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1.Discusstheroleofkidneyinglucosehomeostasis

Alongwiththeliver,thekidneyhasimportantroleinensuringtheenergy

needsduringfastingperiods.Someoftheimportantroles’ incudes;

1.Theorganhasavitalroleinabsorbingtheentirequantityofthefiltered

glucose.

2.Havingaglomerularfiltrationrateof180litresperday,itfilters

approximately180gramsofglucoseperday,bringingitscontributionin

maintainingnormalfastingplasmaglucose(FPG)levels.

3.Thereabsorptionofglucoseisensuredbythesodium-glucose

cotransporter(SGLT)2,responsibleforthereabsorptionof90%ofglucose,

andSGLT1thatreabsorbstheremainingglucose

Theplasmaglucoseconcentrationisdeterminedbytheamountofglucose

synthesized,andtheoneremovedfromthecirculationandmetabolized.This

concentrationmustbemaintainedwithintherelativelynarrowrangedespite

thewidedailyfluctuationsinglucoseingestionandglucosedemandsin

varioustissues.Othersubstratessuchasfreefattyacids(FFAs),glycerol,

lactateandketonebodieshavegreaterdailyfluctuations.Thiscanbe

explainedbytheneedofthebodytoprotecthimselfagainsthyper-and

hypoglycaemia.Hyperglycaemiaisassociatedwithbothchroniceffects(such

asnephropathy,retinopathy,neuropathyandprematureatherosclerosis)

andalsoacutecomplications(includingdiabeticketoacidosisand



hyperosmolarhyperglycaemicstatethatareassociatedwithhighermorbidity

andmortality).Hyperglycaemiaisalsoharmfulbecauseitcancause

neurologicalevents(includingcoma,seizures),cardiacarrhythmiasanddeath.



Diagramofkidneybeinginvolvedinhomeostasis.

Theregulationofendogenousproductionofglucoseisdeterminedby

hormonalandneuralfactors.Intheacutephase,glucoregulatorymechanisms

involveinsulin,glucagonandcatecholamineandtheycanaffectchangesin

plasmaglucoselevelsinamatterofminutes.Insulinisabletosuppress

glucosereleaseinboththekidneyandliverbydirectenzymeactivation/

deactivationandbyreducingtheavailabilityofglycogenicsubstrates.

Glucagonhasnoeffectonthekidneys,butitstimulatesglycogenolysisand

gluconeogenesisintheliver.Catecholaminealsohavemultipleacuteactions.

Theycanstimulaterenalglucosereleaseandglucagonsecretionandinhibit

insulinsecretion.Thekidneysareinvolvedinmaintainingglucosehomeostasis

throughthreedifferentmechanisms;renalgluconeogenesis,glycogenolysis,

andglucosereabsorption.

2.Discusstheprocessofmicturition

Micturitionistheprocessbywhichtheurinarybladderemptieswhenit

becomesfilled.Micturitionorurinationistheprocessofexpellingurinefrom

thebladder.ThisactisalsoknownasVOIDINGOFTHEBLADDER.The

excretorysysteminhumansincludesapairofkidneys,twoureters,aurinary

bladderandaurethra.Thekidneysfiltertheurineanditistransportedto

theurinarybladderviatheureterswhereitisstoredtillitsexpulsion.The

processofmicturitionisregulatedbythenervoussystemandthemusclesof

thebladderandurethra.Theurinarybladdercanstoreabout350-400mlof

urinebeforeitexpelsitout.

STAGESOFMICTURITION



Theurinarybladderhastwostages;

• Restingorfillingstage:itisthephaseofthebladderthattheurineis

transportedfromthekidneysviatheuretersintothebladder.Theureters

arethinmusculartubesthatarisefromeachofthekidneysandextend

downwardswheretheyenterthebladderobliquely.Theobliqueplacementof

theuretersinthebladderwallservesaveryimportantfunction.Theopening

oftheureterintotheurinarybladderisnotguardedbyanysphincteror

muscles.Therefore,thisobliquenatureofopeningpreventstheurinefromre

-enteringtheureters.Atthesametime,themainmuscleoftheurinary

bladder,thedetrusormuscle,isrelaxing,allowingthebladdertodistendand

accommodateurine.



DiagramillustratingprocessofMicturition

• Voidingstage:duringthisstage,boththeurinarybladderandthe

urethracomeintoplaytogether.Thedetrusormuscleoftheurinarybladder

whichwasrelaxingsofarstartstocontractoncethebladder’sstorage

capacityisreached.Theurethraiscontrolledbytwosetsofmuscles;the



internalandexternalurethralsphincters.Theinternalsphincterisasmooth

musclewhereastheexternaloneisskeletal.Bothsphinctersareina

contractedstateduringthefillingstage.

PHYSIOLOGYOFMICTURITION

Theprocessofmicturitionisgovernedbyboththenervousandmuscular

systems.Withinthenervoussystem,theprocessisgovernedbythe

autonomousnervoussystemandthesomaticsystem.Oncetheurinary

bladderreachesitsmaximumcapacity,thestretchreceptorsinthewallsof

thebladdersendanimpulseviathepelvicnervetothebrainviathespinal

cord.

Themicturitionreflexisultimatelygeneratedfromthelevelofthespinal

cordafteritreceivesreflexesfromthepontineregioninthebrain.Oncethe

bladderandtheurethrareceivesignalstoemptythebladder,thetwo

sphinctersrelaxandthedetrusormusclecausesthecontractionsofthe

bladder.Alongwiththesemuscles,themusclesoftheabdomenalsoplaya

rolebyputtingpressureonthebladderwall.Thisleadstocompleteemptying

ofthebladder.

Micturitionistheprocessofemptyingthebladder(urination).Micturitionis

undervoluntarycontrol,becausetheexternalsphincterofthebladderis

skeletalmuscle.However,themicturitionreflexsystemisunderboth

sympatheticandparasympatheticcontrol.Whilethebladderisfilling,the

sympatheticnervesrelaxthesmoothmuscleofthebladderwall,

accommodatingtheurine,andcontracttheinternalurethralsphincter

smoothmuscle.Whenthebladderbecomes“full,” mechanoreceptorssignala

spinalreflexarcthatstimulatesparasympatheticcontractionofthebladder

(detrusormuscle)andrelaxationofinternalsphincters.Theexternal

urethralsphincterisskeletalmuscle,andisvoluntarilyrelaxed,allowing

urination.



3.Explainjuxtaglomerularapparatus

Juxtaglomerular(JG)apparatusasthenameindicates(juxtanear)refersto

thecollectionofspecialisedcellslocatedveryneartotheglomerulus.

DiagramofJuxtaglomerularApparatus

Itformsthemajorcomponentofrenin–angiotensin–aldosteronesystem.The

JGapparatuscomprisesthreetypesofcells

1.Juxtaglomerularcells

2.Maculadensacells

3. Mesangialcells.

1.Juxtaglomerularcells.JGcellsarespecialisedmyoepithelial(modified



vascularsmoothmuscle)cellslocatedinthemediaoftheafferentarteriole

intheregionofJGapparatus.

CharacteristicfeaturesofJGcellsare:

 Theyhavewell-developedGolgiapparatusandendoplasmicreticulum,

abundantmitochondriaandribosomes.

 Theysynthesize,storeandreleaseanenzymecalledrenin.Reninis

storedinthesecretorygranulesofJGcellsand,therefore,theseare

alsocalledgranularcell

 Theyactasbaroreceptors(tensionreceptors)andrespondtochanges

inthetransmuralpressuregradientbetweentheafferentarterioles

andtheinterstitium

 Theyaredenselyinnervatedbythesympatheticnervefibresand

releasetheirrenincontentinresponsetothesympatheticdischarge.

 Asthesecellsactasvascularvolumereceptors,theymonitorrenal

perfusionpressureandarestimulatedbyhypovolaemiaordecreased

renalperfusionpressure.

2.Maculadensacells.Maculadensacellsrefertothespecialisedrenal

tubularepithelialcellsofashortsegmentofthethickascendinglimbofloop

ofHenlewhichpassesbetweentheafferentandefferentarterioles

supplyingitsglomerulusoforigin.

Characteristicfeaturesofmaculadensacellsare:

 Theyarenotwelladaptedforreabsorption.

 Theyarenotinnervated.

 Thesecellsareindirectcontactwiththemesangialcellsandinclose

contactwiththeJGcells.



 TheyactaschemoreceptorsandarestimulatedbydecreasedNaCl

concentrationandtherebycausingincreasedreninrelease.

3.Mesangialcells:Mesangialcellsorlaciscellsaretheinterstitialcellsof

theJGapparatus.

Characteristicfeaturesofthesecellsare:

 Theyareincontactwithboththemaculadensacells(ononeside)and

JGcells(ontheotherside).

 Functionally,thesecellspossiblyrelaythesignalsfrommaculadensa

tothegranularcellsaftermodulatingthesignals.Inthisway,a

decreasedintraluminalNa+load,Cl– load,orbothintheregionof

maculadensastimulatestheJGcellstosecreterenin.

 Theyalsoshowgranulationtosecreterenininconditionsofextreme

hyperactivity.

 Theyalsosecretevarioussubstancesandtakeupimmunecomplexes.

4.Discusstheroleofkidneyinregulationofbloodpressure



DiagramshowingtheRenin-Angiotensinsystem.

Thekidneysplayacentralroleintheregulationofarterialbloodpressure.A

largebodyofexperimentalandphysiologicalevidenceindicatesthatthe

renalcontrolofextracellularvolumeandrenalperfusionpressureare

closelyinvolvedinmaintainingthearterialcirculationandbloodpressure.

Renalarteryperfusionpressuredirectlyregulatessodiumexcretion;a

processknownaspressurenatriuretic,andinfluencestheactivityofvarious

vasoactivesystemssuchastherenin-angiotensin-aldosterone(RAS)system

Thekidneyinfluencesbloodpressureby:

1. Causingthearteriesandveinstoconstrict

2. Increasingthecirculatingbloodvolume

Consistentandlong–termcontrolofbloodpressureisdeterminedbythe

renin-angiotensinsystem.Whenbloodflowsthroughthekidneysdecreasethe

processoffiltrationdecreasesandlessurineisformed.Thisdecreasein

urinaryoutputpreservesbloodvolumesothatitdoesnotdecreasefurther,

thisisveryimportanttomaintainbloodpressureduringseverehaemorrhage



orothertypesofdehydration.Thekidneysarealsoinvolvedintherenin

angiotensinmechanism.Whenbloodpressuredecreases,therewillbeadropin

renalbloodfloworadecreaseconcentrationofNa+,thiswillstimulate

volumereceptorsfoundinJuxtaglomerularapparatusofthekidneyto

secretetherenin.Renininitiatesaseriesofreactionsthatresultinthe

formationofangiotensinII.AngiotensinIIcausesvasoconstrictionand

stimulatessecretionofaldosteronebyadrenalcortex,bothofwhichwill

increasebloodpressure.

5.DiscusstheroleofthekidneyinCalciumhomeostasis

Thekidneyiscriticallyimportantincalciumhomeostasis.

Themaintenanceofcalciumhomeostasisisveryimportantbecausecalciumis

themaincomponentofbonyskeletonandservesastheintracellularand

extracellularmessengerinnumerousessentialcellulareventssuchas

neuronalnetwork,immuneresponse,musclecontractionandhormone

secretion.Totalbodycalciumintheadulthumanisabout1-2kgand99%of

totalcalciumexistsinbone.

About50%ofplasmacalciumisfreelyfilteredthroughtherenalglomerulus,

and99%ofthefilteredcalciumisactuallyreabsorbedalongrenaltubules.

Theexcretedcalciuminthefinalurineisabout200mgperdayinanadult

personwithanaveragediet.Severalfactorsareinvolvedintheregulation

ofcalciuminrenaltubules.PTH(parathyroidhormone)andactivatedvitamin

Denhancecalciumreabsorptioninthethickascendinglimb,distalconvoluted

tubuleand/orconnectingtubule,andestrogenpromotescalciumabsorption

inthedistalconvolutedtubuleandconnectingtubule.



Acidosiscontributestohypercalciuriabyreducingcalciumreabsorptionin

theproximaltubuleanddistalconvolutedtubule,andalkalosisviceversa.

Diureticslikethiazideandfurosemidealsoaltercalciumabsorptioninthe

renaltubules;thiazidepromotescalciumreabsorptionandfurosemideinhibits

it.Plasmacalciumitselfcontrolsrenalcalciumabsorptionthroughaltered

PTHsecretionaswellasviabindingtothecalciumsensingreceptor(CaSR)in

theTAL.

Onlyabout50percentoftheplasmacalciumisionized,withtheremainder

beingboundtotheplasmaproteinsorcompletedwithanionssuchas

phosphate.Therefore,onlyabout50percentoftheplasmacalciumcanbe

filteredattheglomerulus.Normally,about99percentofthefilteredcalcium

isreabsorbedbythetubules,withonlyabout1percentofthefiltered

calciumbeingexcreted.About65percentofthefilteredcalciumis

reabsorbedintheproximaltubule,25to30percentisreabsorbedintheloop

ofHenle,and4to9percentisreabsorbedinthedistalandcollecting

tubules.Thispatternofreabsorptionissimilartothatforsodium.

Asistruewiththeotherions,calciumexcretionisadjustedtomeetthe

body'sneeds.Withanincreaseincalciumintake,thereisalsoincreasedrenal

calciumexcretion,althoughmuchoftheincreaseofcalciumintakeis

eliminatedinthefaeces.Withcalciumdepletion,calciumexcretionbythe

kidneysdecreasesasaresultofenhancedtubularreabsorption.

PROXIMALTUBULARCALCIUMREABSORPTION

Mostofthecalciumreabsorptionintheproximaltubuleoccursthroughthe

paracellularpathway,dissolvedinwaterandcarriedwiththereabsorbed

fluidasitflowsbetweenthecells.Onlyabout20%ofproximaltubularcalcium

reabsorptionoccursthroughthetranscellularpathwayintwosteps:



1.Calciumdiffusesfromthetubularlumenintothecelldownan

electrochemicalgradientduetothemuchhigherconcentrationofcalciumin

thetubularlumen,comparedwiththeepithelialcellcytoplasm,andbecause

thecellinteriorhasanegativerelativetothetubularlumen;

2.Calciumexitsthecellacrossthebasolateralmembranebyacalcium-

ATPasepumpandbysodium-calciumcounter-transporter.

LOOPOFHENLEANDDISTALTUBULECALCIUMREABSORPTION

IntheloopofHenle,calciumreabsorptionisrestrictedtothethickascending

limb.Approximately50%ofcalciumreabsorptioninthethickascendinglimb

occursthroughtheparacellularroutebypassivediffusionduetotheslight

positivechargeofthetubularlumenrelativetotheinterstitialfluid.The

remaining50%ofcalciumreabsorptioninthethickascendinglimboccurs

throughthetranscellularpathway,aprocessstimulatedbyparathyroid

hormone(PTH)



DiagramofKidneyinvolvedinCalciumhomeostasis.

Inthedistaltubule,calciumreabsorptionoccursalmostentirelybyactive

transportthroughthecellmembrane.Themechanismforthisactive

transportissimilartothatintheproximaltubuleandthickascendinglimb

andinvolvesdiffusionacrosstheluminalmembranethroughcalciumchannels

andexitacrossthebasolateralmembranebyacalcium-ATPasepump,aswell

asasodium-calciumcountertransportmechanism.Inthissegment,aswellas

intheloopsofHenle,PTHstimulatescalciumreabsorption.VitaminD

(Calcitrol)andcalcitoninalsostimulatecalciumreabsorptioninthethick

ascendinglimbofHenle'sloopandinthedistaltubule,althoughthese

hormonesarenotasimportantquantitativelyasPTHinreducingrenal

calciumexcretion.

Undernormalbloodcalciumconcentrations,almostallofthecalciumthat



entersglomerularfiltrateisreabsorbedfromthetubularsystembackinto

blood,whichpreservesbloodcalciumlevel.VitaminDandparathyroidhormone

(PTH)helpsregulateshowmuchcalciumthekidneyselimate.Healthykidney

turnsvitaminDintoanactivehormone(Calcitrol),whichhelpsincreases

calciumabsorptionfromtheintestinesintotheblood.


