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URINEFORMATION

Therearetwokidneyswhicharebean-shapedandareapproximately

10cm long,5.5cm wideand3cm thick.Eachkidneyweighsabout150gand

hasamarkedindentationmedially-thehiluswheretherenalarteryand

renalnervesenterandtherenalveinandureterleave.Betweenthem,the

kidneymakeapproximately30mlormore urineeveryhour.Approximately

25percentofthecardiacoutputgoestothekidneywhereorganicwaste

productsareremovedinthemillionnephronineachkidney.normalurine

production,thereforedependsonnormalbloodflow tothekidneys.The

nephronisthefunctionalunitofthekidney.Nephronpermitsthepassage

ofsomesubstancesoutthebodybutrestrictthepassageofothers,for

examplesbloodcellsandlargeproteins.

Filtration:asbloodflowsthroughtheglomerulus,muchofthefluidand

waste productin the blood are forced outthrough the walls ofthe

capillaries,filtered and then flow into the bowman’s capsule.The

bowman’scapsulesurroundstheglomerul.Thisglomerularfiltrateconsist

ofwater,potassium andurea.Ureaisthemostabundantwasteproduct

excreted bythe kidneyand is formed from ammonia,a highlytoxic

substance.Ammoniaisformedintheliverfrom thebreakdownofamino

acids.

Absorption:muchofthefiltrateoftheglomerulusincludeswatersoitis

reabsorbed into the capillaries surrounding the proximal & distal

convolutedtubule,theloopofhenleandthecollecting tubule.Allthe

glucosewillbereabsorbedunlessbloodglucoselevelsarehigh,inwhich

glucosewillbeexcretedintheurine.Sodium isalsoreabsorbedbutthe

amountvariesdependingonhow muchthebodyrequirestomaintaina



constantconcentrationofsodium ionsintheblood.

Secretion:thisisthefinalstageofurineformation,itoccursinthedistal

convolutedtubuleandcollectingtubules.Thesubstanceseitherdiffuseor

areactivelytransportedoutofthecapillariesandintothecollectingtubules

tobeexcretedintheurine.Hydrogenion,potassium ion,ammoniaand

some drugsare also secreted atthisstageand the kidneyplaysan

importantroleinmaintainingtheacid-basebalancewithinthebody.

Thefinalcompositionofurineisasaresultoffiltration,absorptionand

secretionbythenephrons.Thekidneyproducesanaverageofoneandhalf

litersofurineeachday.Theurinepassesfrom thekidneytothebladder

throughtheureterswhereitisstoreduntilitiseliminatedviatheurethra.

Theurineisthenstoredinthebladder,thebladderisahollow,muscular

sacwhichsitsinthepelvis.Inmales,thebaseofthebladderliesbetween

therectum andpubicsymphysiswhileinfemalesthebaseis below the

uterusandanteriortothevagina.Thebladderstoresapproximatelyone

literwhenfull.Theopeningdescribedastheneckofthebladderwhichis

betweenthebladderandtheurethraisclosedbytworingsofmuscles.

Theseringsofmusclesareclosedbycontraction,itremainscontracted

exceptduringmicturitionwhentheyarerelax.

THECONCENTRATONOFURINE

Theloopofhenleiscriticaltotheabilityofthekidneytoconcentrate

urine.Thehighconcentrationofsaltinthemedullaryfluidisbelievedtobe

achievedintheloopbyaprocessknownascountercurrentexchange

multiplication.Theprincipleoftheprocessisanalogoustothephysical

principle applied in the conduction ofhotexhaustgases pastcold



incominggassoastowarm itandconserveheat.Thatexchangeisa

passiveone,butinthekidneythecountercurrentmultipliersystem uses

energyto“pump”sodium andchlorideoutoftheascendinglimbofthe

loopintothemedullaryfluid.From thereitentersthefiltratethatisentering

the descending limb from the proximal tubule, thus raising its

concentrationalittleabovethatofplasma.Asthisluminalfluidinturn

reachestheascendinglimb,andsubsequentlythedistaltubule.Itinturn

providesmoresodium tobepumpedoutintothesurroundingfluidorblood.

If necessary and transported back into the descending limb;this

concentratingprocesscontinuesuntiltheosmoticpressureofthefluidis

sufficienttobalancetheresorptivepowerofthecollectingductsinthe

medulla,throughwhichallofthefinalurinemustpass.Thisresorptive

capacityintheductsisregulatedinbyantidiuretichormone(ADH),whichis

secretedbythehypothalamusandstoredintheposteriorpituitaryglandat

thebaseofthebrain.InthepresenceofADH,themedullarycollecting

ductsbecomefreelypermeabletosoluteandwater.Asaconsequence,the

fluidenteringtheductsacquirestheconcentrationoftheintertialfluidof

themedulla.Thatis,theurinebecomesconcentrated,ontheotherhand,in

theabsenceofADH,thecollectingductsareimpermeabletosolute,water

andthefluidinthelumenfrom whichsomesolutehasbeenremoved,

remainslessconcentratedthanplasma,thatistheurineisdilute.The

secretionofADH bythehypothalamusandthereleasebytheposterior

pituitaryglandispartofafeedbackmechanism responsivetothetonicity

ofplasma.ThisinteractionbetweentheplasmaandtheADH outputis

mediatedbyspecificandsensitivereceptorsatthebaseofthebrain.

Thesereceptorsareparticularlysensitivetosodium andchlorideion.At

normalbloodtonicitythereisasteadyreceptordischargeandasteady



secretion ofADH.Ifthe plasma becomeshypertonic,eitherfrom the

ingestionofcrystalloidssuchascommonsaltorfrom thestorageofwater,

receptordischargingincreases,triggeringincreasedADHoutputandmore

waterleavesthe collectingductstobeabsorbedbytheblood.Ifthe

osmoticpressureoftheplasmabecomeslow,thereverseisthecase.

Thuswater ingestion dilutesbodyfluidsand reducesorstopsADH

secretion,theurinebecomeshypotonicandtheextrawaterisexcretedin

theurine.Thissituationiscomplexbecausetherearereceptorssensitive

tochangesinbloodvolumethatreflexivelyinhibitADHoutputifthereis

anytendencytoexcessivebloodvolume.ExerciseincreasesADHoutput

and reduces urinary flow.The same result may follow emotional

disturbance,fainting,painandinjuryortheuseofcertaindrugsuchasa

morphineornicotine.Diuresisisthe increasedflowofurineproducedas

theresultofincreasedfluidintake,absenceofhormonalactivityorthe

takingofcertaindrugsthatreducesodium andwaterre-absorptionfrom

thetubules,ifADHsecretionisinhibited bythedrinkingofexcesswateror

bythediseaseorthepresenceoftumouraffectingthebaseofthebrain,

waterdiuresisresultsandtherateofurineformationwillapproachtherate

of16mililitresperminutefilteredattheglomeruli.Incertaindisordersof

thepituitaryinwhichADHsecretionisdiminishedorabsente.gdiabetes

insipidustheremaybeafixedandirreversibleoutputofalargequalityof

diluteurine.


