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Human sperm capacitation induced by 
biological fluids and progesterone, but not 
by NADH or NADPH, is associated with the 
production of superoxide anion

E. de Lamirande, A. Harakat and C. Gagnon 
Urology Research Laboratory, Royal Victoria Hospital, and the Faculty of 

Medicine, McGill University, Montreal, Quebec, Canada. 

Recent evidence indicated that human sperm capacitation is associated 

with an increased production of superoxide anion (O2.-). To further 

study the role and importance of O2.- in capacitation, we investigated 

whether the O2.- generation is a general feature of capacitating 

spermatozoa, irrespective of the inducer used, and is correlated with 

capacitation levels and increased tyrosine phosphorylation of two sperm proteins (p105/p81). We also 

studied the time courses of O2.- production and action. Percoll-washed human spermatozoa were 

incubated in Ham's F-10 medium, supplemented or not supplemented with various capacitation inducers 

and in the presence or absence of superoxide dismutase (SOD). Sperm capacitation was measured by 

induction of the acrosome reaction with lysophosphatidylcholine, O2.- production was measured by 

chemiluminescence, and tyrosine phosphorylation was measured by immunodetection after 

electrophoresis and western blotting of sperm proteins. Progesterone and ultrafiltrates of human 

fetal cord serum, follicular fluid, and seminal plasma individually promoted sperm generation of 

O2.-, tyrosine phosphorylation of p105/p81, and capacitation. Fetal cord serum ultrafiltrate 

triggered a fivefold higher O2.- production than the other inducers (1,700 +/- 300 and 300 to 400 

mV/10s/8 x 10(6) cells, respectively), a phenomenon possibly associated with the higher potency of 

this fluid to promote sperm hyperactivation. The production of O2.- by spermatozoa was rapid and 

transient. SOD prevented sperm capacitation triggered by the inducers mentioned above, but only when 

SOD was added at the beginning of incubation, and not after 30 minutes, indicating that the O2.- 

initiates a chain of early events leading to sperm capacitation. NADH and NADPH (5 mM) triggered 

sperm capacitation and phosphorylation of p105/p81, but these processes were not prevented by SOD or 

catalase, nor were they associated with an increased O2.- production. Therefore, these cofactors 

appeared to act by mechanisms different from those used by the other inducers studied. The sperm 

enzyme responsible for the O2.- generation may be very different from the NADPH oxidase of 
neutrophils. 

This article has been cited by other articles: 

HOME HELP FEEDBACK SUBSCRIPTIONS ARCHIVE SEARCH TABLE OF CONTENTS

This Article

Full Text (PDF) 

Alert me when this article is cited 

Alert me if a correction is posted 

Services

Similar articles in this journal 

Similar articles in PubMed 

Alert me to new issues of the journal 

Download to citation manager 

Citing Articles

Citing Articles via HighWire 

Citing Articles via Google Scholar 

Google Scholar

Articles by de Lamirande, E. 

Articles by Gagnon, C. 

Search for Related Content 

PubMed

PubMed Citation 

Articles by de Lamirande, E. 

Articles by Gagnon, C. 

JOURNAL ARTICLE



E. Marti, J. I. Marti, T. Muino-Blanco, and J. A. Cebrian-Perez 
Effect of the Cryopreservation Process on the Activity and 
Immunolocalization of Antioxidant Enzymes in Ram Spermatozoa
J Androl, July 1, 2008; 29(4): 459 - 467.  
[Abstract] [Full Text] [PDF] 

 

H.J. Chi, J.H. Kim, C.S. Ryu, J.Y. Lee, J.S. Park, D.Y. Chung, S.Y. Choi, 
M.H. Kim, E.K. Chun, and S.I. Roh
Protective effect of antioxidant supplementation in sperm-
preparation medium against oxidative stress in human spermatozoa
Hum. Reprod., May 1, 2008; 23(5): 1023 - 1028.  
[Abstract] [Full Text] [PDF] 

 

K. Bedard and K.-H. Krause 
The NOX Family of ROS-Generating NADPH Oxidases: Physiology and 
Pathophysiology
Physiol Rev, January 1, 2007; 87(1): 245 - 313.  
[Abstract] [Full Text] [PDF] 

 

M. A. Baker, L. Hetherington, and R. J. Aitken
Identification of SRC as a key PKA-stimulated tyrosine kinase 
involved in the capacitation-associated hyperactivation of murine 
spermatozoa
J. Cell Sci., August 1, 2006; 119(15): 3182 - 3192.  
[Abstract] [Full Text] [PDF] 

 

M. A. Baker, A. Krutskikh, B. J. Curry, L. Hetherington, and R. J. Aitken
Identification of Cytochrome-b5 Reductase as the Enzyme 
Responsible for NADH-Dependent Lucigenin Chemiluminescence in 
Human Spermatozoa
Biol Reprod, August 1, 2005; 73(2): 334 - 342.  
[Abstract] [Full Text] [PDF] 

 

W.C.L. Ford
Regulation of sperm function by reactive oxygen species
Hum. Reprod. Update, September 1, 2004; 10(5): 387 - 399.  
[Abstract] [Full Text] [PDF] 

 

M. A. Baker, A. Krutskikh, B. J. Curry, E. A. McLaughlin, and R. J. Aitken
Identification of Cytochrome P450-Reductase as the Enzyme 
Responsible for NADPH-Dependent Lucigenin and Tetrazolium Salt 
Reduction in Rat Epididymal Sperm Preparations
Biol Reprod, July 1, 2004; 71(1): 307 - 318.  
[Abstract] [Full Text] [PDF] 

 



C. O'Flaherty, E. de Lamirande, and C. Gagnon
Phosphorylation of the Arginine-X-X-(Serine/Threonine) motif in 
human sperm proteins during capacitation: modulation and protein 
kinase A dependency
Mol. Hum. Reprod., May 1, 2004; 10(5): 355 - 363.  
[Abstract] [Full Text] [PDF] 

 

M. A. Baker, L. Hetherington, H. Ecroyd, S. D. Roman, and R. J. Aitken
Analysis of the mechanism by which calcium negatively regulates 
the tyrosine phosphorylation cascade associated with sperm 
capacitation
J. Cell Sci., January 15, 2004; 117(2): 211 - 222.  
[Abstract] [Full Text] [PDF] 

 

M.C. Carbone, C. Tatone, S. D. Monache, R. Marci, D. Caserta, R. 
Colonna, and F. Amicarelli
Antioxidant enzymatic defences in human follicular fluid: 
characterization and age-dependent changes 
Mol. Hum. Reprod., November 1, 2003; 9(11): 639 - 643.  
[Abstract] [Full Text] [PDF] 

 

R.J. Aitken, A.L. Ryan, B.J. Curry, and M.A. Baker
Multiple forms of redox activity in populations of human 
spermatozoa
Mol. Hum. Reprod., November 1, 2003; 9(11): 645 - 661.  
[Abstract] [Full Text] [PDF] 

 

J. Thundathil, E. de Lamirande, and C. Gagnon
Nitric Oxide Regulates the Phosphorylation of the Threonine-
Glutamine-Tyrosine Motif in Proteins of Human Spermatozoa During 
Capacitation
Biol Reprod, April 1, 2003; 68(4): 1291 - 1298.  
[Abstract] [Full Text] [PDF] 

 

J. Thundathil, E. de Lamirande, and C. Gagnon
Different signal transduction pathways are involved during human 
sperm capacitation induced by biological and pharmacological 
agents
Mol. Hum. Reprod., September 1, 2002; 8(9): 811 - 816.  
[Abstract] [Full Text] [PDF] 

 

E. de Lamirande and C. Gagnon
The extracellular signal-regulated kinase (ERK) pathway is involved 
in human sperm function and modulated by the superoxide anion
Mol. Hum. Reprod., February 1, 2002; 8(2): 124 - 135.  
[Abstract] [Full Text] [PDF] 

 



A. P. V. Dantas, R. C.A. Tostes, Z. B. Fortes, S. G. Costa, D. Nigro, and 
M. H. C. Carvalho
In Vivo Evidence for Antioxidant Potential of Estrogen in 
Microvessels of Female Spontaneously Hypertensive Rats
Hypertension, February 1, 2002; 39(2): 405 - 411.  
[Abstract] [Full Text] [PDF] 

 

F. Urner, G. Leppens-Luisier, and D. Sakkas 
Protein Tyrosine Phosphorylation in Sperm During Gamete 
Interaction in the Mouse: The Influence of Glucose
Biol Reprod, May 1, 2001; 64(5): 1350 - 1357.  
[Abstract] [Full Text] 

 

S. C. Richer and W.C.L. Ford
A critical investigation of NADPH oxidase activity in human 
spermatozoa
Mol. Hum. Reprod., March 1, 2001; 7(3): 237 - 244.  
[Abstract] [Full Text] [PDF] 

 

Y. Si and P. Olds-Clarke 
Evidence for the Involvement of Calmodulin in Mouse Sperm 
Capacitation
Biol Reprod, May 1, 2000; 62(5): 1231 - 1239.  
[Abstract] [Full Text] 

 

M. B. Herrero, E. de Lamirande, and C. Gagnon
Nitric Oxide Regulates Human Sperm Capacitation and Protein-
Tyrosine Phosphorylation In Vitro
Biol Reprod, September 1, 1999; 61(3): 575 - 581.  
[Abstract] [Full Text] 

 

Y. Si and P. Olds-Clarke 
Mice Carrying Two t Haplotypes: Sperm Populations with Reduced 
Zona Pellucida Binding Are Deficient in Capacitation
Biol Reprod, July 1, 1999; 61(1): 305 - 311.  
[Abstract] [Full Text] 

 

F. Urner and D. Sakkas
A Possible Role for the Pentose Phosphate Pathway of Spermatozoa 
inGamete Fusion in the Mouse
Biol Reprod, March 1, 1999; 60(3): 733 - 739.  
[Abstract] [Full Text] 

 

HOME HELP FEEDBACK SUBSCRIPTIONS ARCHIVE SEARCH TABLE OF CONTENTS



Copyright © 1998 by The American Society of Andrology. 


