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Abstract

Objective The aim if this study was to determine the minimal
inhibitory concentrations of chlorhexidine digluconate and an
amine fluoride/stannous fluoride-containing mouthrinse
against Porphyromonas gingivalis and mutans streptococci
during an experimental long-term subinhibitory exposition.
Material and methods Five P. gingivalis strains and four
mutans streptococci were subcultivated for 2030 passages
in subinhibitory concentrations of chlorhexidine digluconate
or an amine fluoride/stannous fluoride-containing mouthrinse.
Results Pre-passaging minimal inhibitory concentrations for
chlorhexidine ranged from 0.5 to 2 mg/l for mutans strepto-
cocci and from 2 to 4 mg/1 for the P, gingivalis isolates. For the
amine fluoride/stannous fluoride-containing mouthrinse min-
imal inhibitory values from 0.125 to 0.25 % for the mutans
streptococci and from 0.063 to 0.125 % for the P. gingivalis
isolates were determined. Two- to fourfold increased minimal
inhibitory concentrations against chlorhexidine were detected
for two of'the five P, gingivalis isolates, whereas no increase in
minimal inhibitory concentrations was found for the mutans
streptococci after repeated passaging through subinhibitory
concentrations. Repeated exposure to subinhibitory concen-
trations of the amine fluoride/stannous fluoride-containing
mouthrinse did not alter the minimally inhibitory concentra-
tions of the bacterial isolates tested.
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Conclusion Chlorhexidine and the amine fluoride/stannous
fluoride-containing mouthrinse are effective inhibitory agents
against the oral bacterial isolates tested. No general develop-
ment of resistance against chlorhexidine or the amine fluoride/
stannous fluoride-containing mouthrinse was detected. How-
ever, some strains showed potential to develop resistance
against chlorhexidine after prolonged exposure.

Clinical relevance The use of chlorhexidine should be limited
to short periods of time. The amine fluoride/stannous fluoride-
containing mouthrinse appears to have the potential to be used
on a long-term basis.
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Introduction

Mouthrinses containing antimicrobial substances, including
chlorhexidine or amine fluoride/stannous fluoride, are com-
mon adjuvants for oral hygiene, used to control pathogenic
microorganisms or to prevent tooth decay [33, 36]. Several
indications were postulated in the last years. Mouthrinses are
commonly recommended as an adjunctive measure for the
treatment of periodontal diseases, including gingivitis, necro-
tizing, and chronic and aggressive periodontitis [35, 48]. In
addition, regular use of mouthrinses containing chlorhexidine
or amine fluoride/stannous fluoride may prevent an increase
of cariogenic bacteria after non-surgical periodontal therapy
[9]. Mouth rinsing reduces the microbial load before oral
invasive therapies [22], and last but not least, in physically
disabled or medically compromised patients, mouthrinses are
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effective in reducing and preventing the incidence of severe
complications, such as ventilator-associated pneumonia [51].

Chlorhexidine digluconate (CHX), a cationic biguanide
was introduced as an antimicrobial agent in 1954 [7]. Because
of'its broad antimicrobial spectrum and high substantivity, this
antiseptic is considered the “gold standard” for the control of
plaque and gingivitis. However, adverse effects, including
taste disturbance, tooth staining and/or irritation of the oral
mucosa, and a recently suggested possible increase in blood
pressure, hamper its recommendation for long-term oral use
[16, 21].

The development of antibiotic resistance is a substantial
cause for concern [24, 25, 44, 47]. Oral mouthrinses with non-
selective disinfecting effect may reduce the need of systemic
antibiotics, at least in severely ill medically compromised
hosts. However, chlorhexidine-resistant bacterial strains, in-
cluding Proteus and Klebsiella species, as well as CHX-
associated changes in the bacterial cell functions have already
been described [6, 13, 31, 32, 40, 41]. The emergence of
resistance has not been well documented in bacteria associated
with common oral diseases, including periodontitis and caries.

Periodontitis, an inflammatory disease of the periodontium
that may lead to tooth loss, affects more than 60 % of a
population, worldwide [2, 37]. Porphyromonas gingivalis is
a black-pigmented, strictly anaerobic Gram-negative rod, fre-
quently associated with periodontitis, including aggressive
and chronic forms [45, 50]. Several strains with a supposed
different pathogenic potential were described or developed for
in vitro research [45, 46].

Caries is a highly prevalent oral disease [10, 27]. Mutans
streptococci, i.e., Streptococcus mutans and Streptococcus
sobrinus, are closely related to the pathogenesis of caries [19].
Prevention of caries is essential in patients with periodontitis
since root surfaces are exposed, and there may be a change in
the relative proportions of periodontopathogenic and cariogenic
bacteria after periodontal therapy [9]. With respect to preven-
tion of caries, mouthrinses containing amine fluoride/stannous
fluoride have been shown to inhibit plaque development and
support remineralization of enamel as well as to have a
prolonged substantivity that enables CaF,-layer formation and
thus improves the acid tolerance of the surface [33].

The aim of the present study was to analyze a potential
development of bacterial resistance to chlorhexidine and to an
amine fluoride/stannous fluoride-containing mouthrinse in
different strains of mutans streptococci and P. gingivalis.

Materials and methods
Bacterial strains and growth conditions

Mutans streptococci tested were type strain S. mutans ATCC
(American Type Collection) 25175, a clinical isolate S. mutans
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ZIB 6121 (School of Dental Medicine, Basel, Switzerland),
S. sobrinus ATCC 33402, and S. sobrinus OMZ 176 (Orale
Mikrobiologie Ziirich) [18]. P. gingivalis strains tested were
type strain P. gingivalis ATCC 33277, P. gingivalis ATCC
53977, P. gingivalis A7436 [45], and the two clinical isolates
P gingivalis ZIB 3127 and ZIB 3016 (School of Dental
Medicine, Basel, Switzerland).

The bacteria were maintained on Columbia blood agar
plates (Columbia Agar Base (BBL Becton Dickinson,
Allschwil, Switzerland) supplemented with 5 mg/l hemin,
0.5 mg/l menadione, and 50 ml/l human blood) at 36 °C.
Streptococci were incubated in 10 % CO,+air for 2-3 days
and P. gingivalis strains anaerobically (10 % CO,, 10 % H,,
80 % N,) for 7 days.

Test substances

The 20 % chlorhexidine digluconate (CHX) solution was
purchased from Sigma-Aldrich Chemie GmbH (Buchs, Swit-
zerland), and a 0.2 % stock solution was prepared in H,O. An
amine fluoride/stannous fluoride (AmF/SnF, 0.025 % F")
containing mouthrinse (Meridol® mouthrinse, Gaba, Therwil,
Switzerland) was used for comparison.

The stock solutions were further serially diluted in Colum-
bia Broth (BBL Becton Dickinson, Allschwil, Switzerland)
supplemented with 5 mg/l hemin and 0.5 mg/l menadione for
P, gingivalis or in Columbia Broth (BBL Becton Dickinson,
Allschwil, Switzerland) for mutans streptococci.

Passaging of bacteria in subinhibitory concentration of test
substances

Minimum inhibitory concentration (MIC) values were deter-
mined by a macrodilution broth method according to the CLSI
guidelines [5]. Bacterial cells were removed from the agar
plates with sterile cotton swabs and suspended in the respec-
tive broth media to a concentration of McFarland 2. These
microbial suspensions were adjusted to a final cell density of
approximately 1 x 10’ CFU/ml and controlled by plating
100 l of appropriate dilutions ranging from 10~ to 10~ onto
Columbia blood agar plates. An aliquot of 100 pul of the
bacterial suspensions was then added to 2 ml each of the serial
dilutions described above.

After incubation at 37 °C for either 2—-3 days (mutans
streptococci) or 7 days (P. gingivalis), the MIC values were
recorded. The MIC value was defined as the lowest concen-
tration of the test substances at which the microorganism did
not show any visible growth. The culture tube below the MIC,
which corresponds to the highest subinhibitory concentration,
was then used to prepare the inoculum for the next transfer,
and an aliquot was stored in 20 % glycerol at =70 °C. This
selection through subinhibitory concentrations of CHX or the
amine fluoride/stannous fluoride-containing mouthrinse was
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done for 20 or 30 passages, and the MIC value was recorded
after each passage.

As controls, the serial dilutions of the test substances in
medium were incubated as well (negative control). Addition-
ally, 100 pl of the bacterial suspensions used as inoculations
were plated on Columbia blood agar plates supplemented with
5 mg/l hemin, 0.5 mg/l menadione, and 50 ml/l human blood
and incubated accordingly (positive control).

Two independent experiments were performed throughout
the study.

Results
Pre-passage MIC values

The MIC values obtained during passaging of the four mutans
streptococci in subinhibitory concentrations of either the
AmF/SnF,-containing mouthrinse or CHX are shown in
Figs. | and 2, whereas those for the five P. gingivalis isolates
are presented in Figs. 3 and 4, respectively.

Pre-passage MIC values for the AmF/SnF,-containing
mouthrinse (Figs. 1 and 3) were comparable for both bacterial
species varying between 0.063 and 0.25 % (corresponding to
0.16 and 0.63 mg/l AmF/SnF,, respectively).

For CHX, the pre-passage MIC values were from 0.5 to
2 mg/1 for mutans streptococci (Fig. 2) and from 2 to 4 mg/1
for the P. gingivalis isolates (Fig. 4).

Exposure to subinhibitory concentrations of the amine
fluoride/stannous fluoride-containing mouthrinse

Repeated exposure to subinhibitory concentrations of the
AmF/SnF,-containing mouthrinse did not alter the MIC
values of the bacterial isolates tested (Figs. 1 and 3). Whereas
the MIC values for the P. gingivalis isolates were stable within
+ one serial dilution (Fig. 3), larger variations were noticed for
the mutans streptococci (Fig. 1). With the exception of
S. mutans ATCC 25175, no trend towards higher MIC values
was observed during the 20 passages in subinhibitory concen-
tration of the AmF/SnF,-containing mouthrinse.

To check for genetic stability during passaging, the bacte-
rial suspensions were analyzed by random amplified polymor-
phic DNA (RAPD) fingerprinting using two different primers
for each bacterial species. For both primers, the RAPD pro-
files were stable over the course of the experiments (data not
shown).

Exposure to subinhibitory concentrations of CHX

The variability between both experiments was low for the
P. gingivalis isolates (Fig. 4). However, the MIC values during

the 20 passages in subinhibitory concentrations of CHX
showed larger variations for the mutans streptococci (Fig. 2).

For some of the bacterial strains, increases of CHX MIC
values of two- or fourfold were observed during the 20 pas-
sages in CHX. Therefore, two P. gingivalis isolates, namely
A7436 and ZIB 3016, were investigated for additional ten
passages in subinhibitory concentrations of CHX. For
P. gingivalis A7436, the MIC values increased from a pre-
passage MIC value of 4 to 8 mg/1 at passage 13 and to 16 mg/1
at passage 29. The strain ZIB 3016 showed varying suscepti-
bility. After a pre-passage MIC value of 2 mg/l, this value
increased to 4 mg/l at passage 7 and to 8 mg/I at passage 16.
Afterwards, the MIC values fluctuated between 4 and 8 mg/l
(data not shown). As before, the bacterial suspensions were
analyzed by RAPD fingerprinting using two different primers
for each bacterial species. The RAPD profiles were stable over
the course of the experiments (data not shown).

Discussion

The results of this in vitro study using a macrodilution assay
with up to 30 passages in liquid broth showed a two- to
fourfold increase in MIC values to CHX in the two
P. gingivalis strains A7436 and ZIB 3016. However, no such
increase was observed for mutans streptococci challenged
with subinhibitory concentrations of CHX or the AmF/SnF,-
containing mouthrinse.

Mouthrinses containing antimicrobial substances are com-
monly used on a daily basis to control and prevent dental
diseases by providing a complementary mechanism of plaque
control. Various products are commercially available contain-
ing different active ingredients. Among them, chlorhexidine
digluconate is still considered to be the “gold standard.”
However, it is not recommended for long-term use due to its
numerous adverse effects [16]. Alternative mouthrinses con-
taining antimicrobial agents, including the antimicrobial
agents octenidine, polyhexamethylene biguanide,
cetylpyridinium chloride, essential oils, or fluorides, have
already entered the market [33, 36]. The amine fluoride/
stannous fluoride combination is a potent compound to con-
trol oral microorganisms and has been found to be in vitro as
efficient as CHX against some oral microorganisms [15, 26].

In our study, we used a broth macrodilution assay [42] to
determine the MIC values of the oral bacterial isolates during
20 or 30 passages through subinhibitory concentrations of
either CHX- or the AmF/SnF,-containing mouthrinse. Pre-
passage MIC values of both compounds against mutans strep-
tococci and P, gingivalis isolates were well below the respec-
tive concentrations used in commercially available
mouthrinses. The MIC values of CHX were in agreement with
other studies for both bacterial species with the Gram-positive
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Mutans Streptococci | amine fluoride/stannous fluoride containing mouthrinse
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Fig. 1 Susceptibility of mutans streptococci to the amine fluoride/
stannous fluoride-containing mouthrinse. Shown are the mean MIC
values (in % mouthrinse) and the respective standard deviation of
S. mutans ATCC 25175 (white), S. mutans ZIB 6121 (grey), S. sobrinus

mutans streptococci being more susceptible to CHX than the
Gram-negative P, gingivalis isolates [20, 23, 26, 39]. Also, the
pre-passage MIC values for the AmF/SnF,-containing
mouthrinse were in the same range for both oral bacterial
species. With values between 0.063 and 0.25 % of the com-
mercially available mouthrinse (corresponding to 0.16 to
0.63 mg/l AmF/SnF,), they were slightly lower compared to
other studies [15, 26].

During the 20 passages in subinhibitory concentrations of
CHX- or the AmF/SnF,-containing mouthrinse, the MIC
values fluctuated mostly within + one serial dilution of the
pre-passage MIC values and only transitory increases oc-
curred. Larger variations were noticed for the mutans strepto-
cocci as compared to the P. gingivalis isolates. However,
higher CHX MIC values were observed for two out of five
P, gingivalis isolates.

Mutans Streptococci | CHX

-
o

ATCC 33402 (black), and S. sobrinus OMZ 176 (dotted) during 20
passages in subinhibitory concentrations of the amine fluoride/stannous
fluoride-containing mouthrinse. P0 pre-passage

Our results are to some extent in concordance with results
from a study using an agar-dilution technique for various oral
microorganisms including P. gingivalis [12]. Although differ-
ences between both studies exists, i.e., much higher pre-
passaging MIC values than in our study and other bacterial
strains used, only a transitory moderate increase in the tolerance
to CHX was observed [12]. A twofold increase in MIC for three
out of eight P. gingivalis isolates and for one out of ten strep-
tococcal strains was demonstrated after 25 passages on agar
plates containing subinhibitory concentrations of CHX. For the
AmF/SnF,-containing mouthrinse, a twofold increase was no-
ticed for four out of ten P. gingivalis isolates [12].

In contrast to the situation with antibiotics, no clear defini-
tion of biocide resistance exists so far. Only recently, the
epidemiological cutoff values (ECOFFs) against some com-
mon biocides including CHX has been determined in 3327

MIC (mg/l)
N W A O o N @ ©
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P12 P13 P14 P15 P16 P17 P18 P19 P20

passage number

Fig. 2 Susceptibility of mutans streptococci to CHX. Shown are the
mean MIC values (in mg/l CHX) and the respective standard deviation
of S. mutans ATCC 25175 (white), S. mutans Z1B 6121 (grey), S. sobrinus

@ Springer

ATCC 33402 (black), and S. sobrinus OMZ 176 (dotted) during 20
passages in subinhibitory concentrations of CHX. P0 pre-passage
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P. gingivalis | amine fluoride/stannous fluoride containing mouthrinse
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Fig. 3 Susceptibility of P. gingivalis to the amine fluoride/stannous
fluoride-containing mouthrinse. Shown are the mean MIC values (in %
mouthrinse) and the respective standard deviation of P. gingivalis isolates

natural isolates of clinically relevant microorganisms [29]. In
most cases, the MIC ECOFF values followed a normal distri-
bution indicating the absence of biocide-resistant subpopula-
tions. The MIC ECOFF values of CHX were shown to be
between 8 and 64 mg/l for Gram-positive and between 16
and 64 mg/l for Gram-negative bacteria [29]. As oral isolates
were not included in this analysis, it is not possible to extrap-
olate these MIC ECOFF values of CHX to the MIC values
obtained in our study.

More than 700 bacterial species or phylotypes inhabit the
oral cavity commonly organized as complex biofilms [1].
Therefore, to fully evaluate the potential of resistance develop-
ment, commensals but also other pathogenic oral species need
to be tested as well. Although biofilm models exist, the enor-
mous variety of the oral microflora makes it very challenging to
mimic the intraoral situation in a laboratory biofilm model.

With P. gingivalis and mutans streptococci, prominent
members of the oral bacterial community were selected in this

P. gingivalis | CHX

-
o

ATCC 53977 (white), ATCC 33277 (grey), A7436 (black), ZIB 3127
(hatched), and ZIB 3016 (cross-hatched) during 20 passages in subinhib-
itory concentrations of CHX. P0 pre-passage

study. The association of P. gingivalis with different periodon-
tal diseases was shown by Socransky et al. [38], Moore and
Moore [28], and others. Different P. gingivalis strains showed
differing pathogenic activity or a differing expression of po-
tential virulence factors, both in animal models and in vitro
examinations [3, 11, 45]. Also in our study, five different
P, gingivalis isolates with suspected different virulence capac-
ities were analyzed [45]. Sensitivity against CHX seems to
differ among the strains analyzed in this study.

No differences were found in the RAPD profiles over the
course of the experiments for both bacterial species after
exposure to both mouthrinses, indicating genetic stability
during passaging [8, 49]. A more in-depth analysis of potential
DNA mutations that might have arisen during prolonged
exposure to the mouthrinses could involve the use of more
RAPD primers and/or the use of other molecular approaches
such as denaturing gradient gel electrophoresis or pulsed-field
gel electrophoresis.
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Fig. 4 Susceptibility of P. gingivalis to CHX. Shown are the mean MIC
values (in mg/l CHX) and the respective standard deviation of
P, gingivalis isolates ATCC 53977 (white), ATCC 33277 (grey), A7436

(black), Z1B 3127 (hatched), and ZIB 3016 (cross-hatched) during 20
passages in subinhibitory concentrations of CHX. P0 pre-passage
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Our results indicate that the AmF/SnF,-containing
mouthrinse may not lead to an increase in resistance and might
therefore have the potential to be used on a long-term basis.
However, such a long-term use of CHX-containing
mouthrinses may cause the development of microbial resis-
tance [6, 13, 31, 32, 34, 40, 41], although the associated
mechanisms are not well understood [14, 30]. Changes in
the cell wall functions of Gram-negative bacteria, such as
multidrug efflux pumps possibly encoded by plasmids, have
been proposed [14]. In contrast, there is no evidence to sup-
port the hypothesis that Gram-positive oral streptococci will
develop resistance against CHX during a short-term clinical
use [20].

There are several mechanisms by which biocide-resistant
microorganisms can arise. Microorganisms can be intrinsically
resistant to biocide through the presence of a permeability
barrier or efflux systems, through physiological resistance
when organized in a biofilm or by inactivation of the biocide.
Acquired resistance can be gained by target alterations, i.e.,
mutations in genes that are responsible for the formation of cell
wall, membrane lipids, porins or OMPs, or by the acquisition of
biocide resistance genes through horizontal transfer [4, 17, 43].

Repeated exposure to subinhibitory concentrations of the
AmF/SnF,-containing mouthrinse did not alter the MIC
values of the bacterial isolates tested, whereas chlorhexidine
could cause a two- to fourfold increase in MIC values in
P gingivalis strains after passaging in liquid broth. Differ-
ences between strains are evident. However, since
mouthrinses containing chlorhexidine are widely used, the
development of chlorhexidine-resistant microbial strains
may possibly occur; therefore, in addition to a rational use
for distinct reasonable indications, further investigations on
alternatives to chlorhexidine are prevailingly rational.
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