ARYLOXYACETIC DIURETIC-SALURETIC AGENTS 87

Udenfriend, S., DaCosta, F. M,, Sjoerdsma, A., J.
Lab. and Clin. Med., 1959, v53, 970.

5. Prockop, D. J., Sjoerdsma, A., J. Clin. Invest.,
1961, v40, 843.

6. Jasin, H. E, Fink, C. W., Wise, W., Ziff, M,,
ibid., 1962, v41, 1928.

7. Dull, T. A.,, Henneman, P. H., New Engl. J.
Med., 1963, v268, 132.

8. Prockop, D. J., Udenfriend, S., Anal. Biochem.,
1960, v1, 228.

9. Wcessner, J. F., Jr., Arch. Biochem. and Bio-
phys., 1961, v93, 440.

10. Stuart, H. C., in Brenneman’s Practice of Pedi-
atrics, W. F. Prior Co., 1950, p8.

Received September 3, 1963. P.S.E.B.M., 1964, v115.

A New Class of Diuretic-Saluretic Agents, The a,8-Unsaturated Ketone

Derivatives of Aryloxyacetic Acids.

(28838)

Joun E. BaEr, Joan K. MicuAELsoN, Doris N. McKinNsTRY aAND Karr H. BEYER
Merck Institute for Therapeutic Research, West Point, Pa.

The chemistry of a new class of diuretic
agents has recently been described by Schultz
et al(1). We have studied these compounds
in the dog and find that their activity differs
in several ways from that of the thiazides,
the organomercurials or other previously de-
scribed saluretic or diuretic agents with
which we have worked. In this paper are
reported briefly the biological properties that
are characteristic of these q,8-unsaturated
ketone derivatives of aryloxyacetic acids (I).
Their biological activity is illustrated by data
from experiments in which the following spe-
cific examples were used:

Xy

I. R C (0=
i

-OCHCOOH

II. RR%,Y =H; R" =CpHs; X =Cl 3-Chloro-b-(2-methylenebutyryl)-

phenoxyacetic acid

IIL. R,R' =B R"=Cols; X,Y=ClL 2 3-Dichloro-h-(2-methylenedutyryl)-

poenoxyacetic acid

W. R,R' =i R"=Colly; X,Y = CHy  2,3-Dimethyl-k-(2-methylenebutyryl)-

phenoxyacetic acid

v. h4-(2-Methylenebutyryl )-naphthyloxy-
id

acetic aci
HpComa CenlCO- OCHZCO0H

vI. gl; Z;Cln' = CHy; R" = CpiHls;

Methods. Trained unanesthetized fasted
female dogs were used in the experiments.
In the renal clearance studies, glomerular
filtration rate (GFR) was estimated using
creatinine, injected subcutaneously. A pH
7.4 phosphate buffer containing 4% mannitol
was administered intravenously at 3.0 ml/min

2,3-Dichloro-b-(2-ethylidenebutyryl)~
phenoxyacetic acid

to provide a urine flow of 1.0-4.0 mi/min.
The dogs received no other salt supplemen-
tation prior to or during these experiments.
Replicate clearance periods were of 7.5-15
minutes’ duration, the bladder being emptied
through an indwelling catheter with washout.
Each experiment described was substantiated
by one or more replicate experiments in dif-
ferent dogs. In addition, the results cited for
one compound are typical of those obtained
with one or more of the other compounds
1-VI, these data in turn being substantiated
for each compound by 2 or more experiments
in different dogs. The analytical methods
were similar to those previously described
(2,3), except that sodium and potassium were
determined using the Autoanalyzer flame
photometer.

Results and discussion. Acutely, the com-
pounds produced a prompt and dramatic sal-
uretic-diuretic effect when given intraven-
ously or orally to dogs. Thus, a single intra-
venous dose of 1.0 mg/kg of III caused a
rapid increase in excretion of sodium, chloride
and water. The maximal natriuretic effect
was much greater than was obtained with
the same dose of hydrochlorothiazide (Fig.
1). The peak effect diminished rapidly, but,
even at the end of an hour, the rate of
sodium excretion exceeded the highest rate
obtained with the thiazide. A total of 63.3
meq of sodium was excreted in the first hour.
Although potassium excretion was also en-
hanced by III, the increase was less marked
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FIG. 1. Effect of single intravenous dose of 1.0 mg/kg on cation excretion rate in un-

anesthetized dogs. At 0 min one dog received 2,3-dichloro-4-(2-methylenebutyryl)-phenoxyacetic
. Phosphate buffer

, and the other dog received hydrochlorothiazide

acid (III) -------e-

was given at 3.0 ml/min, intravenously, to both dogs throughout experiment (see Methods).
Sodium rate (ueq/min) @, top pair of curves; in parentheses, % of filtered load reabsorbed,
as caleulated for the clearance period of greatest sodium excretion rate; at right, total mEq

sodium excreted in 120 min. Potassium rate (ueq/min) A, bottom pair of curves.
or 3-chloro-4-(2-methylene-

FIG. 2. Cation excretion pattern as hydrochlorothiazide
was given intravenously in stepwise increments to

butyryl)-phenoxyacetic acid (II)

Dog 834. Dog received drug as prime and 20-min venoclysis as indicated, two 10-min clear-
ances were measured, then next dose level was given. Each point is average for the pair of

clearance periods.

than that of sodium.

In renal clearance experiments, the di-
uretic-saluretic effect exceeded the maximal
natriuretic and chloruretic effect obtainable
with a maximally effective dose of hydro-
chlorothiazide. In Table I are shown data
from typical renal clearance experiments
using IV, V and hydrochlorothiazide at a
dose sufficient to produce a maximal effect
with the latter(4). Sodium was excreted at
rates of 1539 and 1019 weq/min following
IV and V, compared to 361 weq/min after
hydrochlorothiazide. Thus, these compounds
produced excretion rates 3 to 5 times that
obtainable with the thiazides, of which hydro-
chlorothiazide is a prototype. Whereas hydro-
chlorothiazide depressed tubular sodium re-
absorption to 95% of the filtered load from

a control of 99.4%, the same dose of IV
and V depressed sodium reabsorption to 85%
of the filtered load. Chloride excretion was
greatly increased. The chloruresis was nearly
equivalent to that of sodium. The effect of
IV and V on the potassium excretion rate
was much less on a molar basis.

There were qualitative as well as quanti-
tative differences between the action of the
aryloxyacetic acids and the thiazides. Diuresis
induced by the aryloxyacetic acids IV and
V was striking (Table I). Urine flow rates
exceeding 10 ml/min were obtained, repre-
senting in the former case a 12-fold increase
in urine flow over the control rate. Hydro-
chlorothiazide had only a modest diuretic
effect, and the rate, 2.5 ml/min, was less
than the rate at which the sustaining veno-
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TABLE I. Typical Renal Clearance Experiments in Dogs Given Aryloxyacetic Acids or Hydro-
chlorothiazide.*

Exeretion, yeq/min Urine
r —\ I's N % Na
Na+ K+ Cl- ml/min  pH GFR  reabsorbed

Dog 843

Control phase 37 17 1 8 6.5 45 99.4

Hydrochlorothiazide 361 27 237 2.5 7.5 48 94.9
Dog 914

Control phase 17 29 19 1.0 8.3 62 99.8

IVt 1539 130 1521 12.3 7.1 72 85.9
Dog 893

Control phase 13 13 4 43 5.8 52 99.8

Al 1019 89 1131 10.6 6.7 50 85.7

* Each figure is average of 2 or more successive 10-min clearance periods. Following the
control phase, a priming dose of drug (2.5 mg/kg) was given, and drug was infused at 3 mg/
kg/hr for a 20-min equilibration period and continued during the collection of clearance urines.
This dose of hydrochlorothiazide had been shown [Baer et al.(3)] to produce a maximal sal-

uretic effect.

t IV = 2,3-Dimethyl-4- (2-methylenebutyryl)-phenoxyacetic acid; V = 4-(2-Methylenebuty-

ryl)-naphthyloxyacetic acid.

clysis was given. Qualitatively, also, hydro-
chlorothiazide produced an increase in the
Na/Cl ratio (361/237 = 1.5) and in urinary
pH that is typically seen at high doses of
thiazides. In contrast, the Na/Cl ratio was
nearly unity following IV and V, and urine
pH was not consistently affected. In numer-
ous other studies with high doses of the aryl-
oxyacetic acids, we have noted a tendency for
urinary pH to drop slightly and for the
Na/Cl ratio to be slightly less than one.

The aryloxyacetic acids had a steeper dose-
response curve than the thiazides. The rela-
tive activity was examined in clearance ex-
periments in which the dosage was increased
in 5-fold increments (F¥ig. 2). Hydrochloro-
thiazide was minimally active at 0.01 mg/kg
and maximally active at the 0.25 mg/kg level,
where a ceiling rate of 400 weq/min was
attained. In contrast, IT was inactive at the
lowest dose level, 0.01 mg/kg, but the sodium
excretion rate increased sharply with increas-
ing dosage to a rate of nearly 900 peq/min
at the top level (1.25 mg/kg); this was
nearly twice the maximum rate attained with
hydrochlorothiazide. Potassium excretion was
not similarly increased, however.

After oral administration to dogs, the aryl-
oxyacetic acids caused greater loss of sodium
and chloride than did the thiazides. Thus, an
increasing effect of VI was seen on sodium
chloride excretion as the oral dose was in-

creased from a low effective dose of 0.5
mg/kg (Table II). At 10 mg/kg, salt excre-
tion exceeded that obtained with a maximal
effective dose (3.0 mg/kg) of chlorothiazide
(4).

Both in acidotic and alkalotic dogs a pro-
nounced excretion of sodium chloride and
water was obtained with the aryloxyacetic
acids (Table IIT). In the ammonium chlo-
ride-treated dog, the pattern of electrolyte
response was similar to that obtained with
the thiazides, but markedly greater in mag-
nitude. In addition, there was a more pro-
found diuresis. Thus, sodium reabsorption
was depressed from 99.5% to 87% of the
filtered load; the Na/Cl ratio became < 1.0.

More surprising, the chloruresis and acidi-

TABLE II. Comparison of Electrolyte Excretion

in Dogs, as Measured During a 6-Hour Period Fol-

lowing Oral Administration of Various Dose Levels

of 2,3-Dichloro-4-(2-ethylidenebutyryl)- phenoxy-

acetic Acid (VI) or After a Maximally Effective

Dose of Chlorothiazide(4). Data are averages for
groups of animals.

Excretion/6 hr,

Dose, No.of meq
Compound mg/kg  dogs Na+ K+ CI°
Control — 6 53 23 62
VI 5 6 12.0 49 189
2.0 8 110 2.0 175
5.0 4 296 5.6 39.7
10.0 2 41.3 6.0 50.7
Chlorothiazide 3.0 12 262 79 26.0
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TABLE III. Effect of Acidosis or Alkalosis on Response to 3-Chloro-4-(2-methylenebutyryl)-
phenoxyacetic Acid (IT) in Renal Clearance Experiments in Dogs.*

~——Exeretion, yeq/min—— —Urine—

Na+ K+ Cl- HCO, ml/min pH GFR
Dog 796 ; NH,Cl: 100 meq/day Control 44 20 14 2 1.0 64 63
X 4 days (B, = 17 mmol/l) 11 1288 109 1473 2 12.6 6.3 63
Dog 800; NaHCO,: 100 meq/day  Control 348 128 25 357 2.2 81 60
X 4 days (B, = 24 mmol/1) 1I 1182 142 1128 207 102 7.3 54

* Data are averages of triplieate successive clearance periods. Following the control phase,
a priming dose of IT (1 mg/kg) was given, and drug was infused at 3 mg/kg/hr for a 20-min
equilibration period and continued during the collection of elearance urines.

fication of the urine were seen, even in the
sodium bicarbonate-pretreated animal. Bi-
carbonate excretion was decreased in the
presence of II, as chloride, sodium, hydrogen
and potassium excretions were increased. The
significance of this observation to the mode
of action of the aryloxyacetic acids is not
clear, but the pattern is quite unlike that
obtained with the thiazides, acetazolamide or
the organomercurials.

A unique pattern of diuretic activity for
this structurally novel class of compounds
emerges from the several types of experiments
presented above, The magnitude of the natri-
uretic effect exceeds that attainable with even
maximal doses of thiazides. The increase in
potassium excretion is less impressive, whether
on an absolute basis or relative to the kali-
uresis induced by thiazides. The profound in-
crease in urine flow produced by the present
series is in contrast to the unimpressive effect
of thiazides in acute experiments such as
these. Furthermore, the thiazides are likely
to increase the Na+/Cl— ratio and the urine
pH, especially at maximally effective doses
or under conditions of bicarbonate loading.

In contrast to the organomercurials, which
also cause a profound increase in salt and
water excretion, the phenoxyacetic acids
show a very rapid onset of action when given
intravenously to dogs and are effective orally
as well. Furthermore, the aryloxyacetic acids
appear remarkably effective as saluretic
agents whether the dogs are acidotic, alkalotic
or in acid-base balance.

Present attempts to demonstrate saluretic-

diuretic activity of these agents in the rat
have been unsuccessful, but preliminary
studies of one of the compounds (III, etha-
crynic acid) in man are encouraging(5,6).

Summary. 1. The diuretic-saluretic prop-
erties of a new series of compounds, the
a,B-unsaturated ketone derivatives of aryl-
oxyacetic acids, have been described. 2. These
compounds cause a prompt and profound
water diuresis and the excretion of nearly
equivalent amounts of sodium and chloride
when administered parenterally or orally.
Some increase in potassium excretion is pro-
duced, especially following intravenous ad-
ministration. 3. These compounds have a
steeper dose-response curve and a substan-
tially greater maximal saluretic effect than
the thiazides. 4. The magnitude of the di-
uretic effect is similar to that seen with
organomercurials. In distinction to the or-
ganomercurials, these compounds have a very
rapid onset of action and are effective even
in sodium bicarbonate-treated dogs.
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