
        
    
        
            
            
                
            

            
        
    

        
    
        
            
            
                
            

            
        
    


        
    




        

        
    Skip to main content

    

    
    
        
            
                
                    
                        
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    




    
        
    
        
            
                
                    
    
        
            	
                        Home




	
                        In Vitro Cellular & Developmental Biology - Animal

	
                        Article

Heparin and penicillamine–hypotaurine–epinephrine (PHE) solution during bovine in vitro fertilization procedures impair the quality of spermatozoa but improve normal oocyte fecundation and early embryonic development


                    	
                            Published: 16 August 2013
                        


                    	
                            Volume 50, pages 39–47, (2014)
                        
	
                            Cite this article
                        



                    
                        
                        
                    

                
                
                    
                        
                            
                            
                                
                                
                            
                            In Vitro Cellular & Developmental Biology - Animal
                        
                        
                            
                                Aims and scope
                                
                            
                        
                        
                            
                                Submit manuscript
                                
                            
                        
                    
                

            
        
    


        
            
                

                

                
                    
                        	F. S. Gonçalves1, 
	L. S. S. Barretto1, 
	R. P. Arruda2, 
	S. H. V. Perri3 & 
	…
	G. Z. Mingoti1,3,4 

Show authors
                        
    

                        
                            	
            
                
            942 Accesses

        
	
            
                
            9 Citations

        
	
            Explore all metrics 
                
            

        


                        

                        
    
    

    
    


                        
                    
                


                
                    Abstract
The presence of heparin and a mixture of penicillamine, hypotaurine, and epinephrine (PHE) solution in the in vitro fertilization (IVF) media seem to be a prerequisite when bovine spermatozoa are capacitated in vitro, in order to stimulate sperm motility and acrosome reaction. The present study was designed to determine the effect of the addition of heparin and PHE during IVF on the quality and penetrability of spermatozoa into bovine oocytes and on subsequent embryo development. Sperm quality, evaluated by the integrity of plasma and acrosomal membranes and mitochondrial function, was diminished (P < 0.05) in the presence of heparin and PHE. Oocyte penetration and normal pronuclear formation rates, as well as the percentage of zygotes presenting more than two pronuclei, was higher (P < 0.05) in the presence of heparin and PHE. No differences were observed in cleavage rates between treatment and control (P > 0.05). However, the developmental rate to the blastocyst stage was increased in the presence of heparin and PHE (P > 0.05). The quality of embryos that reached the blastocyst stage was evaluated by counting the inner cell mass (ICM) and trophectoderm (TE) cell numbers and total number of cells; the percentage of ICM and TE cells was unaffected (P > 0.05) in the presence of heparin and PHE (P < 0.05). In conclusion, this study demonstrated that while the supplementation of IVF media with heparin and PHE solution impairs spermatozoa quality, it plays an important role in sperm capacitation, improving pronuclear formation, and early embryonic development.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Figure 1.


Figure 2.


Figure 3.



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Efficacy and safety of papaverine as an in vitro motility enhancer on human spermatozoa
                                        
                                    

                                    
                                        Article
                                        
                                         26 March 2021
                                    

                                

                                Ebru Ibis, Serhat Hayme, … Sinan Ozkavukcu

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Effect of platelet-rich plasma (PRP) on post-thaw quality, kinematics and in vivo fertility of fertile and subfertile buffalo (Bubalus bubalis) spermatozoa
                                        
                                    

                                    
                                        Article
                                        
                                         22 April 2022
                                    

                                

                                Essam A. Almadaly, Ibrahim M. Ibrahim, … Wael B. El-Domany

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Manipulation of bicarbonate concentration in sperm capacitation media improves in vitro fertilisation output in porcine species
                                        
                                    

                                    
                                        Article
                                         Open access
                                         11 March 2019
                                    

                                

                                Cristina Soriano-Úbeda, Jon Romero-Aguirregomezcorta, … Francisco A. García-Vázquez

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Arruda R. P.; Forero-Gonzalez R.; Celeghini E. C. C.; Raphael C. F. Effects of cryopreservation using different freezing techniques and cryoprotectants on plasmatic, acrosomal, and mitochondrial membranes of bovine spermatozoa. Acta Sci. Vet. 33: 329; 2005.

                    Google Scholar 
                

	Ball G. D.; Leibfried M. L.; Lenz R. W.; Ax R. L.; Bavister B. D.; First N. L. Factors affecting successful in vitro fertilization of bovine follicular oocytes. Biol Reprod 28: 717–725; 1983.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Barceló-Fimbres M.; Campos-Chillón L. F.; Seidel Jr. G. E. In vitro fertilization using non-sexed and sexed bovine sperm: sperm concentration, sorter pressure, and bull effects. Reprod Dom Anim 46: 495–502; 2011.
Article 
    
                    Google Scholar 
                

	Blondin P.; Beaulieu M.; Fournier V.; Morin N.; Crawford L.; Madan P.; King W. A. Analysis of bovine sexed sperm for IVF from sorting to the embryo. Theriogenology 71: 30–38; 2009.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Boe-Hansen G. B.; Morris I. D.; Ersboll A. K.; Greve T.; Christensen P. DNA integrity in sexed bull sperm assessed by neutral Comet assay and sperm chromatin structure assay. Theriogenology 63: 1789–1802; 2003.
Article 
    
                    Google Scholar 
                

	Bos-Mikich A.; Whittingham D. G.; Jones K. T. Meiotic and mitotic Ca2+ oscillations affect cell composition in resulting blastocysts. Dev Biol 182: 172–179; 1997.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Canovas S.; Gutierrez-Adan A.; Gadea J. Effect of exogenous DNA on bovine sperm functionality using the sperm-mediated gene transfer (SMGT) technique. Mol Reprod Dev 77: 687–698; 2010.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Celeghini E. C.; Arruda R. P.; Andrade A. F.; Nascimento J.; Raphael C. F. Practical techniques for bovine sperm simultaneous fluorometric assessment of plasma, acrosomal, and mitochondrial membranes. Reprod Dom An 42: 479–488; 2007.
Article 
    CAS 
    
                    Google Scholar 
                

	Celeghini E. C.; Arruda R. P.; Andrade A. F.; Nascimento J.; Raphael C. F.; Rodrigues P. H. M. Effects that bovine sperm cryopreservation using two different extenders has on sperm membranes and chromatin. Anim Reprod Sci 104: 119–131; 2008.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Evenson D. P.; Thompson L.; Test L. Flow cytometric evaluation of boar semen by the sperm chromatin structure assay as related to cryopreservation and fertility. Theriogenology 41: 637–651; 1994.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fissore R. A.; Pinto-Correia C.; Robl J. M. Inositol triphosphate-induced calcium release in the generation of calcium oscillations in bovine eggs. Biol Reprod 53: 766–774; 1995.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Flesch F. M.; Gadella B. M. Dynamics of the mammalian sperm membrane in the process of fertilization. Biochim Biophys Acta 1469: 197–235; 2000.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fraser L. R.; Abeydeera L. R.; Niwa K. Ca2± regulating mechanisms that modulate bull sperm capacitation and acrosomal exocytosis as determined by chlortetracycline analysis. Mol Reprod Dev 40: 233–241; 1995.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fukui Y.; Ono H. In vitro development to blastocyst of in vitro matured and fertilized bovine oocytes. Vet Rec 122: 282; 1988.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Galantino-Homer H. L.; Viscconi P. E.; Kopf G. S. Regulation of protein tyrosine phosphorylation during bovine sperm capacitation by a cyclic adenosine 30,50-monophosphate-dependent pathway. Biol Reprod 56: 707–719; 1997.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Handrow R. R.; First N. L.; Parrish J. J. Calcium requirement and increased association with bovine sperm during capacitation by heparin. J Exp Zoo 252: 174–182; 1989.
Article 
    CAS 
    
                    Google Scholar 
                

	Izquierdo D.; Villamediana P.; Palomo M. J.; Mogas T.; Paramio M. T. Effect of sperm capacitation and fertilization media on IVF and early embryo development of prepubertal goat oocytes. Theriogenology 49: 1501–1513; 1997.
Article 
    
                    Google Scholar 
                

	Jang G.; Lee B. C.; Kang S. K.; Hwang W. S. Effect of glycosaminoglycans on the preimplantation development of embryos derived from in vitro fertilization and somatic cell nuclear transfer. Reprod Fertil Dev 15: 179–185; 2003.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kano K.; Miyano T.; Kato S. Effect of glycosaminoglycans on the development of in vitro-matured and fertilized porcine oocytes to the blastocysts stage in vitro. Biol Reprod 58: 1226–1232; 1998.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Krzyzosiak J.; Evenson D.; Pitt C.; Jost L.; Molan P.; Vishwanath R. Changes in susceptibility of bovine sperm to in situ DNA denaturation during prolonged incubation at ambient temperature under conditions of exposure to reactive oxygen species and nuclease inhibitor. Reprod Fertil Dev 12: 251–261; 2000.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lane M.; Thérien I.; Moreau R.; Manjunath P. Heparin and high-density lipoprotein mediate bovine sperm capacitation by different mechanisms. Biol Reprod 60: 169–175; 1999.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Larson B.; Rodriguez-Martinez H. Can we use in vitro fertilization tests to predict semen fertility? An Reprod Sci 60–61: 327–336; 2000.
Article 
    
                    Google Scholar 
                

	Larson R. C.; Ignotz G. G.; Currie W. B. Effect of fibronectin on early embryo development in cows. J Reprod Fertil 96: 289–297; 1992.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Leibfried M. L.; Bavister B. D. Effects of epinephrine and hypotaurine on in vitro fertilization in the golden hamster. J Reprod Fertil 66: 87–93; 1982.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Malette B.; Paquette Y.; Merlen Y.; Bleau G. Oviductins possess chitinase-and mucin-like domains: a lead in the search for the biological function of these oviduct-specific ZP-associating glycoproteins. Mol Reprod Dev 41: 384–397; 1995.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Meizel S. Molecules that initiate or help stimulates the acrosome reaction by their interaction with the mammalian sperm surface. Am J Anat 174: 285–302; 1985.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mendes Jr. J. O. B.; Burns P. D.; De La Torre-Sanchez J. F.; Seidel Jr. G. E. Effect of heparin on cleavage rates and embryo production with four bovine sperm preparation protocols. Theriogenology 60: 331–340; 2003.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Miller G. F.; Gliedt D. W.; Rakes J. M.; Rorie R. W. Addition of penicilamine, hypotaurine, and epinephrine or bovine oviductal epithelial cells alone or in combination to bovine in vitro fertilization medium increases the subsequent embryo cleavage rate. Theriogenology 41: 689–696; 1997.
Article 
    
                    Google Scholar 
                

	Miyano T.; Hiro-oka R. E.; Kano K.; Miyake M.; Kusunoki H.; Kato S. Effects of hyaluronic acid on the development of 1- and 2 cells porcine embryos to the blastocysts stage in vitro. Theriogenology 41: 1299–1305; 1994.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Monaco E.; Gasparrini B.; Boccia L.; De Rosa A.; Attanasio L.; Zicarelli L.; Killian G. Effect of osteopontin (OPN) on in vitro embryo development in cattle. Theriogenology 71: 450–457; 2009.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Morris I. D.; Ilott S.; Dixon L.; Brison D. R. The spectrum of DNA damage in human sperm assessed by the single cell gel electrophoresis (comet assay) and its relationship to fertilization and embryo development. Hum Reprod 17: 990–998; 2002.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	O’Flaherty C. M.; Beorlegui N. B.; Beconi M. T. Lactate dehydrogenase-c4 is involved in heparin and NADH dependent bovine sperm capacitation. Andrologia 34: 91–97; 2002.
Article 
    PubMed 
    
                    Google Scholar 
                

	Õura C.; Toshimori K. Ultrastructural studies on the fertilization of mammalian gametes. Int Rev Citol 122: 105–151; 1990.
Article 
    
                    Google Scholar 
                

	Parrish J. J.; Susko-Parrish J. L.; Handrow R. R.; Sims M. M.; First N. L. Capacitation of bovine spermatozoa by oviduct fluid. Biol Reprod 40: 1020–1025; 1989.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Parrish J. J.; Susko-Parish J. L.; Winer M. A.; First N. L. Capacitation of bovine sperm by heparin. Biol Reprod 38: 1171–1180; 1988.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Saeki K.; Hoshi Y.; Nagai M. Effects of heparin, sperm concentration, and bull variation on in vitro fertilization of bovine oocytes in a protein-free medium. Theriogenology 43: 751–759; 1995.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Staros A. L.; Killian G. J. In vitro association of six oviductal fluid proteins with the bovine zona pellucida. J Reprod Fertil 112: 131–137; 1998.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Susko-Parrish J. L.; Wheeler M. B.; Ax R. L.; First N. L.; Parrish J. J. The effect of penicillamine, hypotaurine, epinephrine, and sodium metabisulfite on bovine in vitro fertilization. Theriogenology 33: 333; 1990.
Article 
    
                    Google Scholar 
                

	Tanghe S.; Van Soom A.; Duchateau L.; Nauwynck H.; De Kruif A. Carbohydrates and glycoproteins involved in bovine fertilization in vitro. Mol Reprod Dev 68: 492–499; 2004.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tejada R. I.; Mitchell J. C.; Norman A.; Marik J. J.; Friedman S. A test for the practical evaluation of male fertility by acridine orange (AO) fluorescence. Fertil Steril 42: 87–91; 1984.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Vajta G.; Rindom N.; Peura T. T.; Holm P.; Greve T.; Callesen H. The effect of media, serum, and temperature on in vitro survival of bovine blastocysts after open pulled straw (OPS) vitrification. Theriogenology 52: 939–948; 1999.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Verhage H. G.; Fazleabas A. T.; Mavrogianis P. A.; O’Day-Browman M. B.; Donnelly K. M.; Arias E. B. The baboon oviduct: characteristics of an estradiol-dependent oviduct-specific glycoprotein. Hum Reprod Update 3: 541–552; 1997.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Visconti P. E.; Johnson L. R.; Oyasaki M.; Fornes M.; Moss S. B.; Gerton G. L.; Kopf G. S. Regulation, localization, and anchoring of protein kinase: a subunits during mouse sperm capacitation. Dev Biol 192: 351–363; 1997.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Walters A. H.; Eyestone W. E.; Saacke R. G.; Pearson R. E.; Gwazdauskas F. C. Sperm morphology and preparation method affect bovine embryonic development. J Androl 25: 554–563; 2004.
PubMed 
    
                    Google Scholar 
                

	Yanagimachi R. The movement of golden hamster spermatozoa before and after capacitation. J Reprod Fertil 23: 193–196; 1970.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yanagimachi R. Mammalian fertilization. In: Knobil E.; Neill J. D. (eds) The Physiology of Reproduction. Raven, New York, pp 189–318; 1994.

                    Google Scholar 
                


Download references




Acknowledgments
The present study was supported by the Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq—Brazil) and the Fundação de Amparo à Pesquisa do Estado de São Paulo—(FAPESP—Brazil; grant no. 04/13148-7).

                Conflict of interest

                The authors declare there is no conflict of interest that could be perceived as prejudicing the impartiality of the research reported.

              

Author information
Authors and Affiliations
	Department of Animal Reproduction, School of Agricultural and Veterinary Sciences, UNESP-Univ Estadual Paulista, 14884-900, Jaboticabal, Sao Paulo, Brazil
F. S. Gonçalves, L. S. S. Barretto & G. Z. Mingoti

	Department of Animal Reproduction, Veterinary Medicine and Animal Science School, USP, 13635-900, Pirassununga, Sao Paulo, Brazil
R. P. Arruda

	Laboratory of Physiology of Animal Reproduction, School of Veterinary Medicine, UNESP -Univ Estadual Paulista, 16050-680, Aracatuba, Sao Paulo, Brazil
S. H. V. Perri & G. Z. Mingoti

	Department of Animal Health, School of Veterinary Medicine, UNESP-Univ Estadual Paulista, Rua Clovis Pestana, 793, Aracatuba, Sao Paulo, Brazil, 16050-680
G. Z. Mingoti


Authors	F. S. GonçalvesView author publications
You can also search for this author in
                        PubMed Google Scholar



	L. S. S. BarrettoView author publications
You can also search for this author in
                        PubMed Google Scholar



	R. P. ArrudaView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. H. V. PerriView author publications
You can also search for this author in
                        PubMed Google Scholar



	G. Z. MingotiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                G. Z. Mingoti.


Additional information
Editor: T. Okamoto


Rights and permissions
Reprints and permissions


About this article
Cite this article
Gonçalves, F.S., Barretto, L.S.S., Arruda, R.P. et al. Heparin and penicillamine–hypotaurine–epinephrine (PHE) solution during bovine in vitro fertilization procedures impair the quality of spermatozoa but improve normal oocyte fecundation and early embryonic development.
                    In Vitro Cell.Dev.Biol.-Animal 50, 39–47 (2014). https://doi.org/10.1007/s11626-013-9675-4
Download citation
	Received: 08 May 2013

	Accepted: 23 July 2013

	Published: 16 August 2013

	Issue Date: January 2014

	DOI: https://doi.org/10.1007/s11626-013-9675-4


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Heparin
	PHE solution
	In vitro fertilization
	Sperm membranes
	Embryo
	Cattle








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					44.222.108.85
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    