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Assignment.

Explainurineformationandconcentration.

URINEFORMATION.

Urineformationisabloodcleansingfunction.Normally,about1,300mLofblood(26%of

cardiacoutput)entersthekidneys.Kidneysexcretetheunwantedsubstancesalongwith

waterfrom thebloodasurine.Normalurinaryoutputis1L/dayto1.5L/day.

ProcessesofUrineFormation

Whenbloodpassesthroughglomerularcapillaries,theplasmaisfilteredintotheBowman

capsule.Thisprocessiscalledglomerularfiltration.Filtratefrom Bowmancapsulepasses

throughthetubularportionofthenephron.Whilepassingthroughthetubule,thefiltrate

undergoesvariouschangesbothinqualityandinquantity.Manywantedsubstanceslike

glucose,aminoacids,waterandelectrolytesarereabsorbedfrom thetubules.Thisprocess

iscalledtubularreabsorptionand,someunwantedsubstancesaresecretedintothetubule

from peritubularbloodvessels.Thisprocessiscalledtubularsecretionorexcretion.

Theurineformationincludesthreeprocesses:

A.Glomerularfiltration

B.Tubularreabsorption

C.Tubularsecretion.

Amongthesethreeprocessesfiltrationisthefunctionoftheglomerulus.Reabsorptionand

secretionarethefunctionsoftubularportionofthenephron.

GLOMERULARFILTRATION

Glomerularfiltrationistheprocessbywhichthebloodisfilteredwhilepassingthrough

theglomerularcapillariesbyfiltrationmembrane.Itisthefirstprocessofurineformation.

FiltrationMembrane

Filtrationmembraneisformedbythreelayers:

1.Glomerularcapillarymembrane

2.Basementmembrane

3.ViscerallayerofBowmancapsule.



ProcessofGlomerularFiltration.

Whenbloodpassesthroughglomerularcapillaries,theplasmaisfilteredintotheBowman

capsule.Allthesubstancesofplasmaarefilteredexcepttheplasmaproteins.Thefiltered

fluidiscalledglomerularfiltrate.

Ultrafiltration

Glomerularfiltrationiscalledultrafiltrationbecauseeventheminuteparticlesarefiltered.

But,theplasmaproteinsarenotfilteredduetotheirlargemolecularsize.Theprotein

moleculesarelargerthantheslitporespresentintheendothelium ofcapillaries.Thus,the

glomerularfiltratecontainsallthesubstancespresentinplasmaexcepttheplasma

proteins.

METHODOFCOLLECTIONOFGLOMERULARFILTRATE

Glomerularfiltrateiscollectedinexperimentalanimalsbymicropuncturetechnique.This

techniqueinvolvesinsertionofamicropipetteintotheBowmancapsuleandaspirationof

filtrate.

GLOMERULARFILTRATIONRATE

Glomerularfiltrationrate(GFR)isdefinedasthetotalquantityoffiltrateformedinallthe

nephronsofboththekidneysinthegivenunitoftime.

NormalGFRis125mL/minuteorabout180L/day.

FILTRATIONFRACTION

Filtrationfractionisthefraction(portion)oftherenalplasma,whichbecomesthefiltrate.It

istheratiobetweenrenalplasmaflowandglomerularfiltrationrate.Itisexpressedin

percentage.

Filtrationfraction=GFR/Renalplasmaflowx100.

Normalfiltrationfractionvariesfrom 15%to20%.

PRESSURESDETERMININGFILTRATION

Pressures,whichdeterminetheGFRare:

1.Glomerularcapillarypressure

2.Colloidalosmoticpressureintheglomeruli

3.HydrostaticpressureintheBowmancapsule.



ThesepressuresdeterminetheGFRbyeitherfavoringoropposingthefiltration.

FACTORSAFFECTINGGLOMERULARFILTRATIONRATE.

1RenalBloodFlow

2Tubuloglomerularfeedback.

3Glomerularcapillarypressure.

4ColloidalOsmoticPressure.

5HydrostaticPressureinBowmanCapsule.

6SympatheticStimulation.

7SurfaceAreaofCapillaryMembrane.

8Hormonalandotherfactors.

TUBULARREABSORPTION

Tubularreabsorptionistheprocessbywhichwaterandothersubstancesare

transportedfrom renaltubulesbacktotheblood.Whentheglomerularfiltrateflows

throughthetubularportionofnephron,bothquantitativeandqualitativechangesoccur.

Largequantityofwater(morethan99%),electrolytesandothersubstancesarereabsorbed

bythetubularepithelialcells.Thereabsorbedsubstancesmoveintotheinterstitialfluidof

renalmedulla.And,from here,thesubstancesmoveintothebloodinperitubularcapillaries.

Sincethesubstancesaretakenbackintothebloodfrom theglomerularfiltrate,theentire

processiscalledtubularreabsorption.

METHODOFCOLLECTIONOFTUBULARFLUID.

Therearetwomethodstocollectthetubularfluidforanalysis.

1.MicropunctureTechnique:AmicropipetteisinsertedintotheBowmancapsuleand

differentpartsoftubularportioninthenephronsofexperimentalanimals,tocollectthe

fluid.Thefluidsamplesareanalyzedandcomparedwitheachothertoassessthechanges

indifferentpartsofnephron.

2.Stop-flowMethod:Ureterisobstructedsothatthebackpressurerisesandstopsthe

glomerularfiltration.Theobstructioniscontinuedfor8minutes.Itcausessomechangesin

thefluidpresentindifferentpartsofthetubularportion.

Later,theobstructionisreleasedandabout30samplesof0.5mLofurinearecollected

separatelyatregularintervalsof30seconds.Thefirstsamplecontainsthefluidfrom

collectingduct.Successivesamplescontainthefluidfrom distalconvolutedtubule,loops



ofHenleandproximalconvolutedtubulerespectively.Allthesamplesareanalyzed.

MECHANISM OFREABSORPTION

Basictransportmechanismsinvolvedintubularreabsorptionareoftwotypes:

1.Activereabsorption:Thisisthemovementofmoleculesagainsttheelectrochemical

gradient.Itneedsliberationofenergy,whichisderivedfrom ATP.Substancesreabsorbed

activelyfrom therenaltubulearesodium,calcium,potassium,phosphates,sulfates,

bicarbonates,glucose,aminoacids,ascorbicacid,uricacidandketonebodies.

2.Passivereabsorption:Thisisthemovementofmoleculesalongtheelectrochemical

(downhill)gradient.Thisprocessdoesnotneedenergy.

Substancesreabsorbedpassively

Substancesreabsorbedpassivelyarechloride,ureaandwater.

SITEOFREABSORPTION

Reabsorptionofthesubstancesoccursinalmostallthesegmentsoftubularportionof

nephron.

1.SubstancesReabsorbedfrom ProximalConvolutedTubule.

2.SubstancesReabsorbedfrom LoopofHenle.

3.SubstancesReabsorbedfrom DistalConvolutedTubule.

REGULATIONOFTUBULAR

REABSORPTION

Tubularreabsorptionisregulatedbythreefactors:

1Glomerulotubularbalance.

2Hormonalfactors.

3Nervousfactors.

TUBULARSECRETION

Tubularsecretionistheprocessbywhichthesubstancesaretransportedfrom blood

intorenaltubules.Itisalsocalledtubularexcretion.Inadditiontoreabsorptionfrom renal

tubules,somesubstancesarealsosecretedintothelumenfrom theperitubularcapillaries

throughthetubularepithelialcells.



Dyephenolredwasthefirstsubstancefoundtobesecretedinrenaltubulesin

experimentalconditions.Latermanyothersubstanceswerefoundtobesecreted.

Suchsubstancesare:

1.Paraaminohippuricacid(PAH)

2.Diodrast

3.5hydroxyindoleaceticacid(5HIAA)4.Aminoderivatives

5.Penicillin.

SUBSTANCESSECRETEDINDIFFERENTSEGMENTSOFRENALTUBULES

1.Potassiumissecretedactivelybysodiumpotassium pumpinproximalanddistal

convolutedtubulesandcollectingducts

2.Ammoniaissecretedintheproximalconvolutedtubule

3.Hydrogenionsaresecretedintheproximalanddistalconvolutedtubules.Maximum

hydrogenionsecretionoccursinproximaltubule

4.UreaissecretedinloopofHenle.

URINECONCENTRATION.

Everyday180Lofglomerularfiltrateisformedwithlargequantityofwater.Ifthismuch

ofwaterisexcretedinurine,bodywillfaceseriousthreats.Sotheconcentrationofurineis

veryessential.

Osmolarityofglomerularfiltrateissameasthatofplasmaanditis300mOsm/L.But,

normallyurineisconcentratedanditsosmolarityisfourtimesmorethanthatofplasma,i.e.

1,200mOsm/L.

Osmolarityofurinedependsupontwofactors:

1.Watercontentinthebody.

2.Antidiuretichormone(ADH).

Mechanism ofurineformationisthesamefordiluteurineandconcentratedurinetillthe

fluidreachesthedistalconvolutedtubule.However,dilutionorconcentrationofurine

dependsuponwatercontentofthebody.

FORMATIONOFDILUTEURINE

When,watercontentinthebodyincreases,kidneyexcretesdiluteurine.Thisisachieved

byinhibitionofADHsecretionfrom posteriorpituitary.Sowaterreabsorptionfrom renal

tubulesdoesnottakeplaceleadingtoexcretionoflargeamountofwater.Thismakesthe



urinedilute.

FORMATIONOFCONCENTRATEDURINE

Whenthewatercontentinbodydecreases,kidneyretainswaterandexcretesconcentrated

urine.Formationofconcentratedurineisnotassimpleasthatofdiluteurine.

Itinvolvestwoprocesses:

1.Developmentandmaintenanceofmedullarygradientbycountercurrentsystem.

2.SecretionofADH.

MEDULLARYGRADIENT

MEDULLARYHYPEROSMOLARITY

Corticalinterstitialfluidisisotonictoplasmawiththeosmolarityof300mOsm/L.

Osmolarityofmedullaryinterstitialfluidnearthecortexisalso300mOsm/L.

However,whileproceedingfrom outerparttowardstheinnerpartofmedulla,the

osmolarityincreasesgraduallyandreachesthemaximum attheinnermostpartofmedulla

nearrenalsinus.Here,theinterstitialfluidishypertonicwithosmolarityof1,200mOsm/L.

Thistypeofgradualincreaseintheosmolarityofthemedullaryinterstitialfluidiscalledthe

medullarygradient.Itplaysanimportantroleintheconcentrationofurine.

DEVELOPMENTANDMAINTENANCEOFMEDULLARYGRADIENT

Kidneyhassomeuniquemechanism calledcounter currentmechanism,whichis

responsibleforthedevelop mentandmaintenanceofmedullarygradientandhyper

osmolarityofinterstitialfluidintheinnermedulla.

COUNTERCURRENTMECHANISM COUNTERCURRENTFLOW

Acountercurrentsystem isasystem of‘U’shapedtubules(tubes)inwhich,theflowof

fluidisinoppositedirectionintwolimbsofthe‘U’shapedtubules.

DivisionsofCountercurrentSystem

Countercurrentsystem hastwodivisions:

1.CountercurrentmultiplierformedbyloopofHenle.

2.Countercurrentexchangerformedbyvasarecta.

COUNTERCURRENTMULTIPLIER



A.LoopofHenle.

B.RoleofLoopofHenleinDevelopmentofMedullaryGradient.

C.OtherFactorsResponsibleforHyperosmolarityofMedullaryInterstitialFluid.

COUNTERCURRENTEXCHANGER

A.VasaRecta.

B.RoleofVasaRectainthemaintenanceofmedullarygradient.

ROLEOFADH

FinalconcentrationofurineisachievedbytheactionofADH.Normally,thedistal

convolutedtubuleandcollectingductarenotpermeabletowater.ButthepresenceofADH

makesthem permeable,resultinginwaterreabsorption.Waterreabsorptioninducedby

ADHiscalledfacultativereabsorptionofwater.

Alargequantityofwaterisremovedfrom thefluidwhilepassingthroughdistal

convolutedtubuleandcollectingduct.So,theurinebecomeshypertonicwithanosmolarity

of1,200mOsm/L.

SUMMARYOFURINECONCENTRATION.

Whentheglomerularfiltratepassesthroughrenaltubule,itsosmolarityisalteredin

differentsegmentsasdescribedbelow

1.BOWMANCAPSULE:

GlomerularfiltratecollectedattheBowmancapsuleisisotonictoplasma.Thisisbecause

itcontainsallthesubstancesofplasmaexceptproteins.Osmolarityofthefiltrateat

Bowmancapsuleis300mOsm/L.

2.PROXIMALCONVOLUTEDTUBULE:

Whenthefiltrateflowsthroughproximalconvolutedtubule,thereisactivereabsorptionof

sodium andchloridefollowedbyobligatoryreabsorptionofwaterSo,theosmolarityoffluid

remainsthesameasinthecaseofBowmancapsule,i.e.300mOsm/L.Thus,inproximal

convolutedtubules,thefluidisisotonictoplasma.

3.THICKDESCENDINGSEGMENT:

Whenthefluidpassesfrom proximalconvolutedtubuleintothethickdescendingsegment,

waterisreabsorbedfrom tubuleintooutermedullaryinterstitium bymeansofosmosis.Itis

duetotheincreasedosmolarityinthemedullaryinterstitium,i.e.outsidethethick



descendingtubule.Theosmolarityofthefluidinsidethissegmentisbetween450and600

mOsm/L.Thatmeansthefluidisslightlyhypertonictoplasma.

4.THINDESCENDINGSEGMENTOFHENLELOOP:

AsthethindescendingsegmentofHenlelooppassesthroughtheinnermedullary

interstitium (whichisincreasinglyhypertonic)morewaterisreabsorbed.Thissegmentis

highlypermeabletowaterandsotheosmolarityoftubularfluidbecomesequaltothatof

thesurroundingmedullaryinterstitium.

Intheshortloopsofcorticalnephrons,theosmolarityoffluidatthehairpinbendofloop

becomes600mOsm/L.And,inthelongloopsofjuxtamedullarynephrons,atthehairpin

bend,theosmolarityis1,200mOsm/L.Thusinthissegmentthefluidishypertonicto

plasma.

5.THINASCENDINGSEGMENTOFHENLELOOP:

Whenthethinascendingsegmentoftheloopascendsupwardsthroughthemedullary

region,osmolaritydecreasesgradually.

Duetoconcentrationgradient,sodium chloridediffusesoutoftubularfluidandosmolarity

decreasesto400mOsm/L.Thefluidinthissegmentisslightlyhypertonictoplasma.

6.THICKASCENDINGSEGMENT:

Thissegmentisimpermeabletowater.Butthereisactivereabsorptionofsodium and

chloridefrom this.Reabsorptionofsodium decreasestheosmolarityoftubularfluidtoa

greaterextent.Theosmolarityisbetween150and200m0sm/L.Thefluidinsidebecomes

hypotonictoplasma.

7.DISTALCONVOLUTEDTUBULEANDCOLLECTINGDUCT:

InthepresenceofADH,distalconvolutedtubuleandcollectingductbecomepermeableto

waterresultinginwaterreabsorptionandfinalconcentrationofurine.Itisfoundthatinthe

collectingduct,Principal(P)cellsareresponsibleforADHinducedwaterreabsorption.

Reabsorptionoflargequantityofwaterincreasestheosmolarityto1,200mOsm/L.The

urinebecomeshypertonictoplasma.


