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ExplainUrineformationandconcentration

Urineisoneofthebody'swasteproducts.Itisprimarilycomposedofwater

andurea.Ureaisaspecialnitrogenouswastecompoundthatthebody

mustroutinelyremove.Byfilteringthebloodthenephronsperform the

followingfunctions:

(1)regulateconcentrationofsolutesinbloodplasma;thisalsoregulates

pH

(2)regulatewaterconcentrations;thishelpsregulatebloodpressure

(3)removesmetabolicwastesandexcesssubstances

Urineformationoccursinthekidneyinthreestages:filtration,reabsorption,

andsecretion.

Filtration

Stage1:filtration.Thekidneyisthebody'sbloodfilteringsystem.Blood

vesselsvisitthekidneyandenteraspecialballofcapillariescalledthe

glomerulus.Theglomerulusisnestledwithinaregionofthekidneycalled

theBowman'sCapsule.Thisiswherefiltrationoccurs.Asbloodispushed

throughthetinycapillaries,thehigh-pressureforcessomethingstopass

throughthecapillarywalls.Thewallsactasasieveorafilter.Hence,itis

calledfiltration.

Water,sugar,salts,aminoacids,nitrogenouswastes,andothertinythings

enterthekidneyasasubstancecalledthefiltrate.Cellsandlargeblood



proteinsthatcannotfitthroughremaininthebloodvessels.Thefiltrate

enteringthekidneyislikepre-pre-urine.

Glomerularfiltrationoccursacrossthethreelayers-epithelium of

Bowman’scapsule,endothelium ofglomerularbloodvessels,anda

membranebetweenthesetwolayers.

Bloodisfilteredinsuchawaythatalltheconstituentsoftheplasmareach

theBowman’scapsule,exceptproteins.Therefore,thisprocessisknown

asultrafiltration.

Reabsorption

Stage2:reabsorption.Thefiltrateentersthekidneyintheproximaltubule.

Thisregionofthekidneyisspecialbecausemanythingscanberemoved

from thefiltrate.Thesevaluablethingsarerecollected,orreabsorbed,by

thebody.Thisisachievedbyactiveandpassivetransport.

Glucose,certainsalts,vitamins,hormones,andaminoacidsarerestoredto

thebodyandwillnotbeincludedinurine.Sometimes,ifthebodyhastoo

muchofsomethingthentheextrasugarorsaltwillstayinthefiltrate.For

example,diabeticswithhighlevelsofbloodglucosemayhaveglucosein

theirurinesinceitcannotallbereabsorbed.Thefiltrateafterreabsorption

islikepre-urine.

Secretion

Stage3:secretion.Thefiltratethenpassesthroughareallyneatstructure

calledtheLoopofHenlewhereitgainsandloseswaterandsalt.Asit

leavestheLoopofHenle,itentersthedistaltubule,wheresecretionoccurs.

Thebodysometimesneedstosendthingsontheexpressrouteto

excretion.Forexample,toxinsarealwayssentonthefasttrackoutofthe

body.Theydonotgothroughfiltrationandreabsorption.Instead,theyare

added,orsecreted,directlyfrom thebloodvesselintothealmostfully

formedurineinthedistaltubule.



Urine

Theurineproducedis95%waterand5%nitrogenouswastes.Wastessuch

asurea,ammonia,creatinineareexcretedinurine.Apartfrom these,the

potassium,sodium andcalcium ionsarealsoexcreted.

GlomerularFiltrationRate(GFR)

Thevolumeoffiltrateformedbybothkidneysperminuteistermedthe

glomerularfiltrationrate(GFR).Theheartpumpsabout5Lbloodpermin



underrestingconditions.Approximately20percentoroneliterentersthe

kidneystobefiltered.Onaverage,thisliterresultsintheproductionof

about125mL/minfiltrateproducedinmen(rangeof90to140mL/min)

and105mL/minfiltrateproducedinwomen(rangeof80to125mL/min).

Thisamountequatestoavolumeofabout180L/dayinmenand150L/day

inwomen.Ninety-ninepercentofthisfiltrateisreturnedtothecirculation

byreabsorptionsothatonlyabout1–2litersofurineareproducedperday.

URINECONCENTRATION

Thefinalconcentrationoftheurineisverydependentontheamountof

liquidingested,thelossesthroughrespiration,faecesandskin,including

sweating.Whentheintakefarexceedsthelosses,then,inordertomaintain

homeostasistherestoftheliquidiseliminatedthroughurine.Ifthefluid

intakeislowandthelossesarehigh,thenthekidneyhastoconcentrateas

muchaspossibletheurineinordertomaintainhomeostasis.Asaresult

theconcentrationcanrangefrom asdilutedas65toasconcentratedas

1200mOsm/kg.Producingdilutedurineisnotasproblematicasto

concentratingit.Toachievethehigherconcentrationsthekidneydepends

onthejuxtaglomerularnephronsthatreachdeepintothemedullaandin

thearchitecturalrelationshipwiththevasarecta.Asmentionedbeforethe

concentrationoftheinterstitialfluidincreasesinthemedullatowardsthe

tipoftherenalpyramid.Thehigherconcentrationsoftheinterstitialfluidin

thetipoftherenalpyramidareachievedbecausethenephronhasthe

capabilityofrecirculateurea.Ureainthefiltrateisnotcompletely

reabsorbedandmostofitgoesintourine.Apercentageoftheureainthe

filtratediffusesoutofthecollectingductintotheinterstitialfluid.Oncein

theinterstitialfluidureaprovidestheincreaseinosmalalitythatmakesthe

tipoftherenalpyramidsoconcentrated.

Theureacirculatesbetweenthecollectingductwhereitdiffusesintothe

interstitialfluidandthethindescendingsegmentoftheloopofHenle

whichisalsopermeabletourea.Atthispointitdiffusesintothetubuleto



reachagainthecollectingduct.

Alltheconcentrationcapacityofthenephroncanbeattributedtothefact

thattheloopofHenleisincloseassociationorappositionwiththe

extensionoftheperitubularcapillarieswhichdeepinthemedullaarecalled

thevasarecta.

Theassociationbetweenthesetwostructuresisonethatcreatesacounter

currentmechanism whichpermittheremovalofallreabsorbedsolutesand

thewaterthatfollowsbyosmosisoutofthemedullaintothevenousreturn

ofthekidney.Otherwisetheinterstitialfluidwouldberapidlydilutedor

engorgedwithwaterandsolutes.


