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Question

Q1.Discussthephysiologyofsleep



PHYSIOLOGYOFSLEEP

Sleepisanaturallyrecurringstateofmindandbody,characterizedbyaltered

consciousness,relativelyinhibitedsensoryactivity,reducedmuscleactivityand

inhibitionofnearlyallvoluntarymusclesduringrapideyemovement(REM)sleep,and

reducedinteractionswithsurroundings.Itisdistinguishedfrom wakefulnessbya

decreasedabilitytoreacttostimuli,butmorereactivethanacomaordisordersof

consciousness,withsleepdisplayingverydifferentandactivebrainpatterns.

Sleepoccursinrepeatingperiods,inwhichthebodyalternatesbetweentwo

distinctmodes:REM sleepandnon-REM sleep.AlthoughREM standsfor"rapideye

movement",thismodeofsleephasmanyotheraspects,includingvirtualparalysisof

thebody.Duringsleep,mostofthebody'ssystemsareinananabolicstate,helpingto

restoretheimmune,nervous,skeletal,andmuscularsystems;thesearevitalprocesses

thatmaintainmood,memory,andcognitivefunction,andplayalargeroleinthe

functionoftheendocrineandimmunesystems.Theinternalcircadianclockpromotes

sleepdailyatnight.

Themostpronouncedphysiologicalchangesinsleepoccurinthebrain.Thebrain

usessignificantlylessenergyduringsleepthanitdoeswhenawake,especiallyduring

non-REM sleep.Inareaswithreducedactivity,thebrainrestoresitssupplyofadenosine

triphosphate(ATP),themoleculeusedforshort-term storageandtransportofenergy.

Inquietwaking,thebrainisresponsiblefor20%ofthebody'senergyuse,thusthis

reductionhasanoticeableeffectonoverallenergyconsumption.

Sleepincreasesthesensorythreshold.Inotherwords,sleepingpersonsperceive

fewerstimuli,butcangenerallystillrespondtoloudnoisesandothersalientsensory

events.

Duringslow-wavesleep,humanssecreteburstsofgrowthhormone.Allsleep,even

duringtheday,isassociatedwithsecretionofprolactin.

Thereareotherbodysystem changesthatoccurduringsleep.Generally,these

changesarewelltoleratedinhealthyindividuals,buttheymaycompromisethe

sometimesfragilebalanceofindividualswithvulnerablesystems,suchasthosewith

cardiovasculardiseases.Physiologicalchangesalsooccurinthefollowingsystems:

1.-Cardiovascular:Changesinbloodpressureandheartrateoccurduringsleepand

areprimarilydeterminedbyautonomicnervoussystem activity.Forinstance,



briefincreasesinbloodpressureandheartrateoccurwithK-complexes,

arousals,andlargebodymovements.Further,thereisanincreasedriskof

myocardialinfarctioninthemorningduetothesharpincreasesinheartrateand

bloodpressurethataccompanyawakening.

2.-Sympathetic-nerveactivity:Sympathetic-nerveactivitydecreasesasNREM sleep

deepens;however,thereisaburstofsympathetic-nerveactivityduringNREM

sleepduetothebriefincreaseinbloodpressureandheartratethatfollowsK-

complexes.Comparedtowakefulness,thereisariseinactivityduringREM sleep.

3.-Respiratory:Ventilationandrespiratoryflowchangeduringsleepandbecome

increasinglyfasterandmoreerratic,specificallyduringREM sleep.Ventilation

dataduringREM sleeparesomewhatunclear,buttheysuggestthat

hypoventilation(deficientventilationofthelungsthatresultsinreductioninthe

oxygencontentorincreaseinthecarbondioxidecontentofthebloodorboth)

occursinasimilarwayasduringNREM sleep.Severalfactorscontributeto

hypoventilationduringNREM,andpossiblyREM,sleepsuchasreduced

pharyngealmuscletone.Further,duringREM sleep,thereisreducedribcage

movementandincreasedupperairwayresistanceduetothelossoftoneinthe

intercostalsandupperairwaymuscles.Moregenerally,ventilationand

respiratoryflowshowlesseffectiveadaptiveresponsesduringsleep.Thecough

reflex,whichnormallyreactstoirritantsintheairway,issuppressedduringREM

andNREM sleep.ThehypoxicventilatoryresponseisalsolowerinNREM sleep

thanduringwakefulnessanddecreasesfurtherduringREM sleep.Similarly,the

arousalresponsetorespiratoryresistance(forexample,resistanceinbreathing

inorout)islowestinstage3andstage4sleep.

4.-Cerebralbloodflow:NREM sleepisassociatedwithsignificantreductionsin

bloodflowandmetabolism,whiletotalbloodflowandmetabolism inREM sleep

iscomparabletowakefulness.However,metabolism andbloodflowincreasein

certainbrainregionsduringREM sleep,comparedtowakefulness,suchasthe

limbicsystem (whichisinvolvedwithemotions),andvisualassociationareas.

5.-Renal:Thereisadecreasedexcretionofsodium,potassium,chloride,and

calcium duringsleepthatallowsformoreconcentratedandreducedurineflow.

Thechangesthatoccurduringsleepinrenalfunctionarecomplexandinclude

changesinrenalbloodflow,glomerularfiltration,hormonesecretion,and

sympatheticneuralstimulation.

6.-Endocrine:Endocrinefunctionssuchasgrowthhormone,thyroidhormone,and



melatoninsecretionareinfluencedbysleep.Growthhormonesecretiontypically

takesplaceduringthefirstfewhoursaftersleeponset,whilethyroidhormone

secretiontakesplaceinthelateevening.Melatonin,whichinducessleepiness,

likelybyreducinganalertingeffectfrom thesuprachiasmaticnucleus,is

influencedbythelight-darkcycleandissuppressedbylight

Keyphysiologicalmethodsformonitoringandmeasuringchangesduringsleep

includeelectroencephalography(EEG)ofbrainwaves,electrooculography(EOG)ofeye

movements,andelectromyography(EMG)ofskeletalmuscleactivity.Simultaneous

collectionofthesemeasurementsiscalledpolysomnography,andcanbeperformedin

aspecializedsleeplaboratory.Sleepresearchersalsousesimplified

electrocardiography(EKG)forcardiacactivityandactigraphyformotormovements.

Non-REM andREM sleep

Sleepisdividedintotwobroadtypes:non-rapideyemovement(non-REM orNREM)

sleepandrapideyemovement(REM)sleep.Non-REM andREM sleeparesodifferent

thatphysiologistsidentifythem asdistinctbehavioralstates.Non-REM sleepoccurs

firstandafteratransitionalperiodiscalledslow-wavesleepordeepsleep.Duringthis

phase,bodytemperatureandheartratefall,andthebrainuseslessenergy.REM sleep,

alsoknownasparadoxicalsleep,representsasmallerportionoftotalsleeptime.Itis

themainoccasionfordreams(ornightmares),andisassociatedwithdesynchronized

andfastbrainwaves,eyemovements,lossofmuscletone,andsuspensionof

homeostasis.

ThesleepcycleofalternateNREM andREM sleeptakesanaverageof90minutes,

occurring4–6timesinagoodnight'ssleep.TheAmericanAcademyofSleepMedicine

(AASM)dividesNREM intothreestages:N1,N2,andN3,thelastofwhichisalsocalled

deltasleeporslow-wavesleep.Thewholeperiodnormallyproceedsintheorder:N1→

N2→N3→N2→REM.REM sleepoccursasapersonreturnstostage2or1from a

deepsleep.Thereisagreateramountofdeepsleep(stageN3)earlierinthenight,while

theproportionofREM sleepincreasesinthetwocyclesjustbeforenaturalawakening.



NREM SLEEPANDREM SLEEPDIFFERENCES

PhysiologicalProcess NREM REM

Brainactivity Decreasesfrom

wakefulness

Increasesinmotorand

sensoryareas,whileother

areasaresimilartoNREM

Heartrate Slowsfrom wakefulness Increasesandvaries

comparedtoNREM

Bloodpressure Decreasesfrom

wakefulness

Increases(upto30

percent)andvariesfrom

NREM

Sympatheticnerveactivity Decreasesfrom

wakefulness

Increasessignificantlyfrom

wakefulness

Muscletone Similartowakefulness Absent

Respiration Decreasesfrom

wakefulness

Increasesandvariesfrom

NREM,butmayshowbrief

stoppages;coughing

suppressed

Bodytemperature Isregulatedatlowerset

pointthanwakefulness;

shiveringinitiatedatlower

temperaturethanduring

wakefulness

Isnotregulated;no

shiveringorsweating;

temperaturedriftstoward

thatofthelocal

environment

Sexualarousal Occursinfrequently GreaterthanNREM

Awakeningcanmeantheendofsleep,orsimplyamomenttosurveythe

environmentandreadjustbodypositionbeforefallingbackasleep.Sleeperstypically

awakensoonaftertheendofaREM phaseorsometimesinthemiddleofREM.Internal

circadianindicators,alongwithsuccessfulreductionofhomeostaticsleepneed,

typicallybringaboutawakeningandtheendofthesleepcycle.Awakeninginvolves

heightenedelectricalactivationinthebrain,beginningwiththethalamusandspreading

throughoutthecortex.



CLINICALCORRELATES

1.-Insomnia:Insomniaisageneralterm fordifficultyfallingasleepand/orstaying

asleep.Insomniaisthemostcommonsleepproblem,withmanyadultsreporting

occasionalinsomnia,and10–15%reportingachroniccondition.Insomniacan

havemanydifferentcauses,includingpsychologicalstress,apoorsleep

environment,aninconsistentsleepschedule,orexcessivementalorphysical

stimulationinthehoursbeforebedtime.Insomniaisoftentreatedthrough

behavioralchangeslikekeepingaregularsleepschedule,avoidingstimulatingor

stressfulactivitiesbeforebedtime,andcuttingdownonstimulantssuchas

caffeine.Thesleepenvironmentmaybeimprovedbyinstallingheavydrapesto

shutoutallsunlight,andkeepingcomputers,televisionsandworkmaterialsout

ofthesleepingarea.

2.-Obstructivesleepapnea:Obstructivesleepapneaisaconditioninwhichmajor

pausesinbreathingoccurduringsleep,disruptingthenormalprogressionof

sleepandoftencausingothermoreseverehealthproblems.Apneasoccurwhen

themusclesaroundthepatient'sairwayrelaxduringsleep,causingtheairwayto

collapseandblocktheintakeofoxygen.Obstructivesleepapneaismore

commonthancentralsleepapnea.Asoxygenlevelsintheblooddrop,thepatient

thencomesoutofdeepsleepinordertoresumebreathing.Whenseveralof

theseepisodesoccurperhour,sleepapnearisestoalevelofseriousnessthat

mayrequiretreatment.Majorriskfactorsforsleepapneaincludechronicfatigue,

oldage,obesityandsnoring.

3.-Agingandsleep:Peopleoverage60withprolongedsleep(8-10hoursormore;

averagesleepdurationof7-8hoursintheelderly)havea33%increasedriskof

all-causemortalityand43%increasedriskofcardiovasculardiseases,while

thosewithshortsleep(lessthan7hours)havea6%increasedriskofall-cause

mortality.



Q2.Discusstheroleofbasalgangliaincoordinatingmovement

THEROLEOFBASALGANGLIAINCOORDINATINGMOVEMENT

Thebasalgangliaorbasalnucleiarelargemassesofgreymatterlocatedwithin

thecentralcoreofwhitematterofthecerebralhemispheres.Theyareinterconneted

andplayrolesinmovementandcognitivefunctions.Thebasalgangliaiscomposedof

thefollowinggreynuclei:

1.Caudatenucleus

2.Lentiform nucleus(madeupofputamenandglobuspallidus)

3.Amygdaloidnuclearcomplex(orAmygdala)

4.Substantianigra(withinthemidbrain)

5.Subthalamicnucleus

Thelentiform nucleusiscomposedoftwogroupsofneuronalsoma(greymatter)

knownastheputamenandglobuspallidus.Thelentiform andcaudatenucleitogether

constitutesamassofgreymatter,thecorpusstriatum.



Wecanclassifythesenucleiintothefollowinggroups:

i. Inputnuclei:corpusstriatum (caudatenucleus,putamen),

ii. Intermediarynuclei:GlobusPallidusExterna,Substantianigra,andSubthalamic

Nucleus

iii. .Outputnuclei:SubstantiaNigraandGlobusPallidus

Inordertounderstandthefunctionsofthebasalganglia,wemustmentionthe

extrapyramidalsystem.Thissystem isthepartofthebrainandbrainstem that

participatesinmotorcontrolexceptforthecorticospinal(pyramid)system.Itincludes:

1.Basalgangliaandtheirpathways

2.Portionsofthecerebralcortexthatgiveprojectionstothebasalganglia

3.Partsofthecerebellum thatgiveprojectionstothebasalganglia

4.Partsofthereticularformationthatareconnectedtothebasalgangliaand

cerebralcortex

5.Thalamusnucleiassociatedwiththebasalgangliaandreticularformation.

Theroleoftheextrapyramidalsystem istocontrolautomaticmovements,skeletal

muscletone,andmaintenanceofposturalreflexes.

Thebasalgangliaexerttheirroleinmotorcontrolthroughconstantinteractionwith

thecerebralcortexandthecorticospinalpathway.Theygetinformationmainlyfrom the

cerebralcortexandsendoutinformation.

Almostallthemotorandsensorynervefibersthatconnectthecerebralcortexto

thespinalcordpassbetweenthemajormassesofthebasalganglia(nucleuscaudatus

andputamen)andarecalledtheinternalbraincapsule.

Theconnectionsofthemotorcortex,thethalamusandthejointcircuitsofthe

brainstem andcerebellum areveryimportant.Namely,themaincircuitofthebasal

gangliasystem involvesahugenumberofconnectionsbetweenthebasalganglia

themselves,aswellasnumerousentryandexitpathwaysbetweenthemotorregionsof



thebrainandthebasalganglia.

Themostprominentfunctionsofthebasalgangliainclude:

1.Representstheaccessorymotorsystem.

2.Mediatesbetweenneocorticalmotorcentersandthe"elderly"motorareasofthe

brainstem

3. Selectsthepurposefulanddesiredmotoractivityandsuppressesunwanted

movements.

4.Actsbymodifyingongoingneuralactivityinmotorprojections

5.Deliversaninhibitoryroleinmotorcontrol

6.Inhibitsmuscletone(balanceofexcitatoryandinboundinputsignalsaccording

terminatingonskeletalmuscle)

7.Monitorandadjustslowandcontinuouscontractions(equilibrium,bodyposition,

etc.)

8.Regulatesattentionandindividualcognitiveprocesses

9.Participatesinmotorplanningandlearning

10.Assistingthecerebralcortexinmakingsubconscious,learnedmovements

11.Temporalpatternofmovementandgradationoftheintensityofmovement

Cognitivecontrolofmotoractivityinwhichthenucleuscaudatusplaysamajorrole

isanotherimportantfunctionofthebasalganglia.Likewise,planningwhichmovement

patternswillbeusedtogether,orinwhatorderinordertoachieveacomplexgoal,is

anotherroleofthebasalganglia.

CLINICALCORRELATES

Degenerationofthebasalgangliaandconsequently,itsdysfunctioncanleadto

severalneurologicalconditionsincludingthefollowing:



1.Parkinson’sdisease:Parkinson’sdiseaseresultsfrom lossofdopaminergic

innervation(lossofthenigrostriatalconnection)tothestriatum andotherbasal

gangliastructures.ItisalsoreferredtoasParkinsonism orParalysisagitans

(shakingpalsy).Theconditionischaracterizedbyrigidity(increasedmuscle

tone),whichleadstoastoopedposture,aslowshufflinggait,difficultyinspeech

andamasklikeface.Parkinsonism isbelievedtobeduetodegenerative

changesinthestriatum andthesubstantianigra.Patientswiththisdiseaselack

thenigrostriatalafferentstothestriatum,andarealsodeficitofthe

neurotransmitter,dopamineintheirstriatum.Parkinson’sdiseaseisalsowell

characterizedbyhypokinesia(paucityorinsufficientmovement).

2.Cerebralpalsy:Peoplewithcerebralpalsyhavevariousmotorproblems,suchas

spasticity,paralysis,andevenseizures.Spasticityisaconditioninwhichsome

musclesareabnormallystiffandasaresultinterferewithnormalmovement.

Thisisthereasonfortheunusualhandandarm positionsseeninsomepeople

withcerebralpalsy.Causesmayincludefetalinfection,environmentaltoxins,or

lackofoxygen(hypoxia).Althoughcerebralpalsytendstoremainrelatively

stablethroughoutlife,thereisnocurecurrently,andisverydifficulttodealwith

forboththepersonandhisorherfamily.

3.Tremor:Thisisanabnormalmovementinwhichthereisaninvoluntaryshaking

(tremor)ofthehand,headorotherpartsofthebody.Usuallythebasalganglia,

cerebellum andthesubthalamicnucleusareinvolved.However,intentiontremor

isalsoseenindisordersofthecerebellum,inwhichcase,thetremorcomes

whentheindividualtriestoperform avoluntarymovement.


