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Theformationandconcentrationofurine

Formationofurine

Thekidneysfilterunwantedsubstancesfrom thebloodandproduceurineto

excretethem.Therearethreemainstepsofurineformation:glomerularfiltration,

reabsorption,andsecretion.Theseprocessesensurethatonlywasteandexcess

waterareremovedfrom thebody.

1.TheGlomerulusFiltersWaterandOtherSubstancesfrom theBloodstream.Each

kidneycontainsover1milliontinystructurescalled nephrons.Eachnephronhas

a glomerulus,thesiteofbloodfiltration.Theglomerulusisanetworkofcapillaries

surroundedbyacuplikestructure,theglomerularcapsule(orBowman’scapsule).

Asbloodflowsthroughtheglomerulus,bloodpressurepusheswaterandsolutes

from thecapillariesintothecapsulethroughafiltrationmembrane.Thisglomerular

filtrationbeginstheurineformationprocess.

2.TheFiltrationMembraneKeepsBloodCellsandLargeProteinsinthe

Bloodstream Insidetheglomerulus,bloodpressurepushesfluidfrom capillaries

intotheglomerularcapsulethroughaspecializedlayerofcells.Thislayer,

the filtrationmembrane,allowswaterandsmallsolutestopassbutblocksblood

cellsandlargeproteins.Thosecomponentsremaininthebloodstream.Thefiltrate

(thefluidthathaspassedthroughthemembrane)flowsfrom theglomerular

capsulefurtherintothenephron.

3.ReabsorptionMovesNutrientsandWaterBackintotheBloodstream.The

glomerulusfilterswaterandsmallsolutesoutofthebloodstream.Theresulting

filtratecontainswaste,butalsoothersubstancesthebodyneeds:essentialions,

glucose,aminoacids,andsmallerproteins.Whenthefiltrateexitstheglomerulus,it

flowsintoaductinthenephroncalledthe renaltubule.Asitmoves,theneeded

substancesandsomewaterarereabsorbedthroughthetubewallintoadjacent

capillaries.Thisreabsorptionofvitalnutrientsfrom thefiltrateisthesecondstepin

urinecreation.

4.WasteIonsandHydrogenIonsSecretedfrom theBloodCompletetheFormation

ofUrine

Thefiltrateabsorbedintheglomerulusflowsthroughtherenaltubule,where

nutrientsandwaterarereabsorbedintocapillaries.Atthesametime,wasteions



andhydrogenionspassfrom thecapillariesintotherenaltubule.Thisprocessis

called secretion.Thesecretedionscombinewiththeremainingfiltrateandbecome

urine.Theurineflowsoutofthenephrontubuleintoacollectingduct.Itpassesout

ofthekidneythroughtherenalpelvis,intotheureter,anddowntothebladder.

5.UrineIs95%Water

Thenephronsofthekidneysprocessbloodandcreateurinethroughaprocessof

filtration,reabsorption,andsecretion.Urineisabout95%waterand5%waste

products.Nitrogenouswastesexcretedinurineincludeurea,creatinine,ammonia,

anduricacid.Ionssuchassodium,potassium,hydrogen,andcalcium arealso

excreted.

Concentrationofurine

Whentheglomerularfiltratepassesthroughrenaltubule,itsosmolarityisalteredin

differentsegments.

1.BOWMANCAPSULE

GlomerularfiltratecollectedattheBowmancapsuleisisotonictoplasma.Thisis

becauseitcontainsallthesubstancesofplasmaexceptproteins.Osmolarityofthe

filtrateatBowmancapsuleis300mOsm/L.

2.PROXIMALCONVOLUTEDTUBULE

Whenthefiltrateflowsthroughproximalconvolutedtubule,thereisactive

reabsorptionofsodium andchloridefollowedbyobligatoryreabsorptionofwater.So,

theosmolarityoffluidremainsthesameasinthecaseofBowmancapsule,i.e.300

mOsm/L.Thus,inproximalconvolutedtubules,thefluidisisotonictoplasma.

3.THICKDESCENDINGSEGMENT

Whenthefluidpassesfrom proximalconvolutedtubuleintothethickdescending

segment,waterisreabsorbedfrom tubuleintooutermedullaryinterstitium bymeans

ofosmosis.Itisduetotheincreasedosmolarityinthemedullaryinterstitium,i.e.

outsidethethickdescendingtubule.Theosmolarityofthefluidinsidethissegment

isbetween450and600mOsm/L.Thatmeansthefluidisslightlyhypertonicto

plasma.

4.THINDESCENDINGSEGMENTOFHENLELOOP

AsthethindescendingsegmentofHenlelooppassesthroughtheinnermedullary

interstitium (whichisincreasinglyhypertonic)morewaterisreabsorbed.This

segmentishighlypermeabletowaterandsotheosmolarityoftubularfluidbecomes



equaltothatofthesurroundingmedullaryinterstitium.Intheshortloopsofcortical

nephrons,theosmolarityoffluidatthehairpinbendofloopbecomes600mOsm/L.

And,inthelongloopsofjuxtamedullarynephrons,atthehairpinbend,theosmolarity

is1,200mOsm/L.Thusinthissegmentthefluidishypertonictoplasma.

5.THINASCENDINGSEGMENTOFHENLELOOP

Whenthethinascendingsegmentoftheloopascendsupwardsthroughthe

medullaryregion,osmolaritydecreasesgradually.Duetoconcentrationgradient,

sodium chloridediffusesoutoftubularfluidandosmolaritydecreasesto400

mOsm/L.Thefluidinthissegmentisslightlyhypertonictoplasma.

6.THICKASCENDINGSEGMENTThissegmentisimpermeabletowater.Butthereis

activereabsorptionofsodium andchloridefrom this.Reabsorptionofsodium

decreasestheosmolarityoftubularfluidtoagreaterextent.Theosmolarityis

between150and200mOsm/L.Thefluidinsidebecomeshypotonictoplasma.

7.DISTALCONVOLUTEDTUBULEANDCOLLECTINGDUCTInthepresenceofADH,

distalconvolutedtubuleandcollectingductbecomepermeabletowaterresultingin

waterreabsorptionandfinalconcentrationofurine.Itisfoundthatinthecollecting

duct,Principal(P)cellsareresponsibleforADHinducedwaterreabsorption.

Reabsorptionoflargequantityofwaterincreasestheosmolarityto1,200mOsm/L.

Theurinebecomeshypertonictoplasma.


