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QUESTION1:Discusstheroleofkidneyinglucosehomeostasis

ANSWER:Glucosehomeostasismeanstheprocessbywhichglucoseisregulatedinthe

body.Thekidneyssynthesizeglucosefrom aminoacidsandotherprecursorsduring

prolongedfasting,aprocessreferredtoasgluconeogenesis.Thekidneys'capacityto

addglucosetothebloodduringprolongedperiodsoffastingrivalsthatoftheliver.The

kidneyabsorbstheentirequantityoffilteredglucose.Ithasaglomerularfiltrationrate

of180litres/dayanditfiltersapproximately180gramsofglucoseperday,bringingits

normalcontributioninmaintainingnormalfastingbloodglucose(FBG)levels.Insulin

cansuppressglucosereleaseinbothkidneyandliverbydirectenzyme

activation/deactivationandbyreducingtheavailabilityofgluconeogenicsubstrates.

Themainrolesofkidneysinglucosehomeostasisinclude:

 Gluconeogenesis

 Glucoseuptakefrom thebloodforitsownenergyrequestsand

 Reabsorptionintothegeneralcirculationofglucosefrom glomerularfiltratein

ordertopreserveenergy

1.GLUCONEOGENESIS:Thekidneyisconsideredas2differentorgansfrom the

pointofviewofglucoseutilization.Therenalmedullaischaracterizedby

glucoseutilizationandtherenalcortexisresponsibleforglucoserelease.The

releaseofrenalglucoseisasaresultofglycogenolysisandgluconeogenesis.

Glycogenolysisinvolvesbreakdownofglycogentoglucose-6-phosphatefrom

precursors(lactate,glutamine,glycerolandalanine).Becauseitcontains

glucose-6-phosphatase,itisabletoconvertsprecursortoglucosethrough

subsequenthydrolysisandreleaseintobloodstream.Onlyliverandkidneyscan

perform gluconeogenesis.Gluconeogenesisinvolvesformationofglucose-6-

phosphatefrom thesameprecursorandsubsequentconversiontofree



glucose.Therefore,afteranovernightfast,liverproduces75-80%ofglucose

releasedintothecirculationandremaining20-25%isderived.Kidneyprefers

glutamineasitsprecursorforglucose.Insulinsuppressesglucosereleasein

bothorgans.Catecholamineshaveadirecteffectonrenalglucoseincrease.

Duringthe4to6-haftermealingestion,thereisareductioninhepatic

gluconeogenesisby82%andrenalgluconeogenesisincreasesbytwo-foldandit

representsapproximately60%ofendogenousglucoseproductioninthe

postprandialstate.

2.GLUCOSEUPTAKEFROM THEBLOODFORITSOWNENERGYREQUESTS:The

renalcortextakesglucosefrom thebloodforitsenergyrequirement.Glucosein

bloodthatisasaresultofglycogenolysisandothermeansareabsorbedby

renalcortexforenergy.

3.GLUCOSEREABSORPTION:Kidneys,undernormalconditions,retrieveasmuch

glucoseaspossible,renderingtheurinevirtuallyglucosefree.Theabsorption

takesplaceatregionofproximaltubules.Theglomerulifilterfrom plasma

approximately180grams/day,allofwhichsreabsorbedthroughglucose

transporterproteinsthatarepresentinthecellmembraneswithintheproximal

tubules.Ifcapacityofthesetransportersisexceeded,glucoseappearsinthe

urine.Maximum capacity,tubularmaximum forglucose(TmG),rangesfrom 260

to350mg/min/1.73m2inhealthyadultsandchildren,andcorrespondstoa

plasmaglucoselevelofapproximately200mg/dL.OncetheTmGisreachedand

transportersareunabletoreabsorballtheglucose,GLUCOSURIAoccurs.

N.B.:ThemainglucosetransporterusedisSGLT2anditisimportantbecauseit

isresponsiblefor90%oftheglucosefilteredattheglomerulus.Theother10%is

reabsorbedinproximaltubuleisensuredbySGLT1.TheGLUT2isamajor

transporteranditreleasesintocirculationtheglucosereabsorbedinthe

proximaltubularcells.

QUESTION2:Discusstheprocessofmicturition

ANSWER:Micturitionistheprocessbywhichtheurinarybladderemptieswhenit

becomesfilled.Micturitionisavoluntaryactionastheexternalsphincterismadeupof

skeletalmuscle.Thisinvolvestwomainsteps:

First,thebladderfillsprogressivelyuntilthetensioninitswallsrisesaboveathreshold

level;thiselicitsthesecondstep,whichisanervousreflexcalledthemicturitionreflex

thatemptiesthebladderor,ifthisfails,atleastcausesaconsciousdesiretourinate.

Althoughthemicturitionreflexisanautonomicspinalcordreflex,itcanalsobe



inhibitedorfacilitatedbycentersinthecerebralcortexorbrainstem.

MICTURITIONREFLEX

Thisisanormal

cystometrogram showingacutepressurewaves[dashedspikes]causedbymicturition

reflexes.

Referringtothediagram above,onecanseethatasthebladderfillsmany

superimposedmicturitioncontractionsbegintoappear,asshownbythedashedspikes.

Theyaretheresultofastretchreflexinitiatedbysensorystretchreceptorsinthe

bladderwall,especiallybythereceptorsintheposteriorurethrawhenthisareabegins



tofillwithurineatthehigherbladderpressures.Sensorysignalsfrom thebladder

stretchreceptorsareconductedtothesacralsegmentsofthecordthroughthepelvic

nervesandthenreflexivelybackagaintothebladderthroughtheparasympatheticnerve

fibersbywayofthesesamenerves.Whenthebladderisonlypartiallyfilled,these

micturitioncontractionsusuallyrelaxspontaneouslyafterafractionofaminute,the

detrusormusclesstopcontracting,andpressurefallsbacktothebaseline.Asthe

bladdercontinuestofill,themicturitionreflexesbecomemorefrequentandcause

greatercontractionsofthedetrusormuscle.Onceamicturitionreflexbegins,itis"self-

regenerative."Thatis,initialcontractionofthebladderactivatesthestretchreceptorsto

causeagreaterincreaseinsensoryimpulsesfrom thebladderandposteriorurethra,

whichcausesafurtherincreaseinreflexcontractionofthebladder;thus,thecycleis

repeatedagainandagainuntilthebladderhasreachedastrongdegreeofcontraction.

Then,afterafewsecondstomorethanaminute,theself-regenerativereflexbeginsto

fatigueandtheregenerativecycleofthemicturitionreflexceases,permittingthe

bladdertorelax.Thus,themicturitionreflexisasinglecompletecycleof:

(1)Progressiveandrapidincreaseofpressure

(2)Aperiodofsustainedpressure,and

(3)Returnofthepressuretothebasaltoneofthebladder.

Onceamicturitionreflexhasoccurredbuthasnotsucceededinemptyingthebladder,

thenervouselementsofthisreflexusuallyremaininaninhibitedstateforafew

minutesto1hourormorebeforeanothermicturitionreflexoccurs.Asthebladder

becomesmoreandmorefilled,micturitionreflexesoccurmoreandmoreoftenand

moreandmorepowerfully.Oncethemicturitionreflexbecomespowerfulenough,it

causesanotherreflex,whichpassesthroughthepudendalnervestotheexternal

sphinctertoinhibitit.Ifthisinhibitionismorepotentinthebrainthanthevoluntary

constrictorsignalstotheexternalsphincter,urinationwilloccur.Ifnot,urinationwillnot

occuruntilthebladderfillsstillfurtherandthemicturitionreflexbecomesmore

powerful.

FacilitationorInhibitionofMicturitionbytheBrain

Themicturitionreflexisanautonomicspinalcordreflex,butitcanbeinhibitedor

facilitatedbycentersinthebrain.Thesecentersinclude(1)strongfacilitativeand

inhibitorycentersinthebrainstem,locatedmainlyinthepons,and(2)severalcenters

locatedinthecerebralcortexthataremainlyinhibitorybutcanbecomeexcitatory.The

micturitionreflexisthebasiccauseofmicturition,butthehighercentersnormallyexert

finalcontrolofmicturitionasfollows:



1. Thehighercenterskeepthemicturitionreflexpartiallyinhibited,exceptwhen

micturitionisdesired.

2. Thehighercenterscanpreventmicturition,evenifthemicturitionreflexoccurs,

bytoniccontractionoftheexternalbladdersphincteruntilaconvenienttime

presentsitself.

3. Whenitistimetourinate,thecorticalcenterscanfacilitatethesacralmicturition

centerstohelpinitiateamicturitionreflexandatthesametimeinhibitthe

externalurinarysphinctersothaturinationcanoccur.

Themicturitionreflexsystem isunderbothsympatheticandparasympathetic

control.Whilethebladderisfilling,thesympatheticnervesrelaxthesmoothmuscle

ofthebladderwall,accommodatingtheurine,andcontracttheinternalurethral

sphinctersmoothmuscle.Whenthebladderbecomes“full,”mechanoreceptors

signalaspinalreflexarcthatstimulatesparasympatheticcontractionofthebladder

(detrusormuscle)andrelaxationofinternalsphincters.Theexternalurethral

sphincterisskeletalmuscle,andisvoluntarilyrelaxed,allowingurination.

Voluntaryurinationisusuallyinitiatedinthefollowingway:First,apersonvoluntarily

contractshisorherabdominalmuscles,whichincreasesthepressureinthebladder

andallowsextraurinetoenterthebladderneckandposteriorurethraunderpressure,

thusstretchingtheirwalls.Thisstimulatesthestretchreceptors,whichexcitesthe

micturitionreflexandsimultaneouslyinhibitstheexternalurethralsphincter.

Ordinarily,alltheurinewillbeemptied,withrarelymorethan5to10millilitersleftin

thebladder.

QUESTION3:Explainjuxtaglomerularapparatus

ANSWER:Thisisanimportantstructuralandfunctionalaspectofthekidney.Thisisthe

areawherethedistalconvolutedtubulereturnstoits“parent”glomerulus.Itconsistsof

1)laciscells2)juxtaglomerularcellsand3)maculadensa.Atthissite,specialized

maculadensacellsareincontactwiththedistalconvolutedtubuleandafferent

arteriole,formingthejuxtaglomerularapparatus.Thejuxtaglomerularapparatusplaya

roleinthemaintenanceofsystemicarterialbloodpressureduringareductionin

vascularvolumeanddecreaseinfiltrationrate.

Themaculadensacellsofthejuxtaglomerularapparatusareimportantinsensing

tubularfluidflowandsodium deliverytothedistalnephron,andbecauseoftheir



proximitytotheafferentarteriole,maculadensacellscanregulaterenalplasmaflow

andglomerularfiltrationrate(GFR)(autoregulation)andandcanalsomonitorNaCl

deliverytodistaltubules.Maculadensacellsalsoparticipateintheregulationofthe

releaseoftheenzymereninfrom juxtaglomerularcellsadjacenttotheafferent

arterioles.Thereninsecretionaidsinfluidandelectrolytehomeostasis.Maculadensa

cellsalsoreceiveinputfrom adrenergicnervesthroughβ1-receptors.

Thearteriolesofjuxtaglomerularapparatuscontainhighpressurebaroreceptor.The

afferentandefferentarteriolesatthevascularpoleofaglomerulusandthemacula

densaofthedistaltubuleofthesamenephronlieincloseproximity,enclosingasmall

coneoftissuepopulatedbyextraglomerularmesangial(lacis)cells

Thejuxtaglomerularcells:Theyaremodifiedsmoothmusclecellsofthetunicamedia

ofafferentandtolesserextent,efferentarterioles.Theyaredifferentfrom normal

smoothmusclecells.Thesecellsarelarge,roundedcellsandtheircytoplasm contains

manymitochondriaanddense,renin-containingvesicles.



Whathappenswithjuxtaglomerularapparatus:

 decreaseinbloodvolumecausesadecreaseinRBFanddecreaseBp

 JGcellsbecomesensitivetodecreaseinBPandsecreterenin

 ReninactonangiotensinogeninthebloodandconvertittoangiotensinI

 AngiotensinIisconvertedtoangiotensinIIbyACE

 AngiotensinIIincreasevascularresistancewhichinturnincreaseBP

QUESTION4:Discusstheroleofkidneyinregulationofbloodpressure

ANSWER:Regulationofbloodpressureinvolvestheshortterm,longterm and

intermediatecontrolmechanism.Bloodpressureismonitoredatseveralpointsinthe

bodyandthejuxtaglomerularapparatusinkidneyisoneofit.Thearteriolesofthe

juxtaglomerularapparatusofthekidneysalsocontainhigh-pressurebaroreceptors;in

thiscase,stretchresultsinreleaseoftheenzymereninbythekidney.Renin

enzymaticallycleavestheplasmaproteinangiotensinogen(aliverproduct)toform



angiotensinI,whichisconvertedtoangiotensinIIbyendothelialangiotensin-converting

enzyme.Thismechanism isimportantinshort-term regulationofbloodpressureonly

duringpathophysiologicstatessuchashemorrhage.Kidneysecretesreninwhichhas

manyeffectsinregulatingbloodpressure.Inadditiontoevokingmechanismsforacute

adjustmentofbloodpressure,changesinbloodvolumeandpressurewillalsoactivate

renalmechanismsforadjustingbloodvolume.Afferentarteriolesintherenal

juxtaglomerularapparatuswhichcontainhigh-pressurebaroreceptorsareinvolvedin

regulationofreninrelease,andconsequently,regulationofsodium andwaterbalance,

importantinlong-term regulationofbloodpressure.Reducedbloodvolume(and

thereforereducedarterialpressure)willstimulatetherenin-angiotensin-aldosterone

system,withtheendresultofsodium andwaterretention.Reducedbloodpressurewill

alsoactivatethesympatheticnervoussystem,whichwillstimulatereninsecretionas

wellashavedirecteffectsonthekidneys.Ontheotherhand,increasedvolumewill

stimulateatrialnatriureticpeptide(ANP)releasebytheheart.ANPhasdirectrenal

effects(natriuresisanddiuresis)andalsoinhibitsaldosteronereleasebytheadrenal

medulla.Thus,theeffectsofmultiplehormones(ADH,angiotensinII,aldosterone)on

sodium andfluidretentionandwaterintakeresultinanincreaseinbloodvolume,which

helpstomaintainbloodpressure.

QUESTION5:Discusstheroleofkidneyincalcium homeostasis

ANSWER:Renaltubulesconvert25-hydroxyvitaminDto1,25-dihydroxyvitaminDwhich

actsonkidney,intestineadboneswhichhelpsinregulatingcalcium homeostasis.

Plasmacalcium istightlycontrolledwithregulatorysystemskeepinglevelsat-

2.4mEq/Lor9.4mg/dL.Theintestines,kidneysandbonesareintegraltocalcium

regulationinbody.Inthekidneys,calcium isregulatedbyexcretingabout100to200mg

ofitdailyasabout100to200mgisabsorbeddaily.Thisisabout2%offilteredcalcium

loadanditmeansthatabout98%ofcalcium inbodyisreabsorbeddaily.

Parathyroidhormone(PTH)regulatescalcium concentration.Itismainregulating

mechanism ofregulatingcalcium.Itisacontinuallysynthesizedhormone.PTHis

synthesizedbychiefcellsofParathyroidglandasa110preprohormone.AdditionalPTH

issecretedintobloodinresponsetosmalldecreasesinionizedcalcium intheplasma.

ThisPTHactsatkidney,intestinesandbonetoreturnplasmacalcium toitsnormal

levels.PTHstimulatescAMP(cyclicAMP)throughitsGprotein–coupledreceptors:

Atthekidney:

1.Toincreasecalcium reabsorptionatthedistaltubule,andtoinhibitphosphate

reabsorptionatboththeproximalanddistaltubules;and



2.Toincreasethesynthesisof1,25-dihydroxycholecalciferol,theactivemetabolite

ofvitaminD.

ThisconversioniscriticaltoproducingactivevitaminD,andlossofPTHorlossof

kidneyfunctioncanimpairvitaminDmetabolism andfunction.Theactionsatthe

kidneyarerapidandareamainavenuefortherapidrestorationofplasmacalcium

levels.Thechiefcellsoftheparathyroidglandhavecalcium sensors,whichmonitor

plasmacalcium concentration.Thisallowsrapidresponsewhenplasmacalcium

decreases,andPTHcanquicklymobilizecalcium from boneandstimulatevitamin

Dproduction.PTHactsonkidneytoincreaseCa2+reabsorptionanddecrease

phosphatereabsorptionandincreaseproductionofactivevitaminD.Rapideffectof

PTHincreaseCa2+inblood,restoringhomeostasis.


