��� �      �� P��� -���BQ	� .�Z G�B�d�

�B�&�� k��! 8�� H�B�� 8��  \
� � ��   .�Z G�B�d� 8�� 

       P���	# ���Ba� 8���� .�@! ��E�	� $���& 8��7B#

 � -��+�� .Z G�Bd� 8-@����
9- �&�	
�.-  ]���
�  6.�* 

 "#�)14 -10 .(  

#	B ���� #�	��.� �9	8�@ �����	� ��    %���� D���
� �


.>�- "#� .6��N� ���  ���@��-  �# ��	B  %��% %��,�8 

�- �� G�>�U�	B  �& "#� 6%B& "��d��  %��,�   �����

.!��- 9 �&	�	� �� 6%���  ��l �# �% Bd	B  -��  .�*�� 8

���+@� 6����N�� �% ����5a� ����� ���& �9 m9� SAC   

)S-allyl-cysteine ("#�    -
:��7 ���.�+\
 Bd� �% �

    -�� "�#% ���  �Q� � m9 �% B	# G.�   ����% 8.��9

 -
���% "	S��-� .*��.    ��.�� G���S �� 6%�� ���

   -��
9 "�nC�a� "	�S�� ����% � "#� ��  
�.	��&�- 

��Q�%��  � ��7B# 8%��9 �������	� -[5! ��� -   -�!�B�
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-� .*�� )15 .(  

�, �9 ��-�  ��& G�>�U� �&-  �� B���  ��od	B � ��� 

6%�� B�   ���	
���	�� .5,�  G���S  ���CB;  8"�#� 

#�B� �� BZ�� $��pW-  Bd�SAC �BW B�	 �#�Bq	��  �

����#���BW ������W�W9	G�\ ������   ���\
�L. major 

)MRHO/IR/75/ER (�B* �%�< ��B� @�-  ]��
�.* .  

  

��� 	
  

6%��  �SAC    r	�5=� G���S ���      H��	�� ��� 6.�*  

10 -5	�   "&B�* �� 6E	5	C�	 G��S �� � ]B;Sigma 

���.���B� ���%B;.  ����5a� �20  B��� �% ]B��;�BQ	�

.* �	+� B	U�� ��� �% BU�� m9 <#�� �9 B�	�BQ	�.  

 �����# �� ���>�U� ����� ]����
� ��B��� � %��.
����#� 

Leishmania major (MRHO/IR/75/ER)  �� ���&

 \
� 6�B;   ��	+� ��+qS� -Q*EW ]�5� 6�\�
�% -#�@*

    .��%B; 6%�q��#� 8%��� 6.�*.  G�\	��#���BW   ���% ���

<	��a� NNN )Nicole Navy Neal (s_��S�   6.��*

.*  ��@�.
 %B& .*� "��q& .� �� � .�
 .  �9 �� ?�W

 <	a� ��1640RPMI  .*  ��@�.
 .  �� -��n5t ?u#

 ��E	� ��  \
�6    -������\ ���C G�\	�#���BW ��	5	�

-5	� B� �% .* �	+� B�	 .  

G�\	�#���BW �	+� -�����\ ��C ���    ��E�	� �� 6.*

6   \
� ��	5	�     ��.�, H��#� B�� 8B��	�BQ	� B� �%1 

6�B; .* �.@�.
  �� �+,��� "a� �SAC .@�CB; ��B!.  

    ����� 6�B�; B�� �& "#� B&v �� ]�:15  ��� � 

  ����% "���& <	��a� B��� � "���& <	��a�6  ����	5	�

��� �� G�\	�#���BW� -5	� B�    %��� "��& <	�a� B�	 .

 6�B�; �� �� B�     G.�� ��� ���72    <��B�* �% "���#

.���� ) ���%25 �,�% � -�
�# %�B; (  � .�* ���.+\


 �� ?��W72  �9 ��	��#�Bq	�BW � �����W�W9 8"����#  ����

.�%B; -#�B�.  

 G�\	��#���BW g���* 8�+,��� �� ?W    <�#�� ���

.* ]��
� ���
 w�Q#�BQ	� B�� � ����x
 ]:.  

�����W�W9 <��#�� "��	& Apoptotic DNA ladder 

)11835246001; Roche ( �����#% �� b��U� �  �>�9 

 -#�B�.*.  

    "����	& �� ��	����#�Bq	�BW -����#�B� "����+,  
Cell Proliferation ELISA BrdU (colorimetric) 

)11647229001; Roche(    �>�����#% �� b��U� ��9 

.* 6%�q�#� .  

�	��	>� ��B���  6%���� -���=�Bd� ��E��	� � SAC  B���

G�\	�#���BW ���W�W9 � ��	#�Bq	�BW 9 �� ������  ���� 

 �������9One way ANOVA 8Mann-Whitney  �

Kruskal-Wallis .* 6%�q�#�.  
  

 ����1. ��	
 ����� ���  � ������ 	����� �� ��� S-allyl-cysteine )SAC(  

��	� � ����  ��� ���� RPMI 1640   ��	�� ����SAC 

)����� ��(  

 ��	�� ����SAC 

)���� �"#�(  

�#� #$) )� �
(  ,-�� �#�.   -   -  
 &#� #$))� �
(  ,-�� 0#�1  ��2�'� �#�.   -  
&'� #$)  ,-�� 0#�1  50 &$)#$	4�  5/2 ��4� �5'�  

&���6 #$)  ,-�� 0#�1  100 &$)#$	4�  5 ��4� �5'�  
7�8� #$)  ,-�� 0#�1  200 &$)#$	4�  10 ��4� �5'�  
7�
 #$)  ,-�� 0#�1  400 &$)#$	4�  20 ��4� �5'�  

 #$)7��   ,-�� 0#�1  800 &$)#$	4�  40 ��4�  �5'�  
7��  #$)  ,-�� 0#�1  1000 &$)#$	4�  50 ��4� �5'�  

 SAC: S-allyl-cysteine 
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��$%	 	
  

G�\	�#���BW g���* �	\
�	� ��  S�� Y���
   �% ���

 Q* 1 "#� 6.* 6%�% ���
 .  

  

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

mM :-	$� �.� /0!� (1�� � 	"#�!� )203 /���#   

S-allyl-cysteine )SAC ((� &!'� ��� )*+ )4. 

  

    �� ��& .�* r=��� P	���� 6.���� �%�   ����

     ����% ��& G�\	��#���BW  �\
� ����% "��& <	a�

 B�%���20 840  �50 -5	� 6%�� �� �:�� � SAC .
%��8 

 ��Q*� ����%Roset .
%�� �%��� ��	�� .�� ���o �% �

  ��� B���# �% �& %�� -��      ���� %�.�>� "��& ����

Roset %�� P& ��	�� ��.  

   "������	& <������#�� ���������W�W9 -������#�B�  

Apoptotic DNA ladder kit )11835246001( 

.* ]��
� . ��@& �% ���C�B�Q� -#�B� ��  .���*  "�[y�

z	� �& .* r=�� 6�B; �� ]�.& � ���W�W9 8�� ���
 �

.
%�.
 )  Q*2(.  

 "�����	& <�����#�� ��	�����#�Bq	�BW -�����#�B�  
Cell proliferation ELISA BrdU (colorimetric) 

.* ]��
� .6%�%  �% mj, ��E	� �� K��B� ���  Q*3 

"#� 6.* 6%�% ���
.  

 
 ���2. 6�*# �(�
7 �8 	��9% ��:�� � ���;�;7 /4(	� <���#  

� )=4 )4( �� >!%	% :��"��� 1 ?��	� �� ���� )@A� � 

��"��� 2 �% 8 ?��	� �� �#�=# /��� � ��	
 ��� ����� ��� ��   

S-allyl-cysteine )SAC (�� >!%	% (� )203 ��� /���# 5/2E 

5E 10E 20E 40 � 50 /0!� (1�� �:�H� .(� �H���� �� ���� E)@A� 

I!� ����;�;7 (� ��	
 ��� ����� ��� ���� �*#. 

  

  
 ���3.  K�� ��L (� �(�# MN� 6O!�  !"#�!�450 	���#�#  

�� >!%	% � )=4 )4( :���� 1 ?��	� �� ���� ��� �(� 

Anti-BrdU-POD � �P�Q SACE ���� 2 ?��	� �� ���� ��� 

�(� BrdU � �P�Q S-allyl-cysteine (SAC)E ���� 3 

?��	� �� ���� ��� �(� &!'� )*+ 6��� ��04 � �P�Q SAC 

� ���� 4 ?��	� �� ���� ��� �(� ��04 ��� ��"!�4���	; 

Leishmania �� 6O!� 106 (� 	� /0!� 	�!S � �P�Q SAC )4.  
mM :-	$� �.� /0!� �(1� � 	"#�!� )203 /���# SAC (� 

&!'� ��� )*+ )4.  

  

 -#�B� \
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 �� ?���W72 "�����#  ����& %�% ������
 SAC  ����%

"n5t  -��+
 ���5/2 85 810  �20 -5	�   ����% �:���

-@>� Bd�   .�
%��  �\
� .*� B� ���% )05/0 < P(  ���� 8
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Abstract 
Background: Many studies have suggested the benefits of garlic oil extracts against Leishmania 
parasites. Recent research has proved that these derivatives (such as allicin) are cytotoxic and 
therapeutic effects of garlic are in fact due to an odorless compound (S-allyl-cysteine). Considering 
the small number of studies in this field, we evaluated the effectiveness of S-allyl-cysteine on survival, 
apoptosis, and proliferation of Leishmania major promastigotes in vitro. 

Methods: In this study Leishmania major promastigotes (MRHO/IR/75/ER) were used. The parasites 
were first cultured and then treated with S-allyl-cysteine at end concentrations of 2.5, 5.0, 10.0, 20.0, 
40.0, and 50.0 mM. Their survival, apoptosis, and proliferation was assessed after 72 hours. 

Findings: None of the concentrations of S-allyl-cysteine could induce apoptosis in parasite 
promastigotes. Lower concentrations (5.0 and 10.0 mM) of S-allyl-cysteine had greatest effect on 
proliferation. On the other hand, direct observation showed that cultures comprising S-allyl-cysteine at 
end concentration of 20.0, 40.0, and 50.0 mM formed more rosettes. 

Conclusion: The antioxidant effects of S-allyl-cysteine have been previously proved. Similarly, this 
study showed that some concentrations of S-allyl-cysteine could affect the survival and growth of 
promastigotes in culture medium. Therefore, this substance seems to be a good stimulating factor for 
growth of parasite promastigotes in culture media. 
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