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1. Discussthelong-termregulationofmeanarterialbloodpressure

Answer

Renin-Angiotensin-AldosteroneSystem(RAAS)

Reninisapeptidehormonereleasedbythegranularcellsofthejuxtaglomerularapparatusinthekidney.Itisreleasedinresponse

to:

 Sympatheticstiulation

 Reducedsodium-chloridedeliverytothedistalconvolutedtubule

 Decreasedbloodflowtothekidney

Reninfacilitatestheconversionofangiotensinogentoangiotensin1whichidthenconvertedtoangiotensin2usingangiotensin-

convertingenzyme(ACE).Angiotensin2isapotentvasoconstrictor.Itactsdirectlyonthekidneytoimprovesodiumreabsorptionin

theproximalconvolutedtubule.Sodiumisabsorbedviathesodium-hydrogenexchanger,angiotensin2alsopromotesthereleaseof

aldosterone.ACEalsobreaksdownasubstancecalledbradykininwhichisapotentvasodilator.Thereforethebreakdownof

bradykininpotentiatestheoverallconstrictingeffect.Aldosteronepromotessaltandwaterretentionbyactingatthedistal

convolutedtubuletoincreasetheexpressionofepithelialsodiumchannels.Furthermotealdosteroneincreasestheactivityofthe

basolateralsodium-pottasiumATP-ase,thusincreasingelectrochemicalgradientformovementofsodiumions.Moresodiumcollectsin

thekidneytissueandwaterthenflowsbyosmosis.Thisresutsindecreasedwaterexretionnadthereforeincreasedbloodvolume

andthusbloodpressure.

Othermechanismsbywhichbloodpressureisregulatedarethe;

 RegulatedreleaseofAntiDuireticHormone(ADH)fromtheOVLTofthehypothalamusinresponsetothirstoranincreased

plasmaosmolarity.

 Natriureticpeptides.

2. Writeshortnotesonthefollowing;

 Pulmonarycirculation:Pulmonarycirculationisthesystemoftransportationthatshuntsde-oxygenatedbloodfromthe

hearttothelungstobere-saturatedwithoxygenbeforebeingdispersedintosystemiccirculatiom.De-oxygentedblood

fromthelowerhalfofthebodyenterstheheartfromtheinferiorvena-cavawhilede-oxygenatedbloodfromthesuoerior

halfofthebodyenterstheheartviathesuperiorvena-cava.Boththesuperiorvena-cavaandinferiorvena-cavaempty

bloodintotherightatrium.Bloodflowsthroughthrtricuspidvalveintotherightventricle.Itthenflowsthroughthe

pulmonicvalveintothepulmonaryarterybeforebeingdeliveredtothelungs.Whileinthelungs,blooddivergesintonumerous

pulmonarycapillarieswhereitreleasescarbindioxideandisreplenishedwithoxygen,thebloodistransportedviathe

pulmonaryveinintotheleftatriumwhichpumpsbloodthroughthemitralvalveandintotheleftventricle.Withapowerful



contration,theleftventricleexpelsoxygen-richbloodthroughtheaorticvalveandintotheaorta:thsisthebeginningof

systemiccirculation.

 Circleofwillis:Thecircleofwillisencirclesthestalkofthepitituaryglandandprovidesimportantcommunications

betweenthebloodsupplyofthefore-brainandthehindbrain.Thecircleofwillisbeginstoformwhentherightandleft

internalcarotidartery(ICA)entersthecranialcavityandeachonedividesintotwomainbranches:theAnteriorCerebral

Artery(ACA)andmiddlecerebralartery(MCA).Theanteriorcerebralateriesarethenunitdandbloodcanbloodcancross

flowbyanteriorcommunicatingartery(ACOM).TheACAssupplymostmidlineportionsofthefrontallobesandsuperior

medialparietallobes.TheMCAssupplymostofthelateralsurfaceofthehemisphere,exceptthesuperiorportionofthe

parietallobe(viaACA)andtheinferiorportionofthetemporallobeandoccipitallobe.TheACAs,ACOM,andMCAsformthe

anteriorhalf,betterknownastheanteriorcerebralcirculation.Posteriorly,thebasilarartery(BA),formedbytheleftand

rightvertebralarteriesbranchesintoleftandrightposteriorcerebralartery(PCA),formingtheposteriorcirculation.The

PCAsmostlysupplybloodtotheoccipitallobeandinferiorportionofthetemporallobe.

 Splanchniccirculation:Thesplanchniccirculationcomprisesthegastric,smallintestinal,colonic,pancreatic,hepatic,and

spleniccirculations.Theyarearrangedinparallelandfedbytheceliacarteryandthesuperiorandinferiormesenteric

arteries.Theresistancearteriolesaretheprimarydeterminantofvascularresistanceinthesplanchniccirculation.

Neuronalcontrolofthemesentericcirculationisalmostentirelysympatheticinorigin.Theparasympatheticfibersfromthe

vagihavelittleeffectonbloodflow.Overallsplanchnicbloodflowrequiresabout25%ofcardiacoutput.Thesplanchnic

venouscapacitancereservoircontainsaboutone-thirdofthebody'stotalbloodvolume.Thesympatheticpostganglionic

fiberscausearteriolarvasoconstrictionanddecreasesplanchnicperfusion.Sympatheticstimulationalsocontractsthe

smoothmuscleofthecapacitanceveinsinthesplanchniccirculation,andmayexpelalargevolumeofpooledbloodfromthe

splanchnicintothesystemiccirculation.Autoregulationinthesplanchniccirculationislessmarkedthaninthecerebral,

cardiac,orrenalcirculations.Theresponseispresent,however,andservestorestorebloodfollowtoareassuffering

hypoperfusionbecauseofanacutereductioninperfusionpressure.Thesplanchniccirculationalsorespondstoreduced

perfusionpressurebytheredistributionofbloodflowwithinindividualorgans.Forexample,inhypovolemicshockperfusion

usuallyfavorsthemucosaofthegutattheexpenseofthemuscularismucosa.Theliverisuniqueinthatithasbothan

arterialandavenousafferentbloodsupply.Intherestingadulttheliverreceivesapproximately500mLminofbloodvia

thehepaticarteryandafurther1300mLminfromtheportalcirculation.

 Coronarycirculation:Coronarycirculation,partofthesystemiccirculatorysystemthatsuppliesbloodtoandprovides

drainagefromthetissuesoftheheart.Inthehumanheart,twocoronaryarteriesarisefromtheaortajustbeyondthe

semilunarvalves;duringdiastole,theincreasedaorticpressureabovethevalvesforcesbloodintothecoronaryarteriesand

thenceintothemusculatureoftheheart.Deoxygenatedbloodisreturnedtothechambersoftheheartviacoronaryveins;

mostoftheseconvergetoformthecoronaryvenoussinus,whichdrainsintotherightatrium.Theheartnormallyextracts70

to75percentoftheavailableoxygenfromthebloodincoronarycirculation,whichismuchmorethantheamountextracted

byotherorgansfromtheircirculations—e.g.,40percentbyrestingskeletalmuscleand20percentbytheliver.Obstruction

ofacoronaryartery,deprivingthehearttissueofoxygen-richblood,leadstodeathofpartoftheheartmuscle(myocardial

infarction)inseverecases,andtotalheartfailureanddeathmayensue.

 Cutaneouscirculation:Thecutaneouscirculationisthecirculationandbloodsupplyoftheskin.Theskinisnotavery

metabolicallyactivetissueandhasrelativelysmallenergyrequirements,soitsbloodsupplyisdifferenttothatofother

tissues.Someofthecirculatingbloodvolumeintheskinwillflowthroughwillflowthrougharteriovenousanastomoses(AVAs)

insteadofcapillaries.AVAsservearoleintemperatureregulation.AVAsarelow-resistanceconnectionsbetweenthesmall

arteriesandsmallveinsthatsupplyanddraintheskin.Theseallowtheshuntofblooddirectlyintothevenousplexusofthe

skin,withoutitpassingthroughcapillaries.SinceAVAscontainnocapillarysection,theyarenotinvolvedintransportof

nutrientsto/fromthetissues,butinsteadplayamajorroleintemperatureregulation.

3.Describethecardiovascularadjustmentthatoccursduringexercise.

Answer

Theintegratedresponsetoservereexericseinvolvesfourfoldtofivefoldincreasesincardiacoutput,whicharedueprimarilyto

increasesincardiacrateandtoalesserextenttoaugmentationofstrokevolume.Theincreaseinstrokevolumeispartlyduetoan



increaseinend-diastoliccardiacsize(Frank-Starlingmechanism)andsecondarilyduetoareductioninend-systoliccardiacsize.The

fullroleoftheFrank-Starlingmechanismismaskedbytheconcomitanttachycardia.Thereductioninend-systolicdimensionscanbe

relatedtoincreasedcontractility,mediatedbybetaadrenergicstimulation.Betaadrenergicblockadepreventstheinotropic

response,thedecreaseinend-systolicdimensions,andapproximately50%ofthetachycardiaofexercise.Theenhancedcardiac

outputisdistributedpreferentiallytotheexercisingmusclesincludingtheheart.Bloodflowtotheheartincreasesfour-foldto

fivefoldaswell,mainlyreflectingtheaugmentedmetabolicrequirementsofthemyocardiumduetonearmaximalincreasesincardiac

rateandcontractility.Bloodflowtotheinactiveviscera(e.g.,kidneyandgastrointestinaltract)ismaintainedduringsevere

exerciseinthenormaldog.Itissuggestedthatlocalautoregulatorymechanismsareresponsibleformaintainedvisceralflowinthe

faceofneuralandhormonalautonomicdrive,whichactstoconstrictrenalandmesentericvesselsandtoreducebloodflow.However,

inthepresenceofcirculatoryimpairment,whereoxygendeliverytotheexercisingmusclesisimpairedasoccurstocompleteheart

blockwherenormalheartrateincreasesduringexerciseareprevented,orincongestiverightheartfailure,wherenormalstroke

volumeincreasesduringexerciseareimpaired,orinthepresenceofsevereanemia,whereoxygen-carryingcapacityofthebloodis

limited,visceralbloodflowsarereduceddrasticallyandbloodisdivertedtotheexercisingmusculature.Thus,visceralflowis

normallymaintainedduringsevereexerciseaslongasallothercompensatorymechanismsremainintact.However,whenanyother

compensatorymechanismisdisrupted(eventheeliminationofsplenicreserveinthedog),reductionanddiversionofvisceralflow

occur.


