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URINEFORMATION

Therearethreemainstepsofurineformation:glomerularfiltration,reabsorption,and

secretion.Theseprocessesensurethatonlywasteandexcesswaterareremovedfrom

thebody.

1.TheGlomerulusFiltersWaterandOtherSubstancesfrom theBloodstream

Bloodflowthroughtheglomerulusaspartoffiltration.Eachkidneycontainsover1

milliontinystructurescallednephrons.Eachnephronhasaglomerulus,thesiteofblood

filtration.Theglomerulusisanetworkofcapillariessurroundedbyacuplikestructure,

theglomerularcapsule(orBowman’scapsule).Asbloodflowsthroughtheglomerulus,

bloodpressurepusheswaterandsolutesfrom thecapillariesintothecapsulethrougha

filtrationmembrane.Thisglomerularfiltrationbeginstheurineformationprocess.

2.TheFiltrationMembraneKeepsBloodCellsandLargeProteinsintheBloodstream

Insidetheglomerulus,bloodpressurepushesfluidfrom capillariesintotheglomerular

capsulethroughaspecializedlayerofcells.Thislayer,thefiltrationmembrane,allows

waterandsmallsolutestopassbutblocksbloodcellsandlargeproteins.Those

componentsremaininthebloodstream.Thefiltrate(thefluidthathaspassedthrough

themembrane)flowsfrom theglomerularcapsulefurtherintothenephron.

3.ReabsorptionMovesNutrientsandWaterBackintotheBloodstream

Theglomerulusfilterswaterandsmallsolutesoutofthebloodstream.Theresulting

filtratecontainswaste,butalsoothersubstancesthebodyneeds:essentialions,

glucose,aminoacids,andsmallerproteins.Whenthefiltrateexitstheglomerulus,it

flowsintoaductinthenephroncalledtherenaltubule.Asitmoves,theneeded

substancesandsomewaterarereabsorbedthroughthetubewallintoadjacent

capillaries.Thisreabsorptionofvitalnutrientsfrom thefiltrateisthesecondstepin

urinecreation.

4.WasteIonsandHydrogenIonsSecretedfrom theBloodCompletetheFormationof

Urine



Thefiltrateabsorbedintheglomerulusflowsthroughtherenaltubule,wherenutrients

andwaterarereabsorbedintocapillaries.Atthesametime,wasteionsandhydrogen

ionspassfrom thecapillariesintotherenaltubule.Thisprocessiscalledsecretion.The

secretedionscombinewiththeremainingfiltrateandbecomeurine.Theurineflowsout

ofthenephrontubuleintoacollectingduct.Itpassesoutofthekidneythroughtherenal

pelvis,intotheureter,anddowntothebladder.

URINECONCENTRATION

TheloopofHenleiscriticaltotheabilityofthekidneytoconcentrateurine.Thehigh

concentrationofsaltinthemedullaryfluidisbelievedtobeachievedintheloopbya

processknownascountercurrentexchangemultiplication.Theprincipleofthisprocess

isanalogoustothephysicalprincipleappliedintheconductionofhotexhaustgases

pastcoldincominggassoastowarm itandconserveheat.Thatexchangeisapassive

one,butinthekidneythecountercurrentmultipliersystem usesenergyto“pump”

sodium andchlorideoutoftheascendinglimboftheloopintothemedullaryfluid.From

thereitenters(bydiffusion)thefiltrate(isotonicwithplasma)thatisenteringthe

descendinglimbfrom theproximaltubule,thusraisingitsconcentrationalittleabove

thatofplasma.Asthisluminalfluidinturnreachestheascendinglimb,and

subsequentlythedistaltubule,itinturnprovidesmoresodium tobepumpedoutinto

thesurroundingfluidorblood,ifnecessary,andtransported(bydiffusion)backintothe

descendinglimb;thisconcentratingprocesscontinuesuntiltheosmoticpressureofthe

fluidissufficienttobalancetheresorptivepowerofthecollectingductsinthemedulla,

throughwhichallofthefinalurinemustpass.Thisresorptivecapacityintheductsis

regulatedbyantidiuretichormone(ADH),whichissecretedbythehypothalamusand

storedintheposteriorpituitaryglandatthebaseofthebrain.InthepresenceofADH,

themedullarycollectingductsbecomefreelypermeabletosoluteandwater.Asa

consequence,thefluidenteringtheducts(enroutetotherenalpelvisandsubsequent

elimination)acquirestheconcentrationoftheinterstitialfluidofthemedulla;i.e.,the

urinebecomesconcentrated.Ontheotherhand,intheabsenceofADH,thecollecting

ductsareimpermeabletosoluteandwater,and,thus,thefluidinthelumen,from which

somesolutehasbeenremoved,remainslessconcentratedthanplasma;i.e.,theurineis

dilute.

ThesecretionofADHbythehypothalamusanditsreleasefrom theposteriorpituitaryis

partofafeedbackmechanism responsivetothetonicityofplasma.Thisinterrelation

betweenplasmaosmoticpressureandADHoutputismediatedbyspecificand

sensitivereceptorsatthebaseofthebrain.Thesereceptorsareparticularlysensitiveto



sodium andchlorideions.Atnormalbloodtonicitythereisasteadyreceptordischarge

andasteadysecretionofADH.Iftheplasmabecomeshypertonic(i.e.,hasagreater

osmoticpressurethannormal),eitherfrom theingestionofcrystalloidssuchas

commonsalt,orfrom shortageofwater,receptordischargeincreases,triggering

increasedADHoutput,andmorewaterleavesthecollectingductstobeabsorbedinto

theblood.Iftheosmoticpressureofplasmabecomeslow,thereverseisthecase.Thus

wateringestiondilutesbodyfluidsandreducesorstopsADHsecretion;theurine

becomeshypotonic,andtheextrawaterisexcretedintheurine.

Thesituationiscomplexbecausetherearealsoreceptorssensitivetochangesinblood

volumethatreflexivelyinhibitADHoutputifthereisanytendencytoexcessiveblood

volume.ExerciseincreasesADHoutputandreducesurinaryflow.Thesameresultmay

followemotionaldisturbance,fainting,pain,andinjury,ortheuseofcertaindrugssuch

asmorphineornicotine.Diuresisisanincreasedflowofurineproducedastheresultof

increasedfluidintake,absenceofhormonalactivity,orthetakingofcertaindrugsthat

reducesodium andwaterreabsorptionfrom thetubules.IfADHsecretionisinhibitedby

thedrinkingofexcesswater,orbydiseaseorthepresenceofatumouraffectingthe

baseofthebrain,waterdiuresisresults;andtherateofurineformationwillapproach

therateof16millilitresperminutefilteredattheglomeruli.Incertaindisordersofthe

pituitaryinwhichADHsecretionisdiminishedorabsent—e.g.,diabetesinsipidus—there

maybeafixedandirreversibleoutputofalargequantityofdiluteurine.


