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1:Spermatogenesis

Spermatogenesisistheprocessbywhichhaploidspermatozoadevelopfromgermcellsinthe

seminiferoustubulesofthetestis.Thisprocessstartswiththemitoticdivisionofthestemcellslocated

closetothebasementmembraneofthetubules.Thesecellsarecalledspermatogonialstemcells.The

mitoticdivisionoftheseproducestwotypesofcells.TypeAcellsreplenishthestemcells,andtypeB

cellsdifferentiateintoprimaryspermatocytes.Theprimaryspermatocytedividesmeiotically(MeiosisI)

intotwosecondaryspermatocytes;eachsecondaryspermatocytedividesintotwoequalhaploid

spermatidsbyMeiosisII.Thespermatidsaretransformedintospermatozoa(sperm)bytheprocessof

spermiogenesis.Thesedevelopintomaturespermatozoa,alsoknownasspermcells.Thus,theprimary

spermatocytegivesrisetotwocells,thesecondaryspermatocytes,andthetwosecondary

spermatocytesbytheirsubdivisionproducefourpermatozoaandfourhaploidcells.Spermatogenesis

producesmaturemalegametes,commonlycalledspermbutmorespecificallyknownasspermatozoa,

whichareabletofertilizethecounterpartfemalegamete,theoocyte,duringconceptiontoproducea

single-celledindividualknownasazygote.Thisisthecornerstoneofsexualreproductionandinvolves

thetwogametesbothcontributinghalfthenormalsetofchromosomes(haploid)toresultina

chromosomallynormal(diploid)zygote.

Topreservethenumberofchromosomesintheoffspringwhichdiffersbetweenspeciesoneofeach

gametemusthavenhalftheusualnumberofchromosomespresentinotherbodycells.Otherwise,the

offspringwillhavetwicethenormalnumberofchromosomes,andseriousabnormalitiesmayresult.In

humans,chromosomalabnormalitiesarisingfromincorrectspermatogenesisresultsincongenital

defectsandabnormalbirthdefects(Downsyndrome,Klinefeltersyndrome)andinmostcases,

spontaneousabortionofthedevelopingfoetus.

LOCATIONINHUMANS

Spermatogenesistakesplacewithinseveralstructuresofthemalereproductivesystem.Theinitial



stagesoccurwithinthetestesandprogresstotheepididymiswherethedevelopinggametesmature

andarestoreduntilejaculation.Theseminiferoustubulesofthetestesarethestartingpointforthe

process,wherespermatogonialstemcellsadjacenttotheinnertubulewalldivideinacentripetal

direction—beginningatthewallsandproceedingintotheinnermostpart,orlumen—toproduce

immaturesperm.Maturationoccursintheepididymis.Thelocation[Testes/Scrotum]isspecifically

importantastheprocessof

spermatogenesisrequiresalowertemperaturetoproduceviablesperm,specifically1°-8 °Clowerthan

normalbodytemperatureof37 °C(98.6 °F).Clinically,smallfluctuationsintemperaturesuchasfroman

athleticsupportstrap,causesnoimpairmentinspermviabilityorcount.

DURATION

Forhumans,theentireprocessofspermatogenesisisvariouslyestimatedastaking74days(accordingto

tritiumlabelledbiopsies)andapproximately120days(accordingtoDNAclockmeasurements).Testes

produce200to300millionspermatozoadaily.However,onlyabouthalfor100millionofthesebecome

viablesperm.

2:TESTOSTERONE

Testosteroneistheprimarymalesexhormoneandanabolicsteroid.Inmalehumans,testosteroneplays

akeyroleinthedevelopmentofmalereproductivetissuessuchastestesandprostate,aswellas

promotingsecondarysexualcharacteristicssuchasincreasedmuscleandbonemass,andthegrowthof

bodyhair.Inaddition,testosteroneisinvolvedinhealthandwell-being,andthepreventionof

osteoporosis.Insufficientlevelsoftestosteroneinmenmayleadtoabnormalitiesincludingfrailtyand

boneloss.Testosteroneisasteroidfromtheandrostaneclasscontainingaketoandhydroxylgroupsat

positionsthreeandseventeenrespectively.Itisbiosynthesizedinseveralstepsfromcholesterolandis

convertedinthelivertoinactivemetabolites.Itexertsitsactionthroughbindingtoandactivationofthe

androgenreceptor.Inhumansandmostothervertebrates,testosteroneissecretedprimarilybythe

testiclesofmalesand,toalesserextent,theovariesoffemales.Onaverage,inadultmales,levelsof

testosteroneareabout7to8timesasgreatasinadultfemales.Asthemetabolismoftestosteronein

malesismorepronounced,thedailyproductionisabout20timesgreaterinmen.Femalesarealso

moresensitivetothehormone.

Inadditiontoitsroleasanaturalhormone,testosteroneisusedasamedicationinthetreatmentof

lowtestosteronelevelsinmen,transgenderhormonetherapyfortransgendermen,andbreastcancer

inwomen.Sincetestosteronelevelsdecreaseasmenage,testosteroneissometimesusedinoldermen

tocounteractthisdeficiency.Itisalsousedillicitlytoenhancephysiqueandperformance,forinstancein

athletes.

BIOLOGICALEFFECT

Ingeneral,androgenssuchastestosteronepromoteproteinsynthesisandthusgrowthoftissueswith



androgenreceptors.Anaboliceffectsincludegrowthofmusclemassandstrength,increasedbone

densityandstrength,andstimulationoflineargrowthandbonematuration.Androgeniceffectsinclude

maturationofthesexorgans,particularlythepenisandtheformationofthescrotuminthefetus,and

afterbirth(usuallyatpuberty)adeepeningofthevoice,growthoffacialhair(suchasthebeard)and

axillary(underarm)hair.Manyofthese

BEFOREBIRTH

Effectsbeforebirtharedividedintotwocategories,classifiedinrelationtothestagesofdevelopment.

Thefirstperiodoccursbetween4and6weeksofthegestation.Examplesincludegenitalvirilisation

suchasmidlinefusion,phallicurethra,scrotalthinningandrugation,andphallicenlargement;although

theroleoftestosteroneisfarsmallerthanthatofdihydrotestosterone.Thereisalsodevelopmentofthe

prostateglandandseminalvesicles.

Duringthesecondtrimester,androgenlevelisassociatedwithsexformation.Specifically,testosterone,

alongwithantiMüllerianhormone(AMH)promotegrowthoftheWolffianductanddegenerationofthe

Müllerianductrespectively.

EARLYINFANCY

Earlyinfancyandrogeneffectsaretheleastunderstood.Inthefirstweeksoflifeformaleinfants,

testosteronelevelsrise.Thelevelsremaininapubertalrangeforafewmonths,butusuallyreachthe

barelydetectablelevelsofchildhoodby4–7monthsofage.

BEFOREPUBERTY

Beforepubertyeffectsofrisingandrogenlevelsoccurinbothboysandgirls.Theseincludeadult-type

bodyodor,increasedoilinessofskinandhair,acne,pubarche(appearanceofpubichair),axillaryhair

(armpithair),growthspurt,acceleratedbonematuration,andfacialhair.

PUBERTAL

Pubertaleffectsbegintooccurwhenandrogenhasbeenhigherthannormaladultfemalelevelsfor

monthsoryears.Inmales,theseareusuallatepubertaleffects,andoccurinwomenafterprolonged

periodsofheightenedlevelsoffreetestosteroneintheblood.Theeffectsinclude:

Growthofspermatogenictissueintesticles,malefertility,penisorclitorisenlargement,increasedlibido

andfrequencyoferectionorclitoralengorgementoccurs.Growthofjaw,brow,chin,andnoseand

remodelingoffacialbonecontours,inconjunctionwithhumangrowthhormoneoccurs.

ADULT

Testosteroneisnecessaryfornormalspermdevelopment.ItactivatesgenesinSertolicells,which

promotedifferentiationofspermatogonia.ItregulatesacuteHPA(hypothalamic–pituitary–adrenalaxis)

responseunderdominancechallenge.Androgenincludingtestosteroneenhancesmusclegrowth.Adult

testosteroneeffectsaremoreclearlydemonstrableinmalesthaninfemales,butarelikelyimportantto



bothsexes.Someoftheseeffectsmaydeclineastestosteronelevelsmightdecreaseinthelaterdecades

ofadultlife.

3:SEMEN

Semen,alsoknownasseminalfluid,isanorganicfluidthatcontainsspermatozoa.Itissecretedbythe

gonads(sexualglands)andothersexualorgansofmaleorhermaphroditicanimalsandcanfertilizethe

femaleovum.Inhumans,seminalfluidcontainsseveralcomponentsbesidesspermatozoa:proteolytic

andotherenzymesaswellasfructoseareelementsofseminalfluidwhichpromotethesurvivalof

spermatozoa,andprovideamediumthroughwhichtheycanmoveor"swim".Semenisproducedand

originatesfromtheseminalvesicle,whichislocatedinthepelvis.Theprocessthatresultsinthe

dischargeofsemeniscalledejaculation.

Semenisalsoaformofgeneticmaterial.Inanimals,semenhasbeencollectedforcryoconservation.

Cryoconservationofanimalgeneticresourcesisapracticethatcallsforthecollectionofgeneticmaterial

ineffortsforconservationofaparticularbreed.

PHYSIOLOGY

HUMANSEMENCOMPOSITION

Duringtheprocessofejaculation,spermpassesthroughtheejaculatoryductsandmixeswithfluids

fromtheseminalvesicles,theprostate,andthebulbourethralglandstoformthesemen.Theseminal

vesiclesproduceayellowishviscousfluidrichinfructoseandothersubstancesthatmakesupabout70%

ofhumansemen.Theprostaticsecretion,

influencedbydihydrotestosterone,isawhitish(sometimesclear),thinfluidcontainingproteolytic

enzymes,citricacid,acidphosphataseandlipids.Thebulbourethralglandssecreteaclearsecretioninto

thelumenoftheurethratolubricateit.

Sertolicells,whichnurtureandsupportdevelopingspermatocytes,secreteafluidintoseminiferous

tubulesthathelpstransportspermtothegenitalducts.Theductuliefferentespossesscuboidalcells

withmicrovilliandlysosomalgranulesthatmodifytheductalfluidbyreabsorbingsomefluid.Oncethe

semenenterstheductusepididymistheprincipalcells,whichcontainpinocytoticvesselsindicatingfluid

reabsorption,secreteglycerophosphocholinewhichmostlikelyinhibitsprematurecapacitation.The

accessorygenitalducts,theseminalvesicle,prostateglands,andthebulbourethralglands,produce

mostoftheseminalfluid.Seminalplasmaofhumanscontainsacomplexrangeoforganicandinorganic

constituents.

Theseminalplasmaprovidesanutritiveandprotectivemediumforthespermatozoaduringtheir

journeythroughthefemalereproductivetract.Thenormalenvironmentofthevaginaisahostileone

(c.f.sexualconflict)forspermcells,asitisveryacidic(fromthenativemicrofloraproducinglacticacid),

viscous,andpatrolledbyimmunecells.Thecomponentsintheseminalplasmaattempttocompensate



forthishostileenvironment.Basicaminessuchasputrescine,spermine,spermidineandcadaverineare

responsibleforthesmellandflavorofsemen.Thesealkalinebasescounteractandbuffertheacidic

environmentofthevaginalcanal,andprotectDNAinsidethespermfromacidicdenaturation.

Quality

Semenqualityisameasureoftheabilityofsementoaccomplishfertilization.Thus,itisameasureof

fertilityinaman.Itisthesperminthesementhatisthefertilecomponent,andthereforesemenquality

involvesbothspermquantityandspermquality.

Quantity

Thevolumeofsemenejaculatevariesbutisgenerallyabout1teaspoonfulorless.Areviewof30studies

concludedthattheaveragewasaround3.4milliliters(mL),withsomestudiesfindingamountsashighas

5.0mLoraslowas2.3mL.InastudywithSwedishandDanishmen,aprolongedintervalbetween

ejaculationscausedanincreaseofthespermcountinthesemenbutnotanincreaseofitsamount.

SEMENALLERGY

Inrarecircumstances,humanscandevelopanallergytosemen,calledhumanseminalplasmasensitivity.

Itappearsasatypicallocalizedorsystemicallergicresponseuponcontactwithseminalfluid.Thereisno

oneproteininsemenresponsibleforthereaction.Symptomscanappearafterfirstintercourseorafter

subsequentintercourse.Asemenallergycanbedistinguishedfromalatexallergybydeterminingifthe

symptomsdisappearwithuseofacondom.Desensitizationtreatmentsareoftenverysuccessful.

4:MALEORGASM

Ejaculationisthedischargeofsemen(normallycontainingsperm)fromthemalereproductorytractasa

resultofanorgasm.Itisthefinalstageandnaturalobjectiveofmalesexualstimulation,andanessential

componentofnaturalconception.Inrarecases,ejaculationoccursbecauseofprostaticdisease.

Ejaculationmayalsooccurspontaneouslyduringsleep(anocturnalemissionor"wetdream").

Anejaculationistheconditionofbeingunabletoejaculate.Ejaculationisusuallyverypleasurablefor

men;dysejaculationisanejaculationthatispainfuloruncomfortable.Retrogradeejaculationisthe

conditionwheresementravelsbackwardsintothebladderratherthanouttheurethra.

STIMULATION

Ausualprecursortoejaculationisthesexualarousalofthemale,leadingtotheerectionofthepenis,

thoughnoteveryarousalnorerectionleadstoejaculation.Penilesexualstimulationduring

masturbationorvaginal,anal,oral,ornonpenetrativesexualactivitymayprovidethenecessarystimulus

foramantoachieveorgasmandejaculation.Withregardtointravaginalejaculationlatencytime,men

typicallyreachorgasm5–7minutesafterthestartofpenile-vaginalintercourse,takingintoaccounttheir

desiresandthoseoftheirpartners,but10minutesisalsoacommonintravaginalejaculationlatency

time.Aprolongedstimulationeitherthroughforeplay(kissing,pettinganddirectstimulationof



erogenouszonesbeforepenetrationduringintercourse)orstroking(duringmasturbation)leadstoan

adequateamountofarousalandproductionofpre-ejaculatoryfluid.Whilethepresenceofsperminpre

-ejaculatoryfluidisthoughttoberare,spermfromanearlierejaculation,stillpresentintheurethra,

maybepickedupbypreejaculatoryfluid.Inaddition,infectiousagents(includingHIV)canoftenbe

presentinpre-ejaculate.

Prematureejaculationiswhenejaculationoccursbeforethedesiredtime.Ifamanisunabletoejaculate

inatimelymannerafterprolongedsexualstimulation,inspiteofhisdesiretodoso,itiscalleddelayed

ejaculationoranorgasmia.Anorgasmthatisnotaccompaniedbyejaculationisknownasadryorgasm.

Whenamanhasachievedasufficientlevelofstimulation,theorgasmandejaculationbegins.Atthat

point,underthecontrolofthesympatheticnervoussystem,semencontainingspermisproduced

(emission).Thesemenisejectedthroughtheurethrawithrhythmiccontractions.Theserhythmic

contractionsarepartofthemaleorgasm.Theyaregeneratedbythebulbospongiosusand

pubococcygeusmusclesunderthecontrolofaspinalreflexatthelevelofthespinalnervesS2–4viathe

pudendalnerve.Thetypicalmaleorgasmlastsseveralseconds.

Afterthestartoforgasm,pulsesofsemenbegintoflowfromtheurethra,reachapeakdischargeand

thendiminishinflow.Thetypicalorgasmconsistsof10to15contractions,althoughthemanisunlikely

tobeconsciouslyawareofthatmany.Oncethefirstcontractionhastakenplace,ejaculationwill

continuetocompletionasaninvoluntaryprocess.Atthisstage,ejaculationcannotbestopped.

Ejaculationusuallybeginsduringthefirstorsecondcontractionoforgasm.Formostmen,thefirst

ejectionofsemenoccursduringthesecondcontraction,whilethesecondistypicallythelargest

expelling40%ormoreoftotalsemendischarge.Afterthispeak,themagnitudeofsementhepenis

emitsdiminishesasthecontractionsbegintolesseninintensity.Themusclecontractionsoftheorgasm

cancontinueafterejaculationwithnoadditionalsemendischargeoccurring.Asmallsamplestudyof

sevenmenshowedanaverageof7spurtsofsemenfollowedbyanaverageof10morecontractions

withnosemenexpelled.Thisstudyalsofoundahighcorrelationbetweennumberofspurtsofsemen

andtotalejaculatevolume,i.e.,largersemenvolumesresultedfromadditionalpulsesofsemenrather

thanlargerindividualspurts.

5:MALEINFERTILITY

Maleinfertilityreferstoamale'sinabilitytocausepregnancyinafertilefemale.Inhumansitaccounts

for40–50%ofinfertility.Itaffectsapproximately7%ofallmen.Maleinfertilityiscommonlydueto

deficienciesinthesemen,andsemenqualityisusedasasurrogatemeasureofmalefecundity.

Factorsrelatingtomaleinfertilityinclude:

IMMUNEINFERTILITY



Antispermantibodies(ASA)havebeenconsideredasinfertilitycauseinaround10–30%ofinfertile

couples.ASAproductionaredirectedagainstsurfaceantigensonsperm,whichcaninterferewithsperm

motilityandtransportthroughthefemalereproductivetract,inhibitingcapacitationandacrosome

reaction,impairedfertilization,influenceontheimplantationprocess,andimpairedgrowthand

developmentoftheembryo.Riskfactorsfortheformationofantispermantibodiesinmenincludethe

breakdownoftheblood‑testisbarrier,traumaandsurgery,orchitis,varicocele,infections,prostatitis,

testicularcancer,failureofimmunosuppressionandunprotectedreceptiveanalororalsexwithmen.

GENETICS

Chromosomalanomaliesandgeneticmutationsaccountfornearly10–15%ofallmaleinfertilitycases.

KlinefelterSyndrome

OneofthemostcommonlyknowncausesofinfertilityisKlinefelterSyndrome,affecting1outof

500–1000newbornmalesKlinefelterSyndromeisachromosomaldefectthatoccursduringgamete

formationduetoanon-disjunctionerrorduringcelldivision.Resultinginmaleshavingsmallertestes,

reducingtheamountoftestosteroneandspermproduction.MaleswiththissyndromecarryanextraX

chromosome(XXY),meaningtheyhave47chromosomescomparedtothenormal46ineachcell.This

extrachromosomedirectlyaffectssexualdevelopmentbeforebirthandduringpuberty(linkstolearning

disabilitiesandspeechdevelopmenthavealsobeenshowntobeaffected).Therearevarietiesin

KlinefelterSyndrome,wheresomecasesmayhavetheextraXchromosomeinsomecellsbutnotothers,

referredtoasMosaicKlinefelterSyndrome,orwhereindividualshavetheextraXchromosomeinall

cells.Thereductionoftestosteroneinthemalebodynormallyresultsinanoveralldecreaseinthe

productionofviablespermfortheseindividualstherebyforcingthemtoturntofertilitytreatmentsto

fatherchildren.

YCHROMOSOMESDELECTIONS

Ychromosomalinfertilityisadirectcauseofmaleinfertilityduetoitseffectsonspermproduction,

occurringin1outofevery2000males.Usuallyaffectedmenshownosignofsymptomsotherthanat

timescanexhibitsmallertestesize.Menwiththisconditioncanexhibitazoospermia(nosperm

production),oligozoospermia(smallnumberofspermproduction),ortheywillproduceabnormally

shapedsperm(teratozoospermia).Thiscaseofinfertilityoccursduringthedevelopmentofgametesin

themale,whereanormalhealthymalewillproducebothXandaYchromosome,affectedmaleshave

geneticdeletionsintheYchromosome.Thesedeletionsaffectproteinproductionthatisvitalfor

spermatogenesis.Studieshaveshownthatthisisaninheritedtrait;ifamaleisfatheredbyamanwho

alsoexhibitedychromosomedeletionsthenthistraitwillbepasseddown.Theseindividualsarethereby

“Y-linked”,althoughdaughtersarenotaffectedduetothelackoftheYchromosome.


