
Name:Jekey-Green,Tamuno-imimSokari

300l,Mbbs

17/MHS01/169

Neuro-physiologyassignment

Physiologyofsleep

Sleepreferstoastateofunconsciousnessfromwhichtheindividualcanbe

arousedbysensoryorotherstimuli.Whenasleep,anindividualisnotaware

oftheenvironmentandisunabletoperformactivitiesthatrequire

consciousness.Duringsleep,thestimuluspulsetransferbecomesless

frequentbetweenthereticularformationandcerebralcortex.

Stagesofsleep

Therearetwokindsofsleep:

1.Rapideyemovement(REM)sleep

2.non-REM(NREM)orslow-wavesleep

REMsleepissonamedbecauseofthecharacteristiceyemovementsthat

occurduringthisstageofsleep.

REMsleep

REMsleep,i.e.‘rapideyemovement’ sleepisalsocalled‘fastwave

(desynchronized)sleep,or‘paradoxicalsleep’ or‘dreamsleep’ or

‘deepestsleep’.Inadults,theREMsleepfollowsnon-REMsleep,whilein

adultsentryintosleepoccursviaREMsleep

EEGpatternofREMsleep

DuringREMsleep,EEGischaracterizedbyahigh-frequencyandlow-



amplitudepattern(β rhythm),i.e.somedesynchronizedpatternthatisseen

inthewakingstate(Fig.10.11-9G).HenceREMsleepisalsocalled‘fastwave

sleep’ or‘desynchronizedsleep’.However,theindividualclearlyis

unresponsivetoenvironmentstimuliandthusisasleep.Further,itisusually

moredifficulttoawakeinREMsleepthaninnon-REMsleep.BecauseofEEG

patternofwakefulness,theREMisalsocalled‘paradoxicalsleep’

ThePGO(ponto-geniculooccipital)wavesarenotdetectableinhumansby

scalpEEG,butarerecordablebydepthEEGrecordings.Thesewaves

originateinponsandpassrapidlytolateralgeniculatebodyandthento

cerebralcortexandhencethenamePGO.Thesewavesactivatethereticular

inhibitingareainthemedullaproducinghypotonia.However,whenawakened

fromREMsleep,theindividualisimmediatelyalertandawareofthe

environment.DreamingoccursduringREMsleep,soitisalsocalled‘dream

sleep’.Thereisvividdreamrecallfromapproximately80%ofarousalsfromREM

sleep

PhysiologicalchangesduringREMsleep

1.Rapideyemovementsarethehallmarkofthisstateofsleepandthatis

whythenameREMsleep.Rapideyemovements(saccadiceyemovements)

areburstsofsmalljerkymovementsthatbringtheeyefromone

fixationpointtoanothertoallowasweepingofvisualimagesofdreams.

Heartrateandrespirationratebecomeirregular.

2. Muscletoneisreducedduetoinhibitionofspinalmotorneuronsvia

brainstemmechanisms.Snoringduringsleepresultsfrompartial

obstructionofairwayscausedbyrelaxedtongue(duetomuscular

atonia)insupineposition.

3. Twitchingoflimbmusculatureoccursoccasionally.Becausemuscle

toneisreducedtremendouslyduringREMsleep,frequencyand

intensityofmuscletwitchingdonotproduceinjuriesorawakenthe



individual.

4. MiddleearmusclesarealsoactiveduringREMsleep.

5.Penileerectioninmalesandengorgementofclitorisinfemalesmay

occurduringREMsleep

NREMsleepisdividedintofourstages.Apersonfallingasleepfirstenters

stage1,theEEGbeginstoshowalow-voltage,mixedfrequencypattern.A

thetarhythm (4–7Hz)canbeseenatthisearlystageofslowwavesleep.

ThroughoutNREMsleep,thereissomeactivityofskeletalmusclebutnoeye

movementsoccur.Stage2ismarkedbytheappearanceofsinusoidalwaves

called sleepspindles(12–14Hz)andoccasionalhighvoltagebiphasicwaves

called Kcomplexes.

Instage3,ahigh-amplitude deltarhythm(0.5–4Hz)dominatestheEEG

waves.Maximumslowingwithlargewavesisseeninstage4.Thus,the

characteristicofdeepsleepisapatternofrhythmicslowwaves,indicating

marked synchronization;itissometimesreferredtoas slow-wave

sleep.Whereasthetaanddeltarhythmsarenormalduringsleep,their

appearanceduringwakefulnessisasignofbraindysfunction.

Sleepcycle

Inanormaladultindividual,theaveragesleepperiodofabout7–8his

dividedintoabout5cyclesduringwhichnon-REMsleepandREMsleep

alternatewitheachother.Thereisanorderlyprogressionofsleepstates

andstagesduringatypicalsleepcycle.Whenanindividualfallsasleep,the

N1stageofSWSsleepisenteredfirst.Duringnexthourorsotheperson



passesprogressivelyindeeperstagesofsleepuntildeepsleepisreached.

Afterabout15minutesofdeepsleep,depthofsleepstartsdecreasingand

continuestodosountilthepersonre-enterstheN1stageofsleepabout90

minutesafterthestartofthefirstsleepcycle.Atthispoint,individual

passesfromSWStoREMsleep.Thiscyclerepeatsitselfabout5timesduring

night.Afterthesecondcycle,theintervalsbetweenperiodsofREMsleep

becomeshorterandthedurationofeachofperiodofREMsleepbecomes

longer.Asmorningapproaches,anindividualspendslesstimeinthedeeper

stagesofSWSandperiodicallyawakens.Thissleepcycleistypicalofadult.

Averagesleeptimeperdaydiffersaccordingtotheage:

 Duringinfancy:16h,

 Duringchildhood:10h,

 Duringadulthood:7–8hand

 Duringoldage:<8h.



Sleep-wakeupcycle

Sleep-wakecycle,likeothercircadianrhythms,isendogenous.Thebiological

clockcontrollingthecircadianrhythmsissuprachiasmaticnucleusofthe

anteriorhypothalamus.Thecircadianrhythmsareendogenousandcan

persistwithoutenvironmentalcues;however,undernormalcircumstancesthe

rhythmsaremodulatedbyexternaltimingcuescalledzeitgebers(timegivers)

thatadapttherhythmtotheenvironment.Sunlightisapowerfultimingcue.

Lightentrainsthisrhythmbymeansofretinohypothalamictract.Although

thesuprachiasmaticnucleusregulatesthetimingofsleep,itisnot

responsibleforsleepitself

ImportanceofSleep

Althoughwespendaboutone-thirdofourlivessleeping,thefunctionsof

sleeparenotcompletelyunderstood.Manylinesofresearch,however,

suggestthatsleepisafundamentalnecessityofacomplexnervoussystem.

Studiesofsleepdeprivationinhumansandotheranimalssuggestthatsleep



isahomeostaticrequirement,similartotheneedforfoodandwater.

Deprivationofsleepimpairstheimmunesystem,causescognitiveandmemory

deficits,andultimatelyleadstopsychosisandevendeath.Partofthe

restorativemechanismofsleepmayarisefromremovalofproteinfragments,

wasteproducts,andneurotransmittersthataccumulatefrombrainactivity

intheawakestate.Duringsleep,thespacebetweenneuronsincreasesmore

than60%duetotransientshrinkingofglialcells,allowingasignificant

increaseintheflowofcerebrospinalfluidbetweenneurons

Factorsaffectingsleep

Sleeptimeremainsfairlystablefromdaytodayevenunderwidelyvarying

conditionsandisonlymodestlyaffectedbyvariationsinactivityand

sensorystimulation.However,thefactorswhichminimizesensorystimulation

andfavourtheonsetofnaturalsleepare:

 Darkenedroom,

 Comfortablesurroundingtemperature,

 Silence,

 Physicalandmentalrelaxation,

 Consumptionofabasicurge,suchashungerorsexand

 Low-frequencystimulation,suchasbypattingorknockinginacradle

orsittinginamovingvehicle.cerebrospinalfluidbetweenneurons.

ClinicalCorrelates

1.Insomniareferstoaninabilitytohavesufficientorrestfulsleepdespite

anadequateopportunityforsleep.Itisasubjectiveproblemthatoccursat

onetimeoranotherinalmostalladults.Insomniacanberelievedtemporarily



bysleepingpills,especiallybenzodiazepines.Prolongeduseofthesedrugs

canbehabit-formingandcancompromisedaytimeperformance.

2.Fatalfamilialinsomniaisaseriousdisordercharacterizedbyworsening

insomnia,impairedautonomicandmotorfunctions,dementiaandeventually

death.Itisaprogressivediseasethatoccursinbothaninheritedanda

sporadicform.

3.Narcolepsyreferstoanirresistibleurgetosleep.Asmentionedinthe

sleepcycle,inadultsthesleeponsetoccurswithnon-REMsleep,whichis

followedbyREMsleep.However,innarcolepsy,REMsleepisentereddirectly

fromthewakingstates.

4.REMbehaviourdisorder.ItisanewlyrecognizedconditioninwhichREM

sleepisnotassociatedwithinhibitionofmuscletone.Consequently,such

personsactouttheirdreams,thatis,theythrashaboutandmayevenjump

outoffthebed,readytodobattlewithimaginedaggression.Thegeneralized

orlocalizedmusclecontractionassociatedwithvividvisualimagery,i.e.the

motorresponsetosomeofthedreameventsisreferredtoahypnoeic

myoclonia.



THEROLEOFBASALGANGLIAINCOORDINATINGMOVEMENT

Thebasalgangliaareagroupofstructuresfounddeepwithinthecerebral

hemispheres.Thestructuresgenerallyincludedinthebasalgangliaarethe:

 Caudatenucleus,putamen,andglobuspallidusinthecerebrum

 Thesubstantianigrainthemidbrain

 Thesubthalamicnucleusinthediencephalon

Thebasalgangliaarebestknownfortheirroleinmovement.

DIRECTPATHWAYOFMOVEMENT

Thedirectpathwayofmovementisaneuralpathwaywithinthecentral

nervoussystem(CNS)throughthebasalgangliawhichfacilitatesthe

initiationandexecutionofvoluntarymovement.Itworksinconjunctionwith

theindirectpathway.Bothofthesepathwaysarepartofthecortico-basal

gangliathalamo-corticalloop.

Thedirectpathwaypassesthroughthecaudatenucleus,putamen,and

globuspallidus,whicharepartsofthebasalganglia.Italsoinvolvesanother

basalgangliacomponentthesubstantianigra,apartofthemidbrain.Ina

restingindividual,aspecificregionoftheglobuspallidus,theinternalglobus

pallidus(GPi),andapartofthesubstantianigra,theparsreticulata(SNpr),

sendspontaneousinhibitorysignalstotheventrallateralnucleus(VL)ofthe

thalamus,throughthereleaseofGABA,aninhibitoryneurotransmitter.

Inhibitionoftheinhibitoryneuronsthatprojecttotheventralanterior

nucleus(VA),whichprojecttothemotorregionsofthecerebralcorticesof

thetelencephalon,leadstoanincreaseinactivityinthemotorcortices,

therebypromotingmuscularaction.

Thepre-frontalregionofthecerebralcortexsendsactivatingsignalstothe



motorcortices.Themotorcorticessendsignalsthroughthebasalgangliato

refinethechoiceofmusclesthatwillparticipateinthemovementandto

amplifytheactivityinthemotorcorticesthatwilldrivethemuscle

contractions.

Inthedirectpathway,themotorcorticessendactivatingsignalstothe

caudateandputamen(whichtogetherformthedorsalstriatum).Thecellsof

thedirectpathwayinthecaudateandputamenthatreceivethesesignals

areinhibitoryand,oncetheybecomeactivated,sendinhibitorysignalsto

theGPiandSNprandstopactivitythere.Theneteffectistoallowthe

activationoftheventrallateralnucleuswhich,inturn,sendsactivating

signalstothemotorcortices.Theseeventsamplifymotorcorticalactivity

thatwilleventuallydrivemusclecontractions.

Diagramofpitmancircuit

INDIRECTPATHWAY



Theindirectpathwayofmovementisaneuronalcircuitthroughthebasal

gangliaandseveralassociatednucleiwithinthecentralnervoussystem(CNS)

whichhelpstopreventunwantedmusclecontractionsfromcompetingwith

voluntarymovements.

Theindirectpathwaypassesthroughthecaudate,putamen,andglobus

pallidus.Ittraversesthesubthalamicnucleusandentersthesubstantia

nigra.Inarestingindividual,theinternalglobuspallidusandthepars

reticulatasendspontaneousinhibitorysignalstotheventrolateralnucleus

(VL)ofthethalamus,throughthereleaseofGABA,aninhibitory

neurotransmitter.InhibitionoftheexcitatoryneuronswithinVL,which

projecttothemotorregionsofthecerebralcorticesofthetelencephalon,

leadstoareductionofactivityinthemotorcortices,andalackofmuscular

action.

Thepre-frontalregionofthecerebralcortexsendsactivatingsignalstothe

motorcortices.Themotorcorticessendactivatingsignalstothedirect

pathwaythroughthebasalganglia,whichstopsinhibitoryoutflowfromparts

oftheglobuspallidusinternusandthesubstantianigraparsreticulata.The

neteffectistoallowtheactivationoftheventrolateralnucleusofthe

thalamuswhich,inturn,sendsactivatingsignalstothemotorcortices.These

eventsamplifymotorcorticalactivitythatwilleventuallydrivemuscle

contractions.



Diagramofcaudatecircuit

Simultaneously,intheindirectpathway,themotorcorticessendactivating

signalstothecaudateandputamen.Thecellsoftheindirectpathwayinthe

caudateandputamenthatreceivethesesignalsareinhibitoryand,once

activated,theysendinhibitorysignalstotheglobuspallidusexternus,

reducingtheactivityinthatnucleus.

Theglobuspallidusexternusnormallysendsinhibitorysignalstothe

subthalamicnucleus.Onactivationoftheindirectpathway,theseinhibitory

signalsarereduced,whichallowsmoreactivationofthesubthalamicnucleus.

Subthalamicnucleuscellscanthensendmoreactivatingsignalstosome

partsoftheglobuspallidusinternusandsubstantianigraparsreticulata.

Thus,partsofthesetwonucleiaredriventosendmoreinhibitorysignalsto

theventrolateralnucleusofthethalamus,whichpreventsthedevelopment

ofsignificantactivityinthemotorcerebralcortices.Thisbehaviorprevents



theactivationofmotorcorticalareasthatwouldcompetewiththevoluntary

movement

ClinicalCorrelates

Parkinson’sdisease:Thisisasyndromewherebydopaminergicneuronsof

thesubstantianigradegenerate.Whenthishappens,theabilityofthebasal

gangliatopromoteorinhibitmovementisaffect.Thiscausesdifficultyin

initiatingmovement.Symptomsincluderigidity,slowmovementtremor,postural

instability.Thinkingandbehavioralproblemsoccurintheadvancestage.The

causeisunknownalthoughitisbelievedtobegeneticandenvironmental.

Thereisnocure.Treatmentinvolvesmedicationssuchaslevodopa,dopamine

agonists.


