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Abstract

Several in vitro studies have pointed to the importance of nitric oxide (NO) in the female 
and male reproductive system in mammals. Its functions vary from preventing oocyte 
aging, improving the integrity of the microtubular spindle apparatus in aged oocytes, 
�–�˜�•�ž�•�Š�•�’�—�•�1�•�‘�Ž�1�Œ�˜�—�•�›�Š�Œ�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�˜�Ÿ�’�•�ž�Œ�•�ð�1�•�˜�1�›�Ž�•�ž�•�Š�•�’�—�•�1�œ�™�Ž�›�–�1�™�‘�¢�œ�’�˜�•�˜�•�¢�1�‹�¢�1�Š���Ž�Œ�•�’�—�•�1
the motility, inducing chemotaxis in spermatozoa, regulating tyrosine phosphorylation, 
enhancing the sperm-zona pellucida binding ability, and modulating the acrosomal reac -
�•�’�˜�—�ï�1���—�1�œ�™�Ž�›�–�Š�•�˜�£�˜�Š�ð�1�����1�Ž�¡�Ž�›�•�œ�1�’�•�œ�1�•�ž�—�Œ�•�’�˜�—�œ�1�’�—�1�•�’���Ž�›�Ž�—�•�1� �Š�¢�œ�ð�1� �‘�’�Œ�‘�1�’�—�Ÿ�˜�•�Ÿ�Ž�1�”�Ž�¢�1�Ž�•�Ž-
ments such as the soluble isoform of guanylate cyclase, cyclic guanosine monophosphate 
�û�Œ�	�����ü�ð�1 �Œ�¢�Œ�•�’�Œ�1 �Š�•�Ž�—�˜�œ�’�—�Ž�1 �–�˜�—�˜�™�‘�˜�œ�™�‘�Š�•�Ž�1 �û�Œ�������ü�ð�1 �™�›�˜�•�Ž�’�—�1 �”�’�—�Š�œ�Ž�1���1 �û������ü�ð�1 �Š�•�Ž�—�¢�•�Š�•�Ž�1
�Œ�¢�Œ�•�Š�œ�Ž�ð�1�Š�—�•�1�•�‘�Ž�1�Ž�¡�•�›�Š�Œ�Ž�•�•�ž�•�Š�›�1�œ�’�•�—�Š�•�,�›�Ž�•�ž�•�Š�•�Ž�•�1�”�’�—�Š�œ�Ž�1�û������ü�1�™�Š�•�‘� �Š�¢�ï�1���ž�›�•�‘�Ž�›�–�˜�›�Ž�ð�1�����1
leads to the S-nitrosylation of several sperm proteins, among them a substantial group 
�Š�œ�œ�˜�Œ�’�Š�•�Ž�•�1� �’�•�‘�1�Ž�—�Ž�›�•�¢�1�•�Ž�—�Ž�›�Š�•�’�˜�—�1�Š�—�•�1�Œ�Ž�•�•�1�–�˜�Ÿ�Ž�–�Ž�—�•�ð�1�‹�ž�•�1�Š�•�œ�˜�1� �’�•�‘�1�œ�’�•�—�Š�•�1�•�›�Š�—�œ�•�ž�Œ�•�’�˜�—�ð�1
suggesting a role for S-nitrosylation in sperm motility and in modulating the sperm func -
�•�’�˜�—�ð�1�›�Ž�œ�™�Ž�Œ�•�’�Ÿ�Ž�•�¢�ï�1���—�1�•�‘�’�œ�1�Œ�‘�Š�™�•�Ž�›�ð�1�Š�—�1�˜�Ÿ�Ž�›�Ÿ�’�Ž� �1�˜�•�1�‘�˜� �1�����1�–�˜�•�ž�•�Š�•�Ž�œ�1�•�‘�Ž�1�œ�™�Ž�›�–�1�™�‘�¢�œ�’�˜�•-
�˜�•�¢�1�’�œ�1�™�›�Ž�œ�Ž�—�•�Ž�•�ð�1�‹�Š�œ�Ž�•�1�˜�—�1�•�‘�Ž�1�”�—�˜� �•�Ž�•�•�Ž�1�Š�Œ�š�ž�’�›�Ž�•�1�•�˜�1�•�‘�’�œ�1�•�Š�¢�ï
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1. Introduction

�����1�’�œ�1�Š�1�œ�–�Š�•�•�1�‘�¢�•�›�˜�™�‘�˜�‹�’�Œ�1�–�˜�•�Ž�Œ�ž�•�Ž�1� �‘�’�Œ�‘�1�Œ�Š�—�1�Ž�Š�œ�’�•�¢�1�•�’���ž�œ�Ž�1�•�‘�›�˜�ž�•�‘�1�‹�’�˜�•�˜�•�’�Œ�Š�•�1�–�Ž�–�‹�›�Š�—�Ž�œ�1�ý1]. 
In vivo, it is synthesized during the conversion of L-arginine to L-citrulline by nitric oxide syn -
�•�‘�Š�œ�Ž�ð�1� �’�•�‘�1�•�‘�Ž�1�‘�Ž�•�™�1�˜�•�1�Œ�˜�,�•�Š�Œ�•�˜�›�œ�1�œ�ž�Œ�‘�1�Š�œ�1�•�‘�Ž�1�›�Ž�•�ž�Œ�Ž�•�1�•�˜�›�–�1�˜�•�1�—�’�Œ�˜�•�’�—�Š�–�’�•�Ž�1�Š�•�Ž�—�’�—�Ž�1�•�’�—�ž�Œ�•�Ž�˜�•�’�•�Ž�1
�™�‘�˜�œ�™�‘�Š�•�Ž�ð�1���Š�Ÿ�’�—�1�–�˜�—�˜�—�ž�Œ�•�Ž�˜�•�’�•�Ž�ð�1���Š�Ÿ�’�—�1�Š�•�Ž�—�’�—�Ž�1�•�’�—�ž�Œ�•�Ž�˜�•�’�•�Ž�ð�1�Š�—�•�1�•�Ž�•�›�Š�‘�¢�•�›�˜�‹�’�˜�™�•�Ž�›�’�—�1�ý2].

�i�������������7�K�H���$�X�W�K�R�U���V�������/�L�F�H�Q�V�H�H���,�Q�7�H�F�K�����7�K�L�V���F�K�D�S�W�H�U���L�V���G�L�V�W�U�L�E�X�W�H�G���X�Q�G�H�U���W�K�H���W�H�U�P�V���R�I���W�K�H���&�U�H�D�W�L�Y�H���&�R�P�P�R�Q�V

�$�W�W�U�L�E�X�W�L�R�Q���/�L�F�H�Q�V�H�����K�W�W�S�������F�U�H�D�W�L�Y�H�F�R�P�P�R�Q�V���R�U�J���O�L�F�H�Q�V�H�V���E�\���������������Z�K�L�F�K���S�H�U�P�L�W�V���X�Q�U�H�V�W�U�L�F�W�H�G���X�V�H��

�G�L�V�W�U�L�E�X�W�L�R�Q�����D�Q�G���U�H�S�U�R�G�X�F�W�L�R�Q���L�Q���D�Q�\���P�H�G�L�X�P�����S�U�R�Y�L�G�H�G���W�K�H���R�U�L�J�L�Q�D�O���Z�R�U�N���L�V���S�U�R�S�H�U�O�\���F�L�W�H�G��



���‘�Ž�1�—�’�•�›�’�Œ�1�˜�¡�’�•�Ž�1�œ�¢�—�•�‘�Š�œ�Ž�1�û�������ü�1�–�Š�¢�1�‹�Ž�1�•�˜�ž�—�•�1�’�—�1�•�‘�›�Ž�Ž�1�•�’���Ž�›�Ž�—�•�1�’�œ�˜�•�˜�›�–�œ�ï�1��� �˜�1�˜�•�1�•�‘�Ž�–�ð�1�•�‘�Ž�1�Ž�—�•�˜-
�•�‘�Ž�•�’�Š�•�1�Š�—�•�1�•�‘�Ž�1�—�Ž�ž�›�˜�—�Š�•�1�������1�û�Ž�������ð�1�—�������ü�ð�1�›�Ž�š�ž�’�›�Ž�1�Œ�Š�•�Œ�’�ž�–�&�Œ�Š�•�–�˜�•�ž�•�’�—�1�•�˜�1�‹�Ž�1�Š�Œ�•�’�Ÿ�Š�•�Ž�•�1�Š�—�•�1�Š�›�Ž�1
�›�Ž�œ�™�˜�—�œ�’�‹�•�Ž�1�•�˜�›�1�•�‘�Ž�1�Œ�˜�—�•�’�—�ž�˜�ž�œ�1�‹�Š�œ�Š�•�1�›�Ž�•�Ž�Š�œ�Ž�1�˜�•�1�����ï�1���‘�Ž�1�•�‘�’�›�•�1�’�œ�˜�•�˜�›�–�ð�1�”�—�˜� �—�1�Š�œ�1�’�—�•�ž�Œ�’�‹�•�Ž�1�������1
�û�’�������ü�ð�1�’�œ�1�Œ�Š�•�Œ�’�ž�–�1�’�—�•�Ž�™�Ž�—�•�Ž�—�•�1�ý3, 4]. Since NOS activity depends on the availability of its sub -
�œ�•�›�Š�•�Ž�1�Š�—�•�1�’�•�œ�1�Œ�˜�,�•�Š�Œ�•�˜�›�œ�ð�1�Š�•�•�1�•�‘�Ž�œ�Ž�1�Ž�•�Ž�–�Ž�—�•�œ�1�“�˜�’�—�•�•�¢�1�•�Ž�•�Ž�›�–�’�—�Ž�1�•�‘�Ž�1�Œ�Ž�•�•�ž�•�Š�›�1�›�Š�•�Ž�œ�1�˜�•�1�����1�œ�¢�—�•�‘�Ž�œ�’�œ�1�ý5].

���ž�‹�œ�•�Š�—�•�’�Š�•�1�Ž�Ÿ�’�•�Ž�—�Œ�Ž�1�’�—�•�’�Œ�Š�•�Ž�œ�1�•�‘�Š�•�1�����1�’�œ�1�Š�1�Œ�›�ž�Œ�’�Š�•�1�‹�’�˜�•�˜�•�’�Œ�Š�•�1�–�Ž�œ�œ�Ž�—�•�Ž�›�1�’�—�Ÿ�˜�•�Ÿ�Ž�•�1�’�—�1�Š�1� �’�•�Ž�1
�Ÿ�Š�›�’�Ž�•�¢�1�˜�•�1�™�‘�¢�œ�’�˜�•�˜�•�’�Œ�Š�•�1�Š�—�•�1�™�Š�•�‘�˜�•�˜�•�’�Œ�Š�•�1�™�›�˜�Œ�Ž�œ�œ�Ž�œ�1�’�—�1�•�’���Ž�›�Ž�—�•�1�œ�¢�œ�•�Ž�–�œ�1�’�—�1�–�Š�–�–�Š�•�œ�ð�1�’�—�Œ�•�ž�•-
�’�—�•�1�•�‘�Ž�1�Ÿ�Š�œ�Œ�ž�•�Š�›�ð�1�—�Ž�›�Ÿ�˜�ž�œ�ð�1�Š�—�•�1�›�Ž�™�›�˜�•�ž�Œ�•�’�Ÿ�Ž�1�œ�¢�œ�•�Ž�–�1�ý1, 6].

2. NOS/NO duo in the reproductive system

���‘�Ž�1�������&�����1�•�ž�˜�1�›�Ž�•�ž�•�Š�•�Ž�œ�1�”�Ž�¢�1�•�ž�—�Œ�•�’�˜�—�œ�1�’�—�1�‹�˜�•�‘�1�•�‘�Ž�1�•�Ž�–�Š�•�Ž�1�Š�—�•�1�–�Š�•�Ž�1�›�Ž�™�›�˜�•�ž�Œ�•�’�Ÿ�Ž�1�œ�¢�œ�•�Ž�–�œ�1�ý6].

���•�•�1�•�‘�›�Ž�Ž�1�’�œ�˜�•�˜�›�–�œ�1�˜�•�1�������1�‘�Š�Ÿ�Ž�1�‹�Ž�Ž�—�1�’�•�Ž�—�•�’���Ž�•�1�’�—�1�•�‘�Ž�1�˜�Ÿ�’�•�ž�Œ�•�1�ý7, 8], oocytes, and cumulus and 
�Œ�˜�›�˜�—�Š�1�Œ�Ž�•�•�œ�1�ý9, 10�þ�1�˜�•�1�œ�Ž�Ÿ�Ž�›�Š�•�1�œ�™�Ž�Œ�’�Ž�œ�1�ý7, 11, 12�þ�ï�1���‘�Ž�1�Ž�¡�™�›�Ž�œ�œ�’�˜�—�1�˜�•�1�������1�’�œ�˜�•�˜�›�–�œ�1�•�’���Ž�›�œ�1�•�ž�›�’�—�•�1
�•�‘�Ž�1�Ž�œ�•�›�˜�ž�œ�1�Œ�¢�Œ�•�Ž�1�’�—�1�•�‘�Ž�1�•�˜�•�•�’�Œ�•�Ž�œ�1�Š�œ�1� �Ž�•�•�1�Š�œ�1�’�—�1�•�‘�Ž�1�˜�Ÿ�’�•�ž�Œ�•�1�ý13]. Tao et al�ï�1�ý10�þ�1�œ�‘�˜� �Ž�•�1�•�‘�Š�•�1�•�‘�Ž�1
�’�–�–�ž�—�˜�›�Ž�Š�Œ�•�’�Ÿ�’�•�¢�1�˜�•�1�Ž�������1�’�—�1�Ž�Š�›�•�¢�1�Š�—�•�›�Š�•�1�•�˜�•�•�’�Œ�•�Ž�œ�1� �Š�œ�1�›�Ž�œ�•�›�’�Œ�•�Ž�•�1�•�˜�1�•�‘�Ž�1�˜�˜�Œ�¢�•�Ž�1�Š�—�•�1�’�—�Œ�›�Ž�Š�œ�Ž�•�1
from small and medium to large follicle-enclosed oocytes. In contrast, no immunoreactivity 
�•�˜�›�1�’�������1� �Š�œ�1�•�˜�ž�—�•�1�’�—�1�™�›�’�–�˜�›�•�’�Š�•�ð�1�Ž�Š�›�•�¢�1�Š�—�•�›�Š�•�1�•�˜�•�•�’�Œ�•�Ž�ð�1�˜�›�1�•�‘�Ž�1�Œ�ž�–�ž�•�ž�œ�,�˜�˜�Œ�¢�•�Ž�1�Œ�˜�–�™�•�Ž�¡�Ž�œ�1�Š�œ�™�’-
rated from small and medium follicles.

In the oviduct, the endogenous basal release of NO regulates its contraction and the cili-
ary beating of the ciliated epithelial cells and induces chemotaxis in human spermatozoa via 
�Š�Œ�•�’�Ÿ�Š�•�’�˜�—�1 �˜�•�1 �•�‘�Ž�1 �—�’�•�›�’�Œ�1 �˜�¡�’�•�Ž�&�œ�˜�•�ž�‹�•�Ž�1 �’�œ�˜�•�˜�›�–�1 �˜�•�1 �•�ž�Š�—�¢�•�Š�•�Ž�1 �Œ�¢�Œ�•�Š�œ�Ž�&�Œ�¢�Œ�•�’�Œ�1 �•�ž�Š�—�˜�œ�’�—�Ž�1 �–�˜�—�˜-
�™�‘�˜�œ�™�‘�Š�•�Ž�1 �™�Š�•�‘� �Š�¢�1 �û�����&�œ�	���&�Œ�	�����ü�1 �ý14–16]. NO forms a vital component of the oocyte 
�–�’�Œ�›�˜�Ž�—�Ÿ�’�›�˜�—�–�Ž�—�•�1�Š�—�•�1�‘�Š�œ�1�‹�Ž�Ž�—�1�™�˜�œ�’�•�’�Ÿ�Ž�•�¢�1�’�–�™�•�’�Œ�Š�•�Ž�•�1�’�—�1�–�Ž�’�˜�•�’�Œ�1�›�Ž�œ�ž�–�™�•�’�˜�—�1�ý17], in prevent -
ing oocyte aging and improving the integrity of the microtubular spindle apparatus in aged 
�˜�˜�Œ�¢�•�Ž�œ�1�ý18�þ�ï�1���•�1�–�Š�¢�1�Š�•�œ�˜�1�Œ�˜�—�•�›�’�‹�ž�•�Ž�1�Š�œ�1�Š�—�1�Š�—�•�’�,�™�•�Š�•�Ž�•�Ž�•�1�Š�•�Ž�—�•�1�•�ž�›�’�—�•�1�’�–�™�•�Š�—�•�Š�•�’�˜�—�1�ý19].

���œ�1�•�Š�›�1�Š�œ�1�•�‘�Ž�1�–�Š�•�Ž�1�•�Š�–�Ž�•�Ž�1�’�œ�1�Œ�˜�—�Œ�Ž�›�—�Ž�•�ð�1�›�Ž�œ�Ž�Š�›�Œ�‘�1� �Š�œ�1���›�œ�•�1�Œ�˜�—�Œ�Ž�—�•�›�Š�•�Ž�•�1�˜�—�1�•�Ž�•�Ž�›�–�’�—�’�—�•�1�•�‘�Ž�1
�Ž���Ž�Œ�•�œ�1�˜�•�1�����,�›�Ž�•�Ž�Š�œ�’�—�•�1�Œ�˜�–�™�˜�ž�—�•�œ�1�˜�—�1�œ�™�Ž�›�–�1�–�˜�•�’�•�’�•�¢�1�Š�—�•�1�Ÿ�’�Š�‹�’�•�’�•�¢�ï�1���˜� �1�Œ�˜�—�Œ�Ž�—�•�›�Š�•�’�˜�—�œ�1�˜�•�1
sodium nitroprusside (SNP), an NO-releasing compound, stimulated sperm hyperactiva -
�•�’�˜�—�1�’�—�1�–�˜�ž�œ�Ž�ð�1���œ�‘�ð�1�Š�—�•�1�‘�Š�–�œ�•�Ž�›�1�ý20–22�þ�1�Š�—�•�1� �Ž�›�Ž�1�‹�Ž�—�Ž���Œ�’�Š�•�1�•�˜�1�•�‘�Ž�1�–�Š�’�—�•�Ž�—�Š�—�Œ�Ž�1�˜�•�1�™�˜�œ�•�,�•�‘�Š� �1
�‘�ž�–�Š�—�1 �œ�™�Ž�›�–�1 �–�˜�•�’�•�’�•�¢�1 �ý23]. On the other hand, high concentrations of NO-releasing com-
�™�˜�ž�—�•�œ�1�•�Ž�Œ�›�Ž�Š�œ�Ž�•�1�œ�™�Ž�›�–�1�–�˜�•�’�•�’�•�¢�1�ý20, 24–26].

Numerous studies have also been conducted to determine the presence and localization of 
NOS in sperm from several species (Table 1�ü�ï�1���˜�›�1�Ž�¡�Š�–�™�•�Ž�ð�1�
�Ž�›�›�Ž�›�˜�1et al�ï�1�ý27] located nNOS 
�’�—�1 �•�‘�Ž�1 �‘�Ž�Š�•�1 �˜�•�1 �•�›�Ž�œ�‘�•�¢�1 �Ž�“�Š�Œ�ž�•�Š�•�Ž�•�1 �‘�ž�–�Š�—�1 �œ�™�Ž�›�–�Š�•�˜�£�˜�Š�ð�1 � �’�•�‘�1 �Š�1 �–�˜�›�Ž�1 �Œ�˜�—�Œ�Ž�—�•�›�Š�•�Ž�•�1 ���ž�˜�›�Ž�œ-
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�Ž�›�›�Ž�›�˜�1et al�ï�1�ý27] ���–�–�ž�—�˜���ž�˜�›�Ž�œ�Œ�Ž�—�Œ�ŽnNOS

�������›�¢�Š�—�1et al�ï�1�ý28] Immunocytochemistry eNOS

Mouse �
�Ž�›�›�Ž�›�˜�1et al�ï�1�ý29] ��’�—�Ž�•�’�Œ�1�Š�œ�œ�Š�¢�œ�1�–�Ž�Š�œ�ž�›�’�—�•�1
the conversion of 
L-arginine to L-citrulline

nNOS, iNOS, eNOS

Western blot

���ž�•�• ���Ž�’�œ�Ž�›�1�Š�—�•�1���Œ�‘�ž�•�£�1�ý30] ���˜�•�’���Ž�•�1�•�›�’�Ž�œ�œ�1�›�Ž�Š�Œ�•�’�˜�—�1
�ý92]

nNOS, eNOS

Western blot

���–�–�ž�—�˜���ž�˜�›�Ž�œ�Œ�Ž�—�Œ�Ž

���˜�Š�› �
�˜�ž�1�ý31] �����1�Š�œ�œ�Š�¢�1�”�’�•�1� �’�•�‘�1�•�‘�Ž�1
Griess reagent

nNOS, iNOS, eNOS

���š�ž�’�•�Š�1et al�ï�1�ý32] Western blot

Stallion ���›�•�Ž�•�Š�1���Ž�›�›�ž�œ�˜�•�Š�1et al�ï�1�ý33] ���•�˜� �1�Œ�¢�•�˜�–�Ž�•�›�¢ nNOS, eNOS

Western blot

���Š�• ���’�–�Š�—�1�Š�—�•�1���•�Š�—�1�ý34] �
�’�œ�•�˜�Œ�‘�Ž�–�’�œ�•�›�¢ nNOS, iNOS, eNOS

Immunohistochemistry

Western blot
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to nNOS, iNOS, and eNOS, respectively.
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�ý33�þ�1�‹�¢�1�–�Ž�Š�—�œ�1�˜�•�1���˜� �1�Œ�¢�•�˜�–�Ž�•�›�¢�ð�1�Š�•�•�Ž�›�1�•�˜�Š�•�’�—�•�1�•�‘�Ž�1�œ�™�Ž�›�–�1�œ�ž�œ�™�Ž�—�œ�’�˜�—�1� �’�•�‘�1�Š�—�1�����1�•�Ž�•�Ž�Œ�•�’�˜�—�1
�™�›�˜�‹�Ž�ï�1�����1�œ�¢�—�•�‘�Ž�œ�’�œ�1� �Š�œ�1�™�˜�œ�’�•�’�Ÿ�Ž�•�¢�1�Œ�˜�›�›�Ž�•�Š�•�Ž�•�1� �’�•�‘�1�œ�™�Ž�›�–�1�–�˜�•�’�•�’�•�¢�1�Š�•�•�Ž�›�1�•�‘�Š� �’�—�•�1�Š�—�•�ð�1�’�—�•�Ž�›-
�Ž�œ�•�’�—�•�•�¢�ð�1�•�‘�Ž�1�™�›�Ž�œ�Ž�—�Œ�Ž�1�˜�•�1�Ž�•�•�1�¢�˜�•�”�1�’�—�1�•�‘�Ž�1�œ�Ž�–�Ž�—�1�Ž�¡�•�Ž�—�•�Ž�›�1�›�Š�•�’�Œ�Š�•�•�¢�1�›�Ž�•�ž�Œ�Ž�•�1�•�‘�Ž�1�Š�–�˜�ž�—�•�1�˜�•�1�����1
�™�›�˜�•�ž�Œ�Ž�•�ï�1���‘�Ž�1�Š�ž�•�‘�˜�›�œ�1�•�ž�›�•�‘�Ž�›�1�’�—�Ÿ�Ž�œ�•�’�•�Š�•�Ž�•�1�’�—�1�•�›�Ž�œ�‘�1�Š�—�•�1�•�›�˜�£�Ž�—�&�•�‘�Š� �Ž�•�1�œ�•�Š�•�•�’�˜�—�1�œ�™�Ž�›�–�1�•�‘�Ž�1
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���Ž�Œ�Ž�—�•�•�¢�ð�1 ���’�–�Š�—�1 �Š�—�•�1���•�Š�—�1 �ý34] investigated the localization of NOS isoforms in spermato -
�£�˜�Š�1� �’�•�‘�’�—�1�•�‘�Ž�1�’�—�•�›�Š�•�Ž�œ�•�’�Œ�ž�•�Š�›�1�Š�—�•�1�Ž�¡�Œ�ž�›�›�Ž�—�•�1�•�ž�Œ�•�1�œ�¢�œ�•�Ž�–�œ�1�˜�•�1�Š�•�ž�•�•�1�•�˜�–�Ž�œ�•�’�Œ�1�Œ�Š�•�œ�ï�1���Ÿ�Ž�›�Š�•�•�ð�1�•�‘�Ž�1
spermatozoa head did not exhibit immunoreactivity. On the other hand, immunoreactivity 
�•�˜�›�1�Š�•�•�1�•�‘�›�Ž�Ž�1�’�œ�˜�•�˜�›�–�œ�1� �Š�œ�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�’�—�1�•�‘�Ž�1���Š�•�Ž�•�•�ž�–�ð�1�’�—�1�•�‘�Ž�1�™�›�˜�¡�’�–�Š�•�1�Œ�¢�•�˜�™�•�Š�œ�–�’�Œ�1�•�›�˜�™�•�Ž�•�œ�1�˜�•�1
�œ�™�Ž�›�–�Š�•�˜�£�˜�Š�1�û�•�˜�Œ�Š�•�Ž�•�1�’�—�1�•�‘�Ž�1�—�Ž�Œ�”�1�›�Ž�•�’�˜�—�ü�1� �’�•�‘�’�—�1�•�‘�Ž�1�•�ž�–�Ž�—�1�˜�•�1�•�‘�Ž�1�’�—�•�›�Š�•�Ž�œ�•�’�Œ�ž�•�Š�›�1�Š�—�•�1�Ž���Ž�›�Ž�—�•�1
ducts, in the epididymal duct of the caput epididymis, and in the distal cytoplasmic droplets 
�˜�•�1�œ�™�Ž�›�–�Š�•�˜�£�˜�Š�1�û�•�˜�Œ�Š�•�Ž�•�1�Š�•�1�•�‘�Ž�1�–�’�•�,�™�›�’�—�Œ�’�™�Š�•�1�™�’�Ž�Œ�Ž�1�“�ž�—�Œ�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�•�Š�’�•�ü�1� �’�•�‘�’�—�1�•�‘�Ž�1�•�ž�–�Ž�—�1�˜�•�1
corpus and cauda epididymis and the vas deferens.

�Y�ï�1���˜�•�Ž�1�˜�•�1�����1�˜�—�1�œ�™�Ž�›�–�1�•�ž�—�Œ�•�’�˜�—�Š�•�’�•�¢

Several in vitro�1�œ�•�ž�•�’�Ž�œ�1� �Ž�›�Ž�1�Œ�˜�—�•�ž�Œ�•�Ž�•�1�’�—�1�˜�›�•�Ž�›�1�•�˜�1�•�Ž�•�Ž�›�–�’�—�Ž�1�•�‘�Ž�1�Ž���Ž�Œ�•�œ�1�•�‘�Š�•�1�����1�‘�Š�œ�1�˜�—�1�œ�™�Ž�›�–�1
physiology ( Figure 1�ü�ï�1���•�1�‘�Š�œ�1�‹�Ž�Ž�—�1�œ�‘�˜� �—�1�•�‘�Š�•�1�����1�Š���Ž�Œ�•�œ�1�œ�™�Ž�›�–�1�–�˜�•�’�•�’�•�¢�1�ý28, 35, 36], acts as 
�Œ�‘�Ž�–�˜�Š�4�›�Š�Œ�•�Š�—�•�1�ý16, 37�þ�ð�1�›�Ž�•�ž�•�Š�•�Ž�œ�1�•�‘�Ž�1�•�¢�›�˜�œ�’�—�Ž�1�™�‘�˜�œ�™�‘�˜�›�¢�•�Š�•�’�˜�—�1�˜�•�1�•�’���Ž�›�Ž�—�•�1�œ�™�Ž�›�–�1�™�›�˜�•�Ž�’�—�œ�1
�ý38, 39�þ�ð�1�Ž�—�‘�Š�—�Œ�Ž�œ�1�•�‘�Ž�1�œ�™�Ž�›�–�,�£�˜�—�Š�1�™�Ž�•�•�ž�Œ�’�•�Š�1�‹�’�—�•�’�—�•�1�Š�‹�’�•�’�•�¢�1�ý40], and modulates the acrosomal 
�›�Ž�Š�Œ�•�’�˜�—�1�ý41, 42].

In detail, NO seems to play an important role in the maintenance of sperm motility at physi -
�˜�•�˜�•�’�Œ�Š�•�1�•�Ž�Ÿ�Ž�•�œ�ï�1���1�œ�•�ž�•�¢�1�ý36�þ�1�œ�‘�˜� �Ž�•�1�•�‘�Š�•�1�•�‘�Ž�1�‹�Š�œ�Š�•�1�›�Ž�•�Ž�Š�œ�Ž�1�˜�•�1�����1�‹�¢�1�œ�™�Ž�›�–�Š�•�˜�£�˜�Š�1�•�›�˜�–�1�—�˜�›-
mozoospermic samples tended to be greater than that from asthenozoospermic samples, 
�œ�ž�•�•�Ž�œ�•�’�—�•�1 �Š�1 �™�‘�¢�œ�’�˜�•�˜�•�’�Œ�Š�•�1 �Š�—�•�1 �‹�Ž�—�Ž���Œ�’�Š�•�1 �›�˜�•�Ž�1 �•�˜�›�1 �Ž�—�•�˜�•�Ž�—�˜�ž�œ�1 �����1 �’�—�1 �•�‘�Ž�1 �™�›�Ž�œ�Ž�›�Ÿ�Š�•�’�˜�—�1 �˜�•�1
�œ�™�Ž�›�–�1�–�˜�•�’�•�’�•�¢�ï�1���‘�Ž�œ�Ž�1�˜�‹�œ�Ž�›�Ÿ�Š�•�’�˜�—�œ�1�Š�•�›�Ž�Ž�1� �’�•�‘�1�Š�1�™�›�Ž�Ÿ�’�˜�ž�œ�1�›�Ž�™�˜�›�•�1�•�‘�Š�•�1�—�˜�›�–�˜�£�˜�˜�œ�™�Ž�›�–�’�Œ�1�œ�™�Ž�›-
matozoa express more NOS and generate more nitrite than asthenozoospermic spermatozoa 
�ý35�þ�ï�1���—�1�•�‘�Ž�1�˜�•�‘�Ž�›�1�‘�Š�—�•�ð�1�Š�œ�1�™�›�Ž�Ÿ�’�˜�ž�œ�•�¢�1�–�Ž�—�•�’�˜�—�Ž�•�ð�1�’�•�1�‘�Š�œ�1�‹�Ž�Ž�—�1�œ�‘�˜� �—�1�•�‘�Š�•�1�œ�™�Ž�›�–�Š�•�˜�£�˜�Š�1� �’�•�‘�1
�Š�—�1�Š�‹�—�˜�›�–�Š�•�1�–�˜�›�™�‘�˜�•�˜�•�¢�1�œ�‘�˜� �1�Š�‹�Ž�›�›�Š�—�•�1�œ�•�Š�’�—�’�—�•�1�•�˜�›�1�Ž�������ð�1� �‘�’�Œ�‘�1� �Š�œ�1�—�Ž�•�Š�•�’�Ÿ�Ž�•�¢�1�Œ�˜�›�›�Ž�•�Š�•�Ž�•�1
� �’�•�‘�1�•�‘�Ž�1�–�˜�•�’�•�’�•�¢�1�ý28�þ�ï�1���1�•�Ž�•�›�’�–�Ž�—�•�Š�•�1�Ž���Ž�Œ�•�1�˜�—�1�–�˜�•�’�•�’�•�¢�1�‘�Š�œ�1�Š�•�œ�˜�1�‹�Ž�Ž�—�1�›�Ž�™�˜�›�•�Ž�•�1�‹�¢�1���˜�œ�œ�Ž�•�•�’�1et al. 
�ý24] and Weinberg et al�ï�1�ý25�þ�1� �‘�Ž�—�1�–�’�•�•�’�–�˜�•�Š�›�1�Œ�˜�—�Œ�Ž�—�•�›�Š�•�’�˜�—�œ�1�˜�•�1�Ž�¡�˜�•�Ž�—�˜�ž�œ�1�����1�•�˜�—�˜�›�œ�1� �Ž�›�Ž�1
added to sperm samples.
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It has been suggested that, upon approaching and entering the cumulus oophorus, both NO 
�Š�—�•�1�™�›�˜�•�Ž�œ�•�Ž�›�˜�—�Ž�ð�1� �‘�’�Œ�‘�1�Š�›�Ž�1�œ�¢�—�•�‘�Ž�œ�’�£�Ž�•�1�‹�¢�1�•�‘�Ž�1�Œ�ž�–�ž�•�ž�œ�1�Œ�Ž�•�•�œ�1�ý9, 10, 43–45], provide a syner-
�•�’�œ�•�’�Œ�1�œ�•�’�–�ž�•�ž�œ�1�•�˜�1�–�˜�‹�’�•�’�£�Ž�1�œ�•�˜�›�Ž�•�1�Œ�Š�•�Œ�’�ž�–�1�’�—�1�•�‘�Ž�1�œ�™�Ž�›�–�1�—�Ž�Œ�”�&�–�’�•�™�’�Ž�Œ�Ž�1�ý46�þ�ï�1���œ�1�Š�1�Œ�˜�—�œ�Ž�š�ž�Ž�—�Œ�Ž�ð�1
�•�‘�Ž�¢�1 �Œ�Š�—�1 �–�˜�•�ž�•�Š�•�Ž�1 ���Š�•�Ž�•�•�Š�›�1 �Š�Œ�•�’�Ÿ�’�•�¢�1 �Š�—�•�1 �Œ�˜�—�•�›�’�‹�ž�•�Ž�1 �•�˜�1 �•�‘�Ž�1 �‘�¢�™�Ž�›�Š�Œ�•�’�Ÿ�Š�•�’�˜�—�1 �•�‘�Š�•�1 �’�œ�1 �Ÿ�’�•�Š�•�1 �•�˜�›�1
�™�Ž�—�Ž�•�›�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�˜�˜�Œ�¢�•�Ž�1�Ÿ�Ž�œ�•�–�Ž�—�•�œ�1�ý47].

���—�•�Ž�›�Ž�œ�•�’�—�•�•�¢�ð�1�’�•�1�‘�Š�œ�1�Š�•�œ�˜�1�‹�Ž�Ž�—�1�œ�ž�•�•�Ž�œ�•�Ž�•�1�•�‘�Š�•�1�����1�–�Š�¢�1�Ž�¡�Ž�›�•�1�Š�1�Œ�‘�Ž�–�˜�Š�4�›�Š�Œ�•�Š�—�•�1�Ž���Ž�Œ�•�1�˜�—�1�œ�™�Ž�›-
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�����1�•�˜�—�˜�›�1�’�—�Œ�›�Ž�Š�œ�Ž�•�1�œ�’�•�—�’���Œ�Š�—�•�•�¢�1�ý37�þ�ï�1���’�–�’�•�Š�›�1�›�Ž�œ�ž�•�•�œ�1� �Ž�›�Ž�1�˜�‹�•�Š�’�—�Ž�•�1� �‘�Ž�—�1�‘�ž�–�Š�—�1�œ�™�Ž�›�–�Š�•�˜-
�£�˜�Š�1� �Ž�›�Ž�1�Ž�¡�™�˜�œ�Ž�•�1�•�˜�1�Š�—�1�����1�•�˜�—�˜�›�1�ý16�þ�ï�1���—�1�•�‘�Ž�1�•�Š�4�Ž�›�1�Œ�Š�œ�Ž�ð�1�•�‘�Ž�1�œ�’�•�—�Š�•�1�•�›�Š�—�œ�•�ž�Œ�•�’�˜�—�1�™�Š�•�‘� �Š�¢�1� �Š�œ�1
�Š�•�œ�˜�1�œ�•�ž�•�’�Ž�•�ï�1���•�1� �Š�œ�1�™�›�˜�™�˜�œ�Ž�•�1�•�‘�Š�•�1�����1�Ž�¡�Ž�›�•�œ�1�’�•�œ�1�Œ�‘�Ž�–�˜�Š�4�›�Š�Œ�•�Š�—�•�1�Ž���Ž�Œ�•�1�•�‘�›�˜�ž�•�‘�1�•�‘�Ž�1�Š�Œ�•�’�Ÿ�Š�•�’�˜�—�1
�˜�•�1�•�‘�Ž�1�����&�œ�	���&�Œ�	�����1�™�Š�•�‘� �Š�¢�ð�1�œ�’�—�Œ�Ž�1�•�‘�Ž�1�ž�œ�Ž�1�˜�•�1�Š�—�1�����1�œ�Œ�Š�Ÿ�Ž�—�•�Ž�›�1�Š�—�•�&�˜�›�1�Š�—�1�œ�	���1�Š�—�•�1�Œ�	�����,
�•�Ž�™�Ž�—�•�Ž�—�•�1�™�›�˜�•�Ž�’�—�1�”�’�—�Š�œ�Ž�1�’�—�‘�’�‹�’�•�˜�›�1�›�Ž�Ÿ�Ž�›�•�Ž�•�1�•�‘�Ž�1�����1�•�˜�—�˜�›�,�’�—�•�ž�Œ�Ž�•�1�–�’�•�›�Š�•�’�˜�—�1�˜�•�1�œ�™�Ž�›�–�ï

���’�—�Œ�Ž�1 �•�¢�›�˜�œ�’�—�Ž�1 �™�‘�˜�œ�™�‘�˜�›�¢�•�Š�•�’�˜�—�1 �’�—�1 �•�’���Ž�›�Ž�—�•�1 �œ�™�Ž�›�–�1 �™�›�˜�•�Ž�’�—�œ�1 �’�œ�1 �Š�œ�œ�˜�Œ�’�Š�•�Ž�•�1 � �’�•�‘�1 �•�‘�Ž�1 �Œ�Š�™�Š�Œ�’�•�Š-
�•�’�˜�—�1 �™�›�˜�Œ�Ž�œ�œ�1�ý48�þ�ð�1 �•�‘�’�œ�1 �Š�œ�™�Ž�Œ�•�1 � �Š�œ�1 �’�—�Ÿ�Ž�œ�•�’�•�Š�•�Ž�•�1 �’�—�1 �˜�›�•�Ž�›�1 �•�˜�1 �•�ž�›�•�‘�Ž�›�1 �•�Ž���—�Ž�1 �•�‘�Ž�1 �’�—�Ÿ�˜�•�Ÿ�Ž�–�Ž�—�•�1 �˜�•�1

Figure 1. ���˜�–�Ž�1�Š�œ�™�Ž�Œ�•�œ�1�˜�•�1�•�‘�Ž�1�œ�™�Ž�›�–�1�™�‘�¢�œ�’�˜�•�˜�•�¢�1�–�˜�•�ž�•�Š�•�Ž�•�1�‹�¢�1�•�‘�Ž�1�������&�����1�œ�¢�œ�•�Ž�–�ï�1���•�1�™�‘�¢�œ�’�˜�•�˜�•�’�Œ�Š�•�1�•�Ž�Ÿ�Ž�•�œ�ð�1�Ž�—�•�˜�•�Ž�—�˜�ž�œ�1
�����1�‘�Š�œ�1�Š�1�‹�Ž�—�Ž���Œ�’�Š�•�1�›�˜�•�Ž�1�’�—�1�–�Š�’�—�•�Š�’�—�’�—�•�1�œ�™�Ž�›�–�1�–�˜�•�’�•�’�•�¢�ð�1�Ž�—�‘�Š�—�Œ�Ž�œ�1�•�¢�›�˜�œ�’�—�Ž�1�™�‘�˜�œ�™�‘�˜�›�¢�•�Š�•�’�˜�—�ð�1� �‘�’�Œ�‘�ð�1�’�—�1�•�ž�›�—�ð�1�™�›�˜�–�˜�•�Ž�œ�1�•�‘�Ž�1
capacitation process. NO also increases the sperm-zona pellucida binding ability and leads to a rise in the percentage of 
�›�Ž�Š�Œ�•�Ž�•�1�œ�™�Ž�›�–�Š�•�˜�£�˜�Š�ð�1�Ž�œ�™�Ž�Œ�’�Š�•�•�¢�1�’�—�1�•�‘�Ž�1�™�›�Ž�œ�Ž�—�Œ�Ž�1�˜�•�1�•�˜�•�•�’�Œ�ž�•�Š�›�1���ž�’�•�1�˜�›�1�™�›�˜�•�Ž�’�—�,�Ž�—�›�’�Œ�‘�Ž�•�1�Ž�¡�•�›�Š�Œ�•�œ�1�˜�•�1�•�˜�•�•�’�Œ�ž�•�Š�›�1���ž�’�•�ï
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�����1�’�—�1�Œ�Š�™�Š�Œ�’�•�Š�•�’�˜�—�ï�1�
�Ž�›�›�Ž�›�˜�1et al�ï�1�ý38�þ�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�Š�—�1�’�—�Œ�›�Ž�Š�œ�Ž�1�’�—�1�•�¢�›�˜�œ�’�—�Ž�1�™�‘�˜�œ�™�‘�˜�›�¢�•�Š�•�’�˜�—�1� �‘�Ž�—�1
�‘�ž�–�Š�—�1�œ�™�Ž�›�–�1�Œ�Š�™�Š�Œ�’�•�Š�•�’�˜�—�1� �Š�œ�1�Š�Œ�Œ�Ž�•�Ž�›�Š�•�Ž�•�1�‹�¢�1�Š�—�1�����,�›�Ž�•�Ž�Š�œ�’�—�•�1�Œ�˜�–�™�˜�ž�—�•�ï�1���—�1�•�‘�Ž�1�˜�•�‘�Ž�›�1�‘�Š�—�•�ð�1
� �‘�Ž�—�1�œ�™�Ž�›�–�1�Œ�Š�™�Š�Œ�’�•�Š�•�’�˜�—�1� �Š�œ�1�’�—�‘�’�‹�’�•�Ž�•�1�‹�¢�1���,���������ð�1�•�‘�Ž�›�Ž�1� �Š�œ�1�Š�—�1�Š�4�Ž�—�ž�Š�•�’�˜�—�1�’�—�1�•�‘�Ž�1�•�¢�›�˜�œ�’�—�Ž�1
phosphorylation of sperm proteins. In addition, Thundathil et al�ï�1�ý39�þ�1�›�Ž�™�˜�›�•�Ž�•�1�•�‘�Š�•�1���,���������1
prevented, and a NO donor promoted, the increase in threonine, glutamine, and tyrosine 
�™�‘�˜�œ�™�‘�˜�›�¢�•�Š�•�’�˜�—�1�’�—�1�‘�ž�–�Š�—�1�œ�™�Ž�›�–�Š�•�˜�£�˜�Š�ï�1���ž�›�•�‘�Ž�›�–�˜�›�Ž�ð�1�•�‘�Ž�1�Š�•�•�’�•�’�˜�—�1�˜�•�1���,�Š�›�•�’�—�’�—�Ž�1�›�Ž�Ÿ�Ž�›�œ�Ž�•�1�•�‘�Ž�1
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binding by the NO donor.

NO also seems to modulate the acrosome reaction. The percentage of acrosome loss induced by 
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4. NOS-activating molecules

As previously stated, NOS activity depends on the availability of its substrate and co-factors 
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���•�Š�›�•�’�—�•�1�•�›�˜�–�1�•�˜�•�•�’�Œ�ž�•�Š�›�1���ž�’�•�1�œ�Š�–�™�•�Ž�œ�ð�1���Ž�Ÿ�Ž�•�•�’�1et al�ï�1�ý41] obtained a protein-enriched follicular 
���ž�’�•�1�œ�˜�•�ž�•�’�˜�—�1�û�������ü�ð�1� �‘�’�Œ�‘�1� �Š�œ�1�•�‘�Ž�—�1�ž�œ�Ž�•�1�•�˜�1�œ�•�ž�•�¢�1�’�•�œ�1�Ž���Ž�Œ�•�œ�1�˜�—�1�������1�Š�Œ�•�’�Ÿ�’�•�¢�ð�1�Œ�’�•�›�ž�•�•�’�—�Ž�1�œ�¢�—-
�•�‘�Ž�œ�’�œ�ð�1�Š�—�•�1�Š�Œ�›�˜�œ�˜�–�Ž�1�›�Ž�Š�Œ�•�’�˜�—�1�’�—�1�‘�ž�–�Š�—�1�œ�™�Ž�›�–�ï�1���—�•�Ž�›�Ž�œ�•�’�—�•�•�¢�ð�1�•�‘�’�œ�1�œ�•�ž�•�¢�1�œ�‘�˜� �Ž�•�1�•�˜�›�1�•�‘�Ž�1���›�œ�•�1
�•�’�–�Ž�1�•�‘�Š�•�1�•�‘�Ž�1�Ž�—�•�˜�•�Ž�—�˜�ž�œ�1�������1�Š�Œ�•�’�Ÿ�’�•�¢�1�˜�•�1�‘�ž�–�Š�—�1�œ�™�Ž�›�–�1�–�Š�¢�1�‹�Ž�1�’�—�Œ�›�Ž�Š�œ�Ž�•�1�‹�¢�1�������ï�1���˜�›�Ž�˜�Ÿ�Ž�›�ð�1

�1�L�W�U�L�F���2�[�L�G�H���6�\�Q�W�K�D�V�H�������6�L�P�S�O�H���(�Q�]�\�P�H���&�R�P�S�O�H�[���5�R�O�H�V������



�•�‘�Ž�1�Š�ž�•�‘�˜�›�œ�1�•�Ž�–�˜�—�œ�•�›�Š�•�Ž�•�1�•�‘�Š�•�1�������,�–�Ž�•�’�Š�•�Ž�•�1�’�—�•�ž�Œ�•�’�˜�—�1�˜�•�1�œ�™�Ž�›�–�1�������1�Š�Œ�•�’�Ÿ�’�•�¢�1�•�Ž�Š�•�œ�1�•�˜�1�Š�Œ�›�˜-
�œ�˜�–�Ž�1 �›�Ž�Š�Œ�•�’�˜�—�1 �’�—�1 �•�‘�Ž�1 �œ�Š�–�Ž�1 �Œ�Ž�•�•�œ�ð�1 �•�‘�Ž�›�Ž�‹�¢�ð�1 �Ž�œ�•�Š�‹�•�’�œ�‘�’�—�•�1 �Š�1 �•�’�—�”�1 �‹�Ž�•� �Ž�Ž�—�1 �•�˜�•�•�’�Œ�•�Ž�,�•�Ž�›�’�Ÿ�Ž�•�1 �œ�ž�‹-
stances, the activation of NO synthesis in sperm and biological responses.
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5. NO pathway in spermatozoa
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NO donors. Although the function of some nitrosylated proteins remains to be discovered, a 
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energy generation and cell movement, suggesting a role for S-nitrosylation in sperm motility. 
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also involved in energy production.
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since sperms are generally assumed to be transcriptionally inactive, a small percentage of the 
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intracellular levels of cyclic guanosine monophosphate (cGMP) by activating the soluble isoform of guanylate cyclase 
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spermatozoa via S-nitrosylation.

�1�L�W�U�L�F���2�[�L�G�H���6�\�Q�W�K�D�V�H�������6�L�P�S�O�H���(�Q�]�\�P�H���&�R�P�S�O�H�[���5�R�O�H�V������



���,�—�’�•�›�˜�œ�¢�•�Š�•�Ž�•�1�™�›�˜�•�Ž�’�—�œ�1�’�•�Ž�—�•�’���Ž�•�1�‹�¢�1���Ž���¸�Ÿ�›�Ž�1et al�ï�1�ý64�þ�1� �Š�œ�1�›�Ž�•�Š�•�Ž�•�1�•�˜�1�•�›�Š�—�œ�Œ�›�’�™�•�’�˜�—�ï�1���›�Ž�Ÿ�’�˜�ž�œ�1
proteomic studies in sperm also observed the presence of proteins involved in transcription 
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in common, suggesting that S-nitrosylation is not a regulatory mechanism employed during 
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7. Concluding remarks
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