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Renalhandlingofglucoseandelectrolyte

Electrolytesplayavitalroleinmaintaininghomeostasiswithinthebody.Theyhelpregulate

myocardialandneurologicalfunction,fluidbalance,oxygendelivery,acid-basebalance,and

otherbiologicalprocesses.

Electrolytesareimportantbecausetheyarewhatcells(especiallythoseofthenerve,heart,and

muscle)usetomaintainvoltagesacrosstheircellmembranesandtocarryelectricalimpulses

(nerveimpulses,musclecontractions)acrossthemselvesandtoothercells.

Electrolyteimbalancescandevelopfrom excessiveordiminishedingestionandfrom the

excessiveordiminishedeliminationofanelectrolyte.Themostcommoncauseofelectrolyte

disturbancesisrenalfailure.Themostseriouselectrolytedisturbancesinvolveabnormalitiesin

thelevelsofsodium,potassium,and/orcalcium.

Otherelectrolyteimbalancesarelesscommon,andoftenoccurinconjunctionwithmajor

electrolytechanges.Chroniclaxativeabuseorseverediarrheaorvomiting(gastroenteritis)can

leadtoelectrolytedisturbancescombinedwithdehydration.Peoplesufferingfrom bulimiaor

anorexianervosaareespeciallyathighriskforanelectrolyteimbalance.

Kidneysworktokeeptheelectrolyteconcentrationsinbloodconstantdespitechangesinyour

body.Forexample,duringheavyexerciseelectrolytesarelostthroughsweating,particularly

sodium andpotassium,andsweatingcanincreasetheneedforelectrolyte(salt)replacement.It

isnecessarytoreplacetheseelectrolytestokeeptheirconcentrationsinthebodyfluids

constant.

Glucoseiscompletelyreabsorbedintheproximalconvolutedtubule.Itistransportedby

secondaryactivetransport(sodium cotransport)mechanism.Glucoseandsodium bindtoa

commoncarrierproteinintheluminalmembraneoftubularepithelium andenterthecell.The

carrierproteiniscalledsodium-dependantglucosecotransporter2(SGLT2).From tubularcell

glucoseistransportedintomedullaryinterstitium byanothercarrierproteincalledglucose



transporter2(GLUT2).Tubularmaximum forglucose(TmG)Inadultmale,TmGis375

mg/minuteandinadultfemalesitabout300mg/minute.

Renalthresholdforglucose

Renalthresholdforglucoseis180mg/dLinvenousblood.Whenthebloodlevelreaches180

mg/dLglucoseisnotreabsorbedcompletelyandappearsinurine.

Splay

Splaymeansdeviation.WithnormalGFRof125mL/minuteandTmGof375mg/minuteinan

adultmalethepredicted(expected)renalthresholdforglucoseshouldbe300mg/dL.But

actuallyitisonly180mg/dL.Whentherenalthresholdcurvesaredrawnbyusingthesevalues,

theactualcurvedeviatesfrom the‘shouldbe’orpredictedoridealcurve.Thistypeofdeviation

iscalledsplay.Splayisbecauseofthefactthatallthenephronsdonothavethesamefiltering

andreabsorbingcapacities.

Micturition

Micturitionisaprocessbywhichurineisvoidedfrom theurinarybladder.Itisareflexprocess.

However,ingrownupchildrenandadults,itcanbecontrolledvoluntarilytosomeextent.The

functionalanatomyandnervesupplyofurinarybladderareessentialfortheprocessof

micturition.

FUNCTIONALANATOMYOFURINARYBLADDERANDURETHRA

URINARYBLADDER

Urinarybladderisatriangularholloworganlocatedinlowerabdomen.Itconsistsofabodyand

neck.Wallofthebladderisformedbysmoothmuscle.Itconsistsofthreeill-definedlayersof

musclefiberscalleddetrusormuscle,viz.theinnerlongitudinallayer,middlecircular

layerandouterlongitudinallayer.Innersurfaceofurinarybladderislinedbymucusmembrane.

Inemptybladder,themucosafallsintomanyfoldscalledrugae.

Attheposteriorsurfaceofthebladderwall,thereisatriangularareacalledtrigone.Attheupper

anglesofthistrigone,twouretersenterthebladder.Lowerpartofthebladderisnarrowand

formstheneck.Itopensintourethraviainternalurethralsphincter.

URETHRA

Maleurethrahasbothurinaryfunctionandreproductivefunction.Itcarriesurineandsemen.

Femaleurethrahasonlyurinaryfunctionanditcarriesonlyurine.So,maleurethraisstructurally

differentfrom femaleurethra.

MaleUrethra



Maleurethraisabout20cm long.Afteroriginfrom bladderittraversestheprostategland,

whichliesbelowthebladderandthenrunsthroughthepenisThroughoutitslength,theurethra

hasmucusglandscalledglandsofLittre.

Maleurethraisdividedintothreeparts:

1.Prostaticurethra

2.Membranousurethra

3.Spongyurethra.

Prostaticurethra

Prostaticurethrais3cm longanditrunsthroughprostategland.Theprostaticfluidisemptied

intothispartofurethrathroughprostaticsinuses.Spermsfrom vasdeferensandthefluidfrom

seminalvesiclesarealsoemptiedintoprostaticurethraviaejaculatoryducts.Partoftheurethra

aftertakingoriginfrom neckofbladderbeforeenteringtheprostateglandisknownas

preprostaticurethra.Itslengthisabout0.5to1.5cm.Thispartofurethraisconsideredaspart

ofprostaticurethra.

Membranousurethra

Membranousurethraisabout1to2cm long.Itrunsfrom baseoftheprostateglandthrough

urogenitaldiaphragm uptothebulbofurethra.

Spongyurethra

Spongyurethraisalsoknownascavernousurethraanditslengthisabout15cm.Spongy

urethraissurroundedbycorpusspongiosum ofpenis.Itisdividedintoaproximalbulbar

urethraandadistalpenilurethra.Penileurethraisnarrowwithalengthofabout6cm.Itends

withexternalurethralmeatusororifice,whichislocatedattheendofpenis.Thebilateral

bulbourethralglandsopenintospongyurethra.BulbourethralglandsarealsocalledCowper

glands.

FemaleUrethra

Femaleurethraisnarrowerandshorterthanmaleurethra.Itisabout3.5to4cm long.After

originfrom bladderittraversesthroughurogenitaldiaphragm andrunsalonganteriorwallof

vagina.Thenitterminatesatexternalorificeofurethra,whichislocatedbetweenclitorisand

vaginalopening.

URETHRALSPHINCTERS

Therearetwourethralsphinctersinurinarytract:

1.Internalurethralsphincter



2.Externalurethralsphincter.

InternalUrethralsphincter

Thissphincterissituatedbetweenneckofthebladderandupperendofurethra.Itismadeup

ofsmoothmusclefibersandformedbythickeningofdetrusormuscle.Itisinnervatedby

autonomicnervefibers.Thissphincterclosestheurethrawhenbladderisemptied

2.ExternalUrethralsphincter

Externalsphincterislocatedintheurogenitaldiaphragm.Thissphincterismadeupofcircular

skeletalmusclefibers,whichareinnervatedbysomaticnervefibers.

NERVESUPPLYTOURINARYBLADDERANDSPHINCTERS

Urinarybladderandtheinternalsphincteraresuppliedbysympatheticandparasympathetic

divisionsofautonomicnervoussystem whereas,theexternalsphincterissuppliedbythe

somaticnervefibers.

SYMPATHETICNERVESUPPLY

Preganglionicfibersofsympatheticnervearisefrom firsttwolumbarsegments(L1andL2)of

spinalcord.Afterleavingspinalcord,thefiberspassthroughlateralsympatheticchainwithout

anysynapseinthesympatheticgangliaandfinallyterminateinhypogastricganglion.The

postganglionicfibersarisingfrom thisganglionform thehypogastricnerve,whichsuppliesthe

detrusormuscleandinternalsphincter.

FunctionofSympatheticNerve

Thestimulationofsympathetic(hypogastric)nervecausesrelaxationofdetrusormuscleand

constrictionoftheinternalsphincter.Itresultsinfillingofurinarybladderandso,the

sympatheticnerveiscallednerveoffilling.

PARASYMPATHETICNERVESUPPLY

Preganglionicfibersofparasympatheticnerveform thepelvicnerveornervuserigens.Pelvic

nervefibersarisefrom second,thirdandfourthsacralsegments(S1,S2andS3)ofspinalcord.

Thesefibersrunthroughhypogastricganglionandsynapsewithpostganglionicneurons

situatedincloserelationtourinarybladderandinternalsphincter.

FunctionofParasympatheticNerve

Stimulationofparasympathetic(pelvic)nervecausescontractionofdetrusormuscleand

relaxationoftheinternalsphincterleadingtoemptyingofurinarybladder.So,parasympathetic

nerveiscalledthenerveofemptyingornerveofmicturition.Pelvicnervehasalsothesensory

fibers,whichcarryimpulsesfrom stretchreceptorspresentonthewalloftheurinarybladder

andurethratothecentralnervoussystem.



SOMATICNERVESUPPLY

Externalsphincterisinnervatedbythesomaticnervecalledpudendalnerve.Itarisesfrom

second,thirdandfourthsacralsegmentsofthespinalcord.

FunctionofPudendalNerve

Pudendalnervemaintainsthetoniccontractionoftheskeletalmusclefibersoftheexternal

sphincterandkeepstheexternalsphincterconstrictedalways.Duringmicturition,thisnerveis

inhibited.Itcausesrelaxationofexternalsphincterleadingtovoidingofurine.Thus,the

pudendalnerveisresponsibleforvoluntarycontrolofmicturition.

FILLINGOFURINARYBLADDER

PROCESSOFFILLING

Urineiscontinuouslyformedbynephronsanditflowsintourinarybladderdropbydropthrough

ureters.Whenurinecollectsinthepelvisofureter,thecontractionsetsupinpelvis.This

contractionistransmittedthroughrestoftheureterintheform ofperistalticwaveuptotrigone

oftheurinarybladder.Peristalticwaveusuallytravelsatavelocityof3cm/second.Itdevelops

atafrequencyof1to5perminute.Theperistalticwavemovestheurineintothebladder.After

leavingthekidney,thedirectionoftheureterisinitiallydownwardandoutward.Then,itturns

horizontallybeforeenteringthebladder.Attheentranceofuretersintourinarybladder,a

valvulararrangementispresent.Whenperistalticwavepushestheurinetowardsbladder,this

valveopenstowardsthebladder.Thepositionofureterandthevalvulararrangementattheend

ofureterpreventthebackflowofurinefrom bladderintotheureterwhenthedetrusormuscle

contracts.Thus,urineiscollectedinbladderdropbydrop.Areasonablevolumeofurinecanbe

storedinurinarybladderwithoutanydiscomfortandwithoutmuchincreaseinpressureinside

thebladder(intravesicalpressure).Itisduetotheadaptationofdetrusormuscle.Thiscanbe

explainedbycystometrogram.

CYSTOMETROGRAM

Definition

Cystometryisthetechniqueusedtostudytherelationshipbetweenintravesicalpressureand

volumeofurineinthebladder.Cystometrogram isthegraphicalregistration(recording)of

pressurechangesinurinarybladderinrelationtovolumeofurinecollectedinit.

MethodofRecordingCystometrogram

Adouble­lumencatheterisintroducedintotheurinarybladder.Oneofthelumenisusedto

infusefluidintothebladderandtheotheroneisusedtorecordthepressurechangesby

connectingittoasuitablerecordinginstrument.First,thebladderisemptiedcompletely.Then,



aknownquantityoffluidisintroducedintothebladderatregularintervals.Theintravesical

pressuredevelopedbythefluidisrecordedcontinuous.SegmentIInitially,whentheurinary

bladderisempty,theintravesicalpressureis0.Whenabout100mLoffluidiscollected,the

pressurerisessharplytoabout10cm H2O.

SegmentII

SegmentIIshowstheplateau,i.e.nochangeinintravesicalpressure.Itremainsat10cm H2O

evenafterintroducing300to400mLoffluid.Itisbecauseofadaptationofurinarybladderby

relaxation.ItisinaccordancewithlawofLaplace.

LawofLaplace

Accordingtothislaw,thepressureinasphericalorganisinverselyproportionaltoitsradius,the

toneremainingconstant.Thatis,ifradiusismore,thepressureislessandifradiusislessthe

pressureismore,providedthetoneremainsconstant.

TP=R

Where,P=Pressure

T=Tension

R=Radius

Accordinglyinthebladder,thetensionincreasesastheurineisfilled.Atthesametime,the

radiusalsoincreasesduetorelaxationofdetrusormuscle.Becauseofthis,thepressuredoes

notchangeandplateauappearsinthegraph.With100mLofurineand10cm H2Oof

intravesicalpressure,thedesireformicturitionoccurs.Desireformicturitionisassociatedwith

avaguefeelingintheperineum.Butitcanbecontrolledvoluntarily.Anadditionalvolumeof

about200to300mLofurinecanbecollectedinbladderwithoutmuchincreaseinpressure.

However,whentotalvolumerisesbeyond400mL,thepressurestartsrisingsharply.

SegmentIII

Asthepressureincreaseswithcollectionof300to400mLoffluid,thecontractionofdetrusor

musclebecomesintense,increasingtheconsciousnessandtheurgeformicturition.Still,

voluntarycontrolispossibleuptovolumeof600to700mLatwhichthepressurerisestoabout

35to40cm H2O.Whentheintravesicalpressurerisesabove40cm water,thecontractionof

detrusormusclebecomesstillmoreintense.And,voluntarycontrolofmicturitionisnot

possible.Now,painsensationdevelopsandmicturitionisamustatthisstage.

MICTURITIONREFLEX

Micturitionreflexisthereflexbywhichmicturitionoccurs.Thisreflexiselicitedbythe

stimulationofstretchreceptorssituatedonthewallofurinarybladderandurethra.Whenabout



300to400mLofurineiscollectedinthebladder,intravesicalpressureincreases.This

stretchesthewallofbladderresultinginstimulationofstretchreceptorsandgenerationof

sensoryimpulses.

PathwayforMicturitionReflex

Sensory(afferent)impulsesfrom thereceptorsreachthesacralsegmentsofspinalcordviathe

sensoryfibersofpelvic(parasympathetic)nerve.Motor(efferent)impulsesproducedinspinal

cord,travelthroughmotorfibersofpelvicnervetowardsbladderandinternalsphincter.Motor

impulsescausecontractionofdetrusormuscleandrelaxationofinternalsphinctersothat,

urineenterstheurethrafrom thebladder.Onceurineentersurethra,thestretchreceptorsinthe

urethraarestimulatedandsendafferentimpulsestospinalcordviapelvicnervefibers.Nowthe

impulsesgeneratedfrom spinalcentersinhibitpudendalnerve.So,theexternalsphincter

relaxesandmicturitionoccurs.Onceamicturitionreflexbegins,itisself-regenerative,i.e.the

initialcontractionofbladderfurtheractivatesthereceptorstocausestillfurtherincreasein

sensoryimpulsesfrom thebladderandurethra.Theseimpulses,inturncausefurtherincrease

inreflexcontractionofbladder.Thecyclecontinuesrepeatedlyuntiltheforceofcontractionof

bladderreachesthemaximum andtheurineisvoidedoutcompletely.Duringmicturition,the

flowofurineisfacilitatedbytheincreaseintheabdominalpressureduetothevoluntary

contractionofabdominalmuscles.

HigherCentersforMicturition

Spinalcentersformicturitionarepresentinsacralandlumbarsegments.But,thesespinal

centersareregulatedbyhighercenters.Thehighercenters,whichcontrolmicturitionareoftwo

types,inhibitorycentersandfacilitatorycenters.

Inhibitorycentersformicturition

Centersinmidbrainandcerebralcortexinhibitthemicturitionbysuppressingspinalmicturition

centers.

Facilitatorycentersformicturition

Centersinponsfacilitatemicturitionviaspinalcenters.Somecentersincerebralcortexalso

facilitatemicturition.

ABNORMALITIESOFMICTURITION

ATONICBLADDER–EFFECTOFDESTRUCTIONOFSENSORYNERVEFIBERS

Atonicbladderistheurinarybladderwithlossoftoneindetrusormuscle.Itisalsocalledflaccid

neurogenicbladderorhypoactiveneurogenicbladder.Itiscausedbydestructionofsensory

(pelvic)nervefibersofurinarybladder.Duetothedestructionofsensorynervefibers,the

bladderisfilledwithoutanystretchsignalstospinalcord.Duetotheabsenceofstretchsignals,



detrusormusclelosesthetoneandbecomesflaccid.Sothebladderiscompletelyfilledwith

urinewithoutanymicturition.Now,urineoverflowsindropsasandwhenitentersthebladder.It

iscalledoverflowincontinenceoroverflowdribbling.

ConditionsofDestructionofSensoryNerveFibers

1.Spinalinjury:Duringthefirststage(stageofspinalshock)afterinjurytosacralsegmentsof

spinalcordthebladderbecomesatonic

2.Syphilis:Syphilisresultsinthedegenerativenervousdisordercalledtabesdorsalis,whichis

characterizedbythedegenerationofdorsal(sensory)nerveroots.Degenerationofsensory

nerverootsofsacralregiondevelopsatonicbladder.Theatonicbladderintabesdorsalisis

calledtabeticbladder.

AUTOMATICBLADDER

Automaticbladderistheurinarybladdercharacterizedbyhyperactivemicturitionreflexwith

lossofvoluntarycontrol.So,evenasmallamountofurinecollectedinthebladderelicitsthe

micturitionreflexresultinginemptyingofbladder.Thisoccursduringthesecondstage(stage

ofrecovery)aftercompletetransectionofspinalcordabovethesacralsegments.Duringthe

firststage(stageofspinalshock)aftercompletetransectionofspinalcordabovesacral

segments,theurinarybladderlosesthetoneandbecomesatonicresultinginoverflow

incontinence.Duringthesecondstageaftershockperiod,themicturitionreflexreturns.

However,thevoluntarycontrolislackingbecauseofabsenceofinhibitionorfacilitationof

micturitionbyhighercenters.Thereishypertrophyofdetrusormusclessothatthecapacityof

bladderreduces.Somepatientsdevelophyperactivemicturitionreflex.

UNINHIBITEDNEUROGENICBLADDER

Uninhibitedneurogenicbladderistheurinarybladderwithfrequentanduncontrollable

micturitioncausedbylesioninmidbrain.Itisalsocalledspasticneurogenicbladderor

hyperactiveneurogenicbladder.Thelesioninmidbraincausescontinuousexcitationofspinal

micturitioncentersresultinginfrequentanduncontrollablemicturition.Evenasmallquantityof

urinecollectedinbladderwillelicitthemicturitionreflex.

NOCTURNALMICTURITION

Nocturnalmicturitionistheinvoluntaryvoidingofurineduringnight.Itisotherwiseknownas

enuresisorbedwetting.Itoccursduetotheabsenceofvoluntarycontrolofmicturition.Itisa

commonandnormalprocessininfantsandchildrenbelow3years.Itisbecauseofincomplete

myelinationofmotornervefibersofthebladder.Whenmyelinationiscomplete,voluntary

controlofmicturitiondevelopsandbedwettingstops.Ifnocturnalmicturitionoccursafter3

yearsofageitisconsideredabnormal.Itoccursduetoneurologicaldisorderslikelumbosacral

vertebraldefects.Itcanalsooccurduetopsychologicalfactors.Lossofvoluntarycontrolof

micturitionoccursevenduringtheimpairmentofmotorareaofcerebralcortex.




