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EREFCHA SN TV DAY E OH 7 VWV EAE L S, Z OO MERIC X
D OERE RO LD, LIBINEREZ A U SER0nE WS Rz f LT\ 5, B
FHERRIZBW TS, B - HR - lLIA~ORDPEH SND & A0S, AV KRz v
T2 & D WITHEAR T b ARETERRFOUR  FER & L TO MR ERTSh
TEY, ERH LOWHEBORBPIIHF SN TOWDIWETHD, LNLRRL, AV K
(34> OHEEIAEN = BT ORselrE28E < . 2 OBMAFEHSIRE S LD &
WO BRI DD, £ 2T, BRE 2RI L. S DICEREHEZIIR T 5 2 &4 F
& LAY D= URBIE SN TND, £ 2T, AZEE, 204y ¥ = VOEET
Bishiatrats 25 BRT, EhehFZRREI ST 2 PR 2 TN IR ZIT o T2, £ D
FER. DLTOftEm a7z,
1. Y'Y=V Streptococcus mutans (Zx13 5 i/ NEBEBLIEIRFET 250 pg/ml Toh
272,
2. A ¥ = VD Streptococcus sobrinus (x5 i/ NEB LR 250 ng/ml THh
27,
3. A4V V=)D Actinomyces viscosus (X D/ NMEB LR TL 125 ng/ml TH -
7
4. IV oV = VOHIEERIIFERY T o D RFfHETe L OMREEIZRAF L Tz,
5. AV UV VRS LT EDHEIC LY Z OFIRIRDRE L7,
6. AV ¥ /MIANTL YT L OMERPZEN LT, £ OHREMNRIEE L,
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UbDZ & XAy vV, EEeREREIS S U CEE 2R E RO bz b o
D, WERP DL LRI ETEOHEIEEMET T2 2 LB KON M A7 1 L LARNITIRSE
LCEET D2 EMNEELWZ &5, Professional Mechanical Tooth Cleaning 47\,
M3 359 % A2 Dental Drug Delivery System % Jitiffi42% = & T& & 72 2 il 5%

RITHIFFTE D L ST,



EEERIX, HRMICR BHEEOBEWVARSERD 1 > TH Y . Streptococcus mutans (LLF
S. mutans)INEEFRE CTH D &V D Z &N OFFEFFENHI HNNC SHL TN S 12,
ZOFIEA T = A LE, EHEIIREATHE - H5E U BBl R S EEAE L7 RIC KD . =
FTAVEDBRIKENAZ LIV D EINTWD 3D, —F, Actinomyces JBE I,
Streptococcus JBH & L HIZt MREHRICIHWTERZREE TH Y 619 fRERCHRE RIS
BIH- 5 2 LA ST D 1419,

T AL, BEIERDNR ) CBHRFICFEEL L 1617 BREHHYLO.OEL S 70 < 1720 JZnE i
% LERFRITTR DO LERHE THENTND 202 LD BN TR R THRE#E2 D
ONCVEIRTETE & Ui < EF ST 2 19202220, BRMEIIC IS\ Tl A vk E H
W ORI - THECH R AR 7 b ARETRIERIF OUEMR & L CORENEZR E )3T 2729
SNTWD, LLRNRD, AV U KIIRRRAY RER L, JHEHEINK 40 53R &
RN 1D FRE DR OFFRNEDN 2N L DR DRI T D,

R, &Y T I NT KD BT S, T ORREIROFHGN LD HREFR SN D
DO, HEEZIST DA S L TORREMEIIERNZ EER SN TV D, Kilt, & LHEH
290X, T UV ACH Y U EEMSELZ LIV AL LT oV EER LT, 2O
YoV M, OB IR BRREDDTR S THIEE AT VISRV 5 @AY v & Sl
PACIAD D 5 @K 6 » A MOFHMEDHURE 125> 5 @MEE Z1EL 20y s @F Y v B
HLEW, &0 LR ERT 5,

Z ZCAMIRIE, PIEEIZRIT D0RF), IRBIEIER L. 204 Y ¥ = Lol %
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JR RIS 9~ 2 HURTEH] 2 F DR TR & fat L 72,



[$18ks L UE]

1. AV oo=zn

I D LRI A N T 7 U ) o ICA Y AR S E oY = LT
7V U A Y o e AT A e SRR S 5 J71ETAERR LT IREE 1,000 pg/ml O
bOERASET A = L= S, ERdE 3 7 A LIND-20CERAFD & D Zfif L
EHITEH L7,
2. EHERR, B L ONERIE

H AR T B 350 1 S A )5 AR AT S, mutans PS-14 ¥k, S, mutans JC2 ¥k,
Streptococcus sobrinus (LLF S, sobrinus) 6715 #8725 ONZ Actinomyces viscosus (L4
'~ A. viscosus) ATCC 19246 Fk& A7t L7z,

BeHiX, FHARIIZIL Bact™ Brain Heart Infusion (BHI, Becton Dickinson #1:4%) 33
L O DFEREM, 72 5 TN Difco™ Mitis Salivarius Agar (MS. BD #H#) % Hu /=,

AR TR %, BHI T 37C, —B&rn v Y 7R LicbDz vz, ZHEEH
DORRFHIEBWTIE BHI & FE 2L (3,000 x go 15min.) (2L V4E L. phosphate
buffered saline (PBS, = AA #:#) T 3 [EE4#4, [RIFEEIR CRRRENLZ TR L IRIC
L7z,
3. PR
1) H/IMEERLIEEE (minimum inhibitory concentration, MIC) Df&FT

AV V2D S mutans, S. sobrinus 725N A. viscosus xS/ B RHIE
TRFEI TR A HIAIIA S THIE L, 77205, 2 (5RE BHI T 2 f5BFEAR L 7= 500,
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250, 125, 62.5, 31.3 pg/ml EEDOAY Y = /VikIREIC BHI B ER (8 1.0x
106 colony forming unit, CFU/ml) % 10 ul #fE L, 37°C, 24 Ffffju v v 7 B % ICKE
OF A BRI THE L, IRBARDRNA Y v ¥ = VORINERIRE %S S mutans, S.
sobrinus 725 NE A, viscosus \Zx9 2% MIC & L7z,

2) Resting cell |23 2R FEEHOMRGET (RERIZ(L)

AN E 7)) o TEIEE 300, 200, 150, 100 pg/ml [ZFFHRLL 7= 1 DK 1.0
x 106 CFU/ml @ S. mutans, S. sobrinus 755N A. viscosus FRREHZ 10 ul ZNZ .
I T 60 A o F aN— g3 UEOEIRE 10 [FEFEAFIEIZ LY (S mutans B X
N S, sobrinus 13 MS VARG, A. viscosus 13 BHI ZER AR B L, 37°C, 48
Rl 7 Y 7 Bt ISR D AR ERE L, 4 IO xR & b
L7z,

3) Resting cell (2} 2REFHOMET (RRIFFAIZAL)

200 pg/ml [ZFHH L7=A4 > ¥ = /2 1.0 x 106 CFU/ml @ S. mutans, S. sobrinus
72 B NT A. viscosus ERRER 10l 2 0%, =IRIZTO0, 15, 30, 60, 120 43fHA1 %
2= g UIREOEEIRIZOWT 2) FRRCAEFEROREEITo T,

4. PRI D T B D5

Y 2 VORI D 2 X B OB D729, 1,000 pg/ml DA
V'Y )b 2 ml I bovine serum albumin (BSA, 10 mg/ml) & S, mutans HREE (R
2.0x 108 CFU/ml) 10pl 2Nz, ©Xy hT1oMFRSIBE Lz, BIFIICE ORI
Z 10 fEBPEATIR L MS AR U PR 8 E LTCRE 2 FHE L, AR 2 R T,
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Flo, IV V2 NOEEETHL 7)) U ERRBRERE L,
5. NL¥ade ZOMERPEE N TRk 24 Y = VOFEZNR

1 % Bact™ Yeast Extract (BD #8335 L TN5 %A~ v—2 /il BHI 2 ml |2, H52&#iE 5
ul A4 U723 & 10 JEOMERIC—BER R v VY V158 Lz, B ESIC@iR - 7 v
» ODERENFED PR EUK 4 ml ClEREXE 5 2 & TS % 3R Te o714, IR RS
KEzA4ml Nz, A7 L—F—THLL S BHIIRE ST T ERERKEZRET HZ &I
F U BENAE L TODEER - 7 A EREFRR L, N LR Le, £, AL
SRNRIET D K DT D/NT 7 ¢ fIMER DL (20,000 x g0 30min.) F{EZANZ
60 S FRIFFE L, PRER G ROK C 3 [AIEA L7 & O 2 MER e N Tidh & L7z, 240512 1,000
pg/ml DA P = /v 4 ml Z %, 30 FrflEER . PBS T 5 [BIGEF L7z b DI, [AlK 4 ml
%%, Sonicator®(50w, 30sec., 20kHz, KIGHUEFTHRD CRHEERA BHE - i S,

10 [EEMAHL, MS THUGHIC RIS, R LI 50 L, (R a kT,



[ 2RI
1. Ao V= VOREENE
AV 2 VD S mutans, S. sobrinus 7% 5 NT A. viscosus \Zx5 % MIC % Table 1
(R LTz, S mutans 3 XS, sobrinus \Zx3 54 2 = /L0 MIC 1% 250 pg/ml, &
72 A. viscosus (2%} LTI 125 ug/ml ThH -7,
2. VT VORKREVER

I Y 2 VOREEALIC BT D PTEERH OSSR % Fig. 1, 2, 3 (O~ LTz, S mutans.,
S. sobrinus 73 5N A. viscosus & HIZA Y 2V = VOPRFEOHINNC & & 72V BRI
WEERDOWL RO BTz,  THENOBEEIZINT 60 SHDOWERT, 4>/ ¥ =)L 100
ug /ml OEFFHRIL, S mutans, S sobrinus, A. viscosus = TDEIZBNTHRI 4% TH
7= b O, 150 pg /ml THKI 1%1272 Y . 200 pg /ml T, £ 0.05% = TR L, 300 g
/ml TiE, 13T 100% DD RO BT,

I Y 2 VOREERIZ T DAEHRE O % Fig. 4, 5, 6 (IR LTz, RUSRFFOH
Mz & &7 S mutans, S, sobrinus 72 5 NT A. viscosus & HIZIZIFERRANZ AL
DO RFRD BTz, A =L 200 pg/ml TR L7255, A. viscosus (23T
IR DR A NEARIIZ A DR DSZ8D b= b DD, S mutans 3B XS,
sobrinus (23BN TIEZ OFRBEANFITIET L, 120 7312128V T HiK 10 CFU/ml OAEFKEH
DRD BTz, 7288, AV V=1 1,000 pg/ml LB ZIBWNTIE S, mutans \ZxF L CEAR
AL CAFR 3380 B Ze o 7= (Fig. 7).

3. VUV VOPIENRICKTT D LR DR



Y 2 VORRFEN TN T DX T B O R U TR % Fig. TR LT,
Y 2 U BSA IR DHIHNR Rt LTIc L 24, M THL 7Y ) ARiR L
Ll LT BSA OIRINIAY > 2 = VORE IR Z B B N9 2 2 £ 255880 bivrz,
4. NTLHHR X OMERETE N LR IRIIRT 24 ¥ = L OFiE R

AT ek X OMERIE N TR $ 254 v ¥ = VOBEIER O R4 Table 2 (C
R UTo, PRBREREZHRE TS L2 S mutans EIRIE, 8.60 x 107 CFU/ml TH Y |
[FEOTFIFEARIC S L CTA Y P = /0% 1,000 pg/ml J2EE, 30 45 EALEE T 100%F%E L7-
25, N Lwgdads L OMERHE N TidRl2xr L CTiL, FE1 63.6%3 LY 0.3% DR H R

THY ., Y Pz VOFIRIRIIINE S,



FEED — RIRBO—DTh HHRERT, NIEFERIC LV 5IEE I S NRMEBTH
0 3083 T — 7 RO PEAET DRI LV HEEZBIKSED Z EMNDRIET D Z &0
LN TG 139, FTZRMRETH D Z L, ZORBIRFRIZHB WIS
< OERPEHECEIG- LT D2, FE3RT-39L L THE, MR LORENm ST
WD,

ZO XD TR T. A ARG E T OMMRREOMNAENBIAE Y | £ < ORERTFH
BHEARD VA D ZLICEVIZLOTRIET DB TH D, L3> T, B THOFE
& LTI, 7 oAbz Wi osRfl, BAD 72 O PEER-CH IR 2 0 L 72 dii O
AEMOPERR, BETEIROHIFRORERE R BRI & 2 FE OZETEIT L 2 HIENR
HIHINTND, ZDOMEERTIEL, Heho FER ST 20EFETH L Z &
5. BEERREIKGRO RN D GEIC) e -T2 b DO TH D, BUE, AREOEHE~DOBLE ) F
FU . ZNOOEEEITEHEIMTOIL TN DI H0b BT, IEEEERI IR H 5
HLODPIRE LTENZ 3G ST 30, iR A LRTEEELRBETH D,
FIHIT, BEERTE5D—TBT& D mutans streptococci X° actinomyces (Z 5 [~
FHESCHEITERAZEL, WBRREEZ 2 ha— LT3 LIFEETHL LD EE XD,

F AT I ERZ A L. Z OB X D IEFEREEROK 10 5LV 5 EN
TR BhRFS KON SN I RS 2 A A T2 VB TR Y 30, RS IFCE
WTHA Y OF MR 38D I TND, £lo, IV K28, PiEEIC LD
A DAME ORBRINEHT 2 b DL ITR R D720 TERAZ AT SRV &0V D FEa

10



BT D ENBROFETH D, ZOXFY v h KEBMERHERIC L W KBRS Tt
DINA LIKTEY | A L IKROBFEDFI IRk UL EMEREN 3D LG sy
BPERSB TEH I TS, 51T, HAEIIZBW TOREZIRICET 28 < D
WG 20N H N5, LU, ZORIEAY > ORI <, WA TrifEn» 40
SIFREE L\ VWDILTE Y | BEDFICRREN 20 & W I RO S Z B LT 5 2D,

BAlt, & &R 29034 ORI Ch 3708w 1, HREI), AR, B hxzAL
= F R TRE 2 A Vv P VEBIS LTz, ZoFY vy aud, 70 'Y VAR
WA G T A REEM ST 2 TRE L2 b DT, 77U U U oKERED A

ATEERICER LS, U B IR IAEN T TE A Y VI kR S L
1oV z )V ThDH, WMEERIZIBN T, BRERIRD LN TND ©H 00, HERRFK E
BT DR E I A DR, 22T AL, 204 Y Y = LV OHEMEIZHE B
L. BEELTE5A] & L CORTREMEZ Bt LT,

I MZED S mutans 3B XY S, sobrinus |2k % MIC 1% 250 ug/ml, A.
viscosus Tl 125 ug/ml Thol=& AN, ZOHENRNZENI TH D0 E 9 )
resting cell Z FVNTAY > ¥ = )L OIEFEFR L OERIRER Cligt Lz, £ ofE%. Fig. 1~7
(ORT LIS, AV UV = VOFIBENRITIRE R L OWBR KA L TR Y . REIT
bolo, RIFRIZEBWT S mutans 35 LS. sobrinus 737 OIEHKHH ORGEIZ IS0

BRI IEIR L 7o 7= DIE, A VRS MIC BLF Cfio7-Z &tk bDEE %
bz, T7bb, 4V ERE T COFBRICIBW CXEMRINIIER L2 &bty
INDIAE LT 0 & AN OIREZMEITAL & OBt d 2\ I TEZ2OMENT DN L & % 1=,
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MIC LA FOPREETIIAY g a3 ieinoT=T= L HEH| S vz,

TR D O 4191F, A ) 2 T IVKIIE r B IZDTo o TE ORI ATRE TH
V. EHECERT D L 2500, KRE, SR T HFAREEDENE LN TN D, K
METHM LAY V= v b r AZOMRPLEEL, SBITT /23T 0KD 1,000 fi
DAY v HEGHTEDLRBMETH D L ZAND ., X VICHEFHNILN D O L HIFRFTE 5,

—J7 BT BIAE TSR A4 v OFR RN OUNHIDNFEHE & D 49 1 0 58N
WIS ToDIX, AP NDF Y U EAED 1,000 pg/ml EIEFITERELRZ L, B
FO, 7V U OMPEC L 20 TIREE X DN, 6T, Invivo lTIEWERRE L
TN LRI L OMERGE N THRYRICT 54 ¥ = VORI DOV TR L 7oA
FIZBWTCE, ATHERICH L CAY Y Vo VBB Lo & 2 A, I dNc AR #
L72bDD, EOHENFITIEE A ERBO LR -Te, ZOZ EIE, TV v OFIENE
(T4 LB LT RERTT 2 LD O |G 3749 L —F L TV D, Fhe, AV V=
VWS mutans WIEROELET DTNV NT VAT 2T —BEDOS R BIZL B
= HDHNNIINVNAVI T AT 2T =PRI Lo TERENT=ED FEBEORR (7L
Hv) PITRE LR o1 Z L B ERTHH LB X BT, & HICHERYTE N T iRkt
LTAY UV VORI NE L A ERBES 2D o722 213, N LEIRTT 5506
SHROBERTINZ., FEHE D OWE 1912H 5 L 92, WERTOLTFY, TIT—ERED
Kz 7p 5 X EIEDT- O, S LIIRP KO- D EE 2 bz,

VI EDRERIN G, A o2 = VITEREFINE CTd % S mutans, S. sobrinus 3 XU A

viscosus (Xt U CREINAMER T2 Z E D OEREHIHIcAEH TH D 2 E R I, F
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Toe NA T T 4V BITHRE L CRIRNBETT 5 & Z A6 Professional Mechanical Tooth
Cleaning (PMTC) T/AA A7 4V AEFREL, WIHISMERIZIREE SIDFNINCA Y V=
NWEBALE RT v 7Y 5 ——%4%359 % Dental Drug Delivery System (3DS) %17

&Ik, ARAMEMET b0 LISz,
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[ Al
AMGENTA 2 = )V OEEEHIHINR 21820 5 72, S mutans, S. sobrinus 3 X O
A. viscosus \Zxtd D RBENER 2 OISR EBR 21T o 7,
ZORER, LU OfEERE bz,
1. VY= ® S mutans X 2N BERREREEE 250 pg/ml Th -7z,
2. AV Tz vD S sobrinus \ZxT 5/ MEBRLIERE Y 250 ug/ml Th o7,
3. AT VD A. viscosus (IR B EMEBILIERET 125 pg/ml Th-o72,
4. o2 VvOBEERIIL S mutans, S. sobrinus 3 X A. viscosus \Zxf L TR E
I Ch-o7,
5. AV P MIAL R EOIEC XD T OHEPIRD M S v,
6. AV Y= /MINT YRR LOMEREAEN TR C, £ OHBEMRIIEE S/,
LLEDZ & &0 A oD = M EEER IR o6 L CHEE R EERASBO HILD 2 &
SEREHITIHIE & L CO hADISHDOAIEEMENIIFF TE o b0 EE X bz, £/, N
AT T 4 VBT L CEOMENETTT 5 & Z A0, PMTCIZ L 534 47 4 )V ADRR
£t MRSEE DM EZBGIE L CAY Y = VAR LT- 3DS Zfiffi+ 52 2 & T& b s

EEER THRD G TE 2 b o LHra T,
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Kam i, F &5 Em L MEUREREICAT 24 ¥ = VOFIERIR] HAEE

PRAFHEL, 555 65375 (P2 546 ) BITRLURIL 253 EmL 4V v=

IVEFAWTZERERT B O RTREM:) B RAMERS: 3 9% 175 (FRk2 54E9H) (T2 F

LOIZHLDTH D,
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Basic Study on Caries Prevention with ozone gel
Koizumi Naoya

Department of Operative Dentistry, Nihon University School of Dentistry at Matsudo
(Director: Prof. Tkemi Takuji)

Abstract
Ozone, which is frequently used in medical fields, generates OH radical, of

which an oxidative dissolution can provide highly effective biocidal properties
with the further benefit of not allowing the emergence of ozone resistant
bacteria.

In medical treatment performed through dentistry, because its effects of
sterilization, anti-inflammation, and hemostasis are also emphasized, the
possibilities of ozone water’s use to wash and sterilize dentures or periodontal
pockets and as a cleaning liquid to treat root canal sites have been examined.
Furthermore, its other new usages are expected to be developed.

However, the application scope of ozone 1s limited. Because of it’s a short half-life.
Then, ozone gel is developed to keep its biocidal properties for a long time and to
widen the scope of its application. To assess its antimicrobial activity, we
performed experiments for possibility of ozone for prevention of dental caries in

vitro.
As a result, the following conclusions were drawn:

1. The minimum inhibitory concentration against .S. mutans was revealed to be 250
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ug/ml.

2. The minimum inhibitory concentration against .S. sobrinus was revealed to be 250
ug/ml.

3. The minimum inhibitory concentration against A. viscosus was revealed to be 125
ug/ml.

4. The antibacterial activities were found to be a bactericidal effect against resting
cells of S. mutants, S. sobrinus and A. viscosus.

5. Ozone gel inhibited the antibacterial effect by the existence of protein.

6. Ozone gel inhibited the antibacterial effect by the saliva and artificial plaque.

From the above, ozone gel was found to have prominent bactericidal effect against
cariogenic bacteria. Furthermore, protein, saliva and artificial plaque inhibited the
antibacterial effect of ozone gel. These results suggested that the caries prevention is
possible by professional mechanical tooth cleaning and damp proofing of saliva prior to

treatment of dental drug delivery system.
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Table 1

MIC of ozone gel to S.mutans, S.sobrinus and A.viscosus

Bacteria MIC (ug/ ml)
S. mutans 250
S. sobrinus 250
A. viscosus 125

MIC : Minimum inhibitory concentration
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Fig. 1 Antibacterial effect of ozone on S. mutans resting cells .
Cells were treated with various concentrations for 60 min.
@ : With ozone, O : Without ozone
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Fig. 2 Antibacterial effect of ozone on S. sobrinus resting cells .
Cells were treated with various concentrations for 60 min.
@ : With ozone, O : Without ozone
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Fig.3 Antibacterial effect of ozone on A. viscosus resting cells .
Cells were treated with various concentrations for 60 min.
@ : With ozone, O : Without ozone
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Fig. 4 Antibacterial effect of ozone on S. mutans resting cells .
Cells were treated with 200 ug/ml ozone gel for various
incubation time. @ : With ozone, O : Without ozone



Number of viable cells (CFU/ml)

0 30 60 90 120

Time (min.)

Fig. 5 Antibacterial effect of ozone on S. sobrinus resting cells .
Cells were treated with 200 ug/ml ozone gel for various
incubation time. @ : With ozone, O : Without ozone
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Fig. 6 Antibacterial effect of ozone on A. viscosus resting cells .
Cells were treated with 200 ug/ml ozone gel for various
incubation time. @ : With ozone, O : Without ozone
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Fig. 7 Influence of BSA to antibacterial effect of ozone on
S. mutans resting cells .

O : glycerin, @ : ozone gel with BSA, A : ozone
gel



Table 2

The antibacterial effect of ozone gel on artificial plaque
and saliva coated artificial plaque.

CFU/ml (x 107)  Survival ratio (%)

A 8.60 = 0.66* 100.0
B 3.13 £ 235" 36.4
C 8.57 £ 0.56 99.7
D 0- 0

: artificial plaque treated with PBS.

: artificial plaque with ozone gel.

: saliva coated artificial plaque with ozone gel.
: planktonic cells with ozone gel.

,mean = SD

* o AR



