405 nm IS o] 83k Ti0, & H=vj

Hk5-o] S.mutans ¢ A7gol| v X G

A A &AL )59l
%) o] a3
o &) 1}



i

=
1

TiO, & &

=)

= °]&

405 nm 33+

Hk-2-0| S mutans & A Aol 7|

—

O
=
ol

—_—

~NH

-
E
I

;OD

To2 A=

=1

1

.6_1

~I

ol
ulg
3

14

2014 A

o
Tor

2 o] 5t}

o & 1

II



- L 1
| L. UL =

]‘ 6

= b

/\/\

(@)

‘IOH],/]-,/‘I

@) 4

ol
)
"l
42 ?l
ot |
B ﬂ OL
1A
A
= /\il—
. S
2419
=
2]
A4
)

O 5k 7 Q]
-
et sk

: =

-

2]
ul =
134 12
20

III



o]

E%] ’

T

o E=fold A ARJE

o

=

A Aol A

ol

)

N

il

Y 74 A

S
1=

2

Kol
=

Aol =i

-(:;l_

\ =
T

FHo.

o}
pos

or
=

Ax

)

t}

file)
o
o

o
o

;O.ﬁ

)

‘_Ir,”
0

E

—

0

=

—_

~H

oj

] o
=

Z4

w2 A7t

T

in g
.

e RE R A= EBN IPSEY REPS AR

o

o
or

—_
1o

FAaL g

7HA Xt

o]
=

|

o], elgdmy AL =]

3
=

—_
file)

N
ToR
oln
03
G
o

dl

-

AR -

)

] ARl S

9

A A%

o

-

2.2

o

3

180l vpobt Ao o

o
y

=
=

o 7

= o
F59 5

3f

o

o}

Hox

<
e

AR

HpaL,

vkl Alle ZAF =

e
v

713 7ol

’

= T
MEE

7]

'C]L
o Holz o] Ab



—~
fiTe}
e

ol

3z
34 A

23

™

1

gyl

2014

TR
ofy

—_
o)



]

1 1
2. T BB s 6
2.1 Alar 2 BT s 7
2.2 o] AF3lE|Ere] FEo] WE P H Tl 7
9.3 W] Aol WE FFE T Thriiieie e, 9
2.4 A B i e e 10
QT LTt 11

3.1 o|2tstEl e F=m) Al bl EARAIZE B o] AkEE R F o

];q—% 5 murans ?—%]'E‘TE':J] 51—37]- .................................................... 11

3.2 ol slElgt #Eu) A BY EAAG @ We] o] we



-15

7} e,

Y2

79

5

S. mutans

19
.23
24

: : ul3)
CUN U T
H o e

< o O

27

7. GE QO

VI



Fig.1.

Fig.2.

Fig.3.

Fig.4.

Fig.5.

Fig.6.

a9 A

Mechanism Of photocatalyst Tioz .............................................. 2
Process Of Study ........................................................................ 6
Turbidity of Ti0, solution according of TiO

Concentration ............................................................................. 8
Type Of Light Sources ............................................................. 10
Bactericidal effect of TiO, concentration and irradiation
time of UV (254 nm) on S. mufans----ss-sseeeemmsemmmmiinnin, 14
Bactericidal effect of wavelength and irradiation time on

S. mutans; Ti0, concentrations 0.1 mg - ml teoeeeermmmminnnns 18

VIII



Table 1.

Table 2.

Table 3.

£ 29

Type Of nght Sources .......................................................... 10

Bactericidal effect of TiOs concentration and

irradiation time of UV (254 nm) on S. mutans:-------------- 13

Bactericidal effect of wavelength and irradiation time

on S. mutans; TiO, concentrations 0.1 mg-ml teeereenenn. 17

IX



EERYS,

405 nm 3HFS o]&3 Ti0; & FSv W&ol S.mutans ¢ A7l

2= 9

g ABE 5 ot TH Fe @ Aoke] Fxol uheh $AF ARATY AA}
A 4 Qomz FeH A 2AYPY Weo ALY, AT WL o g3t

gau vl o] F o]AElEH(Titanium dioxide, Ti0y) FZvjE S0 glof

AA ) Falsl zo] FH-3fo] ARge] F o]Ho] Qr}. FARF Ti0, o FFHv] WS
F=35t7] YAl = Ultraviolet ray G (UV, 250 ~ 380 nm)e] 73k Ho] ARgE a1

ol & Aol M= olrtstE e

ofd
Ih
=
rE
olo
1o
ul
ox
i)
m ((
ofo
N
N
olr
oX,
o
it
_EL
T
Rl
R
o
24

A AN Ab&EaL ¢l QLF-D ¢ 405 nm LED ¢ Ti0, #Ew] =3 w&
S. mutans ©l 3+ FAEHS ZASFI T

olE #sM dAv= AA 2 GAE AFEHAT. o|AIE "] Fkol wE

ot
El
L)

HAE & 0.01, 0.1, 1.0, 10.0 mg-ml™" distilled water < &

H
i

A Z3F Ti0y(Anatase type; Sigma Aldrich, St. Louis, MO, USA)&<} 5 ml o A9
HAFE=7b 100 CFU-ml™ 7F ¥ =5 24T g 0.056 ml & H7beto] skl
ol 7)o FZu) WSS G%sl7] Y] UV #Z(wavelength = 254 nm, 40 W; G40T10,

Sankyo denki, Japan)ZE o]-g3dlo] 5 &, 10 &, 20 £7F ZAeE Ad 2y WS ZAFSHA

o

e HEe (0 B0 Urol 488 F ko] @hud

of

o 100 mE BHI(Bacto™



Brain heart infusion; Dickinson and Company, USA) LA|ufx]o] ZHF3ste] (O,

Md7lelA 24 Ak W F AT WAS ASs] AFFE SASYT. w3 w9

o] wE e PFrFE 98] UV AZE 6] E35ke] QLF-D Biluminator  (wavelength =
405 nm, 36 W; Inspektor research system BV, Netherlands)E A-&3}3tt. 27 ¢ &
e W3 Ti0, & 7 A& S W FardS sty] fE Tio, o 5%=F 0.1
mg - ml 2 FAS &A 5l ¢ A HFFE7F 10" CFU-nl™ 7} x5 243

ekl 0.05 ml & £33 T 7 FAS 0, 10 F, 20 F, 30 B, 40 7 2AEHA

o A% e ge ARS JA

2. UV 9ol A HAY sqaayds ved 0.1 mg-ml' %9 Ti0, & ©]&384<]
Zb7] vE 9ol We A AREAe W S mutans FtHE Hlwgk A}

@by 95 Fdel A uehgon Al Azl F4E5E FRYE

3. 20 &1 F FAF A QUF-D = UV "ol Hs) oF 54.34%¢] FwrES YL

30 & & AP Al FrEo] 9= UV FHEd FARE 39S YERtH(p=0.181).
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ol4tel S. mutans

(254 nm), QLF-D (405 nm)e] HoUA|= A3} A

FEvE W Rz

el

el

)

ﬁo

v, & Streptococcus mutans, TiO,

. ==
-

Xl



405 nm 3F-E o] &3 Ti0, & FFw) wkgo] S. mutans ¢

B WA= 9%

Axis 7 @ oA >
AA et et etz
o] 2 1}

A "ol a9k Al Streptococcus mutans(S. mutans)+= X oF9-2159]

Fo Yooz A oayA YW .Loesche, 1996). BL AFAREo] F+7F U

g APAlESS aapH o AAsH] fsiM AE S ol&ske 24l ddE

ARE = glovt Tl G @ Aote] Fxo| meh g AAATE AAT o2&

T ATH(Y.Jain, 2013). 2= 3l Au =YY WHEo] Fadd, 74 W

Bgo] RauEI go] AR Fol7} FAQ3th(H.Jarvinen %, 1993;L.Flotra =,



WA HAgel An BPE TE 2= Aot 4

)

1971). uwpEba Apgo] 3+

489 5 & ARE a5ty e 2yl el Ba s,
Me s gor PRI ol weh ouAE zeth oled W duAE

o] g3l F=nj(Photocatalyst)= 2 (Photo)¥ =uj(Catalyst)?] Aoz HS
NUA YO o] gste] 4kst, FANES HHATE WA E4S 9w gth(Koh Eun-
Hee &, 2006). FFv] whg-o= dojdt 4ksh, &9l w32 F7|25 o|ArsteAe) =2
LA 7IH HAES et ot s A dnkMills 5, 1998).
FEwE ol 8d F Ae 24 T OIS ENTI0) S A A&sH7] £ FE5)
2 4#HA JvH(A.Fujishima 5, 2000). A7 goll Zo] EAstE A EHE
Abshel FHEjQl olibstE RRe A A o m FHEtaL 7hA o] A ek, Hgh o] AkstE
uimbead, WitAgdel Fx, BF AA7F obdsta A W] gdon, QlAle HAE
Yeh A @tk o9k o] o]itEtEIREe EHujAlR AFESl|e] B AHES A
ol FZFujol 7P wol ARGHCH(EHES-, 2007). o]AtEtE]E == 380nm ©]3he]

F(hydroxyl radical: <OH)Z} 343} o] L (superoxide ion: 0F

W,
K
1o
:?L_"
N
[
ot
L)
a
m\u

<3

Valence band ®®

Figure 1. Mechanismof photocatalyst TiO,
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o] AFS}EIEH(TiI0.) 9] F&Ad S} (photoactivity) 75 20 A7IHFE A= 9lal 1956 W
Mashio 5] o]itale]gte] #}7]4k8}(auto oxidation) WHe-S HIldk o]F HAAZHo=
Hl.g o] &3k F=vj(photocatalyst)el s+ A7F &bs] M Jvh(K.Hashimoto

5, 2005). F-E] AF= Eolu ] T 5 S Asleled AMEEHAOH,

x4 719 B FE7], AFAA T8 ARAR AR HH, Aoy AT
AME BA e F&8A AREE I k. 3 Fd, BEX 29E i 5 34 4
FalEA, DNA, ulsA, Hel#x, HAES wdEte T AAZA FHSIEH
75 o] gkth(Jae-Hong Park %, 2006; 3 Af, 2005). x]o]g Zor= wA-g ofo]ojo
oJAFStE RS HASHAY ™ Ete] F eSS & Al st AF7F JgEa 9o

74 TAEE oleke e e R ddadE Hrkske A A3 EH ATHEun-

AR A G 7kA] o] AFSIE S o] &5to] Alwtel iR FHEAE EARRE A dFE
W Fde] 9s AR om, S mutans o Wit FHar} T3 380 nm o]t HS&
o]-&% AFEe] diFEolUTH(T.satio &, 1992). H]F  oibStEES A,
ek o] f-pskar Aol flo] IAle] FefskAwt 380 nm olske] uMle koA
Fol7] wiol W AATorE HFHA WolE FLE F A2 (K.Mackenzie &,

1940), 53] <Al AAE =AM A9 AR S FEEe] dold Tl

Fgar] 98 5 oldsEwe] EWe AASAL OB Aol FHS T
2w AFH QU(PS7], 2007). webd AA QA Fad AEe gEow
AWAEEe 245 Aol Pas,

oo Lee & (2012)& #7174 (photosensitizer)?] shubel o gl E &4l (erythrosine)



HTol = 7HAFAA G99 WS Hofo] FAMEIA 7] $AFS BATE F Ae
quantitative light-induced fluorescence(QLF)o]g}= AH|7F A7NEHATE. o Hw|=

105 m FES FEAL] NGRS AEFH, o We Aok EASFH AAI Ao}

1o

g ulo] Aoz AAEND7ZHA F3ek 5 WAL A o] 2 3P (auto-
fluorescence)©] BFAIGHAl B}, ey 27] $2A1=0] Q= W Ao A9 H A H9| o)A
ol Ak A gago] AAE HA wln. oFA FFo] AHHE HrE AR
AN FAAL FAR ANl 27 $45L BA F & AtHlee BS B, 2013).
olggt MEHQl Tl Fhvlel Fefe] QLFE 2011l QLF-D Biluminator(e]3t QLF-D)2t

= A2E dez THsA v, AF-DE 55 393 dEr uidd dAd" sheeE

ggoto] dnk WAL G QF FF e dsem 2D ¢ A= AFeln

QLF-Di= 405 nm ©apge] BlE o] gste] Aof e AHE s A thiktbE
shubel 3" (porphyrin) AIE =42 ¥F(fluorescence) WS Fste] Fetow
A BAE ¢ JE=F o5 GA7|Fol (AWM, 2011).

ol & A elM= AdA Fai4d flol FEE FF AwATE AE 7] A
weo Ao Al ANAGNA ALEEIL Y= QLF-D © 405 nm LED & <83
Bazk skltk. ol& el thefd wo) olistERhE A gkl o] HA3) H=
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B odATE F 2uARE AYHAT. 19 = AHs o83 olxtslE w
FEm Al S, mutans ol thEE FtHo] Hivh H= oSt e sRE HAAEaL
2L skt 2d Aol A = 19 Al ke HH ] oiistEE s E A &ste] Hle]
el wE o|ittEle FEHue] S mutans o] I FHHES Wl Frp sharzt

&l th(Fig. 2).

Bactericidal effect of Ti0, To find the optimal
concentration and antibacterial concentration
irradiation time of UV light of TiO,

¥

Bactericidal effect of
wavelength and irradiation
t ime

Figure 2. Process of study
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Figure 3. Turbidity of TiO, solution according of TiO, concentration (a) 0 mg - ml™?,

(b) 0.01mg -ml™Y, (¢) 0.1mg *ml™Y, (d) 1mg ml, (e) 10mg - ml™*
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ojitstEl gt wWHolA SAAAE AAAIZIZ] $I8] 254 nm UV RS
H)£3}o] 405 nm LED 3Z(36 W, QLF-D Biluminator™, Inspektor research
system BV, Amsterdam, Netherlands)& A}F&3F1tt(Table 1, Fig. 4). Zt
Fdol wE S Felsty] e EEESl olibstE e HaE SRl

T8t 0.1 mg - ml D.W O TR Az &4 5l o At HEFET 100

CFU - ml™t @1 wieFd 0.05 ml & H7}ste] petri dish oA wlav €tz
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Table 1. Type of Light Sources.

v QLF-D
Company Sankyo denki Inspektor Research system BV
Model G40T10 QLF-D biluminator™
Wavelength 254 nm 405 nm
Power 40 W 36 W (3Wx 12 ea)
’
‘ :\SANKYO DENKI

(a)

Figure 4. Type of Light Sources, UV light(a), QLF-D biluminator(b).

2.4  BA 9

Aol ZARAIZE B ol AbstH e wE wE gty oA ZARAIZE E

rr

5o = fFoAdsS #HIEr Ad dYEAHEA (One-way  ANOVA) =
Sk, el wE gy Hrb g ZAMAE 2 5G] e §o4&
AZe7] Y8 QLEAEA (One-way ANOVA)S Faalgith. RE 2pge] BAle
PASW 18.0(SPSS Inc, USA)S AH&3Sto] o4& 0.05 oA 353t

10



3. d+Z2%

3.1

olatstEl|l F=v Al Aeld E=ARARE B olilEtER seo] whE

S. mutans = H7}

HA 2L FxAF A 7ro] Z7 &L= S putans o I e

frefm sl Sk ATHP<0.001). FHAMS 34 &2 AS- olitslE R
Tl wE e Aol FomsiAl vEhA gob, FERAE 8ol
o MBEIRtO R S mutans ©) AR FFE vAA @2 o=

WEREH(P>0.001) . HE=3F o]4bstEIRE §lo] At dRto R
4% 3.66 log CFUs/ml ©llA4] 2.05 log CFUs/ml &2 °F 43.98% I3
e

ARl A& 10 3 FXAE & A5, oAbsE RS F7F 0.01 mg/ml o o
3.66 log CFUs/ml ©lA] 1.13 log CFUs/ml &2 69.12% | S H a1,

0.1 mg/ml & o 3.68 log CFUs/ml 4] 0.25 log CFUs/ml ©.2 93.20%%] 7}%

=2 Fd4Es B9, 9 =2 % 1.0 mg/ml, 10 mg/ml & A5,
27y 3.70 log CFUs/ml o4 1.94 log CFUs/ml ©.2 47.56%, 3.71 log
CFUs/ml oA 2.77 log CFUs/ml ©& 25.33% = 3g=o] Hx}

Hasttk(Table 2, Fig 5).
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Table 2. Bactericidal effect of TiO, concentration and

(254 nm) on S. mutans.

irradiation time of UV

Log (CFUs - ml™) for the following TiO, concentrations (mg - ml™)

Irradiation
time N
min
(min) 0 0.01 0.1 1 10
0 5 3.66+0.05" 3.66+0.09* 3.684+0.05* 3.70+0.04* 3.71%+0.03
5 5 3.45+0.13>  1.8540.12" 1.5940.09" 2.25+0.04" 2.8440.10"
10 5 2.05+0.15°  1.1340.19° 0.254+0.24° 1.944+0.09° 2.77+0.12"
20 5 0.00£0.00¢  0.00£0.00¢ 0.00£0.00¢ 1.1640.23% 2.8340.12"

All values are meanz*standard deviation.

Different letters within the same column indicate significant differences between groups
by ANOVA and turkey s post hoc test p<0.05

12



00 me/ml

Hi

500. 01 me/ml

50.1 mg/ml

5] ng/ml

=10 mg/ml

Log 19 CFU/aL

0 5 10 20

Irradiation Time (min)

Figure 5. Bactericidal effect of Ti0O, concentration and irradiation time of UV
(254 nm) on S. mutans, Error bars present standard deviations.
Different letters within the same column indicate significant
differences between groups by ANOVA(at each irradiation time and

turkey’ s post hoc test p<0.05), CFU, colony-forming unit.
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(

=

3.2 Ol ASEE vl Al HY A L we] o] WE S, murans TF%

o

7

-

FZufo o3 S mutans Frd

flo

el ghgo] bl W 7F E=A
el o F AR ARl vlEEte] o]l fojmsiAl SRSk RS
grelstalel (P<0.001). 20 37+ & =AFE WA wf, 264mm o FYE o] &
7%+ 3.68 log CFUs/ml o4 0.00 log CFUs/ml &2 100% o &=L Hl
Wb 405 nm o] FAS o] &3 4 3.68 log CFUs/ml oA 1.68 log CFUs/ml

Z 54.34% ° FdHs HERH.
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Table 3. Bactericidal effect of wavelength and irradiation time on S. mutans;TiO,

concentrations 0.1 mg * ml™".

Log (CFUs - ml™) for the following wavelength
Irradiation time

(min) N
405 nm 254 nm
0 5 3.6840.04 3.68+0.04
10 5 2.91+0.07" 0.28+0.27
20 5 1.68+0.18° 0.00£0.00°
30 5 0.22+0.30° 0.00£0.00
40 5 0.00£0.00¢ 0.00£0.00

All values are mean=*standard deviation.
Different letters within the same column indicate significant differences between groups
by ANOVA and turkey’ s post hoc test p<0.05).
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BQLFDbi luminator
SUY lamp
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]
£
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I T
u
=3
—
1 RN N
®
o | | ‘ |
0 10 20 30 40

Irradiation Time (min)

Figure 6. Bactericidal effect of wavelength and irradiation time on S. mutans;Ti0,
concentrations 0.1 mg-ml', Error bars present standard deviations.
*Compared with other groups, statistically significant with P<0.05. CFU,

colony-forming unit.
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rutile o Wlsh 73 sAHL 7pHA Hrp, T3 olakslE]eke] HloUYA|E F4=310]
AA7F AR E = AEte] §1A17F rutile BT} anatase 7F U QPEE f1X|ol i o=
2 duyAE AR Qo) B A HE3H anatase type 9] ©|AFSIE|ERS

o] &3t tHAMills 5, 1998).

T.Saito (1992)2 mutans streptococci 42 U2l Streptococcus sobrinus AHT
TFE o]gate] olitstE|gke] ok FtAtgel e AelA Ti0, 1 mg-ml 9
FEO A 2941 (300~400 nm; peak 325 nm)S 1 W3F Z2AFE A §- et o] M =
UERen 10° CFU - ml™" Al27F AbEE s 3E SR18htH(T. Saito &, 1992). g
J. L. Aguilar Salinas 5(2013) Pseudomonas aeruginosa ATCC 27853 w5 ©]-83}¢]
ol xkstE]ghol] o5k atAR-go thek Aol A 365 nm o AF&|AHE 90 & ZF AR -
Ti0, 0.5 mg-ml™ ¥} 1 mg-ml™" F=olA 10° CFU-ml™" AEZ7F Z-27F 99.92%, 99.99%

AlEE = AL Folslgth(J. L. Aguilar Salinas %5, 2013).

o]¢} o] 7]1& APATEL Ti0, 5% 0.5 ~ 1 mg-ml™?* oA 718 £ JgaES

Hel HhH 2 AP R

’

ik

gEe oitgE e =7 0.1 mg-ml’,
0.01 mg-ml™", 1 mg-ml™, 10 mg-ml™" & +=AZ FA debgth. o#d dAe
olxkstE]gho] wiAlo]l EEHE F&rolr] wiie] uyehbe diteldtal & & Q.
o2t ers TRl AAl HW EFWE sk &do] HE=d, &9 Fxvt
FolAW EFHETE A WA Ho] FiaE Jeto] FFujrl dojubx] &= Zlo|th.
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Abstract

Photocatalytic effect of TiO; with wavelength of 405 nm on the growth of

Streptococcus mutans

Interests in chemical agents and techniques for controlling the dental plaque are
growing. Recent Ti0, has noted as a photocatalyst to inhibit bacteria by oxidation
of organic compounds and cells, because i1t i1s harmless to the human body and has
many available resources. However, strong ultraviolet (UV, 250 ~ 380 nm) light is
used to induce reaction of the photocatalytic TiOy, it is difficult to apply to
the human body directly. This study aimed to investigate antibacterial effect of
Ti0, catalyst under the various wavelength of light from dental optical equipments

on S. mutans for clinical utilization of Ti0y

To find the optimal antibacterial concentration of Ti0O, 0.01, 0.1, 1.0, and 10.0
mg - ml1™" TiO, suspension was prepared with distilled water. Each 5 ml suspensions
were mixed with 0.05 ml of culture medium which was adjusted at a final
concentration of 10" CFUs - ml™ of S.mutans. The photocatalytic reaction was
induced by irradiating the UV light (wavelength = 254 nm, 40 W) for 0, 5, 10, and
20 min. After irradiation, 100 gm of the reaction mixture was immediately plated
on BHI agar and these plates were incubated anaerbically at 37 C and the colonies
were counted after 24 hours. To compare antimicrobial activity according to
various wavelengths, UV lamps and QLF-D Billuminator™(wavelength = 405 nm, 36 W;
Inspekor research system BV, Netherlands) were used. All photocatalytic reaction

was carried out with 0.1 mg-ml™ Ti0, The photocatalytic reaction was started by
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each light source during 0, 10, 20, 30, 40 minutes. After the reaction, 100 um of
the reaction mixture was immediately plated on BHI agar and these plates were
incubated anaerobically at 37 C and the colonies were counted after 24 hours. The

following results were obtained:

1. The most effective concentration of TiO, by UV irradiation with respect to
its photocatalytic bactericidal effect on S. mutans was 0.1 mg-ml"'. The
antibacterial effect of TiO, was strongly influenced by its concentration

and irradiation time.

2. According to wavelength antibacterial activity was compared that wavelength
shorter and increasing irradiation time showed that the antibacterial

activity increased.

4. At 20 min irradiation time, QLF-D by the UV lamp showed antibacterial
activity approximately 54.34%. When 30 min irradiation time, 94%
antibacterial activity showed of UV light a similar effect (p=0.818). In
the case of UV light, S. mutans was completely killed at 20 min irradiation
time. In the case of QLF-D, S. mutans was completely killed at 40 min

irradiation time.

As a result of the study, S. mutans growth was inhibited by irradiation with UV

lamp (254 nm), QLF-D (405 nm) at 0.1 mg-ml™" concentration of TiO, Therefore,
26



photocatalytic reaction of TiO, could be applied in clinical filed if 1t 1s

confirmed the effectiveness on plaque biofilm model.

Key word : Photocatalytic, Wavelength, Streptococcus mutans, TiO,
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