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This invention relates to therapeutic compositions and 
2 more particularly to therapeutic compositions which are 
» eifective to inhibit carbonic anhydrase activity. 

This application is a continuation-in-part of our appli 
k cation Serial No. 456,639, ?led September 16, ,1954, now 
._-abandoned. , 

Brie?y, the present invention is directed to therapeutic 
‘compositions comprising a compound having the for 
tmula: 

NHCOOR 

~wherein R‘is-ethyl, p-hydroxy ethyl or allyl, ‘auda' phar 
maceutical carrier. The invention also includes the meth 
od of inhibiting carbonic anhydrase activity through the 
use of the above-noted compounds. ' ‘ 

Among the several objectsof the invention may'be 
noted the provision of therapeutic compositions and 
methods which are e?ective to inhibit the activity of the 
enzyme carbonic anhydrase; the provision of such thera 
peutic compositions which are effective diuretic composi 
tions; and the provision of therapeutic compositions of 
the class described which are stable and nontoxic.v Other 
objects and features will be in part apparent and in part 
pointed out hereinafter. a ' > 

- The invention accordingly comprises the products‘ and 
methods hereinafter described, the scope of the inven~ 
tion being indicated in the following claims. 
The enzyme carbonic anhydrase plays an important 

role in the acidi?cation of the urine through its catalysis 
of the reversible reaction: 

The carbonic acid so formed yields hydrogen and bicar 
bonate ions through the reversible reaction: 

'Thus, carbonic anhydrase activity indirectly determines 
the number of hydrogen ions which are available to re 
.placevsodium ions inbuffercompoundsvfromlthe blood, 
such’as, for example,v disodium phosphate-rand sodium 
bicarbonate. The sodium .ions thus replaced are con 
served and return to the blood, and carbonic acid formed 
in the above reaction catalyzed by carbonic anhydrase 
also returns to the blood. 

In accordance with the present invention, it has been 
found that carbonic anhydraseactivity can be effective 
ly inhibited and the excretiontof water, sodium and po 
tassium in the urine increased by the use of therapeutic 
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2 
compositions including a p-sulfamyl carbanilate com 
pound having the following formula: 

SiOgNHg 

NHCOOR 

wherein R is ethyl, IS-hydroxy ethyl or allyl. The in 
hibition of carbonic anhydrase activity by the composi— 
tionsof the present invention resultsin a reduction of 
hydrogen ions available for the acidi?cation of the urine. 
As a consequence, the pH of the urine increases, fewer 
sodium ions of the buffer compounds are replaced by hy 
drogen ions, and larger amounts of sodium, chloride and 
bicarbonate are excreted in the urine. Further, because 
the ‘formation of carbonic acid from carbon dioxide and 
water is inhibited, water excretion is increased. Thus, 
the diuretic action provided by the compositions of the 
inventionis useful to relieve edema, for example, caused 
bycongestive heart failure or other causes. 

,It_ has’ further been found in accordance with the pres 
ent invention that when 2,4-diamino s-triazine (also 
known as formoguanamine), 2-arnino-4-B-carboxy ethyl 
amino, srjtriazine, 2,4-(?-carboxy ethyl amino) s-triazine, 
2 - amino - 4 ,- anilino - 1,3,5 - triazine, 2 - amino - 4 
(p-chloroanilino)-l,3,5-triazine or the nontoxic salts of 
one of these compounds is included in these novel thera 
peutic‘compositions, the amount of water, sodium and 
chloride, particularly the latter, secreted in the urine is 
markedly increased. The diuretic action of these tri 
azineicompounds is believed to be due to the inhibition 
of tubular reabsorption brought about by a partial an~ 
oxia from the inhibition of respiratory enzymes involved 
in the tubular reabsorption of water and sodium chlo 
ride. vThe increase in diuretic action noted when one 
of these'tria'zine compounds is included in the therapeu 
tic" compositions'of the invention is more than can be 
accounted ‘for by the additive eifect of the carbanilate 
compound and‘the triazine compound on the basis of their 
action’ individually, as' is shown by the tests described 
hereinafter. Among the exemplary nontoxic salts of 2, 
4- diamino s-triazine, 2-amino-4-[3-carboxy ethyl amino 
s-‘triazine, 2,4-(f3-carboxy ethyl amino) s—triazine, 2 
amino-4-ani1ino-1,3,5-triazine and 2-amino-4-(p-chloro 
anilino)-l,3,5-triazine which are useful as components of 
the compositions of the invention may be mentioned the 
hydrochloride, sulfate, phosphate and tartrate salts. The 
salts of the alkali metals, ammonia and amines may also 
be utilized. The amount of triazine component, when 
includedin the compositions of the invention, may be 
varied considerably and may be, for example, approxi 
mately 27% by weight. . 

The p-sulfamyl carbanilate compounds speci?ed here 
in are not only compatible with other components em 
ployed in therapeutic compositions, but they are also 
stable and nontoxic. For example, intraperitoneal doses 
of; p-Sulfamyl ?-hydroxy ethyl carbanilate .up to 1600 
mg/kg,‘ were tolerated by. male white rats, and only 
three animalsout of .a group of ..nine. receiving 1800 
Inga/kg. intraperitoneally died.1.Moreover,. oral doses 
up to 1500 rngjlgg. of this carbanilate. compound did not 
prpduce__any_ ill effectjn male whiterats. Three groups 
ofqwhite, rats, with six animals in each group, received 
6:00‘ QOQ‘ and 1200 mg./kg. respectively of _p-sulfamyl 
?-‘hydr'oxy ethyl carbanilate-per day for twelve days and 

gross pathology after being sacri?ced showed "a" normal 
and autopsied on the thirteenth day. 
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The carbanilate compounds of the novel therapeutic 
compositions of the invention have the formula: 

NHCOOB. 

wherein R represents ethyl, B-hydroxy ethyl or allyl. 
The therapeutic compositions of the present invention 
comprise a compound of the above mentioned class and 
a pharmaceutical carrier which may be either a liquid 
or solid material. It is preferred that the pharmaceutical 
carrier be a solid material such as, for example, starch, 
gelatin, lactose, talc, calcium stearate or the like. Any 
of the pharmaceutical carriers conventionally used in 
therapeutic compositions may be utilized where such ma 
terials are compatible with the aforementioned carban 
ilate compounds. These compositions include tablets, 
capsules and the like, and may include a liquid phar 
maceutical carrier and be in the form of solutions, dis 
persions, suspensions, elixirs and the like. 
The percentage of the carbanilate compound incorpo 

rated in the therapeutic compositions of the invention 
may be varied considerably. Exemplary compositions 
may contain approximately 80% by weight of one of 
the above mentioned carbanilate compounds, although 
greater or smaller amounts than 80% may also be used 
in the practice of the invention. The daily dosage ad 
ministered to a patient may also vary considerably, de 
pending upon the patient’s condition and the amount 
prescribed by the physician in charge. In the case of 
edema, the daily dosage of these novel compositions may 
be such that the patient ingests on the order of 250 mg. 
to 500 mg. of one of the carbanilate compounds per day. 
The following examples illustrate the invention. 

Example 1 
Therapeutic diuretic tablets were prepared having the 

following composition: 
Component: G. 

p-Sulfamyl ?-hydroxy ethyl carbanilate ..___ 0.500 
Formoguanamine _____________________ __ 0.250 

Betaine hydrochloride _________________ __ 0.065 

Corn starch U.S.P. _c __________________ __ 0.100 

Calcium stearate ______________________ __ 0.010 

Talcum powder _______________________ .._ 0.005 

The tablets were prepared by ?rst mixing the p-snlfamyl 
?-hydroxy ethyl carbanilate, formoguanamine and be 
taine hydrochloride in the dry state. This mixture was 
then wet granulated with isopropyl alcohol (0.125 ml. 
per tablet) and water (0.125 ml. per tablet). The wet 
granulated mixture was thereafter dried on trays at a 
temperature of 90° F. for 15 hours, and the dry mixture 
was ground in an oscillator using a No. 11 heavy wire 
screen. The corn starch, calcium stearate and talcum 
powder were added and, after thorough mixing, the mix 
ture was compressed into tablets. 

Example 2 
Therapeutic diuretic tablets were prepared having the 

following composition: 
Component: G. 

p-Sulfamyl IS-hydroxy ethyl carbanilate __.._ 0.250 
2 - amino - 4 - anilino~1,3,5-triazine hydrochlo 

ride 0.125 
Betaine hydrochloride _________________ .. 0.065 
Corn starch U.S.P. ____________________ _- 0.100 
Calcium stearate _____________________ __ 0.010 

' Talcum powder _______________________ ..- 0.005 

The tablets were prepared by ?rst mixing the p-sulfamyl 
?~hydroxy ethyl carbanilate, 2-amino-4-anilino-l,3,5-trt 
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4 
azine hydrochloride and betaine hydrochloride in the dry 
state. This mixture was then wet granulated with iso 
propyl alcohol (0.125 ml. per tablet) and water (0.125 
ml. per tablet). The wet granulated mixture was there 
after dried on trays at a temperature of 90° F. for 15 
hours, and the dry mixture was ground in an oscillator 
using a No. 11 heavy wire screen. The corn starch, 
calcium stearate and talcum powder were added and, 
after thorough mixing, the mixture was compressed into 
tab ets. 

Example 3 
The inhibition of carbonic anhydrase activity by p 

sulfamyl allyl carbanilate was determined as follows: 
The carbonic anhydrase employed was prepared from 

rabbit red blood cells by the method of Keilin and Mann 
(Biochem. J. 34, 1166, 1940). The red blood cells were 
Washed three times with saline by centrifugation. To the 
washed cells (10 ml.) in a centrifuge tube were added 
distilled water (6 ml.), ethyl alcohol (4 ml.) and chloro 
form (5 ml.). The mixture was shaken well and cen 
trifuged for 25 minutes at 2500 r.p.m. A three phase 
system was formed consisting of a top layer of enzyme 
solution, a central layer of denatured protein and a bot 
tom layer of chloroform. 
The top layer was removed and the activity of the car 

bonic anhydrase determined by a modi?cation of the meth— 
0d of Meldrum and Roughton (J. Physiol. 80, 116-124, 
1934), which measures the catalytic effect of the carbonic 
anhydrase enzyme on the rate of evolution of carbon 
dioxide from sodium bicarbonate solutions when mixed 
with phosphate buffer of pH 6.8. A sodium bicarbonate 
solution (1.1 ml.) (0.2 M) (prepared by dissolving the 
sodium bicarbonate in a 0.02 M sodium hydroxide solu 
tion) was placed in the main compartment of a 15 ml. 
Warburg ?ask while phosphate buffer (1 ml.) made by 
mixing equal volumes of disodium phosphate solution 
(0.2 M) and potassium acid phosphate solution (0.2 M) 
was placed in one side arm of the ?ask. The ?ask was 
attached to a manometer and the solution equilibrated 

1 at 25° C in a shaking machine. The rate of carbon di 
oxide evolution in the presence of carbonic anhydrase 
enzyme solution (1 ml.) was measured and compared 
with a blank. It was found that at a concentration of 
l mg./ml. of p-sulfamyl allyl carbanilate 84% inhibition 
of carbonic anhydrase activity was effected when tested 
according to this method. 

Other compositions of the invention corresponding to 
the above described compositions andgcontaining com 
parable amounts of p-sulfamyl ethyl carbanilate, p-sul 
famyl, allyl carbanilate and one of the aforementioned 
triazine compounds may be prepared and are effective in 
the practice of the invention. 

It will be understood, of course, that the therapeutic 
compositions of the invention may be employed in the 
treatment of any condition where the inhibition of car 
bonic anhydrase activity will produce a bene?cial result. 

In view of the above, it will be seen that the several 
objects of the invention are achieved and other advan 
tageous results attained. 
As various changes could be made in the above prod 

ucts and methods without departing from the scope of 
the invention, it is intended that all matter contained in 
the above description shall be interpreted as illustrative 
and not in a limiting sense. 
We claim: 
1. A therapeutic composition comprising a compound 

having the formula: 
501N111 

NHCOOR 
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wherein R represents a radical selected from the group 
consisting of ethyl, p-hydroxy ethyl and allyl, a com 
pound selected from the group consisting of 2,4-diamino 
s-triazine, 2-amiuo-4-p-carboxy ethyl amino s-triazine, 2,4 
(B-carboxy ethyl amino) s-triazine, 2-amino~4-anilino 
1,3,5-triazine, 2-amino-4-(p-chloroa-nilino)-1,3,5-triazine 
and the nontoxic salts thereof, and a pharmaceutical 
carrier. 

2. A therapeutic composition comprising p-sulfamyl a 
hydroxy ethyl carbanilate, 2-amino-4- -anilino-1,3,5-triazine 
and a pharmaceutical carrier. > 

3. A therapeutic composition comprising p-sulfamyl 
ethyl carbanilate, 2-amino-4-anilino-1,3,5-triazine and a 
pharmaceutical carrier. 

4. A therapeutic composition comprising p-sulfamyl 
allyl carbanilate, 2-amino-4-anilino-1,3,5-triazine and a 
pharmaceutical carrier. 

5. A therapeutic composition comprising p-sulfamyl 
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,B-hydroxy ethyl carbanilate, 2-amino-4-anilino-1,3,5-tri 
azine hydrochloride and a pharmaceutical carrier. , 

6. A therapeutic composition comprising p-sulfamyl 
ethyl carbanilate, 2-amino-4-anilino-1,3,5-triazine hydro 
chloride and a pharmaceutical carrier. 

7. A therapeutic composition comprising p-sulfamyl 
allyl carbanilate, 2-amino-4-anilino-1,3,5-triazi.ne hydro 
chloride and a pharmaceutical carrier. 
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