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capacitation sperm motility and viability of frozen 

thawed buffalo semen 
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Abstract 
The present study was conducted to assess the effects of exogenous supplementation of heparin binding 

protein (HBP) in capacitation medium on sperm motility and viability of frozen thawed buffalo semen. 

Buffalo semen straws from 10 bulls were procured from Central Frozen Semen Production and Training 

Institute, Hesseraghatta, Banglore-560088. The frozen straws were thawed at 37ºC for 30 seconds and 

emptied into a 15mL sterile plastic centrifuge tube containing 1mL capacitation medium (control), 

addition of 25µg/mL (treatment I), 50µg/mL (treatment II) and 100µg/mL (treatment III) of HBP .The 

contents were incubated at 37ºC for 2 hours and sperm motility and viability were assessed. The post 

capacitation sperm motility was significantly (P<0.05) higher in HBP treatment I (64.00% ± 2.21), II 

(68.00% ± 1.33) and III (66.00% ± 2.21) as compared to control (55.00% ±2.23). Among treatments, 

insignificant difference was observed in sperm motility though higher percentages of sperm were motile 

in HBP treatment II. Sperm viability was significantly (P<0.05) higher in HBP treatment I (85.30% ± 

0.77), II (86.65% ± 0.92) and III (85.65% ± 0.82) as compared to control (79.80% ±0.73). Among 

treatments, insignificant difference was observed in sperm viability though more sperm were viable in 

HBP treatment II. This study revealed that HBP enhanced post capacitation sperm motility and viability 

which are requisites for successful fertilization. 
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Introduction 
Cryopreservation of semen is an important tool for artificial insemination (AI) and is the most 

efficient way for storing germplasm [1]. Freezing of semen is practiced in different domestic 

animals including human beings [2]. Cryopreservation preserves sperm characteristics, but it 

causes irreversible damage to spermatozoa and reduces fertilizing capacity of the spermatozoa 
[3].Standard procedures followed during the frozen semen technology resulted in an overall 

decrease up to 50% in the level of seminal plasma proteins [4]. The influence of seminal plasma 

proteins on male reproduction has drawn attention because many studies proved that their 

expression is associated with fertility scores in cattle [5] and horses [6]. 

Seminal plasma proteins can potentiate capacitation of bovine epididymal spermatozoa. 

Sperm-bound seminal plasma proteins binds with heparin present in the female reproductive 

tract and thereby participate in sperm capacitation and acrosomal reaction [7].  

Proteins such as osteopontin (OPN), prostaglandin D synthase, bovine seminal plasma proteins 

(BSP A1, A2 and A3), heparin binding proteins (HBPs), fertility associated antigen 

(FAA),phospholipase A2, sperm adhesion Z13, clusterin (CLU) and heat shock proteins 

(HSPs) have been reported as indicators of fertility [8]. HBPs are accessory gland proteins that 

may influence fertility. HBP with a molecular weight of 31kDa was named as Fertility 

Associated Antigen (FAA). Fertility of FAA positive bulls used for natural service was found 

9% more than FAA negative bulls [9].  

Ejaculated spermatozoa possess more heparin binding sites than cauda epididymal 

spermatozoa [10]. Some of seminal plasma proteins bind on the sperm surface during 

ejaculation and protein-coating layers are formed [11]. 

HBPs on sperm surface bind with heparin in the fallopian tube and thereby participate in 

sperm capacitation, acrosome reaction, zona binding and fertilization [12-14].  

Although HBPs have been identified in bovine [15], equine [16], boar [17], and canine [18] semen, 

limited studies have been conducted on the potential roles of these proteins on sperm 

functions. Hence, the present study was undertaken to prospect the role of HBP on post  
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capacitation sperm motility and viability of frozen buffalo 

semen. 

 

Materials and Methods 

Materials 

All the plasticware used in this study were purchased from 

Tarson, India. All the glassware used in this study were 

purchased from Borosil, India. All the chemicals used in this 

study were procured from Sigma-Aldrich chemicals Co., 

USA. 

 

Methods 

Capacitation medium/ Sperm TALP was prepared as detailed 

below. 

 
Table: Capacitation stock solution 

 

Components For 1000 mL (in mM) 

Sodium chloride (NaCl) 114 

Potassium chloride ( KCl) 3.2 

Calcium chloride ( CaCl2.2H2O) 2.0 

Magnesium chloride (MgCl2.6H2O) 0.5 

Sodium lactate ( 60% syrup) 1.86 μl/mL 

Sodium dihydrogen orthophosphate (NaH2PO4.H2O) 0.34 

Phenol red 10μg/mL 

Pyruvate stock solution  

Sodium pyruvate 22mg/10 mL capacitation medium 

Heparin stock solution  

Heparin 5mg/10mL capacitation medium 

Gentamicin stock solution  

Gentamicin 50mg/mL in saline 

 

All the stock solutions were filter sterilized (0.2 μm) and 

stored at 4 ˚C until use. 

 
Table: Capacitation working solution 

 

Components For 10 mL 

Capacitation stock solution 9.5 mL 

Pyruvate stock solution 0.1 mL 

Heparin stock solution 0.4 mL 

Gentamicin stock solution 10 μL 

Bovine serum albumin (Fatty acid free) 60 mg 

 

The working solution was prepared freshly, filter sterilized 

(0.2 μm) and pre-warmed at 37 ˚C for 30 minutes before use. 

pH and osmolality of the stock and working medium were 

maintained at 7.6-7.8 and 280-300 mOsm, respectively. 

 

Sperm preparation 

Frozen semen straws from ten buffalo bulls were procured 

from Central frozen Semen Production and Training Institute, 

Hesseraghatta, Banglore-560088. The straws were collected 

in liquid nitrogen (LN2 at -196 ºC) container, transported and 

stored in the semen bank of Madras Veterinary College, 

Chennai- 600 007. The frozen straws were thawed at 37 ºC 

for 30 seconds and emptied into 15 mL sterile plastic 

centrifuge tube containing 1 mL of capacitation medium and 

treated as below. 

 

Experimental groups Method of treatment 

Control Capacitation medium alone (sperm TALP) 

Treatment I Capacitation medium + Heparin binding protein (HBP-25µg/ml) 

Treatment II Capacitation medium +Heparin binding protein (HBP-50µg/ml) 

Treatment III Capacitation medium +Heparin binding protein(HBP-100µg/ml) 

The contents were incubated at 37 ºC for 2 hours. After 2 hours incubation, sperm motility and viability were assessed.  

 

Evaluation of sperm motility 

The sperm motility was assessed by placing a drop of semen 

from each group on separate clean grease free glass slide and 

covered with cover slip. Minimum of three fields were 

scanned under bright field microscopy to assess the 

progressive motile spermatozoa and graded in terms of 

percentage ranging from 0-100 in multiples of 10 [19]. 

 

Evaluation of sperm viability 

The sperm viability was determined by the supravital Eosin 

and Nigrosin stain technique. A drop of semen from each 

group was placed on a separate clean grease free glass slide. 

One drop of 5% Eosin and two Drops of 10% Nigrosin near 

the semen drop on either sides were placed by using a blunt 

glass rod. Eosin was mixed with semen and then Nigrosin was 

mixed with semen gently. A thin homogenous smear was 

prepared from the semen stain mixture and dried in air and 

examined under oil objective of the microscope. Spermatozoa 

which were unstained (white) classified as live and stained 

with pink colour classified as dead. At least 200 spermatozoa 

were observed in each sample [20]. 

 

Live percentage = 
Live sperm counted 

x 100 
Total sperm counted 

 

Statistical analysis 

The statistical analysis was carried out by IBM, SPSS version 

20.0 for windows. The percentage value of variables was 

converted into Arsine value before performing one way 

analysis of variance (ANOVA). 

 

Results 

Table 1 shows the effect of HBP supplementation to 

capacitation medium on sperm motility. Sperm motility was 

significantly (P<0.05) higher in HBP treatment I (64.00% ± 

2.21), II (68.00% ± 1.33) and III (66.00% ± 2.21) as 

compared to control (55.00% ±2.23). Among treatment 

groups, insignificant difference in sperm motility was 

http://www.entomoljournal.com/
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observed though higher percentages of sperm were motile in 

HBP treatment II.  

Table 2 shows the effect of HBP supplementation to 

capacitation medium on sperm viability. Sperm viability was 

significantly (P<0.05) higher in HBP treatment I (85.30% ± 

0.77), II (86.65% ± 0.92) and III (85.65% ± 0.82) as 

compared to control (79.80% ±0.73). Insignificant difference 

in sperm viability was observed among treatment groups 

though more sperm were viable in HBP treatment II. 

 

Discussion 

This study revealed that spermatozoa treated with HBP 

showed a significant increase in sperm motility as compared 

to control. The findings were in accordance with the earlier 

studies in which the spermatozoa exhibited an increased 

motility in presence of heparin and this is possibly mediated 

through HBP present on the sperm cell surface [21]. HBP 

expression is associated with sperm capacitation by its 

localization in the precise region of the sperm head that 

participate in zona recognition [22]. The involvement of HBP 

on sperm motility, which is a prerequisite event of the sperm 

cell’s functional maturation [23].  

The study also revealed that addition of HBP to capacitation 

medium significantly improved the viability of spermatozoa. 

Reasons for better viability of spermatozoa in HBP treatment 

was evident from the fact that HBP acts as cell survival factor. 

Similar finding was reported in the previous study in which 

seminal fluid HBP was found to play a vital role in 

spermatozoa survival and the overall fertilization process; any 

alteration in these proteins can directly be related to infertility 
[24]. 

Successful fertilization depends on presence of spermatozoa 

at the site of fertilization, capacitation, acrosome reaction and 

zona interaction [25, 26, 27]. Sperm capacitation in female 

reproductive tract is stimulated by binding of heparin with 

HBPs on sperm plasma membrane [28]. HBPs in seminal 

plasma attach on the sperm surface, especially with lipids 

containing the phosphorylcholine group, thus allowing 

heparin-like glycosaminoglycans in female reproductive tract 

to induce sperm capacitation [29], which is regulated through a 

cAMP-dependent pathway in many species [30]. 

Binding of seminal plasma proteins with mannose in fallopian 

tube epithelium enables the formation of sperm reservoirs in 

the female reproductive tract [31]. Presence of HBPs in sperm 

membranes and its affinity for heparin are related to the 

potential of sperm to undergo capacitation, acrosome reaction, 

and subsequently fertilization [32, 33]. HBPs act a receptor for 

heparin or heparin like-GAGs that required for the sperm 

capacitation [34].  

Phosphorylation of HBP is associated with capacitation of 

mouse [35], hamster [36], cattle [37], pigs [38], and human [39] 

spermatozoa, which was confirmed by studies with 

endogenous protein kinases and radiolabeled (c-32P) ATP. 

Capacitation induced tyrosine phosphorylation of three 

proteins (27, 37, and 40 kDa) coincided with an increase in 

the plasma membrane fluidity, a condition suitable for the 

sperm cell to gain forward motility [40]. Hence, capacitated 

spermatozoa attain hypermotility.  

 
 

 

 

Table 1: Effect of HBP supplementation on post capacitation sperm 

motility of frozen thawed buffalo semen 
 

Groups 
Post capacitation sperm 

motility (% ± SE) 

Control 55.00 a ± 2.23 

Treatment I (HBP-25µg/mL) 64.00 b ± 2.21 

Treatment II (HBP-50µg/mL) 68.00 b ± 1.33 

Treatment III (HBP-100µg/mL) 66.00 b ± 2.21 

Data are presented as mean% ± SE. Mean with different superscripts 

(a and b) in a column are significantly different (P<0.05) between 

groups.  

 
Table 2: Effect of HBP supplementation on post capacitation sperm 

viability of frozen thawed buffalo semen 
 

Groups 
Post capacitation sperm 

viability (% ± SE) 

Control 79.80a ± 0.73 

Treatment I (HBP-25µg/mL) 85.30b ± 0.77 

Treatment II (HBP-50µg/mL) 86.65 b± 0.92 

Treatment III (HBP-100µg/mL) 85.65 b ± 0.82 

Data are presented as mean% ± SE. Mean with different superscripts 

(a and b) in a column are significantly different (P<0.05) between 

groups. 

 

Conclusion 

This study indicated that addition of HBP in the capacitation 

medium enhances sperm motility and viability of frozen 

thawed buffalo semen.  

 

Acknowledgement 

Authors are grateful to Tamil Nadu Veterinary and Animal 

Sciences University, Chennai-51 for providing necessary 

permission and financial assistance to carry out this study. 

 

References 

1. Olaciregui ML, Gil A, Monton V, Luno RA, Jerez R, 

Marti JI. Cryopreservation of epididymal stallion sperm. 

Cryobiology. 2014; 68:91-95. 

2. Mota Filho AC, Silva HV, Nunes TG, de Souza MB, de 

Freitas LA, de Araujo AA et al. Proteins of accessory sex 

glands associated with the oocyte-penetrating capacity of 

cauda epididymal sperm from Holstein bulls of 

documented fertility. Mol. Reprod. Dev. 2006; 74:214-

22. 

3. Ardon F, Sauarez SS. Cryopreservation increases coating 

of bull sperm by seminal plasma binder of sperm proteins 

BSP1, BSP3, and BSP5. Theriogenology. 2013; 146:111-

117. 

4. Henault MA, Killian GJ, Kavanaugh JF, Griel LC. Effect 

of accessory sex gland fluid from bulls of differing 

fertilities on the ability of cauda epididymal sperm to 

penetrate zona-free bovine oocytes. Biol. Reprod. 1995; 

52:390-397. 

5. Cancel AM, Chapman DA, Killian GJ. Osteopontin is the 

55-kilodalton fertility associated protein in Holstein bull 

seminal plasma. Biol. Reprod. 1997; 57:1293-1301. 

6. Brandon CI, Heusner GL, Caudle AB, Fayrer RAH. Two 

dimensional polyacrylamide gel electrophoresis of equine 

seminal plasma proteins and their correlation with 

fertility. Theriogenology, 1999; 52:863-873. 

7. Therien I, Bleu G, Manjunath P. Phophatidyl choline 

binding proteins of bovine seminal plasma modulates 

capacitation of spermatozoa by heparin. Biol. Reprod. 

1995; 52:1372-1379. 

http://www.entomoljournal.com/


Journal of Entomology and Zoology Studies http://www.entomoljournal.com 
 

~ 550 ~ 

8. Moura AA, Chapman DA, Koc H, Killian GJ. Proteins of 

the cauda epididymal fluid associated with fertility of 

mature dairy bulls. J Androl. 2006; 27:534-541. 

9. Bellin ME, Hawkins HE, Oyarzo JN, Vanderboom RJ, 

Ax RL. Monoclonal antibody detection of heparin-

binding proteins on sperm corresponds to increased 

fertility of bulls. J Anim. Sci. 1996; 74:173-182. 

10. Cameron E, Day T, Rowe L. Sperm competition and the 

evolution of ejaculate composition. Biol. Reprod. 2007; 

169:158-172. 

11. Varilova T, Semenkova H, Horak P, Madera M, 

Pacakova V, Ticha M et al. Affinity liquid 

chromatography and capillary electrophoresis of seminal 

plasma proteins; J. Sep. Sci. 2006; 29:1110-1115. 

12. Miller DJ, Winer MA, Ax RL. Heparin-binding proteins 

from seminal plasma bind to bovine spermatozoa and 

modulate capacitation by heparin. Biol. Reprod., 1990; 

42:899-915. 

13. Lane M, Therien I, Moreau R, Manjunath P. Heparin and 

highdensity lipoprotein mediate bovine sperm 

capacitation by different mechanisms. Mol. Reprod Dev. 

1999; 60:169-175. 

14. Arangasamy A, Singh LP, Ahmed N, Ansari MR, Ram 

GC. Isolation and characterization of heparin and gelatin 

binding buffalo seminal plasma proteins and their effect 

on cauda epididymal spermatozoa. Anim. Reprod. Sci., 

2005; 90(3, 4):243-254. 

15. Chandonnet L, Roberts KD, Chapdelaine A, Manjunath 

P. Identification of heparin-binding proteins in bovine 

seminal plasma. Mol. Reprod Dev. 1990; 26:313-318. 

16. Frazer GS, Bucci DM. SDS-PAGE characterization of 

the proteins in equine seminal plasma. Theriogenology 

1996; 46:579-591. 

17. Calvete JJ, Dostalova Z, Sanz L, Adermann K, Thole 

HH, Topfer-Petersen E. Mapping the heparin-binding 

domain of boar spermadhesins. FEBS Letter. 1996; 

379:207-211. 

18. de Souza FF, Martins MI, dos Santos Fernandes CE, 

Ribolla PE, Lopes MD. Herapin binding proteins of 

canine seminal plasma. Theriogenology. 2006; 66:1606-

1609. 

19. Bansal AK, Bilaspuri GS. Effect of manganese on bovine 

sperm motility, viability and lipid peroxidation in vitro. 

Anim. Reprod. Sci. 2008; 5:90-96. 

20. Bjorndahl L, Soderlund I, Kvist U. Evaluation of the one 

step eosin-nigrosin staining technique for human sperm 

vitality assessment. Hum. Reprod. 2003; 18:813-816. 

21. Parrish JJ, Susko-Parrish JL, Uguz C, First NL. 

Diff erences in the role of cyclic adenosine 3’, 5’-

monophosphate during capacitation of bovine sperm by 

heparin or oviduct fluid, Biol. Reprod. 1994; 51:1099-

1108.  

22. Asquith KL, Baleato RM, McLaughlin EA, Nixon B, 

Aitken RJ. Tyrosine phosphorylation activates surface 

chaperones facilitating sperm-zona recognition. J. Cell 

Sci. 2004; 117:3645-3657.  

23. Mor V, Das T, Ray K, Chatterjee T. A heparin-binding 

membrane protein from goat spermatozoa immobilizes 

spermatozoa in the presence of complement, Fertil. Steril. 

2006; 85(1):1142-1149. 

24. Ashwani KS, Brar PS, Cheema RS. Identification of 

heparin binding proteins in frozen-thawed 

capacitated/acrosome-reacted spermatozoa and their 

relationship with fertility of buffalo bull semen, Intl. J 

Ad. Vet. Sci. Tech. 2016. 5:211-216. 

25. Nixon B, Aitkenand RJ, McLaughlin EA. New insights 

into the molecular mechanisms of sperm–egg interaction, 

Cell Mol. Life Sci., 2007; 64:1805-1823. 

26. Wassarman PM. Mammalian fertilization: molecular 

aspects of gamete adhesion, exocytosis, and fusion, Cell, 

1999; 96:175-183. 

27. Parrish JJ, Susko-Parrish J, Winer MA, First NL. 

Capacitation of bovine sperm by heparin, Biol. Reprod., 

1988; 38:1171-1180. 

28. Kumar V, Hassan MI, Tomar AK, Kashav T, Nautiyal J, 

Singh S et al. Proteomic Analysis of Heparin-binding 

Proteins from Human Seminal Plasma: A Step 

towardsIdentification of Molecular Markers of Male 

Fertility. J. Biosci. 2009: 34:899-908. 

29. Chamberland A, Fournier V, Tardif S, Sirard MA, 

Sullivan R, LBailey J. The effect of heparin on motility 

parameters and protein phosphorylation during bovine 

sperm capacitation, Theriogenology. 2001; 55:823-835.  

30. Galantino-Homer HL, Visconti PE, Kopf GS. Regulation 

of protein tyrosine phosphorylation during bovine sperm 

capacitation by a cyclic adenosine 3959-monophosphate-

dependent pathway, Biol Reprod. 1997; 56:707-719. 

31. Mogielnicka BM, Wysocki P, Strzezek J, Kordan W. 

Zinc-binding proteins from boar seminal plasma –

isolation, biochemical characteristics and influence on 

spermatozoa stored at 4 °C. Acta Biochem. 2011; 58:171-

177. 

32. Ramteke SS, Shende AM, Rajoriya JS, Barik NC, Megha 

Pande, Bhure SK et al. Comparative study of heparin-

binding proteins profile of Murrah buffalo (Bubalus 

bubalis) semen. Veterinary World, 2014; 7(9):707-711. 

33. Mary E, Bellin E Hal, Hawkinst, Ax Roy L. Fertility of 

range beef bulls grouped according to presence or 

absence of heparin-binding proteins in sperm membranes 

and seminal fluid. J. Anim. Sci. 2014; 72:2441-2448. 

34. Therien I, Moreau R, Manjunath P. Major proteins of 

bovine seminal plasma and  high-density lipoproteins 

induce cholesterol efflux from epididymal sperm. Biol. 

Reprod. 1998; 59:769-776. 

35. Urner F, Leppens-Luisier G, Sakkas D. Protein tyrosine 

phosphor-ylation in sperm during gamete interaction in 

the mouse: the influence of glucose, Biol. Reprod. 2001; 

64:1350-1357.  

36. Si Y, Okuno M. Regulation of microtubule sliding by a 

36-kDa phosphoprotein in hamster sperm flagella, Mol. 

Reprod. Dev. 1999; 53:328-334.  

37. Burks DJ, Carballada R, Moore HD, Saling PM. 

Interaction of a tyrosine kinase from human sperm with 

the zona pellucida at fertilization, Science. 1995; 269:83-

86.  

38. Kalab P, Peknicova J, Geussova G, Moos J. Regulation 

of protein tyrosine phosphorylation in boar sperm 

through a cAMP-dependent pathway. Mol. Reprod. Dev. 

1998; 51:304-314.  

39. Emiliozzi C, Fenichel P. Protein tyrosine phosphorylation 

is associated with capacitation of human sperm in vitro 

but is not sufficient for its completion. Biol. Reprod., 

1997; 56:674-679. 

40. Flesch FM, Colenbrander B, van Golde LM, Gadella 

BM. Capacitation induces tyrosine phosphorylation of 

proteins in the boar sperm plasma membrane. Biochem. 

Biophy. Res. Commun. 1999; 262:787-792.  

http://www.entomoljournal.com/

