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If-primary gout is an "inborn error of metabo-
lism," as has been postulated (1), all patients
might be expected to share a common, underlying
defect to account for their hyperuricemia. Dis-
agreement has centered about the problem of
whether the primary derangement involves an
impairment of urate disposition or an acceleration
of urate biosynthesis.

In the past a variety of methods has been em-
ployed to' assess urate biosynthesis and disposition
in -gouty patients. The 'daily excretion of uric
acid in the urine is a convenient parameter to
measure but does not include that portion of urate
production which is destroyed by uricolysis or is
deposited in tophi in gouty patients. Benedict,
Forsham and Stetten (2) and Bishop, Garner and
Talbott (3) used uric acid-N15 to estimate the mag-
nitude of the body urate pool and its rate of turn-
over. Benedict and co-workers observed that, in
those gouty patients with extensive tophi and
greatly 'expanded urate pools, such data may not
provide a valid measure of urate synthesis, since
uric acid from tophaceous deposits may dilute the
administered isotopically labeled urate in a manner
indistinguishable from that of newly synthesized
uric acid. Urate biosynthesis has also been stud-
ied by measuring the extent of incorporation of
an isotopically labeled precursor into urinary uric
acid. Some, though not all, of the gouty sub-
jects studied were found to incorporate excessive
amounts of glycine-N'5 into urinary uric acid (4,
5). When trace amounts of glycine-1-C14 were
used in similar studies, an excessive incorporation
of isotope into urinary uric acid was found in all
of the six gouty subjects first investigated (6), but
subsequent studies showed that there were some
gouty patients in whom excessive incorporation of
glycine-1-C4 into uric acid could not be detected
(7-9). An excessive production of uric acid
could exist in such gouty patients, yet fail to be
reflected in the extent of glycine incorporation into
urinary uric acid because of enhanced extra-

renal disposal of urate through deposition in
tophi or increased uricolysis
The purpose of the present investigation was

to evaluate urate production in gouty subjects in
a manner that would allow corrections to be made
for the extra-renal disposal of urate. Studies
were performed with isotopically labeled glycine
to evaluate purine synthesis and isotopically la-
beled uric acid to evaluate the dynamics of the
urate pool. The determination of the urate pool
turnover provided an independent estimate of
uric acid biosynthesis. The results obtained wer'e
correlated with clinical features of the disease and
with urinary excretion of uric acid. On the basis
of these studies, some conclusions were drawn re-
garding the relative roles of excessive urate pro-
duction and impaired urate disposition in the
pathogenesis of the hyperuricemia of gout.

METHODS

Subjects. All normal control subjects were males,
ranging in age from 23 to 65 years. They were pre-
dominantly young, healthy volunteers, but several older
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subj ects with mild degenerative osteoarthritis were in-
cluded. Renal function, as assessed by routine urine
analysis, blood urea nitrogen levels and the phenolsul-
fonphthalein (PSP) excretion test, was unimpaired in
all control subjects and in none was there a family his-
tory of gout.

All the gouty subj ects had experienced several at-
tacks of acute arthritis that had responded to colchicine.
Their serum urate values were definitely within the hy-
peruricemic range. All patients who were studied with
isotopically labeled glycine had suffered attacks typical
of acute gouty arthritis which responded to colchicine
while under our care. Renal impairment was considered
present when the blood urea nitrogen was more than
22 mg per 100 ml or the PSP test revealed less than
45 per cent of the dye to have been excreted in 2 hours,
or both.

All studies were performed on gouty and normal sub-
jects during hospitalization. They were maintained on a

standard 2,600 calorie diet essentially free of purines,
containing 70 g protein, 350 g carbohydrate and 100 g

fat. At least 5 days was allowed for equilibration on

the diet before studies were begun. No patients received
medications other than colchicine, and this was omitted
during the day prior to and for the 3 days after adminis-
tration of isotopically labeled compounds. Most pa-

tients with tophaceous gout had received some form of
uricosuric therapy for varying periods of time prior to
hospitalization.

Materials. Glycine-N' was synthesized as previously
described (10, 11) with an isotope abundance ranging
from 58.8 to 62.7 atom per cent excess for different
batches of glycine. Uric acid-2-C"' was synthesized
from urea-C1' (obtained from Tracerlab, Inc., Boston)
by the method of Cavalieri, Blair and Brown (12). The
synthetic product was purified by recrystallization and
its purity and identity established by reaction with uri-
case (13). The ultraviolet absorption spectrum showed
an extinction coefficient, em, of 12,790. The synthesized
uric acid was diluted with carrier to give a specific ac-

tivity of 12.1 Auc per mmole. Uric acid-1,3-N', contain-
ing 28.6 atom per cent excess of N'3, was kindly provided
by Miss Jean Benedict. Samples of uric acid for intra-
venous injection were sterilized by millipore filtration

TABLE I

Changes in serum urate levels induced by a purine-free diet

Before diet On diet for 7 days

Mean serum Mean serum
Patients No. urate level SD urate level SD

mg% mg%
Normal 22 5.32 ±0.93 4.69 ±t0.68
Gouty 60 9.45 41.88 8.44 i 1.92

8

7

co 6
0

CD
.)5
LL4
0
c 3
IL
m

D2
z

O

200 OR 250
UNDER

1305



SEEGMILLER, GRAYZEL, LASTER AND LIDDLE

a

0

4

0

cc
D
4)

0

E

N

D
z

N

C')
z
0

cc
CD

It
H

3,000

2,000

I,000

DAYS
FIG. 3. THE SPECIFIC ACTIVITY OF URINARY URIC ACID IN NORMAL SUBJECTS AFTER THE

ORAL ADMINISTRATION OF 5 ,uC OF GLYCINE-1-CG.

o ' 5,83d '
<K
o EDrn Range of Normal Subjects

11 < u Gouty Subjects

a' 3E000tL|Hyperuricemia-Urate Renal Lithiasis
53,000N

E \1--T. B.~~~~~~~~~~~~~~~~~~~~~~~~~.s
W F. J.~~~~~~~~~~~~~~~~~~~~-.G

5

C- I_. .. ............ .II.I.................. _....I...

0 1 2 3 4
DAYS

5 6 7

FIG. 4. THE SPECIFIC ACTIVITY OF URINARY URIC ACID IN GOUTY SUBJECtS AFTER
THE ORAL ADMINISTRATION OF GLYCINE-1-C'.

1306



URIC ACID PRODUCTION IN GOUT

TABLE II

Incorporation of isotopically labeled uric acid and glycine into urinary uric acid

7 day recovery of isotope
in urinary uric acid

Administered
glycine

Urate Turnover Admin-
Serum pool Turnover Excretion, excreted istered Uncor- Corrected

Subject urate size rate Turnover uric acid (E/KA) uric acid rected (G/U)
A K KA E X100 U G X100

mg% mg pools/day mg/day mg/day % % % %
Normal controls

D.B.* 5.2 1,290 0.46 593 424 72 70 0.19 0.27
L.L.* 5.5 1,036 0.58 601 388 65 63 0.17 0.27
J.S.* 4.2 1,088 0.67 729 536 74 65 0.16 0.25
C.K. 4.5 1,080 0.56 605 461 76 76 0.21 0.28
C.L. 4.8 986 0.61 601 332 55 57 0.17 0.30
D.P. 4.5 946 0.64 605 455 75 77 0.21 0.27
H.B.t 4.4 0.22

Mean 4.8 1,071 622 433 70

Primary gout, normal glycine incorporation
R.L.* 5.7 1,670 0.46 768 321 42 42 0.08 0.19
M.C. 5.8 1,053 0.59 621 455 73 72 0.23 0.32
R.McJ.t§ 8.9 1,510 0.44 664 513 77 66 0.20 0.31
O.N. II 6.6 1,244 0.43 535 334 62 57 0.17 0.30
E.H.t 7.6 1,490 0.44 656 525 80 72 0.16 0.22

Mean 6.9 1,393 649 430 67

Primary gout, excessive glycine incorporation
F.G.Y** 10.3 2.618 0.49 1,283 211 16 16 0.06 0.38
M.W. 8.8 2,688 0.33 887 470 53 52 0.18 0.35
J.McG*ft 10.3 2,563 0.39 1,102 634 58 63 0.25 0.40
W.O.* 6.9 1,547 0.61 944 624 66 71 0.30 0.42
G.P.tI 8.7 2,590 0.42 1,088 587 53 51 0.25 0.49
R.W. 7.1 1,780 0.48 854 438 52 54 0.33 0.61
G.S.*ff 11.9 2,660 0.49 1,274 529 41 48 0.40 0.83
T.S.* 14.9 3,078 0.55 1,693 571 34 32 0.29 0.91
F.J.¶ftt 11.7 2,567 0.62 1,592 1,186 75 81 0.99 1.22

Mean 10.1 2,448 1,191 583 50

Gout secondary to polycythemia vera
O.R. 8.4 1,722 0.52 895 678 76 79 0.32 0.41

Essential hyperuricemia and (T.B., L.M.) renal urate lithiasis
H.H. 6.5 1,413 0.51 721 463 64 65 0.22 0.34
T.B.tt 8.1 2,134 0.70 1,494 1,112 74 77 1.11 1.44
L.M. 6.1 1,280 0.46 589 430 73 68 0.22 0.32

* Patients who received glycine-N's and uric acid-2-C"4; the remainder received glycine-l-C"4 and uric acid-N16.
t No uric acid-N'5 administered.
Minimal tophaceous involvement, X-ray evidence only.

§ Patient R.McJ. developed evidence of polycythemia vera 2 years after this study.
Five day incorporation.
Diminished PSP excretion, less than 45% of the injected dye excreted in 2 hours.

# Severe tophaceous involvement.
if Moderate tophaceous involvement.
At Patient T.B. is reported by his personal physician to have had one episode of acute arthritis since this study was performed.

of the lithium salt in 5 per cent glucose solution. Gly-
cine-1-C1" with a specific activity of 1.33 mc per mmole
was obtained from Tracerlab of Boston. Hippuric acid
(benzoyl glycine-1-C14), for preparing the self-absorption
curve of this compound, was obtained from Nuclear-
Chicago. Creatine-1-C"4, obtained from Volk Radio-
Chemical Company, was converted to creatinine by heat-
ing for 1 hour in an autoclave at 15 pounds' pressure in
0.5 HCl and isolated as the double salt of zinc chloride
(14) for preparation of a self-absorption curve.

Studies. Studies performed with isotopically labeled
compounds were of two types: 1) patients received 0.72

/Ac of uric acid-2-C1' intravenously, and at the same time,
100 mg per kg of glycine-N' orally with their breakfast
milk; 2) other patients received 36 mg of uric acid-N'
intravenously and 5 /c of glycine-1-C" orally with their
breakfast milk. Sodium benzoate was administered to

sample the glycine pool contributing to the synthesis of
hippuric acid, as previously described (15).

Analytical and isolation procedures, as well as the
procedures for determining the radioactivity and N'
content of samples, were performed as previously de-
scribed (15). Calculations of the body urate pool and
turnover were identical with those of Benedict and col-
leagues (2).

RESULTS

Urinary uric acid and serum urate values on a

standard diet. The range of values obtained for
the daily urinary uric acid excretion of a group of
normal and gouty males under careful dietary
control is shown in Figures 1 and 2. The 22 nor-

mal males showed a mean value of 426 mg per day
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(SD + 81 mg). Assuming a normal distribution
of values, less than 3 per cent of such a population
would be expected to excrete more than 600 mg
per day. This value was taken as the upper limit
of normal. The mean values for 62 gouty pa-
tients was 480 mg per day, which was within
1 SD of the normal mean. The gouty patients
(Figure 2) showed a much wider range of values
than did the normal subjects. Thirteen patients
(21 per cent) excreted more than 600 mg of uric
acid in their urine per day, while a substantial
number, especially those with renal damage, ex-
creted abnormally small amounts.
The effect on serum urate values of ingesting

a purine-free diet for 1 week is shown in Table I.
The values obtained after 5 days of the diet did
not differ substantially from values obtained after
7 days or longer. An equilibration period of 5
days was therefore regarded as adequate prepara-
tion for isotope incorporation study.
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Incorporation of isotopically labeled glycine into
uric acid. The specific activity of C14 in urinary
uric acid after the administration of glycine-1-C14
has previously been used (6) as an index of uric
acid production. The range of values obtained in
studies of nongouty control subjects shown in
Figure 3 is superimposed upon values obtained in
gouty subjects in Figure 4. The only patients
who showed higher than normal values for specific
activity (F.J. and T.B.) also excreted abnormally
large amounts of uric acid daily in their urine.
This relationship has been noted by others in ex-
periments with glycine-N15 (4, 9, 16) as well as
in experiments with glycine-1-C14 (9).
The cumulative recovery of isotope in urinary

uric acid during a given period of time after the
administration of isotopically labeled glycine may
be an even better index of uric acid production
than the specific activities shown in Figure 4 (6).
Such cumulative incorporation values obtained in

NON-GOUTY PRIMARY GOUT PRIMARY GOUT SECONDARY
CONTROL NORMAL EXCESSIVE GOUT
SUBJECTS INCORPORATION INCORPORATION

FIG. 5. INCORPORATION OF ISOTOPICALLY LABELED GLYCINE INTO URINARY URIC ACID IN
CONTROL AND GOUTY SUBJECTS AND THE MAGNITUDE OF THE CORRECTION FOR THE EXTRA-RENAL
DISPOSAL OF URIC ACID. See Table II for details of study.
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the present studies are presented in column G of
Table II and in Figure 5. The very low values
obtained for R.L. and F.G. raised the possibility
that these subjects might be disposing of a con-
siderable portion of their daily uric acid produc-
tion by means other than renal excretion, thus
lowering the amount of isotope that could be re-
covered in their urinary uric acid. To determine
the fraction of newly formed uric acid that failed
to appear in the urine, isotopically labeled urate
was injected intravenously. This labeled uric
acid shared the same fate as urate synthesized by
the body, hence the percentage of isotopically la-
beled urate that was recovered in the urine equaled
the fraction of newly synthesized urate that was
excreted. The percentage of administered iso-
topically labeled uric acid recovered in the urine
in 7 days is shown in column U. By the seventh
day, the abundance in urinary uric acid of the
isotope from the administered urate had declined
to 3 per cent or less of the peak value, except in
M.W. and O.W., in whom this value was 5 per
cent. When these urate recovery values (col-
umn U) were used to correct the cumulative gly-
cine incorporation values (column G) for the
fraction of the uric acid which failed to appear in
the urine, the resulting corrected values (last col-
umn) represented the best approximation of the
amount of isotope from glycine that was delivered
to the body's urate pool. The correction for ex-
tra-renal disposal of uric acid is applicable to ex-
periments in which either N15 or C14 was used as
a label for glycine.

Table II includes data obtained from studies in
which glycine-N'5 or glycine-1-C14 was used. The
two isotopes do not result in identical labeling of
the uric acid molecule and therefore cannot always
be strictly compared. The fact, however, that
there were gouty subjects who showed glycine in-
corporation values within the same range as non-
gouty control subjects, whether studies were car-
ried out with glycine-N15 or with glycine-1-C14, is
evidence that such normal glycine incorporation
values are not an artifact of the method of study.

DISCUSSION

Corrected glycine incorporation into uric acid as
an index of urate biosynlthesis. The extent of in-
corporation of isotopically labeled glycine into
urinary uric acid is a very sensitive index of urate

biosynthesis when corrected for the newly syn-
thesized uric acid that fails to appear in the urine
because of extra-renal disposal. In the present
study, allowance was made for this correction in
determining urate biosynthesis in gouty patients.
That the amount of uric acid disposed of by
routes other than renal execretion can be suffi-
ciently great as to completely mask the increased
uric acid production of some gouty patients, is
shown in Table II. The data in column G indicate
that the increased glycine incorporation of Pa-
tients F.G., M.W. and G.P. would have gone un-
detected unless corrections for the extra-renal dis-
position of urate were made. In Patients F.G. and
G.P. the presence of tophaceous involvement prob-
ably accounts for the large extra-renal disposition
of urate. Although J.McG., G.S., T.S. and F.J.
also had tophi, their uncorrected values (column
G) fell in the overproducer class. In these in-
stances correction for the extra-renal disposition
of urate served to accentuate the difference be-
tween these patients and the controls. Even in the
absence of tophaceous involvement the correction
is of substantial proportions (R.L. and M.W.)
and can affect the interpretation of data. The in-
fluence of the correction is shown graphically in
Figure 5. Since the magnitude of this correc-
tion varies considerably, even among normal con-
trol subjects (Table II, column U), a consideration
of such a correction in all subjects seems war-
ranted. Nine of 14 patients with primary gout
reported here had corrected glycine incorporation
values (Table II, last column) above the range
found in control subjects and were regarded as
overproducers of uric acid.
More significant, however, is the fact that there

remained five gouty patients who gave no evi-
dence of an increased uric acid production even
when their extra-renal disposition of urate was
taken into account. The corrected glycine in-
corporation values of these five patients were in
the same range as the nongouty subjects, whether
glycine-N'5 or glycine-1-C14 was used. This group
of patients had lower serum urate levels, less
tophaceous involvement, smaller body urate pools
and turnover, and lower 24-hour urinary uric
acid excretion values than did the group of over-
producers (Table II). As noted previously, each
of these five patients had suffered repeated at-
tacks of acute gouty arthritis that had responded
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to colchicine during previous hospitalizations un-
der our care. Although the serum urate levels
of gouty patients R.L. and M.C. were within the
normal range during the studies here reported,
values of 7.8 and 7.9 mg per 100 ml, respectively,
were obtained on other occasions while they were
not on a purine-free diet. Similarly, Patients
H.H. and L.M., with essential hyperuricemia,
showed serum. urate values of 8.1 and 6.8 mg per
100 ml while not on a purine-free diet. The nor-
mal size of the urate pool in M.C. and O.N. is at-
tributed to their low serum urate levels and the
absence of tophi.
Some of the uncorrected values for glycine in-

corporation into uric acid (column G, Table II)
obtained in studies of nongouty control subjects
are slightly higher than values reported for con-
trol subjects in other studies. With glycine-N 5,
values of 0.10 to 0.15 have been reported (4, 9,
11), while values of 0.11 to 0.18 have been pub-
lished for studies in which glycine-1-C14 was
used (6, 9). The value of 0.17 obtained in this
study for Patient C.L. is in good agreement with
the value of 0.18 obtained in a comparable study
of this same subject by another investigator (6).
It seems that nongouty subjects vary considerably
in the extent to which they incorporate glycine
into uric acid. This variation is in part a re-
flection of the variable degree to which normal
subjects dispose of uric acid by means other than
renal excretion (Table II, column U).

Urate turnover values as an index of urate
biosynthesis. An independent measure of uric
acid production is provided by the urate turnover
values (column KA, Table II). Urate turnover
values within the range of normal were found in
those gouty patients with normal glycine incor-
poration values, thus offering confirmatory evi-
dence that uric acid production was normal in
these patients. Errors in the urate turnover val-
ues, as noted by Benedict and co-workers (17),
result from the presence of easily miscible urate
in the solid phase. The resulting error gives rise
to turnover values in excess of actual uric acid
production. Since the turnover values found in
the present study of these five patients were nor-
mal rather than elevated, they can be regarded as
valid indices of uric acid production. Further
evidence of the validity of the calculation of the
urate pool size and turnover values is provided

by the good agreement (Table II) between the
percentage of turnover excreted [ (E/KA) x 100]
and the recovery of administered isotopically la-
beled uric acid (column U). The absence of solid
phase miscible urate in this group of patients with
normal urate turnover values was confirmed by
using the calculations described by Benedict and
coworkers.

Variation of uric acid production among gouty
patients. The magnitude of production of uric
acid among gouty subjects varied greatly from
one patient to another. In some patients over-
production was sufficiently great as to be reflected
in their daily output of urinary uric acid which
was up to two to three times greater than normal.
From this extreme, the degree of overproduction
ranged downward to patients in whom very
modest increases were detectable only by the use
of isotopically labeled compounds (Table II, col-
umn KA and last column). The separation of the
latter patients from gouty patients who produce
normal amounts of uric acid was quite arbitrary,
and it is probable that more studies would show
complete merging of values for the two groups.

Uric acid production in relation to the natural
history of gout. The question as to whether ex-
cessive production of uric acid is a characteristic
of a given patient or merely represents a stage in
the evolution of the disease, cannot be answered
conclusively, although the evidence now available
tends to support the former view. There seems to
be no correlation between the amount of uric acid
produced and the duration of the disease. Fur-
thermore, in Patient T.B., with hyperuricemia
and urate renal lithiasis, excessive uric acid pro-
duction was present for several years before the
first attack of acute gouty arthritis occurred. In
addition, Patients T.S. and F.G., who showed
comparable degrees of extreme tophaceous in-
volvement, differed greatly in the extent of their
glycine incorporation.

Repeat studies performed on some patients gave
more direct support for the view that the degree
of production of uric acid is, in most cases, a
characteristic of the individual patient. The daily
urinary excretion of uric acid in Patients T.B.
and F.J. remained near 1,100 mg per day during
several hospitalizations over the course of 3 years,
while Patients M.C., O.N. and R.L. continued
to have low excretion values during the same
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time. Repeat studies with isotopically labeled com-

pounds were performed in a few patients. In a

second study, 20 months after the first, Patient
M.C. had a urate turnover of 554 mg per day and
a corrected glycine-1-C14 incorporation value of
0.33 per cent. in excellent agreement with the
earlier study. After 46 months with the uri-
cosuric agents, the urate turnover value of Pa-
tient J. McG. decreased from 1,102 to 766 mg per

day. However, the corrected value for glycine-
1-C14 incorporation was 0.43 per cent, compared
with the previous value of 0.40 per cent obtained
with glycine-N15. That the extent of urate pro-

duction may sometimes be familial is suggested
by the fact that Patient F.J. has two gouty
brothers whose daily urinary uric acid excretion
also averaged approximately 1,100 mg per day,
providing evidence that all three brothers produced
excessive amounts of uric acid.
An anomalous result was obtained in a second

study of Patient E.H. In this study the corrected
glycine-1-C14 incorporation was 0.46 per cent
compared with a corrected glycine-N'5 incorpora-
tion of 0.22 per cent found 28 months earlier.
The fact that the urate turnover value in the sec-

ond study was unchanged (652 mg per day as com-

pared with 661 mg per day) is evidence against
occurrence of a true change in uric acid produc-
tion, since turnover values within this range are

not subject to the errors previously discussed.
A difference in his metabolism of the trace dose
of glycine-1-C14, as compared with the larger dose
(0.1 g per kg) of glycine-N 5, may have contrib-
uted to the disparate glycine incorporation values
observed in this patient (6, 9). The studies. of
glycine incorporation into compounds other than
uric acid (see below) may be relevant to this
problem.

Other examples of an excessive incorporation
of glycine-1-C14 into urinary uric acid in the
presence of a normal production of uric acid have
been noted and possible explanations have been
proposed (6, 18). Evidently, glycine incorporation
alone may not always provide a valid index of the
magnitude of uric acid synthesis.

Glycine incorporation into urinary creatinine
and hippuric acid. There are many pathways for
glycine metabolism and several metabolically dis-
tinct pools of glycine in man (19, 20). An altered
disposition of glycine in the gouty individual could
conceivably result in the availability of a larger
amount of glycine for purine synthesis. Although

TABLE III

Incorporation of glycine-l-C'4 into urinary creatinine and hippuric acid

Incorporation
into urinary Day
creatinine

Subjects in 7 days 1 2 3 5 7

Normal
% dpm/mmole hippuric acid isolated

Normal
H.B. 0.31 10,544 1,961 839 404 322
C.K. 0.46 3,031 1,286 643 423
C.L. 0.32 9,028 2,899 1,257 896 441
D.P. 0.56 15,499 2,533 1,216 704 485

Primary gout
M.C. 0.28 13,932 2,342 1,138 649 481
R.McJ. 0.46 7,178 3,674 1,004 617 456
E.H. 0.30 18,867 2,435 1,131 709 663
F.G. 0.20 15,598 2,657 1,245 810 662
M.W. 9,953 2,132 1,069 679 447
J.McG. 9,413 2,442 1,287 598
G.P. 0.44 10,716 1,860 824 630 435
T.S. 0.19 11,286 2,637 1,759 944
F.J. 0.64 3,109 1,661 753 605

Secondary gout
O.R. 0.33 20,930 1,892 873 644

Essential hyperuricemia and renal urate lithiasis
T.B. 0.64 11,936 1,306 690 490
L.M. 0.28 12,879 2,490 1,170 641 505
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the particular glycine pool contributing to purine
synthesis has not been characterized, gross al-
terations in glycine metabolism might be reflected
in the glycine pools contributing to the synthesis
of creatinine and hippuric acid. For this reason
the incorporation of glycine-1-C'4 into the uri-
nary hippurate and creatinine of gouty and non-
gouty subjects was determined (Table III). In
both groups of subjects a considerable range of
variation was found, and no distinct pattern char-
acteristic of the gouty subjects was discernible.
The high specific activity in the early hippuric
acid samples of Patient E.H. may have had some
bearing on his increased incorporation of glycine-
1-C14 into uric acid noted in the repeat study.
Role of uricolysis as a cause of hyperuricemia.

Since excessive uric acid production cannot be
demonstrated in all gouty patients, other mecha-
nisms for the production of hyperuricemia must
be considered. The proposal that a decrease in
uricolysis could account for the hyperuricemia of
gout (21) has received no further support in ex-
perimental work so far reported or in the present
studies. The gouty subjects with normal uric
acid production showed no decrease in extra-
renal disposal of uric acid as compared with the
control subjects (Figure 5). Present indications
are that uricolysis is the result of bacterial ac-
tion on uric acid contained in the gastrointestinal
secretions (22). Although examples of com-
plete recovery of injected isotopically labeled
uric acid have been reported (3, 18), and we have
noted two cases (one associated with the use of
antibiotics), the relative infrequency of such di-
minished uricolysis and its inconstancy argue
against its being a significant cause of hyperuri-
cemia. Since the salivary excretion of uric acid
is increased with the elevation of serum urate
levels (22), the gouty subject should show, if
anything, an increase in intestinal uricolysis.
Renal basis for hyperuricemia. These consider-

ations leave by exclusion the suggestion that the
hyperuricemia of those gouty patients who show
no overproduction of uric acid may be the result
of a reduced capacity to excrete uric acid. Some
recent experimental evidence in support of this
concept has come from the work of Nugent and
Tyler (23) and from this laboratory (24).

Certain drugs, such as chlorothiazide (25, 26),

hydrochlorothiazide (27), and pyrazinamide (28,
29), can cause urate retention and even gout in
subjects with no pre-existing gout or hyperuri-
cemia. The action of these drugs not only pro-
vides a model for a possible renal basis of hyper-
uricemia, but also suggests a new etiological
classification of drug-induced secondary gout.
Urate retention after muscular exercise and in
toxemia of pregnancy has been attributed to the
increased amounts of lactic acid produced under
these circumstances (30, 31). It is conceivable
that other metabolites having similar urate-retain-
ing properties could be endogenously produced
and thereby induce a renal basis for hyperuricemia.
At the present time there has been no evidence
presented for the presence of such a urate-retain-
ing substance in the urine or body fluids of those
gouty patients who have failed to produce exces-
sive amounts of uric acid. The infrequent oc-
currence of clinical gout with the hyperuricemia
of chronic renal disease as well as the absence of
joint symptoms among the majority of hyperuri-
cemic relatives of gouty patients, however, is evi-
dence that factors in addition to an elevated serum
urate level are involved in the genesis of acute
gouty arthritis.

It seems unlikely that any single inherited dis-
turbance of purine metabolism common to all
gouty subjects would explain both an increased
and a normal uric acid production. It may be
more useful at this time to consider the hyperuri-
cemia of gout to be the result of a variety of me-
tabolic and physiological disturbances.

SUMMARY

Uric acid production has been assessed in nor-
mal, gouty, and hyperuricemic subjects by meas-
uring the incorporation of isotopically labeled
glycine into urinary uric acid and correcting such
data for the disposition of the body's urate pool
as determined by the simultaneous administration
of isotopically labeled uric acid.

1. Nine of 14 patients with primary gout, 1 pa-
tient with gout secondary to polycythemia vera,
and 1 of 3 patients with essential hyperuricemia
showed excessive glycine incorporation by our
criteria, although the degree of such excessive in-
corporation varied greatly. All patients who ex-
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creted over 600 mg of uric acid in their urine per
day while on a purine-free diet demonstrated ex-
cessive glycine incorporation.

2. The magnitude of the extra-renal disposition
of uric acid varied considerably from one patient
to another and masked excessive glycine incor-
poration into urinary uric acid in 3 patients.

3. There remained 5 gouty patients in whom no
evidence of excessive uric acid production could
be found. Both the extent of glycine incorporation
and the independent parameter of urate turnover
values were in the normal range.

4. No evidence of a decreased uricolysis to ac-
count for hyperuricemia was found in this group
of gouty patients.
These results indicate that the hyperuricemia of

gout may be the result of a variety of metabolic
and physiological disturbances. Such a hyper-
uricemia seems to be a necessary but not a suffi-
cient condition for the subsequent development
of gouty arthritis.
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