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Question:explainurineformationandconcentration

Thekidneysfilterunwantedsubstancesfromthebloodandproduceurine

toexcretethem.Therearethreemainstepsofurineformation:glomerular

filtration,reabsorption,andsecretion.Theseprocessesensurethatonly

wasteandexcesswaterareremovedfromthebody.

1.TheGlomerulusFiltersWaterandOtherSubstancesfromthe

Bloodstream:

Eachkidneycontainsover1milliontinystructurescallednephrons.

Eachnephronhasaglomerulus,thesiteofbloodfiltration.The

glomerulusisanetworkofcapillariessurroundedbyacuplike

structure,theglomerularcapsule(orBowman’scapsule).Asblood

flowsthroughtheglomerulus,bloodpressurepusheswaterand

solutesfromthecapillariesintothecapsulethroughafiltration

membrane.Thisglomerularfiltrationbeginstheurineformation

process.

2.TheFiltrationMembraneKeepsBloodCellsandLargeProteinsin

theBloodstream:

Insidetheglomerulus,bloodpressurepushesfluidfromcapillaries

intotheglomerularcapsulethroughaspecializedlayerofcells.This

layer,thefiltrationmembrane,allowswaterandsmallsolutestopass



butblocksbloodcellsandlargeproteins.Thosecomponentsremain

inthebloodstream.Thefiltrate(thefluidthathaspassedthroughthe

membrane)flowsfromtheglomerularcapsulefurtherintothe

nephron.

3.ReabsorptionMovesNutrientsandWaterBackintotheBloodstream:

Theglomerulusfilterswaterandsmallsolutesoutofthe

bloodstream.Theresultingfiltratecontainswaste,butalsoother

substancesthebodyneeds:essentialions,glucose,aminoacids,and

smallerproteins.Whenthefiltrateexitstheglomerulus,itflowsinto

aductinthenephroncalledtherenaltubule.Asitmoves,theneeded

substancesandsomewaterarereabsorbedthroughthetubewall

intoadjacentcapillaries.Thisreabsorptionofvitalnutrientsfromthe

filtrateisthesecondstepinurinecreation.

4.WasteIonsandHydrogenIonsSecretedfromtheBloodComplete

theFormationofUrine:

Thefiltrateabsorbedintheglomerulusflowsthroughtherenal

tubule,wherenutrientsandwaterarereabsorbedintocapillaries.At

thesametime,wasteionsandhydrogenionspassfromthecapillaries

intotherenaltubule.Thisprocessiscalledsecretion.Thesecreted

ionscombinewiththeremainingfiltrateandbecomeurine.Theurine

flowsoutofthenephrontubuleintoacollectingduct.Itpassesoutof

thekidneythroughtherenalpelvis,intotheureter,anddowntothe

bladder.

5.UrineIs95% Water:

Thenephronsofthekidneysprocessbloodandcreateurinethrougha



processoffiltration,reabsorption,andsecretion.Urineisabout95%

waterand5% wasteproducts.Nitrogenouswastesexcretedinurine

includeurea,creatinine,ammonia,anduricacid.Ionssuchassodium,

potassium,hydrogen,andcalciumarealsoexcreted.

Concentrationofurine

Theurineconcentratingmechanismisbelievedtooperateasfollowsinthe

outermedulla.NaClisactivelytransportedfromthetubularfluidofthick

ascendinglimbsoftheloopsofHenleintothesurroundinginterstitium,

mediatedbytheNa-K-2ClcotransporterNKCC2/BSC1intheapicalplasma

membraneandNa-K-ATPaseinthebasolateralplasmamembrane.This

activeNaClreabsorptionraisestheosmolalityofinterstitialfluidand

promotestheosmoticreabsorptionofwaterfromthetubularfluidof

descendinglimbsandcollectingducts.Becauseofthereabsorptionoffluid

fromdescendinglimbsoftheloopsofHenle,thefluiddeliveredtothe

ascendinglimbshasahighNaClconcentrationthatfavorstransepithelial

NaCltransportfromascendinglimbfluid.(TheremayalsobesomeNaCl

diffusionintodescendinglimbfluid.)NaClreabsorptiondilutesthethick

ascendinglimbtubularfluid,sothatateachmedullarylevelthefluid

osmolalityislessthanthatintheothertubulesandvessels,andsothatthe

fluiddeliveredtothecortexisdiluterelativetobloodplasma.The

ascendinglimbfluidthatentersthecortexisfurtherdilutedbyactiveNaCl

reabsorptionfromcorticalthickascendinglimbs,sothatitsosmolalityis

lessthantheosmolalityofbloodplasma.Inthepresenceofvasopressin

(antidiuretichormone),corticalcollectingductsarehighlywater-

permeable,andsufficientwaterisreabsorbedtoreturnthefluidto

isotonicitywithbloodplasma.Thiscorticalwaterreabsorptiongreatly



reducestheloadthatisplacedontheurineconcentratingmechanismby

thefluidthatre-entersthemedullaviathecollectingducts.Intheabsence

ofvasopressin,theentirecollectingductsystemhaslimitedwater

permeable,andeventhoughsomewaterisreabsorbedduetothevery

largeosmoticpressuregradient,fluidthatisdiluterelativetoplasmais

deliveredbythecollectingductstotheborderoftheouterandinner

medulla.


