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ABSTRACT

The inhibitory effect of solid semicon-
ductor titaniuvam dioxide (Ti®,), in the form
of rods or chips, on the caﬁugﬂdc stralins
af Streptococcus zutans, Actinomyces
visessus, and Actinomyces naeslundii was
studied by monltoring toktal and lactic acid

coduction in a "pH-stat® system. When the
1192 cods or chips were used separately in
the“creaction mixtures, these was no inhibit-

1.

ory effect on both total and lactic acld pro-
dugtion by all the strains tested. In con-
traskt, when the Ti0, reds and chlps were used
together, both Lotii and lactle acid produc=-
tiem were markedly inhibited. Therefore, a
combination of Ti0., rcods and chips may have a
significant 1nhialtqry effect on  acid
production when the reacktioa sixtures ace
irradiated with visible light.

INTRODUCTION

A semicenductar, TI0; in the powdered

form, has been known to " decompose organic
compounds, fincluding lactic acid, fhf" tis
irradiaced with wvisible light™*"'". The

powdeced TiO, has also a bactericidal edfect
against some” bacterial species’ . Recently,
Morioka et 2l (1988} have demonstrated that
powdered TiD, inhibits the wviability of 5.

mutant AHT, whesn the g,ncubut.ian. Eixtures are
Trcadiated with light®. However, mo similar
experiments using solid Ti0 have been
carried cuk. Therefore, the Present scudy
was undertaken to examine the effect of solid
Ti0, on the cacriogenic bacteria by monitoring
pruﬁu:tiun of total and lactle acid in a
"pH-stat® system (Radiometer, Copenhgen).

1. MATERIALS AND METHODS

2.1 Bacterial strains and bacteriological proceduces

Twoe strains each of §. mutans (JC-2,
P5=14), hA. viscosus (251, s and A.
naeslundiT (I5I, 2:6) were studied. Each

Strain was grown anaersblically (10% CO,. 10%
H B0% M.} in Trypticase sey beroth {BEL} at
1¥%c. tﬁ. cells were obtalned at kthe mid

ixgnnnntlal phase of growth by centrifugaticn
(10,000 g, 10 min at 4 ). The cells were
washed with potassium phosphate buffer (0.05
molsL, pH 7.0), and then resuspended in the
same buffer for the preparation of reaction
mixtures. L

2.2 Praparation of reaction mixtures and incubation procedures

The cells were preincubated hnlrﬁphl:al—
1y in a glass jacketed flask at 317°C in a
pH-stat system [(pH 7.0) to deplete endoge-
nous polysaccharides, as indigated by the
cessation of acid production™*’. The cells
wete then waszhed and resuspended in Ethe
buffecr and used for the reaction mixtures.
In a jacketed glass flask, reaction sixtures
ware prepared with the following composi=
tiens a final cogeentrations: the eall
guspension (4 x 10  cells/ml); glucose at

100 af (w/v). A total wvolume of 21 =L of
reaction mixtures was then incubated anaeco-
bically in the presence, or absence of either

Tio. EFd‘ or chips, or a combination of beoth,
at ET € for 30 minutes in a pH-skat systeam
(pd T.0h. The Ti0, examined was solid Ti
aetal fod (3 x 53 =d) or chip (0.25 x 1 x 2
ma), coakted with a fila of Ti0, (Shiken Co.,
Osaka; Japan). All reaction "mixtures wetre
ireadiate with a fluorescent light

thzaugheue the incubation pecriod.

2.3 petermination of glucoss utilization, and total and laceic acid production

Samples were taken at 2, 4, &, &, 10,
15, 0, 25, and 3¢ minutes, and i diately
centrifuged (3,000 g, 10 mim at 4°C). Su=

pecnatant fractions were analyzed for ?lu-
cose utilization and lactiec acid producktlon,
cespectively. Glucose concentration was de=
termined by the glucose oxidase methed,
vhereas lactic acid was measured by the
colorimetric determination of lactate dehy=-
dragenase. Total acld wvas measuted by

monitoring the amcunt of 0.5 N HadH requiced
to keep the pH constant during the Incubation
period. The experiments for each strain were
carcied out, at lease, 3 wimes. The standacd
eccor of the mean is indicated osn the graphs.
In order te ensuce that the numbers of viable
cells had rezained consistent during the
30-minute incubation peried, a 0.5 =L of
sample was taken from the reactlon miztures
before and after incubation pecied.



3. RESULTS AND DISCUSSION

3.1 Glucose utilization

In the presence or absence of TiO,, all
the strains examined rapidly utilized glu-
cose during the first ten minutes, and uti-
lized remaining glucose at a progressively
decreasing rate thereafter. Glucose was not
completely used up by the end of the 30-
minute incubation pericd. The numbers of

3.2 Total and lactic acid production

When the Ti0, rods or chips were used
separately in th& reaction mixtures, there
was no inhibitory effect on both total and
lactic acid production by the strains
examined. In contrast, when the TiQ, rods
and chips were used together, I::-t:rth2 acid
productions were markedly inhibited. As
gshown in Figures 1-6, there was a continual
increase in total and lactic acid production
in the absence of TiO,. In the presence of
Ti0.,, both acid p:udﬁ:tians were signifi-
canEly inhibited. The increased inhibitory
effect by a combination of TiO, rods and

viable cells remained essentially constant
during the incubation period. There were no
significant differences in the rates of
glucose utilization among 5. mutans, A.
viscosus, and A. naeslundii species, bor

between the two strains of each species.

chips may be attributable to the increment in

surface area of TiO, rods, as well as greater

dispersion of TiO,” chips. The numbers of
viable cells ducf%g the incubation period
remained constant in the presence or absence
of Tio2. Furthermore, the rates of glucose
utilization by the strains tested were
essentially the same regardless of the
presence or absence of TiO,. It is therefore
apparent that, under these conditions,
irradiated Ti0, has a selective inhibitory
effect on aci& productien but not glucose
uptake by cariogenic bacteria.

4. CONCLUSION

The present study indicates that a com-
bination of TiO rods and chips has a
significant inhib%tury effect on both total
and lactic acid producticn by the cariogenic
bacteria. Acid production, especially lac-
tic acid, by plague bacteria has been impli-
cated as one of the prime biochemical deter-

minants in the pathogenicity of dental
caries. Therefore, further studies as to the
exact mechanism(s) involved in the inhibitory
effect of solid Ti0o, on acid production
should be undertaken. ” Moreover, the posible
clinical applicatons of the solid TiO,, e.qg.
toothbrush, are strongly suggested.
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