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Three of the mice given testosterone pro-
pionate had subcutaneous fibrosarcomas and
but one occurred in mice of each of the
other 2 groups.

Summary and conclusion. Irradiated mice
given estradiol benzoate did not have ovarian

TUBERCULOSTATIC ACTION OF DIHYDROSTREPTOMYCIN-PARA-AMINOSALICYLATE

tumors whereas mice given testosterone pro-
pionate (1.25 mg weekly) or sesame oil did.
Irradiated mice given testosterone propionate
had fewer lymphomas than did the mice given
estradiol benzoate or sesame oil.
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The authors reported results of in vitro
experiments(1) indicating that the two drugs
streptomycin and PAS, when used together,
were more effective in inhibiting the growth
of tubercle bacilli than either drug used alone.
This was also found to he true in in vivo
studies(2). Hobby(3), studving a PAS salt
of streptomycin consisting of 36 parts of
streptomycin and 44 parts of PAS, reported
that this compound was twice as effective as
an equivalent amount of streptomycin used
alone. She further reported early studies in-
dicating that strains of tubercle bacilli re-
sistant to the compound did not readily
emerge, none having been isolated after a
three-month period of trial. This is in sharp
contrast to the well known fact that strepto-
mycin-resistant organisms emerge quite ra-
pidly both in vitro and in vive when exposed
to this drug, but in keeping with reported
in vitro studies indicating that the presence
of PAS together with streptomycin prevents
the emergence of resistance(4). PAS-resistant
strains of tubercle bacilli have been reported
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. S. Public Health Service,
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in patients who have received prolonged ther-
apy(3). Im wvitro, however, such resistant
strains emerge only after many months of
exposure to PAS(6). Attempts to isolate
either streptomycin-resistant or PAS-resistant
strains from cultures repeatedly exposed to
the two drugs used together have been un-
successful.

The present report deals with a comparative
study of the in vitro effects of dihydrostrepto-
mycin-para-aminosalicylate, of dihydrostrep-
tomycin and para-aminosalicylic acid used
together in amounts equivalent to those pres-
ent in dihydrostreptomycin-para-aminosal-
icylate and of para-aminosalicylic acid and
dihydrostreptomycin, each used alone, both
with regard to the #n vitro growth inhibiting
effect and to the development of resistance.

Method. The dihydrostreptomycin-para-
aminosalicylate (DHSM-PAS) used was a
chemical compound in which one mole of
dihydrostreptomycin (DHSM) was combined
with three moles of para-aminosalicylic acid
(PAS). DHSM and PAS were used in a
1:3 molecular ratio in experiments in which
the 2 drugs were used together. For conven-
ience in this paper, the use of the 2 free drugs
together will be designated by the symbol
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TABLE I. Growth of H37Rv in Dubos Tween-

albumin Medium Containing Various Concentra-

tions of DHSM,* DHSM-PAS,t and the Combina-
tion of DHSM and PAS.}

DHSM in ug/cc
y
®
50 =
23 ~ - a 3 iy & 5 %
SE x ¥ oa = o & 2 3
DHSM 0 24 34 4+ 44 41 4+ 44
DHSM- 0 0 24+ 34+ 3+ 4+ 44+ 44
PAS
DHSM ¢ 0 0 + 44+ 44+ 44 4+
-- PAS

* DHSM = Dihydrostreptomycin.

t DHSM-PAS := Dihydrostreptomycin-para-
aminosalicylate.

} PAS — Para-aminosalicylic acid.

The concentrations of DHSM-PAS and the com-
bination of DHSM - PAS is given in terms of
the DHSM content.

DHSM--PAS as opposed to DHSM-PAS
which refers to the chemical compound. The
virulent human strain of tubercle bacilli
H37Rv was used as the test organism in the
sensitivity tests and as the parent strain in
attempts to isolate drug-resistant organisms.
In the latter attempts, organisms were serially
transferred into increasing concentrations of
the drugs. The tube used for each successive
transfer was that containing the highest con-
centration of drug still allowing growth. All
sensitivity tests were performed in Dubos
Tween-albumin medium to which the drugs
were added aseptically. The experiments
were set up in triplicate and the final results
recorded are the average of the three tubes.

Results. The first studies were made to com-
pare the in vitro effectiveness of DHSM, PAS,
DHSM-PAS and DHSM--PAS. Table I shows
the results of a typical experiment. It will be
seen that the inhibiting concentration of
DHSM was 0.82 pg/cc; the inhibiting concen-
tration of DHSM-PAS was one containing 0.41
pg DHSM/cc while 0.205 pg DHSM/cc in-
hibited growth completely when PAS was
added in a 1:3 DHSM:PAS molecular ratio.
This relationship between the end points of
DHSM alone, DHSM-PAS and DHSM --PAS
was consistent in all experiments, though the
specific end point itself varied slightly. The
results would seem to indicate that while the
compound (DHSM-PAS) was more effective
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than an equivalent amount of DHSM, the
two drugs DHSM and PAS used together
(DHSM—+PAS) in concentrations theoretical-
ly present in DHSM-PAS were more effective
than an equivalent amount of the compound
itself. The full significance of this finding
remains to be determined.

Results of studies on the emergence of tu-
bercle bacilli resistant to DHSM and to
DHSM-PAS are shown in Fig. 1. The fifth
transfer of the organisms into DHSM con-
taining Dubos medium resulted in a strain
growing readily in 2048 pug DHSM/cc. In
contrast, the fifth transfer of organisms into
DHSM-PAS resulted in a strain growing
readily in only 4.0 pg DHSM-PAS/cc. It
was not until the tenth transfer that a strain
was obtained which grew readily in 1000 pg
DHSM-PAS/cc. When this DHSM-PAS-re-
sistant strain was tested for its sensitivity to
DHSM alone, to PAS alone and to DHSM
and PAS used together (DHSM--PAS) it was
found that they were resistant not only to
DHSM-PAS but also to DHSM and PAS
whether used alone or together. Organisms
which grew readily in 1000 pg DHSM-PAS/cc
were not inhibited by 2000 pg DHSM/cc, by
1000 pg PAS/cc or by 1120 ug DHSM /cc
plus 880 ug PAS/cc.
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TRANSFER NUMBER
Fie. 1

Emergence of resistance of H37Rv to DHSM
and to DHSM-PAS as the result of serial transfers
into incrcasing concentrations of each drug.

* DHSM — dihydrostreptomyecin.

#* DHSM-PAS — dihydrostreptomyein-para-
aminosalicylate.
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No increase in resistance has as vet been
demonstrated by exposure of organisms to
increasing concentrations of DHSM and PAS
used together. These experiments are being
continued.

Discussion. While it is recognized that in
vitro results cannot necessarily be interpreted
as in vivo effects, the in vitro difference be-
tween the results when a chemical compound
(DHSM-PAS) was used as opposed to when
the 2 crugs were added separately, make care-
ful in wvive studies important. It had been
hoped that the small amount of PAS which
could he introduced into the streptomycin
molecule might be sufficient to increase the
effectiveness of the latter. as well as to reduce
the important drawback of the rapid emer-
gence of resistance. These experiments indi-
cate that drug resistant organisms do emerge
readily when a strain of tubercle bacilli is ex-
posed to such a compound and that these
organisms are resistant not only to the com-
pound itself. but to both streptomycin and
PAS as well.

Summary. 1. The in vitro growth of the
H37Rv strain of tubercle bacilli was inhibited

CO. REQUIREMENTS OF Brucella abortus

by 0.82 pg DHSM /cc, by a concentration of
DHSM-PAS containing 0.41 pg DHSM/cc
and by 0.205 pg DHSM /cc when PAS was
added in a 3:1 molecular ratio of PAS:DHSM.
2. The fifth serial transfer of H37Rv into
increasing concentrations of DHSM resulted
in a strain growing readily in over 2000 ug
DHSM /cc while the tenth such transfer of
the organisms into increasing concentrations
of DHSM-PAS resulted in a strain growing
readily in over 1000 pg DHSM-PAS/cc. No
increase in resistance on the part of organisms
transferred into increasing concentrations of
DHSM with PAS present in a 1:3 molecular
ratio has so far been found. 3. Organisms re-
sistant to the compound (DHSM-PAS) were
found to be also resistant to DHSM alone, to
PAS alone, and to the mixture of DHSM and
PAS.

We are indebted to Mr. William Steenken, Jr,,
fer the H37RV strain of tubercle bacilli and to the
Ames: Ccmpany for their generosity in supplying
the dihvdrostreptomycin para-aminosalicvlate and
the PAS used in these experiments.
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It is well known that many strains of
Brucella abortus require approximately 3 to
10% CO. in air for growth on primary isola-
tion(1). However, some isolates lose the
requirement for added CO. on continued
subculture and may then be grown in air
alone. The stability of the added CO. re-
quirement of 9 strains of B. abortus was in-
vesticated as an initial step in the study of
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the role of CO. in the metabolism of mem-
bers of this species.

Methods and cultures. Albimi brucella
broth and agar were used as routine culture
media and 1 ppm crystal violet was added to
the agar for use in making plate counts. The
diluent was an aqueous solution of 0.2%
Difco tryptose-0.5% NaCl. COs; incubations
were carried out in vacuum desiccators and
the desired pCO. obtained by partial evacua-
tion and replacement with tank CO,. All
incubations were at 38°C. Total counts were
made using a Quebec colony counter and
mutant counts were made using a dissecting
microscope with transmitted light. Cultures



