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Urinary pH is lower than the arterial pH in normal subjects, which means the urine excretes acids.
The daily amount of acids excretion are 50-100 mM, and which mostly come from the metabolism of
the protein we take in. We can measure the amounts of urinary acids by using net acid excretion
formula that is titratable acidity plus ammonium minus bicarbonate with the collection of 24-hour
specimen of urine. The net acid excretion has the same value with the regenerated bicarbonate in the
renal tubules in the steady state, since a bicarbonate is formed with the secretion of a proton for the
titratable acidity and with the production of the ammonium ion that contains the proton. Proximal
urinary acidification is mainly associated with the reclamation of the filtered bicarbonate and 80-90%
of it takes place in the proximal tubule. The main mechanism of the H' secretion is performed by Na
tH%mtiporter in the luminal membrane. The remainders are reclaimed in the thick ascending limb of
Henle and outer medullary collecting tubules where carbonic anhydrase type IV is present on the
luminal membrane. The reclaimed and regenerated bicarbonates enter the blood via Na’-3HCO;~
cotransporter in the proximal tubule. Distal nephron is the main site of the urinary acidification. H'-
ATPase pump in the luminal membrane of the cortical and medullary collecting tubules plays ex-
clusive role. It works with epithelial sodium channel, H"-K"-ATPase, and Na"-K"-ATPase under
influence of aldosterone in the cortical collecting tubules and is a major mechanism of the urinary
acidification in the medullary collecting tubules with minor contribution of H'-K'-ATPase. The
bicarbonates are regenerated in simultaneous with the secretion of H" on molar base. The regenerated
bicarbonates enter the blood via Cl /HCOs; exchanger in the basolateral membrane in the collecting
tubule. To test the proximal acidification defects, the fractional excretion of the bicarbonate with the
normalization of the blood bicarbonates level is useful. There are several methods to test distal
acidification defects including ammonium chloride loading test, sodium sulfate infusion test, sodium
phosphate infusion test, sodium bicarbonate infusion with measurement of urine to blood total carbon
dioxide gradient, and furosemide/fludrocortisone test.

o o2

o,

o,

T2 Fo] B FHE pHE 7.35-745 AololA fA  Ake] Absh AAeA ofu]iibe] FHel whep Ak
Fa g vbi @ pHE tAZ 45-65 AlolojA W3k S H2Ath Methionine©l Y cysteine o] sulfurs
o} ole} Zo] & pH 7F dAe] pH Hu @A FXdrt f3= olv]4h, arginineo|u} lysine 22 ol
= AL 8E B3l 4 (acid, H)ol w51 &S (cationic) o=t 5 4bsl #AolM Abs AT
oustey, G AdQlo] HAQl Hol& & uf @& FsF  E3 52 59 phosphate® hydrolysis & ZA oA

A grstE st A ek AkskE W COx9 H0=

olE

[e)

y

& Foto] A=

=
i
it
=
o
ot
X
&,
llt

Fo  AFS AJATIt} o]o] Hk3)] glutamatel} aspartate -
50-100 mMelth AFat= 24 Fol T3E AR Fol  ZolA (anionic) obv]i=At 52 tialabgolA H
3 Agsle] gluconeogenesisdl] ©]&H T} ofn Al o] 9o
=
[s}

3t AFHAFE citratet} lactate S F7AFS Ao A

of MjEH= S A Akvolatile acid)el@hal sk, HCO; = dgkd 4 Atk o|9h zro] duixol =1 9]

1

[e}

Z
& ool 15000 mMoltt @ A2 ofun o] oy FEF] o7k tiAke] A, S AAE AlelA

AAE L2e)S Wi, 5o 50-100 mMe] H' 7} Aat

]
2h

o]
=

A7h: g, AE o) 4R W
Tel : 02)3779-1259 Fax : 02)786-7725

E-mail : ysc543@unitel.co.kr 4 Eato] ujaEry

Hr} o] A2 n]3|ukA AF (non-volatile acid) .24 4l



38 digAsiAAAdTE A A 1A A 1S 2003

B4 4ol E 8 pHE Ak 45 44 wE F 9
t}. o] pHE [H']=2 A48k 00316 mM/Lelth 22

3t wjAdEE H™S 50-100 mMeol 22 S8F e
P

Aoz wAdsE H'e did 2%d = 49
o FEE H o) wREE FAR 9 dEolth a9
B2 g9 pH whez 20 A4s 58 ddshs AL

NAE = 474 7} Ab% (titratable acidity, TA)+gEYo}
(NH, ") — £ HCO3~

% H'> TAS NH 9 ez wjaddch 44 A<l
o] A 89 HCO; & FAIE & gornz HAAZE
TASH NHy' o & &3 gho]l H' o] 99 wjd s} <
| gkt

oAb oAl AAE AR 4 AE U 29 $EA
(buffer)ell &3 Fsheth o] FAqNA A CO= #
Fot WiEEA, AFE %A, F HCO; +
A 3o A A A (regeneration) ¥ So171 A
Ak A= 44 AelelX NAEE AA8F HCO; ¢
e} Al Aol Al H o] e o7t® HCOs
A& (reclamation) ¥ A5E¥® HCO3 ¢ A 3 3

& Al (coupling) o S

T

it

Al Al

ol o7

= T 1—

o{)p e

o
O
m\1

3}

o

oz

Y 7k o

—

AFANA oIzt B b ok FA HPO, 7 F

¥ 9 gEAlolth HPO, %= & wjAZo] wwad wa
pKa=6.80122 71 g&do= sty A4 el

A kel 10-40 mMe] H' o] H:POs ¢ Hej= wjad
th. HPO, “&= 21 A3 W7o Na'-H' antiporter2 %
afo] Eulg H' o} Adtaete] HPO' o FejzA wjde
o} olu Al AlXuUe] OH = CO.¢F ZAstsle] HCOs -
7} Ho] doow {jEe, olw FHHE HCO; & Al
Ae Folth(Fig. 1). o] &4FA= THF Al AldolA
g @ o] A&k, 1 olfre AN Al Al
BEE pH7F o 6824 o|3elA HPO, /HPOs 2
o] oIt A% 4: 144 1:12 =H7] wfZolt}. 4l
AFE wek g 7bEs] & pH7F A3 wolbAd HPOy~
7} F7eeh =31 ATl e H -ATPased & Er|
Y HPO, “¢F Agtsle]l HPO, o Fejz
colmol = Al & el HCOs 7} Qo=
. HF 29 pH7l 4.8k, M| phosphate?]
99%7} H:PO; o] HEj2 EAjgic) o2 HPO, © 8

i

N

H]

o

g2 wde H'Y %S NaOHE A-g3le & pHE 74
72 LEH AA] AF2¥ NaOHe %3 24 Hr) o]
27 HAo] 7hedt olf= 4 HoPO, & FHW o] uh
$& U7k H o] 7] wj-olt},
ot OHNHg/NH4 )
H e NH, & B3 o wjae o 2438t = H wjA
o b FoF otk gryohz Z9IF AAlH A

X7} glutamined deamination A17]& IFA4oA AAH

E]—S’ 4)

Proxirmal tubular cell ‘ Collecting tubule cell
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Fig. 1. Formation of titratable acidity. Note that a regenerated (new)
HCOs is returned to the blood for every H * that is secreted.

CA : carbonic anhydrase.
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Proxirmal tubular cell | Collecting tubule cell
Lurmnen
MHz MNHz
%LSNa*'
o +
Net-K*-aTPase b e J HH-ATFPase A
et NH:—T — HNHf SO H'
HZOg
Glutaj:mne
Nt w—ketnglutarate Hz0 Ca
D?E -\l OH™ + CO
+
SHCOG"‘\_ i o Glucose 2

| f '

Fig 2. Formation of urinary ammonium. The ammonium that is
formed from glutamine secreted directly into the lumen by
substitution for H® on the Na -H antiporter a-ketoglu-
tarate, which is another metabolite from glutamine, turned to
glucose by using H' which results in the regeneration of
HCOs in the proximal tubule. In the collecting tubule, non-
polar, lipid-soluble NH; diffused from the interstitium into the
lumen. CA : carbonic anhydrase.
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Cortex
Medulla 53 segment
(—: ’—Na*'
. ) NHz + H*
H* _QNH-P' 3
. Na++
NH. NHq' NH" 6= NHz o NHs (L p+
2C| e
ATPaze
I MHg"
Interstial MHz
recycling
—_—
. 7

Medullary callecting tubule
Loop of Henle

Fig. 3. Ammonium recycling within the renal medulla. Although ammonium

£ H*-&TRase cr
Kt i -, S H =
[ Fltered  Secreted [ HCO3

production occurs predominantly in the proximal tubule, most of the am-
monium is reabsorbed in the thick ascending limb of Henle by substitu-
tion for K" on the Na'-K'-2Cl" cotransporter in the luminal membrane.
The NHs diffuses into the medullary interstitium, where it reaches high
concentrations. It then diffuses back into the segments that have the
lowest pH, those are medullary collecting tubule and S3 segment of the
proximal tubule that have the most favorable pH gradient.

COuter Medullary

Proxirmal tubular cell ‘ Collecting tubule cell

FL SHat

Nat-Kr-ATPaze E———~MNa’

Lumen

Hong +  H*
Hat CAll
Nat izl l
l HzCOz
SHC O E”COg + OH" lCF”'U' OH™+ Cog
Lz +Hall

( ™

Fig. 4. Bicarbonate reclamation in the proximal tubule and the collecting tu-

bule. Luminal carbonic anhydrase (carbonic anhydrase type 1V) facilitate
the formation of CO. In the proximal tubule, the H' is secreted into
the lumen by the Na'- H antiporter and the entry of the bicarbonate
into the blood takes place by Na -SHCOs; cotransporter. The H is
secreted into the lumen mainly by H'-ATPase and the bicarbonate
reclamation is mediated by Cl /HCOs exchanger in the basolateral
membrane of mid-segment of outer medullary collecting tubule. CA II:
carbonic anhydrase type II, CA IV : carbonic anhydrase type IV.
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Fig. 5. Acidification mechanisms in the cortical collecting tubule cells.
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Fig. 6. Acidification mechanisms in the medullary collecting tubule cells.
The lumen has positive potential difference. Note that virtually
all cells are a-intercalated cell. A cell . f-intercalated cell.
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