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Effect of different molecular weight of chitosan mouthwash
formulations against Streptococcus mutans
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Objectives: This study aimed to examine the antibacterial and antibiofilm properties of chitosan mouthwash
formulations against Streptococcus mutans, using chitosan polymers of different molecular weight.

Materials and methods: Chitosan mouthwashes at pH 6.0 were prepared from different molecular
weights of shrimp chitosan (30 kDa, 890 kDa) at various concentrations (2.5, 5.0 mg/mL). Chlorhexidine
mouthwash was used as a positive control. All formulations were evaluated for their antibacterial and
antibiofilm properties against Streptococcus mutans ATCC 25175. Antibacterial property was determined
by using the time-dependent killing effect at 0 minute, 30 minutes, and 2 hours. Reductive and preventive
properties on biofilm were assessed by adapting the microtiter plate test for quantification of biofilm
formation. Statistical analyses were performed using SPSS program version 17.0, with the significance
level at p<0.05.

Results: All chitosan mouthwashes, of different molecular weight and concentration, could reduce the planktonic
form of Streptococcus mutans within 2 hours. Chitosan mouthwashes reduced established Streptococcus
mutans biofilm by up to 92.27%, depending on the exposure time. The preventive effect of chitosan mouthwash
against new Streptococcus mutans biofilm formation was improved to 97%.

Conclusion: Both low molecular weight and high molecular weight chitosan polymer could be used for mouthwash
formulations with effective antibacterial and antibiofilm properties. Moreover, chitosan mouthwash had a greater
antibiofilm property than chlorhexidine mouthwash.
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Introduction

Dental caries is a chronic infectious oral
disease, caused by cariogenic bacteria in saliva
and oral biofilm [1]. Based on the Thailand’s 8"
national dental status survey in 2017, dental caries
is the major oral infection in Thai children and has
been documented among 75.6% and 52.0% at
ages five and twelve years old, respectively.
Streptococcus mutans (S. mutans) is a primary
colonizing bacteria that can synthesize extracellular
polysaccharides from sucrose. The firm attachment
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of cariogenic bacteria to teeth and rapid fermentation of
carbohydrates, leads to acidic conditions and
imbalance between demineralization and the
remineralization [2]. Currently, caries management
is focused on the prevention concept rather than
the restoration or surgical approach. Caries
prevention can be performed by reducing the
number of pathogenic microorganisms and
dealing with biofilm [3]. One effective method is
treatment with chemotherapeutic antimicrobial
agents such as mouthwash [4]. Chlorhexidine
mouthwash is effective for preventing dental
plague formation and gingivitis, and has been
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approved for safety by the American Dental
Association in 1987 and the Food and Drug
Administration (FDA) in 2000. Unfortunately, it has
adverse effects, such as staining of teeth, tongue
and restorations. It can cause erosion of oral mucosal
and disturbs taste perception [5]. Moreover,
chlorhexidine mouthwash should be used only for
a short period of time or no more than 2 weeks [6]
and not suitable for children younger than 6 years
old who cannot control swallowing. Alcohol
containing mouthwash may not be suitable for
children. However, mouthwash may be helpful for
children who are unable to clean their teeth properly
due to disability of hands and brain function.
Chitosan is a natural polysaccharide, a
biopolymer derived by deacetylation of chitin found
in crustacean shells, such as shrimp shells [7].
Chitosan has been shown to exhibit antimicrobial
activity in terms of bacteriostatic, bactericidal [8, 9],
and anti-biofilm formation [10]. Kong et al, in 2010,
demonstrated that chitosan has very low toxicity,
good biocompatibility and biodegradability,
without development of any resistance [11].
Different molecular weights of chitosan polymer
were reported to show different antibacterial
properties and different solubility. Low molecular
weight chitosan has greater solubility and easily
penetrates into bacterial cells. The high molecular
weight chitosan can bind to the negatively charged
on the bacterial cell wall and act as a chelating agent
[12, 13]. Although there are several reports on the
antibacterial and antibiofilm activity of chitosan on
S. mutans. There are no study reports about the
effect on mouthwash formulation. The aims of this
study were to compare the effectiveness of chitosan
mouthwashes prepared with very low molecular
weight, less than 30 kDa, and high molecular
weight higher than 890 kDa of chitosan polymer
with higher than 90% acetylation to chlorhexidine
mouthwash in terms of antimicrobial activity and
biofilm formation. This may help in the development
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of alternative mouthwash which is environmentally
friendly for children who are unable to properly
clean their teeth in the future.

Materials and methods

Mouthwash preparation

Chitosan mouthwashes were prepared
from commercially available food grade chitosan
powders (Marine Bio Resources Co., LTD., Thailand)
extracted from shrimp shells, having molecular weight
of 30 kDa and 890 kDa, degree of deacetylation
above 90% and size less than 150 ym. The chitosan
mouthwash formulation was modified from Sano,
2003 [14]. Chitosan powder was dissolved in 1%
acetic acid and prepared at the concentration
of 2.5 and 5 mg/ml in non-alcohol mouthwash.
All compositions were mixed at room temperature
and adjusted to pH 6.0. A negative control was
mouthwash based solution which had similar
compositions and pH as chitosan mouthwash, but
excluding the chitosan powder. A commercial
0.12% chlorhexidine mouthwash (MDent®,
Thailand) was used for a comparison.

Microorganism cultivation

Streptococcus mutans ATCC 25175
purchased from American Type Culture Collection
(ATCC) was grown in Brain Heart Infusion agar
plates (BHI, Difco™) incubated at 37°C for
48 h. Two to three colonies were selected for
inoculation in 5 ml BHI broth and incubated
overnight (18 h) in an anaerobic jar at 37°C.
Cells in the exponential growth phase were
centrifuged, washed and re-suspended in
phosphate buffered saline (PBS) to obtain
S. mutans cells at about 10° CFU/mL. For biofilm
formation, S. mutans was re-suspended in
BHI with 10% sucrose (BHI-S) to induce biofilm
formation.
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Time dependent killing effect on planktonic
Streptococcus mutans

The antibacterial susceptibility test against
S. mutans was determined by viable count
technique. The 1 ml of re-suspended S. mutans in
PBS was mixed with 1 ml of each mouthwash
formulation, with chlorhexidine mouthwash and
mouthwash base as positive and negative control,
respectively. The tested samples were collected
at time 0 minute, 30 minutes and 2 hours. The
solution was diluted with sterile phosphate buffered
saline (PBS) by 10, 100, and 1,000-fold and
spotted on a bacterial culture plate on BHI agar.
Bacterial agar plates were incubated for 48 hours
at 37°C, before evaluating the bacterial viability
by counting colony-forming units (CFUs/ml). The
experiment was performed in triplicate.

Effect on Streptococcus mutans biofilm formation

The biofilm study method was modified from
Stepanovic et al., 2000 [15]. The 200 uL of S. mutans
was re-suspended in BHI-S into each well of a flat
bottom 96 well plate and incubated at 37°C in an
anaerobic jar for 24 h. After formation of biofilm,
the medium was gently removed and washed with
phosphate buffered saline (PBS) to remove non-
adherent cells. Then, 200 uL of various mouthwash
formulations were added as test samples, using
chlorhexidine and mouthwash base for positive and
negative controls. The biofilm plate was incubated
at 37°C for 2 and 24 hours. After that, the media was
discarded and the plate washed with sterile
deionized water, fixed with 200 pL absolute methanaol
for 15 minutes, and air-dried at room temperature.
The biofilm was stained with 200 pL of 0.4% crystal
violet solution for 30 minutes and washed with
sterile deionized distilled water. The stain was
eluted with 200 pL of 95% ethanol for 30 minutes.
Adherence of remaining biofilm was compared to
completely formed biofilm (negative controls) and
quantified by measuring optical density (OD) at

wavelength 596 nm using a microplate reader
(TECAN, Tecan Group Ltd., Switzerland). All assays
were repeated six times. Results were interpreted
as percentage of mature biofilm reduction by
using equation: Mature biofilms reduction (%) =
[(OD -0Db,,)/0D__ 1x100

control test) control

Preventive effect on Streptococcus mutans biofilm
formation

The biofilm formation assay used in this study
is based on Stepanovic et al., 2000 [15]. Each well
of a flat bottom 96 well plate was filled with 200 pL
of a mixture of test solutions and 10% (v/v) of S. mutans
in BHI-S. The plate was incubated at 37°C for
48 hours. After that the medium was gently decanted
and washed with 200 pyL PBS. The biofilm was
fixed with 200 uyL of absolute methanol for 15
minutes and air dried at room temperature. The
remaining biofilm was stained with 200 uL of 0.4%
crystal violet for 30 minutes and rinsed with sterile
deionized distilled water and eluted with 200 L of
95% ethanol for 20 minutes. Adherence of remaining
biofilm was compared to completely formed biofilm
(negative controls). The optical density (OD) was
measured at wavelength 596 nm. All assays were
repeated six times. Results were interpreted as
a percentage of inhibition of biofilm formation of
S. mutans by using the equation: Preventive effect (%) =
[(ob_. -0D _)/0OD__. 1x 100

control test) control

Statistical analysis

The normal distribution of means was analyzed
by using the Shapiro-Wilk Test. The difference of
means was statistically analyzed by ANOVA, along
with multiple comparisons by Tukey's HSD post hoc
test. Each antimicrobial experiment was performed
in triplicate, while the anti-biofilm experiments
were performed in six repeats. The statistical
analyses were analyzed by SPSS program version
17.0 for IBM (SPSS, Chicago, IL, USA), with the
significance level defined as p < 0.05.
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Results

Time dependent Kkilling effect of mouthwash on
planktonic Streptococcus mutans

The killing effect of chitosan mouthwash
formulations against planktonic S. mutans, with an
initial load about 10° CFU/mL, showed that all
chitosan mouthwash formulations could statistically
reduce the number of S. mutans immediately or at
0 minute, with continuous reduction over time
(b < 0.05). Moreover, there is no significant
difference (p > 0.05) between different molecular
weight and different concentration of chitosan
mouthwashes in terms of antibacterial activity. All
chitosan mouthwash formulations could reduce
the number of S. mutans from its initial load
approximately by 0.70 to 0.85 log CFU/mL at
0 minute, 1.54 to 1.78 log CFU/mL at time 30 minutes,
and around 6 log CFU/mL at 2 hours (Figure 1).
These log reduction CFU/mL can be compared as
a percentage as follows: 80.05% to 85.57%
at 0 minute, 97.12% to 98.34% at 30 minutes,

and more than 99.999% at 2 hours. While the
mouthwash-based solution and PBS could not
reduce a number of S. mutans at any time point.

Reductive effect on Streptococcus mutans mature
biofilm

At 2 hours treatment time, mouthwash
containing 30 kDa chitosan caused S. mutans
biofilm reduction around 88.56% to 89.97%, while
890 kDa caused 80.29% to 80.85%. For 24 hours
treatment time, mouthwash containing 30 kDa
chitosan caused S. mutans biofilm reduction around
90.37% to 92.27%, while 890 kDa caused 90.27% to
91.22% (Figure 2). The results show that mouthwash
containing 30 kDa chitosan had a significantly greater
reduction of biofilm formed compared to that
containing 890 kDa chitosan at 2 hours treatment
time (p < 0.05). Whereas, there is no significant
difference (p > 0.05) between different molecular
weight and different concentration of chitosan
mouthwashes at 24 hours treatment time. In addition,
chlorhexidine mouthwash could reduce S. mutans
mature biofim by only 38.91% and 27.06% at 2 hours

Time dependent killing effect on planktonic S. mutans
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Time dependent killing effect on planktonic S. mutans after treatment with 0.12% Chlorhexidine mouthwash

(0.12% CHX), phosphate buffered saline (PBS), mouthwash base (placebo), chitosan mouthwash with
molecular weights of 30 and 890 kDa (CH30, CH890) and concentrations of 2.5 and 5.0 mg/mL ([2.5],

[5.0]). The testing times were 0 minute, 30 minutes, and 2 hours. Different alphabets above the bar (a, b)

means significant differences between test solutions in the same period of time.
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and 24 hours, respectively. Moreover, plates
treated with chitosan mouthwash for a longer
time showed greater effect on biofilm reduction.
The results show that chitosan mouthwash
showed greater percent reduction of biofilm
than chlorhexidine mouthwash (p < 0.05).

Preventive effect on formation of biofilm by
Streptococcus mutans

One notable result was that chitosan
mouthwashes showed very good preventive effect
on new biofilm formation of up to 97% with statistically
significant preventive effect when compared to
chlorhexidine mouthwash (p < 0.05) (Figure 3).

Discussion

Chitosan polymer shows interesting
physicochemical and biological properties,
depending on source, preparation procedure,
molecular weight and degree of deacetylation
[16]. Both low molecular weight (100 kDa) and

high molecular weight (600-800 kDa) was reported
to have a significant antibacterial effect on S.
mutans and S. sobrinus and inhibit biofilm
formation [17]. This study clearly showed that both
molecular weight forms of chitosan (30 and 890
kDa) with high percentage of deacetylation (>90%)
in mouthwash formulations possess antibacterial
activity, mature biofilm inhibition and could be
used for prevention of dental biofilm formation.
The antibacterial study showed that all chitosan
mouthwashes had similar bactericidal effects
against S. mutans within 2 hours, with no statistical
difference in log reduction of number of S. mutans
at each period of time. Electron microscopic
studies [18, 19] have shown that the positively
charged chitosan can bind to the negatively
charged bacterial cell wall, causing weakening or
even breakage, leading to leakage of intracellular
substances and eventually cell death.

The results from this study agreed with
Abedian Z. 2019 [17] and Costa et al. 2012 [20],
that chitosan mouthwash could inhibit cariogenic
bacteria. It was also reported that the chitosan

Reductive effect of mouthwash upon S. mutans mature biofilms
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30 and 890 kDa (CH30, CH890), and concentrations of 2.5 and 5.0 mg/mL ([2.5], [5.0]). Results are shown
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differences.
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Preventive effect against Streptococcus mutans biofilm formation
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Preventive effect of mouthwash formulations upon S. mutans biofilm formation with chlorhexidine

mouthwash (CHX), mouthwash base (MW), chitosan mouthwash with molecular weights of 30 and 890 kDa
(CH30, CH890), and concentrations of 2.5 and 5.0 mg/mL ([2.5], [5.0]). Results are shown as percent

inhibition of biofilm formation. Different alphabets above the bar (a, b, c) means significant differences

between test solutions in the same priming time group.

mouthwash possesses lower toxicity and higher
antimicrobial activity than chlorhexidine
mouthwash and the commercial mouthwash
tested. An in vitro study of Thongaroon K. et al.,
also reported that the antibacterial property of
chitosan mouthwash was time dependent. However,
our chitosan mouthwash preparations could inhibit
S. mutans growth after 2 hours, faster than their study
showing reduction in bacteria after 6 hours [21].
Our study showed that chitosan mouthwash
had prominent action against mature biofilm
compared with chlorhexidine mouthwash. Previous
reports showed that chitosan mouthwash could
reduce mature S. mutans biofilm by up to 94%
[22] and had greater activity than commercial
chlorhexidine mouthwash [23]. In addition, at
2 hours, our study also showed that low molecular
weight chitosan mouthwash (30 kDa) had superior
reduction of mature S. mutans biofilm than high
molecular weight chitosan mouthwash (890 kDa).
The low molecular weight chitosan consists of
smaller molecules, which are presumably greater
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mobility attraction and able to interact better with
the bacterial cell wall than larger molecules.
Costa EM et al found that chitosan mouthwash
could be a potent inhibitor of S. mutans biofilm
formation [21, 22]. Our study showed greater
ability of chitosan mouthwashes to inhibit new
biofilm formation, compared to chlorhexidine
mouthwash. Consistent with Decker EM. et al,
chitosan could reduce the attachment ability of
Streptococci by about 90% [24]. As an antiplaque
agent, chitosan is naturally occurring, environmentally
friendly, and has very low toxicity [25]. In acidic
solution, the amine groups (-NH2) of chitosan are
protonated to -NH3+, so that the cationic molecules
of chitosan can form electrostatic interactions with
anionic molecules on the cell surface of bacteria.
These binding interactions may intercept the
attachment of cariogenic bacteria to tooth surfaces
[26]. It was also noticed that the mouthwash base
also gave positive results however including
chitosan into the formulation gave significant
difference. This may be due to the formulation
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used in this study being similar to other non- alcoholic
commercial mouthwash available in the market.

Although chitosan has been reported to have
stronger bactericidal effects at acidic pH, the acidic
pH may cause demineralization and damage the
enamel surface of teeth. The chitosan mouthwash
formulations used in this study have a final pH of
6.0, which is closer to the normal pH of saliva than
those of previous studies using formulations at pH
5.0. Moreover, the chitosan powder used in our
study has a high degree of deacetylation (>90%),
which makes the chitosan easily ionized and
readily bind to the negatively charges on bacterial
cell surface, resulting in stronger antibacterial and
antibiofilm properties.

There have been several attempts to make
a high potency mouthwash with low toxicity. The
toxicity of our chitosan mouthwash was verified
by the MTT cytotoxicity test according to the
international standard, 1SO 10993-5, 2009 [27].
Thus, our chitosan mouthwash formulations show
no cytotoxicity against L929 cells or mouse
fibroblasts which allow cell viability over 80%
when tested with all formulations (data not shown).
The MTT assay from the study of Costa E.M. et al,
has also shown that chitosan mouthwash was
less toxic than the chlorhexidine based commercial
mouthwash [20]. Therefore, chitosan mouthwash
unlike fluoride mouthwash or chlorhexidine
mouthwash is safe and can be an alternative
mouthwash for prevention of dental caries
especially in children and in disabled patients who
are unable to clean their teeth properly. Moreover,
this preparation tastes good and has no alcohol
content.

In actual daily use of mouthwash, patients
are advised to hold mouthwash in the oral cavity
for 30 seconds, which may be comparable to our
results from an antibacterial property at 0 minute,
that showed up to 80.05% to 85.57% S. mutans
reduction. Alternatively, if patients use mouthwash

before bedtime without rinsing or eating anything
else, mouthwash may be coated in their mouth
longer and may increase its effectiveness in
antimicrobial and antibiofilm properties. Therefore,
further clinical studies may be required.

Conclusion

Chitosan mouthwash prepared from both
low and high molecular weight chitosan with
similar degree of deacetylation had similar
antibacterial and antibiofilm properties against
the S. mutans. Although, chlorhexidine mouthwash
could significantly reduce the number of planktonic
S. mutans more than chitosan mouthwash,
chitosan mouthwash could significantly reduce
mature biofilm formation and inhibit newly biofilm
formation better than chlorhexidine mouthwash.
Therefore, chitosan mouthwash may be used as
an alternative treatment to prevent dental caries
with low toxicity and environmental friendliness.
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