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Antibacterial Properties of Orinase in Infected Mice.
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Cuarres Lewis (Introduced by M. H. Kuizenga)
Research Laboratories, The Upjohn Co., Kalamazoo, Mich.

The search for an orally active agent ef-
fective in treatment of diabetes mellitus has
been carried on for many years. Recently, a
group of synthetic sulfonamides has been re-
ported to be capable, when administered
orally, of reducing blood sugar concentrations
in clinical diabetes(1-5) as well as in ex-
perimental animals(5-7).

While continuous administration of any
physiologically active drug presents the ob-
vious problem of toxicity, the constant use of
a sulfonamide, even though not a sulfanila-
mide-like compound.,* presents another as-
pect of toxicity not commonly encountered.
viz., the effect of the compound on bacterial
flora of the host. This question is particu-
larly pertinent in the diabetic individual in
view of his increased susceptibility to infec-
tion. It therefore appeared advisable to in-
vestigate the antibacterial properties of some
of the newly discovered antidiabetic agents.
In this paper the antibacterial properties of
2 compounds having hypoglycemic activity,
1 - (p-methylphenylsulfonyl)-3 - butylurea or
Orinaset and 1-(p-aminophenylsulfonyl)-3-
butylurea, are compared with a commonly
used triple sulfa mixture.

Methods. Male white mice (CF-1), 18-
20 g, were selected at random from animal
pools. Technics for establishing mouse infec-
tions, maintenance of cultures, etc., have been
described (8,9). Freshly prepared stock sus-
pensions in aqueous 0.25% Methocel! were
prepared at beginning of each experiment and
diluted so that the desired dose was contained
in 0.2 m! when administered subcutaneously,
or in 0.5 ml when administered by oral in-
tubation. The triple sulfa mixture was pre-
pared by thoroughly mixing in 1:1:1 ratio
sulfadiazine, sulfamerazine and sulfametha-
zine. After blending, the mixture was consid-

* Unpublished.

t Orinase is the Upjohn trade name for 1-(p-
methylphenylsulfonyl) -3-butylurea.

} Dow Chemical Co., Midland, Mich.

ered an entity and used as the other two com-~
pounds. Preliminary work in non-infected
animals demonstrated that subcutaneous doses
as high as 400 mg/kg/day and oral doses as
high as 800-1000 mg/kg/day of the sulfona-
mide compounds could be safely given to mice
at daily intervals over a period of 6 days with-
out gross signs of toxicity. The infecting dose
and the drug were administered so that the
drug was given immediately following the in-
fecting dose and continued at daily intervals
for 6 days. On the seventh day the surviving
animals were sacrificed. Evaluation of activ-
ity was based on median protective dose
(CD;,) as calculated by the method of Reed
and Muench(10), and the standard error cal-
culated as described by Miller and Tainter
(11).

Results. Table IT summarizes our data of
the comparison of 1-(p-methylphenylsul-
fonyl)-3-butylurea with 1-(p-aminophenyl-
sulfonyl)-3-butylurea and the triple sulfa mix-
ture in infected mice. The failure of 1-(p-
methylphenylsulfonyl) - 3 - butylurea to pro-
tect mice infected with lethal challenges of 10
different organisms is quite clearly demon-
strated. None of the infected groups survived
in statistically significant numbers in those
instances where 1-(p-methylphenylsulfonyl)-
3-butylurea was given via either oral or sub-
cutaneous routes. This is in contrast to 1-
(p-aminophenylsulfonyl)-3-butylurea  which
possesses a high degree of antibacterial activ-
ity in all infections studied with the excep-
tion of Pseudomonas aeruginosa (Table I).
The latter compound is inferior to the triple
sulfa mixture.

It is felt that the failure of 1-(p-methyl-
phenylsulfonyl)-3-butylurea to protect in-
fected mice was due to a true lack of antibac-
terial activity and that the animals did not
die of cumulative toxicity produced by infec-
tion superimposed upon a near lethal hypo-
glycemia caused by a large dose of I-(p-
methylphenylsulfonyl)-3-butylurea. If death
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TABLE I. Comparison of In ¥ivo Antibacterial Activities* of Orinase, 1-(p-Methylphenylsul-
fonyl)-3-Butylurea, 1-(p-Aminophenylsulfonyl)-3-Butylurea, and a Triple Sulfa Mixture.

1-(p-aminophenylsul-

fonyl)-3-butylurea Orinase Triple sulfa

Organism Subeut. Oral Subeut. Oral Subeut. Oral
Streptococcus hemolyticus 66.1 54.3 >400 >600 37 10
Diplococcus pneumoniae 1 353 236 ” ” 114 121
Micrococcus aureus 100 50 ” ” 18 10
Pasteurella multocida 55.1 46.8 ” ” 14 10
Klebsiella pneumoniae 327 200 ” ” 45 80
Proteus vulgaris 31.2 20.2 ” ” 2.7 2.1
Pseudomonas aeruginosa >500 395 ” ” 31.4 28.3
Salmonella typhi 12.6 12.6 " " 13 10
Salmonella paratyphi B 70.7 64 ” ” 2.5 4.2
Escherichia coli 100 83 ” ” 13.5 9.3

* Expressed as median protective dose in mg/kg/day.

TABLE II. Effeet of Glucose* on Antibaecterial Activities of 1-(p-Aminophenylsulfonyl)-3-
Butylurea and Orinase, 1-(p-Methylphenylsulfonyl)-3-Butylurea in S. hemolyticus Infected
Mice.

1-(p-aminophenylsul-

Orinaset fonyl)-3-butylurea Control}
Log dil'n Mort. rate Mort. rate Mort. rate
of chal- With ‘Without With  Without With ‘Without
lenge dose  glucose glucose glucose glucose gluecose glucose
4 20/20 20/20 0/20 0/20 10/10 10/10
5 1 19/20 EE ” ” ”
6 16/20 17/20 ” ” 5/10 8/10
7 5/20 11/20 ” ? v 1/10
8 0/20 0/20 ” »” 1/10 0/10
Avg LD$ 6.5 6.9 >4.0 >4.0 6.6 6.4

* Given as 5% in the drinking water.
kg/day. } Infeeted but untreated.

had been due to increased susceptibility of the
animal, due to a low blood sugar concentra-
tion or other forms of toxicity plus the infec-
tion, it could be expected that fewer bacterial
cells in the challenge, as demonstrated by a
higher LDj3o, would cause death of the ani-
mals. Further, if the toxic effect of low blood
sugar were countered with glucose adminis-
tered to the animal, a therapeutic pattern re-
sembling that of 1-(p-aminophenylsulfonyl)-
3-butylurea should be observed. In an effort
to demonstrate this, the following experiment
was designed and carried out.

Two groups of 200 mice were treated with
either 1 - (p-methylphenylsulfonyl)-3 - butyl-
urea or 1-(p-aminophenylsulfonyl)-3-butyl-
urea. The 2 groups were further divided into
S groups of 40 mice, and each group was chal-
lenged with Streptococcus hemolyticus seri-
ally diluted in 10-fold increments. One-half
of the animals treated with 1-(p-methylphe-

t Admin. orally by direct intubation at 500 mg/

§ Expressed as log of median lethal dose.

nylsulfonyl)-3-butylurea was given glucose in
drinking water, while the remaining half was
given plain water.. Appropriate untreated in-
fected controls were used for comparative pur-
poses. The median lethal dose of S. Aemoly-
ticus for each group was used as a measure of
altered susceptibility to the infection.

It can be noted from the data (Table II)
that addition of glucose (5%) to the infected
animals did not alter susceptibility of the dif-
ferent groups to the S. kemolyticus infections.
The groups receiving 1-(p-aminophenylsul-
fonyl)-3-butylurea was protected whether
glucose was administered to mice or not, and
the susceptibility of mice receiving 1-(p-
methylphenylsulfonyl)-3-butylurea was un-
changed in the untreated starved controls.

The influence of one bacteriologically ac-
tive agent upon activity of a second antibac-
terial agent has been studied in detail by nu-
merous workers. Many types of different ac-
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TABLE III.
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Effect of Orinase, 1-(p-Methylphenylsulfonyl)-3-Butylurea on the Activity of

Tetracyeline in S. hemolyticus Infected Mice, 20 Mice per Series.

—Drug level*—

~— Drug level*—

Tetra- Tetra-
Orinase eyeline Mort, ratiot CDy} Orinase  eveline Mort. ratiot CDso}
250 3 19/20 oy None 3 17/20 oy
" Ki] 14/20 = ” .6 12/20 x
1.2 1720 & N 1.2 5/20 g
’ 2.4 /20 ~ " 2.4 1/20 ~
1.8 " S ” 4.8 0/20 g2

* Expressed in mg/kg/day.
confidence limits).

tions, including synergism and antagonism,
have been demonstrated depending upon the
antibiotics and upon the proportions. To es-
tablish that 1-(p-methylphenylsulfonyl)-3-
butylurea does not interfere with antibac-
terial action of an antibiotic, the compound
was administered orally to a group of infected
mice being treated subcutaneously with tetra-
cycline$ while a second group of infected mice
was treated with the antibiotic alone. The
median protective dose of tetracycline was de-
termined both alone and in the presence of
250 mg/kg/day of 1-(p-methylphenylsul-
fonyl)-3-butylurea and used as the basis of
evaluation.

From the results presented in Table III, it
is obvious that 1-(p-methylphenylsulfonyl)-
3-butylurea does not interfere with the pro-
tective action of tetracycline in S. kemoly-
ticus infected mice, and that tetracycline ther-
apy could be carried out in the presence of
relatively large daily doses of 1-(p-methyl-
phenylsulfonyl)-3-butylurea.

Summary. 1. The chemotherapeutic prop-
erties of 2 newly discovered sulfonamide anti-
diabetic agents have been studied in infected
mice and compared to a commonly used triple
sulfa mixture. Data demonstrating that 1-
(p-methylphenylsulfonyl)-3-butylurea is de-
void of any antibacterial activity and that 1-
(p-aminophenylsulfonyl)-3-butylurea is ac-
tive as an antibacterial agent have been pre-
sented. Lack of antibacterial activity of 1-

TNO (l(;:;cl/tu‘ml No.

{ Median proteetive dose (95%

(p-methylphenylsulfonyl)-3-butylurea can be
attributed to absence of the para-amino group.
This para-amino group is present in each of
the ingredients in the triple sulfa mixture as
well as other sulfanilamide-like compounds.
2. It has been demonstrated that failure of
1 - (p-methylphenylsulfonyl)-3 - butylurea to
protect infected mice was due to a true lack
of antibacterial activity, and death of test
animals was not attributed to toxicity. 3.
Large daily doses of 1-(p-methylphenylsul-
fonyl)-3-butylurea have been shown not to
interfere with therapeutic activity of tetracy-
cline in infected mice.
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§ Upjohn Tetracycline (Panmycin) was used.
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