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Association of Resistance to Bile Salts and Virulence in

Salmonella typhimurium Strains*

(25492)

ConsTaNCE Taomas anp J. B. WiLsonN
Dept. of Bacteriology, University of Wisconsin, Madison

A number of factors have been reported to
influence virulence of various Salmonella spe-
cies. Among these are endotoxins(1), Vi anti-
gens(2), and resistance to action of comple-
ment(3).  Certain nutritionally deficient
strains have also been shown to be less viru-
lent than those from which they were derived
(4,5). Results of our study with Salmonella
typhimurium indicate that in some cases abil-
ity to tolerate high concentrations of bile salts
is accompanied by increased ability of the or-
ganism to persist in tissues of mice.

Methods. S. typhimurium strains used were
differentiated by ability to form colonies on
SS agar (Difco) which contains 0.85% Bacto
Bile Salts No. 3 (Difco). Experiments in
which individual components of this medium
were tested showed that bile salts were re-
sponsible for the inhibitory effect. A brief
description of the S. tvphimurium strains fol-
lows: RIA, a relatively avirulent strain un-
able to form colonies on SS agar, obtained

* This investigation supported by contract with
U. S. A. Chemical Corps, Fort Detrick, Md.

from H. A. Schneider, Rockefeller Inst. for
Med. Research; RTA/SS;, RIA/SS,, mutants
of RIA able to grow on SS agar, isolated by
selection on bile agar made by adding 1.5%
agar to liquid bile medium described under in
vitro tests; RTA/SS;, mutant of RIA able to
grow on SS agar, isolated from a mouse in-
oculated with 4 x 10° cells of parent strain;
rev, SS sensitive reversion of RIA/SS,, unable
to grow on SS agar. Bacteria for use in mouse
virulence tests were grown overnight in pen-
assay broth (Difco) at 37°C with aeration
and diluted in saline. Assays for viable cell
count were made on nutrient agar with control
platings on SS agar. Mice were inoculated in-
traperitoneally with 0.2 ml of various dilu-
tions. Animals employed in all virulence tests
were from a colony of Salmonella free white
Swiss mice maintained in this laboratory.
They were originally obtained from Ft. Det-
rick, Frederick, Md. Equal numbers of males
and females 5 to 8 weeks old were used in each
experiment. Animals which died were exam-
ined for necrotic foci on liver, and spleen
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TABLE I. Comparison of Virulence of Salmonella
typhimurium Strains Inoculated Intraperitoneally
into White Swiss Miece.

g TR
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B =8 Sy 2 = S gL
7] 3E Vi g2 +& 785
RTA 5 44/52 10 5
S8, 6 43/64 41 21
S8, 5 10/18 10 6
SISH 8 12/20 11 9
rev 7 29/34 8 0

* Avg for all experiments included in Table.
t Figures given are for surviving mice saerificed
28 days after inoculatior.

tissue was cultured on nutrient and SS agar to
determine whether salmonellaec were present.
Surviving mice were sacrificed at 28 days and
subjected to similar examination. In some
experiments measuremnts for spleen size were
made on animals that survived 5 days or
longer after inoculations. Prior to this time
pathological changes were seldom observed al-
though bacteria were invariably present in
spleen tissue. In viiro tests. A liquid medium
essentially like SS agar was used to determine
the effect of bile salts on resistant and sensi-
tive strains of bacteria. Tts composition was
as follows: proteose-peptone (Difco), 10 g;
lactose, 10 g; Bacto Bile Salts No. 3, 8.5 g;
sodium citrate, 8.5 g; sodium thiosulfate, 8.5
g; distilled water, 1000 ml. 0.5% sodium de-
soxycholate could be substituted for bile salts.
Known numbers of cells from overnight
aerated penassay broth cultures of strains
RIA and RIA/SS; were added to tubes con-
taining 10 ml of liquid bile medium and incu-
bated with aeration at 37°C. Samples of each
culture were removed at intervals up to 24
hours and assayed for viable count on nutri-
ent agar.

Results.  Virulence tests. Data from sev-
era] experiments have been pooled in Table I.
The enhanced virulence of bile resistant or-
ganisms was evidenced less by ability to ini-
tiate fatal infection than by prolonged per-
sistence within the host and alteration of in-
ternal organs. Although some overlapping
occurred, 3 quite distinct classes resulted
when spleen measurements were tabulated.
Spleens from mice receiving sterile saline only
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were nearly all less than 19 mm in length.
From those inoculated with strain RIA,
lengths to 23 mm were obtained, while in ani-
mals which received injections of bile resis-
tant bacteria, most spleens exceeded 23 mm.
In some instances adhesions, as well as exten-
sive areas of necrotic tissue, were noted in liv-
ers of mice inoculated with bile resistant or-
ganisms, while in mice inoculated with sensi-
tive organisms no adhesions were observed.
In vitro tests. Results obtained when
strains RTIA and RIA/SS; were inoculated into
liquid bile medium (Fig. 1) indicate that the
sensitive strain rapidly loses viability under
these conditions. Cells of the resistant strain
appeared normal when examined microscopi-
cally while the sensitive culture contained
many small, spherical bodies and remnants of
lysed cells. Motility had almost completely
ceased after 4 hours. Loss in viability of sen-
sitive cells could be lessened by diluting sam-
ples into peptone broth plus 20% sucrose and
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FIG. 1. Effect of liquid bile medium on viability

of Salmonclle typhimurium straing RIA and RIA/
SS;. Final counts, made at 24 hr, were as follows:
RIA, 3 X 10'/ml; RIA/SS,, 2 X 10%/ml,
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incubating for a short time prior to plating on
nutrient agar. Since the protective effect
was absent when cells were diluted in peptone
broth alone, presumably the high osmotic
pressure of the sucrose solution was prevent-
ing lysis and allowing the cells to return to
normal form(6).

Summary and conclusions. A strain of Sal-
monella typhimurium, RIA, unable to grow
in the presence of high concentrations of bile
salts was less virulent for mice than 3 mu-
tants which were not inhibited under the same
conditions. Two of these were isolated on in-
hibitory medium. the third independently
from a mouse which died following infection
with avirulent strain RIA. A sensitive rever-
sion from one of the resistant mutants exhib-
ited a virulence pattern similar to that of the
sensitive parent strain. Resistant bacteria
produced greater damage to internal organs
and were able to persist for longer periods of
time in host animals although the incidence of
fatal infection was only somewhat higher than
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in mice infected with bile sensitive organisms.
Limited studies comparing bile sensitive and
resistant strains of Salmonella paratyphi B
yvielded similar but less striking results(7).
These observations indicated that salmonellae
able to withstand the effect of bile salts were
also better able to establish chronic infection
in mice leaving relatively large numbers of
survivors as carriers of the organisms.
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Estrogen Antagonisms: Effects of Gluco- and Mineralocorticoids on

Estrone-Induced Uterine Growth.*

(25493)

Ricuarp A. EvgrEx anp Davip W. CALHOUN
Division of Biological Research, G. D. Searle and Co., Chicago, Ill.

The actions of estrogenic hormones are an-
tagonized by a variety of other steroidal sub-
stances(1). We have attempted to compare
the effects of various types of steroids as an-
tagonists of estrogens. The effects of represen-
tatives of each of the 5 major classes of steroid
hormones (estrogens, androgens, progestins,
mineralo-, and glucocorticoids(2)), were stud-
icd in each available estrogen test. Recently
we discussed the effects of progesterone, tes-
tosterone propionate and 17-ethyl-19-nortes-
tosterone on uterine growth produced in mice
by moderate dose of estrone(3). Similar
studies also examined quantitative relation-

*We are indebted to Dr. R. T. Hill, Dept. of
H.EW.,, and to Ciba Corp. for 2 mg of aldosteronc
21-mono-acctate. Dr. C. M. Kagawa ¢f G. D. Searle
and Co, assayed this material in his sodium-retaining
test.

ships among a long series of relatives of 19-
nortestosterone (4). The present communica-
tion extends these observations to the effects
of adrenal cortical hormones in our standard
mouse uterine growth assay.

Materials and methods. The methods em-
ployed have been described(3,4,5,6). Briefly,
test compound was mixed in solution with 0.3
ng of estrone; total doses were contained in
0.3 ml of corn oil. Mice received 0.1 ml of
solution daily for 3 days, starting at 23 days
of age, and were sacrificed on the 4th. Mean
uterine wet weights from groups of 8-10 mice
were used for analysis. The only deviations
from these methods were in the separate ad-
ministration of gluco-corticoids as microcrys-
talline suspensions and of the aldosterone as
an alcohol-water solution.

Results and discussion. The glucocorticoids,



