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Abstract

Aim: The aim of this study was to investigate the metabolic activity of Streptococcus mutans biofilms
after treatment with mouthwashes with different compositions. Methods: S. mutans biofilms were
growth on polystyrene plates during 18 h, washed with sterile saline and treated with the following
mouthwashes during 1 min: Listerine®, Oral B®, Parodontax® and Periogard® with and without
alcohol. After the treatment, the biofilms were incubated with complete medium containing sucrose
during 60, 120 or 180 min, and then samples were collected for pH measurements. In addition,
biofilms were grown in microscope coverslips treated as described above, followed by staining
with Propidium Iodide and Fluoresceine for visualization with a confocal laser scanning microscopy.
Results: For all mouthwashes evaluated, treatment was deleterious to cell metabolism, since little
or no acidification was observed at least 60 min after treatment. Mouthwashes containing 0.2%
chlorhexidine (Parodontax®) or essential oils (Listerine®) induced a significant reduction in the
metabolic activity of biofilms during the tested time points (120 and 180 min after treatment), being
thus more effective than the mouthwashes containing 0.12% chlorhexidine (Periogard®) or
cetylpyridinium plus fluoride (Oral B®). The confocal analysis overall confirmed the results observed
in the analysis of metabolic activity. Conclusions: The treatment of biofilms with mouthwashes
containing 0.2% chlorhexidine or essential oils induced significant reduction in S. mutans metabolism.
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Introduction

Dental caries is a chronic contagious disease caused by several interacting
factors, which results in the irreversible destruction of the mineralized structures
of teeth, compromising their vitality and fixation in the maxillomandibular
complex1, 2.

The Gram positive bacteria Streptococcus mutans are a substantial part of the
oral microbiota and their importance in the dental caries etiology is unquestionable3.
The carbohydrates present in the diet are the main energy source in an anaerobic
process (mainly lactic fermentation) resulting in the production of organic acids.
These acids decrease the pH to around 4.5 on the tooth surface, thus inducing its
demineralization4.

One important characteristic of S. mutans in promoting caries development is
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the ability to adhere firmly to the tooth surface in the presence
of sucrose. This adherence is mediated mainly by the action
of the GTF enzymes, which are considered fundamental to the
virulence of S. mutans in the pathogenesis of dental caries 5-7.

Biofilm formation occurs as a result of a sequence of
events: microbial surface attachment, cell proliferation,
matrix production and detachment8. This process is partially
controlled by quorum sensing, an interbacterial communication
mechanism that is dependent on population density and is
associated with radical changes in protein expression
patterns8.  Mature biofilms demonstrate a complex three-
dimensional structure with numerous microenvironments
differing with respect to osmolarity, nutritional supply and
cell density. Many antimicrobial agents that are effective
against planktonic cells turn out to be ineffective against
the same bacteria growing in a biofilm state9,10. Planktonic
and biofilm cells also exhibit different susceptibilities to a
certain antimicrobial concentration.

Several studies focusing on the efficacy of mouthwashes
with diverse chemical composition demonstrated that
combination of sodium fluoride and sodium lauryl sulfate
as well as essential oils is able to diminish the metabolic
activity of microorganisms present in the dental biofilm11-13.

Foster, et al.14 (2004) studied the effects of mouthwashes
containing essential oils, triclosan, cetylpyridinium chloride
and chlorhexidine against Streptococcus gordonii biofilms.
The confocal laser scanning microscopy analysis demonstrated
that all mouthwashes, except for cetylpyridinium chloride,
were able to cause membrane damage after 60 s of incubation
with S. gordonii biofilms.

Zhang, et al.15 (2004) evaluated the effect of a mouthwash
with and without fluoride over metabolic activity of S. mutans
biofilms and demonstrated that essential oil-containing
mouthwashes, with or without 100 ppm of fluoride reduced
the metabolic activity and the consequent acid production
by approximately 36-44%. A significant reduction on total
colony forming units (CFU) was observed in saliva of healthy
volunteers after a single mouthwash with 0.2% or 0.12%
chlorhexidine, but only the highest concentration showed
bactericidal activity against salivary obligate anaerobes16.
Furthermore, an in vivo study showed that both essential
oils and alcohol-free chlorhexidine mouthwashes were able
to reduce plaque acidogenicity after a sucrose challenge,
with no difference between both solutions17.

Although several studies have been undertaken, little
data are available about the action of mouthwashes with
different active principles on bacterial biofilm metabolism,
especially S. mutans biofilms, and the effects of those
mouthwashes on three-dimensional structure of biofilms.

Material and methods

Mouthwashes
The following mouthwashes were evaluated in the present

study: Parodontax® (Composition: 0.2% chlorhexidine
gluconate (w/v), Batch: 168F, SmithKline Beecham Consumer
Healthcare, United Kingdom); Listerine Cool Mint®

(Composition: 0.092% eucalyptol (w/v), 0.042% menthol
(w/v), 0.060% methyl salicylate (w/v), 0.064% thymol (w/
v), Batch: 3558B01, Johnson & Johnson, SP, Brazil); Oral-
B® (Composition: water, glycerin, polysorbate 20, flavor,
methylparaben, 0.053% monohydrated cetylpyridinium
chloride, 0.050% sodium fluoride (226 ppm fluoride), sodium
saccharine, sodium benzoate, propylparaben, ci 42090, ci 47005
batch: 8114852516, Rety Laboratories, Barranquilla, Colombia)
and Periogard® with or without alcohol (Composition: 0.12%
chlorhexidine gluconate (w/v), batch BR123A and BR112A,
respectively, Colgate-Palmolive, São Bernardo do Campo, SP,
Brazil). Positive and negative controls were 70% ethanol (v/
v) and sterile 0.9% (w/v) saline, respectively.

Streptococcus mutans growth conditions
The ATCC 25175 strain of S. mutans was purchased

from the André Tosello Foundation, Campinas, SP, Brazil.
The lineage was kept stored at -20ºC in 40% (v/v) glycerol
(Sigma, St. Louis, MO, USA) medium and checked for purity
before being grown in broth.

The frozen S. mutans cultures were reactivated in 5 mL
of Triptic Soy Broth (TSB - Soybean-casein digest medium;
Difco, Sparks, MD, USA) and incubated at 37°C, under
microaerophylic conditions for 18 h. The cultures were
adjusted to A620

nm
= 0.2 using a photocolorimeter (Analyser

Com & Ind. LTDA. São Paulo, SP, Brazil) and 750 mL of
this suspension was transferred to a tube containing 30 mL
of previously autoclaved complete medium18 (10 g/L tryptone,
5 g/L yeast extract, 60 µmol/L MgSO

4
, 1.3 µmol/L FeSO

4
,

1.5 µmol/L MnCl
2
, 0.2 mmol/L KH

2
PO

4
, 0.3 mmol/L K

2
HPO

4
,

0.7 mmol/L KCl, pH 7.0) supplemented with 50 mMol/L
sucrose as carbon source. Then, 600 mL of this suspension
was inoculated in a 24-well cell culture plate (Corning Costar
3524, flat bottom) and incubated at 37°C, under microaerophilia,
during 18 h. for biofilm formation as previously described7.

Effects of mouthwashes on S. mutans metabolism
All procedures were carried out in as a blind experiment.

After biofilm formation as described above, the culture
medium of each well was removed and the pH was measured
using a PG 1800 pH meter associated with a microelectrode
(Gehaka, São Paulo, SP, Brazil). The formed biofilms were
washed 3 times with sterile 0.9% (w/v) saline and 1 mL of
each the mouthwashes was added to each well. After 1 min
of incubation, the mouthwashes were removed and the wells
washed with abundant sterile 0.9% (w/v) saline. Then, to
each well was added 1 mL sterile complete medium supplied
with 50 mMol/L sucrose as carbon source. The treated
biofilm was incubated at 37ºC under microaerophilic
conditions and samples were taken at 60, 120 and 180 min
for further pH analysis.

The positive control used was ethanol 70% (v/v) and
the negative control was sterile 0.9% (w/v) saline.

Confocal Laser Scanning Microscopy (CLSM)
For the CLSM study, glass coverslips were inserted in

previously autoclaved Falcon Tubes with 30 mL of complete

Metabolic activity of Streptococcus mutans biofilms after treatment with different mouthwash formulations
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60 min 120 min 180 min

Saline 5.69 ± 0.31a 4.73 ± 0.22a 4.32 ± 0.10a

Ethanol 70% (v/v) 6.80 ± 0.02b 6.80 ± 0.01b 6.78 ± 0.01b

Listerine® 6.81 ± 0.01b 6.80 ± 0.01b 6.79 ± 0.01b

Parodontax® 6.81 ± 0.08b 6.75 ± 0.11b 6.59 ± 0.21b

Oral B® 6.75 ± 0.03b 6.58 ± 0.05b,c 6.00 ± 0.18c

PeriogardÒ with alcohol 6.68 ± 0.01c 6.48 ± 0.01c 6.23 ± 0.12c

PeriogardÒ without alcohol 6.54 ± 0.12c 6.14 ± 0.15c 5.64 ± 0.35c

Table 1: Acidogenity of S. mutans biofilms after treatment
with different mouthwashes. Values are expressed as mean
± SD of three independent experiments.

Different letters indicate statistically significant difference among the groups (p,0.05).

medium18 supplemented with 50 mMol/L sucrose as carbon
source. Suspension of 5 x 107 bacteria/mL of S. mutans were
added and cultivated for 18h. The S. mutans biofilm formed
in the coverslips were washed and treated with different
mouthwashes during 1 min. After that, the coverslips were
extensively washed with sterile saline and treated with 1
mM propidium iodide followed by 0.1% fluoresceine. The
coverslips were mounted on individual slides and the images
was captured for an emission wavelength at 500-530 nm or
at 600-675 nm respectively at 63× magnification with a
confocal laser scanning microscope (Carl Zeiss LSM 510
META, Jena, Germany). The two color images obtained by a
CLSM, i.e. a green-filtered emission image and a red-filtered
emission image, were converted to digital image and merged
together using the Zeiss LSM Image Browser.

Statistical analysis
Data are reported as the mean of triplicate measurement

of three independent assays. One-way analysis of variance
(ANOVA) was used to determine the significance between
treatments. To determine whether the means were statistically
different from each other we used the Bonferroni’s multiple
comparison test, considered to be statistically significant at
P<0.05 or less.

Results

After 60 min of the mouthwashes treatment, all of the
tested brands of mouthwashes differ significantly (p<0.05)
from saline-treated biofilm (control), avoiding a more intense
decrease in the pH. However, Periogard® with or without

alcohol demonstrated a more intense pH-drop, differing
significantly (p<0.05) from the other mouthwashes evaluated
(Table 1, column 1), suggesting lower efficacy. In the second
time analyzed (120 min after the treatments), the saline-treated
biofilm showed an intense pH-drop statistically significant
(p<0.05) when compared to all mouthwashes. Moreover,
Ethanol 70, Listerine®, Parodontax® and Oral B® demonstrated
a slight pH-drop avoiding high variations and none of them
differed statically among them (p>0.05). However, the
biofilm treated with Periogard® with or without alcohol
demonstrated a higher pH-drop (acidification) statistically
significant (Table 1, column 2). Finally, when analyzing the
biofilm acidification 180 min after mouthwash treatment,
saline-treated biofilm had a very low pH, characteristically
demonstrating the metabolic activity and viability of the
biofilm. Furthermore, Ethanol 70, Listerine® and Parodontax®

showed the best effect avoiding an intense pH-drop, while
Oral B®, Periogard® with or without alcohol showed the lowest

Metabolic activity of Streptococcus mutans biofilms after treatment with different mouthwash formulations

Fig. 1: Confocal Laser Scanning Microscopy of biofilms treated with saline (A) after treatment with mouthwashes containing 70% ethanol (B) essential oils (C), 0.2%
chlorhexidine (D), 0.12% chlorhexidine plus alcohol (E), 0.12% chlorhexidine without alcohol (F) and alcohol-free cetylpyridinium chloride plus fluoride (G). All images
show a three-dimensional reconstruction rotated 90º in the y-z direction (above) and in the x-z direction (right side).
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pH, differing significantly (p<0.05) from all other
mouthwashes (Table 1, column 3).

CLSM was used to ascertain the viability of bacteria in
the biofilm after mouthwash treatment. S. mutans biofilm
without any treatment revealed great cell viability (Fig. 1A),
contrasting with a higher level of dead cells after 70% ethanol
treatment (Fig. 1B). Furthermore, biofilm treated with
mouthwashes containing essential oils (Listerine®) or 0.2%
chlorhexidine (Parodontax®) caused extensive damage to
biofilms (Fig. 1C and D, respectively), comparable to or more
extensive than lesions induced by ethanol. It was also
possible to observe that both antimicrobial agents used
effectively penetrated the biofilm. In a smaller extent,
treatment of biofilms with 0.12% chlorhexidine plus alcohol
(Periogard® with alcohol, Fig 1E) also was able to cause cell
death, whereas alcohol-free 0.12% chlorhexidine (Periogard®

without alcohol, Fig 1F) and alcohol-free cetylpyridinium
chloride plus fluoride mouthrinse (Oral B®, Fig 1G) caused a
low level of cell death, restricted to spots on biofilm and not
throughout the biofilm. These results, in a greater extent, are
corroborative with pH measurements after treatment of
biofilms with mouthwashes (Table 1).

Discussion

The formation of dental biofilm is instantly initiated
after tooth cleaning by the adsorption of salivary components
to the enamel surface, followed by addition of initial
colonizers, to which eventually, the climax community of
matured dental biofilm will adhere11,19. Biofilm bacteria are
involved in a matrix of salivary proteins and microbial
products20. This type of growth protects the bacteria from
external agents, such as antibiotics11, and mouthwash
components21.

In the present study, the mouthwashes with essential
oils and 0.2% chlorhexidine showed similar efficacy to 70%
(v/v) ethanol to reduce the acidogenicity from S. mutans
biofilms (Table 1). These results are in agreement with those
of a recent study17, which demonstrated in vivo that using
mouthwashes with essential oils or alcohol-free chlorhexidine
during a 16-day period reduced plaque acidogenicity after a
sucrose challenge.

Kocak, et al.22 (2009) showed that 0.12% chlorhexidine
was effective against oral microorganisms. Our results suggest
that an alcohol-free mouthwash containing 0.12%
chlorhexidine was able to reduce the bacterial metabolism
as compared to the negative control, but failed, at any time
evaluated, to reduce significantly the bacterial metabolism
as compared to the positive control. The in vivo study of
those authors22 evaluated the efficacy of mouthwashes
measuring the number of S. mutans CFU present in saliva
after use of mouthwash, probably reflecting only cells that
detached from biofilm and not the whole dental biofilm. In
the present study, the whole biofilm was analyzed and the
results clearly showed that 0.12% chlorhexidine failed to
eliminate the metabolic activity and also to induce extensive
membrane damage to biofilm growing S. mutans. Thus, this

result indicates that chlorhexidine concentration is
determinant to its penetrability into the biofilm. Tomás, et
al.16 (2008) observed a reduction of total bacterial population
after use of both 0.2% and 0.12% chlorhexidine mouthwashes.
However, these authors16 also reported that only the higher
concentration showed bactericidal activity, which agrees with
our results for both acidogenicity and CLSM assays.

Comparison between 0.12% chlorhexidine with and
without alcohol showed a small advantage of the alcohol-
containing mouthwash, since it caused a 60 min delay in
acidogenicity in comparison to the alcohol-free version
(Table 1). A similar result was found in a previous study23

that compared two chlorhexidine solutions against plaque
re-growth and bacterial viability, showing that ethanol may
contribute significantly to reduce bacterial vitality.
Interestingly, in the present study the worst results were
obtained from alcohol-free mouthwashes, suggesting that the
alcohol may contribute to a better penetrability of the active
principle into the biofilm.

Witt, et al.24 (2005) observed no difference between an
alcohol-free cetylpyridinium chloride mouthwash and a
product containing essential oils, when using a Modified
Quigley-Hein Plaque Index. On the other hand, in the present
study, the cetylpyridinium chloride plus fluoride mouthwash
had the worst capacity to reduce S. mutans metabolism
(Figure 1), as shown in both acidogenity and CLSM
experiments. Among the reasons to explain these results, we
can arise that: (1) the penetrability of cetylpyridinium chloride
might not have been sufficient to entirely permeate the
biofilms; (2) the molecule could penetrate but the contact
period between cetylpyridinium chloride and bacterial cells
was insufficient to cause membrane damage; or (3) the
cetylpyridinium chloride concentration present in the
mouthwash used was below of the necessary to cause
extensive membrane damage.

Our data from CSLM strongly suggests that reduction
of metabolic activity is due to cell damage as a result of
mouthwash treatment. In the present study, among 5
mouthwashes tested, only 2 showed efficient penetration of
the agents throughout the biofilm as observed in the positive
control experiment, visualized by CLSM. Evidence of
membrane damage extended from the bottom of coverslips
to the surface of biofilms induced by 0.2% chlorhexidine-
and essential oil-containing mouthwashes suggests an
effective penetration of these molecules through the biofilm.
Interestingly, 0.12% chlorhexidine showed poor efficacy
when compared to 0.2% chlorhexidine, indicating that a small
variation in concentration may compromise the penetrability
and, consequently, bacterial inactivation.

Several previous studies 17,22,23 measured the efficacy of
antimicrobials on dental plaque in vivo and some of these
studies had high interindividual variations of the results17.
The methodology employed in the present study is highly
reproducible, low cost and easy to perform. Furthermore, it
was attempted to mimic exposure times often used in in vivo
clinical studies (60 s)25-27. Thus, it may be concluded that
the mouthwashes containing essential oils or 0.2%

Metabolic activity of Streptococcus mutans biofilms after treatment with different mouthwash formulations
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chlorhexidine showed higher efficacy than those containing
cetylpyridinium chloride plus fluoride or 0.12% chlorhexidine.
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