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Sperm plasma membrane lipids are essential for the function and integrity of mammalian spermatozoa. Various

lipid types are involved in each key step within the fertilization process in their own yet coordinated way. For

instance, loss of asymmetric transbilayer distribution and the substantial loss of cholesterol and phospholipid occur

during capacitation and acrosome reaction (AR). The balance between lipid metabolism is tightly regulated to

ensure physiological cellular processes, especially referring to crucial steps such as sperm motility, capacitation,

acrosome reaction or fusion. At the same time, it has been shown that male reproductive function depends on the

homeostasis of sperm lipids.
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1. Introduction

Spermatozoa are characterized as specified haploid cell types that lack most organelles and DNA transcription,

resulting in the arrest of protein synthesis and vesicle transport . Spermatozoa possess glycolytic and respiratory

capacities, which are predominantly related to the need to maintain cell motility . Additionally, as research

progressed, spermatozoa were found to feature lipid synthesis, such as de novo synthesis of phosphatidylcholine

. The organization of eukaryotic cells depends to a large extent on the structure and function of membranes,

based upon the intrinsic properties of membrane lipid components . Spermatozoa lack typical membrane-

structured organelles such as the endoplasmic reticulum and Golgi apparatus. The main membrane structures are

used to separate cellular regions, such as plasma membrane, outer and inner acrosomal membrane and nuclear

envelope (reviewed in ). The lipid distribution of spermatozoa can be described with a number of features,

including (1) the lipid compositions of the sperm head and tail are different ; (2) the plasma membrane of the

spermatozoa head shows lateral heterogeneity of surface molecular topology ; and (3) lipids are also

characterized by asymmetric distribution in the membrane bilayer structure .

Alterations of lipid components in membranes are usually related to their physiological requirements. For example,

the release, modification and adsorption of lipids occur during the transfer of sperm cells through the epididymis 

. Extracellular vesicles (EV), a type of lipid vesicle, are present in the epididymis and seminal fluid. They transport

some of the proteins and small RNA secreted by the epididymis or prostate to the sperm, which is critical for

fertilization . The lipid composition of EV differs in different epididymal regions . When sperm enter the

female reproductive tract, the lipid composition changes again. In vitro studies revealed that cervical mucus may

select different sperm subpopulations based on lipid levels or directly affect the lipid composition of sperm when

migrating through the female reproductive tract . Phosphatidylcholine (PC) levels increased when sperm were
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exposed to female reproductive tract secretions in vivo . As the sperm pass through the utero-tubal junction,

they attach and aggregate along the epithelium of the isthmus until ovulation. Spermatozoa are then released from

the epithelium and continue to migrate towards the oocyte . Lipids are involved in the interaction of sperm with

the oviduct, e.g., anandamide inhibits sperm binding and induces the release of sperm from the oviductal

epithelium . At the appropriate time and place sperm cells undergo capacitation and trigger the acrosome

reaction (AR), eventually penetrating the zona pellucida (ZP) to fuse with the egg cell . During these

processes, the plasma membrane lipids undergo another series of alterations . These, for instance,

include the disruption of lipid composition and transmembrane phospholipid asymmetry, lateral diffusion of

phospholipids, loss of cholesterol and reorganization of detergent-resistant structural domains observed during the

capacitation process . Subsequent to AR and ZP penetration, the equatorial region of the sperm cell head

plasma membrane is involved in the fusion process with the oolemma, the oocyte plasma membrane (reviewed in

).

The functions of lipids in male fertility have received increasing attention, with many excellent studies focusing on

this subject. In this review, we highlight the important role of lipid classes in sperm during fertilization. In addition,

the relationship between plasma membrane lipids and male fertility is discussed, and potential lipid markers of

male subfertility and infertility are emphasized. Lipids in sperm are primarily discussed, but minor contents of lipids

in seminal plasma and testis are also included.

2. Lipid Composition of the Sperm Cell

The lipid composition of the sperm plasma membrane has been elucidated for several mammalian species such as

sheep , cattle , pig , mouse , rabbit , rat , horse , human , ruminantia (cattle,

roe deer and Klipspringer) and feloideae species (domestic cat, Siberian tiger and fosa) . Although there is

considerable diversity among different mammalian species, in general, the plasma membrane contains about 70%

phospholipids, 25% neutral lipids and 5% glycolipids (on molar base) . In contrast to other cell types, the lipid

composition of spermatozoa shows some specific characteristics. Spermatozoa have a higher proportion of neutral

lipids, especially large amounts of diacylglycerol (DAG) . Phospholipids are characterized by a large

proportion of alkenyl phospholipids (plasmalogens) in choline- and ethanolamine-containing glycerol phosphates,

and high proportions of highly unsaturated fatty acids such as arachidonic (20:4), docosapentaenoic (22:5) and

docosahexaenoic acid (22:6) . Recently, the lipid component (O-acyl)-u-hydroxy-fatty acids (OAHFA) has

been identified for the first time in spermatozoa, with a carbon chain length up to 52. It was localized to the head of

sperm instead of the tail region .

Of the lipid types present in spermatozoa, phospholipids account for the largest proportion. Phospholipids can be

classified as phosphoglycerolipid (also known as glycerophospholipids (GPLs)) and sphingomyelin (SM),

depending on whether the backbone is glycerol or sphingosine ( Figure 1 ). Phosphoglycerolipid can be further

categorized into different subclasses depending on the different molecules attached to the glycerol backbone. The

sn-1 or sn-2 position of the glycerol backbone is connected to the aliphatic acyl-, alkyl- or alkane/alkenyl- chain; the

sn-3 position is combined with phosphoric acid and its derivatives . The common types of
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phosphoglycerolipids in most mammals are phosphatidylcholine, phosphatidylethanolamine (PE),

phosphatidylinositol (PI) and phosphatidylserine (PS), depending on the attached polar molecule . Fatty

acids (FAs) esterified on phospholipids can be divided into two categories based on the presence or absence of

double bonds in the chain structure: (1) saturated fatty acids without double bonds (SFAs), or (2) monounsaturated

fatty acids (MUFAs) with a single double bond and polyunsaturated fatty acids (PUFAs) with two or more double

bonds .

Figure 1. Chemical structure of lipids. The pink shading in phosphatidylcholine (PC) shows the glycerol backbone.

The pink shading in sphingomyelin (SM) shows the sphingoid backbone. The blue line boxes show the main parts

of PC, the hydrophobic tail and the polar head, respectively. The distinction of PC and plasmalogen is whether the

linkage at sn-1 is through an ether bond or ester bond. PC can be hydrolyzed by phospholipase A  (PLA ) to LPC

and fatty acid. Phospholipase C (PLC) and phospholipase D (PLD) act on the phosphate group and headgroup of

phospholipids to break down phospholipids into DAG and PA, respectively. Phospholipases are shown in green

and blue straight arrows indicate positions of catalysis.

Cholesterol and diacylglycerol are the main neutral lipids in the sperm plasma membrane. Neutral lipid composition

varies between species, individual males and between ejaculates . Cholesterol concentrations in the seminal

plasma of many species, such as rams, boars, stallions, human and domestic cats, have been investigated 

. The synthesis and metabolism pathways of DAG in cells are summarized in .

Glycolipids are an important class of lipids present in sperm membranes, accounting for about 5-8% of total polar

lipids in mammalian species . Glycosphingolipids are formed by the addition of glycosidic head groups to

ceramides. A more specific one is the glycolipid seminolipid, which contains sulfogalactosylglycerol in its molecular

structure. Sulfogalactosylglycerolipid (SGG), also known as seminolipid, is the major anionic glycolipid found

exclusively in the plasma membrane of mammalian spermatozoa .

3. The Role of Lipids in Fertilization and Their Indicative
Function in Reduced or Defective Male Fertility
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The composition and structure of the sperm plasma membrane are essential in the process of spermatogenesis

and sperm maturation . During sperm maturation in the epididymis, cholesterol sulfate may act as a

membrane stabilizer and enzyme inhibitor . In semen, the stability of sperm membranes relies on the binding of

choline phospholipids to seminal plasma proteins, which prevent the movement of phospholipids . During

the migration through the female reproductive tract, sperm undergo a series of biochemical and ultrastructural

changes, including changes in the lipid composition of the plasma membrane (reviewed in ). For instance, loss

of asymmetric transbilayer distribution and the substantial loss of cholesterol and phospholipid occur during

capacitation and acrosome reaction (AR) . The effluxed cholesterol can be bound by albumin and high-

density lipoprotein in the uterine and follicular fluid . The decrease in phospholipids is mainly due to the

breakage of their hydrophobic tails and thus degradation to lysophospholipids and free FAs (22:4 n-9, 22:5 n-6) .

Lysophospholipids as signaling phospholipids affect male fertility . Free fatty acids can increase sperm motility,

viability and promote AR . During capacitation and AR, sphingosine is hydrolyzed to ceramides, with the main

changes occurring in species with very-long-chain polyolefin fatty acids . Loss of cholesterol and phospholipids

during capacitation is thought to be associated with phosphorylation of proteins occurring in the tail region of sperm

cells, while lipid metabolites produced in AR accumulate in the sperm head and are thought to be involved in later

fertilization processes .

4. Conclusions

Sperm–egg union is one of the most important events in sexually reproducing organisms. Lipids, as major

components of the membrane, maintain sperm integrity, control membrane fluidity, provide functional cell

membrane microstructural domains and provide signaling molecules. Lipids are extensively involved in a wide

range of processes, from spermatogenesis and maturation, to meeting and binding to the egg cell. In this review,

we summarized the effects of different lipid types described so far on the events during fertilization. We also list the

effects of lipid deficiency on spermatogenesis, maturation and fertilization ability in a lipid metabolism-related

knockout mouse model.

Each lipid class does not act in a separate manner; they rather participate together in concerted complex pathways

through synthesis, metabolism or interconversion. Sperm morphology, motility and oxidative stress damage were

frequently investigated in numerous studies on male fertility. Corresponding highly relevant lipids such as

unsaturated fatty acids, plasmalogens and lysophospholipids were studied with high frequency. Unsaturated fatty

acids and plasmalogens perform major antioxidant functions, while lysophospholipids are markers of sperm

oxidation under peroxidative conditions. Phosphatidylcholine and phosphatidylethanolamine are the most important

components of the sperm plasma membrane, and therefore their levels and ratios are the most readily detectable

indicators of sperm fertilization ability. Diacylglycerols and sulfogalactosylglycerolipids are of interest because of

their abnormally high content in sperm or their specific occurrence in germ cells. Phosphatidylinositols,

sphingomyelin and its derivatives and lysophospholipids are frequently involved in fertilization as signaling

molecules, which are essential for fertility.
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Many challenges remain to be solved in the elucidation of lipid functions in fertilization. Some trace amounts of

lipids or lipids that play a transient role during fertilization are difficult to detect accurately. In vitro experiments do

not always exactly replicate the state of the membrane in the in vivo setting. The development of novel techniques

and methods may provide more clues to lipid-regulated fertilization processes and the potential effects of

deregulated lipid levels on male mammalian fertility.

References

1. Flesch, F.M.; Gadella, B.M. Dynamics of the mammalian sperm plasma membrane in the process
of fertilization. BBA-Rev. Biomembr. 2000, 1469, 197–235.

2. Vazquez, J.M.; Roldan, E.R.S. Phospholipid metabolism in boar spermatozoa and role of
diacylglycerol species in the de novo formation of phosphatidylcholine. Mol. Reprod. Dev. 1997,
47, 105–112.

3. Svetlichnyy, V.; Mueller, P.; Pomorski, T.G.; Schulze, M.; Schiller, J.; Muller, K. Metabolic
incorporation of unsaturated fatty acids into boar spermatozoa lipids and de novo formation of
diacylglycerols. Chem. Phys. Lipids 2014, 177, 41–50.

4. Sonnino, S.; Prinetti, A. Membrane Domains and the “Lipid Raft” Concept. Curr. Med. Chem.
2013, 20, 4–21.

5. Oresti, G.M.; Luquez, J.M.; Furland, N.E.; Aveldano, M.I. Uneven Distribution of Ceramides,
Sphingomyelins and Glycerophospholipids between Heads and Tails of Rat Spermatozoa. Lipids
2011, 46, 1081–1090.

6. Kinnun, J.J.; Bolmatov, D.; Lavrentovich, M.O.; Katsaras, J. Lateral heterogeneity and domain
formation in cellular membranes. Chem. Phys. Lipids 2020, 232, 104976.

7. Jones, R.; James, P.S.; Howes, L.; Bruckbauer, A.; Klenerman, D. Supramolecular organization of
the sperm plasma membrane during maturation and capacitation. Asian J. Androl. 2007, 9, 438–
444.

8. Christova, Y.; James, P.; Mackie, A.; Cooper, T.G.; Jones, R. Molecular diffusion in sperm plasma
membranes during epididymal maturation. Mol. Cell Endocrinol. 2004, 216, 41–46.

9. Sullivan, R.; Saez, F. Epididymosomes, prostasomes, and liposomes: Their roles in mammalian
male reproductive physiology. Reproduction 2013, 146, R21–R35.

10. Trigg, N.A.; Eamens, A.L.; Nixon, B. The contribution of epididymosomes to the sperm small RNA
profile. Reproduction 2019, 157, R209–R223.

11. Rejraji, H.; Sion, B.; Prensier, G.; Carreras, M.; Motta, C.; Frenoux, J.M.; Vericel, E.; Grizard, G.;
Vernet, P.; Drevet, J.R. Lipid remodeling of murine epididymosomes and spermatozoa during



Male Fertility and Sperm Lipid | Encyclopedia.pub

https://encyclopedia.pub/entry/13602 6/9

epididymal maturation. Biol. Reprod. 2006, 74, 1104–1113.

12. Girouard, J.; Frenette, G.; Sullivan, R. Comparative proteome and lipid profiles of bovine
epididymosomes collected in the intraluminal compartment of the caput and cauda epididymidis.
Int. J. Androl. 2011, 34, E475–E486.

13. Feki, N.C.; Therond, P.; Couturier, M.; Limea, G.; Legrand, A.; Jouannet, P.; Auger, J. Human
sperm lipid content is modified after migration into human cervical mucus. Mol. Hum. Reprod.
2004, 10, 137–142.

14. Evans, R.W.; Weaver, D.E.; Clegg, E.D. Diacyl, Alkenyl, and Alkyl Ether Phospholipids in
Ejaculated, Inutero-Incubated, and Invitro-Incubated Porcine Spermatozoa. J. Lipid Res. 1980,
21, 223–228.

15. Bianchi, E.; Wright, G.J. Sperm Meets Egg: The Genetics of Mammalian Fertilization. Annu. Rev.
Genet. 2016, 50, 93–111.

16. Gervasi, M.G.; Rapanelli, M.; Ribeiro, M.L.; Farina, M.; Billi, S.; Franchi, A.M.; Martinez, S.P. The
endocannabinoid system in bull sperm and bovine oviductal epithelium: Role of anandamide in
sperm-oviduct interaction. Reproduction 2009, 137, 403.

17. Suarez, S.S.; Pacey, A.A. Sperm transport in the female reproductive tract. Hum. Reprod. Update
2006, 12, 23–37.

18. Boerke, A.; Tsai, P.S.; Garcia-Gil, N.; Brewis, I.A.; Gadella, B.M. Capacitation-dependent
reorganization of microdomains in the apical sperm head plasma membrane: Functional
relationship with zona binding and the zona-induced acrosome reaction. Theriogenology 2008,
70, 1188–1196.

19. Zanetti, S.R.; Monclus, M.D.; Rensetti, D.E.; Fornes, M.W.; Aveldano, M.I. Differential involvement
of rat sperm choline glycerophospholipids and sphingomyelin in capacitation and the acrosomal
reaction. Biochimie 2010, 92, 1886–1894.

20. Gadella, B.M.; Tsai, P.S.; Boerke, A.; Brewis, I.A. Sperm head membrane reorganisation during
capacitation. Int. J. Dev. Biol. 2008, 52, 473–480.

21. Martínez, P.; Morros, A. Membrane lipid dynamics during human sperm capacitation. Front.
Biosci. 1996, 1, d103–d117.

22. Zigo, M.; Manaskova-Postlerova, P.; Zuidema, D.; Kerns, K.; Jonakova, V.; Tumova, L.;
Bubenickova, F.; Sutovsky, P. Porcine model for the study of sperm capacitation, fertilization and
male fertility. Cell Tissue Res. 2020, 380, 237–262.

23. Hartree, E.F.; Mann, T. Plasmalogen in Ram Semen, and Its Role in Sperm Metabolism. Biochem.
J. 1959, 71, 423–434.



Male Fertility and Sperm Lipid | Encyclopedia.pub

https://encyclopedia.pub/entry/13602 7/9

24. Samadian, F.; Towhidi, A.; Rezayazdi, K.; Bahreini, M. Effects of dietary n-3 fatty acids on
characteristics and lipid composition of ovine sperm. Animal 2010, 4, 2017–2022.

25. Clegg, E.D.; Foote, R.H. Phospholipid Composition of Bovine Sperm Fractions, Seminal Plasma
and Cytoplasmic Droplets. J. Reprod. Fertil. 1973, 34, 379–383.

26. Selivonchick, D.P.; Schmid, P.C.; Natarajan, V.; Schmid, H.H.O. Structure and Metabolism of
Phospholipids in Bovine Epididymal Spermatozoa. Biochim. Biophys. Acta 1980, 618, 242–254.

27. Evans, H.C.; Dinh, T.T.N.; Ugur, M.R.; Hitit, M.; Sajeev, D.; Kaya, A.; Topper, E.; Nicodemus, M.C.;
Smith, G.D.; Memili, E. Lipidomic markers of sperm cryotolerance in cattle. Sci. Rep. 2020, 10,
20192.

28. Lessig, J.; Gey, C.; Suss, R.; Schiller, J.; Glander, H.J.; Arnhold, J. Analysis of the lipid
composition of human and boar spermatozoa by MALDI-TOF mass spectrometry, thin layer
chromatography and P-31 NMR spectroscopy. Comp. Biochem. Phys. B 2004, 137, 265–277.

29. Alvarez, J.G.; Lopez, I.; Touchstone, J.C.; Storey, B.T. Thin-Layer Chromatography of
Phospholipid-Composition in Mouse and Rabbit Spermatozoa. J. Liquid Chromatogr. 1987, 10,
3557–3573.

30. delBarco-Trillo, J.; Roldan, E.R.S. Effects of metabolic rate and sperm competition on the fatty-
acid composition of mammalian sperm. J. Evol. Biol. 2014, 27, 55–62.

31. Castellini, C.; Mattioli, S.; Signorini, C.; Cotozzolo, E.; Noto, D.; Moretti, E.; Brecchia, G.; Dal
Bosco, A.; Belmonte, G.; Durand, T.; et al. Effect of Dietary n-3 Source on Rabbit Male
Reproduction. Oxid. Med. Cell Longev. 2019, 2019, 3279670.

32. Aveldano, M.I.; Rotstein, N.P.; Vermouth, N.T. Lipid Remodeling during Epididymal Maturation of
Rat Spermatozoa—Enrichment in Plasmenylcholines Containing Long-Chain Polyenoic Fatty-
Acids of the N-9 Series. Biochem. J. 1992, 283, 235–241.

33. Wood, P.L.; Scoggin, K.; Ball, B.A.; Troedsson, M.H.; Squires, E.L. Lipidomics of equine sperm
and seminal plasma: Identification of amphiphilic (O-acyl)-omega-hydroxy-fatty acids.
Theriogenology 2016, 86, 1212–1221.

34. Fuchs, B.; Jakop, U.; Goritz, F.; Hermes, R.; Hildebrandt, T.; Schiller, J.; Muller, K. MALDI-TOF
“fingerprint” phospholipid mass spectra allow the differentiation between ruminantia and feloideae
spermatozoa. Theriogenology 2009, 71, 568–575.

35. Mann, T.; Lutwak-Mann, C. Male Reproductive Function and Semen: Themes and Trends in
Physiology, Biochemistry and Investigative Andrology; Springer Science & Business Media:
Berlin, Germany, 2012.

36. Alvarez, J.G.; Storey, B.T. Differential Incorporation of Fatty-Acids into and Peroxidative Loss of
Fatty-Acids from Phospholipids of Human Spermatozoa. Mol. Reprod. Dev. 1995, 42, 334–346.



Male Fertility and Sperm Lipid | Encyclopedia.pub

https://encyclopedia.pub/entry/13602 8/9

37. Parks, J.E.; Lynch, D.V. Lipid-Composition and Thermotropic Phase-Behavior of Boar, Bull,
Stallion, and Rooster Sperm Membranes. Cryobiology 1992, 29, 255–266.

38. Fuchs, B.; Muller, K.; Paasch, U.; Schiller, J. Lysophospholipids: Potential Markers of Diseases
and Infertility? Mini-Rev. Med. Chem. 2012, 12, 74–86.

39. Gulaya, N.M.; Margitich, V.M.; Govseeva, N.M.; Klimashevsky, V.M.; Gorpynchenko, I.I.; Boyko,
M.I. Phospholipid composition of human sperm and seminal plasma in relation to sperm fertility.
Arch. Androl. 2001, 46, 169–175.

40. Collodel, G.; Castellini, C.; Lee, J.C.Y.; Signorini, C. Relevance of Fatty Acids to Sperm
Maturation and Quality. Oxid. Med. Cell Longev. 2020, 2020, 7038124.

41. Eliasson, R. Cholesterol in Human Semen. Biochem. J. 1966, 98, 242–243.

42. Garcia, M.F.; Favre, R.N.; Stornelli, M.C.; Rearte, R.; Mitacek, M.C.G.; de la Sota, R.L.; Stornelli,
M.A. Relationship between semen quality and seminal plasma cholesterol, triacylglycerols and
proteins in the domestic cat. J. Feline Med. Surg. 2020, 22, 882–889.

43. de Neergaard, R.; Nielsen, J.E.; Jorgensen, A.; Toft, B.G.; Goetze, J.P.; Jorgensen, N. Positive
association between cholesterol in human seminal plasma and sperm counts: Results from a
cross-sectional cohort study and immunohistochemical investigations. Andrology 2018, 6, 817–
828.

44. Cui, Z.; Houweling, M. Phosphatidylcholine and cell death. BBA-Mol. Cell Biol. 2002, 1585, 87–
96.

45. Vos, J.P.; Lopescardozo, M.; Gadella, B.M. Metabolic and Functional-Aspects of
Sulfogalactolipids. BBA-Lipid Lipid Met. 1994, 1211, 125–149.

46. Wolf, D.E.; Scott, B.K.; Millette, C.F. The Development of Regionalized Lipid Diffusibility in the
Germ-Cell Plasma-Membrane during Spermatogenesis in the Mouse. J. Cell Biol. 1986, 103,
1745–1750.

47. Schlegel, R.A.; Hammerstedt, R.; Cofer, G.P.; Kozarsky, K.; Freidus, D.; Williamson, P. Changes
in the Organization of the Lipid Bilayer of the Plasma-Membrane during Spermatogenesis and
Epididymal Maturation. Biol. Reprod. 1986, 34, 379–391.

48. Langlais, J.; Zollinger, M.; Plante, L.; Chapdelaine, A.; Bleau, G.; Roberts, K.D. Localization of
Cholesteryl Sulfate in Human-Spermatozoa in Support of a Hypothesis for the Mechanism of
Capacitation. Proc. Natl. Acad. Sci. USA 1981, 78, 7266–7270.

49. Desnoyers, L.; Manjunath, P. Major Proteins of Bovine Seminal Plasma Exhibit Novel Interactions
with Phospholipid. J. Biol. Chem. 1992, 267, 10149–10155.

50. Manjunath, P.; Chandonnet, L.; Leblond, E.; Desnoyers, L. Major Proteins of Bovine Seminal-
Vesicles Bind to Spermatozoa. Biol. Reprod. 1994, 50, 27–37.



Male Fertility and Sperm Lipid | Encyclopedia.pub

https://encyclopedia.pub/entry/13602 9/9

51. Villemure, M.; Lazure, C.; Manjunath, P. Isolation and characterization of gelatin-binding proteins
from goat seminal plasma. Reprod. Biol. Endocrinol. 2003, 1, 1–10.

52. Therien, I.; Moreau, R.; Manjunath, P. Major proteins of bovine seminal plasma and high-density
lipoprotein induce cholesterol efflux from epididymal sperm. Biol. Reprod. 1998, 59, 768–776.

53. Davis, B.K. Timing of Fertilization in Mammals—Sperm Cholesterol Phospholipid Ratio as a
Determinant of the Capacitation Interval. Proc. Natl. Acad. Sci. USA 1981, 78, 7560–7564.

54. Davis, B.K. Interaction of Lipids with the Plasma-Membrane of Sperm Cells. I. The Antifertilization
Action of Cholesterol. Arch. Androl. 1980, 5, 249–254.

55. Fleming, A.D.; Yanagimachi, R. Effects of Various Lipids on the Acrosome Reaction and
Fertilizing-Capacity of Guinea-Pig Spermatozoa with Special Reference to the Possible
Involvement of Lysophospholipids in the Acrosome Reaction. Gamete Res. 1981, 4, 253–273.

56. Langlais, J.; Kan, F.W.K.; Granger, L.; Raymond, L.; Bleau, G.; Roberts, K.D. Identification of
Sterol Acceptors That Stimulate Cholesterol Efflux from Human-Spermatozoa during Invitro
Capacitation. Gamete Res. 1988, 20, 185–201.

57. Hossain, S.; Tareq, K.; Hammano, K.-I.; Tsujii, H. Effect of fatty acids on boar sperm motility
viability and acrosome reaction. Reprod. Med. Biol. 2007, 6, 235–239.

58. Roldan, E.R.S.; Shi, Q.X. Sperm phospholipases and acrosomal exocytosis. Front. Biosci.-
Landmark 2007, 12, 89–104.

Retrieved from https://encyclopedia.pub/entry/history/show/31906


