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1.DISCUSSTHELONG-TERM MEASUREMENTOFMEANARTERIALPRESSURE

TheKidneysplayanimportantroleinthelong-term regulationofarterialbloodpressure.Mean

arterialpressureisgivenasthediastolicpressureplusone-thirdofthepulsepressure.When

bloodpressurecannolongerberegulatedbytheshort-term mechanism,thelong-term

mechanism kicksintogearandregulatesitusingtwomethods

 ECFvolumeregulation

 Renin­angiotensinmechanism.

o EXTRACELLULARFLUIDVOLUMEREGULATION

Increasesinbloodpressurecausekidneystoexcretelargeamountsofwaterandsalt,

particularlysodium,bymeansofpressurediuresisandpressurenatriuresis.Pressure

diuresisistheexcretionoflargequantityofwaterinurine.Evenaslightincreaseinblood

pressuredoublesthewaterexcretion.Pressurenatriuresisistheexcretionoflargequantity

ofsodium inurine.Becauseofdiuresisandnatriuresis,thereisadecreaseinECFvolume

andbloodvolume,whichinturnbringsthearterialbloodpressurebacktonormallevel.

Whenbloodpressuredecreases,thereabsorptionofwaterfrom renaltubulesisincreased.

Thisinturn,increasesECFvolume,bloodvolumeandcardiacoutput,resultinginrestoration

ofbloodpressure.

o RENIN-ANGIOTENSINMECHANISM

WhenbloodpressureandECFvolumedecrease,reninsecretionfrom kidneysisincreased.

ItconvertsangiotensinogenintoangiotensinIbyACE(angiotensinconvertingenzyme).

AngiotensinIIthenactsintwowaystorestorethebloodpressure:

 Causesconstrictionofarteriolesinthebodysothattheperipheralresistanceis

increasedandbloodpressurerises.Inaddition,angiotensinIIcausesconstrictionof

afferentarteriolesinkidneys,sothatglomerularfiltrationreduces.Thisresultsin

retentionofwaterandsalts,thusincreasingECFvolumeandbloodpressure.

 Also,angiotensinIIstimulatestheadrenalcortextosecretealdosterone.Thishormone

increasesreabsorptionofsodium from renaltubules.Sodium reabsorptionisfollowed

bywaterreabsorption,resultinginincreasedECFvolume,bloodvolumeandpressure

respectively.



2.WRITESHORTNOTESONTHEFOLLOWING:

 PULMONARYCIRCULATION

Pulmonarycirculationisthesystem oftransportationthatshuntsde-oxygenatedbloodfrom

thehearttothelungstobere-saturatedwithoxygenbeforebeingdispersedintosystemic

circulation. Deoxygenatedbloodfrom thelowerhalfofthebodyenterstheheartfrom the

inferiorvenacavawhiledeoxygenatedbloodfrom theupperbodyisdeliveredtotheheart

viathesuperiorvenacava. Boththesuperiorvenacavaandinferiorvenacavaemptyblood

intotherightatrium.Bloodflowsthroughthetricuspidvalveintotherightventricle.Itthen

flowsthroughthepulmonicvalveintothepulmonaryarterybeforebeingdeliveredtothe

lungs.Whileinthelungs,blooddivergesintothenumerouspulmonarycapillarieswhereit

releasescarbondioxideandisreplenishedwithoxygen.Oncefullysaturatedwithoxygen,

thebloodistransportedviathepulmonaryveinintotheleftatrium whichpumpsblood

throughthemitralvalveandintotheleftventricle.Withapowerfulcontraction,theleft

ventricleexpelsoxygen-richbloodthroughtheaorticvalveandintotheaorta.

 CIRCLEOFWILL'S

ThecircleofWillisisanimportantjunctionofarteriesatthebaseofthebrain.Thestructure

encirclesthemiddleareaofthebrain,includingthestalkofthepituitaryglandandother

importantstructures.Twoarteries,calledthecarotidarteries,supplybloodtothebrain.

TheyrunalongeithersideoftheneckandleaddirectlytothecircleofWillis.Eachcarotid

arterybranchesintoaninternalandexternalcarotidartery.Theinternalcarotidarterythen

branchesintothecerebralarteries.Thisstructureallowsallofthebloodfrom thetwo

internalcarotidarteriestopassthroughthecircleofWillis.

 ThestructureofthecircleofWillisincludes:

 leftandrightinternalcarotidarteries

 leftandrightanteriorcerebralarteries

 leftandrightposteriorcerebralarteries

 leftandrightposteriorcommunicatingarteries

 basilarartery

 anteriorcommunicatingartery

 ThecircleofWillisiscritical,asitisthemeetingpointofmanyimportantarteries

supplyingbloodtothebrain.Theinternalcarotidarteriesbranchofffrom hereinto

smallerarteries,whichdelivermuchofthebrain’sbloodsupply.



o FUNCTION

ThecircleofWillisplaysanimportantrole,asitallowsforproperbloodflowfrom the

arteriestoboththefrontandbackhemispheresofthebrain.Thearteriesthatstem offfrom

thecircleofWillissupplymuchofthebloodtothebrain.ThecircleofWillisalsoservesasa

sortofsafetymechanism whenitcomestobloodflow.Ifablockageornarrowingslowsor

preventsthebloodflowinaconnectedartery,thechangeinpressurecancausebloodto

flowforwardorbackwardinthecircleofWillistocompensate.Thismechanism couldalso

helpbloodflowfrom onesideofthebraintotheotherinasituationinwhichthearterieson

onesidehavereducedbloodflow.Inanemergency,suchasastroke,thismayreducethe

damageoraftereffectsoftheevent.Importantly,thecircleofWillisdoesnotactivelycarry

outthefunction.Instead,thenaturalshapeofthecircleandthewaythatpressureactsin

theareasimplyallowforbidirectionalbloodflowwhennecessary.

 SPLANCHNICCIRCULATION

AlsoknownasvisceralCIRCULATIONanditconstitutesofthreeportions:

 MesentericcirculationsupplyingGIT

 Spleniccirculationsupplyingspleenand

 Hepaticcirculationsupplyingliver.

Anotableuniquefeatureisthatthebloodfrom mesentericbedandspleenform amajor

amountofbloodflowingintotheliver.

o MESENTERICCIRCULATION

Distributionofbloodflow.

 Stomach:35mL/100g/Minute

 Intestine:50mL/100g/Minute

 Pancreas:80mL/100g/Minute

RegulationofMesentericBloodFlow:

 Localautoregulation

 ActivityofGIT:contractionofitreducesmesentericbloodflowwhilerelaxationdoesthe

opposite

 Nervousfactor:itisregulatedbysympatheticnerveswhichcauseconstrictionof

mesentericvesselsanddirectbloodtomuscle,heartandbrainduringemergency

conditions.Parasympatheticnervesshoenodirectactiononmesentericbloodvessels.

 Chemicalfactors:Functionalhyperemia;increaseinmesentericbloodflowimmediately



afterfoodintakeandismainlyduetogastrinandcholecystokinin.

o SPLENICCIRCULATION

Spleenisamajorreservoirofbloodduetodilationbysympatheticstimulation,itrelaxes

bloodvesselsandalotofbloodisstoredinspleen.Twostructuresareresponsiblefor

bloodstorage.Theyare;splenicvenoussinusesandsplenicpulp.Contractionofblood

vesselsreleasesthebloodbackintoCirculation.

 Regulation:itisregulatedbysympatheticnerves.

o HEPATICCIRCULATION

Liverreceivesbloodfrom twosourceswhichincludes:

 Hepaticarterywhichcarries400mLoftotalbloodand75%oftheoxygen.

 Portalveinwhichcarries1100mLoftotalbloodand25%oftheoxygen.

Thus,intotaltheliverreceives30%ofthecardiacoutput(1500mL)anditisabout

100mL/100g/minute.

RegulationofBloodFlow:

 Systemicbloodpressure:itincreasesasitincreases

 SplenicContraction:increasesbloodflow

 Movementofintestine:increasesbloodflow

 Chemicalfactors:hypoxia,increaseinCarbondioxideconcandexcesshydrogenions

increasebloodflowtotheliver.

 Nervous:sympatheticnervesthroughsplanchnicnervedecreasesbloodflow.

 CORONARYCIRCULATION

Theheartishighlymetabolicallyactiveandhasthehighestoxygenconsumptionbymassof

anyorgan.Thisdemandforoxygenismetbythecoronarycirculation,whichisresponsiblefor

deliveringbloodtothemyocardium andrepresentsapproximately5%ofcardiacoutput.

Thecoronaryarteriesarisefrom thesinusesofValsalva,justpasttheoriginoftheaorticroot.

Therightcoronaryartery(RCA),arisingfrom theanterioraorticsinus,suppliesbloodtotheright

atrium,rightventricle,sinoatrialnode,atrioventricular(AV)node,andselectportionsoftheleft

ventricle.Theleftcoronaryartery(LCA)arisesfrom theleftposterioraorticsinusandquickly

bifurcatesintotheleftcircumflexartery(LCX)andleftanteriordescendingartery(LAD),which

supplybloodtotheleftatrium andleftventricle.Thecoronaryarteriescanbroadlyclassifyas



epicardialvesselsandintramuscularvessels.Theformerislargerandmoresuperficial,and

theyserveasconductorsforbloodflow.Thelatteraresmallerandcoursewithinthe

myocardium;theirvariousbranchesandarteriolesprovidehigherresistancebutmorefine-

tunedcontrolofbloodflow.Inmosttissues,bloodflowpeaksduringventricularsystoledueto

increasedpressureintheaortaanditsdistalbranches.Bloodflowthroughthecoronaryvessels,

however, isseeminglyparadoxicalandpeaksduringventriculardiastole.Whentheventricles

relaxduringdiastole,thecoronaryvesselsarenolongercompressed,andnormalbloodflow

resumes.Duetothispatternofbloodflow,tachycardia-andtheresultantdecreaseoftime

spentindiastole-candecreasetheefficiencyofmyocardialperfusion.

Regulation:

 Atrest,approximately60%to70%ofoxygenisextractedfrom bloodinthecoronary

arteries.Thisdegreeof oxygenextractionisatestamenttothehighmetabolicactivityof

themyocardium.Italsohighlightstheimportanceofincreasingoverallcoronaryflow

duringtimesofincreasedmyocardialoxygendemand.

 Atthemostbasiclevel,localhypoxemiaandhypercarbiahaveshowntocorrelatewith

coronaryvasodilation.MeasurementsofcoronaryvenouspO2andpCO2,however,show

little,ifany,changeduringstatesofphysiologicallyincreaseddemand. Thissituation

suggeststhatalternativefactorsmustcontributetocoronaryregulationundernormal

conditionsthatpreventhypoxemiaandhypercarbia.Indeed,multiplestudieshave

demonstratedthattheconcentrationsofbothoxygenandcarbondioxideareinsufficient

inexplainingthemajorityofthetotalextentofcoronaryvasodilationinresponseto

increasedoxygendemand.Whileitislikelythatlocalizedhypoxemiaandhypercarbia

havearoleincoronaryregulationduringpathophysiologicstates,itisnotyetclear

whetheranintermediarymoleculeisinvolved intheprocess.

 ATP-dependentpotassium (K)channelsinvascularsmoothmuscleandothertissues.

Thesechannelslikelycontributetobaselinevasculartone,astheirinhibitionresultsina

slightdecreaseincoronaryflow.

 Othermediatorsofcoronaryflow also havebeenelucidated.Ascoronaryflowincreases

secondarytootherfactors,increasedendovascularshearstressstimulatesnitricoxide

synthesis.Thereleaseofnitricoxideresultsinvasodilationatbothrestandstatesof

increasedmyocardialoxygenconsumption.However,inhibitionofnitricoxidesynthesis

hasshown inmultiplestudies thatnitricoxideisnotnecessaryforphysiologiccoronary

vasodilation. Prostacyclin,anarachidonicacidmetabolite, hasalsodemonstratedsome

vasodilatoryeffectonthecoronaryvesselslikelythroughinteractionwithnitricoxide.

Adenosinehasalsoshowneffectonregulationoncoronarybloodflow.

 Endothelinisanextremelypotentvasoconstrictor,andthecoronarycirculationishighly

sensitivetoit.Studieshaveshownincreasedplasmaconcentrationsofendothelinwith

coronaryrelatedpathology.

 Neurohormonalfactors also havedemonstratedtoregulatecoronaryflow,thoughthis



effectappearstoberelativelyminor.Adrenergicreceptorsaredistributedinanon-

uniform manneralongthecoronaryvessels;alphareceptorsarefoundingreater

concentrationinepicardialvessels,whereasapreponderanceofbeta-2receptorsexists

inintramuscularandsubendocardialvessels.Thisdistributionappearstominimize

coronary"steal,"byconstrictingproximalvesselsandshiftingthedependenceof

coronaryflowtodilateddistalvessels.Additionally,thisdecreaseinlargecoronary

vesseldiameter also mayserveto reducetheoscillationsincoronaryflowcausedby

ventricularcompressionofintramuscularvessels.Adrenergiccontrolhasdemonstrated

tocontributetophysiologicvasodilation;blockadeofalphaandbeta-adrenergic

receptorsresultsinsubstantiallylowercoronaryvenousoxygentension.

 CUTANEOUSCIRCULATION

Thecutaneouscirculationisthecirculationandbloodsupplyoftheskin.Theskinisnotavery

metabolicallyactivetissueandhasrelativelysmallenergyrequirements,soitsbloodsupplyis

differenttothatofothertissues.Someofthecirculatingbloodvolumeintheskinwillflow

throughwillflowthrough arteriovenousanastomoses(AVAs) insteadofcapillaries.AVAsserve

aroleintemperatureregulation.Inthisarticleweshallconsiderthedifferentadaptationsofthe

cutaneouscirculation,anditsroleinbodytemperaturecontrol.

o ArteriovenousAnastomoses

AVAsarelow-resistanceconnectionsbetweenthesmallarteriesandsmallveinsthatsupply

anddraintheskin.Theseallowtheshuntofblooddirectlyintothe venousplexus oftheskin,

withoutitpassingthroughcapillaries.SinceAVAscontainnocapillarysection,theyarenot

involvedintransportofnutrientsto/from thetissues,butinsteadplayamajorrolein

temperatureregulation.

o TemperatureRegulation

Theskinisthebody’smainheatdissipatingsurface:theamountofbloodflowtotheskin

determinesthedegreeofheatlossandthereforethecorebodytemperature.Thebloodflow

throughAVAsisheavilyinfluencedbythe sympatheticnervoussystem. Atrest,the

sympatheticnervoussystem dominatesandactstoconstrictAVAs.Anychangesincore

temperaturearedetectedbythethermoregulatorycenterinthe hypothalamus.Itregulates

temperaturebyalteringthelevelofsympatheticoutflowtothecutaneousvessels,toreturn

temperaturetoitsnormalrange:

 Inhighcoretemperatures:Sympatheticinnervationisdecreased,reducingthe

vasomotortoneintheAVAs.MorebloodflowsthroughtheAVAsandreachesthe

venousplexus(closetothesurfaceoftheskin),increasingheatlosstoreducecore

temperature.

 Inlowcoretemperatures:Sympatheticinnervationisincreased,increasingthe

vasomotortoneintheAVAs.Lessbloodflowstotheapicalskin(ofnose,lips,ears,

handsandfeet),reducingheatlosstoincreasethecoretemperature



3.DISCUSSTHECARDIOVASCULARADJUSTMENTSTHATTAKESPLACEDURING

EXERCISE

Duringexercise,thereisanincreaseinmetabolicneedsofbodytissues,particularlythe

muscles.Variousadjustmentsinthebodyduringexerciseareaimedat:

 Supplyofvariousmetabolicrequisiteslikenutrientsandoxygentomusclesandother

tissuesinvolvedinexercise

 Preventionofincreaseinbodytemperature.Thesetwotypesofexercise

Exercisesclassifiedbasedoncontractionareoftwotypes:

 Staticexercise:heremusclescontractisometrically.E.g.pushingagainstaheavyweight.

 Dynamicexercisewheremusclescontractisotonically.E.g.running,push-ups,etc.

Basedonenergyandoxygenutilizationtheyareclassifiedintotwotoo

 Anaerobic:thisisexercisedoneintheabsenceofadequateoxygenreachingmuscles.It

occursduringthefirstfewminutesofexerciseandexercisesthatrequireshortbut

strongburstsofenergy.Hereglycogenisused.

 Aerobic:exercisedoneinthepresenceofadequateoxygenreachingmuscles.Itusually

lastsfor30minutestillglucosestoreisfinishedandfatsarethenburntinthepresence

ofoxygen.

Andbasedonexerciseseverity,wehave

 Mildexercise:littleornochangeoccursincardiovascularsystem duringmildexercise.

 Moderateexercise:doesn'tinvolvestrenuousactivitiesthusexhaustiondoesnotoccur.

theexamplesofthistypeofexercisearefastwalkingandslowrunning.

 Severeexercise:severeexerciseinvolvesstrenuousmuscularactivity.Severitycanbe

maintainedonlyforshortduration.E.g.Fastrunningforadistanceof100or400meters.

Completeexhaustionoccursattheendofsevereexercise.

EFFECTSOFEXERCISEONCARDIOVASCULARSYSTEM

 Onblood:Mildhypoxiadevelopedduringexercisestimulatesthejuxtaglomerular

apparatustosecreteerythropoietin.Itstimulatesthebonemarrowandcausesrelease

ofredbloodcells.IncreasedcarbondioxidecontentinblooddecreasesthepHofblood.

 Onbloodvolume:Moreheatisproducedduringexerciseandthethermo-regulatory

system isactivated.Thisinturn,causessecretionoflargeamountofsweatleadingto;

Fluidloss,Reducedbloodvolume,hemoconcentration.Sometimes,severeexercise

leadstoevendehydration.

 Onheartrate:Heartrateincreasesduringexercise.Eventhethoughtofexerciseor



preparationforexerciseincreasestheheartrate.Itisbecauseofimpulsesfrom cerebral

cortextomedullarycenters,whichreducesvagaltone.Inmoderateexercise,theheart

rateincreasesto180beats/minute.Inseveremuscularexercise,itreaches240to260

beats/minute.Increasedheartrateduringexerciseisduetofourfactors:Impulsesfrom

proprioceptors,Increasedcarbondioxidetension,whichactsthroughmedullarycenters

andriseinbodytemperature.

 Oncardiacoutput:Cardiacoutputincreasesupto20L/minuteinmoderateexerciseand

upto35L/minuteduringsevereexercise.Increaseincardiacoutputisdirectly

proportionaltotheincreaseintheamountofoxygenconsumedduringexercise.During

exercise,thecardiacoutputincreasesbecauseofincreaseinheartrateandstroke

volume.

 Onvenousreturn:Itincreasesremarkablyduringexercisebecauseofmusclepump,

respiratorypumpandsplanchnicvasoconstriction.

 Onbloodflowtoskeletalmuscles:Thereisagreatincreaseintheamountofblood

flowingtoskeletalmusclesduringexercise.Duringthemuscularactivity,stoppageof

bloodflowoccurswhenthemusclescontract.Itisbecauseofcompressionofblood

vesselsduringcontraction.Andinbetweenthecontractions,thebloodflowincreases.

Sometimesthebloodsupplytomusclesstartsincreasingevenduringthepreparation

forexercise.Itisduetothesympatheticactivity.Sympatheticnervescause

vasodilatationinmuscles.Thesympatheticnervefiberscausingvasodilatationin

skeletalmusclearecalledsympatheticcholinergicfiberssincethesefiberssecrete

acetylcholineinsteadofnoradrenaline.

 Duringmoderateisotonicexercise,thesystolicpressureisincreased.Itisdueto

increaseinheartrateandstrokevolume.Diastolicpressureisnotalteredbecause

peripheralresistanceisnotaffectedduringmoderateisotonicexercise.


