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Question

Explainurineformationandconcentration

Urineisawastebyproductformedfrom excesswaterandmetabolicwaste

moleculesduringtheprocessofrenalsystem filtration.Theprimary

functionoftherenalsystem istoregulatebloodvolumeandplasma

osmolarity,andwasteremovalviaurineisessentiallyaconvenientwaythat

thebodyperformsmanyfunctionsusingoneprocess.

Urineformationoccursduringthreeprocesses:

 Filtration

 Reabsorption

 Secretion

 Filtration

Duringfiltration,bloodenterstheafferentarterioleandflowsintothe

glomeruluswherefilterablebloodcomponents,suchaswaterand

nitrogenouswaste,willmovetowardstheinsideoftheglomerulus,and

nonfilterablecomponents,suchascellsandserum albumins,willexitvia

theefferentarteriole.Thesefilterablecomponentsaccumulateinthe

glomerulustoform theglomerularfiltrate.



Normally,about20%ofthetotalbloodpumpedbythehearteachminute

willenterthekidneystoundergofiltration;thisiscalledthefiltration

fraction.Theremaining80%ofthebloodflowsthroughtherestofthebody

tofacilitatetissueperfusionandgasexchange.

Reabsorption

Thenextstepisreabsorption,duringwhichmoleculesandionswillbe

reabsorbedintothecirculatorysystem.Thefluidpassesthroughthe

componentsofthenephron(theproximal/distalconvolutedtubules,loop

ofHenle,thecollectingduct)aswaterandionsareremovedasthefluid

osmolarity(ionconcentration)changes.Inthecollectingduct,secretion

willoccurbeforethefluidleavestheureterintheform ofurine.

Secretion

Duringsecretionsomesubstances±suchashydrogenions,creatinine,and

drugs—willberemovedfrom thebloodthroughtheperitubularcapillary

networkintothecollectingduct.Theendproductofalltheseprocessesis

urine,whichisessentiallyacollectionofsubstancesthathasnotbeen

reabsorbedduringglomerularfiltrationortubularreabsorbtion.

Urineismainlycomposedofwaterthathasnotbeenreabsorbed,whichis

thewayinwhichthebodylowersbloodvolume,byincreasingtheamount

ofwaterthatbecomesurineinsteadofbecomingreabsorbed.Theother

maincomponentofurineisurea,ahighlysolublemoleculecomposedof

ammoniaandcarbondioxide,andprovidesawayfornitrogen(foundin

ammonia)toberemovedfrom thebody.Urinealsocontainsmanysalts

andotherwastecomponents.Redbloodcellsandsug(ararenotnormally



foundinurinebutmayindicateglomerulusinjuryanddiabetesmellitus

respectively.

Thisillustrationdemonstratesthephysiologyofanormalkidney,showing

wheresometypesofdiureticsact,andwhattheydo.Forinstance,loop

diureticsworkintheloopofHenleandosmoticdiureticsworkinthe

collectingductandtubule.

Theconcentrationofurine

Asalreadyindicated,theloopofHenleiscriticaltotheabilityofthekidney

toconcentrateurine.Thehighconcentrationofsaltinthemedullaryfluidis

believedtobeachievedintheloopbyaprocessknownascountercurrent

exchangemultiplication.Theprincipleofthisprocessisanalogoustothe

physicalprincipleappliedintheconductionofhotexhaustgasespastcold

incominggassoastowarm itandconserveheat.Thatexchangeisa

passiveone,butinthekidneythecountercurrentmultipliersystem uses



energyto“pump”sodium andchlorideoutoftheascendinglimbofthe

loopintothemedullaryfluid.From thereitenters(bydiffusion)thefiltrate

(isotonicwithplasma)thatisenteringthedescendinglimbfrom the

proximaltubule,thusraisingitsconcentrationalittleabovethatofplasma.

Asthisluminalfluidinturnreachestheascendinglimb,andsubsequently

thedistaltubule,itinturnprovidesmoresodium tobepumpedoutintothe

surroundingfluidorblood,ifnecessary,andtransported(bydiffusion)back

intothedescendinglimb;thisconcentratingprocesscontinuesuntilthe

osmoticpressureofthefluidissufficienttobalancetheresorptivepower

ofthecollectingductsinthemedulla,throughwhichallofthefinalurine

mustpass.Thisresorptivecapacityintheductsisregulatedbyantidiuretic

hormone(ADH),whichissecretedbythehypothalamusandstoredinthe

posteriorpituitaryglandatthebaseofthebrain.InthepresenceofADH,

themedullarycollectingductsbecomefreelypermeabletosoluteand

water.Asaconsequence,thefluidenteringtheducts(enroutetotherenal

pelvisandsubsequentelimination)acquirestheconcentrationofthe

interstitialfluidofthemedulla;i.e.,theurinebecomesconcentrated.Onthe

otherhand,intheabsenceofADH,thecollectingductsareimpermeableto

soluteandwater,and,thus,thefluidinthelumen,from whichsomesolute

hasbeenremoved,remainslessconcentratedthanplasma;i.e.,theurineis

dilute.

ThesecretionofADHbythehypothalamusanditsreleasefrom the

posteriorpituitaryispartofafeedbackmechanism responsivetothe

tonicityofplasma.Thisinterrelationbetweenplasmaosmoticpressure

andADHoutputismediatedbyspecificandsensitivereceptorsatthebase

ofthebrain.Thesereceptorsareparticularlysensitivetosodium and

chlorideions.Atnormalbloodtonicitythereisasteadyreceptordischarge

andasteadysecretionofADH.Iftheplasmabecomeshypertonic(i.e.,has

agreaterosmoticpressurethannormal),eitherfrom theingestionof



crystalloidssuchascommonsalt,orfrom shortageofwater,receptor

dischargeincreases,triggeringincreasedADHoutput,andmorewater

leavesthecollectingductstobeabsorbedintotheblood.Iftheosmotic

pressureofplasmabecomeslow,thereverseisthecase.Thuswater

ingestiondilutesbodyfluidsandreducesorstopsADHsecretion;theurine

becomeshypotonic,andtheextrawaterisexcretedintheurine.

Thesituationiscomplexbecausetherearealsoreceptorssensitiveto

changesinbloodvolumethatreflexivelyinhibitADHoutputifthereisany

tendencytoexcessivebloodvolume.ExerciseincreasesADHoutputand

reducesurinaryflow.Thesameresultmayfollowemotionaldisturbance,

fainting,pain,andinjury,ortheuseofcertaindrugssuchasmorphineor

nicotine.Diuresisisanincreasedflowofurineproducedastheresultof

increasedfluidintake,absenceofhormonalactivity,orthetakingofcertain

drugsthatreducesodium andwaterreabsorptionfrom thetubules.IfADH

secretionisinhibitedbythedrinkingofexcesswater,orbydiseaseorthe

presenceofatumouraffectingthebaseofthebrain,waterdiuresisresults;

andtherateofurineformationwillapproachtherateof16millilitresper

minutefilteredattheglomeruli.Incertaindisordersofthepituitaryinwhich

ADHsecretionisdiminishedorabsent—e.g.,diabetesinsipidus—theremay

beafixedandirreversibleoutputofalargequantityofdiluteurine.


