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1.Discussthefactorsfacilitatingthemovementofsperm

inthefemalereproductivetract.

Definition:

Sperm isthemalereproductivecell,orgamete,inanisogamousformsof

sexualreproduction.Animalsproducemotilesperm withatailknownasa

flagellum,whichareknownasspermatozoa,whilesomeredalgaeandfungi

producenon-motilesperm cells,knownasspermatia.

Sperm cells form during the process known as spermatogenesis,which

in amniotes takes place in the seminiferous tubules of the testes. This

processinvolvestheproductionofseveralsuccessivesperm cellprecursors,

starting with spermatogonia, which differentiate into spermatocytes. The

spermatocytesthenundergo meiosis,reducingtheir chromosomenumber by

half,whichproduces spermatids.Thespermatidsthenmatureand,inanimals,

constructatail,orflagellum,whichgivesrisetothemature,motilesperm cell.

Thiswholeprocessoccursconstantlyandtakesaround3monthsfrom start

tofinish.



Diagram ofasperm.

Some factors that facilitate the movement of sperm in the female

reproductivesystem includes:

1.Physicalinteraction

Thearchitectureofcellsurfacescanaffectthedirectionofsperm movement.

Ithas long been observed thatsperm tend to accumulate atsurfaces,

particularlythe surfaces ofslides and coverslips.When sperm thatare

swimmingalongaflathorizontalsurfacereachasidewall,theytendto

continueswimmingalongthecornerwherethetwowallsmeet.Thesurfaces

ofthewallsofthefemalereproductivetractare,ofcourse,farmorecomplex

indesignthanthesurfacesofmicroscopeslides.Recently,Denissenkoand

colleaguestookadvantage ofadvancesin microtechnologyto construct

micro channelsofvariousconfigurationsto testhow anglesandcurved

surface would affectmovementofsperm.These micro channels were

constructedofpolymethylsiloxane(PDMS),whichisasomewhatsoftand

elasticsiliconbasedpolymerthatmorecloselyresemblesthepropertiesof

epithelialsurfacesthando glassslides,butisalso opticallyclear.They

observed thatwhen human sperm thatwereswimming along asurface

encounteredasharpoutwardturn,thesperm wouldleavethesurfaceuntil

theyencounteredanothersurface.Usingthisinformation,theyconstructeda

“one-wayrunningtrack”forsperm.Whenhumansperm wereloadedintothis

circular channel with scalloped walls, they tended to swim in a

counterclockwisedirectionaroundthecircle.Itisveryinterestingthata

scanningelectronmicrographoftheinnersurfaceofthebovineuterotubal



junctionrevealsshapesthatresemblethearchitectureoftherunningtrack.

Thisresemblanceindicatesthatthemicroarchitecturalofthejunctionalwalls

couldguidesperm toswim towardtheoviduct.

Siteofsemendeposition

Thesiteofsemen deposition isnoteasyto establish in manyspecies

becauseitmustbedeterminedbyexaminingthefemaleimmediatelyafter

coitusandbyconsideringtheanatomyofthepenis,vaginaandcervixduring

coitus.However,ithasbeenaccomplishedforhumans,inwhichsemenhas

beenobservedpooledintheanteriorvaginanearthecervicalosshortlyafter

coitus.Withinminutesofvaginaldeposition,humansperm begintoleavethe

seminalpoolandswim intothecervicalcanal.Incontrast,rodentsperm

depositedinthevaginaaresweptcompletelythroughthecervixintothe

uterusalongwithseminalplasmawithinafewminutes.Somespecies,such

aspigs,bypassthevaginaaltogetheranddepositsemendirectlyintothe

uterinecavity,wheresperm mayquicklygainaccesstotheoviduct.

Whereasmostofthesemenofmurinerodentsisrapidlytransportedintothe

uterinecavity,someremainsinthevaginawhereitcoagulatestoform a

copulatoryplug.Theplugformsacervicalcapthatpromotessperm transport

into theuterus.Ligationofthevesicularand coagulating glandsofrats

preventedtheformationofplugsandthetransportofsperm intotheuterus.

Theplugsformedbysemenofguineapigsandmiceextendintothecervical

canalsandthuscouldform asealagainstretrogradesperm loss.

Malemicedeficientforthegeneencodingtheproteaseinhibitorknownas

proteasenexin-1(PN-1)showamarkedimpairmentinfertility.Vaginalplugs

formedinfemalesaftermatingwithPN-1nullmalesweresmall,softand

fibrousanddidnotlodgetightlyinthedualcervicalcanals.Nosperm couldbe

foundintheuterus15minaftermatingwithPN-1nullmales,demonstrating

theimportanceoftheplugforpromotingtransportofmousesperm intothe

uterus.

Humansemencoagulates,butitformsaloosegelratherthanthecompact

fibrousplugseeninrodents.Thecoagulateformswithinaboutaminuteof

coitus and then is enzymaticallydegraded in to 1 h.The predominant

structuralproteinsofthegelarethe50kDasemenogelinIandthe63kDa

semenogelinII,aswellasaglycosylatedform ofsemenogelinII,allofwhich

are secreted primarilybythe seminalvesicles.The gelis degraded by



prostate-specificantigen(PSA),aserineproteasesecretedbytheprostate

gland(Wattetal.,1986).Ithasbeenproposedthatthiscoagulum servesto

holdthesperm atthecervicalosandthatitprotectssperm againsttheharsh

environmentofthevagina.

Seminalgelsarenotfullysuccessfulatholdingsperm atthecervicalos.In

cattle,severalstudieshavedemonstratedlossofsperm from thevaginaafter

mating orinsemination.Thefateofspermatozoa thatareejaculated or

inseminatedintothevagina,butthatdonotenterthecervix,hasnotbeen

studiedextensivelyinhumans.However,ina5yearstudyof11female

volunteersBakerandBellisexamined

thecharacteristicsofsperm lossfrom thevaginafollowingcoitus.Theyfound

thatflow backoccurredin94% ofcopulationswiththemediantimetothe

emergenceof‘flow back’of30min(range5–120min).Furthermorethey

estimatedthatamedianof35%ofspermatozoawerelostthroughflowback

butthatin12%ofcopulationsalmost100%ofthesperm inseminatedwere

eliminated.Thissuggeststhatlessthan1%ofsperm mightberetainedinthe

femalereproductivetractandthissupportsthenotionthatonlyaminorityof

sperm actuallyentercervicalmucusand ascend higherinto the female

reproductivetract.

Likehumans,someprimatesproducesementhatformsasoftgel.However,

inchimpanzees,aspeciesinwhichfemalesmatewithmorethanonemalein

abrieftime,thesemencoagulatesintoacompactplugresemblingthatof

rodents.Theplugmayservetopreventothermalesfrom matingwiththe

female.Somecarnivores(e.g.domesticdogs,Canisfamiliaris)andsomerat

andmousespeciesofthefamilyCricetidaeusethepenisasacopulatoryplug;

i.e.thematingpairremainsjoinedtogetherforaperiodaftercoitus.

Sperm transportthroughthecervix

Insomespecies,thecervicalcanalwidensundertheinfluenceofestrogen.

Fluoroscopyandscintigraphyhavebeenusedindomesticdogsandcatsto

examinecervicalpatency.Openingofthecervixinthesespecieshasbeen

correlatedwithestrus.Radioopaquefluidandalsohumanserum albumin

radiolabelledwithtechnetium 99couldbeseenrapidlypassingthroughthe

cervixandfillingtheuterinelumenafterdepositioninthecranialvaginaat

estrus.



Sperm ofhumansand cattleenterthecervicalcanalrapidlywherethey

encountercervicalmucus.Undertheinfluenceofestrogenthecervixsecretes

highlyhydratedmucus,oftenexceeding96%waterinwomen.Theextentof

hydrationiscorrelatedwithpenetrabilityto sperm.Coitusonthedayof

maximalmucushydrationinwomenismorecloselycorrelatedwithincidence

ofpregnancythancoitustimedwithrespecttoovulationdetectedusingbasal

bodytemperature.

Cervicalmucuspresentsagreaterbarriertoabnormalsperm thatcannot

swim properlyorthatpresentapoorhydrodynamicprofilethanitdoesto

morphologicallynormal,vigorouslymotilesperm andisthusthoughtasone

meansofsperm selection.

Thegreatestbarriertosperm penetrationofcervicalmucusisatitsborder,

becauseherethemucusmicroarchitectureismorecompact.Componentsof

seminalplasmamayassistsperm inpenetratingthemucusborder.More

humansperm werefoundtoentercervicalmucusinvitrowhenaninseminate

wasdiluted1:1withwholeseminalplasmathanwhenitwasdilutedwith

Tyrode’smedium,eventhoughthesperm swam fasterinthemedium.

Likethevagina,thecervixcanmountimmuneresponses.Inrabbitsand

humans,vaginalinsemination stimulates the migration of leukocytes,

particularlyneutrophilsandmacrophages,intothecervixaswellasintothe

vagina.Neutrophilsmigratereadilythroughmidcyclehumancervicalmucus.

Inrabbits,neutrophilswerefoundtoheavilyinfiltratecerviceswithinanhof

matingorartificialinsemination.Interestingly,itwasdiscoveredthatiffemale

rabbitswerematedtoasecondmaleduringtheneutrophilinfiltrationinduced

byanearliermating,sperm from thesecondmalewerestillabletofertilize.

Thus,althoughthecervixiscapableofmountingaleukocyticresponse,and

neutrophilsmaymigrateintocervicalmucus,theleukocytesmaynotpresent

asignificantbarriertosperm.Ithasbeen

demonstratedthatneutrophilswillbindtohumansperm andingestthem only

ifserum thatcontainsbothserologicalcomplementandcomplement-fixing

anti-sperm antibodiesispresent.Thiscan happen in vivo ifthe female

somehow becomes immunized againstsperm antigens.Altogether,the

evidenceindicatesthatleukocyticinvasionservestoprotectagainstmicrobes

thataccompanysperm anddoesnotnormallypresentabarriertonormal

motilesperm,atleastnotshortlyaftercoitus.



Immunoglobulins,IgGandIgA,havebeendetectedinhumancervicalmucus.

SecretoryIgAisproducedlocallybyplasmacellsinsubepithelialconnective

tissue.The amountsecreted increases in the follicularphase butthen

decreasesataboutthetimeofovulation.Theimmunoglobulin’sprovide

greaterprotectionfrom microbesatthetimewhenthecervicalmucusis

highlyhydratedandofferstheleastresistancetopenetration.However,when

there are antibodies presentthatrecognize antigens on the surface of

ejaculatedsperm,infertilitycanresult.

Complementproteins are also presentin cervicalmucus,along with

regulators of complement activity. Thus, there is a potential for

antibody-mediateddestructionofsperm inthecervicalmucusaswellas

leukocytic capture of sperm. Some anti-sperm antibodies are not

complement-activating;however,theycanstillinterferewithmovementof

sperm throughcervicalmucusbyphysicalobstruction.

Anelegantthree-dimensionalreconstructionofserialsectionsofthebovine

cervixproducedbyMullinsandSaackeledthem toconcludethatmucosal

folds in the cervicalcanalform channels leading to the uterine cavity.

Furthermore,basedonhistochemicalstainingcharacteristicsofthemucus,

theyconcludedthat,duringthefollicularphase,mucusdeepinthechannelsis

differentincompositionandlessdensethanthatinthecentralportionofthe

cervicalcanal.Theyproposedthatbullsperm enterdeepchannelsatthe

externalosand travelinthem allthewayto theuterinecavity,thereby

avoidingthemoreviscousmucusinthecenterofthecervicalcanalthat

servestodischargeuterinecontents.Thismodelissupportedbyresultsof

earlierstudiesonfarm animals.Mattnerfoundthatwhenheflushedthe

cervicesofgoatsandcows19–24haftermatingherecoveredapproximately

90% ofthemucusandmorethan90% oftheluminalleukocytes,butonly

abouthalfofthesperm.Theremaininghalfofthesperm werefounddeepin

the mucosalgrooves.These observations also indicate thatthe cervix

supportsthepassageofnormalmotilesperm whilediscouragingpassageof

microbesandsperm withabnormalform ormotility.Normal,fresh,motile

sperm canavoidtheareamostpopulatedbyneutrophilsandtheyappearto

be resistantto leukocytic phagocytosis anyway,as discussed above.In

descriptionsofhumancervicalanatomy,mentionismadeofcervicalcrypts

thatarethoughttoentrapandstoresperm.Ontheotherhand,scanning

electronmicroscopyofthehumancervixindicatesthatmucosalgrooves

formingapreferentialpathwayforsperm couldbepresentasinthebovine.A



comprehensivestudyofthehumancervixisneededtodeterminewhether

sperm followmucosalgroovestotraversethecervicalcanal.

Sperm mayalsobeguidedthroughthecervixbythemicroarchitectureofthe

cervicalmucus.Mucins,thechiefglycoproteinscomprisingcervicalmucus,

arelong,flexiblelinearmolecules(molecularweightofhumanmucinsis

approximately107Daltons).Theviscosityofmucusisduetothelargesizeof

mucins,whileelasticityresultsfrom theentanglementofthemolecules.Itis

thoughtthattheselongmoleculesbecomealignedbythesecretoryflow in

mucosalgroovesandthusservetoguidesperm.Humanandbullsperm have

beendemonstratedtoorientthemselvesalongthelongaxisofthreadsof

bovinecervicalmucus.Humansperm swimming throughcervicalmucus

swim inastraighterpaththantheydoinseminalplasmaormedium.

Sperm transportthroughtheuterus

Atonlyafewcentimetersinlength,thehumanuterinecavityisrelativelysmall

andcouldbetraversedinlessthan10minbysperm swimmingatabout5

mm/min,whichistheswimmingspeedofsperm inaqueousmedium.The

actualrateofpassageofhumansperm throughtheuterusisdifficultto

determineduetoexperimentallimitations.Variationishighamongwomen

withinastudyandbetweenstudies.Inonesetofexperiments,fertilewomen

wereinseminatedintothecranialvaginashortlybeforesurgicalexcisionof

bothFallopiantubes.Sperm wererecoveredfrom thefimbriasegmentofthe

ampullaintwowomenwhosetubeswereremoved5minafterinsemination,

even though theyhad been abstinentforatleast16 days.Sperm were

recovered allalong thetubesoftwo morewomen merely10 min after

insemination.Unfortunately,themotilityofthesesperm wasnotassessed;

therefore,itcouldnotbedeterminedwhetherthesperm werecapableof

fertilizing.In anotherstudy,severalmotile sperm were recovered from

Fallopiantubesfollowing hysterectomy30 minafterinseminationinone

patientand1hafterinseminationinthreeoutofsevenpatients;however,

these women underwentsurgery for treatmentof fibroids,polyps or

endometriosisandthereforesperm transportmayhavebeenabnormal.

Transportofsperm through the uterus is likely aided by pro-ovarian

contractionsofthemyometrium.Ultrasonographyofthehumanuterushas

revealedcraniallydirectedwavesofuterinesmoothmusclecontractionsthat

increaseinintensityduringthelatefollicularphase.Theuterinecontractions

occurringinwomenduringtheperovulatoryperiodarelimitedtothelayerof



myometrium directly beneath the endometrium.This is in contrastto

contractions occurring during menses,which involve alllayers ofthe

myometrium.Incowsandewes,electromyographyhasindicatedthatstrong

contractileactivityoccursduringestrus,whilecontractionsareweakand

localizedduringthelutealphase.

Inhumans,contractileactivityofuterinemusclemaydrawsperm andwatery

midcycle mucus from the cervix into the uterus.Fukuda and Fukuda

interpretedultrasoundimagesoftheuteriofwomeninthelatefollicular

phasetoindicatethattheuterinecavityisfilledwithmucus.Theyproposed

thatthecervicalmucusassistssperm movementthroughthehumanuterine

cavity.Thisispossiblebecausethevolumeofuterinefluid in midcycle

womenisonlyabout100µlandcervicalmucusisplentifulenoughtofillthe

lumen.A scanning electron micrograph ofthe human cervix,illustrating

potentialpassagewaysforsperm (×67).A portion ofthewallhasbeen

removedtorevealthearchitectureofthecervicalcanal(CC).Large,primary

mucosalgrooves(PG)canbeseenattheexternalosthatextenddeepinto

thecervicalcanal.Smallersecondarymucosalgrooves(SG)branchfrom the

primarygrooves.Althoughtheprimarygroovesappeartoform apreferential

pathforsperm,itisnotknownwhethersecondaryoreventertiarygrooves

couldendblindlyandentrapsperm.Cervicalcryptscouldalsotrapsperm.

Reproduced,withpermission,from KesselandKardon.

Kunz and collaborators deposited 5–40 µm albumen microspheres

radioactivelytaggedwithtechnetium intothecranialvaginaeofwomento

determinehow suchcontractionsmighttransportsperm.Theyfoundthat

sphereswererapidlyandmaximallytransportedintotheuterinecavityand

evenintothetubalisthmusduringthelatefollicularphase.Interestingly,

transportofthe spheres was greaterto the isthmus ipsilateralto the

dominantfolliclethantothecontralateralisthmus.Thispreferentialtransport

mayresultfrom signalspassedthroughavascularcommunicationfrom the

pre-ovulatoryfollicletotheuterusandFallopiantube.Anarterialanastomosis

liesbetweentheovariananduterinearteries(whichalsosupplytheFallopian

tube)inthecornealregionofthehumanuterus.Dopplerflowsonography

revealedincreasedperfusionoftheseanastomosingvesselsonthesideof

thepre-ovulatoryfollicle.Itisthoughtthatthesevesselscarryhormonesfrom

thedominantfollicledirectlytotheuterusandoviductwithoutfirstpassing

through the systemic circulation,because the ovarian artery associates

closelywiththeovarianvein.Thiscouldenableacountercurrenttransferof



ovarianhormonesfrom thevenousdrainageoftheovarytotheovarianartery

andthentothearterialsupplyoftheuterusandoviduct.Inaddition,lymphatic

drainageoftheovarymighttransferhormonestotheovarianarteryandthen

theoviductvessels.

Studies ofuterine contractions during estrus should be interpreted with

cautionifcoitusdidnotoccur.Video-laparoscopicexaminationofmatedand

unmated ratsrevealed significantchangesin contractile patternsofthe

uterinehornsaftermating.Unexpectedly,thechangeconsistedofseveral-fold

increasesinbothcraniallyandcaudallypropagatingcircularcontractions.

Caudallydirectedperistalsiswouldbeexpectedtocarrysperm awayfrom the

uterotubaljunction.Inestrousdomesticcats,bothascendinganddescending

contractionswereobservedbyfluoroscopy.Perhapstheebbandflow of

contractionsdirectfreshwavesofsperm totheuterotubaljunction.

Myometrium contractionsmaybestimulatedbyseminalcomponents.When

vasectomizedmaleratswerematedwithfemales,theincidenceofstrong

uterinecontractionsdeclined,indicatingthatsperm ortesticularorepididymal

secretions have stimulatory activity.Removalof the seminalvesicles

significantlyreducedthepregnancyrateinmice.Inboars,thereisevidence

that estrogens,which may reach 11.5 µg in an ejaculate,increase

myometrium contractionfrequency.Sinceboarsemenisdepositeddirectly

intotheuterinecavity,theuterusisexposedtothefullamountofestrogensin

thesemen.Thereisevidencethattheestrogensenhancecontractionby

stimulatingsecretionofPGF-2α.

Rapidtransportofsperm throughtheuterusbymyometrialcontractionscan

enhancesperm survivalbypropellingthem pasttheimmunologicaldefenses

ofthefemale.Asisthecaseinthevaginaandcervix,coitusinducesa

leukocyticinfiltrationoftheuterinecavity,whichreachesapeakseveralhours

aftermatinginmice.Theleukocytesareprimarilyneutrophilsandhavebeen

observed phagocytizing uterine sperm in mice,rats and rabbits.This

phagocytosiswasobservedseveralhoursafterinseminationandtherefore

mightbedirectedprimarilyagainstdamagedsperm.However,normalsperm

may also be attacked,particularly in vaginalinseminators like humans,

becausetheirsperm havelostmuchoftheimmuneprotectionaffordedby

seminalplasma constituents.When sperm firstenterthe uterus,they

outnumber the leukocytes.As time passes,the leukocytes begin to

outnumberthesperm.Also,assperm loseprotectiveseminalplasmacoating,

theymaybecomemoresusceptibletoleukocyticattack.Atsomepoint,even



undamagedsperm mayfallvictim totheleukocytes.Probably,toensure

fertilization,sperm shouldpassthroughtheuterinecavitybeforesignificant

numbersofleukocytesarrive.

Transportthroughtheuterotubaljunction

Theuterotubaljunctionpresentsanatomical,physiologicaland/ormucous

barrierstosperm passageinmostmammals.Anatomically,thelumenin

speciesasdistantlyrelatedasdairycattleandmiceisparticularlytortuous

andnarrow.Thenarrownessofthelumenisespeciallyapparentinliving

tissueandinfrozensections,inwhichtissuedoesnotshrinkasitdoesduring

standardpreparationofparaffinembeddedsections.

The entrance to the junction is fairlysimple in humans;whereas,itis

complicatedbymucosalfoldsincows,pigs,rabbitsandmanyotherspecies.

Inmiceandrats,theentranceformsaconicalprojectionintotheuteruscalled

acolliculustubarius.Withinthelumenofthejunction,therearelargeand

smallfoldsinthemucosa.Inthecow,mucosalfoldsform cul-de-sacswith

openingsthatfacebacktowardstheuterus.Thisarrangementoffoldsseems

designedtoentrapsperm andpreventfurtherascent.

A physiologicalvalvemaybecreatedbyavascularplexusinthelamina

propria/sub mucosallayerofthe wall.When engorged,the plexus can

compressthelumen.Thisplexushasbeenwelldescribedincattle.Thewalls

ofthe bovine junction and adjacenttubalisthmus also contain a thick

muscularlayerthatcouldfurtherconstrictthelumen.Thebovineuterotubal

junctionissigmoidalinshapeandsupportedbymuscularligamentsthat

appearcapableofincreasingtheflexureofthecurveandthuscompressing

thelumen.Inthemouse,thejunctionisreportedtobepatentshortlyafter

coitus,buttobetightlyclosedaboutanhourlater.Thehumanjunction

traversesa thickmuscularlayerofuterinewall;however,itisunknown

whetherthemuscleregulatesthepatencyofthejunction.

Thenarrowlumenoftheuterotubaljunctionmaybefilledwithviscousmucus

thatcan impede the progressofsperm.Mucushasbeen found in the

uterotubaljunctioninhumans,aswellasinrabbits,pigsanddairycattle.In

rodents,ithasbeendemonstratedthatsperm withlinear,progressivemotility

aremoresuccessfulatpassingthroughtheuterotubaljunction.



Malemicethatarenullmutantsforthegenesencodingfertilinβ,calmeginor

testis-specificangiotensinconvertingenzyme(ACE)areinfertilebecausetheir

sperm cannotpassthroughtheuterotubaljunctionnorbindtothezona

pellucida.Inthesenullmutants,boththemotilityandmorphologyofthe

sperm arenormal.Fertilinβislocalizedontheplasmamembraneoverlying

theacrosomeonmaturesperm from wild-typemales,whileitislackinginthe

nullmutants.Asforcalmegin,sequencehomologyindicatesthatitisa

chaperoneprotein,whichwouldplaceitintheendoplasmicreticulum of

spermatids,assisting in the proper folding of proteins destined for

membranes.Bothwild-typeandnullmutantslackcalmegininmaturesperm;

therefore,itseffectonfertilityispresumedtobeduetothelackofproteins

thatrelyoncalmeginforproperplacementinthesperm plasmamembrane.In

thecaseofACEnullmutants,thereisstrongevidencethatthemissingACE

normallyacts to release GPI-anchored proteins from the sperm plasma

membrane.Thus,thelackofACEmeansthatsomeproteinsthatwould

normallybeshedfrom sperm areretained.Thesevariousstrainsofnull

mutantmiceindicatethatcertainepitopesmustbeavailableandexposedon

thesurfaceofsperm tointeractwiththeuterotubaljunctionandsomehow

promotesperm passage.

The role ofcalmegin in enabling sperm to passthrough the uterotubal

junctionwasexaminedmorecloselyusingchimericmalesthatproduceda

mixtureofgerm cellswith wild-typeand disrupted calmegin genes.The

questionaddressedwaswhethercalmegin-chaperonedproteinsarerequired

byindividualsperm topassthroughthejunction,orwouldthepresenceof

wild-typesperm enablethem todoso.Suchwouldbethecase,forexample,if

theproteinsonthesperm surfaceassistpassagebysignalingthejunctionto

open.Chimericmaleswerecreatedbyfusingembryosfrom ‘wild-type’mice

thathadnormalcalmegingeneswiththosefrom adoubletransgeniclineof

micethatwerehomozygousnullforcalmeginandexpressedenhancedgreen

fluorescentprotein(GFP)intheiracrosomes.TheresultingchimericXY/XY

malesproducedamixtureofsperm,abouthalfofwhichweremutant,as

identifiedbythepresenceofthefluorescentacrosomes.Whenthesemales

werematedwithwild-typefemales,onlywild-typesperm couldbefound

abovethejunction.Thisindicatesthatnormal

morphologyandmotilityarenotsufficientforenablingsperm topassthrough

thejunction.Anadditionalfactor,likelyasperm surfaceproteinorproteins,is

requiredbyeachsperm forittopassthroughthejunction.



Rapidsperm transport

Sperm havebeenrecoveredinthecranialreachesofthetubalampullaonly

minutesaftermatingorinseminationinhumansandseveralotherspeciesof

mammals.Rapidtransportofsperm intotheFallopiantubewouldseem to

countertheproposedmodelofsperm swimmingone-by-onethroughthe

uterotubaljunction.However,whenrabbitsperm recoveredfrom thecranial

ampullashortlyaftermatingwereevaluatedbyOverstreetandCooper,they

foundthatmostwereimmotileanddamaged.Theyproposedthatwavesof

contractionsstimulatedbyinseminationtransportsomesperm rapidlytothe

siteoffertilization,butthesesperm aremortallydamagedbytheassociated

sheerstressanddonotfertilize.Later,motilesperm graduallypassthrough

theuterotubaljunctiontoestablishatubalpopulationcapableoffertilizing.

Thecontractionsmayserveprimarilytodrawsperm intothecervixbutresult

inovershootingofsomesperm.Asdescribedabove,motilehumansperm

havebeenrecoveredfrom Fallopiantubeswithinanhourofinsemination;

however,itisnotknownwhetherfunctionwasnormalinthesewomen.

Preservingsperm fertilityduringstorage

Sperm–endosalpingealcontactsomehow preservessperm duringstorage.

Humansperm incubatedwithepithelium invitroremainviablelongerthan

whentheyareincubatedinmedium alone,asdosperm from othermammals.

Viabilityofhumansperm andotherspeciescanbeextendedbyincubating

them withvesiclespreparedfrom theapicalmembranesoftheendosalpinx,

indicatingthattheepithelium canproducetheeffectbydirectcontactrather

thanbysecretions.Itwasreportedthatequinesperm bindingtoepithelium or

membranevesiclesmaintainlow levelsofcytoplasmicCa2+,comparedto

freeswimmingsperm orsperm incubatedwithvesiclesmadefrom kidney

membranes.Human and equine sperm incubated with endosalpingeal

membrane vesicles capacitate more slowly than sperm incubated in

capacitatingmedium alone.Possibly,viabilityismaintainedbypreventing

capacitationanditsconcomitantriseincytoplasmicCa2+.Themechanism

forpreventingrisesofcytoplasmicCa2+insperm arenotknown,butone

suggestionisthatcatalase,whichhasbeendetectedinthebovinetube,

servestoprotectagainstperoxidativedamagetothesperm membranes,

perhapspreventinginwardleakageofCa2+.

Theendosalpingealbindingproteinonbullsperm,PDC-109,probablyactsto

stabilize sperm membranes.PDC-109 reduces membrane fluidity and



immobilizes cholesterolin phospholipid membranes,including those of

epididymalsperm.PDC-109canalsocontributetomembranestabilityby

inhibitingtheactivityofphospholipaseA2.Thus,PDC-109mayplayarolein

preserving bullsperm fertility while they are stored in the reservoir.

HomologuestoPDC-109havebeenidentifiedinmanyspecies;however,a

functionalequivalenthasyettobeidentifiedinhumans.

Hyperactivationofsperm andthefinalstagesoftransport

Atsomepointinthefemaletract,mostlikelyintheFallopiantubes,sperm

becomehyperactivated.Inaqueousmediainvitro,hyperactivatedsperm

swim vigorouslybutin circularorerratic patterns.In vivo,the physical

environmentencounteredbysperm isquitedifferentandevidenceindicates

thathyper

activationisrequiredbysperm toprogresstowardstheoocyteandpenetrate

itsvestments.Asdiscussedabove,hyperactivationmayassistsperm in

detachingfrom theendosalpingealepithelium.Inaddition,hyperactivation

enhancestheabilityofsperm toswim throughviscoelasticsubstancessuch

asmucusinthetuballumenandtheextracellularmatrixofthecumulus

oophorus.Mucusfillstheuterotubaljunctionandextendsintotheisthmusin

humans,rabbits,pigs and dairycattle.Hyperactivated sperm penetrate

artificialmucus,suchasviscoelasticsolutionsoflong-chainpolyacrylamide

ormethylcellulose,farmoreeffectivelythannon-hyperactivatedsperm.

Hyperactivationalsoendowssperm withgreaterflexibilityforturningaround

inpocketsofmucosa.InthehumanFallopiantube,asdiscussedabove,

mucosalfoldingincreasesinheightandbranchingfrom theisthmustothe

ampulla and thus hyperactivation may assistsperm in navigating the

increasinglycomplexmaze.Themostconvincingevidenceoftheimportance

ofhyperactivationinthesefinalstagesofasperm’sjourneycomesfrom

experimentswithmiceinwhichthegeneforCatSper1orCatSper2hasbeen

disrupted.Sperm from these animals do notreach the oocytes in the

oviductalampulla.Althoughtheyshow normalvigorousprogressivemotility,

theycannothyperactivateanddonotpenetrateartificialmucusaswellas

wild-typesperm.

Inadditiontoassistingsperm inreachingtheoocyte,hyperactivationalso

aidssperm inpenetratingthezonapellucida.Whenhyperactivationwas

blockedincapacitated,acrosome-reactedhamstersperm boundtothezona,

theywereunabletopenetrateit.Also,sperm from malemicethatarenull



mutantsforCatSper1orCatSper2genesandcannothyperactivatealso

cannotpenetratethezona.

Taxisofsperm towardsoocytes

Althoughtheexistenceofaguidancesystem tohelpmammaliansperm reach

theunfertilizedoocytehasbeendebatedovertheyears,strongerevidencefor

suchasystem hassurfacedrecently.Thereisevidencefortheexistenceof

two complementaryguidancemechanismsoperating within theFallopian

tube.Thefirst(long-range)mechanism iswherecapacitatedsperm released

from intimate contactwith the endosalpinx are guided by thermotaxis

towards the site offertilization.A temperature difference ofup to 2°C

betweenthecoolertubalisthmusandthewarmertubalampullahasbeen

detectedinrabbitsandthereareindicationsthatcapacitatedrabbitsperm

tendtoswim towardswarmertemperatures.Onceinthetubalampulla,andat

a closerproximity to the oocyte,a second (short-range)chemotactic

mechanism mayguidesperm closertotheoocyte.

Sperm areequippedwithamechanism forturningtowardstheoocytein

responsetochemotacticfactors;thatis,theycanswitchbackandforth

betweensymmetricalflagellarbeatingandtheasymmetricalflagellarbeating

ofhyperactivation.Hyperactivationisreversible,sosperm canalternate

betweenturningsandswimmingstraightahead.Mammaliansperm have

beenreportedtoturntowards,oraccumulatein,agradientoffollicularfluid,

whichcouldaccompanytheoocyteintotheFallopiantube.Nevertheless,the

chemotacticagentin follicularfluid hasnotbeen identified,norhasits

presenceintheFallopiantubebeendetected.Odorantreceptorsuniqueto

sperm havebeenlocalizedtoaspotonthebaseoftheflagellum ofhuman,

canineandratsperm.Placinghumansperm inagradientoftheodorant

bourgeonalcausedthem toorientintothegradientandtriggeredacalcium

andcAMP-mediatedsignalingcascade.Nevertheless,achemotacticodorant

hasyettobeidentifiedinhumansorothermammals.Ifonewerefound,it

couldhavevastimplicationsforthedevelopmentofcontraceptives,aswellas

assessmentandtreatmentofinfertility.

Thefateofnon-fertilizingsperm

Afterfertilization,anysperm remaininginthefemalereproductivetractmay

bephagocytizedbyisthmicepithelialcellsormaybeeliminatedintothe



peritonealcavity where they are phagocytized.Phagocytosis within the

Fallopiantubesmaybeprimarilyemployedbyspecies,suchasmice,which

haveanextensiveovarianbursathatwouldlimitpassageofsperm intothe

peritonealcavity.Inspecieswherethepassageofsperm intotheperitoneal

cavityispossible,thisdoesnotquicklyrendersperm non-functionalas

evidencedbythenumerouscasereportsofhumantubalpregnanciesthat

aroseinspiteoflackofaccessofsperm from theuterusintotheoviducton

thesideofovulation.Inthesecases,theonlyrouteavailabletothesperm was

throughtheperitonealcavity


