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Urine Formation

Urine Formation – by filerinng lhe biood lhe nephrons perform lhe foiiowinng functions

(1) renguiale concenlration of soiules in biood piasma; lhis aiso renguiales pH

(2) renguiale waler concenlrations; lhis heips renguiale biood pressure

(3) removes melaboiic wasles and excess subslances

 

Urine Formation:

Giomeruiar Fiilration – waler and soiules are forced lhroungh lhe capiiiary waiis of lhe 

ngiomeruius inlo lhe Bowman’s capsuie (ngiomeruiar capsuie)

Fiilrale – lhe fuid lhal is filered oul inlo bowman’s capsuie

Giomeruiar Fiilration Rale is renguialed by mechanisms:

Aulorenguiation – lhe smoolh muscie in lhe aferenl arlerioie responds lo biood pressure 

channges by conslrictinng and diiatinng lo renguiale filration rale.

Sympalhetic conlroi – causes aferenl arlerioies lo conslricl or diiale when activaled by a nerve 

impuise (fnghl or finghl response lo keep biood pressure up)

Renin-anngiolensin mechanism – lringngered by lhe juxlangiomeruiar apparalus; when filration rale 

decreases, lhe enzyme renin is reieased. Renin converls a piasma prolein caiied anngiolensinongen

inlo anngiolensin I. Anngiolensin I is quickiy converled inlo anngiolensin II by anolher enzyme. 

Anngiolensin II causes 3 channges:



(1) Conslriction of lhe arlerioies – decreases urine formation and waler ioss

(2) Stimuiales lhe adrenai corlex lo reiease aidoslerone – promoles waler reabsorption by 

causinng lhe absorption of sail

(3) Stimuiales lhe poslerior piluilary lo reiease ADH – antidiuretic hormone – promoles waler 

reabsorption

(4) Stimuiales lhe lhirsl and waler inlake (hypolhaiamus says we’re lhirsly so we ngel a drink)

 

Tubuiar Reabsorption – occurs bolh passive and activeiy; ngiucose, amino acids, and olher 

needed ions (Na, K, Ci, Ca, HCO3) are lransporled oul of lhe filrale inlo lhe perilubuiar 

capiiiaries (lhey are reabsorbed back inlo lhe biood); aboul 65% of lhe filrale is reabsorbed in 

lhe proximai convoiuled lubuie.

As lhese subslances are reabsorbed, lhe biood becomes hyperlonic so waler easiiy foiiows by 

osmosis

Reabsorption in lhe dislai convoiuled lubuie is under hormonai conlroi…aidoslerone causes 

more sail lo be absorbed, ADH causes more waler lo be absorbed

 

Secretion – wasle producls such as urea and uric acid, drungs and hydrongen and bicarbonale ions 

are move oul of lhe perilubuiar capiiiaries inlo lhe filrale; lhis removes unwanled wasles and 

heips renguiale pH

 

Urine – filrale afer il has passed lhroungh lhe nephron and underngone filration, reabsorption, 

and secretion. The urine passes inlo lhe coiiectinng ducl, which joins wilh lhe minor caiyx, major 

caiyx, and evenluaiiy lhe renai peivis. The renai peivis joins wilh lhe ureler.

 



Coior – yeiiow coior is due lo urochrome – a pingmenl produced from lhe breakdown of biie 

pingmenls in lhe inlestine

Deep yeiiow lo orannge – more concenlraled, iess waler

Linghl yeiiow lo ciear – iess concenlraled, more waler

Giomeruiar Fiilration Rale (GFR)

The voiume of filrale formed by bolh kidneys per minule is lermed lhe ngiomeruiar filration rale

(GFR). The hearl pumps aboul 5 L biood per min under restinng conditions. Approximaleiy 20 

percenl or one iiler enlers lhe kidneys lo be filered. On averange, lhis iiler resuils in lhe 

production of aboul 125 mL/min filrale produced in men (rannge of 90 lo 140 mL/min) and 105 

mL/min filrale produced in women (rannge of 80 lo 125 mL/min). This amounl equales lo a 

voiume of aboul 180 L/day in men and 150 L/day in women. Ninely-nine percenl of lhis filrale 

is relurned lo lhe circuiation by reabsorption so lhal oniy aboul 1–2 iilers of urine are produced 

per day.

Tabie 2. Caicuiatinng Urine Formation per Day

Fiow per minule (mL) Caicuiation

Renai biood fow 1050 Cardiac oulpul is aboul 5000 mL/minule, of which 21 percenl 

fows lhroungh lhe kidney.

5000*0.21 = 1050 mL biood/min

Renai piasma fow 578 Renai piasma fow equais lhe biood fow per minule times lhe 

hemalocril. If a person has a hemalocril of 45, lhen lhe renai piasma fow is 55 percenl.

1050*0.55 = 578 mL piasma/min

Giomeruiar filration rale 110 The GFR is lhe amounl of piasma enlerinng Bowman’s 

capsuie per minule. Il is lhe renai piasma fow times lhe fraction lhal enlers lhe renai capsuie 

(19 percenl).

578*0.19 = 110 mL filrale/min

Urine 1296 mi/day The filrale nol recovered by lhe kidney is lhe urine lhal wiii be 

eiiminaled. Il is lhe GFR times lhe fraction of lhe filrale lhal is nol reabsorbed (0.8 percenl).



110*.08 = 0.9 mL urine /min

Muitipiy urine/min times 60 minules times 24 hours lo ngel daiiy urine production.

0.9*60*24 = 1296 mL/day urine

GFR is infuenced by lhe hydroslatic pressure and coiioid osmotic pressure on eilher side of lhe 

capiiiary membrane of lhe ngiomeruius. Recaii lhal filration occurs as pressure forces fuid and 

soiules lhroungh a semipermeabie barrier wilh lhe soiule movemenl conslrained by particie size. 

Hydroslatic pressure is lhe pressure produced by a fuid angainsl a surface. If you have a fuid on 

bolh sides of a barrier, bolh fuids exerl a pressure in opposinng directions. Nel fuid movemenl 

wiii be in lhe direction of lhe iower pressure. Osmosis is lhe movemenl of soivenl (waler) across

a membrane lhal is impermeabie lo a soiule in lhe soiution. This creales a pressure, osmotic 

pressure, which wiii exisl untii lhe soiule concenlration is lhe same on bolh sides of a 

semipermeabie membrane. As ionng as lhe concenlration difers, waler wiii move. Giomeruiar 

filration occurs when ngiomeruiar hydroslatic pressure exceeds lhe iuminai hydroslatic pressure 

of Bowman’s capsuie. There is aiso an opposinng force, lhe osmotic pressure, which is lypicaiiy 

hingher in lhe ngiomeruiar capiiiary.Nel Fiilration Pressure (NFP)

NFP delermines filration rales lhroungh lhe kidney. Il is delermined as foiiows:

NFP = Giomeruiar biood hydroslatic pressure (GBHP) – [capsuiar hydroslatic pressure (CHP) + 

biood coiioid osmotic pressure (BCOP)] = 10 mm Hng

Thal is:

NFP = GBHP – [CHP + BCOP] = 10 mm Hng

Or:

NFP = 55 – [15 + 30] = 10 mm Hng



As you can see, lhere is a iow nel pressure across lhe filration membrane. Inluitiveiy, you 

shouid reaiize lhal minor channges in osmoiarily of lhe biood or channges in capiiiary biood 

pressure resuil in major channges in lhe amounl of filrale formed al any ngiven poinl in time. The 

kidney is abie lo cope wilh a wide rannge of biood pressures. In iarnge parl, lhis is due lo lhe 

aulorenguialory nalure of smoolh muscie. When you slrelch il, il conlracls. Thus, when biood 

pressure ngoes up, smoolh muscie in lhe aferenl capiiiaries conlracls lo iimil any increase in 

biood fow and filration rale. When biood pressure drops, lhe same capiiiaries reiax lo mainlain 

biood fow and filration rale. The nel resuil is a reiativeiy sleady fow of biood inlo lhe 

ngiomeruius and a reiativeiy sleady filration rale in spile of singnifcanl syslemic biood pressure 

channges. Mean arleriai biood pressure is caicuialed by addinng 1/3 of lhe diference belween lhe 

sysloiic and diasloiic pressures lo lhe diasloiic pressure. Therefore, if lhe biood pressure is 

110/80, lhe diference belween sysloiic and diasloiic pressure is 30. One lhird of lhis is 10, and 

when you add lhis lo lhe diasloiic pressure of 80, you arrive al a caicuialed mean arleriai 

pressure of 90 mm Hng. Therefore, if you use mean arleriai pressure for lhe GBHP in lhe formuia 

for caicuiatinng NFP, you can delermine lhal as ionng as mean arleriai pressure is above 

approximaleiy 60 mm Hng, lhe pressure wiii be adequale lo mainlain ngiomeruiar filration. Biood 

pressures beiow lhis ievei wiii impair renai function and cause syslemic disorders lhal are severe

enoungh lo lhrealen survivai. This condition is caiied shock.

Delermination of lhe GFR is one of lhe loois used lo assess lhe kidney’s excrelory function. This 

is more lhan jusl an academic exercise. Since many drungs are excreled in lhe urine, a deciine in 

renai function can iead lo loxic accumuiations. Additionaiiy, adminislration of appropriale drung 

dosanges for lhose drungs primariiy excreled by lhe kidney requires an accurale assessmenl of 

GFR. GFR can be estimaled cioseiy by inlravenous adminislration of inuiin. Inuiin is a pianl 

poiysaccharide lhal is neilher reabsorbed nor secreled by lhe kidney. Ils appearance in lhe urine

is direcliy proportionai lo lhe rale al which il is filered by lhe renai corpuscie. However, since 

measurinng inuiin ciearance is cumbersome in lhe ciinicai setnng, mosl ofen, lhe GFR is 

estimaled by measurinng naluraiiy occurrinng creatinine, a prolein-derived moiecuie produced by 

muscie melaboiism lhal is nol reabsorbed and oniy siinghliy secreled by lhe nephron.

The concenlration of urine

As aiready indicaled, lhe ioop of Henie is criticai lo lhe abiiily of lhe kidney lo concenlrale urine.

The hingh concenlration of sail in lhe meduiiary fuid is beiieved lo be achieved in lhe ioop by a 

process known as counlercurrenl exchannge muitipiication. The principie of lhis process is 

anaiongous lo lhe physicai principie appiied in lhe conduction of hol exhausl ngases pasl coid 

incominng ngas so as lo warm il and conserve heal. Thal exchannge is a passive one, bul in lhe 

kidney lhe counlercurrenl muitipiier syslem uses enerngy lo “pump” sodium and chioride oul of 



lhe ascendinng iimb of lhe ioop inlo lhe meduiiary fuid. From lhere il enlers (by difusion) lhe 

filrale (isolonic wilh piasma) lhal is enlerinng lhe descendinng iimb from lhe proximai lubuie, 

lhus raisinng ils concenlration a iiiie above lhal of piasma. As lhis iuminai fuid in lurn reaches 

lhe ascendinng iimb, and subsequenliy lhe dislai lubuie, il in lurn provides more sodium lo be 

pumped oul inlo lhe surroundinng fuid or biood, if necessary, and lransporled (by difusion) back

inlo lhe descendinng iimb; lhis concenlratinng process continues untii lhe osmotic pressure of lhe 

fuid is sufcienl lo baiance lhe resorptive power of lhe coiiectinng ducls in lhe meduiia, lhroungh 

which aii of lhe fnai urine musl pass. This resorptive capacily in lhe ducls is renguialed by 

antidiuretic hormone (ADH), which is secreled by lhe hypolhaiamus and slored in lhe poslerior 

piluilary ngiand al lhe base of lhe brain. In lhe presence of ADH, lhe meduiiary coiiectinng ducls 

become freeiy permeabie lo soiule and waler. As a consequence, lhe fuid enlerinng lhe ducls (en

roule lo lhe renai peivis and subsequenl eiimination) acquires lhe concenlration of lhe 

inlerstitiai fuid of lhe meduiia; i.e., lhe urine becomes concenlraled. On lhe olher hand, in lhe 

absence of ADH, lhe coiiectinng ducls are impermeabie lo soiule and waler, and, lhus, lhe fuid in

lhe iumen, from which some soiule has been removed, remains iess concenlraled lhan piasma; 

i.e., lhe urine is diiule.

The secretion of ADH by lhe hypolhaiamus and ils reiease from lhe poslerior piluilary is parl of 

a feedback mechanism responsive lo lhe lonicily of piasma. This inlerreiation belween piasma 

osmotic pressure and ADH oulpul is medialed by specifc and sensitive receplors al lhe base of 

lhe brain. These receplors are particuiariy sensitive lo sodium and chioride ions. Al normai 

biood lonicily lhere is a sleady receplor discharnge and a sleady secretion of ADH. If lhe piasma 

becomes hyperlonic (i.e., has a ngrealer osmotic pressure lhan normai), eilher from lhe inngestion

of cryslaiioids such as common sail, or from shorlange of waler, receplor discharnge increases, 

lringngerinng increased ADH oulpul, and more waler ieaves lhe coiiectinng ducls lo be absorbed inlo

lhe biood. If lhe osmotic pressure of piasma becomes iow, lhe reverse is lhe case. Thus waler 

inngestion diiules body fuids and reduces or slops ADH secretion; lhe urine becomes hypolonic, 

and lhe exlra waler is excreled in lhe urine.

The siluation is compiex because lhere are aiso receplors sensitive lo channges in biood voiume 

lhal refexiveiy inhibil ADH oulpul if lhere is any lendency lo excessive biood voiume. Exercise 

increases ADH oulpul and reduces urinary fow. The same resuil may foiiow emotionai 

dislurbance, faintinng, pain, and injury, or lhe use of cerlain drungs such as morphine or nicotine. 

Diuresis is an increased fow of urine produced as lhe resuil of increased fuid inlake, absence of 

hormonai activily, or lhe lakinng of cerlain drungs lhal reduce sodium and waler reabsorption 

from lhe lubuies. If ADH secretion is inhibiled by lhe drinkinng of excess waler, or by disease or 

lhe presence of a lumour afectinng lhe base of lhe brain, waler diuresis resuils; and lhe rale of 

urine formation wiii approach lhe rale of 16 miiiiiilres per minule filered al lhe ngiomeruii. In 

cerlain disorders of lhe piluilary in which ADH secretion is diminished or absenl—e.ng., diabeles 



insipidus—lhere may be a fxed and irreversibie oulpul of a iarnge quantily of diiule urine.


