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1. Reactive  Oxygen  Species   
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)Ball et al. 2001a(.(I�   9�3#
J+ �%A
� 93�� &*	<

K�L� �� ���M� 	� ��2 &,' �#,,=  )��NO3 ��,P
< �	<

)Q G� �	  C	A�=�� G� 	< R* :�; �%S,'  �	TU &JV�	W

 ?�@23 &*	A,B :�; 	* �%��3#�X=3 Y,� 73 9��H%�B

 -23 G8O�H C�%/)Ball et al. 2001a( . �*3 FZ�8+

-�[O%' �C	.$	\'  :�; � �%A
� �� 3� &E%,8' 9	<

-23 G8�3� ��2 &,' 9���	� 	* ?�@23 &*	A,B.  73

#'	�W G+%H #�$%� %��3#�X=3 ]X�$%�	8' &.�A> 9	<  9	<

 ^	.O )_�X=3)ROS(1 9�3#
J+ `*3�� -a� G= -23 

&' 4�2Q ?�@23 G� ��2  #,+	2�)Maxwell & Stojanov 

1996( . )b��#�< #�X=3�W)H202 ( �*�8

'ROS 

73 ^%cX' -2�  -23 ?�@23 &*	A,B )�3�)Ball et al. 

2001a( . ?�@23 &*	A,B 6*�2 Y<	= G� %��3#�X=3 Y,�

 #�@�$ )%�23#�X=3�W �� d�eT� 0�	L ���M� )�#� 423

R* � R* �	TU &JV�	W  ��f�
E 	* �?�7��= &JV�	W

&' 9�#,=%8�'  #'	Z+3)Ball et al. 2001a( .?�@23  9	<

G� �&.�A> ��U )Q �%g   &
2IW%8�2 "�\L G= &*	<

9�	Z,<	+ 	* &' �#+�3� &+	�' -
XL 9	<  #�$%� #,+3%�

 #,<� Y*3NO3 3� )b��#�< #�X=3�W)Ball et al. 2001b( .  
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Franco et al. 2013( . j\2 Y<	= 	� %��3#�X=3 Y,�

ATP)���  &' Y<	= 3� ?�@23 &*	A,B �&$%�2  	� � #<�

73 4B%' �#�@�$ )%�23#�X=3�W 7	UQ -2�  -�$	�2 )�3�

&' ?�@23 9���	� &*	+3%� � 	TU  �%�)Ball 2008( . 93��
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E73 0AL  9�3#
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1. Hyperactivation 

2. Chain-Breaking  
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� rE	� 423 ?�@23 -���=

 h�! 73 sW&
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)Dardari & Mehraban 2001(. G.$	\' G= 	Z+Q 73  93

&8+Q C3��pq� G=  ��'	8*� &+3#�X=3 E ?�@23 -���= �� 3�
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R*  9	TU &JV�	W&*	A,B 9	<�8'3�	W �&*	
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J�2 )St. Louis, MO, USA ( �

 w�' -=�� 73 N=%�H � &��V )�#� ��� ��%W

)Darmstadt, Germany (#� 9�3#*� . 	�823 	� &,' ��

 9�%X�' ^#' &E%,g' )b3� 73)Missouri model; 
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B �N  #� 9��Q .&� 6
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G$b -
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,�

^3N+3 )Q &*	A,B G= &*	<  73 Y�� 	<70 93�� ��%� #/�� 
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3. Kenney Extender 
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 &*	
+ -S�U G� &�	�82�sperm/ml 106
×50 ��	��� 

 	<�	
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XL �	
V G� � K�L�) ��'	8*� )�#�

E) &�,' #<	�( ��'	8*� )�#� �E 9�	; � 8/0 #/�� 

DMSO
 1G�   ��'	8*� ^I; )3%,EE) -A1' #<	�( �5 

&��' %' ��'	8*� ^E � �10&��'   ��'	8*� ^%'E ( ]�X[�

#� . 9	'� 	� &$	Pe* �� 	<�	
�� �s@24-6 FB�� 

&8+	2 #+#� 9�3#
J+ �3�H .)	'7 ��  � ��/ 9	<6 �24 � �

48 �97	2��2 73 sW -E	2  9	'� �� 	<�	
��37B��  F

&8+	2  C#' G� �3�H10 &*	A,B � #+#� ?�H G[�L� 

?�@23)  	�= N�$	+Q ]8X�2?�@23 9��%�@'	(2�#+7 � &+	' 

)�*7%}3 ~  �*7��J+(R* �  &JV�	W	TU ){	< -X�( � �

#�@�$ )%�23#�X=3�W )3N�' )MDA(3 #� &�	*7�3 

)Salmani et al. 2013(.G� Y*	'7Q �*3   &T �V C�%/

 z�> 4$	L ��yI'	= 	� &O�	g� 4)	'7 �� �	
��   9	<

 ���/ 97	2��2 )%H	+%H6 �24 � �48� -E	2  5 �3�f� 

PA23 �2 G2 9�� F #� ?	Z+3 �N  .��3�  	� 0/	; 9	<

*�� FMixed?�+   �3NO3SAS 9.1#� N�$	+Q .'  ^#

��	�823  �-23 0*! z�� G� �#� )Q �� G=Yijkl 	� ��3�� 

C3#<	T') ?�@23 &��= � &�
= C	�/%g ( �µ��J+	�'  

 �0=Ai �p3 i
�� j\2 ��'o3  �	)i=1, 2, 3,4( �Bj �p3 

j )	'7 j\2 ��'3o)j=1, 2, 3, 4( �Ttij � �	
�� 0�	[8' �p3 

)	'7� � eijkl C3��pq�&L	�  �%� �#+	'.  
  

Yijkl=µ+Ti+tj+Ttij+eijkl 
  

X*	['F 	� 	<�	
�� ��J+	�'  0L3#; ��J+	�' )%'7Q

C	.��'4G� �*	8+ � -O�H C�%/   C	.��' ��J+	�' C�%/

#� (�3NH 	\  .��3�  ^%'�O 	� 9#/�� 9	<ArcSin√ x 

 0*#A� #� 	<�	
�� ��� ��J+	�' C	X*	[' s@2 �

-O�H C�%/.  

  

K0' � L����  

�� ������ 

)	'7 Y*3NO3 	�  9�3#
J+ ?�@23 0= &*	A,BG�   �%>

&,.' 9�3�* Y<	= �%� G8O	 )05/0<P( .C�	�� 

&,.' 9�3��	
�� ���   &> 	<48-E	2  9�3#
J+  �#<	T'

 #T+)05/0>P .( �� N�$	+Q �*	8+ ^�#B1  �#� ��3� )	T+

-23.  

  

 ^�#B1 .#/�� 	A,B&* 0= �� ?�@23 PA23 F�N ) 0L3#; '�J+	�� C	.��'±l3�a+3 .'��	 '�J+	�� (�� ��	<�	
9 )%H	+%H� >& 7	2��29  
�	
��   9�3#
J+ )	'7 C#')-E	2(  
  0  6  24  48  

&�,' #<	�  a73/3±69/87  a73/3±37/86  b73/3±17/74  c73/3±27/51  

-A1' #<	�  a73/3±34/87  a73/3±19/87  b73/3±68/73  c73/3±89/51  

5&��'   ^%'VitE a73/3±40/90  a73/3±63/87  b73/3±39/76  c73/3±67/57  

10&��'   ^%'VitE a73/3±62/89  a73/3±90/88  b73/3±58/70  c73/3±93/53  

 G�	T'	+ l��;)a�b   � c (   &,.' C�	�� �J+	�� �*�� �< �� 	<�	
�� ���  -23 �3�)05/0˂P( . G�	T'	+ l��;)A �B � C (     )%8~2 �~< �� 	~<�	
�� ��~�

&,.' C�	�� �J+	��  -23 �3�)05/0<P.(  
  

��� ������ �����  

GJ+ )	'7 Y*3NO3 	� Y�W &*	A,B �9�3� #+��"3  ?�@2

� G8O	* Y<	=~�% )05/0<P( .	��~,.' C%~& �� 9�3�~ �

<�	
��~> 	~ &482 ~-E	
J+ ~ 9�3#<	T'~T+ �#~ #

)05/0>P.(�$	+Q �*	8+ ~B �� N~ ^�#2T+ ~� ��3� )	~ �#

-23.� &.�A> ]8X�2 73 ��	  �� ?�@23 "�� ! ~ )#

' 93��~> C#~+n%~E	� &~<	= r~*	A,B Y~&' & �~ �%

)Amann & Graham 1993( . �f
' ?�@23 &*	A,B

 -a� �#�@�$ )%�23#�X=3�W 73 ��U &
X�+	f' 	� -23

�pq�~ �ROSL ~�H �3�~�� .]8X�2 �� <~^%�2 9	 <~ 9	

 )b��#�< #�X=3�W G= -23 �#� ��3� )	T+ �R��	'%2

 0'	� �]
' &*	�
��%�� 9	<��f�
E �� ^I8 3 4B%'

Y*3NO3 0�fT� 0*�#�<%�$%2 	<5 #�X=3 )��� "#� &$%�2 �

 z%\2 Y<	= �� 6*�X�ATP
6 R�8$%f��H )	*�B � �

&' �%� .#,*3�O �*3 73 0AL 	< -2� R* )�3�  &JV�	W	TU 

*~O3 	~�X=3�W Y*3N~�23#~�@�$ )%~' C�%/ #~& �H~~ ��

)Baumber et al. 2000( .  

  
1. Dimethyl Sulfoxide 

2. Computer Assisted Sperm Analyzer 

3. Malondialdehyde 

4. Least  Square Means   
5. Sulfhydryls 

6. Adenosine TriPhosphate 
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^�#B 2. #/�� 	A,B&* W�Y �#+�� �� ?�@23 PA23 F�N ) 0L3#; '�J+	�� C	.��'±l3�a+3 .'��	 '�J+	�� (�� ��	<�	
9 )%H	+%H� 

>& 7	2��29  
�	
��   9�3#
J+ )	'7 C#')-E	2(  

  0  6  24  48  

&�,' #<	�  a61/3±36/51  ab61/3±21/49  b61/3±82/38  c61/3±70/28  

-A1' #<	�  a61/3±34/49  a61/3±41/46  a61/3±20/39  b61/3±98/27  

5&��'   ^%'VitE a61/3±55/50  a61/3±76/48  b61/3±51/41  b61/3±47/35  

10&��'   ^%'VitE a61/3±67/52  a61/3±34/51  b61/3±12/37  b61/3±74/27  

 G�	T'	+ l��;)a�b   � c (   &,.' C�	�� �J+	�� �*�� �< �� 	<�	
�� ���  -23 �3�)05/0˂P( . G�	T'	+ l��;)A �B � C (     )%8~2 �~< �� 	~<�	
�� ��~�

&,.' C�	�� �J+	�� -23 �3�)05/0<P.(  

  

 	� ?�@23 &*	A,B �	
' 0�$� -23 �f
'ROS �

 Y<	=ATP #�	� )Lamirande & Gagnon 1992( .

= � 42	,' 9b�+3 )�#� ��,P
< &*	A,B ?�@23 �&O	

Y�W  ��3#+ �#+��)da Silva Maia et al. 2009( . ��'	8*�

EG�  lm; )3%,E ^	f*�3� "#,,= &X=��W 9	< #�@�$1 

]LOO
LO[X=%2�Qf$0و ] .

. [&' 0
E  #,=)Breininger 

et al. 2005(&
+ GZ�8+ �� �  #�X=3�W �*�	[' #+3%�

 73 � #<� Y<	= 3� 9#�$%� #�X=3�W%2 )%�+Q � )b��#�<

 �*3 G= &A�2QROS ��3� &*	A,B � 9�#,=%8�' �� 
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