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A striking example of antagonistic drug effects
(2) is afforded by the observation that in man
salicylate, itself uricosuric in high dose, inhibits
the pronounced uricosuria produced by probenecid
(3, 4), sulfinpyrazone* (5-9), and zoxazolamine
(9-11). This suppressive action of salicylate has
been assumed to be due to its successful compe-
tition with these drugs, and with uric acid, for
renal tubular transport; one aspect of this
competition is expressed as inhibition of tubular
secretion of uric acid by small (and large) doses of
salicylate, which partially counterbalances the in-
hibition of tubular reabsorption of uric acid pro-
duced by uricosuric agents (12). The present
study provides experimental support for the oper-
ation of these mechanisms, but indicates that the
interactions at least of salicylate and sulfinpyra-
zone are even more complex, involving competi-
tion also for binding sites on transporting plasma
proteins, and possibly elsewhere. The conse-
quences of the interplay of competition at these
various sites are described in man, and also in the
dog, in which mutual suppression of the urico-
suric effects of sulfinpyrazone and salicylate, so ap-
parent in man, could not be demonstrated.

METHODS

The standard renal clearance techniques previously em-
ployed (13, 14) were used. The studies in man were all
made in gouty males. In six experiments (in five men),
after three or four 15-minute control periods, sulfinpyra-
zone was infused, 300 mg to prime and 10 mg per minute
to sustain. After 30 to 40 minutes for equilibration, the
ensuing plasma and urinary sulfinpyrazone and uric acid

* This work was supported in part by U. S. Public
Health Service grants (A-162 and A-4724) and by the
Health Research Council of the City of New York under
contract U-1089. Preliminary results have been reported
in abstract (1).

11,2-Dipheny!-4- (2-phenylsulfinylethyl) -3,5-pyrazolid ne-
dione.

concentrations were measured over three or four 10-
minute collection periods. With the sustaining sulfinpyra-
zone infusion continued at the same rate, sodium salicylate
was then infused concurrently, 3 g to prime and 10 to 20
mg per minute to sustain. The collection periods were
continued for about 1 hour. Two of the five men (NG
and ER) received sodium bicarbonate together with the
salicylate to allow study of the effect of alkalinization of
the urine.

Three companion experiments in men followed the same
procedure except for reversal of the order of infusion:
sodium salicylate was given first, and then sulfinpyrazone,
both in the same dosages as before. For analysis in
greater detail of the effect of salicylate upon the plasma
concentrations of sulfinpyrazone (Psez), a ninth man was
given 800 mg iv sulfinpyrazone first, then 3 g of sodium
salicylate 1 hour later, and blood samples were taken
every 30 minutes.

Parallel studies were made in dogs, each receiving
throughout a urate infusion at the rate of 5 to 10 mg per
minute. In four mongrel and two Dalmatian dogs,
sulfinpyrazone was infused first, 300 mg to prime and
1.6 mg per minute to sustain, and then sodium salicylate,
1 g to prime and 10 to 20 mg per minute to sustain.
Two mongrels and three Dalmatians received the same
infusions in reverse order. For investigation of any para-
doxical effect of salicylate on uric acid excretion in the
dog, two mongrels and two Dalmatians were given sodium
salicylate infusions at a slowly increasing rate, as pre-
viously described in man (12). For study in greater
detail of the effect of salicylate on Psps in the dog, a
mongrel was given 500 mg iv sulfinpyrazone and 1 hour
later, 2 g iv sodium salicylate.

The glomerular filtration rate (GFR) was measured
in man as the clearance of inulin (Cis) determined by
a resorcinol method (15), and in the dog as the exogenous
creatinine clearance (Ce.:), determination of creatinine, by
the method of Bonsnes and Taussky (16). Uric acid
was estimated by differential spectrophotometry (17), and
plasma and urinary salicylate by the method of Brodie,
Udenfriend, and Coburn (18). Plasma and urinary
sulfinpyrazone was estimated by the method of Burns
and associates (5), with the following modifications.
After extraction of the drug into ethylene dichloride, the
organic phase was washed once with an equal volume of
0.1 M citrate-0.2 M disodium phosphate buffer at pH
4.8, and then with 5 ml of buffer. This removes inter-
fering substances, including salicylate and its oxidation
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TABLE 1
Interactions of sulfinpyrazone (SPZ) and salicylate (SAL) in man*
Sub Urate Sulfinpyrazone Salicylate Urine
ub-
ject Period Infusion Cin P uv C  Cur/Cin Ptotal Pireet F uv Pl Pireed F UV pH \'%
min ml/min mg/ mg/ ml/ % mg/100 ml  mg/min mg/100 ml  mg/min ml/min
100 ml  min min
GH o 171 10.0 1.27 12.7 7.4 6.3 4.5
30-60 SPZ 167 9.4 6.60 70.0 42.0 3.7 008 0.13 1.08 6.5 6.6
70-140 SAL 158 9.4 1.26 13.4 8.5 2.1 0.15 0.23 1.05 16.9 5.1 8.0 1.07 6.5 8.8
MK o 142 11.6 1.91 16.5 11.6 6.2 14.6
40-71 SPZ 111 9.4 6.12 65.2 58.7 49 0.10 0.11 0.26 6.4 11.1
103-149 SAL 111 9.3 1.24 13.3 12.0 29 0.20 0.22 0.51 225 6.8 7.5 037 6.4 143
FA (8] 63 9.9 0.63 6.4 10.2 3.0
32-72 SPZ 63 9.5 3.66 38.5 61.0 4.1 0.08 0.05 0.69 6.8
141-197 SAL 63 9.1 1.60 17.6 28.0 3.1 0.22 0.14 0.66 210 70 4.4 0.28 6.1
o 66 10.3 0.73 7.1 10.8 7.1 4.0
30-62 SPZ 66 10.0 3.48 34.8 52.7 7.4 5.2
75-135 SAL 70 9.4 2.04 21.7 31.0 223 74 52 058 7.3 7.4
ER o 154 9.4 0.72 7.7 5.0 7.0 12.3
30-92 SPZ 153 9.0 5.26 58.5 38.2 29 0.06 0.10 1.18 7.1 11.1
105-175 SAL + 151 8.2 1.27 15.5 10.3 09 006 0.10 0.77 21.8 6.5 9.8 2.88 7.4 12.8
175-223 NaHCO; 153 8.5 1.33 15.7 10.3 09 006 0.10 0.80 214 6.4 9.8 393 7.6 13.8
NG o 93 10.0 0.54 5.4 5.8 5.8 9.0
37-103 SPZ 86 9.0 4.62 51.4 60.0 5.8 9.3
146-193 SAL + 93 8.0 1.52 19.0 20.4 183 5.5 5.1 1.28 7.0 14.7
NaHCOs;
JJ o] 130 10.9 1.16 10.6 8.2 6.0 3.1
23-63 SAL 126 10.9 2.72 25.0 20.0 16.1 4.8 6.1 236 6.8 9.6
88-128 SPZ 129 10.9 1.31 12.0 9.3 29 020 0.26 1.35 16.4 49 6.4 0.61 6.4 15.4
Lw (o] 92 8.4 0.33 3.9 4.2 6.9
22-67 SAL 119 8.5 2.10 24.6 20.8 183 5.5 6.6 1.41 8.8
102-142 SPZ 96 8.0 0.50 6.3 6.5 23 0.16 0.16 0.65 208 6.3 6.1 0.44 10.5
IB (o] 124 10.6 0.42 4.0 3.2 5.4 4.7
23-61 SAL 125 9.2 3.32 36.1 28.9 186 5.6 7.0 2.95 6.2 15.3
93-113 SPZ 122 9.7 1.71 17.9 14.7 2.2 0.15 0.18 1.11 19.1 5.7 7.1 0.63 6.1 14.9
113-133 SPZ 124 9.7 0.97 10.0 8.3 1.9  0.13 0.16 0.99 19.1 5.7 7.1 045 6.2 7.5

* C = clearance (of inulin or urate), P = plasma concentration, UV = urinary excretion rate, and F = filtered load, or Ptree X Cin.

values represent means of 3 or 4 clearance periods. .
I Estimated as 2% of Piwta1 before and 7% after SAL infusion.
Estimated as 30% of Protal before and after SPZ infusion.

product, gentisic acid, without appreciable loss of sulfin-
pyrazone. The first buffer wash removes approximately
96% of the salicylate present, the second reduces the
salicylate to insignificant levels. The absence of sali-
cylate can be tested by measuring the ultraviolet absorp-
tion at 303 mu, where salicylate has an absorption peak;
the absorbance of sulfinpyrazone at this wave length is
minimal.

Binding to plasma proteins was determined by equi-
librium dialysis at 37° C through a Visking membrane
against 17 ml of 1/15 M KH,PO,-Na,HPO, buffer at
pH 7.4, as previously described for phenylbutazone by
Burns and associates (19). In some experiments, the
drugs were added i wvitro in 1 ml of buffer directly to
5 ml plasma or 5 ml 5% albumin in buffer; 2 in others,
the plasma was from human subjects or dogs previously
given sulfinpyrazone, salicylate, or both. After 36 to
48 hours, a sample of the outside phase was tested for leak-
age with 10% trichloroacetic acid; then both phases were
analyzed. In the experiments with drugs added, the
amounts were 0.60 mg of sulfinpyrazone and 12.0 mg of
sodium salicylate, with the pH of the drug solution care-
fully adjusted to 7.4. In all experiments, the equilibrium

2 Crystalline human albumin, Nutritional Biochemicals
Corporation, Cleveland, Ohio.

All

concentration of sulfinpyrazone inside the dialysis bag
ranged from 20 to 85 mg per L. Similar procedures were
used in experiments on the binding to human albumin of
each of the two optically active isomers of sulfinpyrazone,
except that 12 mg of sodium salicylate was used.

For determination of how much of the sulfinpyrazone
displaced from plasma protein-binding sites by salicylate
enters blood cells, 10 ml of blood collected in heparinized,
siliconized syringes was delivered into each of three sili-
conized test tubes. To tube 1 was added 0.6 mg sulfinpy-
razone dissolved in 2 ml Sorensen buffer at pH 7.4; to
tube 2 (control), a corresponding solution of 2.4 mg
sodium salicylate was added ; and to tube 3, a correspond-
ing solution containing both drugs. After incubation for
30 minutes at 37° C and centrifugation to separate the
plasma, Pspz of tube 1 exceeded that of tube 3; the dif-
ference represents cell uptake of free sulfinpyrazone in a
closed system under the conditions described.

RESULTS
Experiments in man

Sulfinpyrazone infused initially, then conjointly
with salicylate. Sulfinpyrazone infused at a rate
sufficient to maintain Pgpz at 2.9 to 4.9 mg per 100
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Fic. 1. INFUSION IN MAN OF SULFINPYRAZONE AND
Savicyrate. Top: in GH, the marked increase in
Curate/GFR effected by sulfinpyrazone (SPZ) was

promptly abolished when salicylate (SAL) was also
infused. In this instance the urine was acid. In FA,
whose urine was alkaline, salicylate also exerted a mark-
edly suppressive effect, but Curate/GFR did not return
to control levels. Bottom: in IB, the uricosuric action
of salicylate in large dosage was suppressed by concurrent
infusion of sulfinpyrazone.

ml was excreted at a rate of 0.26 to 1.18 mg per
minute (in Table I, GH, MK, FA, and ER).
The excreted sulfinpyrazone substantially exceeded
that filtered at the glomerulus, calculated on the
basis of 98% of Pgpz bound to plasma proteins
(see below), indicating net tubular secretion of
the drug: These findings conform to previous
experience (20). The usual uricosuric effect of
sulfinpyrazone was observed; urinary urate ex-
cretion (U,V) in GH, MK, FA, ER, and NG
(Table I) rose from a mean of 0.97 to 4.96 mg
per minute, with a concomitant increase in mean
Cur/Cin ratios from 8.5 to 52.1%, indicating in-
hibition of tubular reabsorption of uric acid.
With the rate of sulfinpyrazone infusion un-
changed, sodium salicylate was then also infused at
a rate sufficient to maintain high plasma salicylate
concentrations (Pgar), 16.9 to 22.5 mg per 100 ml.

T. F. YU, P. G. DAYTON, AND A. B. GUTMAN

The effects were noteworthy in three respects (Ta-
ble I). 1) When the urine remained acid (GH,
MK), UuV and Cu/Cyy fell rapidly to levels
near those before infusion of sulfinpyrazone (Fig-
ure 1), i.e., the uricosuria produced by sulfinpy-
razone was more or less completely abolished;
moreover, salicylate evidently also failed to exert
any uricosuric effect of its own. 2) When the
urine was alkaline (FA), or rendered alkaline by
infusion of sodium bicarbonate (ER, NG), U,V
and Cy/Cyy declined markedly, but tended to re-
main above control levels (Figure 1). The plasma
concentrations of sulfinpyrazone (Piotaispz) de-
clined, from a mean of 3.9 to 2.3 mg per 100 ml,
a decrease of 41%, without any accompanying
rise in sulfinpyrazone excretion. That this de-
cline reflects displacement of plasma protein-bound
sulfinpyrazone by salicylate is shown in experi-
ments to be described later. 3) The excretion of
free salicylate was less than expected at the pre-
vailing Pgar, (12, 21); in GH and MK, it aver-
aged only 0.72 mg per minute at acid pH (Cgree saL,
13 ml per minute), and 1.78 mg per minute at
alkaline pH in FA, ER, and NG (Ctree sar, 27 ml
per minute). The salicylate filtered at the glo-
merulus, calculated on the basis of 70%. of Pgar
bound to plasma proteins, greatly exceeded the
salicylate appearing in the urine, whether alkaline
or acid, indicating net tubular reabsorption. This
contrasts with the usual experience with infusion
of salicylate; at urinary pH 7.3 or above, ex-
creted salicylate ordinarily approaches or exceeds
filtered salicylate (12, 21).

Salicylate infused initially, then conjointly with
sulfinpyrazone. In JJ, LW, and IB (Table I),
salicylate infused at a rate sufficient to maintain
Pgar at 16.1 to 18.6 mg per 100 ml (about the
same plasma levels as in the previous experiments
cited in Table I) was excreted at a mean rate of
2.24 mg per minute. This rate of excretion is
consistent with prior experience with salicylate
infusion in subjects with slightly acid urine (12,
21), but much more rapid than in GH and MK,
also receiving sulfinpyrazone, and in FA even
when the urine was alkaline. The usual uricosuric
effect of salicylate in this high dose was noted;
UwV rose from a mean of 0.64 to 2.71 mg per
minute, and the mean Cy;/C, from 5.2 to 23.2%,
owing to inhibition of tubular reabsorption of uric
acid.
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While the salicylate infusion was continued to
maintain the same high Pgay, infusion of sulfinpy-
razone was instiuted at about the same rate as in
the previous experiments. Again, U,V and Cy./
Ciy fell markedly, although somewhat more slowly
(Figure 1), toward levels prevailing before the
start of the salicylate infusion (mean U, V, 1.04
mg per minute; Cu/Cin 89%). The excretion
of salicylate also sharply declined, to a mean of
0.52 mg per minute, about the same rate as in the
reverse-order experiments in patients with acid
urine, with little or no increase in Pgar. Pgpz
ranged from 2.0 to 2.9 mg per 100 ml (mean, 2.4
mg per 100 ml), lower than levels initially
achieved in GH, MK, FA, and ER (mean, 3.9
mg per 100 ml) but corresponding to Pgpz after
infusion of salicylate in those subjects. The mean
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urinary sulfinpyrazone excretion was 1.01 mg per
minute.

Corresponding experiments in the dog

In the initial studies in the dog, drug doses com-
parable to those in the preceding experiments in
man were used, but the results were unrevealing.
For example, in the mongrel dog, 100 mg sulfinpy-
razone was given to prime and 0.5 mg per min-
ute to sustain; after appropriate collection pe-
riods, 0.75 g sodium salicylate was given to prime
and 4 mg per minute to sustain; plasma urate con-
centration (P,.) was maintained throughout at
about 5 mg per 100 ml by continuous uric acid
infusion. The mean control U,V, 1.75 mg per
minute, did not rise after sulfinpyrazone (al-
though the dose was sufficient to cause a rise in

TABLE II

Interactions of sulfinpyrazone (SPZ) and salicylate (SAL) in Dalmatian (D)
and non-Dalmatian mongrel (M) dogs*

Urate

Sulfinpyrazone Salicylate

Urine
Dog Period Infusion Cer P uv C  Cur/Cer Ptotal Pireet F uv Potal  Pireel F uv V§
min ml/ mg/ mg/ ml/ mg /100 ml mg/min mg /100 mi mg/min ml/min
min 00 ml  min min

D-2612 (o) 48.8 2.9 2.14 73.9 1.51 7.7
45-75 SPZ 62.2 3.9 2.77 71.0 1.14 5.9 0.6 0.37 0.39 13.2

108-138 SAL 60.3 4.8 3.05 63.5 1.05 3.3 0.5 0.31 0.33 20.5 8.2 5.8 1.02 18.9

D-2147 O 51.6 2.4 1.65 68.8 1.33 9.5
45-75 SPZ 59.2 3.6 1.85 51.5 0.87 7.4 0.7 0.44 0.56 12.7

105-135 SAL 63.9 4.5 2.38 53.0 0.83 3.9 0.6 0.40 0.63 23.1 9.2 4.8 0.57 14.7

D-2534 o 36.0 3.6 1.90 52.8 1.47 8.8
50-70 SAL 494 4.9 2.92 59.5 1.21 17.1 6.8 3.7 0. 16.5

100-130 SPZ 50.1 5.5 3.0t 54.7 1.09 23 0.4 0.19 0.52 19.2 7.7 4.4 0.50 18.7

D-2147 o 68.0 4.7 3.90 83.0 1.22 12.9
45-75 SAL 65.6 6.9 4.35 63.0 0.96 27.9 11.2 3.8 1.10 14.0

100-128 SPZ 49.1 8.0 3.83 47.9 0.97 26.0 10.4 4.6 0.51 12.3

D-2535 (o] 53.7 12.0 8.18 68.2 1.27 6.5
30-50 SAL 57.1 11.2 6.55 58.5 1.02 18.2 7.3 4.2 1.09 8.4

80-110 SPZ 62.5 10.7 5.69 52.6 0.84 20.2 8.0 5.0 0.69 9.2

M-4302 o 70.0 3.6 1.19 33.1 0.47 5.2
30-60 SPZ 66.4 3.6 1.30 36.1 0.54 3.2 0.3 0.22 0.46 : 5.2

90-120 SAL 72.2 3.6 1.72 47.8 0.66 1.0 0.2 0.12 0.40 17.1 6.8 4.9 1.18 6.6

M-2509 (8} 57.1 2.3 0.52 22.6 0.40 5.0
49-69 SPZ 65.7 2.9 1.29 4.5 0.68 7.4 0.7 0.49 0.67 7.5

111-135 SAL 76.5 2.8 1.89 67.5 0.88 3.8 0.6 0.47 0.64 19.1 7.6 4.9 0.58 10.9

M-2508 o 53.6 4.2 0.51 12.1 0.23 5.4
60-80 SPZ 68.4 3.8 1.26 33.2 0.49 9.2

110-132 SAL 72.7 3.3 1.58 48.0 0.66 11.1

M-2453 (8] 64.3 3.6 127 353 055 12.0
45-75 SPZ 69.0 5.6 2.45 43.9 0.63 4.3 0.4 0.30 0.39 17.9

105-135 SAL  59.0 6.6 2.79 42.3 0.72 3.4 0.5 0.30 0.36 16.4 6.6 5.9 0.48 17.2

M-2508 O 67.3 2.5 1.20 48.0 0.72 11.5
75-112 SAL  63.9 3.5 1.74 49.8 0.78 14.7 5.9 7.4 1.20 19.3

145-177 SPZ 63.5 5.2 2.62 50.4 0.80 3.6 0.6 0.37 0.48 18.0 7.2 5.1 1.31 23.3

M-2509 o 64.4 2.3 0.71 30.8 0.48 5.8
45-75 SAL 74.2 2.7 1.22 45.2 0.61 12.4 5.0 3.4 0.85 10.1

105-135 SPZ 80.5 3.2 1.73 54.0 0.67 13.5 5.4 3.9 0.95 11.8

* Cer = creatinine clearance; other abbreviations as in Table I.
1 Estimated as 10% of Ptotal before and 16% after SAL infusion.
1 Estimated as 40% of Piotal before and after SPZ infusion.

All values represent means of 3 or 4 clearance periods.

§ At these rapid rates of flow, urinary pH does not vary enough to affect drug excretion appreciably.
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F1c. 2. INFUSION IN DOGS OF SULFINPYRAZONE AND
SALICYLATE. Top: infusion of sulfinpyrazone caused -a
modest fall in Curate/GFR in a Dalmation (D-2612) and
a modest rise in a mongrel dog (M-2509) ; in neither did
a superimposed infusion of salicylate elicit a further
change. Bottom: similar responses were obtained when
the order of infusions was reversed.

man), nor did it decline after salicylate was added
to the infusion. This absence of response might
have been due, in part, to the shorter biologic
half-life of sulfinpyrazone in the dog than in man.
Consequently, in the experiments that follow
(Table II), the doses of sulfinpyrazone and sa-
licylate administered were larger, sufficient to give
Pspz and Pg,y, in the dog comparable to those ob-
tained in man. At these doses, however, GFR and
rate of urine flow are apt to increase (Table II),
and it was not possible in some experiments to
maintain P,; in a steady state. Interpretation
therefore is difficult, but the data nevertheless
clearly indicate that there is no uricosuric re-
sponse to sulfinpyrazone or salicylate in the Dal-
matian coach hound (in which tubular reabsorp-
tion of uric acid is defective) and that the uri-
cosuric response in the non-Dalmatian mon-

T. F. YU, P. G. DAYTON, AND A. B. GUTMAN

grel dog is much less pronounced than in man.

To consider first the Dalmatian dog, even in
impure breeds used in this study, C,/C.: ratios
> 1.0, indicating net tubular secretion of uric
acid, are readily demonstrated when uric acid is
infused (Table IT). Sulfinpyrazone and salicylate
caused no increase in Cy/Cer, which indeed de-
clined somewhat (Figure 2), implying inhibition
of tubular secretion of uric acid (14) ; the mean
Cur in the five experiments cited in Dalmatian
dogs decreased from 69.3 to 60.7 ml per minute,
and the mean C/C. from 1.36 to 1.04 (Table
IT1). As the uric acid filtered at the glomerulus
increased, without appreciable subsequent reab-
sorption in the tubules, the excretion of uric acid
tended to rise.

In the Dalmatian dog, when sodium salicylate
was added to the initial infusion of sulfinpyrazone,
or vice versa, Cy, (which did not increase markedly
with the initial infusion, as it did in man) did not
revert to control levels, as it did in man, but was
virtually unaffected (Figure 2.) As in man,
however, the addition of salicylate to infusion of
sulfinpyrazone resulted in a fall in Pgpz, unac-
companied by increased elimination of sulfinpyra-
zone in the urine (Table II).

In the non-Dalmatian mongrel dog, infusion of
a uricosuric agent, whether sulfinpyrazone or so-
dium salicylate, resulted in a small, net rise in uric
acid clearance (Figure 2), from a mean of 30.3
to 42.1 ml per minute, and in Cy/Cer, from a
mean of 0.47 to 0.62, in the six experiments cited
in Table II. As not in man, the addition of so-
dium salicylate to an initial infusion of sulfinpyra-
zone, or vice versa, did not bring about a return
of Cyr and Cyr/Ce; to or toward premedication lev-
els, but instead elicited some further increase, to
a mean of 51.7 ml per minute and 0.73, respec-
tively (Table II, Figure 2). As in man, however,
addition of sodium salicylate to an initial infusion
of sulfinpyrazone effected a prompt fall in plasma
sulfinpyrazone levels, without any accompanying
increase in the urinary elimination of sulfinpyra-
zone (Table II). Concurrent infusion of sulfinpy-
razone did not seem to affect the renal excretion
of salicylate appreciably.

It was not possible to demonstrate in the dog
a paradoxical effect of salicylate on uric acid ex-
cretion like that in man (12). Thus, in non-Dal-
matian mongrel dogs, slow infusion of sodium



SULFINPYRAZONE-SALICYLATE INTERACTIONS

salicylate (4 to 8 mg per minute; total dose, 300
to 500 mg) either induced no change in Cy/Cer, or
caused a modest rise. At Pg,y, varying from 1 to
6 mg per 100 ml—levels associated in man with
distinct renal retention of uric acid (12)—no re-
tention of uric acid was observed in the dog.
Similar experiments in Dalmatian dogs showed
only a progressive decline in C,, as more salicyl-
ate was infused.

Displacement by salicylate of sulfinpyrazone bound
to plasma proteins

In the clearance studies described, a fall in
plasma sulfinpyrazone levels, unaccompanied by
increased urinary excretion of the drug, was noted
consistently in both man and dog when salicylate
was injected after sulfinpyrazone. Figure 3 il-
lustrates the prompt, sharp decline in Pgpz in a
man when, 90 minutes after a single iv injection
of 800 mg sulfinpyrazone, a second injection of
3 g sodium salicylate was given. In the dog, this
fall in Pgpyz is even more marked (Figure 3).
These results suggest redistribution of sulfinpy-
razone as a result of displacement, by salicylate, of
sulfinpyrazone bound to plasma proteins.

Equilibrium dialysis showed 98 to 99% binding
of sulfinpyrazone to plasma proteins in man at
drug concentrations over the range 20 to 85 mg
per L inside the dialysis bag (20), but when sa-
licylate was introduced at concentrations of 100
mg per L, the plasma protein-bound sulfinpyra-
zone promptly decreased to approximately 93%.
In the dog, 90 to 92% of the sulfinpyrazone pres-
ent was bound by plasma proteins, and this was
reduced to 84 to 85% when salicylate was added.
In reverse-order experiments, the percentage of
plasma protein-bound salicylate was not altered
significantly by the addition of sulfinpyrazone in
concentrations of 100 mg per L.

The partial displacement of plasma protein-
bound sulfinpyrazone by salicylate led to an in-
creased concentration in plasma of free sulfinpyra-
zone and a small rise in the filtered sulfinpyrazone
in man (Table I), which presumably contributed
to maintenance of excreted sulfinpyrazone levels
after injection of salicylate. Excretion, however,
would not account for the fall in plasma concen-
trations of total sulfinpyrazone, and expansion of
the space of distribution is implied. There is some
entry into red cells, since addition of salicylate in
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salicylate (SAL arrow; 3 g in man, 2 g in the dog)
precipitously decreased plasma sulfinpyrazone, owing to
displacement of protein-bound sulfinpyrazone by sali-
cylate and expansion of the sulfinpyrazone compartment.

vitro reduced the plasma sulfinpyrazone concen-
tration from 80 to about 65 mg per L, without any
change in plasma salicylate,

Since sulfinpyrazone is a racemic mixture of
two optically active forms (22) and salicylate
might displace one of the isomers preferentially,
binding experiments with human albumin were
carried out with each of the isomers, and with each
separately with salicylate. Both isomers were
bound to the same degree (99%) as the racemic
compound at concentrations of 80 mg per L, and
this was reduced to 80% in the presence of salicyl-
ate, 800 mg per L.

The two optically active isomers of sulfinpyra-
zone are metabolized and excreted at similar rates
(23). In order to determine whether or not they
affect tubular transport of uric acid similarly, a man
was given 400 mg of the L-isomer orally in a single
dose, and on another day, 400 mg of the p-isomer.
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No significant difference in uricosuric potency
between the two isomers, or between them and
the racemic compound was found. It would thus
appear that the steric differences in the two iso-
mers of sulfinpyrazone play no critical role in their
capacity to inhibit tubular reabsorption of uric
acid; this seems to be more closely related to the
low pK, (2.8) that they share (24).

DISCUSSION

The data show that in man, but not in the dog,
salicylate suppresses sulfinpyrazone uricosuria, and
sulfinpyrazone suppresses salicylate uricosuria.
Since the orbits of sulfinpyrazone (5, 23) and
salicylate (25-27) in both man and dog meet for
transport by plasma proteins and again for renal
tubular transport, these were the presumptive sites
of drug interaction examined. It is unlikely that
competition for conjugative or degradative enzyme
systems plays a significant role, particularly under
the conditions of rapid loading; moreover, sulfin-
pyrazone is excreted largely unchanged and in
small proportion as the p-hydroxylated derivative
(23), whereas the proportion of the salicylate that
is metabolized appears largely as glycine and glu-
curonic acid conjugates and as gentisic acid (25,
26).

Uric acid is not bound to plasma proteins (28,
29), and so does not compete at this site with
salicylate and sulfinpyrazone. Of the plasma
salicylate, about 70% in man is bound to plasma
proteins over the range 2 to 35 mg per 100 ml
total plasma salicylate (21); in the dog, about
60% is so bound (30). Investigation of the na-
ture and sites of salicylate binding (31-35) in-
dicates, according to Davison and Smith (33),
that the receptors are predominantly e-amino
groups of lysine residues of albumin ; other groups
may also be involved (36). Sulfinpyrazone is
more completely bound to plasma proteins, 98 to
99% in man (20) and about 92% in the dog (20).
Anton (37) showed that at equal concentrations
of 100 pg per ml, the displacing activity of sulfin-
pyrazone (mol wt, 404) is greater than that of
salicylate (mol wt of sodium salt, 160), at least
in competition with sulfonamides for binding to
* plasma albumin. Davison and Strautz (34) have
demonstrated that phenylbutazone analogues, in-
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cluding sulfinpyrazone, can displace salicylate in
vivo and in vitro from plasma protein-binding
sites. In the present experiments, however, sali-
cylate was administered in ten times greater doses
than sulfinpyrazone (25:1 on a molar basis), and
the relative plasma drug concentrations were
about 5:1. Under these circumstances, salicylate
displaced sulfinpyrazone partially from its binding
sites on plasma proteins, notably albumin (35),
in both man and dog, with only limited entry into
red cells. The prompt, accompanying fall in
plasma sufinpyrazone is not accounted for by
increased urinary excretion as a result of the rise
in sulfinpyrazone filtered at the glomerulus, so
the sulfinpyrazone compartment must be ex-
panded. As Anton (37) has pointed out, in-
teresting therapeutic potentialities are offered by
such displacement of one drug by another, from
a physiologically inactive plasma protein-bound
state to a free form in greater intracellular con-
centration.

Sulfinpyrazone and salicylate are presumed to
compete likewise for receptor sites at the renal
tubules, here also with uric acid, but these inter-
actions have not been clearly defined, and the
present study gives only the net effects on tubular
transport of the three compounds. Interpretation
of these net effects must be speculative as long
as concurrent tubular secretion and reabsorption
cannot be separately measured, and information
about the nature and tubular sites of the transfer
mechanisms involved is still fragmentary.

According to the available evidence, the tubules
in man and dog actively secrete a variety of weak
organic acids (38, 39), including salicylate (12,
21, 26, 30), sulfinpyrazone (20), and uric acid
(14, 29, 40, 41). Tubular secretion of these com-
pounds appears to be competitive (38); this is
the interpretation of the renal retention of uric
acid, i.e., inhibition of tubular secretion of uric
acid, caused by small doses of salicylate in man
(12, 42). The present study suggests that sulfin-
pyrazone competes successfully with salicylate for
tubular secretion in man, and that this is responsi-
ble, in part, for the renal retention of salicylate
caused by sulfinpyrazone, whereas salicylate does
not cause renal retention of sulfinpyrazone.

Tubular reabsorption of sulfinpyrazone (20)
and salicylate (12, 21, 26, 30, 38) depends upon
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urinary pH, and so occurs by back-diffusion,
whereas reabsorption of uric acid is active and
virtually independent of urinary pH (29). There
is no information about the nature of the trans-
port mechanisms for active tubular reabsorption
of uric acid, or how and at what cellular sites they
are interfered with by uricosuric agents such as
sulfinpyrazone and salicylate. However this in-
terference is achieved, whether by a blocking of
receptor sites on the tubular cell membrane or
otherwise, the present study indicates that in
man, particularly when the urine is acid, salicyl-
ate virtually completely abolishes the inhibition of
tubular reabsorption of uric acid effected by sul-
finpyrazone, and vice versa. This action of sa-
licylate is accomplished in the face of unchanged
concentrations of sulfinpyrazone in the urine,
which would suggest that salicylate somehow
blocks the inhibition of active tubular reabsorption
of uric acid that is ordinarily effected by sulfinpy-
razone in these concentrations. In contrast, sup-
pression of salicylate uricosuria by sulfinpyrazone
is associated with a marked reduction in the uri-
nary excretion of unconjugated salicylate, in acid
urine, to levels lower than are required to evoke
uricosuria (12); this may explain the absence of
salicylate uricosuria, despite high plasma salicyl-
ate concentrations. The reduced urinary excre-
tion of salicylate caused by sulfinpyrazone implies
that tubular reabsorption of salicylate, passive and
hence noncompetitive, is unimpeded by sulfinpy-
razone, whereas tubular secretion of salicylate,
competing with sulfinpyrazone for active trans-
port, may well be diminished. The range of uri-
nary pH in the present study is small, but it would
appear that if the urine is made alkaline to trap
salicylic acid, and thus enhance the urinary con-
centration of salicylate by decreasing the unionized
form of the drug, its uricosuric effect is only par-
tially blocked by sulfinpyrazone. Sulfinpyrazone
does not block the uricosuric action of probenecid
or zoxazolamine, since there is an additive uri-
cosuric response when it is given in combination
(9, 43).

In the dog, including the Dalmatian coach
hound, the magnitude of uric acid excretion regu-
lated by the kidney is far less than in uricase-de-
ficient man, so it is perhaps not surprising that the
processes of tubular transfer are muted, even when
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the plasma uric acid concentration is raised arti-
ficially by infusion. Thus, in the mongrel dog the
uricosuric effect of sulfinpyrazone and of salicyl-
ate is small as compared to that in man, and one
drug hardly affects the response to the other; even
the paradoxical effect of salicylate on uric acid
excretion is not demonstrable. In the Dalmatian
dog, neither sulfinpyrazone nor salicylate has a
uricosuric action, since tubular reabsorption of
uric acid is inherently defective, but both drugs
seem to lower the uric acid clearance, apparently
by inhibiting tubular secretion of uric acid. The
present study gives no clear indication of mutual
interference of the tubular secretion of salicylate
and sulfinpyrazone in the dog.

SUMMARY

In man, the uricosuria produced by sulfinpyra-
zone is suppressed by uricosuric doses of salicyl-
ate, and the uricosuria produced by salicylate is
likewise suppressed by sulfinpyrazone. In the
dog, this antagonism between drugs is not demon-
strable, nor could a paradoxical response to sa-
licylate, like that in man, be elicited.

Two sites of interaction between sulfinpyrazone
and salicylate were demonstrated, competition for
binding sites on plasma proteins and competition
for renal tubular transport. In both man and dog,
sulfinpyrazone was displaced from binding sites
on plasma proteins by salicylate in the concentra-
tions employed. In man, sulfinpyrazone appears
to compete successfully with salicylate for tubular
secretion, but salicylate apparently blocks the in-
hibitory effect of sulfinpyrazone on tubular reab-
sorption of uric acid.
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