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P . gingivalis (A) BHI blood agar plate,
(B) Transmission electron microscope

Oral biofilm (Dental plaque)
 Fimbriae
 Collagenase
 Hemagglutinin
 Lipopolysaccharide
 Outer membrane vesicles

 Non-toxic
 Biocompatible
 Chemically stable
 High dielectric constant
 Excellent photocatalytic activities

TiO2 semiconductor

 The purpose of this study was evaluated the
antimicrobial activity by the solar-powered
TiO2 semiconductor against P. gingivalis cells
in the presence of light illumination.

 In addition, we investigated the efficacy of
P. gingivalis biofilm removal using the
solar-powered TiO2 electric toothbrush in
the presence of light illumination.
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Bacterial suspensions were placed into polystyrene tubes.
The solar-powered TiO2 semiconductor was placed in bacterial
suspension and was illuminated with a light for 0 to 60 minutes.

Bacterial suspensions were plated on BHI blood agar plates,
and incubated anaerobically at 37oC for 7 days.

Antimicrobial activity was determined by counting the numbers
of P. gingivalis cells.
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Fig. 1 Antimicrobial activity of the solarpowered TiO2 semiconductor against
P. gingivalis . The data are expressed as
the mean ± standard deviation in
triplicate cultures. ＊indicates
statistical significance of P < 0.01.
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P. gingivalis biofilm was in 24-well polystyrene plates for 18h.

After incubation, non-adherent cells were removed by washing
with PBS, and the electrodes were placed into the fresh PBS, and
illuminated with a light.

The biofilm removal assay was measured by an optical density.
Moreover, P. gingivalis biofilm was observed by scanning
electron microscopy (SEM).
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Fig. 2 The efficacy of TiO2 semiconductor
on P. gingivalis biofilm. The error bars are
expressed as standard deviation. ＊indicates
statistical significance of P < 0.01.

Fig. 3 SEM of P. gingivalis biofilm
untreated and treated with a solarpowered TiO2 semiconductor.
(A) P. gingivalis formed a thick
biofilm on the coverslips.
(B) P. gingivalis biofilm was broke
down and was shown to release
cytoplasmic and nuclear materials.

Sterilized coverslips

P. gingivalis biofilm

P . gingivalis biofilm was grown on the sterilized coverslips.
Solar-powered TiO2 electric toothbrush

The coverslips were brushing with
a solar-powered electric toothbrush
for 1 minute under light illumination.
Light

Crystal violet (CV)-staining

The biofilm removal ability was evaluated
the absorbance of the CV-stained solution
containing the removed biofilm.
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Fig. 4 Percentage of biofilm removal by the TiO2 semiconductor electric toothbrush.
The error bars are expressed as standard deviations in triplicate cultures.
Biofilm removal (%) = 100 × (treatment – untreated control)/untreated control.
*Indicates statistical significance of P < 0.01.

 The mechanical effects by
electric toothbrush and
chemical reactions induced
by the TiO2 semiconductor
effectively remove the
P . gingivalis biofilm.

Fig. 5 Mechanism of biofilm removal by a
solar-powered TiO2 electric toothbrush.
The electrons, that are released from the
semiconductor, attract positive ions from
the organic acid in the dental plaque. In
addition, the low electrical current
enhances antimicrobial effects against oral
bacteria and promotes wound healing.

 The TiO2 photocatalytic
properties and electric
current contribute to the
reduction of bacterial
biofilms and aid in the
prevention of periodontal
diseases.

 The solar-powered TiO2
electric toothbrush may
be an effective device for
oral hygiene.

