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The methyl salt of sulfathiazole was discarded
because it produced peripheral neuritis (1). It
was subsequently discovered that hens were sen-
sitive indicators of this toxicity (2). However,
only by trial in patients could the applicability
of the avian observations to man be validated,
though a shorter trial with less damage would
have been possible had this avian test been
known sooner.

Roblin and his coworkers (3) who prepared
sulfadiazine also described its monomethyl and
dimethyl homologues. Whentested on hens, the
toxicity for peripheral nerves found with the
methyl salt of sulfathiazole was not encountered
in the methyl compounds of sulfadiazine. Be-
cause of the absence of injury to the peripheral
nerves, these new drugs have been offered for
clinical investigation (4 to 6). New sulfona-
mides must be equally potent, mole per mole, to
compete with or supplant their predecessors.
Effective concentrations must be maintained by
the same or less frequent administration. They
must be less toxic and must be detoxicated to
substances less likely to form crystal aggregates
which may irritate or block the renal tubules.
After animal trial, the effect on patients must be
determined because the pharmacological proper-
ties may be different in the human or may be
modified both by disease and by the temperature
of the patients. Accordingly we have studied
the effects of monomethylsulfadiazine 4 and di-
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ter, Mass.
6 4 Weare indebted to Lederle Laboratories, Incorporated,
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drugs.

methylsulfadiazine (7) in acute respiratory
disease.

In vitro observations of the effect of equivalent
concentrations of sulfadiazine, monomethylsulfa-
diazine, and dimethylsulfadiazine run in parallel

TABLE I

Comparative blood concentrations with sulfadiazine,
monomethylsulfadiazine, and dimethylsulfadiazine*

Mgm. of "free" drug per 100 cc.
of blood

Drugs Cases Hours

24 48 72

1 5.8 8.1 6.5
2 5.2 10.4 7.7

Sulfadiazine 3 6.7 4.9 8.0
4 6.7 5.3 3.0
5 7.0 10.9 10.1
6 9.4 5.9 10.0

1 6.0 11.0 **
2 15.0 18.0
3 3.2 10.0
4 7.0 16.0
5 7.6 9.0
6 8.4 12.8 11.7
7 7.8 6.8 6.6
8 17.8 17.8 15.3

Monomethyl- 9 8.8 11.2
sulfadiazine 10 17.2 18.8 13.8

11 19.8 11.0
12 5.6 17.6 18.0
13 10.0 7.0
14 9.2 16.0 10.2
15 12.2 19.2 17.0
16 14.4 19.8 16.4
17 8.6 18.6 14.2
18 15.8 12.0 14.2

1 5.4 3.3 8.0
2 8.4 10.8 6.3
3 3.8 1.9 1.7

Dimethyl- 4 5.5 3.8 1.6
sulfadiazine 5 9.8 6.8 9.5

6 8.9 9.6 4.2
7 9.6 4.6 3.8
8 5.5 9.2 1.0

* These drugs were given 4 grams statim and 1 gram
every 4 hours day and night.

** Blood levels not taken where blank spaces appear.
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FIG. 1. AVERAGECONCENTRATIONSOBTAINED IN THE BLOODAFTER SINGLE ORAL 4 GRA DOSES
A. Sulfadiazine (Average of 7 subjects) Legend: 0 0 A = Total drug
B. Monomethylsulfadiazine (Average of S subjects) A, = Free drug
C. Dimethylsulfadiazine (Average of 4 subjects)

on a B. Friedlander B organism, a pneumococ-

cus III, and a pneumococcus VI did not show
significantly superior bactericidal action of the
methyl salts.

PHARMACOLOGY

Sulfadiazine, monomethylsulfadiazine, and di-
methylsulfadiazine are readily absorbed from the
gastrointestinal tract. When they are admin-
istered orally, high concentrations may be ob-
tained. High initial levels may be attained
rapidly with all 3 drugs but they are maintained
only with sulfadiazine and monomethylsulfa-
diazine (Table I).

Whenequal quantities are administered, mono-

methylsulfadiazine gives higher blood levels than
sulfadiazine. The average concentrations of
sulfadiazine, monomethylsulfadiazine, and di-
methylsulfadiazine, obtained in the blood after
single oral doses, are shown in Figure 1. In 7
subjects, at the end of 4 hours, .a 4 gram dose of
sulfadiazine resulted in blood levels ranging from

3.4 to 6.0 mgm. with an average of 5.2 mgm. of
the free drug per 100 cc. In 5 subjects, at the
end of 4 hours, a 4 gram dose of monomethyl-
sulfadiazine resulted in blood levels ranging from
4.8 to 14.0 mgm. with an average of 9.4 mgm. of
the free drug per 100 cc. Corresponding con-

jugated values were 0.5 to 2.2 mgm. with an

average of 0.9 mgm. per 100 cc. of blood. Under
similar conditions, free dimethyl.ulfadiazine in
the blood reached concentration peaks varying
from 6.0 to 11.7 mgm. with an average of 8.4
mgm. per 100 cc. The corresponding conjugated
dimethylsulfadiazine values ranged from 1.0 to
4.3 mgm. with an average of 4.3 mgm. per 100
cc. of blood. With all the drugs, measurable
amounts were found in the blood for approxi-
mately 72 hours.

Whena statim dose of 4 grams was followed by
1 gram every 4 hours day and night, it was found
that levels of sulfadiazine and monomethylsulfa-
diazine were well maintained. Blood concentra-
tions for sulfadiazine ranged from 1.7 to 14.8

16

'4

121
C
0

La
0
C)
U

0

L-0

Lai

I

4

6

41
2

0

I/



JESSE G. M. BULLOWAAND HERMAND. RATISH

TABLE II

Comparative urinary recoveries of sulfadiasine
and its mono and dimethyl analogues

Dose Conjugated Recovery
drug drug in total

ingested recovery Free Conjugated Total

grams per cent per cent

SULFADIAZINE

21 7.7 60.0 5.0 65.0
2 31.6 65.0 30.0 95.0
3 73.3 13.3 36.6 49.9
3 41.6 23.3 16.6 39.9
3 22.0 23.3 6.6 29.9
3 40.9 43.3 30.0 73.3
5 40.9 26.0 18.0 44.0
5 28.0 36.0 14.0 50.0
5 66.6 20.0 40.0 60.0
5 33.3 40.0 20.0 60.0
5 33.3 28.0 14.0 42.0

11 28.8 33.6 13.6 47.2
14 44.7 41.4 33.5 74.5
22 69.6 11.3 25.9 37.2

MONOMETHYLSULFADIAZINE

4 43.7 45.0 35.0 80.0
4 51.5 40.0 42.5 82.5
4 50.0 42.5 42.5 85.0
4 41.3 42.5 30.0 72.5

18 75.0 20.0 60.0 80.0
18 19.6 70.0 17.2 87.2
19 58.6 32.6 46.3 78.9

DIMETHYLSULFADIAZINE

4 20.0 70.0 17.5 87.5
4 48.4 42.5 40.0 82.5
4 40.0 45.0 30.0 75.0
4 31.1 57.5 26.0 83.5

20 47.9 44.0 40.5 84.5
26 55.3 18.9 23.4 42.3
28 58.8 38.5 55.0 93.5
31 74.5 22.9 67.1 90.0
38 47.8 41.1 39.7 80.8
41 78.8 16.6 61.9 78.5
45 83.8 15.1 78.6 93.7

mgm. per 100 cc.; of this amount, 10 to 13 per

cent was in the conjugated form. Blood levels
for monomethylsulfadiazine ranged from 3.2 to
23.0 mgm. per 100 cc. and approximately 18 per

cent was in the conjugated state.
The administration of dimethylsulfadiazine by

the same regimen resulted in high initial levels
which were not satisfactorily maintained. Fol-
lowing a peak, the concentrations diminished in
many instances to as low as 1.0 or 2.0 mgm. per

100 cc. of blood. Continuing the dose of 1 gram

every 4 hours did not again elevate the level of

dimethylsulfadiazine. In some cases, the levels
were fairly well maintained.

In each of the 3 drugs, following a single dose,
approximately 50 per cent of the total amount
recovered in the urine was excreted in the first
24 hours. In 72 hours, the amount of sulfa.
diazine (free and conjugated) recovered from the
urine varied from 30 per cent to 95 per cent.
For monomethylsulfadiazine (free and conju-
gated), the variation was 72 to 87 per cent. Di-
methylsulfadiazine (free and conjugated) varied
from 73 to 85 per cent.

About 35 per cent of the amount of sulfa-
diazine recovered from the urine was conjugated,
of monomethylsulfadiazine 50 per cent, and of
dimethylsulfadiazine 45 per cent. The total
amount of sulfadiazine recovered from the urine
ranged from 11.3 to 65 per cent of the free and
6.6 to 40.0 per cent of the conjugated drug. For
monomethylsulfadiazine, the variations were 20.0
to 70.0 per cent of the free and 17.2 to 60.0 per
cent of the conjugated. For dimethylsulfadia-
zine, it was 15.1 to 70.0 per cent of the free and
17.5 to 78.6 per cent of the conjugated (Table II).

TOXICITY

In the 14 sulfadiazine, 7 monomethylsulfadia-
zine, and 11 dimethylsulfadiazine cases studied
pharmacologically, fluid intake was not forced.
The patients however, took water freely. The
daily urinary volume in all cases varied from 770
to 1800 cc. In a number of patients treated
with dimethylsulfadiazine, there was a marked
polyuria up to 4000 cc. Nausea and vomiting
occurred in about 10 per cent of all patients tak-
ing sulfadiazine (8) and 2.6 per cent of those tak-
ing monomethylsulfadiazine. Leukopenia and
anemia were not encountered. Delirium was
unusually frequent with the methyl homologues
whereas in 588 sulfadiazine-treated patients, only
8 instances or 1.3 per cent were observed, and of
the 38 dimethylsulfadiazine-treated patients, 12
were in delirium. Three of these became deliri-
ous before therapy started and continued so
afterwards. Nine patients became delirious dur-
ing the therapy, a 23.6 per cent incidence. In
this series, 3 patients vomited following the in-
gestion of the drug, and hematuria occurred in 1
patient. In the dimethylsulfadiazine group, 13
of the 64 cases, or 20.3 per cent, became delirious
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after the drug was administered. One of the
monomethylsulfadiazine-treated patients devel-
oped hematuria and anuria and was cystoscoped.
Cystoscopy revealed a blocked ureter and large
crystal aggregates floating in the urine of the
bladder, and embedded in the mucosa of the
bladder. The drug was discontinued. The pa-

tient was relieved of his anuria by ureteral irri-
gation and recovered.

Of the 38 patients treated with monomethyl-
sulfadiazine, 4 died. Two of these deaths oc-

curred 10 to 12 hours after commencing the
administration of the drug.

The first instance of death 10 hours after commence-

ment of therapy occured in a patient who had a B. Fried-
lander A infection with a left lower lobe involvement.
The drug was started on the second day of his illness and he
had received a total of 6 grams prior to the onset of de-
lirium. Following the administration of the drug, he
vomited, became delirious, and died in a convulsion. He
had received a total of 8 grams.

The second instance of death which occurred 12 hours
following the beginning of drug therapy was that of a

TABLE III

Delirious cases and deaths in patients treated with

Blood levels 10 0 c Delirum

'-a'o

cU 0~~~~~~~~~~~~~~~~~~
Patient > 0~- * OutcomeX 00 E 1'l) t'8S6XeL^X00 -0 0~~~~~~~~~~~~.0 .. ~~~~~.0 *-..
W. 6,0'H. 64|nM30: >t r
co Cd 0 co ~~~~~~~~~~~~~~~~0co '0c

years
W. H. 4 M38 IX RUL 4 6 5 10.0 3011 5 1030 9 29 4 9l10 Recovered

RMLX-ray 7 7.0

H. B. 4 M 43 III RLL 4 7 5 14.4 40 7 6 101.40 1S 37 4 10 10 Recovered
7 19.8
8 16.4

R. F. 6 M 24 I LLL X-ray 6 4 7 11.2 32 15 8 99' 15 19 2 10 9 Recovered
10 2.0

J. T. 4? M 38 XII LLL 4? 2 . On 1030 0 7 ? ? ? Patient was in shock on
admission admission and died 12

hours after therapy began

W. E. 8 M 35 VII RUL-RML 8 8 9 8.6 28 9 9 104.80 6 39 3 12 12 Recovered
RLL 11 18.6
X-ray 13 14.2

16 6.8

J. N. ? M 42 XVII RLL-RML ? 3 ? 6.0 On 18 Died in delirium 52 hours
5/13 admission after the drug was given.

Received 340,000 units of
anti-pneumococcic serum.

E. B. 2 M 38 BFA LLL 2 1 ? 6 8 Died in convulsions 10
hours after therapy was
started. This patient
vomited.

N. T. ? U 72 VIII LLL-RLL ? 2 ? On 8 Died 28 hours following
6/5 2.8 admission drug therapy.

J. W. 4 M 28 RLL-X-ray 4 4 6 19.8 44 11 8 990 23 23 2 10 7 Recovered
7 11.0
9 7.8

W. S. ? M 32 VI RLL-LLL ? 4 ? 76 19 ? 1010 14 23 2 3? S? Recovered
5/22 5.6 1
5/24 17.6
5/25 18.0

V. C. 2 F 46 RML-RLL 2 3 4 18.0 6 1020 18 18 2 8 6 On the 6th day of the dis-
X-ray ease. monomethylsulfadia-zine was discontinued.

The patient was in de-
lirium. On the 7th day
of illness sulfathiazole was
administered. Patient re-
covered.

G. T. 2 M 32 XI LLL 2 4 3 9.4 48 5 4 101 10162 6 S Recovered
5 19.8

All patients received monomethylsulfadiazine, 4 grams statim and 1 gram every 4 hours day and night.
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TABLE IV

Comparative mortaities with sudfadiasine,
monomethylsulfadiasine, and dimethylsulfadiazine

Sulfadiazine Monomethyl- Dimethyl-sulfadiazine sulfadiazine

Caes Deaths Cass_ Deaths Per Ca Deaths Per

Tota 232 31 13.4 38 4 10.3 64 10 15.8

Total
minus
deaths
within 219 18 8.2 36 2 5.5 61 7 11.4
24 hours
after
therapy
began

patient suffering from a pneumococcus Type XII pneu-

monia involving the left lower lobe. The drug was started
on the fourth day of his disease and he had received a total
of 7 grams. He was delirious on admission and continued
in delirium after the drug was administered and without
modification of his condition otherwise.

A third death occurred 52 hours after the drug was

started. The patient was suffering from a Type XVII
pneumococcus pneumonia with right lower lobe and right
middle lobe involvement. The drug was administered on

admission and he received a total of 18 grams in 3 days.
He was admitted in delirium from which he did not recover.

Additional therapy included 340,000 units of the pneumo-

coccus XVII antiserum.
The fourth death occurred 28 hours after therapy was

instituted. X-ray revealed left lower lobe and right lower
lobe involvement. He received 8 grams in 2 days. He
was delirious on admission and continued so after the
administration of the drug.

In addition to the 4 fatal cases, there were 8 instances of
delirium. The time of onset of delirium following the
administration of the drug varied from 1 to 4 days. Some
deliria were mild. The patients were out of contact as

shown by hallucinations and irrelevancy. Other delirious
patients were active and required restraints.

In 1 patient, aged 43, delirium started on the 6th day of
his illness, 46 hours after the drug was given. He had
received 15 grams at the time of onset of the delirium.
This patient recovered from a pneumococcus III with right
lower lobe involvement. He received a total of 37 grams
in 7 days. The initial temperature drop occurred 40
hours after the drug was started.

In another patient, aged 35, delirium started on the 9th
day of his disease. He had received 6 grams of mono-

methylsulfadiazine at the time of onset of delirium. This
patient recovered from a pneumococcus VII pneumonia.
X-ray revealed right upper lobe, right middle lobe, and
right lower lobe involvement. He received a total of 39
grams in 8 days. The initial temperature drop occurred
following the ingestion of 9 grams of the drug (28 hours).
Hiccoughs occurred soon after the drug was given and
were not relieved by oxygen-arbon dioxide inhalation.

In a 3rd patient, aged 24, delirium occurred on the 8th

day of his illness after 15 grams of monomethylsulfadiazine
were administered. The drug was started on the 6th
day of his disease. This patient recovered. He had a
pneumococcus Type I pneumonia. X-ray showed left
lower lobe involvement. He received a total of 19 grams
in 4 days. The initial temperature drop started after he
had received 15 grams of the drug.

A 4th patient, aged 38, became delirious on the 5th day
of his iliness, 26 hours after the drug was started. He
received 9 grams prior to the onset of delirium. This
patient recovered from a pneumaococcus Type IX pneu-
monia. X-ray showed right upper lobe and right middle
lobe involvement. He had received a total of 29 grams
in 6 days. The initial fall in temperature occurred after
he received 11 grams of the drug.

Other instances of delirium are indicated in
Table III.

Table IV offers the mortality comparison of
the drugs studied. In 232 cases treated with
sulfadiazine, there were 31 deaths or a mortality
of 13.4 per cent. In this series, 13 deaths oc-
curred within 24 hours after therapy began, mak-
ing the mortality after 24 hours of therapy 8.2
per cent. Four out of the 38 cases treated with
monomethylsulfadiazine, or 10.5 per cent, died.
In this series, 2 deaths occurred within 24 hours
after therapy started, with a mortality of 5.5 per
cent after 24 hours of therapy. Of the 64 pa-
tients treated with dimethylsulfadiazine, 10 pa-
tients, or 15.6 per cent, died. In this group, 3
cases died within 24 hours following therapy, a
mortality of 11.4 per cent.

Suffadiazine, when effective, will generally
cause a drop in temperature in about 24 hours
following its administration. With monomethyl-
sulfadiazine, we observed 28 cases that followed
this trend while 10 patients required more than
24 hours before the temperature fell.

SUMMARY

Monomethylsulfadiazine and dimethylsulfa-
diazine, like sulfadiazine, are readily absorbed
from the gastrointestinal tract. Blood concen-
trations, when equal doses are given, are gener-
ally higher for monomethylsulfadiazine than for
sulfadiazine. Rapid attainment and mainten-
ance of high blood levels may be accomplished
with monomethylsulfadiazine. In the urine,
about 35 per cent of the amount of sulfadiazine
recovered was conjugatec,; of monomethylsulfa-
diazine, 50 per cent; and of dimethylsulfadiazine,
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45 per cent. The incidence of mental disturb-
ances with monomethylsulfadiazine was 23.6 per
cent; with dimethylsulfadiazine, 20.3 per cent;
and with sulfadiazine, 1.3 per cent. Gross hema-
turia was observed with sulfadiazine and mono-
methylsulfadiazine. Polyuria was noted with
dimethylsulfadiazine. The mortality in cases of
pneumonia treated with the 3 drugs was,-
sulfadiazine 8.2 per cent in 232 cases; mono-
methylsulfadiazine, 5.5 per cent in 38 cases; for
dimethylsulfadiazine, 11.4 per cent in 64 cases.
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