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ABSTRACT

Background and Objectives: If the antimicrobial agent is not administered continuously, the
concentration of the antimicrobial agent necessarily becomes lower than the minimum inhibitory
concentration (MIC) and maintains the sub- minimum inhibitory concentration (sub-MIC). There
were no studies on the biofilm formation of initial attachment bacteria such as streptococci and
actinomyces in cetylpyridinium chloride. In this study, we investigated the effect of cetylpyridinium
chloride of sub-MIC on biofilm formation and bacterial cell hydrophobicity using Streptococcus
mutans, Streptococcus gordonii, Actinomyces naeslundii and Actinomyces odontolyticus.

Materials and Methods: The degree of biofilm formation was classified into 1-4 according to the
degree of adhesion to glass slip. Hydrophobicity was measured to investigate whether differences in
biofilm formation were related to differences in bacterial surface hydrophobicity.

Results: When biofilm formation was compared between the control group without cetylpyridinium
chloride and the cetylpyridinium chloride sub-MIC, biofilm formation was decreased in the
experimental group of S. mutans and A. naeslundii. Cellular hydrophobicity was observed with
regard to adhesion and the hydrophobicity of S. mutans and A. naeslundii decreased in the
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experimental group compared to the control group. However, S. gordonii did not change biofilm
formation, but cell hydrophobicity was significantly increased in the experimental group compared to

the control group.

Conclusion: When cetylpyridinium chloride was applied to oral bacteria, there was a correlation
between biofilm formation and cell hydrophobicity in some bacteria.

Keywords: Biofilm; cetylpyridinium chloride; hydrophobicity; oral bacteria; sub-mic.

1. INTRODUCTION

Dental plaque is a major cause of dental
diseases. Removal of dental plaque can
significantly reduce dental disease, but
mechanical plaque removal is limited.
Supplemental use of antimicrobials is effective in
controlling and removing plaque accumulation
[1]. Cetylpyridinium chloride is included a variety
of mouthwashes and toothpaste, it is often used
in dentistry to control plaque formation and
prevent occurrence of oral disease [2,3].
Positively charged cetylpyridinium chloride has
antibacterial activity by binding to negative
charge bacteria [4,5], degrading lipid bilayer of
the cell membrane, and inducing leakage of cell
contents [6].

When these antibacterial agents are applied to
the oral cavity, minimum inhibitory concentration
(MIC) is measured to determine sensitivity of oral
bacteria to the antibacterial agent. Minimum
inhibitory concentration (MIC) of the antimicrobial
agent is the minimum concentration of
antimicrobial agent that inhibits bacterial growth.
Concentration of antimicrobial agent is
maintained at higher concentration than MIC only
for a certain period after administration. If the
antimicrobial agent is not continuously
administered, concentration of the antimicrobial
agent is inevitably lower than the MIC, referred to
as a sub-minimum inhibitory concentration (sub-
MIC) [7,8]. Sub-MICs cannot kill germs, but they
interfere with metabolism of bacteria and affect
various properties including morphological,
biochemical, and attachment characteristics, and
are therefore reported to lead to changes in
bacterial virulence factors [7,9-13].

Several studies have reported that sub-MICs of
antibiotics can effectively inhibit biofilm formation,
and bacteria grown in sub-MICs of antibiotics
have shown that bacterial aggregation is reduced
[14,15]. Cell hydrophobicity is known to be
closely related to bacterial adhesion, and
bacteria with high cellular hydrophobicity have
been reported to attach to the acquired pellicle,
epithelium or prosthetic dentures of teeth [16-18].

Therefore, in this study, we investigated the
effect of sub-MIC cetylpyridinium chloride on the
biofilm formation and cellular hydrophobicity of
Streptococcus mutans, Streptococcus gordonii,
Actinomyces naeslundii, and Actinomyces
odontolyticus.

2. MATERIALS AND METHODS
2.1 Bacteria and Culture Conditions

In this study, S. gordonii KN1, S. mutans KN88,
A. naeslundii KN543 and A. odontolyticus KN544
were used. Bacteria were cultured for 18 hours in
a 5% CO, incubator at 37°C using Brain Heart
Infusion (BHI, Becton, Dickinson and Company,
Sparks, MD, USA). Turbidity of the bacteria was
measured at 660 nm (ODgg) using a
spectrophotometer, and the number of bacteria
was determined by applying to a predetermined
standard curve.

2.2 Measurement of Minimal Inhibitory
Concentration (MIC)

The MIC of cetylpyridinium chloride was
determined by liquid medium dilution method
according to guidelines of the Clinical and
Laboratory Standards Institute (CLSI) [19]. The
MIC was a two-fold serial macro-dilution method.
Cetylpyridinium chloride at a concentration of
1000 pg / ml was continuously diluted with Brain
Heart Infusion (BHI) broth (Becton, Dickinson
and Company, Sparks, MD, USA) at a ratio of
1/2. Bacteria were incubated to a final
concentration of 5 x 10° cells/ml and cultured in a
5% CO, incubator at 37°C for 18 hours. After
incubation, concentration at which bacterial
growth was inhibited was visually determined by
MiIC.

2.3 Biofilm Formation Assay

Biofilm formation was assessed by modifying
previously reported experimental methods [20].
Bacteria were cultured in a CO, incubator for 18
hours, and then absorbance was measured at




ODggy using a  spectrophotometer. The
suspension was diluted with BHI broth to a
concentration 1 x 10° CFU/ml. In a 12-well plate
(SPL Life Sciences, Pocheon-si, Gyeonggi-do,
Korea) containing a sterile glass slip (round, 12
mm diameter), 4 ml of the culture medium and 25
pl of prepared bacterial suspension were added
and cultured in a CO, incubator for 18 hours.
After incubation, the glass slip on which the
biofilm was formed was washed with phosphate-
buffered saline (PBS, pH 7.2) to remove bacteria
that did not adhere to the glass slip. Biofilm
formation was classified into 1-4 points according
to the degree of adhesion to the glass slip, and
criteria are revealed in Table 2 below. To
investigate the effect of cetylpyridinium chloride
on the formation of biofilm, bacteria were
cultured in a culture medium containing
cetylpyridinium  chloride of sub-MIC and
conducted in the same method as above.

2.4 Bacterial Cell Surface Hydrophobicity
Assay

To investigate if the difference in biofilm
formation degree is related to the difference in
hydrophobicity of the bacterial surface,
hydrophobicity was measured using the
previously reported method [21]. Bacterial cell
surface hydrophobicity was determined by the

degree of adsorption of bacteria to n-hexadecane.

Bacteria cultured in sub-MIC cetylpyridinium
chloride were centrifuged at 10,000 xg for 5
minutes, washed with PUM buffer [22],
suspended in the same buffer, and adjusted to
an absorbance of 1 x 10° cells/ml at ODggo. 2 ml
of the bacterial suspension were added to the
glass tube (13 mm), 400 pl of n-hexadecane
(Sigma chemicals Co., St. Louis, MO, USA) were

added, and then vigorously vortexed for 1 minute.

After the mixed solution was at room temperature
for 15 minutes, absorbance of the solution
excluding the supernatant was measured at
ODss using a spectrophotometer.

Bacterial cell hydrophobicity was calculated by
applying the following formula. % HP =
[OD(initial)-OD(expt)] x 100 / OD(initial); OD
(expt) refers to the ODssg value measured after
adding n-hexadecane and incubating for 15
minutes.

2.5 Statistical Analysis
was used to

hydrophobicity
cetylpyridinium  chloride

Independent sample t-test
determine the difference in
between sub-MIC
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treated groups and untreated groups for each
bacterium (p < 0.05). Statistical analysis was
conducted using Software Package for Social
Sciences (SPSS, version 21, IBM Inc., USA).

3. RESULTS

3.1 Minimum Inhibitory Concentration
(Mic)

Minimum inhibitory concentrations of

cetylpyridinium chloride are revealed in Table 1
below. The sub-MIC concentration  of
cetylpyridinium chloride used in the experiment
was 1/2 of the MIC.

Table 1. Minimal Inhibitory Concentrations Of
Cetylpyridinium Chloride

MIC (ug/ml)
S. gordonii 0.2441
S. mutans 0.2441
A. naeslundii 0.1221
A. odontolyticus 0.1221

3.2 Biofilm Formation Assay

Each bacterial strain without the addition of
cetylpyridinium chloride revealed different biofilm
formation patterns (Table 2). S. gordonii and A.
odontolyticus revealed no difference in biofilm
formation  between the group  without
cetylpyridinium chloride and the group cultured
with cetylpyridinium chloride sub-MIC. However,
when the sub-MIC of cetylpyridinium chloride
was added in S. mutans and A. naeslundii, the
biofilm formation pattern was changed. S.
mutans cultured in the presence of
cetylpyridinium chloride of the sub-MIC revealed
decrease in the amount of biofilm from +3 to +2
as compared with the control. Similarly, when
cultured in the presence of sub-MIC of
cetylpyridinium chloride, A. naeslundii decreased
biofilm formation from +4 to +2 as compared to
the control.

3.3 Bacterial Cell Surface Hydrophobicity
Assay

The difference in hydrophobicity between each
experimental strain is shown in Fig. 1. When
compared to the control group without
cetylpyridinium chloride, A. naeslundii revealed
high hydrophobicity of 87%, S. gordonii
(approximately  60%), S. mutans and
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Table 2. The effect of sub-mic cetylpyridinium chloride on biofilm formation

No cetylpyridinium chloride

Cetylpyridinium chloride

S. gordonii ++ ++
S. mutans +++ ++
A. naeslundii ++++ ++
A. odontolyticus + +
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Fig. 1. The effect of sub-MIC cetylpyridinium chloride on hydrophobicity of S. gordonii,
S. mutans, A. naeslundii and A. odontolyticus. The bacteria were cultured in the sub-MIC
cetylpyridinium chloride and hydrophobicity was measured. Values indicate means of three
experiments; standard deviations of the mean (error bars) are indicated by vertical lines.
* p < 0.05 (CPC = cetylpyridinium chloride)

A. odontolyticus (approximately 50%) revealed
relatively low hydrophobicity. When
cetylpyridinium chloride of sub-MIC was added,
S. mutans and A. odontolyticus revealed no
significant difference in hydrophobicity compared
to the control group. However, S. gordonii
increased hydrophobicity to approximately 87%
in the experimental group grown in presence of
sub-MIC cetylpyridinium chloride compared with
the control group, and revealed statistically
significant difference (p < 0.05). In A. naesundii,
hydrophobicity of the experimental group was
reduced to 60% as compared with the control
group, revealing statistically significant difference
(p < 0.05).

4. DISCUSSION

Ammonium salts such as cetylpyridinium chloride
have antimicrobial activity through various

mechanisms.  Cetylpyridinium  chloride is
positively charged and reacts with negative
bacterial surfaces to increase possibility of

interacting with biofilm cells and matrix [5].
Another mechanism involves degradation of lipid
bilayers in the cell membrane, leaking cell
contents [6], and inhibiting extracellular enzymes
that synthesize polysaccharides, that play a key
role in the progression of dental caries [23]. The
concentration of cetylpyridinium chloride used in
mouthwashes is a higher concentration than the



sub-MIC concentration used in this experiment.
However, cetylpyridinium chloride is continuously
diluted by saliva in the oral cavity, and
cetylpyridinium chloride is present at a
concentration of less than MIC in the first few
hours after application, if not continuously
administered [24,25].

Joe, et al. studied the effect of cetylpyridinium
chloride on dental plaque of hydroxyapatite disc
surface [26]. According to them, the addition of
cetylpyridinium  chloride  inhibited plaque
formation as compared with the control without
cetylpyridinium chloride. In our study, biofilm
formation of S. mutans and A. naeslundii
decreased when cetylpyridinium chloride of sub-
MIC was added.

Cellular hydrophobicity is closely related to
bacterial adhesion, and highly cellular
hydrophobic bacteria can attach to the acquired
pellicle, epithelium or prosthetic teeth [16-18].
Goldberg, et al. reported that cetylpyridinium
chloride increased bacterial cell hydrophobicity
and bacterial adhesion of Candida albicans [27].
In our study, the addition of cetylpyridinium
chloride to A. naeslundii decreased biofilm
formation and decreased bacterial hydrophobicity
statistically compared to the control. S. mutans
was also not statistically significant, but showed
the same results. Our results were in contrast to
Goldberg, but we confirmed that there is a
correlation  between hydrophobicity = and
adhesion. However, in the case of S. gordonii,
the addition of cetylpyridinium chloride revealed
no change in biofilm formation compared to the
control group, but bacterial cell hydrophobicity
increased. Results are inconsistent with the fact
that bacteria with  high bacterial cell
hydrophobicity form more biofilms. This study
has limitatons on the reasons why
hydrophobicity and biofilm formation results do
not show the same pattern. Although it should be
clarified by future studies, it is thought that the
attachment mechanism influenced by
cetylpyridinium chloride is not only cell adhesion
by cell hydrophobicity but also another
mechanism.

In this study, we examined effects of sub-MIC
cetylpyridinium  chloride on the  biofilm
formation and bacterial surface hydrophobicity
were investigated in S. mutans causing
dental caries and S. gordonii and actinomyces in
initial attachment bacteria. In this experiment, a
simple method of observing biofilm formation
using a glass slip was used. However, it is
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necessary to investigate the effect of
cetylpyridinium chloride on biofilm after using a
hydroxyapatite disc like a tooth surface or using
a biofilm reactor to form a biofilm. In addition, the
effect of cetylpyridinium chloride on
coaggregation between oral bacteria should be
further investigated.

5. CONCLUSIONS

When cetylpyridinium chloride was applied to
oral bacteria, some bacteria showed a decrease
in biofiim and a correlation between biofilm
formation and cell hydrophobicity.
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