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Physiology

AssignmentonCardiovascularPhysiology

1.Discussthelongterm regulationofmeanarterialbloodpressure

Ans.Longterm regulation involvesmainlythe regulation ofextracellular
fluidvolumeby  natriuresismechanismsresidinginthekidneyandby
widespreadactionsofangiotensin2.

Longterm regulationofbloodpressure:-Thereareseveralphysiological
mechanismsthatregulatebloodpressureinthelongterm.

¡)Renin-Angiotensin-Aldosteronesystem (RAAS)

Reninisapeptidehormonereleasedbythegranularcellsofthe
juxtaglomerularapparatusinthekidneyanditisreleasedinresponseto:

 Sympatheticstimulation
 Reducedsodium-chloridedeliverytothedistalconvolutedtubule
 Decreasedbloodflowtothekidney

ReninfacilitatestheconversionofangiotensinogentoangiotensinI
whichisthenconvertedtoangiotensinIIusingangiotensin-converting
enzyme (ACE).

AngiotensinIIisapotentvasoconstrictor.Itactsdirectlyonthekidneyto
increasesodium reabsorptionintheproximalconvolutedtubule.Sodium
isreabsorbedviathesodium-hydrogenexchanger. AngiotensinII also
promotesreleaseof aldosterone.

ACEalsobreaksdownasubstancecalledbradykininwhichisapotent
vasodilator.Therefore,thebreakdownofbradykininpotentiatesthe
overallconstrictingeffect.

Aldosteronepromotessaltandwaterretentionbyactingatthedistal
convolutedtubuletoincreaseexpressionofepithelialsodium channels.
Furthermore,aldosteroneincreasestheactivityofthebasolateralsodium
-potassium ATP-ase,thusincreasingtheelectrochemicalgradientfor
movementofsodium ions.

Moresodium collectsinthekidneytissueandwaterthenfollowsby
osmosis.Thisresultsindecreasedwaterexcretionandtherefore
increasedbloodvolumeandthusbloodpressure.



Anti-DiureticHormone(ADH):Thesecondmechanism bywhichblood
pressureisregulatedisreleaseofAntiDiureticHormone(ADH)from the
OVLTofthehypothalamusinresponsetothirstoranincreasedplasma
osmolarity.

ADHactstoincreasethepermeabilityofthecollectingducttowaterby
inserting aquaporinchannels (AQP2)intotheapicalmembrane.

Italsostimulatessodium reabsorptionfrom thethickascendinglimbof
theloopofHenle.Thisincreaseswaterreabsorptionthusincreasing
plasmavolumeanddecreasingosmolarity.

Otherfactorsthatcanaffectlong-term regulationofbloodpressureare
natriureticpeptides.Theseinclude:

 Atrialnatriureticpeptide (ANP) issynthesisedandstoredin
cardiacmyocytes.Itisreleasedwhentheatriaare
stretched, indicatingofhighbloodpressure.

 ANPactstopromotesodium excretion.Itdilatestheafferent
arterioleoftheglomerulus,increasingbloodflow(GFR).Moreover,
ANPinhibitssodium reabsorptionalongthenephron.Conversely,
ANPsecretionislowwhenbloodpressureislow.

 Prostaglandinsactaslocalvasoconstrictiontriggeredbythe
Sympatheticnervousandrenin-angiotensin-aldosteronesystems.

2. Shortnoteonpulmonarycirculation

A.Pulmonarycirculation isthesystem oftransportationthatshuntsde-
oxygenatedbloodfrom thehearttothelungstobere-saturatedwith
oxygenbeforebeingdispersedintosystemic circulation.

The pulmonarycirculation istheportionofthe circulatorysystem which
carries deoxygenated blood awayfrom therightventricle,tothe lungs,and
returns oxygenatedblood totheleftatrium andventricleoftheheart. The
term pulmonarycirculationisreadilypairedandcontrastedwiththe systemic
circulation.The vessels ofthepulmonarycirculationarethe pulmonary
arteries andthe pulmonaryveins.

Aseparatesystem knownasthe bronchialcirculation suppliesoxygenated
bloodtothetissueofthelargerairwaysofthelungs.

Thepulmonarycirculationloopisvirtuallybypassedin fetalcirculation.The
fetallungsarecollapsed,andbloodpassesfrom therightatrium directlyinto
theleftatrium throughthe foramenovale:anopenconduitbetweenthe
pairedatria,orthroughthe ductusarteriosus:ashuntbetweenthepulmonary
arteryandtheaorta.Whenthelungsexpandatbirth,thepulmonarypressure
dropsandbloodisdrawnfrom therightatrium intotherightventricleand
throughthepulmonarycircuit.Overthecourseofseveralmonths,



the foramenovale closes,leavingashallowdepressionknownasthe fossa
ovalis.

Anumberofmedicalconditionscanaffectthepulmonarycirculation.

 Pulmonaryhypertensionescribesanincreaseinresistanceinthepulmonary
arteries

 Pulmonaryembolus isa bloodclot,usuallyfrom a deepveinthrombosis thathas
lodgedinthepulmonaryvasculature.Itcancausedifficultybreathingorchestpain,
isusuallydiagnosedthrougha CTpulmonaryangiography or V/Qscan,andis
oftentreatedwith anticoagulant suchas heparin andwarfarin.

 Cardiacshunt isanunnaturalconnectionbetweenpartsoftheheartthatleadsto
bloodflowthatbypassesthelungs.

 Vascularresistance
 Pulmonaryshunt

B.Circleofwillis:-The circleofWillis (CoW)isananatomicalstructurethat
providesananastomoticconnectionbetweentheanteriorandposteriorcirculations,
providingcollateralflowtoaffectedbrainregionsintheeventofarterial
incompetency.

The circleofWillis (alsocalled Willis'circle, loopofWillis, cerebralarterialcircle,
and Willispolygon)isa circulatoryanastomosis thatsupplies blood tothe brain and
surroundingstructures.Itisnamedafter ThomasWillis (1621–1675),
an English physician.

Thearrangementofthebrain'sarteriesintothecircleofWilliscreatesredundancy
(analogousto engineeredredundancy)for collateralcirculation inthe cerebral
circulation.Ifonepartofthecirclebecomesblockedornarrowed(stenosed)orone
ofthearteriessupplyingthecircleisblockedornarrowed,bloodflowfrom the
other bloodvessels canoftenpreservethecerebralperfusionwellenoughtoavoid
thesymptomsof ischemia.

C.Splanchniccirculation:- Mesenteric Circulation.The splanchnic
circulation consistsofthebloodsupplytothegastrointestinaltract,liver,spleen,
andpancreas.Itconsistsoftwolargecapillarybedspartiallyinseries.The
small splanchnic arterialbranchessupplythecapillarybeds,andthentheefferent
venousbloodflowsintothePV.

Splanchniccirculation–thecirculationofthe gastrointestinaltract originatingat
the celiactrunk,the superiormesentericartery andthe inferiormesentericartery.

Splanchnic isusuallyusedtodescribeorgansinthe abdominalcavity

D.Coronarycirculation:-Coronarycirculation isthe circulation ofbloodintheblood



vesselsthatsupplytheheartmuscle(myocardium). Coronaryarteries supply
oxygenatedbloodtotheheartmuscle,and cardiac veinsdrainawaythebloodonce
ithasbeendeoxygenated.

Becausetherestofthebody,andmostespeciallythe brain,needsasteadysupply
ofoxygenatedbloodthatisfreeofallbuttheslightestinterruptions,theheartis
requiredtofunctioncontinuously.Thereforeitscirculationisofmajorimportance
notonlytoitsowntissuesbuttotheentirebodyandeventhe levelof
consciousness ofthebrainfrom momenttomoment.Interruptionsofcoronary
circulationquicklycauseheartattacks(myocardialinfarctions),inwhichtheheart
muscleisdamagedby oxygenstarvation.Suchinterruptionsareusuallycausedby
ischemicheartdisease(coronaryarterydisease)andsometimesby embolism from
othercauseslikeobstructioninbloodflowthroughvessels.

The papillarymuscles attachthe mitralvalve (thevalvebetweenthe leftatrium and
the leftventricle)andthe tricuspidvalve (thevalvebetweenthe rightatrium and
the rightventricle)tothewalloftheheart.Ifthepapillarymusclesarenot
functioningproperly,themitralvalvemayleakduringcontractionoftheleft
ventricle.Thiscausessomeofthebloodtotravel"inreverse",from theleftventricle
totheleftatrium,insteadofforwardtotheaortaandtherestofthebody.This
leakingofbloodtotheleftatrium isknownas mitralregurgitation.Similarly,the
leakingofbloodfrom therightventriclethroughthetricuspidvalveandintothe
rightatrium canalsooccur,andthisisdescribedas tricuspidinsufficiency or
tricuspidregurgitation.
Theanterolateralpapillarymusclemorefrequentlyreceivestwobloodsupplies: left
anteriordescending (LAD)arteryandthe leftcircumflexartery (LCX). Itistherefore
morefrequentlyresistanttocoronary ischemia (insufficiencyofoxygen-richblood).
Ontheotherhand,theposteromedialpapillarymuscleisusuallysuppliedonlyby
thePDA. Thismakestheposteromedialpapillarymusclesignificantlymore
susceptibletoischemia.Theclinicalsignificanceofthisisthata myocardial
infarction involvingthePDAismorelikelytocausemitralregurgitation.

E.cutaneouscirculation:-The cutaneouscirculation isthe circulation andblood
supplyofthe skin.The skin isnotaverymetabolicallyactivetissueandhas
relativelysmallenergyrequirements,soitsbloodsupplyisdifferenttothatofother
tissues.

3. Discussthecardiovascularadjustmentthatoccursduringexercise

Ans.  Theintegratedresponsetosevereexerciseinvolvesfourfoldtofivefold
increasesincardiacoutput,whicharedueprimarilytoincreasesincardiacrateand
toalesserextenttoaugmentationofstrokevolume.Theincreaseinstrokevolume
ispartlyduetoanincreaseinend-diastoliccardiacsize(Frank-Starling
mechanism)andsecondarilyduetoareductioninend-systoliccardiacsize.The
fullroleoftheFrank-Starlingmechanism ismaskedbytheconcomitant



tachycardia.Thereductioninend-systolicdimensionscanberelatedtoincreased
contractility,mediatedbybetaadrenergicstimulation.Betaadrenergicblockade
preventstheinotropicresponse,thedecreaseinend-systolicdimensions,and
approximately50%ofthetachycardiaofexercise.Theenhancedcardiacoutputis
distributedpreferentiallytotheexercisingmusclesincludingtheheart.Bloodflow
totheheartincreasesfourfoldtofivefoldaswell,mainlyreflectingtheaugmented
metabolicrequirementsofthemyocardium duetonearmaximalincreasesin
cardiacrateandcontractility.Bloodflowtotheinactiveviscera(e.g.,kidneyand
gastrointestinaltract)ismaintainedduringsevereexerciseinthenormaldog.Itis
suggestedthatlocalautoregulatorymechanismsareresponsibleformaintained
visceralflowinthefaceofneuralandhormonalautonomicdrive,whichactsto
constrictrenalandmesentericvesselsandtoreducebloodflow.However,inthe
presenceofcirculatoryimpairment,whereoxygendeliverytotheexercising
musclesisimpairedasoccurstocompleteheartblockwherenormalheartrate
increasesduringexerciseareprevented,orincongestiverightheartfailure,where
normalstrokevolumeincreasesduringexerciseareimpaired,orinthepresenceof
severeanemia,whereoxygen-carryingcapacityofthebloodislimited,visceral
bloodflowsarereduceddrasticallyandbloodisdivertedtotheexercising
musculature.Thus,,visceralflowisnormallymaintainedduringsevereexerciseas
longasallothercompensatorymechanismsremainintact.However,whenany
othercompensatorymechanism isdisrupted(eventheeliminationofsplenic
reserveinthedog),reductionanddiversionofvisceralflowoccur.


