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Question
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Q1.Discusstheroleofkidneyinglucosehomeostasis?

The kidneys'contributions to maintaining glucose homeostasis are
significantandincludesuchfunctionsasreleaseofglucoseintothecirculation
via,uptakeofglucosefrom thecirculationtosatisfytheirenergyneeds,and
reabsorptionofglucoseattheleveloftheproximaltubule.Renalreleaseof
glucoseintothecirculationistheresultofglycogenolysisandgluconeogenesis,
respectivelyinvolvingthebreakingdownandformationofglucose-6-phosphate
from precursors (eg,lactate,glycerol,amino acids).With regard to renal
reabsorption ofglucose,thekidneysnormallyretrieveasmuch glucoseas
possible,renderingtheurinevirtuallyglucosefree.Theglomerulifilterfrom
plasma approximately 180 grams ofD-glucose perday,allofwhich is
reabsorbed through glucose transporterproteins thatare presentin cell
membraneswithintheproximaltubules.Ifthecapacityofthesetransportersis
exceeded,glucose appears in the urine.The process of renalglucose
reabsorptionismediatedbyactive(sodium-coupledglucosecotransporters)and
passive(glucosetransporters)transporters.
CLINICALSIGNIFICANCE

Inhyperglycemia,thekidneysmayplayanexacerbatingrolebyreabsorbing
excessglucose,ultimatelycontributingtochronichyperglycemia,whichinturn
contributes to chronic glycemic burden and the risk of microvascular
consequences.

Q2.Discusstheprocessofmicturition?



Micturitionorurinationistheprocessofexpellingurinefrom thebladder.
Thisactisalsoknownasvoidingofthebladder.Theprocessofmicturitionis
regulatedbythenervoussystem andthemusclesofthebladderandurethra.At
itsmostbasiclevel,micturitionisasimplereflexwhichisdisplayedbyinfants
whoarenottoilet-trainedandagedindividualswhohavelostvoluntarycontrolof
theprocess.

Whenthevolumeofurineinthebladderreachesabout250mlinchildrenand
about350mlinadults,stretchreceptorsinthebladderwallsarestimulatedand
excitesensoryparasympatheticfibreswhichrelayinformationtothesacralarea
ofthespine.Thisinformationisintegratedinthespineandrelayedtotwo
differentsetsofneurones.Parasympatheticmotorneuronesareexcitedandact
to contractthe detrusormuscles in the bladderso thatbladderpressure
increasesandtheinternalsphincteropens.Atthesametime,somaticmotor
neuronessupplyingtheexternalsphincterviathepudendalnerveareinhibited,
allowingtheexternalsphinctertoopenandurinetoflowout,assistedbygravity.

Controlofmicturition
Childrenandadultshaveconsiderablecontroloverwhenandwherethey

passurine.Theycanalsoincreaseordecreasetherateofflow andevenstop
andstartagain,somicturitionisclearlymorethanjustasimplereflex.This
controlislearntininfancyandinvolvesothersensoryfibresinthebladderwall.
Thesefibresconveyinformationonthedegreeofbladderfullnessviathespine
tothehighercentresofthebrain,thethalamusandcerebralcortex.



The brain is able to override the micturition reflex by inhibiting the
parasympatheticmotornervefibrestothebladderandreinforcingcontractionof
theexternalsphincter.Theinternalsphincterwillnotopenuntiltheexternal
sphincterdoes.

Theincreaseinbladdervolumeincreasesstretchreceptorandnerveactivity,
makingthesensationofpressuremoreacute.Whenitisconvenient,thebrain
centresremovetheinhibitionandpermitmicturitionunderourconsciouscontrol.
Whenthebladdercontainsabout500ml,pressuremayforceopentheinternal
sphincter;thisinturnforcesopentheexternalsphincterandurinationoccurs
whetheritisconvenientornot.

Wecanincreasetherateofurineflow bycontractionoftheabdominal
musclesandbytheperformanceofValsalva’smanoeuvre(forcedexpiration
againstaclosedglottis).Contractionofthestrongpelvicfloormusclescanstop
urineinmid-flow.Thesoundofrunningwateralsoencouragesmicturition

Aftermicturition,lessthan10mlofurineremainsinthebladderandthe
cyclebeginsagain.
CLINICALSIGNIFICANCE
-Urinaryincontinence-Lossofbladdercontrol,varyingfrom aslightlossofurine
aftersneezing,coughingorlaughing,tocompleteinabilitytocontrolurination.

Q3.Explainjuxtaglomerularapparatus?

Thejuxtaglomerularapparatus(alsoknownasthejuxtaglomerularcomplex)
isastructureinthekidneythatregulatesthefunctionofeachnephron,the
functionalunitsofthekidney.Thejuxtaglomerularapparatusispartofthekidney
nephron,nexttotheglomerulus.Itisfoundbetweenafferentarterioleandthe
distalconvolutedtubuleofthesamenephron.Thislocationiscriticaltoits
functioninregulatingrenalbloodflowandglomerularfiltrationrate.

Thejuxtaglomerularapparatusconsistsofthreetypesofcells:
-themaculadensa,apartofthedistalconvolutedtubuleofthesamenephron
-juxtaglomerularcells,(alsoknownasgranularcells)whichsecreterenin
-extraglomerularmesangialcells



JUXTAGLOMERULARCELLS
Renin is produced byjuxtaglomerularcells.These cells are similarto

epithelium andarelocatedinthetunicamediaoftheafferentarteriolesasthey
entertheglomeruli.Thejuxtaglomerularcellssecreterenininresponseto:

-Stimulationofthebeta-1adrenergicreceptor
-Decreaseinrenalperfusionpressure(detecteddirectlybythegranularcells)
-DecreaseinNaClconcentrationatthemaculadensa,oftenduetoadecreasein
glomerularfiltrationrate
EXTRAGLOMERULARMESANGIALCELLS

Extraglomerularmesangialcellsarelocatedinthejunctionbetweenthe
afferentandefferentarterioles.Thesecellshaveacontractilepropertysimilarto
vascularsmoothmusclesandthusplayarolein“regulatingGFR”byalteringthe
vesseldiameter.

MACULADENSA
Atthepointwheretheafferentarteriolesentertheglomerulusandthe

efferentarterioleleavesit,thetubuleofthenephrontouchesthearteriolesofthe
glomerulus from which itrose.Atthis location,in the wallofthe distal
convolutedtubule,thereisamodifiedregionoftubularepithelium calledthe
maculadensa.Cellsinthemaculadensarespondtochangesinthesodium
chloridelevelsin thedistaltubuleofthenephron via thetubuloglomerular
feedback(TGF)loop.

Themaculadensa'sdetectionofelevatedsodium chloride,whichleadstoan
increaseinGFR,isbasedontheconceptofpurinergicsignaling.Anincreasein
the saltconcentration causes severalcellsignals to eventuallycause the
adjacentafferentarterioletoconstrict.Thisdecreasestheamountofblood
comingfrom theafferentarteriolestotheglomerularcapillaries,andtherefore
decreasestheamountoffluidthatgoesfrom theglomerularcapillariesintothe
Bowman'sspace(theglomerularfiltrationrate(GFR)).

Whenthereisadecreaseinthesodium concentration,lesssodium is
reabsorbedinthemaculardensacells.Thecellsincreasetheproductionofnitric
oxideandProstaglandinstovasodilatetheafferentarteriolesandincreaserenin
release.

CLINICALSIGNIFICANCE
Excesssecretionofreninbythejuxtaglomerularcellscanleadtoexcess

activityoftherenin–angiotensinsystem,hypertensionandanincreaseinblood
volume.

Q4Discusstheroleofkidneyinregulationofbloodpressure?

Thekidneysplayacentralroleintheregulationofarterialbloodpressure.A



large bodyofexperimentaland physiologicalevidence indicates thatrenal
controlofextracellularvolumeandrenalperfusionpressurearecloselyinvolved
inmaintainingthearterialcirculationandbloodpressure.Renalarteryperfusion
pressuredirectlyregulatessodium excretion;a processknown aspressure
natriuresis,andinfluencestheactivityofvariousvasoactivesystemssuchasthe
renin–angiotensin–aldosterone(RAS)system.Alongwithvesselmorphology,
bloodviscosityisoneofthekeyfactorsinfluencingresistanceandhenceblood
pressure.A keymodulatorofbloodviscosityistherenin-angiotensinsystem
(RAS)ortherenin-angiotensin-aldosteronesystem (RAAS),ahormonesystem
thatregulatesbloodpressureandwaterbalance.

Thebloodpressureinthebodydependsupon:

•Theforcebywhichtheheartpumpsoutbloodfrom theventriclesoftheheart-
andthisisdependentonhow muchtheheartmusclegetsstretchedbythe
inflowingbloodintotheventricles.

•The degree to which the arteries and arterioles constrict--increases the
resistancetobloodflow,thusrequiringahigherbloodpressure.

•Thevolumeofbloodcirculatingroundthebody;ifthevolumeishigh,the
ventriclesgetmorefilled,andtheheartmusclegetsmorestretched.

Thekidneyinfluencesbloodpressureby:

•Causingthearteriesandveinstoconstrict

•Increasingthecirculatingbloodvolume

Specializedcellscalledmaculadensaarelocatedinaportionofthedistal
tubulelocatednearandinthewalloftheafferentarteriole.Thesecellssensethe
Nainthefiltrate,whilethearterialcells(juxtaglomerularcells)sensetheblood
pressure.Whenthebloodpressuredrops,theamountoffilteredNaalsodrops.
Thearterialcellssensethedropinbloodpressure,andthedecreaseinNa
concentrationisrelayedtothem bythemaculadensacells.Thejuxtaglomerular
cellsthenreleaseanenzymecalledrenin.

Reninconvertsangiotensinogen(apeptide,oraminoacidderivative)into
angiotensin-1.Angiotensin-1 is thereafterconverted to angiotensin-2 byan
angiotensin-convertingenzyme(ACE),foundinthelungs.Angiotensin-2causes
bloodvesselstocontract--theincreasedbloodvesselconstrictionselevatethe
bloodpressure.Whenthevolumeofbloodislow,arterialcellsinthekidneys
secrete renin directly into circulation.Plasma renin then carries outthe
conversionofangiotensinogenreleasedbythelivertoangiotensin-1.Angiotensin
-1 is subsequently converted to angiotensin-2 by the enzyme angiotensin
convertingenzymefoundinthelungs.Angiotensin-2apotentvasoactivepeptide
causes blood vessels to constrict,resulting in increased blood pressure.



Angiotensin-2alsostimulatesthesecretionofthehormonealdosteronefrom the
adrenalcortex.

Aldosteronecausesthetubulesofthekidneystoincreasethereabsorption
ofsodium andwaterintotheblood.Thisincreasesthevolumeoffluidinthe
body,whichalsoincreasesbloodpressure.
CLINICALSIGNIFICANCE

Iftherenin-angiotensin-aldosteronesystem istooactive,bloodpressurewill
betoohighandwouldresulttohypertension.

Q5.DiscusstheroleofKidneyinCalcium homeostasis?

Thekidneyhasbeenknownasthecentralorganforcalcium homeostasis
throughfineregulationofrenalcalcium excretion.
Theionizedcalcium istightlyregulatedbyhormoneslikeparathyroidhormone
(PTH),1,25-dihydroxyvitaminD3(1,25(OH)2D3),calcitonin,andcalcium itself.
Thekidney,intestine,andbonearethemaintargetorgansoftheseregulators,
andthekidneyplaysakeyroleinthefineregulationofcalcium excretion.
About50% ofplasma calcium (ionized and complexed form;ultrafilterable
fraction,excludingtheproteinboundform)isfreelyfilteredthroughtherenal
glomerulus,and99% ofthefilteredcalcium isactuallyreabsorbedalongrenal
tubules.Theexcretedcalcium inthefinalurineisabout200mgperdayinan
adultpersonwithanaveragediet.Severalfactorsareinvolvedintheregulationof
calcium inrenaltubules.

1.PTH andactivatedvitaminDenhancecalcium reabsorptioninthethick
ascendinglimb(TAL),distalconvolutedtubule(DCT)and/orconnecting
tubule (CNT),and estrogen promotes calcium absorption in the
DCT/CNT1,

2.Acidosiscontributestohypercalciuriabyreducingcalcium reabsorptionin
theproximaltubule(PT)andDCT,andalkalosisviceversa,

3.Diureticslikethiazideandfurosemidealsoaltercalcium absorptioninthe
renaltubules;thiazidepromotescalcium reabsorptionandfurosemide
inhibitsit,

4.Plasmacalcium itselfalso controlsrenalcalcium absorption through
altered PTH secretion aswellasviabinding to thecalcium sensing
receptor(CaSR)intheTAL.

TofacilitateCa2+reabsorptionalongrenaltubules;
I. voltagedifferencebetweenthelumenandbloodcompartmentshould

befavorableforCa2+passage,i.e.,apositivevoltageinthelumen;
II.concentrationdifferenceshouldbefavorableforCa2+passagewitha

higherCa2+concentrationinthelumen;
III.an active transportershould existifthe voltage orconcentration

differenceisnotfavorableforCa2+reabsorption.Eachrenaltubular
segmenthasa differentCa2+ concentration differenceorvoltage
environmentforitsuniquemechanism forcalcium reabsorption.
CLINICALSIGNIFICANCE



-Hypocalcemiaisdefinedasatotalserum calcium concentration<8.8
mg/dL(<2.20mmol/L)inthepresenceofnormalplasmaprotein
concentrations.
-Ifurinecalcium levelsaretoohighortoolow,it'sasignofamedical
condition,suchaskidneydiseaseorkidneystones.Kidneystonesare
hard,pebble-likesubstancesthatcanform inoneorbothkidneyswhen
calcium orothermineralsbuildupintheurine.Mostkidneystonesare
formedfrom calcium.


