
Introduction
Solar-powered TiO2 semiconductors have shown to have
antibacterial effects on cariogenic strains of S. mutans. This
study examined such effects on periodontal pathogens, P.
gingivalis and P. intermedia. The bactericidal effects were
assayed by viable cell counts and disruption of preformed
biofilms, spectrophotometrically and scanning electron
microscopically (SEM). Cell suspensions and preformed
biofilms were incubated under lights for one hour in the
presence of solar and non-solar powered TiO2 electrodes, and a
stainless control electrode. Samples were taken at regular
intervals for the respective assays.

Conclusion
The photocatalytic property of the
semiconductors (TiO2) may promote reduction
of subgingival plaque in general and elimination
of specific periodontal pathogens in particular.
Further research is warranted to delineate the
exact antibacterial effects of solar-powered TiO2
for the possible clinical applications, such as
toothbrushes.

Table 1. Electrical current of electrode in the solution

Electrode Saliva PBS BHI Mili-Q

TiO2 1.5 2.6 2.4 1.3

TiO2 solar 60.7 67.6 70.9 5.3

(μA)

Materials and Methods
Strain and cultivation condition
Porphyromonas gingivalis ATCC 33277, Prevotella intermedia ATCC 25611 were
cultivated anaerobically (5% CO2, 10% H2, 85% N2) in brain heart infusion broth
(BHI, Difco Laboratories, Detroit, Mich.) supplemented with yeast extract
(0.5%), hemin (5 μg/ml) and vitamin K (10 μg/ml).

Bactericidal activity assay
Bacterial suspensions (108 cfu/ml) were placed into the polystyrene tubes. The electrode
consisted of TiO2 semiconductor rod, stainless rod and solar battery. A similar electrode
was used as control electrode, but the entire solar battery was covered with an alminum
foil to inactivate solar power. The electrodes (TiO2 electrode and stainless steel electrode;
3.0 mm in diameter x 68.0 mm in length) were placed into the tube, and illuminated
with a blacklight (FL6BL, wave length: 369 nm; HITACHI, Japan) for 0 to 60 min at a
distance of 7 cm. Bacterial suspensions were serially diluted and plated on the BHI blood
agar plates, and incubated anaerobically at 37°C for 7 days. All assays were performed
in triplicate.

Biofilm removal assay
Biofilm was preformed in the 24-well polystyrene plates by inoculating an overnight
starter culture (2 ml/well). The plate was incubated at 37°C for 18 h anaerobically. The
following day, planktonic cells (unattached cells) were removed by washing three times
with a sterile PBS. Two ml sterile PBS was added into the biofilm attached wells. The
electrodes were placed into the wells, and illuminated with a blacklight for 0 to 60 min at
a distance of 7 cm. After illumination, the PBS containing removed biofilm was
measured at 550 nm in a spectrophotometer (DU-640 spectrophotometer). The wells
containing the biofilm without electrode were irradiated as a control.

Scanning electron microscopy
Bacteria for scanning electron microscopy were grown on 15-mm pieces of Thermanox®

plastic coverslips (15 mm round, Nunc, Inc., IL, USA) placed in the well. Biofilm grown
on coverslips were washed once with PBS and fixed for an overnight in 2% cold (4ºC)
freshly prepared glutaraldehyde in 0.2 M phosphate buffer (pH 7.2). For scanning
electron microscopy, P. gingivalis cells were fixed in a 2.5% glutaraldehyde solution in
0.2 M cacodylate buffer, pH 7.2, for 1 h. After rinsing and dehydration through a graded
series of aqueous ethanol solutions, the cells were critical point dried, mounted on copper
stubs. They were then coated with a thin layer of platinum) and observed with a JEOL
JSM-6301F scanning electron microscope.

Statistical Analysis
Differences among experimental groups were analyzed with Fisher’s PLSD by one-way
analysis of variance. A 5% level of significance was selected for rejecting hypotheses.
Computations were performed using a statistical software program (StatView version
5.0, Abacus Concepts, Berkeley, CA).

FIG. 5. Scanning electron microscopy of P. gingivalis cells binding to
plastic coverslips. (A), Control; (B), solar-powered TiO2. The SE
micrographs showed loss of primary cell turgidity, cytoplasmic and
nuclear materials. Bars, 2 μm.

FIG. 4. Photographs of the biofilm removed from on the 24-well
polystyrene plates.
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FIG. 3. Biofilm removal. Analysis of the periodontal bacteria biofilm
removal of the TiO2 treated after blacklight illumination at room
temperature (A). The biofilms of P. gingivalis (B) and P. intermedia (C)
were significantly removed by the TiO2 electrodes with solar power.
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FIG. 2. Bactericidal rates of P. gingivalis and P. intermedia. The
number of viable cells was significantly decreased by the TiO2
electrodes, which was enhanced by solar power after blacklight
illumination for 60 min at room temperature.

FIG. 1. Bactericidal activity of TiO2. Analysis of bactericidal
activities of the TiO2 treated after blacklight illumination at room
temperature (A). The number of viable cells was significantly
decreased by the TiO2 electrodes, which was enhanced by solar
power (B). P. gingivalis cells showed decrease of viability in PBS in
a time-dependent manner.
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FIG. 6. The handle of toothbrush has a solar-powered electrical
generator. The neck of the replaceable brush end contains a
titanium dioxide (TiO2) semiconductor that gets wet when you
brush your teeth. The tiny current from the handle applied to the
wetted titanium dioxide semiconductor (TiO2) will donate electron
pairs to neutralize organic acids.
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