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Background 3 -lactamase-producing Staphylococcus aureus synthesizes a B -lactamase which
decomposes the B-lactam ring, and consequently almost all B-lactam antibiotics are inacti-
vated by the enzyme. The appearance of B -lactamase-producing bacterial strains has dimin-
ished the usefulness of B-lactam antibiotics. New therapeutic agents or new approaches are
urgently needed for drug-resistant bacteria.
Objective We investigated the antimicrobial activity of sodium deoxycholate against B-lactam-
ase-producing S. aureus strains, and the synergistic effects of sodium deoxycholate on the
antimicrobial activity of B -lactam antibiotics against those strains. The possibility of this
combination as a new therapeutic method against infectious diseases caused by A -lactamase-
producing bacteria was examined.
Methods The synergistic effects of the combined use of sodium deoxycholate on the
antimicrobial activities of B -lactam antibiotics against B -lactamase-producing S. aureus
strains were tested by using an MIC (minimum inhibitory concentration) assay. The inhibi-
tory effect of sodium deoxycholate on the B-lactamase activity was examined by nitrocefin
assay.
Results The antimicrobial activities of B -lactam antibiotics, including benzylpenicillin,
ampicillin and piperacillin, against B -lactamase-producing S. aureus strains were obviously
enhanced by the combination with sodium deoxycholate. In addition, it was demonstrated
that sodium deoxycholate remarkably eliminated the synthesis of B-lactamase in B-lactamase-
producing S. aureus.
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Staphylococcus aureus is a facultative anaerobic
Gram-positive coccal bacterium, and one of the
most important bacterial pathogens (Eykyn et al.;
1990, Schaberg et al.; 1991). It is frequently part
of the skin flora found in the nose and on skin. It

may be the causative organisms in pneumonia, men-

ingitis, empyema, endocarditis, or sepsis with
suppuration in any organ. Although A-lactam an-
tibiotics such as benzylpenicillin (PCG) and

ampicillin (ABPC) are effective against the S.
infection, penicillin-resistant S.
strains were found to produce a B-lactamase (pen-

aureus aureus

icillinase). The enzyme decomposes the B -lactam
ring, and consequently B -lactam antibiotics are
inactivated. The appearance of B-lactamase-produc-
ing bacterial strains have diminished the usefulness
of B-lactam antibiotics (Medeiros; 1984).

The B-lactamase-producing bacterial strains have
a blaZ gene, which encodes the /B -lactamase
(Okamoto et al.: 1996). Combination of A-lactam
antibiotics with either sulbactam,
clavulanic acid, all of which are B-lactamase inhib-
itors,
infections of B-lactamase-producing bacteria (Rizwi
et al.; 1989, Maddux; 1991). However, it was re-
ported that bacterial strains which acquired inhibi-
tor resistance appeared (Blasquez et al.; 1993,
Chaibi et al.; 1999). Drug resistance in pathogenic
bacteria is a serious global problem. New therapeu-

tazobactam or

is a useful therapeutic method for treating

tic agents or new approaches are urgently needed
for drug-resistant bacteria.

Deoxycholic acid is one of the secondary bile
acids, which are metabolic byproducts of intestinal
bacteria. The compound is used in the emulsifica-
tion of fats for absorption
humans. Deoxycholic acid and sodium deoxychol
ate, the sodium salt of deoxycholic acid, contain a

in the intestine in

steroid ring component, and they are often used as
biological detergents to lyse cells and solubilize cel-
The detergent
property also confers potent antimicrobial activity,

lular and membrane components.

primarily through the lysis of bacterial membranes
(Begley et al.; 2005). Actually,
ported that deoxycholic acid has an antibacterial ef-
fect on Helicobacter pylori (Itoh et al.; 1999). The
refore, a synergistic effect on the antimicrobial ac-

it has been re-

tivities of antibiotics against bacteria (especially

multiple drug-resistant microorganisms) was
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expected by a combination with deoxycholic acid or
sodium deoxycholate.

In this study, we investigated the antimicrobial
activities of sodium deoxycholate (because sodium
deoxycholate dissolves in water more easily than
deoxycholic acid) and the synergistic effects on the
antimicrobial activities of B -lactam antibiotics
against pB-lactamase-producing S. aureus strains of
the combined use with sodium deoxycholate, aim-
ing at developing new therapeutic agents or new
approaches against infectious diseases caused by A-
lactamase-producing bacteria.

Five strains of penicillin-resistant S. aureus (SA-
24, SA-69, SA-78, SA-85 and SA-91) were isolated
from five healthy adult volunteers (all males, 22-
to 50-year-old). The SA-12732 strain was used as
the standard strain, which was obtained from the
National Institute of Technology and Evaluation
Biological Resource Center, Chiba, These
strains were identified by PCR analysis for the
presence of the blaZ gene employing the primer

Japan.

pair described in our previous report (Horie et al.;
2010). The DNA fragment of 325 bp of the blaZ
gene was amplified
resistant strains,

in each of five penicillin-
but not in the standard strain
(Fig.1). Therefore, these penicillin-resistant strains
should produce this B-lactamase and will be resist-
B -lactam antibiotics. The MICs
(minimum inhibitory concentrations) of S -lactam
antibiotics against those S. aureus strains are
shown in Table 1. The MIC was determined by a

ant to other

1223

456 .7

325
bp

Fig. 1 PCR analysis of blaZ gene in S. aureus. Lane
1, 100-bp DNA ladder (molecular weight
marker); lane 2, S. aureus SA-24; lane 3, SA-
69; lane 4, SA-78; lane 5, SA-85; lane 6, SA-91;
lane 7, SA-12732. Expected size of PCR prod-
ucts (325 bp) is shown by arrow.
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Table 1 Effect of sodium deoxycholate in sensitizing B-lactamase-producing S. aureus
to B-lactam antibiotics.
MIC of B-lactam antibiotics (U, #g/mL)
Without DOCNa With 100 g/mL of DOCNa

S. aureus  PCG MPIPC ABPC PIPC PCG ABPC PIPC
SA-24 32 < 0.5 64 128 2 4 2
SA-69 64 <05 32 64 2 2 2
SA-T8 32 < 0.5 32 64 4 2 8
SA-85 32 < 0.5 32 128 2 4 4
SA-91 32 < 0.5 32 64 2 2 4
SA-12732 < 0.125 0.25 0.25 0.5 ND ND ND

PCG, benzylpenicillin (U/mL); ABPC, ampicillin (¢g/mL); MPIPC, oxacillin (#g/mL);
PIPC, piperacillin (xg/mL); DOCNa, sodium deoxycholate; ND, not done

liquid microdilution method in 96-well microtiter
plates according to the procedure recommended by
the National Committee for Clinical Laboratory
Standards(National Committee for Clinical Labor-
atory Standards; 1997). Three kinds of A-lactam
antibiotics, PCG, ABPC and piperacillin (PIPC),

hardly showed any activity against such strains
carrying the blaZ gene as described in Fig.1. The
MIC range of the three B-lactams was 32 to 128
vg/mL. On the other hand, the strains were highly
susceptible to oxacillin (MPIPC), because MPIPC is
not decomposed by [B-lactamase. Thus, the results
show that these strains indeed produce the B-lactam-
ase. The standard strain showed high susceptibility
against all antibiotics.

The synergistic effects of the combined use of 100
g /mL sodium deoxycholate on the antimicrobial
activity of the B-lactam antibiotics against the B-
lactamase-producing S. aureus strains are shown in
Table 1. The MIC of sodium deoxycholate against
the strains was 500 #g/mL (data not shown). So-
dium deoxycholate was used at a concentration at
which the proliferation of S. aureus was not inhib-
ited. The antimicrobial activities of three B-lactams
(PCG, ABPC and PIPC) against those strains were
obviously enhanced in combination with 100 #g/mL
of sodium deoxycholate (Table1). The MIC range
of the three B-lactams was 2 to 8 wug/mL. The
synergistic effect was hardly observed with 50 ug
/mL of sodium deoxycholate (data not shown).

In addition, to elucidate the mechanism of the

synergistic effects of sodium deoxycholate on the
antimicrobial activity of the B-lactam antibiotics,
the inhibitory effect of sodium deoxycholate
against B -lactamase activity was examined. Each
S. aureus (SA-24, SA-69, SA-78, SA-85 or SA-91)
was inoculated in 100 uL of sensitivity test broth
(ST-broth, Nissui Pharmaceutical Co., Ltd.,

Tokyo, Japan) with or without 100 ug/mL of so-
dium deoxycholate and cultured at 37° C for 24 h.
Also, the cultivation medium to which 100 ug/mL
of sodium deoxycholate was added after the cultiva-
tion period was prepared as a control. Each culti-
vation fluid was incubated with nitrocefin (Kanto
Chemical Co., Inc., Tokyo, Japan) as a substrate
of B -lactamase at 37° C for 30 to 60 min.

Absorbance at 492 nm was measured with a spec-
trophotometer. The test was performed three times
independently and the data were analyzed using
Student's t-test. A value of P<0.05 was considered
as statistically significant. The cultivation fluid
without sodium deoxycholate was observed to have
high B-lactamase activity (Fig.2, white bar), be-
cause the activity of A-lactamase was proportional
to the absorbance (Zhao et al.; 2002). However,

the activity decreased significantly (p<0.01) when
the medium containing 100 8 /mL of sodium
deoxycholate was used for cultivation (Fig.2, black
bar). On the other hand, in the medium to which
100 #g/mL of sodium deoxycholate was added after
the cultivation period,
activity was not observed (Fig. 2,

a significant decrease in
gray bar).
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Fig. 2 Inhibition effect of sodium deoxycholate against B-lactamase activity. Each S.
aureus (SA-24, SA-69, SA-78, SA-85 or SA-91) was inoculated in 100 uL of ST-
broth with (black bar) or without (white bar) 100 xg/mL of sodium deoxycholate
and cultured at 37° C for 24 h. The cultivation medium to which 100 xg/mL of
sodium deoxycholate was added after the cultivation period was prepared (gray
bar) as a control. Each cultivation fluid was incubated with nitrocefin as a sub-
strate of B-lactamase at 37° C for 30 to 60 min. Absorbance at 492 nm was
measured with a spectrophotometer. The test was performed three times inde-
pendently. The mean and S.D. values are described.

Therefore, it is demonstrated that the sodium
deoxycholate remarkably reduces the synthesis of
the pB-lactamase in B-lactamase-producing S. aure
us, but does not suppress the B -lactamase activi-
ty.

Sodium deoxycholate is not a medical supply:
therefore, its safety for the human body remains
uncertain. Although further analysis is necessary,
investigation of the synergistic effects of sodium
deoxycholate on the antimicrobial activity is ex-
pected to be a new therapeutic method and may
contribute to an effective utilization of A -lactam
antibiotics against infectious diseases caused by A-
lactamase-producing bacteria.

Conclusion

The antimicrobial activities of three B -lactams
(PCG, ABPC and PIPC) against A -lactamase-
producing S. aureus were obviously enhanced by a
combined use with sodium deoxycholate. In

addition , it is demonstrated that sodium
deoxycholate remarkably reduces the synthesis of
the B -lactamase in A -lactamase-producing S.
aureus, but does not suppress the 4 -lactamase
activity. The combined use of sodium deoxycholate
with B -lactam antibiotic is expected to be a new
therapeutic method and may contribute to an effec-
tive utilization of B-lactam antibiotics against in-
fectious diseases caused by B -lactamase-producing
bacteria.
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Bl REEHERAOSIFAFva—LEBF LYY
A3, MEEHE OB LTVWAZ EBHOATVWS, &K
WRTIR. COEYMDB-57 ¥y <— PELEEED S
FOBRE It A 0iEER.. WL E B-5
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(minimum inhibitory concentration) & THEHT L
too Ty FAFYa-—LVEF MY D LITXBB-5
7 ¥ < — COMBEUHEER. BLURBEROES
RRBEEMERICBEAL T, = bot&7 4 v ERWARLE
RIE TR L 12,

R B-5/79~<—¥YELAFHB I FIyRE LT,

BEACHERBURERE o=y ) v RUIEE
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FAFva—VEEF MY Y alck BEMEICNT S 8-
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DL RB S L,

R TAFVI-VBFIYVILER-5I LT

(R=v ) vyHR) REEE ORI X 2 HEEHEHESE
MRCBETIHAR. B-77 4 —¥ELERBT K
YR 7L & O BRI R A RE & 15 2 BYGUEICx L
2 <H L WigHG OB CBFIEE O R A AE
RSO K AR SRR S L B,

F—D—RK B-3/9~—FYELAEBTFIKRE. 7
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