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INTRODUCTION

For slightly more than one year, a drug with
many therapeutic possibilities has been avallable
to the physician, Its pharmacological action 1s
quite different from the commonly prescribed drugs
and because of 1ts relatively recent development,
its properties may be obscure and i1ts various effects
on the organs of the body are very apt to be un-
familiar to the practioner as well as the medical
student., It was this unfamlliarity with the drug
which stimulated the writer to search the literature

and produce the report which follows.

HISTORY OF CARBONIC ANHYDRASE INHIBITORS

Diamoipwas discovered by Roblin and his
colleagues in the laboratories of the Chemotherapy
Division of the American Cyanamid Company at Stamford,
Connecticut, Its development climaxed some ten years
of research to produce a compound related to sulfanil-
amide which possessed 1ts power to inhibit the enzyme
carbonic anhydrase but was of low toxicity and free

of bacterliostatic properties,



The search for an inhibitor of carbonic
anhydrase began almost immediately after the
isolation and deseription of this zinc proteln
enzyme in 1932 by Meldrum (1) and also by Brinkman
and Margaria (2). Davenport (3,4,5) did much of
the early research trying to determine the location
and function of carbonic anhydrase 1n the various
tissues of the body., He used thlocyanate and
cyanlde in his experiments as chemical inhibitors
of the enzyme and perhaps he deserves the credlt as
the origlnator of the idea of a carbonic anhydrase
inhibitor, Just prior to much of Davenport's work,
Southworth (6) at Johns Hopkins Hospital publisked
a most significaat report of two cases of clinical
acldosis which had developed after the administration
of Para-amino benzene sulfonamide (Prontylin).
Apparently this was the first report of certain sulfon-
amlde compounds having an effect on the electrolyte
metabollism of the body. He became interested in this
effect of the then new sulfa drugs and studled fifteen
cases in which the patients had recelved Prontylin
and demonstrated in each case a conslstent drop in
the C O2 combining power of the patlient's plasma.
Bosman and Perley (7) noticed that sulfanilamide pro-
duced a constant alkalinization of the urine 1in patlents

recelving the drug., Marshall (8) and his co-workers



reproduced 1n dogs these electrolyte changes by
glving them sulfonamide, How sulfonamide was causing
these changes was not understood untll Mann and
Keilin's (9) significant observation in 1940 that
unsubstituted sulfonamide compounds were specific
inhibitors of carbonic anhydrase. It was in 1942 that
Mober (10) suggested the alkalinization of urine pro-
duced by sulfanilamide was due to the inhibition of
carbonic anhydrase 1n the renal tubules. Davenport
(11) .had already proven that sulfanilamide was
capable of 1nhibiting the secretion of acid by the
gastric mucosa of dogs. Wood and Favour (12) also
had shown that sulfanilamide could affect the
carbonic anhydrase activity of the erythrocyte.
Beckman (13) showed that sulfanilamide produced a
sodium and potassium ion loss in the urine with a
corresponding decrease 1n serum sodium, potassium,
and C Og combining power.

Many investigators became interested in the
role of carbonic anhydrase in the tissues and the
alteration in the function of the tissues produced
by inhibiting the enzyme with sulfanilamide. Such
investigation 1s still 1in progress and many aspects
of the problem unsolved. However, much benefit has

accrued to clinical medicine, The first clinical



application was tried by Schwartz (14) in 1949 when

he was interested in determining the effect of sul-
fanilamide on salt and water excretion in patients
with congestive heart fallure. All patients studied
showed an increase 1n sodium and potassium excretion
within the first twenty four hours after sulfanilamide
administration and exhibited a significant weight loss,
Because of the toxicity of sulfanilamide, the experiments
had to be discontinued. However, the investigators
were impressed with the effects produced in these
cardiac patients and research to develop new compounds
related to sulfanilamide which were capable of 1in-
hibiting carbonlic anhydrase but had less toxicity was
started.

The climax for the search occurred in 1950 with
the devédopment of the new series of heterocyclic
sulfonamides by Dr. Roblin (15). These heterocyelic
compounds proved to be& very potent inhibitors of
carbonic anhydrase and have very low toxic properties,
One member of this new series of chemicals was 2-acetyl-
amino 1,3,4 thiladlazole 5 sulfonamide, acetazoleamide,

whose commercial name 1s Diamox?>









1leum, and jejunum (16). The enzyme 1s definitely
absent from normal plasma, urine, milk, sclera, gall
bladder, skin, lungs, and thymus. Only trace amounts
of carbonic anhydrase have been 1solated from striated

muscle, heart muscle, adrenal, splinal cord, and retina.
The Effect of Carbonic Anhydrase Innibitors on:

Resplration: Without carbonic anhydrase the release

of the amount of carbon diloxide liberated from the
blood during one passage through tne lungs would go

to S0% of equilibrium in about one hundred seconds.
Since erythrocytes spend less than one second 1in the
lung capillaries, the need for enzymatlic catalysis

18 readlly seen. There 1s at least one thousand times
as much enzyme present in the red blood cells as 1s
needed to furnish the required catalysis for the de-
nydration of carbonic acid in the lungs. This explalns
the fallure of carbonlc anhydrase 1nhibitors to cause
marked resplratory changes. Becker, Hodler and Flsnman
(17) were unable to detect any indication of impalred
carbon dlioxide transport in man when 50 mg/Kg of
Diamoﬁpwere given by mouth. Roughton (18) snowed

that only in exhausting exerclse was there some

definite handicap to carbon dloxilde removal resulting


















Dlamoi?prodnces only a slight decrease 1n intra-
ocular pressure in normal eyes, Becker (33) observed
in eight normal eyes the following drop in intra-
ocular pressure after administration of 500 mg of

Diamofg

Before: 17 17 15 15 17 17 19 19 mm, of Hg.
After: 12 12 11 11 14 14 17 17 mm., of Hg,

Grant and Trotter (29) investigated the effect of

Dlamoipln normal eyes using 250 mg doses twice a day

for one to five days. With such dosages, no change

in intra-ocular tension was noted in eight normal eyes

and only l1-2 mm. decrease in eight other normal eyes.
The decrease in intra-ocular pressure in cases

of glaucoma 1s very dramatic and will be discussed

later under tnerapeutic uses of Diamox?

The Fetus: It 1s interesting to note tnat Davenport
(16) found tnat tne carbonic anhydrase concentration
of erythrocytes of fetal goats was very low and this
has also been observed in premature infants. The
concentration of the enzyme rises abruptly as term
approaches, The origin of the enzyme has not been
determined,

In animal experiments, there 1s one report (34)

0T an unfavorable reaction in one litter of pupples
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pborn to a dog which had been on high dosage of Diamofp
(100 mg/Kg) for the full period of gestation. There
were only two offspring. Both died in the first week
after birth., At autopsy one had subdural and intra-
ventricular hemorrhage and the othner puppy had an
area of necrosls at the apex of the myocardium and
also pneumonla, B81x months after being taken off of
the drug, this mother was mated and delivered a
litter of five normal pupples. Another dog had
recelved 33 mg/Kg per day orally for the last third
of gestation and five days post partum, At term a
litter of five was born. All developed normally.
Thirteen pregnant rats received Dlamof?in thelir diet
for the last week of term in dosages of 50-300mg/Kg
per day. Each litter had a normal partultion,

Other attempts to reproduce adverse effects in new-
born of various animals have not been successful,

In the one instance in which unfavorable results
were obtalned, the dosage was very high and would
never be equalled in therapy of human patients. The
drug 1s consildered safe for administration to preg-
nant patlents experlencing pre-eclamptic symptoms

and signs,

Central Nervous System: Ashby (35,36,37,38,39) has

shown that carbonic anhydrase is present in the
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Cardillo, Mullin, Scheffer and Lyones (48)
reported 1n August 1954 the results of their study
of twenty five ambulatory cardiac patients as to
the relative efficlency of Thiomerin and Diamox over
an elght week perlod, The mean weilght loss observed
with Thiomeriln was:

Dosage: .5cc 1.0cc 1.5cc 2.0cc

Mean weight .251b .981b 1.51bs 1.91bs
loss:

The mean welght loss with Diamogbwas:
Dosage: 250mg 500mg 750mg 1000mg

Mean weight 1.31bs 2.31bs 2.21bs 2.41bs
loss:

With D:Lamofo it may be seen that an increased response
is not obtained by increasing the dosage above 500 mg;

but with Thiomerin, there i1s a linear response,

EMPHYSEMA

The use of Diamofpln patients with congestive
heart fallure secondary to emphysema has already been
mentioned, There has been one report (49) of using

Diamofpexperinentally in the therapy of emphysema

22












per day resulted in a seventy percent inhibition
of whole blood carbonic anhydrase activity in 3<=4
hours., Twice this dosage di1d not produce any further
significant metabollc effects.

The mechanlism of the beneficlal results seen
i1s conjectural, It may be due to the moderate
acldosis which develops or to direct inhibition

of carbonic anhydrase in the braln at a cellular

level.

TOXICITY

The most common complaint of patients receliv-
ing Dlamox, especlally those recelving dosages of
one gram or over per day, 1s the development of
"pins and needles" parestheslas particularly 1in
face, hands or feet. These slde effects dlsappear
within a day after the drug 1s discontinued. Less
frequently drowsiness may be experlenced.

One febrile reaction to Diamox has been re-
ported (52). The patient was positive he had never
recelved any form of sulfa before. The drug fever
developed after the third dose of Diamogphad been
given. Later the patient was glven a fourth dose

to establish the nature of the reaction,
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No skin manifestations have been reported nor
any changes in urline other than the electrolyte
effects,

The mild acidosils which developes with continued
therapy 18 well tolerated by the patlent,

In January 1955, the first case of agranulocytosis
following Diamogptherapy was reported.(53) The patient
was a slxty six year 0ld white female who had been on
a digitalis, low salt dlet and Diamox regime for three
months because of congestive heart fallure. She was
admitted to the hospital complaining of vertigo,
syncope, numbness of left hand, weakness and malalse
that had been increasing during the prectéding four
weeks, Her white blood count on admlission was 5000
cells/cumm with a differential count of Segs.l, Band
2, Lymphs. 59, Monos, 38. Her hemoglobin was 14.1
grams and her red blood count was 5,56 million/cumm,
Bone marrow studles showed granulopolesls was dimin-
ished slightly with an arreet of maturation at the
metamyelocyte level. The dosage of Diamo:? thls patient
had been taking dally was 250 mg. It 1s interesting
to note that she showed early toxic signs of the drug
four weeks before admission to the hospltal when
complaints of numbness, malalse and weakness appeared,
There symptoms were not understood and the patient

was allowed to continue the drug without caution,
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It 1s 1n the patient with i1ncreased fluid content,
whether such fluid be in the interstial fluld as
occurs 1n the patlient with congestive heart fallure
or in the anterlor chamber of the eye as occurs in
the patient with glaucoma, that Diamo:? exerts 1ts
most noticeable actlon. Diamo§?has been proven by
various investigators to be of benefit in the treat-
ment of mild and moderate cases of congestive heart
fallure and in the therapy of the patlient with
glaucoma, Certaln cases of epllepsy which have
been resistant to tahnerapy with the more commonly
used drugs may be benefited by using Dlamof?

Other conditlons in which Dianoébhau been found to
be effective 1n rellieving the symptoms and signs

of excesslive water retentlon are pre-menstrual
tenslon and pre-eclampsla., Prelimlnary reports
suggest that DiaUngmay be of benefit in the treat-
ment of emphysematous patlents,

Both gastrie and pancreatic secretion can be
suppressed by the administration of Diamogabut the
dosages required are in the level within which toxic
symptoms are frequently experienced. The more common
toxlc symptoms are parastheslas of the face and ex-
tremetles and drowsiness, The metabolic acldosis

which 1s produced in patients recelving the drug
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