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SUMMARY
Objectives—The objective of this study was to compare the antimicrobial activity of commercially
available antiseptic mouthrinses against saliva-derived plaque biofilms in static and flow-through
biofilm systems in vitro.

Methods—Nine mouthrinses were tested in a recirculating flow-through biofilm model (RFTB)
with viability assessment by ATP bioluminescence. In addition, five mouthrinses were evaluated in
a batch chamber slide biofilm (BCSB) model, using live- dead staining and confocal laser scanning
microscopy.

Results—In the RFTB model, essential oil (EO) and chlorhexidine (CHX)-containing rinses
showed equivalent antimicrobial activity and were more effective than a range of cetyl pyridinium
chloride (CPC1) formulations. In the BCSB model, twice-daily mouthrinse exposure demonstrated
that the EO rinse was significantly more effective than rinses containing amine and stannous
fluorides, a combination of CPC/CHX and CPC2. EO showed biofilm kill comparable to the CHX
rinse.

Conclusions—The present studies have shown that mouthrinses vary significantly in their
capability to kill plaque biofilm bacteria in BCSB and RFTB models. The EO mouthrinse
demonstrated superior antiplaque biofilm activity to AFSF, CPC/CHX, and CPC rinses and
comparable activity to CHX. The methods tested may be of value for the in-vitro screening of
antiseptic rinses with different modes of antimicrobial action.
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1. Introduction
Mouthrinses are used as adjuncts to mechanical oral hygiene. Mechanical control alone for
reducing recalcitrant biofilms in the oral cavity has been challenged because it is considered
to be rather time-consuming and most importantly insufficient for effective oral hygiene1,2.
An increasing number of innovative formulation technologies have led to a need for more
predictive laboratory models to assess preclinical biocidal efficacy of mouthrinses.
Recognizing that biofilm bacteria may be 10–1000 times more resistant to antimicrobial agents
than planktonic cells3,4, a more predictive assessment of mouthrinse efficacy may be better
achieved with biofilm tests. In the development of laboratory biofilm models5–7 several criteria
must be considered: salivary pellicle; “wild type” microbiota inoculum; species specific
nutrients; pH, temperature, redox potential; substantivity property of active agents;
hydrodynamic shear simulation and end-point efficacy measures for visual and quantitative
efficacy discrimination. Based on critical factors described herein, two biofilm models have
been developed and validated8–11.

The objective of this study was to evaluate the efficacy of mouthrinses containing essential
oils, cetylpyridinium chloride, chlorhexidine and amine fluoride/stannous fluoride by
measuring ATP cell metabolism and showing confocal laser scanning microscopy images of
vital stained biofilms in recirculating flow-through biofilm (RFTB) and batch chamber slide
biofilm (BCSB) models.

2. Materials and Methods
2.1. Test mouthrinses

The test treatments were the following commercially available mouthrinses: an essential oil
(0.064% thymol, 0.092% eucalyptol, 0.060% methyl salicylate and 0.042% menthol) rinse
(EO, CoolMint Listerine, Johnson and Johnson); a 0.12% chlorhexidine rinse (CHX, Peridex,
3M Pharmaceuticals), seven 0.05% cetylpyridinium chloride rinses (CPC1, PLAX global
mouthrinses, countries of origin shown in Figure 1, Colgate Palmolive); a 0.05%
cetylpyridinium chloride/0.05% chlorhexidine rinse (CPC/CHX, PerioAid, Dentaid); an amine
fluoride/stannous fluoride rinse (AFSF, Meridol, GABA); a 0.07% cetylpyridinium chloride
rinse (CPC2, Crest Pro Health, Clean Mint, Proctor & Gamble); Sterile water or phosphate
buffered saline (PBS) and 70% ethanol (Etoh) served as the negative control and positive
controls respectively.

2.2 Recirculating flow-through biofilm model (RFTB)
Biofilms were cultivated on polystyrene pegs molded into a 96-place lid in a microtiter plate
format (Nunc-TSP® Transferable Solid Phase Screening System), which was placed on a
custom-made base containing 12 independent recessed channels with stainless steel inlet and
outlet ports. Parafilm®-stimulated saliva was collected from 10–15 healthy adult volunteers,
who had refrained from oral hygiene for 9–12 hours. The pegs were pre-incubated in pooled
saliva at 30.5° C for 30 minutes in ambient atmosphere, then placed on the channel base, and
BM/PBS/saliva medium was recirculated at a flow rate of 0.8mL/min for 24 hours. Five
treatments were applied to the biofilms over a course of 60 hours, with medium changes after
each treatment. After the last treatment, biofilms were dispersed by sonication for 30 seconds
(Sonicator Ultrasonic Processor XL, MISONIX Inc.). Aliquots of biofilm were analyzed for
ATP (Tropix TR717 microplate luminometer and Celsis RapidScreen ATP bioluminescence
reagents), and reported as log values of relative light units (RLU) per well.
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2.3 Batch chamber slide biofilm with confocal visualization model (BCSB)
Biofilms were grown in 8-well chambered coverglasses (Nunc) at 37 °C as described by Gu
et al12. The growth medium was exchanged after 16–18 hours for biofilm growth. For the 30
or 60 second exposures, 16–18 hour biofilms were used. For twice daily 30 second treatments,
biofilms were grown for 65 hours, medium was exchanged every 12 hours and treatments were
applied 6 hours apart. Biofilms were stained with LIVE/DEAD Bacterial Viability staining kit
(Invitrogen) and monitored through a 40x oil-immersion lens with a PASCAL LSM5 confocal
laser scanning microscope (Zeiss). Image analysis software13,14 was used to calculate the
proportion of damaged/dead cells within different biofilms. Statistical significance of results
was performed using t-test and two-tailed determination of p-values.

3. Results
3.1 Flow-through biofilm model (RFTB)

EO and CHX rinses demonstrated equivalent antimicrobial activity in the assay (RLU 4.74 and
4.97 respectively, Figure 1). In contrast, all CPC1 rinses demonstrated significantly less activity
compared to the EO and CHX rinses.

3.2 Batch chamber slide biofilm model (BCSB)
After a single 30-second treatment, EO was the only mouthrinse which caused significant kill
or injury of biofilm cells 27.1 ± 4.1 % (p<0.001). CHX or CPC/CHX each elicited only a small
extent of damage (9.3 ± 5.7 % and 8.8 ± 2.5%, p<0.05). The 30 second treatment with AFSF
or CPC2 did not result in any significant killing of 16–18 hour - old biofilm cells (3.8 ± 2.3 %
and 3.4 ± 1.8 % respectively). After a single 60-second treatment, EO mouthrinse showed
greatest activity compared to the other mouth rinses tested, killing or severely damaging 77.0
± 15.8 % of the total biofilm cells (p < 0.001) (Figure 3). CHX and CPC/CHX both caused
considerable damage of 19.4 ± 1.8 % and 34.0 ± 9.0 % dead cells, respectively. In contrast,
CPC2 treatment showed limited (7.8 ± 3.0 %) but still significant killing and cell damaging
effects. AFSF rinse did not significantly kill the biofilm cells even after 60 seconds of treatment
(3.0 ± 1.8 %). Following two 30 second treatments, EO and CHX showed antibacterial effects
of 21.3 ± 3.1 % (p<0.001) and 23.1 ± 5.5%, (p<0.001). CPC/CHX exhibited about half of the
biofilm cell damaging effect (14.5 ± 3.0 %) compared to EO or CHX, whereas AFSF rinse
performed similarly to CPC/CHX by causing 14.5 ± 3.0 % cell death in 65 hour biofilms.
Treatment with CPC2 showed little cidal effect even on 65 hour biofilms (5.6 ± 2.0 %).

4. Discussion
The results of this study showed that the RFTB model is capable of discriminating differences
among treatments with moderate-to-high antiseptic activity, with respect to ability to inhibit
biofilm growth. The advantages of the present flow-through model are several relative to other
models, including use of salivary microbiota as inoculum, multi-exposures to mouthrinse 6,
15,16 and greater testing capacity.

The results obtained using the BCSB model showed that EO was consistently the most effective
formulation against mixed species saliva-derived biofilms, independent of type of treatment
or age of biofilm. In contrast, CPC/CHX exhibited less antimicrobial potency, showing biocidal
activity in the intermediate range, whereas CPC2 did not cause significant killing under any
of the conditions tested. Interestingly, both CHX and AFSF rinses were more effective when
the 65 hour biofilm was exposed twice for 30 seconds and allowed to re-grow for 6 hours.
These results may reflect the activity of mouthrinses which contain actives with substantive
properties. Results obtained in the saliva-inoculated BCSB model demonstrated that exposing
a relatively mature biofilm to two 30-second treatments with test mouthrinses over a 6 hour
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interval can provide biocidal data consistent with published long term clinical antiplaque
studies17–20.

5. Conclusions
The models used in this study have provided data consistent with previous reports
demonstrating EO and CHX mouthrinses to have greater anti-plaque activity than CPC1,
AFSF, CPC2 or CPC/CHX. These results suggest that biofilm models may be useful additions
to the screening pipeline for novel agents and formulations.
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Figure 1.
Effect of EO, CHX and CPC1 Mouthrinses on saliva-derived biofilm (ATP determination,
flow through biofilm model)
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Figure 2.
Effect of EO, CHX, CPC/CHX, AFSF and CPC2 mouthrinses on saliva-derived biofilm -
(single 30 second treatment, vital staining, batch biofilm model)
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Figure 3.
Effect of EO, CHX, CPC/CHX, AFSF and CPC2 mouthrinses on saliva-derived biofilms
(single 60 second treatment, vital staining, batch biofilm model)
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Figure 4.
Vital-stained salivary-derived biofilms following single 60 second exposure with different
mouthrinses
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Figure 5.
Effect of EO, CHX, CPC/CHX, AFSF and CPC2 mouthrinses on saliva-derived biofilms (two
30 second treatments, vital staining, batch biofilm model)
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