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It has long been known that the renal ex-
cretion of uric acid in man is increased by
large doses of salicylate and suppressed by
small doses(1,2). Recent, more adequately
documented studies(3) showed that acetyl-
salicylic acid in 5.2 g daily oral dosage caused
a mean increase of 37.2% in the 24-hour urin-
ary uric acid output of 15 subjects, with a
concomitant mean fall of 25.5% in plasma
uric acid, whereas 2.0 g daily dosage resulted
in a mean decline of 14.4% in the urinary
excretion and 7.5% rise in the plasma concen-
tration of uric acid. Renal clearance studies
indicate that this reversible effect is related
to the concentration of salicylate in blood
plasma(4) or, more precisely, in the urine(3);
high salicylate concentrations cause an in-
crease in the renal clearance ratio, Cyic acia/
Cinumiin, low salicylate levels depress this ratio.

Our data illustrate these relationships in
respect to salicylate and indicate further that
the reversibility of effect on uric acid clear-
ance can be demonstrated, by appropriately
designed experiments, to occur with all other
uricosuric drugs we have examined, namely,
phenylbutazone, phenylbutazone analogs, and
probenecid. It would appear that the ca-
pacity to cause uric acid retention when given
in low dosage is, to greater or lesser degree,
a property common to uricosuric agents. The
observation may have implications of interest

* Supported in part by a grant-in-aid from the
National Institute of Arthritis and Metabolic Dis-
eases, National Institutes of Health, U. S. Public
Health Service.

in relation to the still obscure nature of renal
tubular transport systems for uric acid.
Methods. The experiments were performed
in gouty subjects in the intercritical phase of
the disorder. Standard renal clearance tech-
nics(5) were employed throughout, with
minor modifications described elsewhere(6).
The general experimental design was to obtain
3 or 4 pre-medication urine collection periods
for estimation of the inulin and PAH clear-
ances, then to infuse the drug to be studied
at a slow rate yielding low initial plasma drug
concentrations, and gradually to increase the
rate of drug infusion to attain uricosuric
plasma drug levels. The 6-10 urine collec-
tion (catheterization) periods obtained dur-
ing infusion of the drug in each experiment
were each of 10-30 minutes duration; urine
samples (spontaneous voidings) collected in
some instances after termination of the drug
infusion represented 2-hour intervals during
the day and 4-hour intervals at night. Blood
samples were procured at the midpoint of
each urine collection period. In the salicylate
infusion experiments, 4 g sodium salicylate
dissolved in 500 ml isotonic saline solution
was injected at a rate of 12-15 mg salicylate/
min. for one or more periods, with an incre-
ment of 5-10 mg/min. in each urine collection
period thereafter. In 2 phenylbutazone ex-
periments, the infusing solution contained 2 g
phenylbutazone/250 ml isotonic saline solu-
tion, was delivered at a rate of 12 mg/min. for
2 clearance periods and at double the rate
thereafter. In the 3 remaining phenylbuta-
zone, the 2 G-25671 and 6 of the 8 phenylbut-
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TABLE I. Representative Experiments Showing Effect of Slow Infusion of Sodium Salicylate,
Phenylbutazone and Probenecid on Uric Acid Clearance.
Rate of drug C
Period infusion Plasma drug  Plasmauric  Cupjeacta  —ioteld (%)
Case (min.) (mg/min,) cone.(mg %) acid (mg %)  (ml/min.) Cinultn
J. 8. Control 0 0 11.5 13.9 10.7
” 0 0 11.5 14.9 11.7
” 0 0 11.5 14.4 11.2
Sodium salicylate infusion (4 g/500 ml saline sol.)
15 12 Trace 114 13.9 10.7
13 12 15 113 7.95 6.36
11 17 3.1 10.9 7.08 5.66
11 20 5.8 10.8 9.58 7.92
12 25 9.0 10.9 13.4 114
12 29 12.0 10.9 18.0 14.4
12 34 15.0 10.8 21.6 18.6
10 40 17.1 10.6 27.2 23.6
11 45 21.0 10.7 315 26.5
L.R. Control 0 0 9.1 8.05 8.47
? 0 0 9.1 8.09 8.00
” 0 0 9.2 8.02 841
Phenylbutazone infusion (2 g/250 ml saline sol.)
15 12 2.3 9.5 6.15 6.73
16 12 3.0 9.4 6.04 6.65
15 24 10.0 9.5 10.4 10.6
15 24 12.0 9.5 12.7 14.3
15 24 15.5 9.3 13.9 18.0
10 24 16.7 9.0 24.4 23.4
R.G. Control 0 0 7.3 8.73 6.35
iy 0 0 7.2 9.14 5.53
” 0 0 7.0 8.07 6.52
Probeneeid infusion (0.1 g/500 ml 5% glucose sol.)
15 2 7.4 8.07 5.08
15 2 7.6 5.46 4.48
19 2 7.2 6.15 4.70
16 4 7.0 7.17 5.48
16 4 6.9 7.63 5.26
13 4 7.0 8.03 5.11
19 .6 7.1 7.42 5.30
20 6 7.0 8.45 6.12
23 1.2 7.0 10.6 6.80
17 1.2 7.0 12.0 8.17

azone metabolite 1 experiments, the initial in-
fusion rate was 1.4 mg/min. with an increase
of 1.4-2.0 mg/min. in each following collec-
tion period. In 2 of the metabolite 1 experi-
ments cited the drug was infused rapidly in a
total dosage of 8 mg/kg body weight. The
details of the probenecid injections are given
in the text. Uric acid was determined by a
modification of the method of Buchanan e¢ al.
(7) incorporating the use of uricase, urea
cyanide-carbonate and arseno-phosphotung-
stic acid, inulin by the Schreiner method(8),
creatinine by the method of Bonsnes and
Taussky(9), salicylate by the method of
Brodie et al.(10). For the plasma phenyl-
butazone, G-25671 and metabolite 1 deter-

minations we are indebted to Dr. J. J. Burns.

Results. Salicylate. Rapid infusion of so-
dium salicylate at a rate sufficient to maintain
plasma total salicylate concentrations at 15-34
mg % effected an increase in Cyric acia/Cinuiin
from a mean of 5.5% in the control clearance
periods to a mean of 20.6% in 6 subjects so
studied(3). The experiment included in
Table I (Case J.S.) illustrates the effects on
Caric acia/Cinunin 0f a slow, sustained infusion
of sodium salicylate delivered at a rate per-
mitting gradual increase of plasma total sali-
cylate from trace levels to 21 mg %. In the
3 control periods, Cyric acia/Cinuin varied from
10.7 to 11.7%, and remained within this range
in the initial period of the infusion. At a
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TABLE II. Summary of Slow Infusion Experiments with Uricosuric Drugs, Showing Maximal
Suppression of Uric Acid Clearance at Low Plasma Drug Concentrations.

7 Curlcncid/clnulln — —

Plasma drug Minimum
Case Drug infused cone. (mg %) Control (%) (%) Change (%)
1 M. L. Salicylate 2.2 7.22 .20 3.38 - 563.2
2 J. 8. 2.8 11.2 =+ 41 5.66 —-49.5
3 S. K. 4.7 514 + .14 2.80 —45.6
4 M. M. 1.8 548 + .33 3.10 —43.5
5 M. 8. 4.1 6.40 + .72 4.11 —-35.8
6 J.B. 8.4 5.16 + .21 4.38 -15.8
1 L.O. Phenylbutazone 2.1 5,73 + .15 3.48 —39.3
2 N.P. 1.0 1.87 = .24 1.22 - 34.8
3 J. 8. 2.6 5.24 + .55 4.20 -19.8
4 L.R. 3.0 8.30 + .46 6.65 —18.9
5 J.B. 1.3 5.15 + .29 4,72 + 84
1 M. G. Metabolite 1 5 4.97 + .31 3.34 —32.8
2 J.Z. 3.6 4.72 + .25 3.22 -31.8
3 G. H. 7.0 3.79 + .13 2.85 —24.8
4 M. R. 5.9 6.60 + .17 5.15 —-22.0
5 H. B. 4.3 4.92 + .35 3.90 —-20.7
6 J.B. 1.3 8.94 + .14 6.99 —20.7
7. N.K 3.0 3.72 + .33 3.05 —18.0
8 I.S. 4 6.98 + .17 7.67 +10.0

plasma total salicylate concentration of 1.5
mg % Curic a(fid,/"Cilmlin was depressed to
6.36%, and persisted well below the pre-
medication ratio until the plasma total salicy-
late reached 9 mg %, at which point Cyuyic acia/
Cinuin returned to the control limits. At
plasma total salicylate levels of 12 mg %,
Curie acid/Cinutin  €xceeded the premedication
ratios and continued to rise with further aug-
mentation of the plasma drug concentration,
ultimately reaching 26.5% at a plasma total
salicylate level of 21 mg %. In Table II, the
pertinent results of 6 such salicylate infusion
experiments are recorded. It will be noted
that a (transitory) decline in Cyrie acia/ Cinatin
occurred in each instance, the peak decline
varying from 53.2-15.8% of the mean pre-
medication figures. In five of these subjects
the decline exceeded 30%.

Fig. 1 illustrates an experiment (Case
M.L.) in which the plasma total salicylate
again was slowly raised by infusion of sodium
salicylate, the infusion was then discontinued,
and the plasma drug concentration decay
curve followed. It will be noted that
Cuvic acia’ Cinmin Wwas depressed at low plasma
total salicylate levels in both the initial as-
cending and terminal descending segments of
the curve representing plasma drug concen-
trations. Distinct uricosuria occurred in the

intervening period of plasma total salicylate
levels in excess of 10 mg %.

Phenylbutazone. Rapid infusion of phe-
nylbutazone in 10 subjects consistently caused
a rise in Cypie acia/Cinnin, from a mean control
value of 6.0% to a mean peak of 19.5%(11).
The effects of a slow, sustained infusion are
illustrated in Table I (Case L.R.). Cuyzic acia/
Ciuuin  fell initially, from a mean control
figure of 8.3% to 6.7% at low plasma phenyl-
butazone concentrations, then rose to urico-
suric levels as the plasma drug concentration
exceeded 10 mg %. The results of 5 such
experiments are summarized in Table II; in 4
a transitory decline in Cysic acia/Cinutin ' Was
detected, the peak decline in 2 instances ex-
ceeding 30%. Unlike the experience with
salicylate, observations for 24-72 hours fol-
lowing termination of infusion of phenylbu-
tazone(11) failed to reveal any post-medica-
tion suppression of Curic acia/Cinmin. This is
attributed to the slow rate of biotransforma-
tion of phenylbutazone (approximately 20%/
day) (12) and the consequent persistence of
high plasma and urinary drug concentra-
tions(11).

Phenylbutazone analogs. Phenylbutazone
metabolite 1  (p-hydroxyphenylbutazone)
(13), which exhibits uricosuric activity ap-
proximating that of phenylbutazone in equiv-
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FIG. 1. After 3 control periods, sodium salicylate was infused slowly and plasma total sal-

icylate level gradually raised (linear curve, top). Infusion was discontinued after eight 20-min,

periods. Effects of rising and falling plasma drug levels on Cyricacta/Cinuiiny respectively,
Curicacia/Cerestinine are indicated by the bars (see text).

alent dosage, at low plasma drug levels caused
a transitory decline in Cyic geiq/Cinatin in 7 of
8 experiments (Table II). In 2 instances the
decline exceeded 30%. G-25671, a phenyl-
butazone derivative in which the butyl side
chain is replaced by a phenylthioethyl group,
is a more potent uricosuric agent(12). In 7
rapid infusion experiments, G-25671 caused a
mean 5-fold increase in Cyyie aeia/Cinutin, from
a mean pre-medication value of 6.15% to a
mean peak of 30.6% (14). In 2 slow infusion
experiments, a transient, moderate decline in
Curic acia/Cinmin, reaching —16.1% at its peak,
was observed at a plasma G-25671 level of
0.6 mg %; at plasma drug levels of 1.0 mg %
uricosuria was already in evidence.
Probenecid.  Suppression of  Cuyric acia/
Cinuin could be demonstrated with this potent
uricosuric agent(6) only by slow infusion of
very small quantities of the drug. Injection
at the rate of 0.2 mg probenecid/min. gave
a maximum decline in Cype acia/Cipmn Of 27%
below the mean ratio of the control period
(Case R.G., Table I); at 0.3 mg probenecid/
min., the maximum decline was 14.6%; at 0.4
mg/min. suppression of uric acid clearance
was no longer demonstrable; and at higher
drug infusion rates uricosuria set in promptly.
Discussion. The observations herein re-
corded may explain, in part, some of the con-

flicting results reported in the literature, not-
ably in respect to phenylbutazone. This drug
has been found by most investigators to in-
crease urinary excretion of uric acid in
ordinary therapeutic dosages by mouth, but
by others to have no effect or, indeed, to cause
retention of uric acid. This confusion is com-
pounded by the fact that phenylbutazone
consistently lowers the serum uric acid level
even in instances without uricosuria. This
discrepancy has been interpreted to imply
suppression of uric acid formation by phenyl-
butazone but direct measurement of the rate
of uric acid biosynthesis, using N'5-labeled
glycine in subjects receiving the drug, fails to
support this view(15). The evidence now
available indicates that such discrepant de-
clines in serum uric acid are apt to be facti-
tious, reflecting hemodilution due to renal
retention of sodium and water caused by
phenylbutazone(11,14). Further clarification
of this relationship has been achieved by renal
clearance studies, including those reported
here, which reveal the sequence of renal effects
at rising plasma phenylbutazone levels, cor-
responding to various dosages of phenylbuta-
zone. Appreciable retention of salt and water
may begin in association with plasma phenyl-
butazone levels as low as 1 mg % and con-
tinues at higher drug levels(11,14); suppres-
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sion of wric acid clearance occurs within an
intermediate range of plasma phenylbutazone
concentration; and distinct uricosuria begins
at plasma phenylbutazone concentrations of
about 10 mg %, becoming more marked at
higher drug levels(11,14,16). These observa-
tions explain how, without suppression of uric
acid biosynthesis, administration of phenyl-
butazone may cause lowering of the serum
uric acid level without uricosuria, indeed in
the face of uric acid retention.
Discontinuance of salicylate, probenecid
and other uricosuric drugs is usually followed
by one or 2 days of uric acid retention. This
phenomenon, hitherto regarded as “compen-
satory,” would now appear to reflect decline
of the plasma drug concentration to the low

levels associated with depression of the wric .

acid clearance. In this connection it should
be pointed out that the concentration of drug
in the tubular urine is probably more critical
than that in plasma, in respect to the revers-
ible action on Cuyric acia/Cinuin.  T0 be sure,
in ordinary circumstances, as in the experi-
ments here recorded, the urinary drug concen-
tration may be presumed to be a function of
the plasma drug level but when the two are
dissociated—as by concomitant administra-
tion of salicylate and sodium bicarbonate——it
is found that the determining factor in regu-
lating uric acid clearance is the drug concen-
tration in urine(3,17). The point may be
significant in respect to the immediate mech-
anisms involved.

The uricosuric effects of salicylate, proben-
ecid, phenylbutazone and phenylbutazone de-
rivatives are all ascribable to suppression of
tubular reabsorption of uric acid, since clear-
ance studies uniformly show an associated
distinct rise in Cyrate/Cipuin in e€ach in-
stance(4,6,11,14). Conversely, the clearance
data of this paper reveal that the uric acid
retention produced by these same drugs in low
dosage is uniformly referable to a distinct
fall in Cyrate/Cinuuin. This paradoxical re-
versibility of effects presumably is related to
some characteristic of the tubular transport
systems for uric acid, since there is no indi-
cation of significant changes in filtered load,
i.e., in the filtrability of plasma uric acid(18)
or in the glomerular filtration rate. The na-
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ture of this characteristic must, for the pres-
ent, be a matter of speculation. It has al-
ready been suggested that a single system for
tubular reabsorption of uric acid, presumed
to be enzymatic, may be stimulated by low
concentrations and inhibited by high concen-
trations of the same drug(4). Another pos-
sibility, not excluded by the evidence at hand,
is that 2 more or less distinct systems of tub-
ular transport of uric acid are involved. One
of these, of very limited capacity, might be
concerned with tubular excretion of uric acid
and inhibited by low (and high) drug concen-
trations; the other, of considerably greater
capacity, is clearly responsible for tubular re-
absorption of uric acid and evidently is sup-
pressed only by high drug concentrations.

Summary. Salicylate, phenylbutazone, cer-
tain phenylbutazone derivatives and proben-
ecid, all of which in high plasma drug concen-
trations increase the uric acid clearance, are
demonstrated by appropriate renal clearance
technics to depress the uric acid clearance at
low plasma drug concentrations. The signifi-
cance of this paradoxical reversibility of ef-
fects is discussed in relation to controversial
aspects of phenylbutazone uricosuria, the phe-
nomenon of “compensatory” uric acid reten-
tion after discontinuance of uricosuric agents,
and the nature of tubular transport mechan--
isms for uric acid.

1. Salomé, E. G., Med. Jahrb., 1885, v15, 463,

2. Fauvel, P., C. r. de Pacad. d. sciences, 1907, v144,.
932.

3. Yu, T. F.,, Gutman, A. B., and Sirota, J. H.,
Am. J. Med., in press.

4. Yi, T. F.,, Sirota, J. H, and Gutman, A. B.,
Clin. Research Proc., 1953, v1, 107.

5. Goldring, W., and Chasis, H., Hvpertension and’
Hypertensive Disease, The Commonwealth Fund,.
New York, 1944,

6. Sirota, J. H,, Yii, T. F,, and Gutman, A. B,, J..
Clin. Invest., 1952, v31, 692.

7. Buchanan, O. H,, Block, W. D., and Christman,.
A. A, J. Biol. Chem., 1945, v157, 181.

8. Schreiner, G. E., Proc. Soc. Exp. Bion. AND
Mzep., 1950, v74, 117,

9. Bonsnes, R. W., and Taussky, H. H., J. Biol.
Chem., 1945, v158, 381.

10. Brodie, B. B., Udenfriend, S., and Coburn, A. F.,.
J. Pharmacol. and Exp. Therap., 1944, v80, 114,

11. Y, T. F, Sirota, J. H, and Gutman, A. B.,



HemoLysis IN S-C DISEASE

J. Clin. Invest., 1953, v32, 1121,

12. Brodie, B. B., Yii, T. F., Burns, J. J., Chenkin,
T., Paton, B. C,, Steele, J. M., and Gutman, A. B,,
Proc. Soc. Exp. BroL. Anp MED., 1954, v86, 884.

" 13. Burns, J. J., Rose, R. K., Goodwin, S., Reich-
enthal, J., Horning, E. C., and Brodie, B. B., J.
Pharmacol. and Exp. Therap., 1955, v113, 481.

14. Yi, T. F., Paton, B. C., Chenkin, T., Burns,
J. J., Brodie, B. B,, and Gutman, A. B., J. Chn.
Invest., in press.

Hemolytic Mechanism in Sickle Cell-Hgb C Disease.*

547

15. Wyngaarden, J. B., J. Clin. Invest., 1955, v34,
256.

16. Huffman, E. R, Smyth, C. J., Wilson, Jr,
G. M., and Hill, R., Ann. Rheumatic Dis., 1955, v14,
97. - .

17. Gutman, A. B, Yi, T. F,, and Sirota, J. H,,
J. Clin. Invest., 1955, v34, 711.

18. Yii, T. F., and Gutman, A. B., Proc. Soc. Exr.

Bior. anp Meb., 1953, v84, 21.

Received October 13, 1955. P.S.E.B.M,, 1955, v90.

(22095)

Awmoz 1. CHERNOFF, DoNALD RUCKNAGEL, AND ROBERT JiM.
Department of Internal Medicine, Washington University School of Medicine, St. Louis, Mo.

Splenic overactivity has been implicated in
the hemolysis observed in many of the ac-
quired hemolytic syndromes. The role of the
spleen in the red cell destruction characteris-
tic of the hereditary hemolytic anemias, how-
ever, has not been clearly defined. The avail-
able data suggest basically different mechan-
isms for the pathogenesis of the increased
hemolysis in 2 of the hereditary hemolytic
syndromes. In sickle cell anemia (homozy-
gous Hgb S disease) the frequent develop-
ment of an atrophic spleen, the so-called auto-
splenectomy, implies that the spleen cannot
play an active role in red cell destruction.
Furthermore, splenectomy in cases of uncom-
plicated sickle cell anemia neither leads to
hematologic improvement nor results in a pro-
longation of the lifespan of the erythrocyte.
Thus, sickle cell anemia erythrocytes trans-
fused into a splenectomized sickle cell anemia
patient still showed a markedly reduced life-
span(l). In hereditary spherocytosis, how-
ever, the evidence suggests that the increased
destruction of the red cells may be mediated
through the presence of a normal spleen, since
hereditary spherocytosis erythrocytes trans-
fused into a normal individual lacking a
spleen have a normal survival time whereas
the same cells given to a normal individual
with a spleen demonstrate a sharply reduced

* This work was supported by Grant No. A-640
from the USPHS, Bethesda, Md.

lifespan(2). This situation exists irrespec-
tive of the pre- or post-splenectomy state of
the donor with hereditary spherocytosis, or
his hematologic status at the time of study.
In view of these considerations, it seemed of
some interest to perform similar studies on
patients with sickle cell-Hgb C disease.
Sickle cell-Hgb C disease is characterized by
splenomegaly and signs of hemolysis which
appear to vary in degree intermittently dur-
ing the course of the disease. Because
splenomegaly often becomes evident at times
of hemolytic crises in sickle cell-Hgb C dis-
ease, there is reason to suspect that enlarge-
ment of the spleen may lead to accelerated
rates of red cell destruction. By defining the
part played by the spleen in the hemolysis of
this disease, it was hoped that an evaluation
of the effects of splenectomy and the possible
use of this operation as a therapeutic pro-
cedure might thereby be made.

Material and wmethods. 'Three patients
with the diagnosis of sickle cell-Hgb C dis-
ease, confirmed by electrophoretic analysis of
their hemoglobin types, were used as donors.
All were in a relatively asymptomatic state.
The spleens of 2 of the donors were palpable.
just below the costal margin. From one pa-
tient, A. F., two 500 ml aliquots of blood were
obtained and transfused into a normal individ-
ual with a spleen and into a hematologically
normal. splenectomized recipient who had



