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(左図をさす) Oral biofilms, more commonly known as dental plaque, are structured bacterial communities in the oral cavities and gingival tissue surfaces that induces periodontal diseases.  (〇をさしながら) Porphyromonas gingivalis, a black pigment Gram-negative anaerobic rod, is frequently isolated from human periodontal pockets. This bacterium coaggregates with another oral bacteria, and adhere to human gingival epithelial cells in the development of oral biofilm. Thus, P. gingivalis is considered to be an important bacterium in the prevention of periodontal diseases.
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Recently, the electrical toothbrushes with the semiconductors have been gained a lot of attention. The most useful material of the semiconductors is considered to be Titanium dioxide (TiO2). TiO2 is a chemically stable, non-toxic, biocompatible, inexpensive material. It has a high dielectric constant and interesting photocatalytic activities.. We reported that the photocatalytic activity of TiO2 semiconductor has no cell toxicy. TiO2 photocatalysts have been demonstrated to exert bactericidal effects and biofilm reduction However, the mechanism of biofilm removal with a TiO2 semiconductor has not been clarified.



 In addition, we investigated the efficacy of 
P. gingivalis biofilm removal using the 
solar-powered TiO2 electric toothbrush in 
the presence of light illumination.

 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.
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The purpose of this study was evaluated the efficacy of P. gingivalis biofilm removal using a TiO2 semiconductor electric toothbrush in the presence of FL irradiation. In addition, we investigated the antimicrobial activity of the TiO2 semiconductor by UV irradiation against P. gingivalis cells.
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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. 
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Antimicrobial activity was determined by counting the numbers 
of P. gingivalis cells. 

Bacterial suspensions were plated on BHI blood agar plates, 
and incubated anaerobically at 37oC for 7 days.
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This slide shows the antimicrobial activity of the solar-powered semiconductor. We connected a TiO2 rod, a stainless steel rod, and a solar panel as the solar-powered TiO2 semiconductor. Firstly, we measured the electrical current through this semiconductor by a digital multimeter. Next, we evaluated the antimicrobial activity of the solar-powered semiconductor by UV illumination. The solar-powered semiconductor was placed in PBS and was illuminated with a blacklight (369 nm, 6 W) for 0 to 60 minutes at a distance of 7 cm. Bacterial suspensions were serially diluted and plated on BHI blood agar plates, and incubated anaerobically at 37oC for 7 days. After 7 days, antimicrobial activity of the solar-powered semiconductor was evaluated by counting the numbers of P. gingivalis cells..



Fig. 1 Antimicrobial activity of the solar-
powered TiO2 semiconductor against
P. gingivalis. The data are expressed as
the mean ± standard deviation in
triplicate cultures. ＊indicates
statistical significance of P < 0.01.

Electrode Saliva PBS BHI DW

Control 1.2 1.1 0.4 0.6

TiO2 2.6 2.6 2.4 1.4

TiO2 + solar 70.2 70.5 73.6 67.4 

Table 1.  Electrical current  of 
electrode in the solution
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The biofilm removal assay was measured by an optical density.
Moreover, P. gingivalis biofilm was observed by scanning
electron microscopy (SEM).

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.
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The round plastic coverslips (15 mm in diameter) were placed in the well for the bacterial biofilm to grow on them. The biofilm coverslips were then washed with PBS and fixed overnight in 2% freshly prepared cold (4°C) glutaraldehyde in 0.2 M phosphate buffer (pH 7.2). Next, P. gingivalis biofilms were also fixed in a 2.5% glutaraldehyde solution in 0.2 M cacodylate buffer (pH 7.2) for 1 hour. After rinsing and dehydration through a graded series of aqueous ethanol solutions, the biofilm was critical point-dried and mounted on copper stubs. Finally, it was coated with a thin layer of platinum and analyzed by scanning electron microscopy (SEM).



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.
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Fig. 3  SEM of P. gingivalis biofilm 
untreated and treated with a solar-
powered 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.
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Figure 4 shows SEM photomicrographs of P. gingivalis biofilms untreated and treated with a solar-powered TiO2 brush. Following incubation for 24 hours, P. gingivalis formed a thick biofilm on the coverslips (Figure 4A). Nevertheless, when the P. gingivalis biofilm was exposed to the solar-powered TiO2 brush, it broke down and was shown to release cytoplasmic and nuclear materials (Figure 4B).



P. gingivalis biofilm was grown on the sterilized coverslips.  

Sterilized coverslips

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

P. gingivalis biofilm

The biofilm removal ability was evaluated 
the absorbance of the CV-stained solution 
containing the removed biofilm.Crystal violet (CV)-staining

Solar-powered TiO2 electric toothbrush

Light
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This slide shows thebiofilm removal of the solar-powered TiO2 brush. P. gingivalis ATCC 33277 were grown on the sterilized coverslips at 37oC for 18 hours anaerobically. After washing the coverslips twice with sterilized phosphate buffered saline (PBS), the solar-powered TiO2 brush was placed on the coverslips and was brushed for 1 minute under fluorescent light illumination at a distance of 7 cm. Following mechanical brushing, the coverslips were stained with 1% crystal violet (CV) for 10 seconds at room temperature. The biofilm removal ability was evaluated through the absorbance of CV-stained solution containing the removed biofilm at an optical density of 595 nm.



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

 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.
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Thank you for your attention!!
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