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The composition of a urinary tract stone often
may be related to increased urinary concentration
of one or more of the stone constituents or to
characteristic hydrogen ion concentrations in the
urine (1). Thus calcium phosphate and calcium
oxalate are the major constituents of stones in
patients with hypercalciuria, cystine stones are
limited to patients with increased urinary cystine
due to cystinuria (2), and calcium magnesium am-
monium phosphate stones are generally found in
patients with constantly alkaline urine due to urea-
splitting infections. Boyce and King (3) have
suggested that formation of an organic matrix may
be the primary abnormality in stone formers and
that the mineral content of the stone may reflect
merely the chemical composition of the urine at
the time the matrix was formed. This paper con-
cerns studies of certain chemical factors in patients
known to form uric acid stones.

Uric acid stones occurred in 10 per cent of a
series of 207 stone patients (1). As a group these
patients presented certain clinical characteristics.
Thus, of 67 consecutive uric acid stone patients,
the average age was 59, which is considerably
older than the average age of the other groups of
stone patients (1). Of these 67 patients 42 were
male and 15 female. Fifty per cent of this series
was Italian or Jewish, in contrast to 14 per cent
Italian or Jewish among 77 miscellaneous stone
patients for whomno cause of stone was identified
(1). Uric acid stones have the same radiodensity
as soft tissues, are unapparent in plain roentgeno-

* These studies were supported in part by grants from
the American Cancer Society (E-67), the United States
Public Health Service (A-605), and Ayerst Laboratories.
The material of this paper was published in abstract form
under the same title and authors (J. clin. Invest. 1958, 37,
901).

f Present address: Seton Hall College of Medicine,
Medical Center, Jersey City 4, N. J.

j Present address: State University of New York,
Downstate Medical Center, Brooklyn, N. Y.

grams, and can be demonstrated only by suitable
contrast pyelography. The urinary sediment of
uric acid stone patients frequently contains uric
acid crystals.

METHODS

The methods for complete balance studies and for
chemical determinations have been described previously
(4-6). Uric acid was measured both calorimetrically
(7) and by a specific uricase method (8). Urinary pH
was sometimes measured with glass electrodes and some-
times estimated calorimetrically with Nitrazine paper.'
Urine was refrigerated during 24-hour collections and
until analyzed but was not collected under oil. All pa-
tients were free of significant urinary tract infection
during studies.

RESULTS AND INTERPRETATIONS

1. Serum and urinary uric acid. At least three
subgroups of uric acid stone patients are recog-
nized. In one series (1) of 22 uric acid stone pa-
tients 7 were hyperuricemic owing to gout or to
polycythemia and some of these hyperuricemic
patients had increased urinary uric acid (Figure
1). Chronic diarrhea was present in a second
subgroup of 3 patients. Finally, in 14 patients
there was no history of gout or chronic diarrhea;
10 of these so tested had normal serum uric acid
levels; and none of the 6 so tested had increased
urinary uric acid (Figure 1). For the remainder
of the paper attention is focused on the biochemical
abnormalities characteristic of the majority of
uric acid stone patients who did not have diarrhea,
gout, hyperuricemia, or hyperuriciuria.

2. Urinary acidity. The average urinary pH
measured by Nitrazine paper of multiple random

1 Urinary pH determinations with Nitrazine paper are
reported herein to the nearest 0.5 pH U. However,
comparisons with glass electrodes generally confirmed
the manufacturer's recommendation that for urinary
measurements 0.2 pH U be subtracted from the apparent
pH.
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FIG. 1. URINARY URIC ACID EXCRETION OF 19 CONTROL

PATIENTS, 7 PATIENTS WITH GOUTAND URIC ACID STONES,

AND 13 NORMOURICEMICURIC ACID STONEPATIENTS. Uric
acid values for the uric acid stone patients with known
gout are represented by the letter G. Each value for the
normouricemic uric acid stone patients and the miscel-
laneous unselected control patients is represented by a

dot. All values were obtained on free diets. Concen-
trations of urinary uric acid were also similar in the con-

trol patients and in the uric acid stone patients. Atsmon
and associates (9) have also reported that many uric acid
stone patients have normal serum and urinary uric acid
values.

fresh voidings throughout the day of 16 uric acid
stone patients varied from 4.4 to 5.1 with an over-

all average of 4.8. Elliot, Sharp and Lewis (10)
have recorded that the pH of similar multiple
random voidings of normal persons varied from
4.8 to 7.4, with an over-all average of 5.9.

The importance of low urinary pH in deter-
mining precipitation of uric acid is suggested by
the estimates of Peters and Van Slyke (11) that
the solubility of total uric acid in dilute buffer
solutions decreases from 1,580 to 80 mg per L as

the pH is decreased from 7.0 to 5.0. It is clear
from Figure 1 that even normal values for urinary
uric acid excretion, when applied to normal urine

volumes, imply concentrations far in excess of the
predicted solubility at low but not at higher urine
pH's.

3. Balance data on uric acid stone patients.
Complete balance studies were carried out in four
uric acid stone patients. The results of a 9-da-
complete balance study in a 76 year old Jewish
housewife with multiple uric acid stones are typi-
cal and are shown in Figures 2 and 3. Urinary
pH estimated with Nitrazine paper at each voiding
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FIG. 2. BALANCE DATA FOR NITROGEN, PHOSPHORUS,

CALCIUAM, AND MAGNESIUAI ON E.T., A 76 YEAR OLD JEW-
ISH HOUSEWIFEWITH URIC ACID RENAL STONES. The pa-
tient was on a nearly neutral ash diet for 5 days before
and throughout the study. Balance studies in three other
uric acid stone patients showed no overt disturbance of
nitrogen, phosphorus, or magnesium balance. For each
constituent measured there is a heavy zero line and intake
is measured down from this line. Urinary and fecal ex-
cretion are charted up from the intake line. The scales
represent the ratio of these substances as found in most
tissues (4). Serum samples were obtained after a 15-
hour fast.
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FIG. 3. BALANCEDATA REGARDINGPOTASSIUM, SODIUM,

CHLORIDE, SERUMCO2 ANDPH, AND BODYWEIGHTIN E.T.

Fecal and dietary chloride were not measured and hence

only urinary chloride is charted. Balance studies in three

other uric acid stone patients revealed no overt disturbance

of potassium or sodium balance, urinary chloride, or se-

rum CO2 and pH.

was regularly 4.5 to 5.5 with only two values as

high as 6.0. The constant marked acidity of the
urine on a nearly neutral ash diet excluded racial
selection of a strongly acid ash diet as the cause

for constant marked urinary acidity. Normal ve-

nous blood pH, CO,, and major electrolytes ex-

cluded systemic acidosis as a cause for an acid
urine. There was no evidence of renal insuffi-
ciency as judged by normal urinalysis, fasting
blood nonprotein nitrogen, urinary concentration,
urinary culture, and excretion of phenolsulfon-

phthalein. The possibility that clinically unappar-

ent fecal bicarbonate loss led to compensatory acid
urine in the "idiopathic" uric acid stone formers,
as it does in those with chronic diarrhea, was made
unlikely by the finding of normal (6) fecal Na, K,
Ca, and Mg. Normal serum K and CO, values
excluded significant potassium deficiency. Since
sodium balance showed only the usual 12 to 24
mEq daily positive balance attributable to normal
(but unmeasured) sweat sodium, it is unlikely
that there were excessive sweat sodium losses.

Figure 4 presents data regarding the major uri-
nary anions and cations of Patient E.T. The av-

erage daily urinary organic acid excretion of 36

E.T FEMALE AGE76 MEQ/24WR.
1I3C ACID RENAL STONE O
174611 4/19/53

64 NA

96CITRATE

TOTAL MEO./24HR 128 ACID
25616 .

224 CHLORIDE

92I 9. 2E*l E 2SULFATE

1 60 a

12 8 ;HSPHATE

96

ORGANICACIDS

32I BICARBONATE+

: 77TITRATABLE ACDK
i ' -BICARBONATE

TOTAL MEO.24HR. UNDETERMINED

BASE

22 4 DETERMINED

192-BS

160 AMMONIUM

000000 91000 MAGNESIUM

96 000000000000000000000

CALCIUM
.. . *, . . . .., .

32

00IIIIPOTASSIUM

0

7-5 'mSODIUM
7.0

I1: URINE

ASH OF DIET
6.51 URINE PH *|| . 23 M.E. EXCESSBASE

6.0-

5.5'

5.0-

4.5

DAYS 3 5 7 9

FIG. 4. SUMOF URINARY ANIONS ANDCATIONS OF E.T.
The value for urinary ammonium is approximately one-

half that for TA - CO2. If titratable acidity per se had
been measured it would have been even greater than
TA - CO2. Note the constantly very acid urine (esti-
mated with Nitrazine paper at each voiding) with a mean

value less than pH 5.5. Sodium citrate alkalinized the

urine in normal fashion.
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TABLE I

Average values for urinary pH, ammonia, titratable acidity minus bicarbonate and uric acid, and serum
bicarbonate after 6 days on constant nearly neutral ash diets in four patients with uric acid stones *

Urine Urine Urine Urine Serum
Patient Age pH NH4+ TA -CO2 Uric acid HCOs-

yrs U mEql mEql mg/ mEI/L
24 hrs 24 hrs 24 hrs

E.T. 76 5.0 15 30 449 29
A.A. 66 5.6 22 34 486 33
I.Y. 60 5.2 14 30 405 29
J.P. 62 5.5 25 25 700 32

* Balance data for nitrogen, phosphorus, calcium, sodium, and potassium in these patients were normal. Peters and
Van Slyke (12) list normal daily urinary ammonium as 20 to 70 mEq. The above average values for E.T. and I.Y. fall
below and those of A.A. and J.P. lie at the lower limits of this normal range.

mEq is in the normal range (13) of 0.6 to 1.0
mEqper kg body weight per day (which for this
55 kg patient would mean a value between 33 and
55 mEq per day). Urinary total organic acid
excretion was also unremarkable in uric acid stone
patients A.A., I.Y., and J.P. Balance data for
nitrogen, phosphorus, calcium, sodium, and potas-
sium were normal in three additional uric acid
stone patients.

After reviewing the above data Schwartz and
Relman (14) pointed out that normally in very
acid 24-hour urine specimens the milliequivalents
of ammonium (NH4+) exceed those of titratable
acidity (TA), whereas Patient E.T. with uric acid
stones excreted less than half as many milliequiva-
lents of NH4+ as of TA.2 Table I illustrates simi-
lar findings in three other uric acid stone patients.
In Figure 5 the urinary NH4+: pH relationship
found in the four uric acid stone patients is com-
pared with similar values reported for normal
subjects reported by Milne, Stanbury and Thom-
son (16).

4. Response to ammonium chloride. Table II il-
lustrates that three normal subjects were able to
increase excretion of titratable acidity, ammonium,
and calcium sufficiently within 6 days to meet the
metabolic challenge of a moderate daily load of
ammonium chloride. The less adequate response
of two uric acid stone patients is also shown.
Due to the low pH of the urine of the uric acid

2 Due to the technical difficulty of preventing loss of
CO2 by aeration from 24-hour urine specimens and, as
discussed elsewhere (15), the measurement of titratable
acidity minus bicarbonate (TA - COO) was used in these
studies rather than measurement of TA and CO.. sepa-
rately.

stone patients in the control period further in-
crease in titratable acidity was limited, and the
increase in ammonium was inadequate to match
the acid load within 6 days. As a consequence,
systemic acidosis was more marked than in the
normal subjects.
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TABLE II

Urinary pH, ammonium, titratable acidity minus bicarbonate, and calcium during constant nearly neutral
ash diets before and after 5 and 6 days of NH4CI administration to three normal subjects and to two

patients with uric acid stones *

Control period for average urinary: Average, Days 5 and 6, NH4Cl
NH4Cl

Subjects pH NH4+ TA -CO2 Ca Sum load pH Ca NH,+ TA -CO2 Sum

U mEqper 24 hours mEq Cl/day U mEqper 24 hours
S.W., NC 5.7 42 33 3 78 148 5.1 11 157 53 221
P.N., NC 6.1 30 20 5 55 148 5.4 13 152 35 200
L.C., NC 32 7 3 42 130 9 116 45 170
J.Y., UAS 5.2 14 30 3 47 143 4.9 9 103 39 151
J.P., UAS 5.5 25 25 3 53 148 5.0 10 125 42 177

The "sum" columns refer to the sum of the milliequivalents of NH4+, TA - CO2and calcium. The increase in this sum
approaches the chloride load in the normal subjects. The uric acid stone patients were unable to increase ammonium
excretion to a similar degree and consequently had a more marked dislocation of serum bicarbonate and chloride. The
control subjects were 28, 23, and 25 years old; I.Y. was 60, and J.P. was 62. NC = normal controls; UAS = uric acid
stones.

DISCUSSION

The above findings suggest that constant marked
acidity of the urine is an important factor in uric
acid stone formation. Of the various possible
defects that could maintain such constant marked
urinary acidity, decreased renal tubular secretion of
ammonium was probably present in all four uric
acid stone patients; all of these patients showed
urinary ammonium less than titratable acidity,
lower ammonium to pH ratios than those reported
during brief urine collections in normal subjects,
and less capacity to increase ammonium after an

acid load than did three normal young subjects.
Urinary ammonium, titratable acidity, and pH
have not been measured or reported in a large se-

ries of control subjects of similar age on nearly
neutral ash diets. It should be noted that the uric
acid stone patients were 60 to 76 years old (Table
I). Hilton, Goodbody and Kruesi (17) have
shown that elderly subjects have a decreased
ability to restore blood pH and CO, to normal
during prolonged ammonium chloride administra-
tion. Thus it is possible that deficient ammonium
excretion is typical of aging and, when especially
marked, may contribute to uric acid stone forma-
tion. The defect in ammonium secretion in the
uric acid stone patients was incomplete and did
not result in systemic acidosis on diets that were

not strongly acid ash.
The findings in 10 of 18 uric acid stone patients

of unusually low urinary calcium (less than 60
mg per 24 hours) despite normal serum calcium
also suggests a disturbance of renal tubular func-

tion. The increased incidence in Italian and
Jewish patients suggests a congenital factor in
uric acid stone formation.

Wehave not carried out similar studies on hy-
peruricemic uric acid stone patients but have
observed a constantly very acid urine in several
such patients in contrast to the normal variation
in urinary pH in several gouty patients without
known uric acid stone formation. The higher in-
cidence of uric acid stones in gouty patients than in
the general population suggests that the disturb-
ance of ammonium secretion may somehow be re-
lated to a disturbance of uric acid metabolism, but
the relationship is not apparent in the many nor-
mouricemic, normouriciuric uric acid stone pa-
tients.

Uric acid stones occur in patients with chronic
diarrhea. It is suggested that excessive fecal bi-
carbonate and potassium loss in such patients
may result in constantly low urinary pH with re-
sultant uric acid precipitation.

The chemical characteristics of the uric acid
diathesis include a constantly very acid (pH 4.5
to 5.5) urine without systemic acidosis and a low
24-hour urinary ammonium which is less than
titratable acidity. The diagnosis is established if
uric acid stones are recovered from the patient.
It should be noted that normal individuals may
produce similar urine but probably do not do so
for prolonged periods. The chronic administra-
tion of sodium citrate or of any alkali in quanti-
ties sufficient to raise the urinary pH above 6.0
prevents uric acid stone formation.
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SUMMARY

Uric acid renal stones may occur in hyperuri-
cemic, hyperuriciuric gouty patients but more of-
ten occur in elderly Italian or Jewish patients with
normal serum and urinary uric acid levels. Pre-
cipitation of uric acid in such patients is prob-
ably due to the constant marked acidity of their
urine. In four such patients the marked acidity
was associated with a low ammonium excretion;
two patients showed increases in ammonium ex-

cretion after acid loading which were less than
those observed in three normal young subjects.
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