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1.Discussthefactorsfacilitatingthemovementofsperm inthefemale

reproductivetract.

Introduction

Passageofsperm throughthefemalereproductivetractisregulatedto

maximizethechanceoffertilizationandensurethatsperm withnormal

morphologyandvigorousmotilitywillbetheonestosucceed.

Oocytesareusuallyfertilizedwithinhoursofovulation.Ontheotherhand,

insomespecies,sperm maybeinseminateddays(horses,cattleandpigs)

orevenmonths(somebatspecies)beforethearrivaloftheoocyte.In

humans,thereisevidencethatfertilizationoccurswhenintercoursetakes

placeuptofivedaysbeforeovulation.Becausesperm areterminally

differentiatedcells,deprivedofanactivetranscriptionandtranslation

apparatus,theymustsurviveinthefemalewithoutbenefitofreparative

mechanismsavailabletomanyothercells.Sperm aresubjectedtophysical

stressesduringejaculationandcontractionsofthefemaletract,andthey

maysustainoxidativedamage.Furthermore,becausesperm areallogenic

tothefemale,theymayencounterthedefensesofthefemaleimmune

system meantforinfectiousorganisms.Thus,sperm mustsomehowuse

theirlimitedresourcestomaintaintheirfertilityinthefaceofnumerous

impediments.Asitis,ofthemillionsofsperm inseminatedatcoitusin

humans,onlyafewthousandreachtheFallopiantubesand,ordinarily,only

asinglesperm fertilizesanoocyte.



Siteofsemendeposition

Thesiteofsemendepositionisnoteasytoestablishinmanyspecies

becauseitmustbedeterminedbyexaminingthefemaleimmediatelyafter

coitusandbyconsideringtheanatomyofthepenis,vaginaandcervix

duringcoitus.However,ithasbeenaccomplishedforhumans,inwhich

semenhasbeenobservedpooledintheanteriorvaginanearthecervicalos

shortlyaftercoitus.Withinminutesofvaginaldeposition,humansperm

begintoleavetheseminalpoolandswim intothecervicalcanal.In

contrast,rodentsperm depositedinthevaginaaresweptcompletely

throughthecervixintotheuterusalongwithseminalplasmawithinafew

minutes.Somespecies,suchaspigs,bypassthevaginaaltogetherand

depositsemendirectlyintotheuterinecavity,wheresperm mayquickly

gainaccesstotheoviduct.

Whereasmostofthesemenofmurinerodentsisrapidlytransportedinto

theuterinecavity,someremainsinthevaginawhereitcoagulatestoform

acopulatoryplug.Theplugformsacervicalcapthatpromotessperm

transportintotheuterus.Ligationofthevesicularandcoagulatingglands

ofratspreventedtheformationofplugsandthetransportofsperm intothe

uterus.Theplugsformedbysemenofguineapigsandmiceextendintothe

cervicalcanalsandthuscouldform asealagainstretrogradesperm loss.

Malemicedeficientforthegeneencodingtheproteaseinhibitorknownas

proteasenexin-1(PN-1)showamarkedimpairmentinfertility.Vaginal

plugsformedinfemalesaftermatingwithPN-1nullmalesweresmall,soft

andfibrousanddidnotlodgetightlyinthedualcervicalcanals.Nosperm

couldbefoundintheuterus15minaftermatingwithPN-1nullmales,

demonstratingtheimportanceoftheplugforpromotingtransportof

mousesperm intotheuterus.

spermatozoawerelostthroughflowbackbutthatin12%ofcopulations

almost100%ofthesperm inseminatedwereeliminated.Thissuggeststhat

lessthan1%ofsperm mightberetainedinthefemalereproductivetract

andthissupportsthenotionthatonlyaminorityofsperm actuallyenter

cervicalmucusandascendhigherintothefemalereproductivetract.



Likehumans,someprimatesproducesementhatformsasoftgel.

However,inchimpanzees,aspeciesinwhichfemalesmatewithmorethan

onemaleinabrieftime,thesemencoagulatesintoacompactplug

resemblingthatofrodents.Theplugmayservetopreventothermales

from matingwiththefemale.Somecarnivores(e.g.domesticdogs,Canis
familiaris)andsomeratandmousespeciesofthefamilyCricetidaeuse

thepenisasacopulatoryplug;i.e.thematingpairremainsjoinedtogether

foraperiodaftercoitus.

Vaginaldefensesagainstinfectiousorganismsmayaffectsperm

Thevaginaisopentotheexteriorandthustoinfection,especiallyatthe

timeofcoitus;therefore,itiswellequippedwithantimicrobialdefenses.

ThesedefensesincludeacidicpHandimmunologicalresponsesandcan

damagesperm aswellasinfectiousorganisms.Toenablefertilizationto

takeplace,boththefemaleandthemalehaveadoptedmechanismsfor

protectingsperm.Inhumans,semenisdepositedattheexternalosofthe

cervixsothatsperm canquicklymoveoutofthevagina.

Malesmayalsoovercomefemaledefensesbyinseminatingmanysperm.

Thisstrategyisparticularlyeffectiveforovercomingcellularimmune

responses.Intherabbit,depositionofsemenresultsinaninvasionof

neutrophilsintothevagina.Thisinvasiontakestime,however,tobuildto

aneffectivelevel.Numerousleukocytes,manycontainingingestedsperm,

wererecoveredfrom vaginasofrabbits3–24hpostcoitus.Bythattime,

however,thousandsofsperm hadalreadyreachedtheFallopiantubes

.Sperm transportthroughthecervix

Insomespecies,thecervicalcanalwidensundertheinfluenceofestrogen.

Fluoroscopyandscintigraphyhavebeenusedindomesticdogsandcatsto

examinecervicalpatency.Openingofthecervixinthesespecieshasbeen

correlatedwithestrus.Radioopaquefluidandalsohumanserum albumin

radiolabelledwithtechnetium 99couldbeseenrapidlypassingthroughthe

cervixandfillingtheuterinelumenafterdepositioninthecranialvaginaat

estrus.

Sperm ofhumansandcattleenterthecervicalcanalrapidlywherethey



encountercervicalmucus.Undertheinfluenceofestrogenthecervix

secreteshighlyhydratedmucus,oftenexceeding96%waterinwomen.The

extentofhydrationiscorrelatedwithpenetrabilitytosperm.Coitusonthe

dayofmaximalmucushydrationinwomenismorecloselycorrelatedwith

incidenceofpregnancythancoitustimedwithrespecttoovulation

detectedusingbasalbodytemperature.

Humanfemalereproductivetractillustratingstagesofgametetransport.

(A)Sperm enteringcervicalmucusatexternalosofcervix.Themucusfills

theupperhalfoftheinset.(B)Sperm interactingwithendosalpingeal

epithelium inFallopiantube.(C)Hyperactivatedmotilityofsperm in

Fallopiantube.(D)Oocyteincumuluswithinatransversesectionofthe

tubalampulla.

Thegreatestbarriertosperm penetrationofcervicalmucusisatitsborder,

becauseherethemucusmicroarchitectureismorecompact.Components

ofseminalplasmamayassistsperm inpenetratingthemucusborder.

Morehumansperm werefoundtoentercervicalmucusinvitrowhenan

inseminatewasdiluted1:1withwholeseminalplasmathanwhenitwas

dilutedwithTyrode’smedium,eventhoughthesperm swam fasterinthe

medium.

Likethevagina,thecervixcanmountimmuneresponses.Inrabbitsand

humans,vaginalinseminationstimulatesthemigrationofleukocytes,

particularlyneutrophilsandmacrophages,intothecervixaswellasintothe

vagina.Neutrophilsmigratereadilythroughmidcyclehumancervical

mucus.Inrabbits,neutrophilswerefoundtoheavilyinfiltratecervices

withinahofmatingorartificialinsemination.Interestingly,itwas

discoveredthatiffemalerabbitswerematedtoasecondmaleduringthe

neutrophilicinfiltrationinducedbyanearliermating,sperm from the

secondmalewerestillabletofertilize.Thus,althoughthecervixiscapable

ofmountingaleukocyticresponse,andneutrophilsmaymigrateinto

cervicalmucus,theleukocytesmaynotpresentasignificantbarrierto

sperm.Ithasbeendemonstratedthatneutrophilswillbindtohumansperm

andingestthem onlyifserum thatcontainsbothserologicalcomplement

andcomplement-fixinganti-sperm antibodiesispresent.Thiscanhappen



invivoifthefemalesomehowbecomesimmunizedagainstsperm

antigens.Altogether,theevidenceindicatesthatleukocyticinvasionserves

toprotectagainstmicrobesthataccompanysperm anddoesnotnormally

presentabarriertonormalmotilesperm,atleastnotshortlyaftercoitus.

Complementproteinsarealsopresentincervicalmucus,alongwith

regulatorsofcomplementactivity.Thus,thereisapotentialforantibody-

mediateddestructionofsperm inthecervicalmucusaswellasleukocytic

captureofsperm.Someanti-sperm antibodiesarenotcomplement-

activating;however,theycanstillinterferewithmovementofsperm

throughcervicalmucusbyphysicalobstruction.

Anelegantthree-dimensionalreconstructionofserialsectionsofthe

bovinecervixproducedbyMullinsandSaackeledthem toconcludethat

mucosalfoldsinthecervicalcanalform channelsleadingtotheuterine

cavity.Furthermore,basedonhistochemicalstainingcharacteristicsofthe

mucus,theyconcludedthat,duringthefollicularphase,mucusdeepinthe

channelsisdifferentincompositionandlessdensethanthatinthecentral

portionofthecervicalcanal.Theyproposedthatbullsperm enterdeep

channelsattheexternalosandtravelinthem allthewaytotheuterine

cavity,therebyavoidingthemoreviscousmucusinthecentreofthe

cervicalcanalthatservestodischargeuterinecontents.Thismodelis

supportedbyresultsofearlierstudiesonfarm animals.Mattnerfoundthat

whenheflushedthecervicesofgoatsandcows19–24haftermatinghe

recoveredapproximately90%ofthemucusandmorethan90%ofthe

luminalleukocytes,butonlyabouthalfofthesperm.Theremaininghalfof

thesperm werefounddeepinthemucosalgrooves.Theseobservations

alsoindicatethatthecervixsupportsthepassageofnormalmotilesperm

whilediscouragingpassageofmicrobesandsperm withabnormalform or

motility.Normal,fresh,motilesperm canavoidtheareamostpopulatedby

neutrophilsandtheyappeartoberesistanttoleukocyticphagocytosis

anyway,asdiscussedabove.Indescriptionsofhumancervicalanatomy,

mentionismadeofcervicalcryptsthatarethoughttoentrapandstore

sperm (FawcettandRaviola.Ontheotherhand,scanningelectron

microscopyofthehumancervixindicatesthatmucosalgroovesforminga

preferentialpathwayforsperm couldbepresentasinthebovine.A



comprehensivestudyofthehumancervixisneededtodeterminewhether

sperm followmucosalgroovestotraversethecervicalcanal.

Sperm mayalsobeguidedthroughthecervixbythemicroarchitectureof

thecervicalmucus.Mucins,thechiefglycoproteinscomprisingcervical

mucus,arelong,flexiblelinearmolecules(molecularweightofhuman

mucinsisapproximately107Daltons).Theviscosityofmucusisduetothe

largesizeofmucins,whileelasticityresultsfrom theentanglementofthe

moleculesCarlstedtandSheehan,SheehanandCarlstedt,Sheehan.Itis

thoughtthattheselongmoleculesbecomealignedbythesecretoryflowin

mucosalgroovesandthusservetoguidesperm.HumanChretienandbull

TampionandGibons,sperm havebeendemonstratedtoorientthemselves

alongthelongaxisofthreadsofbovinecervicalmucus.Humansperm

swimmingthroughcervicalmucusswim inastraighterpaththantheydoin

seminalplasmaormedium.

Aresperm storedinthecervix?

Littleisknownabouthowlongsperm spendtraversingthecervixor

whethersperm arestoredthere.Vigorouslymotilesperm havebeen

recoveredfrom thehumancervixupto5daysafterinsemination,andthe

presenceofsperm inmid-cyclecervicalmucusformsthebasisofthe‘post

coitaltest’(PCT).Nevertheless,itisnotknownwhethersperm collected

from cervicesthislongaftercoituswouldreachtheFallopiantubeand

succeedinfertilizing,norcoulditbeknownwhetherthesesperm hadre-

enteredthecervixfrom theuterus.Veryfewsperm havebeenrecovered

from humanuteri24haftercoitusandthosesperm aregreatly

outnumberedbyleukocytes.Unlesssperm areprotectedfrom

phagocytosis(andtheyappeartobe),itisunlikelythattheycouldtravel

from acervicalreservoirtotheoviduct24hpostcoitus.

Sperm transportthroughtheuterus

Atonlyafewcentimetresinlength,thehumanuterinecavityisrelatively

smallandcouldbetraversedinlessthan10minbysperm swimmingat

about5mm/min,whichistheswimmingspeedofsperm inaqueous

medium.Theactualrateofpassageofhumansperm throughtheuterusis



difficulttodetermineduetoexperimentallimitations.Variationishigh

amongwomenwithinastudyandbetweenstudies.Inonesetof

experiments,fertilewomenwereinseminatedintothecranialvaginashortly

beforesurgicalexcisionofbothFallopiantubes.Sperm wererecovered

from thefimbrialsegmentoftheampullaintwowomenwhosetubeswere

removed5minafterinsemination,eventhoughtheyhadbeenabstinentfor

atleast16days.Sperm wererecoveredallalongthetubesoftwomore

womenmerely10minafterinsemination.Unfortunately,themotilityof

thesesperm wasnotassessed;therefore,itcouldnotbedetermined

whetherthesperm werecapableoffertilizing.Inanotherstudy,several

motilesperm wererecoveredfrom Fallopiantubesfollowinghysterectomy

30minafterinseminationinonepatientand1hafterinseminationinthree

outofsevenpatients;however,thesewomenunderwentsurgeryfor

treatmentoffibroids,polypsorendometriosisandthereforesperm

transportmayhavebeenabnormal.

Transportofsperm throughtheuterusislikelyaidedbypro-ovarian

contractionsofthemyometrium.Ultrasonographyofthehumanuterushas

revealedcraniallydirectedwavesofuterinesmoothmusclecontractions

thatincreaseinintensityduringthelatefollicularphase.Theuterine

contractionsoccurringinwomenduringtheperiovulatoryperiodarelimited

tothelayerofmyometrium directlybeneaththeendometrium.Thisisin

contrasttocontractionsoccurringduringmenses,whichinvolvealllayers

ofthemyometrium.Incowsandewes,electromyographyhasindicated

thatstrongcontractileactivityoccursduringestrus,whilecontractionsare

weakandlocalizedduringthelutealphase.

Inhumans,contractileactivityofuterinemusclemaydrawsperm and

waterymidcyclemucusfrom thecervixintotheuterus.FukudaandFukuda

interpretedultrasoundimagesoftheuteriofwomeninthelatefollicular

phasetoindicatethattheuterinecavityisfilledwithmucus.Theyproposed

thatthecervicalmucusassistssperm movementthroughthehuman

uterinecavity.Thisispossiblebecausethevolumeofuterinefluidin

midcyclewomenisonlyabout100µlCasslen,andcervicalmucusis

plentifulenoughtofillthelumen.



Studiesofuterinecontractionsduringestrusshouldbeinterpretedwith

cautionifcoitusdidnotoccur.Video-laparoscopicexaminationofmated

andunmatedratsrevealedsignificantchangesincontractilepatternsof

theuterinehornsaftermating.Unexpectedly,thechangeconsistedof

several-foldincreasesinbothcraniallyandcaudallypropagatingcircular

contractions.Caudallydirectedperistalsiswouldbeexpectedtocarry

sperm awayfrom theuterotubaljunction.Inestrousdomesticcats,both

ascendinganddescendingcontractionswereobservedbyfluoroscopy.

Perhapstheebbandflowofcontractionsdirectfreshwavesofsperm to

theuterotubaljunction.

Myometrialcontractionsmaybestimulatedbyseminalcomponents.When

vasectomizedmaleratswerematedwithfemales,theincidenceofstrong

uterinecontractionsdeclined,indicatingthatsperm ortesticularor

epididymalsecretionshavestimulatoryactivity.Removaloftheseminal

vesiclessignificantlyreducedthepregnancyrateinmice.Inboars,thereis

evidencethatestrogens,whichmayreach11.5µginanejaculate,increase

myometrialcontractionfrequency.Sinceboarsemenisdepositeddirectly

intotheuterinecavity,theuterusisexposedtothefullamountof

estrogensinthesemen.Thereisevidencethattheestrogensenhance

contractionbystimulatingsecretionofPGF-2α.

Rapidtransportofsperm throughtheuterusbymyometrialcontractions

canenhancesperm survivalbypropellingthem pasttheimmunological

defensesofthefemale.Asisthecaseinthevaginaandcervix,coitus

inducesaleukocyticinfiltrationoftheuterinecavity,whichreachesapeak

severalhoursaftermatinginmice.Theleukocytesareprimarilyneutrophils

andhavebeenobservedphagocytizinguterinesperm inmice,ratsand

rabbits.Thisphagocytosiswasobservedseveralhoursafterinsemination

andthereforemightbedirectedprimarilyagainstdamagedsperm.

However,normalsperm mayalsobeattacked,particularlyinvaginal

inseminatorslikehumans,becausetheirsperm havelostmuchofthe

immuneprotectionaffordedbyseminalplasmaconstituents.

Whensperm firstentertheuterus,theyoutnumbertheleukocytes.Astime

passes,theleukocytesbegintooutnumberthesperm.Also,assperm lose



protectiveseminalplasmacoating,theymaybecomemoresusceptibleto

leukocyticattack.Atsomepoint,evenundamagedsperm mayfallvictim to

theleukocytes.Probably,toensurefertilization,sperm shouldpassthrough

theuterinecavitybeforesignificantnumbersofleukocytesarrive.

Transportthroughtheuterotubaljunction

Theuterotubaljunctionpresentsanatomical,physiologicaland/ormucous

barrierstosperm passageinmostmammals.Anatomically,thelumenin

speciesasdistantlyrelatedasdairycattleandmiceisparticularlytortuous

andnarrow,HookandHafez.Thenarrownessofthelumenisespecially

apparentinlivingtissueSuarezandinfrozensections,inwhichtissuedoes

notshrinkasitdoesduringstandardpreparationofparaffin-embedded

sections.

Withinthelumenofthejunction,therearelargeandsmallfoldsinthe

mucosa.Inthecow,mucosalfoldsform cul-de-sacswithopeningsthat

facebacktowardstheuterus.Thisarrangementoffoldsseemsdesigned

toentrapsperm andpreventfurtherascent.

Rapidsperm transport

Sperm havebeenrecoveredinthecranialreachesofthetubalampullaonly

minutesaftermatingorinseminationinhumansandseveralotherspecies

ofmammals.Rapidtransportofsperm intotheFallopiantubewouldseem

tocountertheproposedmodelofsperm swimmingone-by-onethroughthe

uterotubaljunction.However,whenrabbitsperm recoveredfrom thecranial

ampullashortlyaftermatingwereevaluatedbyOverstreetandCooper,they

foundthatmostwereimmotileanddamaged.Theyproposedthatwavesof

contractionsstimulatedbyinseminationtransportsomesperm rapidlyto

thesiteoffertilization,butthesesperm aremortallydamagedbythe

associatedsheerstressanddonotfertilize.Later,motilesperm gradually

passthroughtheuterotubaljunctiontoestablishatubalpopulation

capableoffertilizing.Thecontractionsmayserveprimarilytodrawsperm

intothecervixbutresultinovershootingofsomesperm.Asdescribed

above,motilehumansperm havebeenrecoveredfrom Fallopiantubes

withinanhourofinsemination;however,itisnotknownwhetherfunction



wasnormalinthesewomen.

Asperm reservoirintheFallopiantube

Assperm passthroughtheuterotubaljunctionandenterthetubalisthmus,

theymaybetrappedandheldinareservoir.YanagimachiandChangwere

firsttodescribeareservoirofsperm inthehamstertubalisthmus.Since

then,evidencehasbeenfoundfortheformationofsperm storage

reservoirsinavarietyofspecies.

TheFallopiantubeprovidesahavenforsperm.Unlikethevagina,cervix

anduterus,thetubedoesnotrespondtoinseminationwithaninfluxof

leukocyte.

Entrapmentandstorageofsperm intheinitialsegmentofthetubemay

servetopreventpolyspermicfertilizationbyallowingonlyafewsperm ata

timetoreachtheoocyteintheampulla.Sperm numbershavebeen

artificiallyincreasedatthesiteoffertilizationinthepigbysurgical

inseminationdirectlyintotheampullarlumen,byresectingtheisthmusto

bypassthereservoirorbyadministeringprogesteroneintothemuscularis

toinhibitsmoothmuscleconstrictionofthelumen.Ineachofthesecases,

theincidenceofpolyspermyincreased.

Thereisstrongevidencefrom multiplespeciesofeutherianmammalsthat

thetubalreservoiriscreatedwhensperm bindtotheepithelium liningthe

tube.Inhumans,motilesperm havebeenobservedtobindtheirheadsto

theapicalsurfaceofendosalpingealepithelium invitro.Inavarietyofnon-

humanspecies,thisphenomenonhasbeenseeninvitroorinvivo.

Scanningelectronmicrographshowinghumansperm attachedtoaciliated

areaofFallopiantubeepithelium invitro.Arrowsindicatesperm heads

associatedwithcilia.Scalebar,4µm.Reproducedfrom Pacey.

Sperm bindingtoendosalpingeal(oviductal)epithelium ofnon-human

eutherianmammalsstudiedtodateinvolvesthebindingofsperm to



carbohydratemoietiesontheepithelium.Fetuinanditsterminalsugar,

sialicacid,werefoundtocompetitivelyinhibitbindingofhamstersperm

inseminatedintooviducts,whereasdesialylatedfetuindidnot.Fetuin

bindingsiteswerelocalizedovertheacrosomalregionofthesperm head,

whichistheregionbywhichsperm bindtoepithelium.Bindingofstallion

sperm toexplantsofendosalpinxwasinhibitedbyasialofetuinandits

terminalsugar,galactose,whilebindingofboarsperm wasblockedby

mannose.Bullsperm bindingwasblockedbyfucoidananditscomponent

fucoseandpre-treatmentofbovineepithelium withfucosidasereduced

binding.Ineachofthespeciesstudiedsofar,adifferentcarbohydrate

inhibitedbindinginvitro.Thesespeciesdifferencesmaynotseem so

unusualwhenoneconsidersthatasingleaminoacidresiduecan

determinethecarbohydratebindingspecificityofalectinandthatclosely

relatedanimallectinshavedifferentcarbohydratespecificities.

Ithasnotbeenestablishedwhetherhumansperm attachtothe

endosalpinxthroughacarbohydrate,althoughrecentexperimentsbyReeve

etal.haveimplicatedtheaminoacidsequenceArg-Gly-Asp(RGD)insperm

bindingtoisthmicbutnotampullaryendosalpingealepithelium.

Interestingly,humansperm–endosalpingealinteractioninvitroappearsto

bedisruptedintissuedonatedfrom womenwhohavehadaprevious

diagnosisofendometriosis,suggestingforthefirsttimethatpoorsperm

interactionwiththeendosalpingealepithelium mightbeassociatedwith

reducedfertility,suchasthatoftenobservedinwomenwithendometriosis.

Aproteinresponsibleforbindingbullsperm toendosalpingealepithelium

hasbeenidentifiedasPDC-109,alsocalledBSP-A1/A2.PDC-109isan

approximatelyproteinconsistingpredominantlyoftwofibronectintypeII

domains.Itisproducedbytheseminalvesiclesandcoatsepididymal

sperm whentheycomeintocontactwithseminalsecretions(Desnoyers

andManjunal.Epididymalbullsperm bindendosalpingealepithelium invery

lownumbers,butwhentheyarecoatedwithpurified,theirbinding

increasestothelevelofejaculatedbullsperm.




