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ASSIGNMENT

Discussthefactorsfacilitatingthemovementofsperm inthe

femalereproductivetract.

Sperm transport withinthefemalereproductivetractisacooperativeeffortbetweenthe

functionalpropertiesofthesperm andseminalfluidontheonehandandcyclic

adaptationsofthefemalereproductivetractthatfacilitatethetransportofsperm

towardtheovulatedegg.Muchofthestoryofsperm transportinthe

female reproductivesystem involvesthepenetrationbythesperm ofvariousbarriers

alongtheirwaytowardtheegg(see Fig.14.7B).

During coitus inthehuman,semenisdepositedintheupper vagina closetothecervix.

Thenormalenvironmentofthevaginaisinhospitabletothesurvivalofsperm,

principallybecauseofitslowpH(<5.0).ThelowpHofthevaginaisaprotective

mechanism forthewomanagainstmanysexuallytransmittedpathogens,becauseno

tissuebarrierexistsbetweenthevagina(outside)andtheperitonealcavity(inside).The

acidicpHofthevaginaisbacteriocidalandisthereflectionofanunusualfunctional

adaptationofthevaginalepithelium.Aloneamongthestratifiedsquamousepitheliain

thebody,thecellsofthevaginalliningcontainlargeamountsof glycogen.

Anaerobic lactobacilli withinthevaginabreakdowntheglycogenfrom shedvaginal

epithelialcells,withtheproductionof lacticacid asabyproduct.Thelacticacidis

responsibleforthelowered vaginalpH.

Directmeasurementshaveshownthatwithin8 secondsfrom theintroductionofsemen

thepHoftheuppervaginaisraisedfrom 4.3to7.2,creatinganenvironmentfavorable

for sperm motility.Anotherrapideventisthecoagulationofhumansementhroughthe

actionsofsemogelinbyaminuteaftercoitus.Thecoagulativefunctionisincompletely

understood,butitmayplayaroleinkeepingsperm nearthecervicalos.Thirtyto

60 minutesafteritcoagulates, prostate-specificantigen (PSA),a proteolyticenzyme,

degradesthecoagulatedsemen.Withinthesemenandalteredvaginalfluids,thesperm



havebeguntoswim actively.Acriticalelementinsperm motilityistheavailability

of fructose,anutrientprovidedbytheseminalvesicles,withinthesemen.Becauseof

theirpaucityofcytoplasm,spermatozoarequireanexternalenergysource.Unusually

formostcells,spermatozoahaveaspecificrequirementforfructoseratherthan

glucose,themorecommonlyutilizedcarbohydrateenergysource.

Thenextbarrierfacingsperm isthe cervix.Thecervicalentrance(os)isnotonlyvery

small,butitisblockedbycervicalmucus.Duringmosttimesinthe menstrualcycle,

cervicalmucusishighlysticky(Gmucus)andrepresentsanalmostimpenetrable

barrierto sperm penetration.Aroundthetimeofovulation,however,theestrogenic

environmentofthefemalereproductivesystem bringsaboutachangeincervical

mucus,renderingitmorewateryandmoreamenabletopenetrationbysperm (Emucus).

Considerableuncertaintysurroundsthequestionofpassageofsperm throughthe

cervix.Theswimmingspeedofhumansperm influidisapproximately5 mm/min,soin

theory,sperm couldswim throughthecervicalcanalinamatterofminutesorhours.In

reality,somesperm havebeenfoundintheupperreachesoftheuterinetubeswithin

minutesofcoitus.Thesepioneersarelikelytohavebeensweptupthefemale

reproductivetractduring muscularcontractions occurringatthetimeoforshortlyafter

coitus.Researchon rabbits hasindicatedthatmostofthesesperm havebeendamaged

andwouldnotbeabletofertilizeanegg.Thefunctionalstatusofearly-arrivinghuman

sperm isnotknown.Ontheotherendofthespectrum,viablesperm havebeentaken

from thecervixaslongas5daysaftercoitus.Betweenthesetwoextremes,overthe

courseofhoursorevendays,mostofthespermatozoamaketheirwaythroughthe

cervicalmucusandupthecervicalcanalandintotheuterus,whereevenlessisknown

aboutthecourseofsperm transportinthehuman.Whetherornotsperm arestoredin

thecervixisstillnotentirelycertain.Sperm transportintoandthroughtheuterusis

assumedtobeassistedbycontractionsofitsthicksmoothmusclewalls.Theremayor

maynotbesubtleinfluencesthatfavorthetransportofsperm towardtheopeningof

theuterinetubethatcontainstheovulatedegg.

Ofthehugenumbersofsperm thatenterthefemalereproductivetract,almostallfailto

reachtheuterinetubes.Theunsuccessfulsperm areremovedbytheinfiltrationofwhite

bloodcellsintothecavitiesofthevagina,cervix,anduterus.Thesecells,alongwith

certainimmunoglobulins,inactivateanddegradeforeigninvaders,inthiscase,the

excesssperm.Fortunately,theuterinetubesarenotsubjecttothissortofcellular

infiltration.

Theopeningsoftheuterinetubesintotheuterus(uterotubaljunction)representanother

barriertosperm transport.Withtwouterinetubesandusuallyonlyoneovulatedegg,

anyspermatozoonthatenterstheemptyuterinetubeisautomaticallydoomedto

reproductivefailure.Roughly10,000orfewersperm cellsofthemillionsintheejaculate

enterthecorrecttube.Thesesperm cellscollectinthelowerpartoftheuterinetube

andattachtotheepithelium ofthetubeforabout24 hours.



Twocriticaleventsoccurduringthisperiodofattachment.Thefirstis

called capacitation,areactionnecessaryforaspermatozoontobeabletofertilizean

egg.Thefirstphaseofthecapacitationreactionistheremovalofcholesterolfrom the

surfaceofthesperm.Cholesterolwasintroducedontothesperm headtoprevent

prematurecapacitation.Thenextphaseofcapacitationistheremovalofmanyof

the glycoproteins thatweredepositedonthesperm headwithintheepididymis.After

theirremoval,thespermatozoonisnowcapableoffertilizinganegg.Itislikelythat

coveringthesperm cellswithglycoproteinsandthencholesterolisdonetopreventthe

sperm from prematurelyattemptingtofertilizeother somaticcells thattheyencounter

ontheirwaytomeetingtheegg.Capacitationremovesthemolecularshield.

Asecondphenomenonoccurringwhilethesperm areattachedtothedistaltuballining

is hyperactivation ofthesperm.Hyperactivationismanifestbytheincreasedvigorin

theirswimmingmovementsandallowsthesperm tobreakfreefrom theirbindingwith

thetubalepithelialcells.Hyperactivatedsperm aremoreefficientinmakingtheirwayup

theuterinetubeandpenetratingthecoveringsoftheegg.

Oncecapacitatedsperm breakawayfrom thetubalepithelium,theymaketheirwayup

theuterinetubethroughacombinationoftheirownswimmingmovements, peristaltic

contractions ofthesmoothmusculatureofthetubalwallandthemovementoftubal

fluidsdirectedbyciliaryactivity.Intheupperthirdoftheuterinetube,afewhundred

sperm approachtheovulatedegg.Onlyoneofthem outofthemillionsthatleftthemale

reproductivetractwillattainisultimategoaloffertilizingthategg.

Sperm Transport
Sperm transport occursinboththemalereproductivetractandthefemalereproductive

tract.Inthemalereproductivetract,transportofspermatozoaiscloselyconnectedwith

theirstructuralandfunctionalmaturation,whereasinthefemalereproductivetract,itis

importantforspermatozoatopasstotheupperuterinetube,wheretheycanmeetthe

ovulatedegg.

Afterspermiogenesisinthe seminiferoustubules,thespermatozoaaremorphologically

maturebutarenonmotileandincapableoffertilizinganegg(Figure2).Spermatozoa

arepassivelytransportedviatesticularfluidfrom theseminiferoustubulestothecaput

(head)oftheepididymisthroughtheretetestisandtheefferentductules.Theyare

propelledbyfluidpressuregeneratedintheseminiferoustubulesandareassistedby

smoothmusclecontractionsandciliarycurrentsintheefferentductules.Spermatozoa

spendabout12daysinthehighlyconvolutedductoftheepididymis,whichmeasures

6 m inthehuman,duringwhichtimetheyundergo biochemical maturation.Thisperiod

ofmaturationisassociatedwithchangesintheglycoproteinsintheplasmamembrane

ofthesperm head.Bythetimethespermatozoahavereachedthecauda(tail)ofthe

epididymis,theyarecapableoffertilizinganegg.
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Figure2. Sperm transportin(a)themaleand(b)thefemalereproductivetracts.In(b),

numbersofspermatozoatypicallyfoundinvariouspartsofthefemalereproductive

tractareindicatedinred.

Onejaculation,thespermatozoarapidlypassthroughthe ductusdeferens andbecome

mixedwithfluidsecretionsfrom the seminalvesiclesand prostategland.Prostaticfluid

isrichin citricacid, acidphosphatase,zinc,andmagnesium ions,whereasfluidofthe

seminalvesicleisrichinfructose(theprincipalenergysourceofspermatozoa)and

prostaglandins.The2–6 mlofejaculate(semen,or seminalfluid)typicallyconsistsof

40–250millionspermatozoamixedwithalkalinefluidfrom theseminalvesicles(60%of

thetotal)andacidsecretion(pH 6.5)from theprostate(30%ofthetotal).ThepHof

normalsemenrangesfrom 7.2to7.8.

Inthefemalereproductivetract,sperm transportbeginsintheuppervaginaandendsin

theampullaoftheuterinetube,wherethespermatozoamakecontactwiththeovulated

egg.Duringcopulation,theseminalfluidisnormallydepositedintheuppervagina,

whereitscompositionandbufferingcapacityimmediatelyprotectthespermatozoa

from theacidfluidfoundintheuppervaginalarea.Theacidicvaginalfluidnormally

servesabactericidalfunctioninprotectingthecervicalcanalfrom pathogenic

organisms.Withinabout10seconds,thepHoftheuppervaginaisincreasedfrom 4.3

toasmuchas7.2.Thebufferingeffectlastsonlyafewminutesinhumans,butit

providesenoughtimeforthespermatozoatoapproachthecervixinanenvironment

(pH 6.0–6.5)optimalforsperm motility.



Thenextbarriersthatthesperm cellsmustovercomearethecervicalcanalandthe

cervicalmucusthatblocksit.Changesinintravaginalpressuremaysuckspermatozoa

intothecervicalos,butswimmingmovementsalsoseem tobeimportantformost

spermatozoainpenetratingthecervicalmucus.

Thecompositionandviscosityofcervicalmucusvaryconsiderablythroughoutthe

menstrualcycle.Composedof cervicalmucin (aglycoproteinwithahighcarbohydrate

composition)andsolublecomponents,cervicalmucusisnotreadilypenetrable.

Betweendays9and16ofthecycle,however,itswatercontentincreases,andthis

changefacilitatesthepassageofsperm throughthecervixaroundthetimeofovulation;

suchmucusissometimescalled Emucus.Afterovulation,undertheinfluenceof

progesterone,theproductionofwaterycervicalmucusceases,andanewtypeofsticky

mucus,whichhasamuchdecreasedwatercontent,isproduced.Thisprogestational

mucus,sometimescalled Gmucus,isalmostcompletelyresistanttosperm penetration.

Therearetwomainmodesofsperm transportthroughthecervix.Oneisaphaseof

initialrapidtransport,bywhichsomespermatozoacanreachtheuterinetubeswithin

5–20 minofejaculation.Suchrapidtransportreliesmoreonmuscularmovementsof

thefemalereproductivetractthanonthemotilityofthespermatozoathemselves.

Theseearly-arrivingsperm,however,appearnottobeascapableoffertilizinganeggas

dothosethathavespentmoretimeinthefemalereproductivetract.Thesecond,slow

phaseofsperm transportinvolvestheswimmingofspermatozoathroughthecervical

mucus(travelingatarateof2–3 mm h− 1),theirstorageincervicalcrypts,andtheir

finalpassagethroughthecervicalcanalasmuchas2–4dayslater.

Relativelylittleisknownaboutthepassageofspermatozoathroughtheuterinecavity,

butthecontractionofuterinesmoothmuscle,ratherthansperm motility,seemstobe

themainintrauterinetransportmechanism.Atthispoint,thespermatozoaenteroneof

theuterinetubes.Accordingtosomemorerecentestimates,onlyseveralhundred

spermatozoaentertheuterinetubes,andmostenterthetubecontainingtheovulated

egg.

Onceinsidetheuterinetube,thespermatozoacollectintheisthmusandbindtothe

epithelium forabout24 h.Duringthistime,theyareinfluencedbysecretionsofthetube

toundergothe capacitation reaction.Onephaseofcapacitationistheremoval

of cholesterol from thesurfaceofthesperm.Cholesterolisacomponentofsemenand

actstoinhibitprematurecapacitation.Thenextphaseofcapacitationconsistsof

removalofmanyoftheglycoproteinsthatweredepositedonthesurfaceofthe

spermatozoaduringtheirtenureintheepididymis.Capacitationisrequiredfor

spermatozoatobeabletofertilizeanegg(specifically,toundergotheacrosome

reaction).Afterthecapacitationreaction,thespermatozoaundergoaperiodof

hyperactivityanddetachfrom thetubalepithelium.Hyperactivationhelpsthe

spermatozoatobreakfreeofthebondsthatheldthem tothetubalepithelium.Italso

assiststhesperm inpenetratingisthmicmucus,aswellasthecoronaradiataandthe



zonapellucida,whichsurroundtheovum.Onlysmallnumbersofsperm arereleasedat

agiventime.

Ontheirreleasefrom theisthmus,thespermatozoamaketheirwayupthetubethrough

acombinationofmuscularmovementsofthetubeandsomeswimmingmovements.

Thesimultaneoustransportofaneggdownandspermatozoaupthetubeiscurrently

explainedonthebasisofperistalticcontractionsoftheuterinetubemuscles.These

contractionssubdividethetubeintocompartments.Withinagivencompartment,the

gametesarecaughtupinchurningmovementsthatover1or2daysbringtheeggand

spermatozoatogether.Fertilizationoftheeggnormallyoccursintheampullaryportion

(upperthird)oftheuterinetube.Estimatessuggestthatspermatozoaretaintheir

functioninthefemalereproductivetractforabout80 h.

PreparationofRecipientMares
DuringOT, sperm transport, capacitation,fertilization,andembryodevelopmentoccur

withintherecipient’sreproductivetract;therefore,itisveryimportantthataselectionof

goodqualityrecipientmaresbeusedinanOTprogram.Youngmares(3to10years)

areselectedafteracompleteclinicalandreproductiveexamination.Duringthe

reproductiveexamination,itisimportanttoevaluatethelengthofthebroadligaments

todetermineiftheovariescanbeeasilyexposedduringOT.Oocyterecipientscanbe

cyclicornon-cyclicmares.Useofcyclicmaresasoocyterecipientsinvolves estrous

cyclesynchronizationofdonorandrecipientmaresandtheremovaloftherecipient’s

oocytestobesurethatthepregnancywillresultfrom fertilizationofthedonoroocyte.

Recipientmaresreceive2000IUofhCGatthesametimeasthedonors,andthe

recipient’soocyteiscollectedapproximately24hoursafterhCGadministration.Only

recipientmaresfrom whichanoocyteiscollectedareusedasoocyterecipients.Useof

non-cyclicrecipientseliminatestheneedtosynchronizedonorsandrecipientsand

eliminatestheneedtoretrievethepre-ovulatoryoocytesfrom therecipientsbefore

transfers.Non-cyclicrecipientsreceive3mgof estradiol benzoatedailyfor

approximately2to5daysbeforetransfer.Followingtheestradioltreatment200mgper

dayofinjectable progesterone inoilor0.044mg/kgoforal progestagen(Altrenogest),

supplementationisrequireduntilOT.Regardlessofwhetherthemaresarecyclingor

not,progesteronesupplementationmustbecontinuedforpregnancymaintenanceuntil

day110to120.Althougha corpusluteum formsafteraspirationofthepreovulatory

follicle,65 progesteronesecretioncanbedelayedorreducedincyclicmares.Innon-

cyclicmares,theabsenceofcorpusluteum obviouslyrequiresprogesterone

supplementation.

Oocytesaretransferredintothe oviduct oftherecipientmarespreferablybystanding

flanklaparotomy.Aftersedationandlocalanesthesia,anincisionismadebetweenthe

lastribandthetubercoxae.PriortoOTtheovaryandoviductareexposedthroughthe

incision.Theoocyteisloadedintoafire-polishedglasspipettewithalowvolumeof

medium (<0.1ml).Thepipetteisintroducedapproximately3cm intotheinfundibular



endoftheoviductandtheoocyteisgentlydeposited(Fig.18-4).Theovaryisreturned

intothe abdominalcavity,andthemusclelayersandskinaresuturedseparately.

Recipientsareroutinelytreatedwithparenteral non-steroidalanti-inflammatory

drugs andbroadspectrum antibioticfor5to7daysaftersurgery.


