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Introduction

Afemale’smenstrualcycleoccurstoallowforoocytereleaseandpreparetheuterusforpossible
pregnancy.Itbeginsatpuberty,rangingfrom theagesof10to16,andendsatmenopauseatan
averageageof51.Itmaylastanywherefrom 21daysto35dayswithanaveragedurationof28
days.

Function

Hormonesaresecretedinanegativeandpositivefeedbackmannertocontrolthemenstrual
cycle.Hormonesecretionbeginsinthehypothalamuswheregonadotropin-releasinghormone
(GnRH)is secreted in an increased,pulsatile fashion once pubertystarts.GnRH is then
transportedtotheanteriorpituitarywhereitactivatesits7-transmembrane G-proteinreceptor.
Thisprovidesasignaltotheanteriorpituitarytosecretestimulatingfolliclehormone(FSH)and
luteinizinghormone(LH).FSH andLH provideinputtotheovaries.Withintheovarianfollicle,
thereare2celltypesresponsibleforhormoneproduction,thecacells,andgranulosacells.LH
stimulatesthecacellstoproduceprogesteroneandandrostenedionebyactivatingtheenzyme,
cholesteroldesmolase.Onceandrostenedioneissecreted,thehormonediffusestothenearby
granulosa cells.Here,FSH stimulates the granulosa cells to convertandrostenedione to
testosteronethen17-beta-estradiolbyactivatingtheenzyme,aromatase.Aslevelsof17-beta-
estradiolorprogesteroneincreasebasedonthephasesofthemenstrualcycle,thereisnegative
feedbackbacktotheanteriorpituitarytolowerthelevelsofFSH andLH beingproducedand
subsequently,thelevelsof17-beta-estradiolandprogesteroneproduced.Anexceptiontothisis
duringovulation,inthiscase,onceacriticalamountof17-beta-estradiolisproduceditprovides
positivefeedbacktotheanteriorpituitarytoproduceincreasedamountsofFSH andLH.This
feedback system is represented in figure 1.Additionally,within the feedback system,the
granulosacellsproduceinhibinandactivin,whichinhibitandstimulateFSH releasefrom the
anteriorpituitary,respectively.This feedback mechanism is controlled byupregulating,to
increasehormoneproduction,ordownregulatingtodecreasehormoneproduction,theGnRH
receptorsontheanteriorpituitary.

Mechanism

Phase1:TheFollicular,orProliferativePhase

Thefirstphaseofthemenstrualcycleisthefollicularorproliferativephase.Itoccursfrom day
zerotoday14ofthemenstrualcycle,basedontheaveragedurationof28days.Thevariabilityin
lengthofthemenstrualcycleoccursduetovariationsinthelengthofthefollicularphase.The
mainhormoneduringthisphaseisestrogen,specifically17-beta-estradiol.Theincreaseinthis
hormoneoccursbyupregulationoftheFSHreceptorswithinthefollicleatthebeginningofthe
cycle.However,asthefollicularphaseprogressestotheend,theincreasedamountsof17-beta-
estradiolwillprovidenegativefeedbacktotheanteriorpituitary.Thepurposeofthisphaseisto
growtheendometriallayeroftheuterus.17-beta-estradiolachievesthisbyincreasinggrowthof
theendometriallayeroftheuterus,stimulatingincreasedamountsofstromaandglands,and
increasingthedepthofthearteriesthatsupplytheendometrium,thespiralarteries.Additionally,
thisphaseisalsoimportanttocreateanenvironmentthatisfriendlyandhelpfultopossible
incomingsperm.17-beta-estradiolachievesthisbycreatingchannelswithinthecervixallowing
forsperm entry.Thechannelsaremadewithintheabundant,wateryandelasticitychangesofthe
cervicalmucous.Duringthisphase,aprimordialfolliclebeginstomaturetoaGraafianfollicle.
ThesurroundingfolliclesbegintodegeneratewhichiswhentheGraafianfolliclebecomesthe



maturefollicle.Thissetsupthefollicleforovulation,thenextstep.

Ovulation

Ovulation alwaysoccurs14 daysbeforemenses;therefore,with an average28-daycycle,
ovulationoccursonday14.Attheendoftheproliferativephase,17-beta-estradiollevelsareata
highduetothefolliclematurationandincreasedproductionofthehormone.Duringthistimeonly,
17-beta-estradiolprovidespositivefeedbackforFSH andLH production.Thisoccurswhena
criticallevelof17-beta-estradiolisreached,atleast200picogramspermilliliterofplasma.The
highlevelsofFSHandLHpresentduringthistimeiscalledtheLHsurge.Asaresult,themature
folliclebreaks,andanoocyteisreleased.Thechangestothecervixasinitiatedduringthe
follicularphasefurtherincreasesallowingforincreased,wateriercervicalmucoustobetter
accommodatethepossiblesperm.Thelevelsof17-beta-estradiolfallattheendofovulation.  

Phase2:TheLutealorSecretoryPhase

Thenextphaseofthemenstrualcycleisthelutealorsecretoryphase.Thisphasealwaysoccurs
from day14today28ofthecycle.ProgesteronestimulatedbyLH isthedominanthormone
duringthisphasetopreparethecorpusluteum andtheendometrium forpossiblefertilizedovum
implantation.Asthelutealphaseends,progesteronewillprovidenegativefeedbacktothe
anteriorpituitarytodecreaseFSH andLH levelsandsubsequently,the17-beta-estradioland
progesteronelevels.Thecorpusluteum isastructureformedintheovaryatthesiteofthe
maturefolliclerupturetoproduce17-beta-estradiolandprogesterone,whichispredominateat
theendofthephaseduetothenegativefeedbacksystem.Theendometrium preparesby
increasingitsvascularsupplyandstimulatingmoremucoussecretions.Thisisachievedbythe
progesteronestimulatingtheendometrium toslow downendometrialproliferation,decrease
lining thickness,develop morecomplexglands,accumulateenergysourcesintheform of
glycogen,andprovidemoresurfaceareawithinthespiralarteries.Contrarytothecervical
mucouschangesseenduringtheproliferativephaseandovulation,progesteronedecreasesand
thickensthecervicalmucousmakingitnon-elastic,sincethefertilizationtimeperiodpassed,and
sperm entryis no longera priority.Additionally,progesterone increases the hypothalamic
temperature,so bodytemperatureincreasesduring thelutealphase.Neartheend ofthe
secretoryphase,plasmalevelsof17-beta-estradiolandprogesteroneareproducedbythecorpus
luteum.Ifpregnancyoccurs,afertilizedovum isimplantedwithintheendometrium,andthe
corpusluteum willpersistandmaintainthehormonelevels.However,ifnofertilizedovum is
implanted,thenthecorpusluteum regresses,andtheserum levelsof17-beta-estradioland
progesteronedecreaserapidly.

Menses

Whenthehormonelevelsdecrease,theendometrium layerasithasbeenchangedthroughout
themenstrualcycleisnotabletobemaintained.Thisiscalledmenses,consideredday0today5
ofthenextmenstrualcycle.Thedurationofmensesisvariable.Mensesormenstrualbleedingis
whenthereissloughingoftheendometriallininganditsblood.Tocontinuetheprocessofthe
menstrualcycle,primordialfolliclesbegintodevelopandstartthefollicularphaseagaininhopes
ofapregnancy.

ClinicalSignificance

Afemalehasanaverageof450mensesthroughoutherlifetime;therefore,itisimportantto
understand the menstrualcycle and its physiologybecause ofthe various complications,
consequences,anddistressthatitmayhaveforafemalepatient.A femalepresentingwith
primaryorsecondaryamenorrheawillneedtoundergoclinicaltestingtodiagnosethereason,but
reasonabletestingfrom theleveloftheovariestothehypothalamuscannotbeperformedunless
aclinicianthoroughlyunderstandsthehormonefeedbacksystem.Additionally,theremaybe
problemswithhermensesitselfsuchaspremenstrualsyndrome,dysmenorrhea,ormenorrhagia.



Withoutanunderstandingofthefemaleanatomyandmenstrualcyclephysiology,aclinician
would beunableto obtain acompletehistoryand physicalto allow understanding ofthe
underlyingcause.Infertilityisaprominentissueinoursociety,andthemenstrualcycleisthe
basisforhowawoman’sbodypreparesforpregnancy,soeachpatient’smenstrualcyclemustbe
evaluatedasapossibleareaofconcernforherinfertility.Asclinicians,wemustunderstandthe
menstrualcycleinitsentiretytoproviderelevantclinicalcaretoourfemalepatients.

cyclebeginsagain.2.Hormonalregulationsofthemenstrualcycle.
Explicatethehormonalregulationofthemenstrualcycle.
HORMONALREGULATIONOFTHEMENSTRUALCYCLE
Themenstrualcycleisregulatedbyhormones.Luteinizinghormoneandfolicle-stimulating
hormone,whichareproducedbythepituitarygland,promoteovulationandstimulatethe
ovariestoproduceestrogenandprogesterone.Estrogenandprogesteronestimulatetheuterusand
breaststo
prepareforpossiblefertilization.
Themenstrualcyclehasthreephases:
•Folicular(beforereleaseoftheegg)
•Ovulatory(eggrelease)
•Luteal(aftereggrelease)
Themenstrualcycleisregulatedbythecomplexinteractionofhormones:luteinizing
hormone,
folicle-stimulatinghormone,andthefemalesexhormonesestrogenandprogesterone.
Themenstrualcyclehasthreephases:
•Folicular(beforereleaseoftheegg)
•Ovulatory(eggrelease)
•Luteal(aftereggrelease)
Themenstrualcyclebeginswith
menstrualbleeding(menstruation),whichmarksthefirstdayofthefolicularphase.
Whenthefolicularphasebegins,levelsofestrogenandprogesteronearelow.Asaresult,
thetoplayersofthethickenedliningoftheuterus(endometrium)breakdownandareshed,and
menstrual bleedingoccurs.Aboutthistime,thefolicle-stimulatinghormonelevelincreasesslightly,
stimulatingthedevelopmentofseveralfoliclesintheovaries.Eachfoliclecontainsanegg.
Laterinthisphase,asthefolicle-stimulatinghormoneleveldecreases,onlyonefoliclecontinues
to
develop.Thisfolicleproducesestrogen.
Theovulatoryphasebeginswithasurgeinluteinizinghorm oneandfollicle-stim ulating
hormonelevels.Luteinizinghormonestimulateseggrelease(ovulation),whichusualyoccurs16to32
hoursafterthesurgebegins.Theestrogenleveldecreasesduringthesurge,andtheprogesterone
level
startstoincrease. Duringthelutealphase,luteinizinghormoneandfolicle-
stimulatinghormonelevelsdecrease.
The
rupturedfolicleclosesafterreleasingtheeggandformsacorpusluteum,whichproduces
progesterone.Duringmostofthisphase,theestrogenlevelishigh.Progesteroneand
estrogencause
theliningoftheuterustothickenmore,toprepareforpossiblefertilization.
Iftheeggisnotfertilized,thecorpusluteum degeneratesandnolongerproduces
progesterone,the
estrogenleveldecreases,thetoplayersoftheliningbreakdownandareshed,andmenstrual
bleedingoccurs(thestartofanewmenstrualcycle). Iftheeggisfertilized,thecorpusluteum
continuestofunctionduringearlypregnancy.Ithelpsmaintainpregnancy


