144

4. Jacobs. J. L.. J. dm. Leather Chem. Assn., 1040,
Vi, 7220

5. Neuman, R. E.. and Logan, M. A., J. Biol. Chem.,
1050, v184, 299.

6. Steinberg, D., Comp. rend. Lab. Carlsberg Ser.
chim., 1934, v29, 130,

7. Hawk, P. B, Oser. B. L. and Summerson,
W. H.. pg. 245, Practical Physiological Chemistry,
McGraw-Hill, New York, 1934,

COMBINATIONS OF SULFISOXAZOLE AND OLEANDOMYCIN

8. Neuman. R. E., and Tytell, A. A, Proc. Soc.
Exp. Bior. anp Mkeb,, 1950, v73, 409,

9. Gustavson, K. H., pg. 270, The Chemistry and
Reactivity of Collagen, Academic Press, N. Y., 1956.

10. Grant, N. H,, and Robbins, K. C, J. 4Am.
Chem. Soc., 1953, v77, 2027.

Received February 11, 1057, P.S.E.B.M., 1957, v95.

Chemotherapeutic Activity of Combinations of Sulfisoxazole and

Oleandomyecin.

(23147)

E. GruxBErG, W. F. DELorENZO, D. ELDRIDGE AND E. TITSWORTH
Chemotherapy Laboratories, Hoffmunn-La Roche, Inc., Nutley, N. J.

The combined effect of antibacterial agents
generally demonstrated by an increased but
also occasionally decreased bacteriostatic ef-
fect in witro has comparatively rarely been
reproduced in animal experiments. This re-
port is concerned with a comparison of com-
bined activity of a sulfonamide and an anti-
biotic in vitro and in vivo. The agents used
were: (a) sulfisoxazole (3.4-dimethyl-5-sul-
fanilamido-isoxazole)* which has been de-
scribed (1) as a substance of low toxicity and
marked though not always optimal(2) che-
motherapeutic activity in vitro and in experi-
mental infections with Gram positive and
Gram negative organisms, and (b) oleando-
mycin, an antibiotic which has been shown by
Sobin et al.(3) as well as by Fust et al.(4)
to exhibit in vitro and in experimental ani-
mals an activity range similar to that of peni-
cillin and erythromycin. Clinically the effect
of the antibiotic is particularly marked
against Gram positive microorganisms(3).

Materials and methods. The origin of the
strains(1) as well as the technics of the broth
dilution tests(1) and gradient plates(6) have
been described elsewhere. Mueller-Hinton
medium (7) was used in all experiments which
employed the gradient plate. The methods
for the in vivo experiments are the same as
those given by Schnitzer et al.(1) except that
the Giorgio strain of Staphylococcus aureus
(obtained through the courtesy of Dr. R. M.

* Gantrisin®.

McCune, Jr.) which is of low sensitivity to
sulfonamides was used. The infective dose of
this organism was 0.5 ml intravenously of a
saline suspension containing 250.000.000 cells.
Both in vitro in the broth dilution method
and in vivo, sulfisoxazole and oleandomycin
were tested alone as well as in the following
combinations: (a) a fixed relation of 5 parts
sulfisoxazole combined with 1 part oleando-
mycin. (b) sulfisoxazole in the presence of a
constant inactive concentration of oleando-
myvcin, and (c) oleandomycin in the presence
of a constant, inactive concentration of sulfi-
soxazole. In wvitro the combination of sulfi-
soxazole and oleandomycin was also tested in
the proportion of 1:1.

Results. Activity in vitro. A. Broth dilu-
tion method: 1In the case of Streptococcus
hemolyticus 4 and Pneumococcus pneumoniae
6301, sulfisoxazole showed comparatively low
activity (25-50 mg/ml) while oleandomycin
was highly effective (0.25-0.5 pg/ml). With
Escherichia coli J and Eberthella tvphi F the
range of activity was 3.9 to 15.6 pg/ml for
sulfisoxazole and 31.2-62.5 ug/ml for olean-
domycin. The inhibiting dose against Staphy-
lococcus aureus 209 was 3.9 ug/ml for sulfi-
soxazole and 0.031 ug/ml for oleandomycin.
In every case, the combination gave the effect
of the more potent component.

B. Gradient plate technic. The results of
experiments with Staphylococcus aureus 209,
Escherichia coli J and Eberthella typhi F,
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Graphic demoustration of activity on gradient
plates of sulfisoxazole, oleandomyein and combina-
tions of the two substances against:

FIG. 1. Staphylococeus aureus 209.
FLG. 2, Escherichia coli J.
F1G. 3. Eberthella typhi F.

carried out on the gradient plate(6) are graph-
ically depicted in Fig. 1, 2, and 3 respec-
tively. In these figures the arrow indicates
the gradient of the substance in a particular
layer and the numeral gives the maximum
concentration of the substance incorporated.
The heavy line between two numerals indi-
cates normal heavy growth, the broken line,
light bacterial growth and the absence of a
line between two numerals, no growth. Fig.
1, 2 and 3 contain examples of combinations
which exhibited an effect superior to that of
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the single drugs in Staph. aureus 209, E. coli
J and E. typhi F respectively. With E. typhi
F (Fig. 3) at a concentration of 100 pg/ml
sulfisoxazole and 10 ug/ml oleandomycin the
results show not only the superior effect of
the combination but also growth at the high-
est point of concentration of sulfisoxazole.
This growth could be a function of a too
heavy inoculum but could also indicate pos-
sible interference of minute amounts of olean-
domycin with the high concentration of sulfi-
soxazole under the present experimental con-
ditions. Such an occurrence is feasible since
the drug combination balance showing in-
creased or decreased effect is often critical
and extremely close in values for a combina-
tion of agents.

Chemotherapeutic activity in vivo. The ac-
tivity of the combination of a fixed relation of
5 parts sulfisoxazole and 1 part oleandomycin
as compared to the single constituents against
the 3 Gram positive (streptococci, pneumo-
cocci and staphylococci) and the one Gram
negative (salmonella) organisms are given in
Table I. From the PD;, values (50% pro-
tective dose), which were calculated accord-
ing to the method of Reed and Muench(8) on
the basis of animals surviving the 21-day ob-
servation period, it can be seen that in the
case of streptococci, pneumococci and staphy-
lococci the values obtained for the constitu-
ents of the combination are less than that of
each substance alone. This can be inter-
preted as indicating a superior effect of the
5 to 1 combination.

In the case of Salmonella schottmuelleri
where oleandomycin is completely inactive,
the experimental results only show the effect
of the active component, sulfisoxazole.

When sulfisoxazole in the presence of a
constant inactive concentration of oleando-
mycin was tested against Strep. hemolyticus
4 and Pn. prneumoniae 6301, the activity of
sulfisoxazole in the combination was essen-
tially the same as that observed when the
substance was used alone. The same type of
effect was observed against Pn. pneumoniae
6301 and S. sckottmuelleri with oleandomycin
in the presence of a constant inactive con-
centration of sulfisoxazole. However, in an
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TABLE I. The In Tivo Antibacterial Aetivity of

COMBINATIONS OF SULFISOXAZOLE AND QLEANDOMYCIN

the Combination of Sulfisoxazole and Oleandomycin

in a Fixed 5 to 1 Ratio as Compared with the Single Constituents,

Strep. hemo-

Pn. pneumoniac

Staph. aureus

— mg/kg/os — lyticus 4 6301 (Giorgio) S. schottmuelleri
Sulfi- Oleando- % sur- % sur- % sur- T sur-
soxazole mycin vival mg/kg PDy, vival mg/kg PD;, vival mg/kg PD;, vival mg/kg PDs,
2000 90 1500 10 >2000
1000 0
250 90
125 80 50 100.6
62.5 40 80.8 50
31.2 20 10
2000 10 >2000
200 90 90
100 50 79.5 30 87.7
30 90 20 20
25 50 23.3
12.5 10
500 100 70 70
250 50 50 283.3 4 56.7 30 264.5 4+ 52.9 90
125 25 100 10 40 60 928 4+ 18.6
62.5 12.5 60 50.1 410 30 40
31.2 .23 20 0
Effect of
combination enhanced enhanced enhanced none
infection with S. sckhottmuelleri, sulfisoxazole oleandomycin. The required amount of sul-

combined with a constant inactive dose of
oleandomycin (1000 mg,/kg) was more than
twice as active (59.1 mg/kg) as it was when
given alone (149.7 mg/kg).

Discussion. The experimental evidence
has shown that under certain conditions both
in vitro and in vivo the combination of the
sulfonamide, sulfisoxazole, and the antibiotic.
oleandomycin, exerts an effect superior to
that of the single constituents. If one at-
tempts to define the conditions which govern
the demonstration of the combination effect.
it is evident that the serial dilution tests in
vitro as well as the combination with inactive
doses of either agent in vivo failed to show
increased activity. The more delicate balance
maintained in the gradient plates where the
abrupt differences of arbitrary dilution steps
are avoided demonstrates, however, the en-
hanced effects of sulfisoxazole and oleando-
mycin as long as one member exerted at least
a partial bacteriostatic activity. The experi-
ments in animals indicate that the fixed rela-
tion of doses as given by the 5 to 1 propor-
tion of sulfisoxazole to oleandomycin repre-
sents a suitable mixture. It causes a moder-
ate, usually less than a 2-fold, reduction of

fisoxazole can be considerably lower depen-
dent on the sensitivity of the organism. In
infections caused by organisms insensitive to
one of the 2 compounds, e.g. S. schottmuelleri
and oleandomycin, activity of the effective
constituent usually prevails. However, even
under these conditions an enhancing effect
has been observed. ’

Since these observations do not seem to fit
into any of the more or less well defined con-
cepts of synergism, we prefer the expressions
“enhanced” or “supplementary” effect to de-
scribe the results obtained in the present ex-
perimental study. The supplementation of
sulfisoxazole consists in the accentuation of
its Gram positive quota through combination
with oleandomycin. The latter substance is
supplemented by the marked influence of
sulfisoxazole on Gram negative organisms.
Thus, one of the aims of combination therapy,
namely the broadening of the antibacterial
spectrum, has been accomplished in the sulfi-
soxazole-oleandomycin mixture.

Furthermore, recent studies on the high fre-
quency of resistant staphylococci, even to
penicillin, seem to make it desirable to include
substances of potent effect against these or-
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ganisms and without cross-resistance to the
majority of other clinically useful antibiotics.
Oleandomycin is an agent which, with the ex-
ception of cross-resistance to members of the
erythromycin group, displays these properties.

Summary (1) In vitro under the specific
conditions of the gradient plate technic, com-
binations of sulfisoxazole and oleandomycin
in specific ratios show an activity superior to
that observed with the single constituents.
(2) Supplemental activity was also observed
in vivo in the streptococcal, staphylococcal
and pneumococcal infections when the ratio of
the combination of sulfisoxazole to oleando-
mycin was 5 to 1. (3) The same type of effect
was also observed in Salmonella schottmuelleri
infection of mice when activity of sulfisoxazole
was determined in a constant, inactive amount
of oleandomycin.

The authors wish to express their gratitude to Miss
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A. Bagnole, Miss J. Giamportone and Miss J. Tins-
lev who cooperated in carrying out the experiments.
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Inactivation of Foot-and-Mouth Disease Virus by pH and Temperature

Changes and by Formaldehyde.

(23148)
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Methods of tissue culture for production of
foot-and-mouth disease virus, type A, and for
assay of the virus and its neutralizing anti-
bodies were reported by Bachrach, Hess, and
Callis(1). These methods have now been
emploved for measurements of stability of
tissue culture virus under variable environ-
mental conditions. The present report is con-
cerned with rates of inactivation of virus by
the action of hydrogen ion, heat, and for-
maldehyde.

Materials and methods. Virus. Foot-and-
mouth disease virus, type A, strain 119
(FMDV-A119), was produced in Roux flask
cultures of bovine kidney tissue(1). For
preparation of the cultures, cut fragments of
bovine kidney tissue were dispersed by in-
cubation in 0.25% trypsin-buffer solution ac-
cording to Youngner’s modification(2) of the
Dulbecco and Vogt(3) procedure for monkey

kidney tissue. The liberated cells were de-
canted through 3 layers of gauze, centrifuged
at low speed, washed twice in phosphate-buf-
fered saline(3), and suspended at a 1:200 di-
lution in culture fluid. The fluid consisted of
Hanks’ salt solution containing 2% bovine
serum and 0.5% lactalbumin hydrolyzate
(Nutritional Biochemicals Corp.). Penicillin
G, streptomycin sulfate, and phenol red were
included at final concentrations of 100 units/
ml, 0.1 mg/ml, and 0.005%, respectively.
Roux flasks were each seeded with 75 ml of
the cellular suspension and incubated at
37°C. Fluid changes were made after 3 and
6 days’ incubation. By the second fluid
change the cultures consisted of confluent out-
growths of epithelial and fibroblastic cells.
The flasks containing the cultures were then
inoculated with 4 ml of infective fluid from
the preceding tissue culture passage and, after



