

















anhydrase in functional contact with tubule fluid.
Thus, in the presence of proton secretion, carbonic
acid would accumulate and would reduce pH in situ
below the equilibrium pH value. This reduction in
luminal pH serves to shift the equilibrium for am-
monium, favoring the formation of NH;. Hence, the
luminal NH; concentration would be reduced and the
driving force for diffusion of NHs from interstitium
to collecting duct would be magnified. Such a view
has been verified in the cortical collecting tubule by
Knepper et al., who demonstrated that addition of
the enzyme carbonic anhydrase to the tubule lumen
converted net ammonium secretion to net ammo-
nium absorption (33). Thus, the presence of a dise-
quilibrium pH in this segment is a critical determi-
nant of ammonium secretion. Recently, Wall et al.
were unable to detect carbonic anhydrase activity in
the inner stripe of the outer medulla (41). In contrast,
however, endogenous luminal carbonic anhydrase
activity was observed in the initial IMCD but not in
the terminal IMCD. Studies in the rabbit have sub-
stantiated this pattern of distribution of the enzyme
(42). In the rabbit, Star and coworkers found a dise-
quilibrium pH in collecting ducts from the outer
stripe of the outer medulla but a disequilibrium pH
was not observed in the inner stripe (34,38).

The second major determinant of NH; secretion
into the collecting duct is epithelial permeability to
NH;. Permeabilities of individual collecting duct seg-
ments for NH; have been reported recently. Flessner
et al. (43) found the NH; permeability to be low,
approximately 10~% cm/s in all segments of the rat
collecting duct studied. In contrast, the NH; permea-
bility varied axially along the collecting duct so that
permeability was lowest in the IMCD and highest in
the cortical collecting duct. Intermediate values were
obtained in the inner stripe of the outer medullary
collecting duct. Such differential NH;/NH; permea-
bilities would facilitate NH; secretion with a minimal
amount of black diffusion of NH3.

The last determinant of NH; secretion in the col-
lecting duct is epithelial surface area. In general, the
greater the total surface area, the greater the mag-
nitude of NH; secretion. Surface area in the rat col-
lecting duct has been estimated by Knepper et al.
(44). These findings demonstrate a gradual decrease
in surface area from the more proximal to the more
distal portions of the collecting duct with a rapid
decrease in surface area in the IMCD, as a result of a
marked reduction in the number of collecting ducts
as they merge into the inner medulla.

The factors determining ammonium secretion in
the collecting duct can be summarized as follows. In
the cortical collecting tubule, the NH; gradient is
relatively low; therefore, ammonium secretion is de-
pendent primarily on the large surface area of this
segment, the high NH; permeability and the presence
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of a disequilibrium pH. In the inner stripe of the outer
medulla, as in the cortex, ammonium secretion is
also maintained primarily by the large surface area,
the relatively high NH; permeability, and the pres-
ence of a disequilibrium pH. In contrast, in the ter-
minal IMCD, NH; permeability and surface area are
relatively low. Therefore, ammonium secretion could
be maintained primarily by the large interstitial-to-
luminal NH; gradient and the presence of a disequi-
librium pH. Thus, the complexity in the mechanism
of ammonium secretion along the collecting duct pro-
vides a multitude of sites for regulation.

PATHOPHYSIOLOGY OF RTA: DEFECTS IN AMMO-
NIUM PRODUCTION AND TRANSPORT

The two major steps involved in urinary acidifica-
tion are bicarbonate reclamation and net acid ex-
cretion. Bicarbonate reclamation is accomplished
predominantly by Na*/H* exchange in the proximal
convoluted tubule and TAL of Henle's loop. A proton-
translocating ATPase contributes to acidification in
at least two segments: the collecting duct and the
proximal tubule. The integrity of the distal nephron
proton pump can be assessed qualitatively by meas-
uring the increment in urinary Pco, during a bicar-
bonate infusion. That the increase in Pco, during a
bicarbonate diuresis is a valid qualitative index of
the distal nephron proton pump has been demon-
strated in studies in our laboratory in which an acid
disequilibrium pH in the IMCD was shown to exist in
parallel with a Pco, in tubule fluid which exceeded
values in systemic arterial blood by more than 30
mm Hg (39). As emphasized in the preceding sections,
ammonium production and transport are the major
regulatory components of net acid excretion. NHZ is
derived from glutamine and is secreted preferentially
across the apical membrane of the proximal convo-
luted tubule. NH is absorbed in the TAL of Henle's
loop and accumulates to high concentrations in the
medullary interstitium, generating a concentration
gradient which favors passive diffusion of NH; from
interstitium to MCD. During chronic metabolic aci-
dosis, net acid excretion is enhanced, in part, as a
result of an increase in hydrogen ion secretion. In
addition, there is an increase in ammonium produc-
tion and secretion in the proximal tubule and in-
creased NH{ absorption in the TAL of Henle's loop.
Thus, ammonium accumulation in the medulla is
augmented and entry of ammonium into the medul-
lary collecting duct is enhanced.

There are several theoretical defects, or combina-
tion of defects, which could account for the several
types of abnormalities in urinary acidification ob-
served in distal RTA. All types of distal RTA are
associated with a decrease in ammonium excretion.
This decrease in ammonium excretion can occur as
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a result of a decrease in ammonium production, as
occurs with hyperkalemia, or as a result of a decrease
in transport of ammonium in one of several nephron
segments. These defects in ammonium transport
could occur as a consequence of any renal disease
which impairs the integrity of ammonium transport
in nephron segments responsible for the transfer of
ammonium from the loop of Henle into the collecting
duct. Alternatively, ammonium transport could be
compromised, secondarily, as a result of specific de-
fects in proton transport in the collecting duct. Proton
transport defects would be associated with an in-
crease in tubule fluid pH and would create conditions
less favorable for ammonium entry and trapping.

Several experimental models of distal RTA have
been investigated by DuBose and Caflisch (45). In the
acidification defect associated with chronic ampho-
tericin B administration in rats, the ability to gener-
ate an acid disequilibrium pH in the IMCD was not
impaired. Moreover, the ability to elevate urinary
Pco; and papillary collecting duct Pco, was preserved.
Thus, the inappropriately elevated urine pH during
systemic acidosis appears to be the result of back
diffusion of hydrogen ions through channels inserted
in the membranes by the antibiotic. Ammonium ex-
cretion is reduced, in part, because of the higher pH
in the IMCD. Amphotericin may also increase NH}
permeability and allow for back diffusion of NHZ,
thus reducing net NH3 excretion.

In contrast to the findings in the amphotericin B
model, the postobstructed model was associated with
systemic metabolic acidosis, an inability to acidify
the urine after an acid challenge, a decrease in am-
monium excretion, and obliteration of the acid dise-
quilibrium pH. In parallel with this latter finding,
papillary Pco, was reduced to levels significantly be-
low that observed in nonobstructed controls. This
example of a nonvoltage-mediated pump defect is
associated with an inappropriately alkaline urine
and a reduction in ammonium excretion. Ammonium
excretion is reduced because of a decrease in ammo-
nium entry into the MCD as a result of impaired
hydrogen ion secretion and the absence of a disequi-
librium pH in this segment.

Chronic amiloride administration in the rat has
been employed as a model of a voltage-dependent
distal renal tubular defect (45). As was observed in
the postobstructed model, a disequilibrium pH was
not present in amiloride-treated rats and papillary
Pco. did not increase during a bicarbonate diuresis.
Amiloride decreases apical sodium entry in the cor-
tical collecting tubule and may impair, secondarily,
proton secretion in this same segment. The decrease
in net acid excretion appears to be the combined
result of several coexisting factors. First, hyperkale-
mia reduces proximal tubule ammonium production
and impairs ammonium absorption in the TAL.
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Therefore, accumulation of ammonium in the inner
medulla would be compromised. Second, as a result
of the decrease in net hydrogen ion secretion, less
ammonium will be secreted along the collecting duct.
Recently, Kurtz and colleagues (46) have demon-
strated that amiloride was associated with a decrease
in ammonium excretion and an increase in the return
of ammonium to the systemic circulation via the
renal vein. They reasoned that the “partitioning” of
ammonium between renal vein and final urine was
shifted toward the renal vein in the amiloride defect.
The consequence of such a shift would be to return
a greater portion of NHJ to the systemic circulation
rather than into the urine. Hepatic metabolism of the
systemic NHJ serves to consume bicarbonate. Such
findings support the view that the systemic metabolic
acidosis which occurs in the voltage-dependent de-
fect depends significantly on the decrease in ammo-
nium excretion and is associated with an increase in
the return of ammonium produced in the kidney to
the systemic circulation.

The defects in acidification in a model of selective
aldosterone deficiency have been investigated re-
cently (47). Ammonium excretion is impaired in se-
lective aldosterone deficiency as a consequence of
the deleterious effects of hyperkalemia on ammo-
nium production in the proximal tubule and am-
monijum transport in the TAL. Moreover, a dis-
equilibrium pH was absent in the inner medullary
collecting duct and papillary Pco, was below levels
observed in control rats. These defects in the produc-
tion of ammonium and in the transport of both am-
monium and hydrogen ions would compromise the
accumulation of ammonium in the renal medulla and
compromise the secretion of ammonium into the
MCD.

Because hyperkalemia may exert selective effects
on urinary acidification, we have recently turned our
attention to an investigation of the effects of chronic
dietary potassium loading on ammonium transport
(17). In this model of chronic hyperkalemia in the
rat, a mild systemic metabolic acidosis coexisted with
hyperkalemia. Renal ammonium excretion and renal
ammonium production were reduced significantly.
Nevertheless, net secretion of ammonium by the
early proximal convoluted tubule was not impaired.
Moreover, absolute delivery of ammonium out of the
late superficial proximal convoluted tubule was no
different than in controls. Thus, it was reasoned that
the decrease in ammonium excretion must have been
a result of impaired ammonium transport in a neph-
ron segment beyond the superficial late proximal
convoluted tubule. In preliminary studies, the effects
of chronic hyperkalemia on the transport of ammo-
nium have been examined in the IMCD (26). In
chronic hyperkalemia, net secretion of ammonium
into this segment was no longer observed. In these
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same studies, NH; concentrations calculated from
the pH and total ammonia concentrations were com-
pared between the medullary interstitium and the
collecting duct fluid. In chronic hyperkalemia, a de-
crease in the concentration gradient favoring passive
diffusion of NH; from interstitium to collecting duct
was associated with a decrease in NH; entry into the
IMCD. On the basis of the findings of Good (25) that
an increase in K* concentration inhibits active NHJ
absorption in the isolated perfused MTAL in vitro,
we assume that the decrease in medullary ammo-
nium accumulation in chronic hyperkalemia is the
result of a decrease in NH{ transport in the TAL of
Henle.

To place these findings in perspective, it seems
reasonable to reconsider the pathophysiology of dis-
tal RTA and to attempt to incorporate into this con-
sideration more recent concepts of ammonium pro-
duction and transport. Distal RTA may be the result
of either (1) a defect in ammonium production or
transport, and/or (2) a decrease in the integrity of
the proton pump in the distal nephron (Table 4). A
defect in ammonium excretion could occur as a selec-
tive defect in ammonium production or impaired
medullary accumulation and transfer into the MCD.
Impaired production of ammonium is most regularly
associated with chronic hyperkalemia. Impaired
medullary accumulation and transfer of ammonium
into the MCD could be observed in mild medullary
interstitial disease, in hyperkalemia, or in conditions
associated with washout of renal medullary solute. A
specific defect in the medullary proton pump could
occur in obstructive nephropathy, more advanced
forms of interstitial renal disease, or selective aldos-
terone deficiency. The best clinical example of a volt-

TABLE 4. Pathophysiology of distal RTA

1. Ammonium defect
a. Impaired ammonium production
Hyperkalemia
b. Impaired medullary accumulation and transfer
of ammonium into MCD
Medullary interstitial renal disease
Hyperkalemia
Medullary washout
2. H* secretory defect
Pump defect-MCD
Obstructive nephropathy
Interstitial renal disease
Selective aldosterone deficiency
Voltage defect-cortical collecting duct
Selective aldosterone deficiency
Pseudohypoaldosteronism-type Il
H* backleak
Amphotericin B nephrotoxicity
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TABLE 5. Urine net negative charge to approximate
urine ammonium®

1. “Spot” urine electrolytes: (Na*), (K*), and (CI") in a
patient with hyperchloremic metabolic aci-
dosis

2. Calculate: (Na* + K*) — CI”

3. Interpretation:

(Na + K) = CI"; (NH.*) = 80 mEq/L

(Na* + K*) > CI7; (NH,*) low

CI" > (Na* + K*); (NH,*) > 80 (adequate)
4. Interfered by:

Unusual anions (drugs)

Ketonuria

° Adapted from reference 50 with permission.

age defect involving the cortical collecting tubule is
the defect observed in pseudohypoaldosteronism type
II. Finally, a defect in net hydrogen ion secretion
would be observed as a result of hydrogen ion back-
leak as occurs in amphotericin B nephrotoxicity.

To evaluate patients with chronic hyperchloremic
metabolic acidosis, it seems reasonable to begin by
attempting to approximate urinary ammonium excre-
tion (Table 5). On the basis of the studies of Goldstein
and colleagues (48) and Batlle and colleagues (49), it
appears that a reliable means of estimating urinary
ammonium concentration is to calculate the urine
net negative charge. The use of this calculated value
to estimate urinary ammonium is simple, convenient,
and reliable. Nevertheless, it would be desirable to
encourage laboratories to become proficient in the
determination of ammonium concentration in urine.
If the urine chloride concentration exceeds the sum
of sodium and potassium, one would predict that the
urinary NHJ concentration is appropriately elevated.
This finding would suggest that the hyperchloremic
acidosis was generated as a result of gastrointestinal
bicarbonate loss or acetazolamide. In contrast, the
net negative charge would be inappropriately low or
positive in patients with RTA. A urine pH under oil
should be measured at this juncture during systemic
metabolic acidosis. A urine pH below 5.5 suggests
proximal RTA, or a defect in ammonium production
or ammonium transport as may be seen with hyper-
kalemia or medullary interstitial disease. If the urine
PH is above 5.5, one should then measure the urine
Pco, after bicarbonate administration. If the urine
Pco, minus the blood Pco, is below 25 mm Hg and
the plasma potassium is normal, a specific defect in
the distal nephron hydrogen secretory pump is pres-
ent. In the presence of hyperkalemia and a low U-B
Pco,, a voltage defect should be considered. If the U-
B Pco; is greater than 70 mm Hg, then a “gradient”
lesion, as seen with amphotericin toxicity, should be
suspected.
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When such an approach is taken and emphasis is
placed initially on approximating the urinary am-
monium concentration, there will be less reliance on
urine pH, a very imprecise means of evaluating uri-
nary acidification (50). RTA is warranted and may

help

to elucidate the pathophysiological defects

which prevail in patients with this disorder. How-

ever

. in most patients reported to date, the inability

to increase urine Pco, above systemic arterial blood
levels suggests that classical hypokalemic distal RTA
is the result of a nonvoltage-mediated secretory de-

fect.

ACKNOWLEDGMENTS
The authors thank Connie Clack for typing the manuscript. This

work

was supported in part by grants DK 30603 (T.D. DuBose, Jr.),

DK 38217 and DK 01745 (D.W. Good), and DK-34394 (L.L. Hamm)
from the NIH.

REFERENCES

1.

2.

10.

11.

12.

1202

. Preisig PA, Alpern

Knepper MA, Packer R, Good DW: Ammonium
tr;ags rt in the kidney. Physiol Rev 1989;69:
179-249.

Simon E, Martin D, Buerkert J: Contribution of
individual superficial nephron segments to am-
monium handling in chronic metabolic acidosis
in the rat. J Clin Invest 1985;76:855-864.
Good DW, DuBose TD Jr: Ammonia transport
by early and late proximal convoluted tubule of
the rat. J Clin Invest 1987:79:684-691.

Hamm LL, D, Martin D, Gillespie C, Buer-
kert J: Transport of ammonia in the rabbit
cortical collecting tubule. J Clin Invest 1985;
75:478-485.

. Garvin JL, Burg MB, Kneglper MA: NH; and

NH; transport by rabbit renal proximal straight
tubules. Am J Physiol 1987:252:F232-F239.

. Star RA, Kurtz I, Mejia R, Burg MB, Knepper

MA: Dls:guillbrlum pH and ammonia transport
in isolated perfused cortical collecting ducts. Am
J Physiol 1987;253:F1232-F1242.

RJ: Pathways for apical and
basolateral membrane NH; and NH{ move-
ment in rat proximal tubule. Am J Physiol
1990;259:F587-F593.

Kinsella JL, Aronson PS: Interaction of NHi
and Li* with the renal microvillus mem-
brane Na*-H* exchanger. Am J Physol 1981;241:
C220-C226.

Nagami GT: Luminal secretion of ammonia in
the mouse proximal tubule perfused in vitro. J
Clin Invest 1988;81:159-164.

Simon EE, Merli C, Herndon J, Cragoe EJ Jr,
Hamm LL: Determinants of ammonia en-
try along the rat proximal tubule durin%
chronic metabolic acidosis. Am J Physio]
1989;256:F1104-F1110.

Simon EE, Hamm LL: Ammonia entry along rat
proximal tubule in vivo: Effects of luminal pH
ar;% flow rate. Am J Physiol 1987;253:F760-
F766.

Kurtz I, Star R, Balaban RS, Garvin JL, Knep-
per MA: Spontaneous luminal disequilibrium
pH in S; proximal tubules. Role in ammonia

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29,

30.

and bicarbonate transport. J Clin Invest
1986;78:989-996.
Nagami GT, Sonu CM, Kurokawa K: Ammonia
roduction by isolated mouse proximal convo-
uted tubules perfused in vitro. Effect of meta-
bolic acidosis. J Clin Invest 1986;78:124-129.
Nagami GT, Kurokawa K: Regulation of am-
monia production by mouse proximal tubules
perfused in vitro. Effect of luminal perfusion. J
Clin Invest 1985;75:844-849.
Simon EE, Fry B, Hering-Smith K, Hamm LL:
Ammonia loss from rat proximal tubule in vivo:
Effects of luminal pH and flow rate. Am J Phys-
iol 198;255:F861-F867.
Nagami GT: Effect of bath and luminal potas-
sium concentration on ammonia production and
secretion by mouse proximal tubules perfused in
vitro. J Clin Invest 1990;86:32-39.
DuBose TD Jr, Good DW: Effects of chronic
hyperkalemia on renal production and proximal
tubule transport of ammonium in the rat. Am J
Physiol 1991, in press.
Good DW, Knepper MA, Burg MB: Ammonia
and bicarbonate transg?rt by thick ascend-
ing limb of rat kidney. Am J Physiol
1984;247:F34-F44.
Good DW: Active absorption of NH; by rat med-
ullary thick ascending limb; Inhibition by potas-
sium. Am J Physiol 1988;255:F78-F87.
Garvin JL, Burg MB, Knepper MA: Active NH;
absorption by the thick ascending limb. Am J
Physiol 1988;255:F57-F65.
ikeri D, Sun A, Zeidel MC, Hebert SC: Cell
membranes impermeable to NH;. Nature (Lond)
1989;339:478-480.
Watts BA III, Good DW: Effects of NH transport
on intracellular pH (pH)) in rat med thick
ascending limb (MTAL) [Abstract]. J Am Ne-
phrol 1990;1:660.
Watts BA III, Good DW: Effects of NH; concen-
tration on cell pH, NH} absorption, and HCO;
absorption in rat medullary thick ascending limb
[Abstraw. Clin Res 1991, in press.
Good DW, Caflisch CR, DuBose TD Jr: Trans-
epithelial ammonia concentration gradients in
inner medulla of the rat. Am J Physiol
1987;252:F491-F500.
Good DW: Effects of potassium on ammonia
transport by medullary thick ascending limb of
the rat. J Clin Invest 1987;80:1358-1365.
DuBose TD Jr, Caflisch CR, Good DW: Effects
of chronic hyperkalemia on ammonium trans-
port in inner medulla of the rat. Kidney Int
1990;37:347a.
Good DW: Adaptation of HCO;~ and NH{ trans-
port in rat MTAL: Effects of chronic metabolic
acidosis and Na* intake. Am J Physiol
1990;258:F1345-F1353.
Lemann J Jr, Lennon EJ, Goodman AD, Litzow
JR, Relman AS: The net balance of acid in sub-
{ects ven large loads of acid or alkali. J Clin
nvest 1965;44:507-517.
Relman AS, Lennon EJ, Lemann J: Endoge-
nous production of fixed acid and the measure-
ment of net balance of acid in normal subjects.
J Clin Invest 1961;40:1621-1630.
Buerkert J, Martin D, D: Segmental analy-
sis of the renal tubule in buffer production and
ge% acid formation. Am J Physiol 1983;24:F442-
454.

Volume 1 « Number 11 « 1991



31.

32.

33.

34.

35.

36. Desai

37.

38.

39.

40.

41.

Sajo IM, Goldstein MB, Sonnenberg H, Stine-
baugh BJ, Wilson DR, Halperin ML: Sites
of ammonia addition to tubular fluid in rats
with chronic metabolic acidosis. Kidney Int
1981;20:353-358.

Graber ML, ele HH, Mroz E, Lechene C,
Alexander EA: Acute metabolic acidosis aug-
ments collecting duct acidification rate in the
rat. Am J Physiol 1981;241:F669-F676.
Knepper MA, Good DW, Burg MB: Mechanism
of ammonia secretion by cortical collecting ducts
of rabbits. Am J Physiol 1984;247:F729-F738.
Star RA, Burg MB, Knepper MA: Luminal dise-
quilibrium pH and ammonia transport in outer
medullary collecting duct. Am J Physiol
1987;252:F1148-F1157.

Robinson RR, Owen EE: Intrarenal distribution
of ammonia d diuresis and antiduresis. Am
J Physiol 1965;208:1129-1134.

S, Hornbuckle K, Packer RK, Knep
MA: Regulation of countercurrent multiplication
of ammonium in the rat renal medulla. FASEB
J 1990;4:A687.

Lombard WE, Kokko JP, Jacobson HR: Bicar-
bonate transport in cortical and outer medullary

collecting tubules. Am J Physiol 1983;244:
F289-F296.
Star RA, Burg MB, Kn( MA: Luminal dise-

quilibrium pH and ammonia transport in outer
medullary collecting duct. Am J Physiol
1987:252:F1148-F1157.

DuBose TD Jr: Hydrogen in secretion by the
collecting duct as a determinant of the urine to
blood Pco. gradient in alkaline urine. J Clin In-
vest 1982;69:145-156.

Graber ML, ele HH, Schwartz JH, Alex-
ander EA: pH and Pco, profiles of the rat inner
medullary collectmg duct. Am J Physiol
1981:241:F659-F668.

Wall SM, Flessner MF, Knepper MA: Endoge-
nous luminal carbonic anhy is present in
the initial subsegment of the rat inner medullary

Joumal of the American Society of Nephrology

42.

43.

44.

45.

46.

47.

48.

49.

50.

DuBose et al

collecting duct. Clin Res 1990;38:314A.
Kim J, Tisher CC, Linser PJ, Madsen KM: Ul-
trastructural localization of carbonic anhydrase
II in subpopulations of intercalculated cells of
tzttl_)e rat kidney. J Am Soc Nephrol 1990;1:245-
6.
Flessner MF, Wall SM, Knepper MA: NH; and
NH; permeabilities in isolated perfused rat
collecting ducts. Int Soc Nephrol Abstr
1990;11:476A.
Knepper MA, Danielson RA, Saidel GM, et al.:
Quantitative analysis of renal medullary anat-
omy in rats and rabbits. Kidney Int
1977;12:313-323.
DuBose TD Jr, Caflisch CR: Validation of the
difference in urine and blood co. tension during
bicarbonate loading as an index of distal neph-
ron acidification in experimental models of dis-
tal renal tubular acidosis. J Clin Invest
1985;75:1116-1123.
Kurtz I, Dass PD, Cramer S: The importance of
renal ammonia metabolism to whole body acid-
base balance: A reanalysis of the pathophysiol-
of renal tubular acidosis. Miner Electrolyte
etab 1990;16:331-340.
DuBose TD Jr, Caflisch CR: Effect of selective
aldosterone deficiency on acidification in neph-
ron ents of the rat inner medulla. J Clin
Invest 198;82:1624-1632.
Goldstein MB, Bear R, Richardson RMA, Mars-
den PA, Halperin ML: The urine anion gap: A
clinically useful index of ammonium excretion.
Am J Med Sci 1986;292:198-202.
Batlle DC, Hizon M, Cohen E, Guterman C,
Gupta R: The use of the urinary anion gap in
the dlalgnosis of hyperchloremic metabolic aci-
dosis. N Engl J Med 1988;318:594-599.
Carlisle , Donnelly SM, Halperin ML: Renal
tubular acidosis: R ize the ammonium de-
fect and pHorget the urine pH. Pediatr Nephrol
1991, in press.

1203





