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QUESTION1:Discussthephysiologyofsleep.

ANSWER:Sleepisthenaturalperiodicstateofrestformindandbodywithclosedeyes

characterizedbypartialorcompletelossofconsciousness.Lossofconsciousness

leadstodecreasedresponsetoexternalstimulianddecreasedbodymovements.Depth

ofsleepisnotconstantthroughoutthesleepingperiod.Itvariesindifferentstagesof

sleep.Sleeprequirementisnotconstant.However,averagesleeprequirementperday

atdifferentagegroupsis:

1.Newborninfants:18to20hours

2.Growingchildren:12to14hours

3.Adults:7to9hours

4.Oldpersons:5to7hours.

ALPHA,BETA,&GAMMARHYTHMS

Inadulthumanswhoareawakebutatrestwiththemindwanderingandtheeyes

closed,themostprominentcomponentoftheEEGisafairlyregularpatternofwavesat

afrequencyof8–13Hzandamplitudeof50–100μVwhenrecordedfrom thescalp.

Thispatternisthealpharhythm.Itismostmarkedintheparietalandoccipitallobes

andisassociatedwithdecreasedlevelsofattention.Asimilarrhythm hasbeen

observedinawidevarietyofmammalianspecies.Therearesomeminorvariations

from speciestospecies,butinallmammalsthepatternisremarkablysimilar.When

attentionisfocusedonsomething,thealpharhythm isreplacedbyanirregular13–30

Hzlow-voltageactivity,thebetarhythm.Thisphenomenoniscalledalphablockandcan

beproducedbyanyform ofsensorystimulationormentalconcentration,suchas

solvingarithmeticproblems.Anotherterm forthisphenomenonisthearousalor

alertingresponse,becauseitiscorrelatedwiththearoused,alertstate.Ithasalsobeen

calledde-synchronizationbecauseitrepresentsbreakingupoftheobviously

synchronizedneuralactivitynecessarytoproduceregularwaves.However,therapid



EEGactivityseeninthealertstateisalsosynchronized,butatahigherrate.Therefore,

theterm de-synchronizationismisleading.Gammaoscillationsat30–80Hzareoften

seenwhenanindividualisarousedandfocusesattentiononsomething.Thisisoften

replacedbyirregularfastactivityastheindividualinitiatesmotoractivityinresponseto

thestimulus.

PHYSIOLOGICALCHANGESDURINGSLEEP

Duringsleep,mostofthebodyfunctionsarereducedtobasallevel.Followingare

importantchangesinthebodyduringsleep:

1.PLASMAVOLUME:Plasmavolumedecreasesbyabout10%duringsleep.

2.CARDIOVASCULARSYSTEM

HeartRate:Duringsleep,theheartratereduces.Itvariesbetween45and60beats

per minute.

BloodPressure:Systolicpressurefallstoabout90to110mm Hg.Lowestlevelis

reachedabout4thhourofsleepandremainsatthisleveltillashorttimebefore

wakingup.Then,thepressurecommencestorise.Ifsleepisdisturbedbyexciting

dreams,thepressureiselevatedabove130mm Hg.

3.RESPIRATORYSYSTEM:Rateandforceofrespirationaredecreased.Respiration

becomesirregularandCheyne-Stokestypeofperiodicbreathingmaydevelop.

4.GASTROINTESTINALTRACT:Salivarysecretiondecreasesduringsleep.Gastric

secretionisnotalteredormaybeincreasedslightly.Contractionofemptystomachis

morevigorous.

5.EXCRETORYSYSTEM:Formationofurinedecreasesandspecificgravityofurine

increases.

6.SWEATSECRETION:Sweatsecretionincreasesduringsleep.

7.LACRIMALSECRETION:Lacrimalsecretiondecreasesduringsleep.

8.MUSCLETONE:Toneinallthemusclesofbodyexceptocularmusclesdecreases

verymuchduringsleep.Itiscalledsleepparalysis.

9.REFLEXES:Certainreflexesparticularlykneejerk,areabolished.Babinskisign

becomespositiveduringdeepsleep.Thresholdformostofthereflexesincreases.

Pupilsareconstricted.Lightreflexisretained.Eyeballsmoveupanddown.



10.BRAIN:Brainisnotinactiveduringsleep.Thereisacharacteristiccycleofbrain

waveactivityduringsleepwithirregularintervalsofdreams.Electricalactivityinthe

brainvarieswithstagesofsleep.

TYPESOFSLEEP

Sleepisoftwotypes:

1.RapideyemovementsleeporREM sleep

2.Non-rapideyemovementsleep,NREM sleepornon-REM sleep.

RAPIDEYEMOVEMENTSLEEPORREM SLEEP

REM isthetypeofsleepassociatedwithrapidconjugatemovementoftheeyeballs

whichoccursfrequently.Thoughtheeyeballsmove,thesleepisdeepandthus,called

PARADOXICALSLEEP.HighamplitudeslowwavesseeninEEGduringsleepare

periodicallyreplacedbyrapid,low-voltageEEGactivitywhichresemblesthatseenin

aroused,alertstateandinstage1sleep.Itoccupiesabout20-30%ofsleepingperiod.It

isimportantbecauseitplaysanimportantroleintheconsolidationofmemory.Sleepis

notinterrupted.Thethresholdforarousalbysensorystimuliandbystimulationofthe

reticularformationiselevated.AnothercharacteristicofREM sleepistheoccurrenceof

largephasicpotentialsthatoriginateinthecholinergicneuronsintheponsandpass

rapidlytothelateralgeniculatebodyandfrom theretotheoccipitalcortex.Theyare

calledPontogeniculo-Occipital(PGO)spikes.Thetoneoftheskeletalmusclesinthe

neckismarkedlyreducedduringREM sleep.Humansarousedatatimewhentheyshow

theEEGcharacteristicsofREM sleepgenerallyreportthattheyweredreaming,whereas

individualsawakenedfrom slow-wavesleepdonot.Thisobservationandother

evidenceindicatethatREM sleepanddreamingarecloselyassociated.Positron

emissiontomography(PET)scansofhumansinREM sleepshowincreasedactivityin

thepontinearea,amygdala,andanteriorcingulategyrus,butdecreasedactivityinthe

prefrontalandparietalcortex.Activityinvisualassociationareasisincreased,butthere

isadecreaseintheprimaryvisualcortex.Thisisconsistentwithincreasedemotionand

operationofaclosedneuralsystem cutofffrom theareasthatrelatebrainactivityto

theexternalworld.

NONRAPIDEYEMOVEMENTSLEEPORNREM SLEEP

Non-rapideyemovement(NREM)sleepisthetypeofsleepwithoutthemovements

ofeyeballs.Itisalsocalledslow-wavesleep.Itoccupiesabout70-80%oftotalsleeping



period.NREM sleepisfollowedbyREM sleep.

STAGESOFSLEEPANDEEGPATTERN

RAPIDEYEMOVEMENTSLEEP:DuringREM sleep,electroencephalogram (EEG)shows

irregularwaveswithhighfrequencyandlowamplitude.Thesewavesare

desynchronizedwaves.

NON-RAPIDEYEMOVEMENTSLEEP:TheNREM sleepisdividedintofourstages,based

ontheEEGpattern.Duringthestageofwakefulness,i.e.whilelyingdownwithclosed

eyesandrelaxedmind,thealphawavesofEEGappear.Whenthepersonproceedsto

drowsystate,thealphawavesdiminish.

StageI:StageofDrowsiness

Alphawavesarediminishedandabolished.EEGshowsonlylowvoltagefluctuations

andinfrequentdeltawaves.

StageII:StageofLightSleep

StageIIischaracterizedbyspindleburstsatafrequencyof14persecond,

superimposedbylowvoltagedeltawaves.

StageIII:StageofMedium Sleep

Duringthisstage,thespindleburstsdisappear.Frequencyofdeltawavesdecreases

to1or2persecondandamplitudeincreasestoabout100µV.

StateIV:StageofDeepSleep

Deltawavesbecomemoreprominentwithlowfrequencyandhighamplitude.



CHARACTERISTICS REM SLEEP NREM SLEEP

Rapideyemovement Present Absent

Dreams Present Absent

Muscletwitching Present Absent

Heartrate Fluctuating Stable

Bloodpressure Fluctuating Stable

Respiration Fluctuating Stable

Bodypressure Fluctuating Stable

Neurotransmitter Noradrenaline Serotonin

DifferencesbetweentheREM sleepandNREM sleep.

DISTRIBUTIONOFSLEEPSTAGES

Inatypicalnightofsleep,ayoungadultfirstentersNREM sleep,passesthrough

stages1and2,andspends70–100minutesinstages3and4.Sleepthenlightens,and

aREM periodfollows.Thiscycleisrepeatedatintervalsofabout90minutesthroughout



thenight.Thecyclesaresimilar,thoughthereislessstage3and4sleepandmoreREM

sleeptowardmorning.Thus,fourtosixREM periodsoccurpernight.REM sleep

occupies80%oftotalsleeptimeinprematureinfantsand50%infull-term neonates.

Thereafter,theproportionofREM sleepfallsrapidlyandplateausatabout25%untilit

fallsfurtherinoldage.Childrenhavemoretotalsleeptimeandstage4sleepthan

adults.

MECHANISM OFSLEEP

Sleepoccursduetotheactivityofsomesleep-inducingcentersinbrain.Stimulation

ofthesecentersorinhibitionofsomecentersinducessleep.Damageofsleepcenters

resultsinsleeplessnessorpersistentwakefulnesscalledinsomnia.

SLEEPCENTERS

Complexpathwaysbetweenthereticularformationofbrainstem,diencephalonand

cerebralcortexareinvolvedintheonsetandmaintenanceofsleep.However,two

centerswhichinducesleeparelocatedinbrainstem:

1.Raphenucleus

2.Locusceruleusofpons.

Recently,manymoreareasthatinducesleepareidentifiedinthebrainofanimals.

Inhibitionofascendingreticularactivatingsystem alsoresultsinsleep.Stimulationof

otherspecificareasofbraincanalsoproducesleepwithcharacteristicsnearthoseof

naturalsleep.

RoleofRapheNucleus:Themostconspicuousstimulationareaforcausingalmost

naturalsleepistheraphenucleiinthelowerhalfoftheponsandinthemedulla.These

nucleicompriseathinsheetofspecialneuronslocatedinthemidline.Activationofthis

nucleusresultsinnon-REM sleep.Itisduetoreleaseofserotoninbythenervefibers

arisingfrom thisnucleus.Nervefibersfrom thesenucleispreadlocallyinthebrainstem

reticularformationandalsoupwardintothethalamus,hypothalamus,mostareasofthe

limbicsystem,andeventheneocortexofthecerebrum.Inaddition,fibersextend

downwardintothespinalcord,terminatingintheposteriorhorns,wheretheycaninhibit

incomingsensorysignals,includingpain.Manynerveendingsoffibersfrom these

rapheneuronssecreteserotonin.Whenadrugthatblockstheformationofserotoninis

administeredtoananimal,theanimaloftencannotsleepforthenextseveraldays.

Therefore,ithasbeenassumedthatserotoninisatransmittersubstanceassociated

withproductionofsleep.



RoleofLocusCeruleusofPons:ActivationofthiscenterproducesREM sleep.

Noradrenalinereleasedbythenervefibersarisingfrom locusceruleusinducesREM

sleep.

InhibitionofAscendingReticularActivatingSystem:Ascendingreticularactivating

system (ARAS)isresponsibleforwakefulnessbecauseofitsafferentandefferent

connectionswithcerebralcortex.InhibitionofARASinducessleep.LesionofARAS

leadstopermanentsomnolence,i.e.coma.

Stimulationofsomeareasinthenucleusofthetractussolitariuscanalsocausesleep.

Thisnucleusistheterminationinthemedullaandponsforvisceralsensorysignals

enteringbywayofthevagusandglossopharyngealnerves.

Sleepcanbepromotedbystimulationofseveralregionsinthediencephalon,including

(1)therostralpartofthehypothalamus,mainlyinthesuprachiasmalarea,and(2)an

occasionalareainthediffusenucleiofthethalamus

IMPORTANCEOFSLEEP

Sleephaspersistedthroughoutevolutionofmammalsandbirds,soitislikelythatitis

functionallyimportant.Indeed,ifhumansareawakenedeverytimetheyshowREM

sleep,thenpermittedtosleepwithoutinterruption,theyshowagreatdealmorethanthe

normalamountofREM sleepforafewnights.RelativelyprolongedREM deprivation

doesnotseem tohaveadversepsychologicaleffects.Ratsdeprivedofsleepforlong

periodsloseweightinspiteofincreasedcaloricintakeandeventuallydie.Various

studiesimplythatsleepisneededtomaintainmetabolic-caloricbalance,thermal

equilibrium,andimmunecompetence.Inexperimentalanimals,sleepisnecessaryfor

learningandmemoryconsolidation.Learningsessionsdonotimproveperformance

untilaperiodofslow-waveorslow-waveplusREM sleephasoccurred.

APPLIEDPHYSIOLOGY:SLEEPDISORDERS

 Narcolepsyisachronicneurologicaldisordercausedbythebrain’sinabilityto

regulatesleep–wakecyclesnormallyinwhichthereisasuddenlossofvoluntary

muscletone(cataplexy),aneventualirresistibleurgetosleepduringdaytime,

andpossiblyalsobriefepisodesoftotalparalysisatthebeginningorendof

sleep.NarcolepsyischaracterizedbyasuddenonsetofREM sleep,unlike

normalsleepwhichbeginswithNREM,slow-wavesleep.Theprevalenceof

narcolepsyrangesfrom 1in600inJapanto1in500,000inIsrael,with1in1000

Americansbeingaffected.Narcolepsyhasafamilialincidencestrongly

associatedwithaclassIIantigenofthemajorhistocompatibilitycomplexon



chromosome6attheHLA-DR2orHLA-DQW1locus,implyingagenetic

susceptibilitytonarcolepsy.TheHLAcomplexesareinterrelatedgenesthat

regulatetheimmunesystem.Brainsfrom humanswithnarcolepsyoftencontain

fewerhypocretin(orexin)-producingneuronsinthehypothalamus.Itisthought

thattheHLAcomplexmayincreasesusceptibilitytoanimmuneattackonthese

neurons,leadingtotheirdegeneration.Cataplexyisthesuddenoutburstof

emotion.Cataplexyandnarcoplexyarediseasesduetohypothalamicdisorders.

 Obstructivesleepapnea(OSA)isthemostcommoncauseofdaytime

sleepinessduetofragmentedsleepatnightandaffectsabout24%ofmiddle-

agedmen and9%ofwomenintheUnitedStates.Breathingceasesformore

than10sduringfrequentepisodesofobstructionoftheupperairway(especially

thepharynx)duetoreductioninmuscletone.Theapneacausesbriefarousals

from sleepinordertoreestablishupperairwaytone.Snoringisacommon

patientcomplaint.Thereisactuallynotareductionintotalsleeptime,but

individualswithOSAexperienceamuchgreatertimeinstage1NREM sleep

(from anaverageof10%oftotalsleepto30–50%)andamarkedreductionin

slow-wavesleep(stages3and4NREM sleep).ThepathophysiologyofOSA

includesbothareductioninneuromusculartoneattheonsetofsleepanda

changeinthecentralrespiratorydrive.Sleepapneasyndromeoccursinobesity,

myxedema,enlargementoftonsilandlesioninbrainstem.Commonfeaturesof

thissyndromeareloudsnoring,restlessmovements,nocturnalinsomnia,

daytimesleepiness,morningheadacheandfatigue.Insevereconditions,

hypertension,rightheartfailureandstrokeoccur.

 Periodiclimbmovementdisorder(PLMD)isastereotypicalrhythmicextension

ofthebigtoeanddorsiflexionoftheankleandkneeduringsleeplastingfor

about0.5to10sandrecurringatintervalsof20to90s.Movementscanactually

rangefrom shallow,continualmovementoftheankleortoes,towildand

strenuouskickingandflailingofthelegsandarms.Electromyograph(EMG)

recordingsshowburstsofactivityduringthefirsthoursofNREM sleep

associatedwithbriefEEGsignsofarousal.Thedurationofstage1NREM sleep

maybeincreasedandthatofstages3and4maybedecreasedcomparedtoage

-matchedcontrols.PLMDisreportedtooccurin5%ofindividualsbetweenthe

agesof30and50yearsandincreasesto44%ofthoseovertheageof65.PLMD

issimilartorestlesslegsyndromeinwhichindividualshaveanirresistibleurge

tomovetheirlegswhileatrestalldaylong.Movementdisordersoccur



immediatelyafterfallingasleep.Sleepstartorhypnicjerkisthecommon

movementdisorderduringsleep.Itischaracterizedbysuddenjerksofarmsor

legs.Sleepstartisaphysiologicalform ofclonus.Othermovementdisordersare

teethgrinding(bruxism),bangingtheheadandrestlessmomentofarmsorlegs.

 Sleepwalking(somnambulism),bed-wetting(nocturnalenuresis),andnight

terrorsarereferredtoasPARASOMNIAS,whicharesleepdisordersassociated

witharousalfrom NREM andREM sleep.Episodesofsleepwalkingaremore

commoninchildrenthaninadultsandoccurpredominantlyinmales.Theymay

lastseveralminutes.Somnambulistswalkwiththeireyesopenandavoid

obstacles,butwhenawakenedtheycannotrecalltheepisodes.Thisis

associatedwithPSYCHONEUROSISinadults.Nightterrorisadisordersimilarto

nightmare.Itiscommoninchildren.Itisalsocalledpavornocturnusorsleep

terror.Thechildawakesscreaminginastateoffrightandsemi-consciousness.

Thechildcannotrecollecttheattackinthemorning.Nightmareoccursshortly

afterfallingasleepandduringnon-REM sleep.Thereisnopsychological

disturbance

 Insomnia:Thisistheinabilitytosleeporabnormalwakefulness.Itisthemost

commonsleepdisorder.Itoccursduetosystemicillnessormentalconditions

suchaspsychiatricproblems,alcoholicaddictionanddrugaddiction.

 Hypersomnia:Thisistheexcesssleeporexcessneedtosleep.Itoccurs

becauseoflesioninthefloorofthethirdventricle,braintumors,encephalitis,

chronicbronchitisanddiseaseofmuscles.Hypersomniaalsooccursin

endocrinedisorderssuchasmyxedemaanddiabetesinsipidus.

 Nightmare:Thisisaconditionduringsleepthatischaracterizedbyasenseof

extremeuneasinessordiscomfortorbyfrightfuldreams.Discomfortisfeltasof

someheavyweightonthestomachorchestorasuncontrolledmovementofthe

body.Afteraperiodofextremeanxiety,thesubjectwakeswithatroubledstate

ofmind.ItoccursmostlyduringREM sleep.Nightmareoccursduetoimproper

foodintake,digestivedisordersornervousdisorders.Italsooccursduringdrug

withdrawaloralcoholwithdrawal.

QUESTION2:Discusstheroleofbasalgangliaincoordinatingmovement.

ANSWER:



BASALGANGLIA

Thebasalgangliaaredeepnucleiofthecerebralhemispheres,andlikethecerebellum,

haveanaccessoryroletothemotorcortex,regulatingmotoractivitytoproducesmooth

movementandmaintainposture.Theyarescatteredmassesofgraymattersubmerged

insubcorticalsubstanceofcerebralhemisphere.Basalgangliaform thepartofextra

pyramidalsystem,whichisconcernedwithmotoractivities.

Theyconsistofthe:

■caudatenucleus

■putamen

■globuspallidus

Thecaudatenucleusandputamenarereferredtoasthestriatum,basedontheir

striatedappearance.Thesubstantianigraofthemidbrainandsubthalamicnucleusof

thediencephalonarefunctionallyassociatedwith,andsometimesclassifiedas,

componentsofthebasalganglia.

Theinputtothebasalgangliaisfrom themotorcortex,theoutputtothecortexis

throughthethalamus.Acomplexseriesofinteractionsbetweencomponentsofthe

basalgangliaandassociatedstructuresleadstothisoutput,whichthenregulatesthe

levelofexcitationinthemotorcortex.Theseinteractionsform anindirectpathwaythat

inhibitscorticalexcitationandadirectpathwaythatisexcitatory.Thebalanceofthese

opposingpathwaysisresponsibleforcoordinatingsmoothmovementandmaintenance

ofposture.

FUNCTIONSOFBASALGANGLIA

Basalgangliaform thepartofextrapyramidalsystem,whichisconcernedwith

integrationandregulationmotoractivities.Variousfunctionsofbasalgangliaare:

1.CONTROLOFMUSCLETONE:Basalgangliacontrolthemuscletone.Infact,gamma

motorneuronsofspinalcordareresponsiblefordevelopmentoftoneinthemuscle.

Basalgangliadecreasethemuscletonebyinhibitinggammamotorneuronsthrough

descendinginhibitoryreticularsystem inbrainstem.Duringthelesionofbasalganglia,

muscletoneincreasesleadingtorigidity.

2.CONTROLOFMOTORACTIVITY:

i.RegulationofVoluntaryMovements:Movementsduringvoluntarymotoractivityare



initiatedbycerebralcortex.However,thesemovementsarecontrolledbybasalganglia,

whichareincloseassociationwithcerebralcortex.Duringlesionsofbasalganglia,the

controlmechanism islostandsothemovementsbecomeinaccurateandawkward.

Basalgangliacontrolthemotoractivitiesbecauseofthenervous(neuronal)circuits

betweenbasalgangliaandotherpartsofthebraininvolvedinmotoractivity.Neuronal

circuitsarisefrom threeareasofthecerebralcortex:

a.Premotorareab.Primarymotorareac.Supplementarymotorarea.

Allthesenervefibersfrom cerebralcortexreachthecaudatenucleus.From here,the

fibersgotoputamen.Someofthefibersfrom cerebralcortexgodirectlytoputamen

also.Putamensendsfiberstoglobuspallidus.Fibersfrom hereruntowardsthe

thalamus,subthalamicnucleusofLuysandsubstantianigra.Subthalamicnucleusand

substantianigraareinturn,projectedintothalamus.Now,thefibersfrom thalamusare

projectedbackintoprimarymotorareaandothertwomotorareas,i.e.premotorarea

andsupplementarymotorarea.

ii.RegulationofConsciousMovements:Fibersbetweencerebralcortexandcaudate

nucleusareconcernedwithregulationofconsciousmovements.Thisfunctionofbasal

gangliaisalsoknownasthecognitivecontrolofactivity.Forexample,whenastraydog

barksataman,immediatelytheperson,understandsthesituation,turnsawayand

startsrunning.

iii.RegulationofSubconsciousMovementsCorticalfibersreachingputamenare

directlyconcernedwithregulationofsomesubconsciousmovements,whichtakeplace

duringtrainedmotoractivities,i.e.skilledactivitiessuchaswritingthelearntalphabet,

papercutting,nailhammering,etc.

3.CONTROLOFREFLEXMUSCULARACTIVITY:Somereflexmuscularactivities,

particularlyvisualandlabyrinthinereflexesareimportantinmaintainingtheposture.

Basalgangliaareresponsibleforthecoordinationandintegrationofimpulsesforthese

reflexactivities.Duringlesionofbasalganglia,theposturalmovements,especiallythe

visualandlabyrinthinereflexesbecomeabnormal.Theseabnormalmovementsare

associatedwithrigidity.Rigidityisbecauseofthelossofinhibitoryinfluencefrom the

cerebralcortexonspinalcordviabasalganglia.

4.CONTROLOFAUTOMATICASSOCIATEDMOVEMENTS:Automaticassociated

movementsarethemovementsinthebody,whichtakeplacealongwithsomemotor

activities.Examplesaretheswingofthearmswhilewalking,appropriatefacial

expressionswhiletalkingordoinganywork.Basalgangliaareresponsibleforthe

automaticassociatedmovements.



Lesioninbasalgangliacausesabsenceoftheseautomaticassociatedmovements,

resultinginpovertyofmovements.Facewithoutappropriateexpressionswhiledoing

anyworkiscalledmask-likeface.Bodywithoutassociatedmovementsiscalledstatue-

likebody.


