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INTRODUCTION

Itiswellunderstoodthatamyriadofcomplexstepsoccurbetweenthetimeofejaculationand

theunionofthehaploidnumberofchromosomesfrom eachpartnerthatresultsinthefinal

processoffertilization.Consequently,itiseasytoimaginethenumerouspotentialproblems

thatcanoccurateachstep,andthusmaypreventasuccessfulpregnancy.Oftenoverlooked

arethecomplexitiesofsperm transportandthestepsthatmustoccurinthesperm,aprocess

knownascapacitation,beforefertilizationcanoccur.Theseprocessesofsperm deliveryand

potentiationareaddressedindetailinthischapter.

TRANSPORT

VaginalInsemination

Thecomplexprocessofsperm transportthroughthefemalereproductivetractbeginsatthe

timeofejaculation.Duringcoitus,1.5-to5.0-mlofsemencontainingbetween200and500

millionsperm isdepositedattheposteriorvaginalfornix,leavingtheexternalcervicalos

partiallysubmergedinthispooloffluid.1Atthistime,somesperm maybepassivelytakenup

bythecervixinaprocessdescribedas“rapidtransport;”otherwise,sperm undergo“delayed

transport.”Bothofthesearediscussedatlengthinthischapter.

TheoptimalpHforsperm viabilityisbetween7.0and8.5,2,3,4,5andareductioninsperm

motilityisseenatapHlessthan6.0.6,7,8NormalvaginalpHisonly3.5to4.0,9andtheacidic

environmentofthevaginaisthustoxictosperm.However,bothseminalfluidandcervical

mucuspresentwithintheposteriorvaginaarealkalineandactasbuffers.Foxandcoworkers

haveshownthatvaginalpHrisesto7.0withinjustsecondsafterejaculation,10andthis

decreaseinaciditycanbemaintainedforuptotwohoursafterejaculation.

Withinabout1minuteaftercoitus,theejaculateundergoescoagulation.Thiscoagulum

temporarilyrestrictsmovementofsperm outoftheseminalclot,thuspreventingtheirpassage

intothecervicalmucusandascensionupthefemalereproductivetract.Overthenext20to30

minutes,however,aseminal-fluidproteolyticenzymeproducedbytheprostateglandgradually

liquefiestheclot.Atthistime,motilesperm maythenenterthecervicalmucus,leavingbehind

theseminalplasma.Althoughtherearereportsofmotilesperm persistingwithinthevaginafor



upto12hoursafterejaculation,11motilityofmostvaginalsperm isdiminishedwithinabout30

minutes,andafter2hoursalmostallsperm motilityinthevaginahasbeenlost.

RapidSperm Transport

Sperm maybegintoundergotheprocessofrapidsperm transportwithinsecondsafter

ejaculation.Thistypeofsperm movementisthoughttobepredominantlypassive,resulting

from coordinatedvaginal,cervical,anduterinecontractions.Althoughthesecontractionsareof

shortduration,theyarebelievedtobetheprimaryforceresponsiblefortherapidprogressionof

sperm totheupperfemalereproductivetract—theoviduct.Settlageandcoworkersin1973

reportedresultsofastudyinwhichfertileovulatoryfemaleswereintravaginallyinseminated

withdonorsperm atthetimeofbilateralsalpingectomyforsterilization.Within5minutesafter

insemination,sperm werepresentwithintheFallopiantubes,andthenumberofsperm found

therewasproportionaltothenumberinseminated.12Similarresultsdemonstratingthisrapid

transportprocesshavealsobeendocumentedinnumerousanimalstudies.13,14

TheCervix

Severalimportantfunctionshavebeenattributedtothecervix,andtheseinclude15

Providingareceptiveenvironmentforsperm entrynearthetimeofovulation

Preventingaccessofsperm,microorganisms,andparticulatemattertotheupperreproductive

tractandthus,theperitonealcavity

Filteringspermatozoaandremovalofseminalplasma

Preventingsperm phagocytosisbywhitebloodcellswithinthefemalereproductivetract

Providingabiochemicalenvironmentsufficientforsperm storage,capacitation,andmigration

Thestructureofthehumancervixfacilitatesperformanceofthethesestatedfunctions.The

endocervicalcanalhasanaveragelengthof3.0cm,anditislinedbytwotypesofcolumnar

epithelialcells,ciliatedandnonciliated.16Thecervixdoesnotcontaintrueglandularunits;

rather,themucosaisarrangedwithaseriesofinfoldingsthatform cryptsoffthecentralcanal.



Thenonciliatedcolumnarepithelialcellssecretemucingranules,andtheciliatedcellspropel

thecervicalmucusfrom thecryptoforiginationtowardtheexternalcervicalos.17,18,19

Productionofmucusisperhapsthemostimportantfunctionofthecervix,andthisisdiscussed

atlengthlaterinthechapter.Finally,cervicalpHisalkaline,withapeakpHduringthe

periovulatoryperiod.Thisenvironmentismuchmorehospitabletospermatozoathantheacidic

pHofthevagina.

CervicalMucus

Cervicalmucusiscontinuouslysecretedthroughexocytosisbythenonciliatedepithelialcells

thatlinethecervicalcanal.Thisbiomaterialservesmanyimportantfunctions,including

exclusionofseminalplasma,exclusionofmorphologicallyabnormalsperm,andsupportof

viablesperm forsubsequentmigrationtotheuterusandoviduct.Itisaheterogeneousfluid

withbothhigh-andlow-viscositycomponents.Theamountofmucusproducedandits

compositionandcharacteristicsfluctuatewithcirculatingprogesteroneandestrogenlevels.As

estrogenlevelspeakatmidcycle,cervicalmucusisabundantinvolumeandthininconsistency

becauseofincreasedwatercontent.18Undertheinfluenceofprogesterone,watercontent

decreases,andthemucushasamuchhigherviscosity.

Ultrastructurally,cervicalmucuscanbeseenasacomplexbiphasicfluidwithhighviscosityand

lowviscositycomponents.Thehighviscositygelphaseiscomposedofanetworkof

filamentousglycoproteinscalledmucin.Collectively,mucinmacromoleculesform acomplexof

interconnectedmicelles,whichcomprisealatticewhoseintersticesarecapableofsupporting

thelowviscosityphase,whichispredominantlywater.20Sperm movementthroughthecervical

mucusisprimarilythroughtheinterstitialspacesbetweenthemucinmicelles,andthesperm's

progressiondependsonthesizeofthesespaces.21Thesizeoftheintersticesisusually

smallerthanthesizeofthesperm heads;thus,sperm mustpushtheirwaythroughthemucus

astheyproceedthroughthelowerfemalegenitaltract.22,23,24,25

Besideshormonalfactors,physicalprocesses,suchasshearing,stretching,andcompression

canalterthespacesbetweenmoleculesand,consequently,orientationofthemucinfilaments.

Thesemechanicalforcescanbeimpartedbythrustingandpelviccontractionduringcoitus,and

alsobycervicalcontractionsinthepericoitalperiod.Additionally,rheologicforcesassociated

withthemucusoutflowfrom thecervicalcryptstendtoalignthemucinfilamentsina

longitudinalfashionwithinthecervicalcanal,thuscreatingaqueouschannelsbetweenthe

filaments.20Giventhislongitudinalorientation,withmucusoutfloworiginatinginthecryptsof



thecervicalepithelium,ithasbeenpostulatedthatsperm areconstrainedtoswim inthe

directionofleastresistance,thatis,alongthetractsofmucusoutflowinthedirectionofthe

cervicalcrypts.26,27Usingmucusstretchedinvitro,severalinvestigatorshaveindeed

demonstratedtheparallelswimmingpatternsofsperm.28,29Thistheorycomplementsthe

notionthatspermatozoaenteringthecervixaredirectedtowardthecervicalcrypts,thesiteof

mucussecretionthatservesasapossiblestoragereservoir.Spermatozoamayretaintheir

fertilizingcapacityinhumancervicalmucusforupto48hoursandtheirmotilityforaslongas

120hours.30,31,32From theirtemporarystoragelocationwithinthecervicalcrypts,sperm can

bereleasedgraduallyovertime,thusenhancingtheprobabilityoffertilization.

Anotherpotentiallyimportantfeatureofhumancervicalmucusisthebeliefthatitisableto

restrictmigrationofhumanspermatozoawithabnormalmorphology.Thepercentageof

spermatozoawithnormalmorphologyinthecervicalmucusandintheuterinefluidis

significantlyhigherthanusuallyseeninsemen.33,34,35,36,37,38,39Quantitatively,these

findingshavebeendemonstratedfollowingartificialinseminationinwhichthepercentageof

sperm withnormalmorphologyfrom theinseminatedspecimenwasknownaheadoftime,thus

allowingamoreaccuratecomparisonofthepostinseminatesemenwithinthecervical

mucus.33,40Theseresultssuggestthatspermatozoawithabnormalmorphologymaybe

constrainedbyaprocessofrestrictedentryintocervicalmucus.Comparisonof

morphologicallynormalversusabnormalhumansperm insemenhasshownthatabnormal

sperm arelesslikelytobemotile,andthosethataremotiletendtoswim withalowervelocity

thannormalcells.41,42Katzandcolleaguesstudiedhumansperm motilityandmorphologyin

vitroandtheyfoundthatsperm withnormalmorphologyswim fasterthansperm withabnormal

morphology,despitesimilarflagellarfrequenciesandamplitudes.43Theseresultssuggestthat

morphologicallyabnormalspermatozoamayexperiencedecreasedmovementresultingfrom

increasedresistanceofmucus.

Sperm TransportThroughtheUterus

Littleisknownaboutsperm transportwithintheendometrialcavity.Sperm motilitydoesnot

appeartobetheonlyforcedirectingthesperm towardtheoviducts,becauseinertparticles

depositedwithintheuterusaretransportedtotheFallopiantubes.44Uterinemuscular

contractionslikelyplayaroleinthisprocess.Unfortunately,muchdifficultyhasbeenmetin

attemptstorecoverandquantifyuterinesperm.45Moyerandcolleaguesexaminedsperm

recoveredatthetimeofovulationfrom theuterusofwomenundergoinghysterectomies25to

41hoursafterintercourse.45ASperm wasrecoveredinonly6of26women,andforthese

womenthetotalnumberofsperm rangedfrom 1to4.Noneofthesperm weremotile.



AstudybyKunzandcoworkersusedvaginalsonographytodemonstratethatuterineperistalsis

duringthefollicularphaseofthemenstrualcycleexhibitsanincreasingfrequencyandintensity

ofsubendometrialandmyometrialperistalticwavesasthefollicularphaseprogresses.46

Duringthisportionofthecycle,thenumberofcontractionspropagatinginthefundocervical

directiondecreased,andnumberofcontractionsprogressinginthecervicofundaldirection

increased.46Inanotherpartofthissamestudy,theinvestigatorsplacedtechnetium-labeled

albuminmacrospheres,aboutthesizeofspermatozoa,intotheposteriorvaginalfornix.The

ascensionoftheseparticleswasmonitoredbyserialscintigrams.Assoonas1minuteafter

placement,themacrospheresreachedtheintramuralandisthmicportionoftheoviduct.

Quantitatively,thenumberofmacrospheresprogresseddramaticallyasthefollicularphase

progressed,withonlyafewparticlesenteringtheuterinecavityduringtheearlyfollicularphase

ofthemenstrualcycle.Bythemidfollicularphase,theproportionofmacrospheresenteringthe

uterinecavityincreaseddramatically,andbythelatefollicularphase,thehighestlevelof

macrospheretransportedtotheoviductswasnoted.Perhapsthemoststrikingfindingofthis

particularstudywasthepreferentialtransportoftheseinertparticlestotheoviductipsilateralto

thesideofthedominantfollicle.Otherinvestigatorshaveshownthatnearthetimeofovulation,

thenumberofspermatozoaishigherintheoviductipsilateraltothedominantfolliclethanin

thecontralateraloviductonthesideofthenondominantfollicle.47Severalresponsibleforces

havebeenproposed,includingchemotaxisofthesperm towardthedominantfollicle.The

resultsoftheabovestudy,however,seem tosuggestthatlateralizingmuscularcontractile

forcesmayplayasignificantroleinthispreferentialmovement,inthatinertparticlesare

obviouslyunabletoengageinchemotacticmigration.

FallopianTube

TheadulthumanFallopiantube,about9to11cm long,consistsoffivedistinctsegments:the

fimbria,infundibulum,ampulla,isthmus,andintramuralsegment.48Theepithelialliningofthe

tubeiscomposedoffourcelltypes:ciliated,secretory,intercalary(peg),andundifferentiated

cells.Epithelialcellsundergohistologicchangesinresponsetocyclicestrogenand

progesteronevariations,withtheheightoftheepithelialcellsbeinggreatestatthetimeofthe

estrogenpeaknearmidcycle.49Tubalmusculatureisorganizedinaspiralfashion,andatthe

tubouterinejunctionthesemusclesbecomecontinuouswiththemyometrium.49

Sperm movementthroughtheFallopiantubereliesonacombinationofforces:intrinsicsperm

motility,tubularmuscularcontraction,andfluidflow.Tubalfluidproductionismaximalatthe

timeofovulation,andthisfluidsustainsthesperm beforefertilization.50Tubalfluidmayalso



facilitatebothsperm capacitationandacrosomalreaction.

Althoughtheuterotubaljunctiondoesnotactasabarriertoinertparticles,itmayserveasan

additionalfunctionalbarriertosperm withabnormalmorphologyormotility.1Thenumberof

sperm thatreachtheoviductismanyordersofmagnitudelowerthanthetotalnumberofsperm

intheejaculate.Althoughtensofmillionstohundredsofmillionsofsperm aredepositedinthe

vaginaatthetimeofejaculation,anatomicstudieshaveshownthattypicallyonlyhundredsof

sperm arepresentintheoviductatvariouspostcoitaltimepoints.50Williamsandcolleagues

studiedthenumberanddistributionofspermatozoawithinthehumanoviductnearthetimeof

ovulation.Parouswomenundergoingtotalabdominalhysterectomiesformenorrhagiawere

inseminatedwithpartnerordonorsemen,and18hourslater,duringsurgery,bothoviductswere

ligatedintoampullary,isthmic,andintramuralregions.Usingflushingtechniques,scanning

electronmicroscopy,andhomogenizationprocedures,patients'oviductswerecarefully

evaluatedforthepresenceofsperm.Amedianofonly251totalsperm wasrecoveredfrom the

oviductsofthesewomen,andtheampullaneartheovulatingovarycontainedasignificantly

higherpercentageofspermatozoathandidthenonovulatoryside.51

Thepreciseroleplayedbytubalfluidingametetransportandsperm activationisstillnot

entirelyunderstood.Zhuandcolleaguesusedaninvitrotechniquetodemonstratethathuman

oviductalfluidmaintainssperm motilityinducedbyexposuretofollicularfluidlongerthandoes

exposuretoasimplesaltsolution.52Furthermore,theseinvestigatorsreportedthatthesperm

acrosomereaction,whichisinducedbyfollicularfluid,ismodulatedbyexposureof

spermatozoatotubalfluid.Thesefindingsmaysuggestthattubalfluidpotentiatesthemotility

andviabilityofspermatozoa,thusenhancingthechancesoffertilization.Yaoandcolleagues

usedinvitrooviductalcellculturesincubatedwithspermatozoatodeterminethatoviductal

cellspromotecapacitationandstabilizetheacrosome.53Thereisstillmuchtolearnaboutthe

dynamicsofspermatozoaandthetubalenvironment.Althoughdoneinaninvitrosetting,new

studiessuchastheonesalreadydiscussedwilllikelyprovideclaritytothecomplexinterplay

betweenmalegametesandthefemalereproductivetract.

SPERM CAPACITATIONANDTHEACROSOMEREACTION

Sperm Capacitation

In1951Chang,whilestudyingrabbits,andAustin,whileworkingonrats,eachindependently

reportedthatmammaliansperm mustresideinthefemalereproductivetractforafiniteperiod

oftimebeforetheygaintheabilitytofertilizeova.54Oneyearlater,Austinintroducedtheterm



“capacitation”whenhestatedthat“thesperm mustundergosomeform ofphysiologicchange

orcapacitationbeforeitiscapableofpenetratingtheegg”.54ACapacitationisnowcommonly

regardedasthereversible,prefertilizationactivationprocessofsperm whichresultsinthe

spermatozoagainingtheabilityto:

Develophyperactivatedmotility,withvigorousnonlinearflagellarmotion

Bindtothezonapellucida

Undergotheacrosomereaction

Proceedeventuallytofusionwiththeoolemmaandeggfertilization

Initialinvestigativeworkintheareaofsperm capacitationwasperformedusinganimalmodels

suchasrabbits,rats,andhamsters.Infact,in1963,YanagimachiandChangbrokemajor

scientificgroundwiththeirfindingthathamsterepididymalspermatozoacouldbecapacitated

invitro.55Worksoonfollowedwiththedemonstrationofinvitrosperm capacitationinalarge

numberofotheranimalspecies.56Asignificantfindingfrom thesecollectivestudiesisthat

capacitation-relatedchangesatthemolecularlevelinthespermatozoaseem tovaryfrom

speciestospecies.Temporallyaswell,therearealsodifferencesincapacitationbetween

specieswithsomespeciescapableofmuchmorerapidcapacitationinvitrothanothers.

Studiesofcapacitationhavesometimesmetwithcontroversy,largelybecauseoflackof

morphologiccriteriabywhichtoassessitsoccurrence.57Althoughsperm capacitationhas

beeninducedinvitro,55itisnotclearwhetherchangescausedbyinvitromanipulationarethe

sameasthosethatoccurinvivo.Despitethis,bothinvivoandinvitrocapacitationenablethe

spermatozoatoundergofusionoftheplasmaandouteracrosomalmembraneduringthe

acrosomereactionandthusproceedtosubsequentfertilization.Thesetwosteps,sperm

capacitationandtheacrosomereaction,arebothessentialprecursorsofnormalfertilization.

Evidenceofthisisseeninsperm thathavenotbeenincubatedinthefemalereproductivetract

orotherwisecapacitatedcannoteffectivelyfertilizeanegg.

Manysubstanceswithinthefemalereproductivetracthavebeenexaminedaspotential

capacitatingfactors,butatthistimenonehasbeenuniquelyidentified.Nonetheless,wedo

knowthatatthemolecularlevel,severalkeychangesarenotedtooccurinthespermatozoaas

aresultofcapacitation.Thesechangesinclude:58

Alterationorremovalofsperm coatingmaterials.Thesecoatingmaterialsbecomeadsorbedto



orintegratedwithinthesperm plasmamembraneduringepididymaltransportandalsoduring

exposuretoseminalplasma59,60

Adecreaseinthenetnegativesurfacecharge61

Changesinthecontentandlocationofsurfaceantigens62

Conformationalchangestointrinsicmembraneproteins63

Changesinthepermeabilityofthemembranetovariousions,especiallycalcium64

CapacitationinHumanSpermatozoa

Verylittleisknownabouthumansperm capacitationinthefemalereproductivetract.Wedo

knowthathumansperm thatarerecoveredfrom thecervicalmucusandplacedintoa

noncapacitatingmedium areabletopenetratethezonapellucidaofthehumanoocyteandalso

fusewithzona-freehamsteroocytes.65Thus,itappearsthathumansperm capacitationcan

occurinthecervicalmucus.Becauseoftheinherentdifficultyinmanipulatingandsubsequently

evaluatingtheinvivoenvironmentofthefemalereproductivetract,muchofwhatwenowknow

abouthumansperm capacitationistheresultofinvitrostudies.

CapacitationinVitro

Capacitationisassociatedwithsignificantalterationofthesurfaceofthesperm,withvarious

moleculesbeingremovedorrearranged.66Substancesinthefirstgrouparecalled

“decapacitationfactors,”becausewhenaddedtosuspensionsthathavebeenpreviously

capacitated,theyquicklyinhibitfertilizingability.Thisinhibition,likecapacitation,is

reversible.67Rosselliandcoworkersinvestigatedhumanspermatozoausingtransmission

electronmicroscopyandfoundthataliquotsofspermatozoaincubatedwitheithercervical

mucusoracapacitatingmedium enrichedwith3%bovineserum albumineachshowed

ultrastructural“stripping”ofthesperm coat.68Yudinandcolleaguesproposedin1989that

humansperm mayexperiencephysicalstresseswhilemovingthroughcervicalmucuswhich

resultinaremovalofsperm coatmoleculesfrom thegamete'ssurface.69Balernaand

associatespostulatedthatthesesperm coatalterationsmayresultfrom hydrogenbondingand

electrostaticforcesbytheglycanmoietyofthemucinmolecules,thuscausingtheremovalof

certainsperm surfacemolecules.66,70

Capacitationisalsocharacterizedbyalossorreductionofcholesterolfrom theplasma



membraneofspermatozoa.Benoffandcolleagueshaveshownthatalossofmembrane

cholesterolisanecessaryfeatureofcapacitationinhumanspermatozoa.71Electron

microscopystudieshaveshownareductionincholesterolconcentrationoverlyingthe

acrosomecapduringinvitrocapacitation.72Furtherstudieshaveshownthathuman

spermatozoacanbekeptinanoncapacitatedstateifplacedinasuspensionsaturatedwith

cholesterol.71Capacitationinthissettingwillonlyoccurafterthesperm aretransferredtoan

environmentcontainingalbuminorasimilarmoleculethatcanactasacholesterol

acceptor.71,73

Membranesareaverydynamiccollectionofproteinsandlipidsthatarecapableofresponding

tovariousenvironmentalsignalsthatmodifycellularactivities.Partofthisongoingdynamic

processinvolvesalterationsofmembranetopography,withcertaincellsurfacemolecules

movingtovariouslocationsordomainsinresponsetoenvironmentalconditions.Cholesterol

hasbeenshowntolimittheinsertionofproteinsintolipidbilayers,toprohibitthemovementof

receptorsincellmembranesandtochangemembraneproteinconformationandthusaltertheir

activity.74,75Theratioofcholesteroltophospholipid,soimportantinthesperm membrane,

controlsfluidityandionpermeabilityinmostbiologicmembranes,andtheproportionofthese

twocomponentschangeduringcapacitation.58,59,76,77Variousstudieshaveshowninvitro

thatplasmamembranecholesterolcontentisreducedby20%to50%,dependingonthe

makeupofthecapacitatingmedium.58,78Collectively,thesechangesinsperm membrane

compositionarebelievedtobeinterrelatedtosubsequentchangesinmembraneiontransport

andpossiblymembranefusion.

HyperactivationofMotility

Thisisdescribedasoneofthehallmarkcharacteristicchangesseenasaresultofcapacitation.

Sperm motilitybecomesmorevigorouswithadecreasedrateofforwardprogression.

Specifically,thesperm develops:

Wideramplitudeoflateralheaddisplacement

Markedincreaseinflagellarbeating

Acurvedandtortuoustrajectory79

Althoughthefunctionalsignificanceofthesechangesremainsunclear,theymayfacilitate

sperm transitthroughtheoviductandprovidethenecessaryforceneededtopenetratethe



granulosacelllayerandzonapellucidasurroundingtheovum.69A,70ASomestudieshave

shownhyperactivationinabout20%ofspermatozoaafterasufficientincubationperiodwithin

vitromedia,andsperm thatdisplayhyperactivatedpatternstendedtobethosewithnormal

morphology.80Factorsdeterminingwhichsperm incubatedincapacitatingsolutionswill

ultimatelydemonstratehyperactivemotilityarenotwellunderstood.

Sperm MembraneChanges

Thesperm plasmamembraneiscomposedofalipidbilayerinterspersedwithanumberof

proteins.Lipidtypespresentincludecholesterol,glycolipids,andphospholipids.Theproteins

foundherecantraversetheentiremembranefrom cytosoliccompartmenttoextracellular

space.Theseproteinshaveimportantfunctions,includingactivationofreceptorsandtransport

ofions.

TheAcrosomeReaction

Thematurehumanovum possessesanumberofsurroundinglayersthatmustbepenetratedby

thespermatozoafornormalfertilizationtooccur.Toassistwiththistask,thespermatozoahas

acaplikeregioncalledtheacrosomecoveringtheanterior80%ofitshead.Thisstructure

containsanumberofdigestiveenzymes,suchashyaluronidase,corona-penetratingenzyme,

andacrosintofacilitatemembranefusionandsperm entryintotheovum.

Ultrastructurally,theacrosomereactioninvolvesregionalfusionofareasoftheouteracrosomal

membraneandtheoverlyingsperm plasmamembrane.Thesefusedareasthenlyse,servingas

portalsthroughwhichsolublecontentsoftheacrosomecanbedispersedtoactonthe

vestmentsoftheovum.

Theacrosomereactionisinitiatedasthespermatozoaarrivesattheovum.Theoutermost

coveringoftheovum,thecumulusoophorus,isdegradedbyhyaluronidaselocatedonthe

plasmamembraneofthespermatozoa.81Subsequently,corona-penetratingenzymeis

releasedtofacilitatespermatozoaltransitthroughthecoronaradiata.82Aftertransitthrough

thecoronaradiataiscompleted,thesperm bindstothezonapellucida.Next,proacrosin,a

zymogenwithintheacrosomalregion,isconvertedtoacrosin,andthisfacilitatesbreakdownof

thezonapellucidaglycoproteins.Forthisbiologicprocesstooccur,thespermatozoaplasma



membraneandtheouteracrosomalmembranemustberemoved.This,inessence,isthe

hallmarkoftheacrosomalreaction.Afterthespermatozoahasproceededthroughthezona

pellucida,thesperm headcrossestheperivitellinespaceandattachestothecellmembraneof

theovum.Subsequently,thesperm andovum plasmamembranesfuse,thesperm entersthe

ovum,andfertilizationfollows.

Theacrosomereactionisakeycomponentofthefertilizationprocess,anditspropertimingis

essential.Inappropriatelyearlyreleaseoftheacrosomalenzymeswithinthefemale

reproductivetractwouldresultinspermatozoabeingunabletofertilize.Initiationofthe

acrosomereactionseemstohingespecificallyonspermatozoalbindingtothezonapellucida.

Althoughthehumanmodelisnotentirelyunderstood,themurinemodelhasbeenextensively

studied.Withthemurinemodel,spermatozoalexposureandbindingtothestructuralzona

glycoproteins,ZP3(zonapellucidaprotein#3)havebeenidentifiedasthemoleculethatsets

theeventsoftheacrosomereactionintomotion.83Afterthisbindinghasoccurred,several

changesfollow:

Influxofcalcium intothespermatozoa

Activationoftheadenylatecyclase,adenosine3',5'cyclicphosphate(cAMP),proteinkinase

pathway

Activationoftheguanylatecycle,cyclicguanosinemonophosphate(cGMP),proteinkinase

pathway

ActivationofthephospholipaseC,diacylglycerate,proteinkinaseCpathway

Together,thesepathwayslikelyshareacomplexregulationoftheeventscollectivelycalledthe

acrosomalreaction.

CLINICALAPPLICATION

Extensiveclinicalapplicationhasbeenmadeofthelargebodyofinformationaccumulatedto

dateregardingsperm transportandcapacitation.Themostnotableutilizationhascomewith

thewidespreaduseofinvitrofertilizationtechniquessincetheearly1980sforcoupleswith

otherwiseuntreatableinfertility.Inparticular,spermatozoacapacitationtechniquesinvitroare

nowperformedreadilyinthelaboratoryasaroutinepartoftheinvitrofertilization(IVF)

treatmentforbothmaleandfemaleinfertility.



Becauseofthelargenumberofsperm requiredforstandardIVFaswellasthemodestinitial

fertilizationandpregnancyratesassociatedwithIVF,severalgametemicromanipulation

techniquesweredevelopedoverthenextdecadeinanattempttoimprovesuccessfuloutcomes.

Thefirstadvanceinvolvedcreationofanickinthezonapellucida,followedbystandardIVF.

Thiswascalledpartialzonadissection(PZD).Anotheradvance,calledsubzonalinsertionof

sperm (SUZI),involvedplacingthesperm directlyintotheperivitellinespace,theregionbetween

thezonalpellucidaandtheovum.Bothofthesetechniqueshavebeenusedsuccessfullyin

humansbutdidnotgiveacceptablesuccessrates.

Sincethefirstreportofsuccesswithintracytoplasmicsperm injection(ICSI)byPalermoand

researchersin1992,thisform oftreatmenthasdrasticallychangedtheoptionsavailabletothe

infertilecouple.84Thisapproachobviatesmanyprocesses,suchastheacrosomalreaction,

thatareessentialcomponentsofsperm-ovum interaction,duringnormalfertilizationandIVF.

Despitetheseadvancesingametemicromanipulationtechniques,itisclearthatfurther

investigativeworkregardingsperm transport,capacitation,andsperm-ovum interactionwill

helptofurtheradvanceeffortstoefficientlytreatinfertilecouples.AlthoughICSIcertainlyisa

viableandeffectivetreatmentoption,lessinvasiveapproachesforbothmaleandfemalefactor

infertilitymaybedevelopedasaresultoffurtherresearchintechniquesforinvivo

enhancementofsperm function.Expandeduseofcellculturetechniquesanduseofinvivo

experimentalmodelswilllikelybeofgreatbenefitinattemptstobetterunderstandthe

processesofsperm transport,capacitation,andultimately,fertilization.


