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Effect of Sulfonamide Compounds upon Growth of Staphylococci
in Presence and Absence of p-Aminobenzoic Acid.*

WEesLEY W. SPINK AND JEAN JERMSTA.

From the Division of Internal Medicine, University of Minnesota Medical School,
and University Hospital, Minneapolis. ’

A series of observations has been made concerning the effect of
sulfonamide compounds upon the growth of staphylococci. Com-
parative studies were made with sulfanilamide, sulfapyridine, sulfa-
thiazole and sulfadiazine. At the same time, the inhibitory effect
of p-aminobenzoic acid upon the bacteriostatic action of these com-
pounds was investigated. .

Methods. Four strains of S. aureus were utilized. They were
isolated from patients having severe staphylococcal infections. Each
strain produced coagulase and fermented mannite. To facilitate
standard conditions, a synthetic medium was used throughout these
studies. This chemically-defined medium was the same as described
by Gladstone.! The advantages of using such a medium for study-
ing the growth-inhibitory effects of the sulfonamide compounds
are: it contains neither peptone nor neopeptone; it provides a basal
medium of known constituency; and it supports growth of the
organisms as readily as the usual broth media used for staphylo-
cocci.

Several generations of each of the 4 cultures were grown in the
synthetic medium before utilizing a 24-hour culture in the experi-
ments to be described. After several preliminary studies, it was
found satisfactory for our present purposes to add 0.05 cc of a
1:10 dilution of the 24-hour culture to 11 cc of the basal medium.
The approximate number of cocci added was determined by making
agar pour plates of varying dilutions of the original inoculum. The
following study was made with each of the strains. Control tubes
contained only the basal medium and added organisms. Seven tubes
containing the basal medium and organisms had p-aminobenzoic acid
in varying concentrations added to them. The final concentration of
p-aminobenzoic acid was respectively 2.0, 0.4, 0.08, 0.016, 0.0032,
0.00064, 0.000128 mg per 100 cc. The purpose of this was to deter-
mine whether p-aminobenzoic acid inhibited or stimulated the growth

* Aided by a grant from the Committee on Scientific Research of the Ameriean
Medical Association.
1'Gladstone, G. P., Brit. J. Exp. Path., 1937, 18, 322,
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of staphylococci. Different concentrations of each of the sulfona-
mide compounds were added to tubes containing the basal medium
and organisms. Freshly prepared solutions were made by dissolving
the compounds in sterile distilled water. The sodium salts of sulfa-
pyridine, sulfathiazole and sulfadiazine were used.! Under these con-
ditions, the final concentrations of each of the sulfonamide compounds
were 10, 5, 3, and 1 mg per 100 cc. Finally, a series of test tubes was
set up containing the basal medium, organisms and different con-
centrations of p-aminobenzoic acid and each of the sulfonamide
compounds as shown in Table I. All of the tubes with their con-
tents were incubated at 37°C for 24 hours. This time interval was
selected as being optimal for studying growth after many observa-
tions had been made using intervals of 12, 48, and 72 hours. The
degree of bacterial growth was measured according to the turbidity
of the contents in each tube at the end of 24 hours. For this pur-
pose, readings were made with the Evelyn photoelectric colorimeter
using a 540 filter. The contents of each tube were thoroughly
mixed, transferred to previously standardized absorption tubes, and
the amount of light transmitted through each tube was determined.:

As a standard, a tube containing the water-clear basal medium
was used. It was found that this method for determining bacterial
growth was as satisfactory as ascertaining the number of viable
organisms present by the pour-plate technic. The galvanometer
readings, which are a logarithmic expression of light transmitted,
were converted by means of logarithms to the per cent of light trans-
mitted. Thus the greater the turbidity of the medium, the smaller
the percent of light transmitted.

Results. Table I shows the results obtained with one of the 4
strains studied. Observations made with the other 3 strains gave
essentially the same results. It is to be noted that different concen-
trations of p-aminobenzoic acid neither stimulated nor inhibited the
growth of staphylococci. This is in agreement with the results of
Strauss, Lowell and Finland, who studied the pneumococcus.?
Woods, on the other hand, stated that p-aminobenzoic acid was an
essential growth factor for Streptococcus pvogenes® The effect
of varying concentrations of each of the sulfonamide compounds
upon bacterial growth is of interest. When the concentrations of
each of the drugs was 10 mg per 100 cc growth of the organisms
was markedly inhibited. When a concentration of 5 mg was

t The sodium sulfadiazine was supplied to us by the Lederle Laboratories,
Pearl River, New York.

2 Strauss, E., Lowell, F. C., and Finland, M., J. Clin. Invest., 1941, 20, 189.

3 Woods, D. D., Brit. J. Exp. Path., 1940, 21, 74,
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present, the inhibitory action of sulfanilamide and sulfapyridine
was considerably less than that obtained with sulfadiazine and sulfa-
thiazole. This was also true with concentrations of 3 mg per 100
cc. The results were quite striking when a concentration of 1 mg
per 100 cc was employed. Sulfathiazole was definitely more inhibi-
tory than sulfadiazine, while this concentration of sulfanilamide
and sulfapyridine had very little effect.

The inhibitory effect of p-aminobenzoic acid upon the bacterio-
static action of the compounds revealed that the larger quantities of
the acid produced the greater inhibitory effect. Sulfathiazole in-
hibited bacterial growth more consistently than the other com-
pounds, and p-aminobenzoic acid was the least effective in inhibit-
ing this bacteriostatic action of sulfathiazole. In other words, these
results show that the greater the inhibitory effect of a compound
upon bacterial growth, the less the effect of p-aminobenzoic acid
upon this action of the compound, which confirms the observations
of others for the pneumococcus.” One observation that we have
made several times was that the smaller concentrations of p-amino-
benzoic acid in combination with a sulfonamide compound often
appeared to inhibit growth more than was obtained with the sul-
fonamide compound alone. Control tubes showed that these
smaller concentrations of p-aminobenzoic acid did not stimulate
growth. These observations have been too few and inconsistent
from which to draw final conclusions, but this paradoxical finding
merits further investigation.

Conclusions. A synthetic, chemically-defined medium has
proved satisfactory for the study of the bacteriostatic effect of the
sulfonamide compounds upon staphylococci. Sulfathiazole and
sulfadiazine have a definitely greater inhibitory effect upon growth
compared to sulfapyridine and sulfanilamide, with sulfathiazole
superior to sulfadiazine. While p-aminobenzoic acid inhibits this
bacteriostatic action of all the compounds studied, the greater the
effect of a compound upon growth of Staphylococci, the less inhibi-
tory is p-aminobenzoic acid against this action of the compound.



