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EOTHE & 72 578, il e comBoREICIEAS L
PP BECTH DL b, 5, FBHiOFHAECE
W EEBHERT - HEE N D EFHH Microscope D] 2>
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HonLOIBLEUTOFHERLEZTIA F/SZHONI-
Ti rotary file TFHIEKRZITS e PEETH S, %
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2ETHE02A7 740 v, BB 5 RE
GHEER A A=Y LT, 5 BFRED 7 4 VI A AT
file 2 L &R o Tfile Z2BET 208055 5.
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ThHDLEOHENDH Y, MEOERL EREERL 2P
BOBEER D, Tikbb, RPERCEREMREML TV
BIGAICIE, RE - BROBEICALE TR - TEE L
X, FILEEL 2BEEEC RS (K3), o
&5 BREFNC R L TiE, REORICE bR T file DI
RDZALT B Self-Adjusting File (SAF) dHiFE I T
W3, Zofile DR RIE, HETHRDR o BN L FEE
YD & 2 K& IR A2 v 2 U Rko Ni-Ti 8o 22[H
file DR TH 272, WEDOTARITIH - T file DIFIKIC
2 - i S h, RMRECOBREME (Minimally
Invasive Endodontics) 2’HEEE %2 2L THB, &5
2, REDOWIRICA DT file DIPRDZET B Z ki
Mz <, WEOIHK L% FRFICITX 2REL B L T
Wh, ZOMIcd, FrvETF—va vEIREET 5B
WERELBEEEL, REDR R EZENE LR
BAD L —H =G (484 - Er : YAG - Nd : YAG -
REEH AL =T =72 8) dIHEhTw3,

I o, BELBIBETIE 0B RAILE X Ol
FEICERGF LMo CiADITE, v —I9—bKER
BEERT, ChEcRPBicbvFHINTE:
¥ FLRAREDHICES LI EEEY — 5 —%,
2= =Ry FRAES —F— « X & — )b soft 7 £ Df
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fbxncwa? SFE4E, Bioactive Glass 2Fia L7z T
Gy —5— ) bBFEI N, Chi, BEBERTEE
MOKSTF LB 2 Lo —F—KMEIcNS Fuxs 7
RYA T OB L THE L, REME NI
AFBXTTNIA bOY ITHEREEPTEERINDG LD
HLOBRICES W0 Th2Y, ZhboBFick
b, IWERZRELHEOEE (RHOBIE) ofis
P OIRERBOTHREEO L EPHGEEINS, £,
FIRERICBI 2N A A7 4 VL O0EREICEL
T, ViEHE 23 BEA oI 2 iE g
nanoparticle 2 EEHRL Y — 5 —~OTRMAI & L C#EA
TaREbMEShT w30,

Lo LERRDY S, BERERE, FICHREOBL
FicBIL TiF, DT RNET BIREIK - TR OB IEDS
Fffipc B ICREETH 5 2 L, file P - Zfle &
DEFER, X 5ICIFRHMIC b 2 S 2 PORAHEE
Wi EWBALZHEORE - BRE IRz & OB >
5 THERRMIRZE ) Lo fERS A7 kv, Filek k
DB OME NI X LT, Microscope N THEE K

[
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o4t H35

b : Microscope Nttt J v ¥ v +%F]H

HEKF v 7 iz
HAD b FERERE

Fu T EEFHALTHRETEZHALD D, iR
RS 541%, Microscope T34 28 2 DIE % A
BZENTESL (K4), LT 200 e LT, 21l
DR TICMNET 2551, MTA 2w CHET
2 ETCRIFEFBREPBEOND EVIL L DREDL H
5. L2L, 20 MTA OfffiHACIZEA/MER I
bzt zd, FEMKERE R & CIiEHMEMA 2 RFEL
EKBERZY, BEORBABLI LIV ELL D,

ORI RIS TR 7 AR TR K 0B S 2 M7 I HE %
fTof2 Gt iy, BRTOWRICHITEZEL % (KM5).
IOl lrod, BEOIK - Wl E#T T, RERE
R RMNICRET 5 MI O Ic &S ( MEAIEEIC 7%
5.

MR B i 28 138 ORETRERIC & b\ ORER TR
T 505, RAREDOFEPLZDKRKE ST L CHELR
BEIBED B % F 72 Meta-Analysis T, 5 mm X
FOREBREFHERICEEIEL, PTRARTHS L
#HEshctwal Thbt, REOHELEH -k
% - GALPRENT R 2 BT R 72 T & 0 IREIRIE
ARG b 2T OHES & 13 ER D, BEEBDIC
WD f o7 - R - HEERB LIS b5
T, RAEEDEANL 207 EORERDHESE T 5 THEA
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5 ARIERFHEIR T AR 2 58 o 7 hER]

1) ORREEERICGEBT 2. BEEMRAMEALD
A E LT3, WBEORE R CLETE & v ElRE
(FBARE), BBRAE, RRAHEDEHAIRRAI
PRI A v FE EICHIESEA L TWw S EYE
Zbhd, Fi, MEIFRAIICS Biofilm 2L
THEOWEZENYT % L & HiZ, Quorum Sensing
W7 &z & b EAIMmE 285 L <, #akicB595C
EHRBENTLRE 2T, HERPERA R %
DR EFREEAEET 2 L, ROWEE L THERATIER
RO WRE IR 72 £ ORI R EIRE N B
IE4E, CBCT #RE2IC & 524 L Microscope I T DLE
B WT, BEEM S Membrane Barrier (GTR) % ff
HAEhTwsB9 D, BHRESSC, S5ICH
RUIWIH 2 EHRTE 2 X5 RO IR L Twiz,
Modern Technique (Endodontic Microsurgery) & M3
NBREDTETIE, Bi4mmBEDO~A 7035 —78
A EEHEBHL, ~4 27837 L#EHEL R
F v T & RO TARRYIBREH A OEREER E MTA I X 5
WIREFIEZITS £ v, MIOERICHE SV L 0 IF
EogonfiiletoTwng,

SREEER & ICH U 7235 BV s R &

Rt 22l 2 B, BEANOBEDR Y A7 %%
LT, BhECLGEERE2ET 4 0EE (BP &
HIEHEE D &) IGHIGARE L & 2, [RIRELFHIE
NEHIIEREOBFE P EE N TV D, ThETIE, JRE
B OB BB E 2 L OREFICEL T, L—¥—
%% A L 72 Photodynamic Therapy D232 & 5
NTED, PUNE I IZEHMESRADFEE R &, %4
OFEDERSIN TS, £z, BHERENRZET S

R TEBEEOMENRHORAS N TV EY, EWnH
BRHEMEEICHE N T 5 ERCRISEZE TN T 55
fRERIFITIA S 22 Tld v, E4E, BEROTE TIPS
MR RE S N 2 BEEEIEE 2B G, Mg - RER
T B E OB TSIk AR TERE 2D, 1
R CRERIGH % B L 2 IFEIEF I TbhTn 3,
HAFEEOTEICB LTS, EHBMEsBHET 2 M
# - RAEHEIRBEOBKIFE, RERTZEEZHV
7o Haf - ARSSTR b A A, BRI E A REE (Pulp
Revascularization) *°_bilt U 7z SRR EIBRAT~ 0 5 litE
# + Membrane Barrier D7 &, & & I F Liffseh
BT T T\, Z0—FT, MEEE2ET
iz, - F77 - BE L ERN 2 EoYENERIC X
LHSAEEE L TERICHIR SN TV S, 2o TH BRI
12 & BIREIECEER I L Tk, BROMLA,
R, BEROKE S, HERECHRAZ OIS %
MRS &, in vitro 1T B W C IR - B
TR - AR OATHIE 72 £ & D ERERT oA,
FEOIEE, BEREZALLMBEE I > W TfgEE , in
vivo By FERETIE, BT OIREIEESCERBER O
OBEMBICOVTHREINT WS, 22T, HWHAEE
& L CoOINRINIEE 2 IRE LI 56, BRAKEEREZE
BRMAIEEEBET A LIck b, HENIREES
K IR AR I T 2 MR o 3 2 BRI R L R
B R IERN R, RIURE OIREIEE S B B AERIRA
BondFiEEELLL.

F T, 500 kHz OFRMNERBEIC L, MR
AP S R U of 3 2 BEEE 7 BB AT SRR s R 1 o 417 2 3R
b, RENCRRINOREICERT 2 EEME ORHE
AT H B HEEAR SN Y i, B
o4 2 EE TR E T A, 500 kHz 12T 15
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1
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N

\

7 EFEEEIEE 2 G U 7 RAEER]

(5] o> 75 A BRI A O A 5, MG A & et U I 1EAL

L, SEIERMERFOFRR - BEE2FET L
REN, FHLOIESRHHENBIE I T & % ATREE 2
R Eh,

Sato & D in vivo HYEERICE VT, v FEEFOD
EH1AFIC L7 4 v N—TEXRBEERL, Fflo
B RAEEC B A 22l U C s R B (520 kHz, 14 W,
15~30 mA) ZJEE L - f55%, SEMED uCT #sgic T
v MEHERERERICEHESHER S, BREEH
FIFHEHE->T0 20RO 6N, 51 HERD
HREARICBWTD, SFEEEBERIRIC X D HEETOH
ABZE SN, B REBITBRICH AT Tl S %

KD 572,

7z, KIRKY: - BHAELHE OB £ FHK
2o 5 B I O BAESL D 7 OV — T AU BIFE L 7
7 v MREREE T VE VT, EREEEREEEL,
1258 H % T uCT #E % 17 > TIRARZ ORIk e 2 B
LR, WERBICINZ TEANER 2 WE LB
TIE, WEBROAEIT- R L T, WEREAR
BIHE) KT 3EE TIRIBAIRE O/ NEBEEICK
L, REDRBAE—FPEL 2o TV B I EHRE
hic (K6-a). &5 ICHEHMLAREaORE, WE
B W TIFRRIRZE Ll E & o8 ic TGF-B1 E4:
Bl A% < B 5tz (K 6-b)2,
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T, REB X OIRAEENICE R ERZ EEEET 5
FHikEERL, EERPEREYSAMAREEEZES
DAERZFT20104E 1 H & b BERREBRZ T 72, fiit e
LCiE, F9EEEBOREROGH, REEK -
AT 7215, BEEBREE T i T 10 F o K-file 2 v TlH
5 - MEE T ICRRALE L, EEOBETAE 25 2R
R FHRZE OB RISl £ CORMEZERIIL, 2o
%, WHL A EEKTREN M LT, WE LR
RIRENICE AR EREEEBE L, 2B ICREL2
Btk WEREZ2fT-7-. WETMER, RAFAMAD
HIR a2 & 1 mm B 723567 2 dERR AR L LT
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WRLY v arTERETILESD D, BRET BERIC
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ThbT Db, ik OMFEERDIES MI O
M7 5 b Microscope DEfMAE D, BHICKk-
T, fifATo CBCT sttt s s, EEMRFEIRERE
EE-EHMEE LT, ABICEbhE IR, 2
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TV 2 BT M A MR L 2 P id e 5 4w,

#o W

MERZDICHID, SFREERZICM L IS RH A
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B, FHRRFRFBEE R AT PR R 5 5 Al
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HA I R % e IR S TRl L 2sER, AT
2 EmE OERENEIIRBOMEL ZoTWw5b, 0
A R T 2 - DICEE R Z L, L IEBRE R
FREAMERE L5 L RGO E LD, BENiEEE
WoTHEws Hickons, ERERKEOEL DL
FCEENE, Mgk, TR, <5V 7, B, AIDS &L
BOET, 5RO IRIE 2 Bic—AmeiEE L
TWw5 I EBEESN T3 (WHO #izh, 2004 4F), [E
FESMEE DA I 35 1 IR O A T Y,
DR, EFE, MNEEE, REkoTws (B4
Bya ANDERERATE, 2018 4F). Z N DIETOMAREICE
WTRITADE 3BHTH - 120, ETEROIEEECE
Tk D ERRIEE I X Bk BE T 7 L BRI &
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NI T CE R B8, BERAEYEEE L O
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R D K53 13 M2 0 BUIE 72 & DESFETH 5. E725E
CERZRAT S L, AFFicBL T ERAFEDEA
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TOFIT70%, 90 % DL _E D FJ 95% A F e fili 4 ¢ & <
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FIZF151% L B b DD, MEEERIR D Zh L idh
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HilEs 2 2 LR D 00, EFREESIZHESEO
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iy 22 200H 3. 2019 FED HAANDFEHEFMIZE
PE 8141 %, M7 45TH b, tHHETH by L
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OHPITHIE T DY, BEHELFEL koTwb. @EEMm
2P 2N IE, ARENE, BNERE, SicksE
55, BIEEEE, S BT EBET 6D, Th b,
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ERITENDD D, AT, bbb OFRIEDH
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Incisor

e \”T/// 4

Lower jaw S

Kl

Maturation stage  Post-maturation stage

Stem cells Differentiation

Mineralization

Fig. 1 Dental epithelial cells in mouse incisor
Ep : epithelial cells, Me : mesenchymal cells, Am : ameloblasts, SI :
stratum intermedium, SR : stellate reticulum, PL : papillary layer

(Cervical loop) fEEZ, D LR RB & OEEER D BMA
& #RE T 2 = v F (niche) & 725 Tw 32 (Fig
1), Mo R REMIN, T F 2 VIR (Ameloblast)
22 DHNETH 5 (stratum intermedium : SI)
i, BEARAE (stellate reticulum : SR) M~ L, ¥ —
E AV — TS SR AIANEAT L35, mEIChA
AL L 7o = F AVEERT 5. =F AVEICHE> TF
T 2 AVTEMIE, —#HO 5 2 OVE O FER
TR E S, ¥ 7, Bifar otz 2
VIR, BEICRFILCT ArY ey, TART
SAFv, TFAY U EDIF A NVEICEE O
HEY V0 BEBACHWT D, o5l (Secre-
tory stage) @O T A VI, TFOE VR T
xR L, BRIEHBEANEE RS O3 W7 & SO B
5, 2otk TFAVHEMEOESZEDL,

MMP-20° KLK4 7%z & S a5 77—+, GIK{LIcERE
AR REM 7 LAY R X7 74—+ (ALP) B ED
MEEZHRET 5. DWShBERICLY, =7 2L
By vk E O EAIKLSHEIT L, T AVEICK
BOZRARADHEE T F ANVEOEANED (Mat-
uration stage)®? . FREHICE® 60 2 AT L, S
oiEEE, EREES SRS h, BMmERE2
B4 HREGE22EL, = F 2L FEMBEHBRALC
FAVEORKAGZFIET 5, A% (Post-matu-
ration stage) 12, TF A VEEHIRIISZTIEE R D, 45
WHEREZ & 55Y (Fig. 1), 20 & 5 2= F A VEERTEIC

£ 22 A VEOMBGHIRE, &S F SRS
XD EHICHIE T B,

Transforming growth factor-8 (TGF-R3)
773 —DMEAY T FIViEE

Transforming growth factor-8 (TGF-8) 77 U —
&, EBECEELRR O AL O HETE, b, Lo HIEH
CEEARERTHTH 57, FichEY o EIRE K
DN 5, TGF-B7 7 2V —OERTIZ, HOW
BICHEERZRNTTHEIEDPHLPERDDDH D,
TGF-87 7 3 U—DYU A FE LT, Bone morphoge-
netic protein (BMP), Growth and differentiation factor
(GDF), TGF-B % Activin 72 £, 30D o £ >3 —
DRFEEIN TV 5,

s TGF-B 7 7 2V —OEERRT OIEMEE, BN
MfE A Bl IR T 2 T RB X T oBEE BN 2
Uy« AV F =¥ F—ERERIC L - THIIBA N BE
a3 (Fig.2). VA v Fpfila L cZR/RELFEAT
5L, ZEEPSHBEAFEICD >X F —25liaE T
Smad & MEN BEAE KT (R-Smad) % U V(LT 5.
U vt I 7z R-Smad &, #RE CHERERTL L
THERET % Smadd L 2H L, BRAANBAT L UENERLET
DFEHEHIHET 5.

TGF-B7 7 3V =&, BFHFEEMEEZ D DBMP®
GDF &, H#FEIEH4 b 7272 TGF-B % Activin @ 2
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TGF-f family members

; BMP: TGF-f

Ligands GDFs Activin

<’ wr

Type | receptor . ALK1/2/3/6 . ALK4/5/7
Cell membrane = -
R-Smad [ Smad1/5/9 S Smad2/3

Smad4
Co-Smad I — — l
————

Osteogenic activity
Fig. 2 Smad4, a central co—activator of the TGF-
family
Modified from Katagiri T et al, Int ] Mol Sci
2018 5 19 : E3586.”

Non-osteogenic activity

DORC RIS N B, WREDER, ZERMEIC & bl
NTY vl &N % R-Smad DFEWIC & 3. BFEEME
2ET2VH Y RIE, [HIZAEMARE LTALKL, ALK2,
BMPR-IA (ALK3), BMPR-IB (ALK6) Icfii& L T
Smadl/5/9 DV vt EFHET 5. —F, BEEEEE
bz U Ay ik, 1 EZEEKD ALK4, ALKS (T
BR-1), ALK7 IZf& LT Smad2/3 ® V) v Bl 2 &k §
5577).

ZEEHEAFAFSmadd &/ v 7T I R I R

[ BRI RERIC K > TV Vg E 4 %5 R-Smad & 13527
b, Smad4 1V v FMEERNLGEIFRZREM 220 kv
Smad £# 2 65N T3, Smadd DEFELEREZ, Vv
Bt/ R-Smad L &£E6T 52T, TGF-B7 7 3
J—DEEBEH_KRHTELTELZETH D (Fig 2).
Smad4 DRE % K- 7-fifldTlX, BMP % TGF-8 O Hi
Wiz & b R-Smad ® V v b L NBATORE 12 »
b oT, PHICEBETRTOFBENRD SNk,
Smad4 X, R-Smad t EEHREEK T Lickd, ¥
HINEEE T OHEEHIHTFE AN OB GHEEED 5 L E X
5hTw3?,

Smad4 # £ HOMIfETCREZSE /) v I T I b=
2%, ORI O BEE (E6~E7) DBHE T3
LY, z0id, HOFKICE T 5 TGF-87 7 2
U — DEEE BT 2 7201, HOMIIE 2 72 Smad4
Iy T = R EBISIL, FABNEERE TR S
EDENTWD,

M AR B AY1IC Smadd 2 RIS ¥ % &, RFZEM
B DIZRECHERE IC BB AL Z b, RIBESLHWR DA

N 100 FRIREFFRIC 81 2 TEAHLARA ST 0 Bl 203

Sh 2T 200 bR AV Smadd & RES
2L, TFAVERESHESZEY Larl, kK
KRN Smadd D/ v 7279 b= 2 TH HEBERIC
BOLL 2220 7, BURDBIIZ 1T % Smad4 HEFR 7
TGF-B 7 7 3 U — DFENIMKIA & L TAH A EHS

bhbhlt, vEFL 70 BEFERICLTOD
Smad4 #R&ETELZHLWSmadd 2> 574 a3 F b
7w o279 k=Y (cKO) 287 LEY, bhbho
fEHi L7 Smadd cKO=72&2Hw5aL, YEFL 7
VEEE L CSmadd # RAEZIEDZEDPHREE D, B
EEEOFEORIC Smadd o&E 2T cE 5. 56
i, PR LET 200t % T3 % Z L C, Smad4 &K%
LTIRTDODTGF-B7 7 IV —D¥ 7 FIUBEHIN
rIREET OO RO Z(LE, EICEET 5 C
EbHEgE o7z,

BiE~ 7 ZOPEHEKICH TS
5% AF Smadd DEE

bNbONDBF B Lz~ Y 2% 108K E CHE
L7cfgic, 2 X2 7 = v 2 IFPENHES L T Smadd DX
KEFELE 2EXTT o rOfEESE D 5K 3 HEH
B %k L7, THEZ2RHH L CUEOEBICBY
B8 e P fEHT L 72, Smad4 cKO = v 2 DYt %
HRREIIC BT T 2 &, BRIC AL D = F A L
g% & EEMIERE O REREEAED 5l (Fig
3). 2T, HBMHERFEIC Smadd B & O Smad4 &
EiRE2TERT 2 U vl Smadl/5/9, V > WAl Smad2/
SOFEEEI L, avra—ib<y 20UH T,
T — ¥ h VL — THEED 5 A I o LR R & M
TERMIMEIC, Smadd4, Y vk Smadl/5/9, V » &L
Smad2/3 DA Bd 5z, T ofERIEK, TGF-B7 7
2 =D ¥ T DY O LN R BRI A < BS
LTWwW3b I EERBT S,

Smad4 cKO =7 A%, FHEE D Fi Smadd Fifkic
X BGEMEPETLTE D, Smadd ¥ >3 7 EHDRED
fER SN, ¥561Z, Smadd cKO <=7 A TH U Vgl
Smadl/5/9 &V v #&ft Smad2/3 O &R B BHE 2 2
fLizED 6N otz, ThbDFERED S, Smadd cKO
<7 ADYIHEIC B BRI LR R0 EZb
1%, TGF-B 7 7 I U —offifldiNy 7 F VsEIC BT %
Smad4 % M U 72 BB T O S o Z i K 3
pLEZLNEY. ZofHE, BEMY 22 0T
TGF-B7 7 2 U—U v FORKE L ZEKDEST
¥ F—YHEROFEL bbb OERDL S X
Fxni®,
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Fig. 3 Smad4-dependent regulation of differentiation and function in dental epithelial

cells

A schema of our report””. (a and d) In the immunohistochemical analysis revealed that

the ALP protein level was almost undetectable in dental epithelial cells in Smad4 cKO

mice (Brown color area).(b and e) In Berlin blue staining, iron pigmentation in dental

epithelial cells was almost undetectable in Smad4 cKO mice (Blue color area).(c and f)

Histological analysis showed that cKO of the Smad4 gene led to hypoplasia of dental epi-

thelial cells. Am : ameloblasts, SI : stratum intermedium, SR : stellate reticulum, PL :

papillary layer

T DAERIEICEHE TS
Smad4 KFEIMIEA > 7 FILDIRE|

ALP i, 0B O AR DA RBEEZD—>TH 5.
HFRIERF RN ALP 23— F§ 3% ALPL BETER 2
DEERMEBROEFR AT v & —X5E (HPP) T, H
DIEARAL L & b ICH DA IR 2rEDd 5h Y, $i
ALPHitkz Fl v CUIlIc B 2 RE BT L2 2 5,
e, A 2OV, PR O & S 5 REGR
MRICHB LT wiz, LA L, Smadd 2 RESH2w ™
Z0PWTIx, Iho o LERMEIC ALP 3 S h
o 72 (Fig. 3). i, Smadd KEFHI 7% TGF-8
77 U —0filaNy 7 F v, Yo bR R D 5
LN L ChRIKILZHIET 2 /it z2n 7.

BorEoYETIZ, TF A VFEHIEsgASE A v o8
VBTHD 72 VF U EEET D, DD, HEET
BT F A VEGHKLOMBETEHEIIE T2 LT, AR
et L vy otmE Ry 29 UIEicEsmET S L
T, WHNBTMESR ET 2 EE2 50T w37,

< ADYIWYI A&, #kERET LY TN —T

weta L7z, aviro—i<v 20UMICE T 3 EOME
&, BEG, RABI o = A OV, FLEEEIC
B3 EBMILEMSE B &z, —7, Smadd cKO =
I A TREOWEPKRIFRITHA LTB Y, LEAMAEC
B 2 HIDLEEMET L7z L # 2 5 (Fig 3).

PLED & 51z, ALP OFBUE T L ERHEE DK T 2>
5, Smad4 cKO =7 2Dt TIid, =+ A NVEDHK
EPMET LT3 EFRENZ LirL, =4 27uCT
TUHOAIALEZBFLTH, 3> Fo—L=T 2D
It L GIRALIC RS bk oW, ol E L
T, bbb d Smadd cKO =7 AxEIMEZELTL A
ARETIHET 2701, TORENAD L NGZ VAT
WrEZz 65, L RMMEMECE 25404 T, 3
WYt & RT3 B B D B

bW

b NI L 72H L > Smadd cKO = 7 2 % fidtfit
LifER a5, TGF-B7 7 3V —HItko Rk
Ot EREEE G T 2 EE RS 7TV TH D T LN
Y H—ofila eI s g, B, L,
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iU oI

HERETT A TR L, HEBER B & OARAM AL IcBE L
HICBWTHER - RAEESCREHESEL I LICK
D DO AR D ERFHEIBSRE 2 MERF L, ok B XU
ZRICHES BRIN O 2 T 272 10E 5 ¥, A 100
FRRICBWTWOETOLHSOETHD A2 Lick 3
fRRERFICHMT 2 L2HME LTV, FABIZT
Tz AR 4 1 31 3 3 CsBERIa i &
% WRBEREIGEE ) ORI 2T Eet s kK %)
WrHRshEV e h b, S5 ERTHERRS
ZESTOHEBREESREFTHOEFE L X CREE @A
DO ERT, FEFEX D FEMEERELZFEBL T
5. —75, WBEEIEAH D Tl GRS I b B
BRZ2HEIGIERNTE B &5, F/ N7 K EFERZ G
L7 RENRREEOBFKZED T E 2, 51T, N
AR OIGR T 2 RO - IHERI2RIESE, 5
b BT ARG A FTREIC T B 72, Rl AR (e
FOWMERFKEIT->CE L., £, ARORHED W

Be o REBMEO BN, & & CFLk ik dEreiig
e - BRI N > 2 OMFIR QBT b ED T F
7o, ARETIE, Ml - RITEHEBROFEAME S Sk
2EREHBEL TIT> T3 5 DRI O W TN
95,

BREIREICHIBF/INNTIKICES
RENRERORERE

RESR D BEGAREIRIRE T I R e IB D IC L WIEAD
H 50X, REPEI EME T, MECHBECHEIRA
U7 x LT, BEMIAE R DS IR T A S 720 2x 2
BEETRRICEBRETERVIENTERERNLEEZ N
3. 7, —fRIcEDLN T BKELA VST LHEhD
72> Enterococcus faecalis 72 £ DRUE D - T, N1 &
TANLEBRLTLES DL bbb T2,

ZNTHIBIE, T T IOVEABE AR X 2IREN
BRBEEZBFE L CE 2. F /AN T OLIKIZHREE 2.0 X 10748/
m/ Bk, REEEA nm 0iET, REEOR I v —[E§%
Ecxs (Fig 1A) &R, N4 F 7 4 VABREIR

RigiE HARRPHR Y 2 2020 FERFAATIAS (B 163 H) Y ROV LOFRENE2ELDbDTH 3.
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LEIEAH 2 (Fig. 1B)*Y, S 51cF 7 N T2 Hiks
LRI Lickh, RTFME AR - BIRE R &L
OFH 1 mm M EICEA2FEI S5 EQAREL 72 D
(Fig. 1C), #H#t s G ROBE L KB OME 2 RET
5IEMTERY,. ChICED, ERED & 5 IillE %
W& 27 O0IBFNCREREZ > CHEITT 2025 <
LW TEDLEZOND,

9, BRICGHEE LT WHEFEIEL L, KETFDA
WA & N7z 3Mix/TAP (Triple antibiotic paste) & %
WiRLART7RXFH (7Y M)EERLE, £,
WIHEGARE 2> 6 B S % Fusobacterium, EEHMTEIR
PARE D SR EN B E. faecalis B & A4 X HEIBREDIR
B O HE L IRAME I 2 MR R 3B 2 AT
v, 3Mix/TAP 8L UL A7 X4 v oREERNEE
EREL, RZEho0EFZREEGLTHF /3T
EEE T, RAMENICEAE2BRETE D L E2ER
L7z (Fig. 1C~G). RICEBIA R ERBEE TV E
R8I (Fig 1H, 1), 75 AH&EM:F 7~ 7Lk (Nano
Bubble Water, 7 =5 A4 4) LLR7uxdr %
B L CTIRE oW - %2 1EM T L iR L, B
RMEREIC L ARENMERE2To7:. ZO/E, %2
N NHMIC LR THBEICEECRE NI Ol R 138
BRI TRIc ko7, a8, F /TN KEfHTAIE
W& DIREDREPIEETE 5 2 L1k, 3Mix/TAPIZE
WTHTERTE . RENME 2 MERE, BEEBD
ffasiE %17, CBCT IiB W TRIFEDKE I DE
L@+ 2L, WERELDAE (MR, Fig
1]) £ 25 A% (Fig. 1K) 2L CHEERBD A5
N (Fig 1L). MR 2 5 A% oA, 1
LRI E B A S, REBICIIRTE
KRR ORI DS A b Tz, £z, R AR IZR
FERT RG22 &, BiRIBA S (Fig IM), REND
PRI AERIIK T0%ICEL, 77 L falc THRVEERE - R
SRl N - BRI £~ FEB X OIRAHE A (Fig,
IN~Q) TS F 7 4 VLIFHERI Nz o T2,

L7ehio T, BEYREEICBWTH, IRENDOKRED
TENE, RN L FRICRELSTTEIND T LR
, HEREFEAIRE DN EGRE I & IR HIAR T F A TR
DRI Tz,

hSbE OB

KIC, FEEE IR U CHEBETE & IR T 2 AR N
WMEEZFFK L, I CHMiFEA =L EL
T, WEMNICEBEME 2 G-CSF & & biciEd 2 &
B G-CSF ofEfic X b BEETE, RENANG
HEFIRENICE L3 ERMsNTwS, ZLT
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BHEME,? 5 & F IR MEFHE - RRFEERT (tro-
phic H7) 23 &, G-CSF & oMnshEic & v, B
O JEHA (AR, B8 » o fEREHIE 2R N
IR UHENE L <, IMEHTER X CHEHEBGENEL 5
LA ERASEE SN D EEZT W BT,

—iic, L LS ICERERROTFERIIIIR L ITE
TET2ZLRELHMBENTVEE, WICBWTH,
il E B R T 2 LSk A & R A 1
BhD —7, DL 7S ko B 1
HEEmkob o LI L T, BRI E DD
D, WERPLHT K b — 28 - MEFER T & OR
BEDLAWI LRI TV 2Y, EE b
Z AR AR WCBEIE L 72 TRBRICB W T, 69 RO Bl T
b HAABOE N EE I N RELH 2. Lalk
D5, EknHE RO BB O B2 ERE - HETERE R &
OPL7 R b= A8 % in vitro \ICB W TIN5 L, Hip
CHARTEWZ EARINTW 3D, X o CE» %
EHEAR B A E W & LTk, BT 2 e
HEDORE T L, #EEL TL 2 ERIEZ £ o Fdl
o ofED 2 WIFBEOB/NREOZLTH 5
LEZLNT, T EmETIE, AV VEPEL, B
Rz - ML L T3, X SRR AR ICI2
BERIEPE L T D720, FERMilE»E/l L T 2 AHE
Whsd 210 ko, WREZ LD 5 OLEKEMIED
EDT 5, B EINEIET 2 A REEN TR S N7z,

L7eh >, mitEoEEHEEZEET 2WEHEELT
i DRRME(L U 7 AR 2 A L, el S iRE NI
WELPTLTHIE2EHME LT, MM Y
T v EBRERNICEA(RY 72 URILE) S ¥ THT,
FU Y40 4ELL Bl b e o THRIK LI &
NTEY VS BESRREE T, REERR 2 DGR I 5
L, 2EHSEGomERZIEET 2 2 LIk D IBERE
2BIET 22 Lo TwREY, 4 XE#ETIE Y
T UATEIC X b, BILERLDOa Y ba—)L LR
THAEE 14 HCOEBEEEESWAGERICEINL 72
(Fig. 2). %7-, RAEFRMEMcoOMEFHEDN 2 56
B A SN, L Lhds, HEciE Y
7 VHTALE U CH R A OIEERI R IZ A b N o
7o, BV TV UHMLE U 7o ST ld, B 36 %, 1R
BHHIEE I K& O RFBERREARRDTZ S NARE N D PH%E
L, IEHF7ZEk & HBAEM A b Nz, Wi X
BREAT T, RRNTERBRIIALNT, WEERTHHE
R - IRAHAEMRICER IA NG, T/, I
WAALERE - REEEICE > Ty, FU 7Y VRO
REVWEDTER I NP Lizhio, FEBRZEICBVT
FU TS UHTALEIC & b lBETR AR R R EE I B T L
DERETH B & EDRRI Nz,
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Nanobubbles Nanobubbles
+Levofloxacin
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[

i
¥ 14
S
%:‘i
X 0.5
Lt
0 T T
0 1 2 3 (Months)
Pretreatment Transplantation Extraction ’

Fig. 1 Complete disinfection with nanobubbles and antibacterial agents and pulp regeneration

A @ The ability of the smear layer removal of nanobubbles in a porcine root canal model by scanning electron microscopic
(SEM) analysis. B : The removal of Streptococcus mutans biofilms formed on hydroxyapatite discs by nanobubbles by SEM
analysis. C-G. Enhanced delivery of tetracycline (5 mg/m/) into dentinal tubules with/without nanobubbles. C : nanobubbles.
D : Distilled water. E : TAP (Triple antibiotic paste). F : Nanobubbles with TAP. G : Nanobubbles with Levofloxacin. H : A
schematic diagram demonstrating intractable periapical disease model in canine premolar. I-Q. Complete disinfection by
nanobubbles with Levofloxacin and the transplantation of dental pulp stem cells (DPSCs) in the intractable periapical disease
model. I-K : A cone beam computed tomography (CBCT) study at the time of pretreatment (I), at 1 month after the root
canal treatment (transplantation) (J) and another 2 months after cell transplantation (extraction) (K) using OsiriX program.
L @ The relative volume of periapical lesions compared with pretreatment. There is a significant difference in the relative vol-
ume between 1 month (transplantation) and another 2 months (extraction). Data are expressed as mean+SD (n=4) (% ;
p<0.01). M : Pulp regeneration at 2 months after cell transplantation. Dentin-like mineralized tissue formed along the dentinal
wall (arrows). Hematoxylin-eosin staining. N-Q : Gram staining showing complete removal of microbial biofilm in the dentinal
wall (N), dentinal tubules (O), lacunae in the cementum (P), and periapical tissue (Q).
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Fig. 2 Enhanced pulp regeneration by trypsin
pretreatment in the pulpectomized teeth
before transplantation of dental pulp stem
cells (DPSCs) in the aged dogs on day 14

Pretreatment with trypsin (A) and with saline
as a control (B). Hematoxylin-eosin staining’”.

i, BV T & D EkEE O R EIEEEH O
AR =X L ERE L7, RENICERE LT 7R
& U CHRIRIEEIIG % Sikieh & 0 0B U ARk O b
DEHRTHZE, P Tk biEl sz v
HN T\ % Protease-activated receptor 2 (PAR2) 73
FEL Tz, mkroEBEMEC PV 7y v 2RINL
7z in vitro FEERFER K 0, EREBHMEAN Y T2 U E
BV CEMR TR = xS h, BaiciEs T
% T4 OFREE B T2 PR AER 7 0 i3 i &
naZLicky, EHREREBORLNEMMICRL T
FENOEEDE 2 L RS ni? | & RHEEA
ELT, PUT Yk DAY VEPRIED S
& 11 % Fibronectin & 2372 R il M &R, LR
fiE - SuREEREE, M - MREBURIEE I E,
RFEH» S ME SN 2WHEIC & wHEE & CRFEHF
MR UARAEDSE U B 2 E DS k755 7212,

BfE, bV Ty v g O AR E R R O i
RIGHIGTE 2 &9, S50 0MALZED TV,

FIFETEHE(C & 2 RBEEA

HERE 0SS, BRBMEOMERE, £3, BoH
BOARAMB 2 WGENRLWE WS T EPBT NG,
F 7 HERE O TIRE N OB Lo A KA, AERE
NORFERMAe LI &k b wBEEHMES P 22D,
BEEEAIIEBDS A L, Z oigicRfrrr5 2L, B
S ORGSR BIE ) v = 7 & BRI X b el
WENZEN L TwB LR EPMEE RS, &oT, [
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HowESRz Hws o tickd, WEOLEL M
i As GBI L AR CICBEIATTRE & 72 23 5
%, BIfE, [EZEREHIIE 2 A 7 R A o 2B Al RE v
proof-of-concept RZLMIIREINTE L, EANTE
B, ARG, TEEE, PSR EEEREME 2 e A
PEAIRSE, B DR, FREZ, WCERE, TR
BEOFE L DRI T 216 ToN b, HAT
&, AMSmAENEER (2% GVHD) Icxid 57 44
JVHSE (JCR 7 7 —=) 29 CICHAEREE L L
TRRIN TS, F-FAfEEHESRHEEHeT, +X
TAA VT IV = a R AR, B
7% BT B IRBREEEMI RS T b hTw Y, 3510
AR, F VI B W TR R R R e 2 fl v
SRV 8 O BT AR TR DR 2 T\, ettt A%
HEAREN TV YW, BRI AS GRS % (i
T EEBES AR T H 2 HdE, MRS G
FEESE L, REHHERSE VLD EEZ LN T
%5, §bb, MHC class TIZIFEAEHRELTES
¥, T cell ~LHEHERE %2 > CD40, CD80, CD86 b
FEEAEREPA LN, T, GENEIERZ b
NIV VRFRI IV = L%, ~Lo3— Tl
fiel o e 5 S T M o 3Tl 2 0l U, SEFHKRE T
(IFN-y, TNF-«, IL2) OFEAZIET 2. S5i1cF
Fa290% 5 — (NK) figoiEme B fliEo k2
L, BHRMIEDREAEBHIE L, fERe LT T Mok
AL b PR HANR S T ORRA LA KT S &,
BTz EEZ b hTWBY,

iz b ik, FEBREIC X 2 R AR IBE DA X IR
WZeic BT, & P HLA ICEBIL 724 X @ DLA EET
BN 21T, A—Zrc iz 2 Bl ORE
PIicHiE L7, ZofER, 1, 2HH &b BEIZA SRR
roto, Fio, 12:ETOHEBEFAREIZ, DLA BEFH
B AL b 1, 2REHTEDL LT, MEFHEED
iR ERICBEI L CH B A SNk o 7219,
& o T, FAREBHOEHESBROL LN - BohtErR
BXNTWS,

tREEFAmAE/ N> 7

tEBEEAIIE IR & LR B E B L Tw B,
Thabb, KIES ZAECRET 28 % - BIEFEEK
Kl EOTNHED S, BAOBEERLY R B3P F
BICEET 220 TCE S, &7z, BETFPESZICL
{, WEO—ELLHEMEIEsheT v L, filgo
WhERE, SUETREERE, PIRIE(EH, EEERRIcEN, ME
FAEPHBRBEENT VW LR BB IToNS, ki,
L bl EH K bl 0 e A0 Y 1 A K Bl R pl R R A Y & PR L
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T, WEREPIHEIEEM S & CTIRAE - R EA
MEL, AEM oM ZMERE2ET S, LrLk
N5, 4 2A—FEKCB YT, BROAHERES X UK
AR o e iie 2 IRE N ICEET 5 &, e
& - MEFERS X CMREEMRRICEERZIIALGN
ot (FERFEET—). Lo, BhifEER
HEOMIBEIR & LT, KAWDRHEIE b Tk { Fthh
SERELL 7- a2 N v 2 I L TR LDE
FERREBEND, 729524 ARSI TII TR
BEBEEE N 2 2 BIR L TB D, N ZIRE Ll
BEEAIIZ I AR A DB L Tidh b T L, SR
AANORAZEEBZ Z itk b ZHEDNICHETES &
IRVATLEERERL TS, £z, T TRENNDA
BomEshTtws L oie, BRI EEEEEE» D
T, SHE, AR, NEEESEOFHABRICH S
CEDPTED LI BRADPRE LEZ LN, WEORV
HE oWz 5w o bIciA Tt Ly ERD
H Lz,

b

AT BWT, WEERAEREE, RENEZRETEN
EERETRIRIC D EETE 2 MRS B2 L 2L
7o, FRIAEME & B ICHBTEEIEN S, BRERNICR
BN%E MY UTHLES 2 2 Lic &k b FHEER{EET
XBAHEMEE R L. SHAHERRWEATY, |
FEBMEAIEIETE 2 AR Z R Lz, 2oL BiiHR%E
BT, L, WA REOERE 75 69 K £ TIC
BIGIER L, FEHIZ EREREICE TIHRRT 2 TETH
3. F7z, RSO R4 IRE ORI D HEff 2
HEDTWD, LrLuds, SHBI51C, HFEEELE
LTCELHDVIREERHEL ZBPRERICB LT LN
BEFAEAERICRIITE 32 & 5, WEBEONEDL, Bl
HHRE O RTALEE VR, fm 25 A B IR INA 7 8 & &
scaffold 7c £ Ok B2 ER TV LERH 5. F7-
BIfE, B S N iR Lo KE i R Eic g s
EHAER S, BERFELBELROEAT I LICk
D BUNRHS R TE, o A BEMARE 15
LNIRIEHEFEDORFEZED TS,

BIR T REMGEMEL E LT, EHEERPEEDTIE, EZ
RHEEREML -7 - 9 — Y —HA&H L A
gEpaFE L LC, =7 « 74— & —Aathh 5 —F ok
BEST, At fTbNhT,
(https://www.awi.co.jp/business/medical/med_guideline/
med_guideline_info.html, https://www.ncgg.go.jp/research/
annualreport/documents/2019nenpol.pdf.)
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a4 >~ (LUF, TiO,) 1%, %Yt & v
Streptococcus mutans ° Porphyromonas gingivalis 7% &
O HENME I U THEEREZ AL TWw 5 2 EHIS
NTw 3 %7 TIO,D A A, AP (B
T, V—=5—8%)) 2NE5THILICLVEERT B C
EDEINTEYD, S mutans DWBELEEB X OHED
IHIAEN 72 & OS2 H 259 Dk SRR, S,
TiOt V=5 =2 V2N L E-FHE 7 v B8 LW
HHIREWE 7 7 > 2Hlsh, ThoorS7—rav
g— iz T s EREICOLTEAL ORENRINTL
5710 HR BRI T T ok, RS o DN
IR E A UGE L ¢, fiite A OREON ke % 5.9 5 AlEE
Hedtd 5 L DWEDLH2Y, £V —F— 2L
TiE, FHET S icB v T2 OWNEKE & EE 28N
EHBILET, kW& 0BBTFERESE, FRELT
KORELRTTI—IVIRERIZ OB o7 EDHED D
290 L Lahis, HHIREIE TS vickswTY —
TR EEMEEUSALEMEZVEZEDH LN
v, AT, TIODMMEIEH %2 S H5IC®T 5
eIz, V=7 =33 )00% 3K LN L 72 IR E) e
753 DT T — 7 RER LB o TRE 2T -
7z.

MR B S UORE

BEBRE (R N LTI R B 5 HARBERIRYT
ERBEREROERE T, HOPSERTEOMG - 48
1 - G EAEE T 2 BLERAMEO 84 L Lk,

WeBEREE 1% Ramfiord OfVFEHE, T4bb4AEE—KA
M, /o BRI, 2 S/ NER, A TNE—KEH
HNE—his, AME—hEgEE L (KT, 168, 21
Mg, 24 &, 36§, 41 R, 44tH) TRTKRMEE Lz
F B LE R OBk, BIETRAL DS HIREALE & B
WIRFELE SN TR IThIE, NREE L, Bk
DEHEMC LV BEBEBIN TV IHEAE I RBOES
X, ZOBRESEZHEREE Lz, & 50T, BRERETHIE
TE R VARG O M 2 KON AL E T 5 6
%, B L LT,

W7 22077 —BREMPICLO>VTE, BT IV D
BhEBLUOAY FEHOKRE S, BHROBIRE, UK
DREE, REBIUCREPEET I LFMSATY
B, RFFRICBWTIE, V=5 =332V E XU TiO, i
EHL.

L7875 13 SOLADEY RHYSHM 2 (3% v)

ThHY, V—F— %)% IRABL, TiOHEMmEHT
% (TEST #%, Fig.1). &TFEHLED 7 v 70 rikic
KO AL EIN D DDFRER E o T3, I EHIRE)
1% 9,000 M85 /4y, 1,1000 [/ 0D 2 BFE L 72> TE D,
SENIEREE — F 0 9000 [Bl#E/ 52 FHA Lz, W7 5>
DEHIFFEA VP BHRER->TEY, N=H LBIRT
Hotz, BOWZIZJISHEKETEDS, BOERIX0.16
mm ThHo7z, FeREA v FEBEREZELTE Y, JLiE
AV FMBOBDOEEA 105 mm, 75 v FaEaooE
DOEX1295mm TH -7z, EBHREIIEIIHE 6.7 mm, it
178 mm TH b, FEFIUL, Teiihs 218, Z iz 3
DEDH 651 TH - 72,

SN, LT 2 v 28 L E—IRO S IRE)
75 (CONTROL #), & & OKAELARS S th Rz (L7
o VEMNEOTHE 7 5> SOLADEY N4 (37 v,
MANUAL #, Fig.2) 2L L7z, 77> 0B%
FRAVEFERIRE R STED, ZIEEA v FERIRT
Hotz, BOWXIZJISHKTSD S, BOERIX 0177
mm THole, FLRA v FERREZELTCED, ik
AV P EOBOESH 105 mm, 75 v FHEHEHDE
DEXIF95mm TH o 7z, BREIESIIAE 6.7 mm, #it
178 mm TH b, HEIUL, Jeiliss 248, 2 ofbix 3
DERSTH 65 TH Y, TESTEHERMU I A X B & OHLE
L 7o TWwiz, CONTROL #i%, TiO, 2HE L7k Wizd,
TEST#H L FR—ERTHZ2DAT, V—5— 332V DFK)
HH L FHEINRVHDLE LT,

WG I, WFZEBHIART 24 KERIZ R 7' 5 v ik B 7
Iy vy rEfikEE, 2otk WEAEHEHRETICS
SEBHREEICEE T Iy v 72 EBLTH S -7,
KRBIMOWT S TRTUCBWT, 75y v I
V=5 —=R2NE2FCRIAZVEILCTEILE, 75
PSR TES LTS T Iy v 72T 52 L
WWHEESY, ZolEs, HEROT3EEIRLE
WeL7z, 875 iBIcB 27— 7B REEL,
72 v O & % HAENS O F O FldRk i O N RS
HAEeFAh A5 2B T 7.

TUYINTIT—=0DFEDH LI, TV TI5—0F
AY— AR (94 A vHEM) 2w, &SI —72
D FMIC 1, Rustogi Modification Navy Plaque Index
(RMNPI) % F\7-, BT 2 g - B - sesEic
9L Ta, b, ¢, e 2B, d, {#BEE, g h,
iR HEERE L (Fig.3). MM - HH & & 3Pl 2 47
W, BT DRICE DT - BEREEH L,
7B, BRT275—BRERIFHEETH 5.

nEB, KRE~NLVY Y XEES, BEERVIRICET 3
fRBEIEEHCHEMLL TR D, UPBLoGIRAE R B L OKR
2R Citbhi. (KFEEE 571, 633).
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Fig. 1 SOLADEY RHYSHM 2 (Shiken)
Solar panels reinforce the effect of titanium dioxide
electrode.

Fig. 2 SOLADEY N4 (Shiken)
Solar panels reinforce the effect of titanium dioxide
electrode as is the case with SOLADEY RHYSHM 2.
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Plaque Index (RMNPI)

Dental plaque adhesion at interproxi-
mal surface and cervical surface can be
investigated in detail.

a, b, ¢, e : smooth surface, d, f : inter-
proximal surface, g, h, i: cervical sur-
face

MANUAL

Fig. 4 Plaque removal rate (Whole mouth)
Plaque removal rate was highest in the test group.
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Fig. 5 Plaque removal rate (buccal, lingual, buccal smooth, and lingual

smooth surface)

Plaque removal rate of the test group tended to be highest at all four sur-

faces.
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Fig. 6 Plaque removal rate (interproximal surface
and cervical surface)
Plaque removal rate at the interproximal surface
was highest in the manual group.

CONTROL #:619% - MANUAL ££620%) (Fig.7) T
H0, 24 UHNDTRTOWIZBWT, TEST ATV
I — U RERERLT,

z =B

W7 57> D75 — 7 BREMROMWEHERL T, B
OERFZNICHEE 52 2RTLEERA OGNS, BE%E

wgE L U GEIRL IS, BEOT7 9y v v 7HiRic
BUBMAENKEVEOBENZShTWw3Y, &
7z, BEOMRD IR EE RS L U GEIRL T
ol HIRE 7 5 v offffecd, FHEZ 7> L
WLTHER 77— 7 BREFR -PCRIBAREIRINI L
D END Y. Tho otr 5, AT
RIS LT AR S T 5 HAERAYT
EILRIERERIOERAE E LTH D, WEE 0@ Rz
WMTHh, TI9v v IHOT I — 7 BERICEER
B zlpolztEZ26ND, —/FTHBEDOWT 7 i
WNT2EHMED, 7o —IRESRICEEELKIFT LE
2605, EBHRICO W TSRS 7 I v B v
TH5DHIECREL T MEREDH D, KfRCE
WP DS RS 7T s BT 2 ARk E A L,
F7- 2 O EDOEINC 75 A S KD 72  HFEART
ENcdDEWEINDG, K, AIRICEVTT Iy
VU HEIE 5o LT w A, ZhIEKEXEEHE TS
SERMEHLEPIRICBWTT Sy v v V% 4 M &
LT, FHET I L RSN EORKN AR UEE S S
NTw3BZEhns?, KFEDT S v v 7
FUThHotEZ LN,

%7z, TEST #% & O CONTROL Bifli l#21c, HIAIC
BB EED N ol DWW T 5 &2HHT 3
Bl TN RIEIZ o b DEEZ LN D,

EFAIIRNT & vl o 75 — 7 rERi, FHlc
F2HMTHEBREZIRD bbb DD, HHILA
DT RNT DAL T TEST i3 CONTROL ¥ & Mg L <
KERTI—IBEREE L, Thb 2B BT



216 H A& & B & & % M & o4t H35

100
90
% 80
o 70
v
260
[
3 50
&
40
5 30
(3™
~ 20
10
0 — =
0=  Ho= &
oD D &3}
H;Z H;Z &
53 5%
o= o=
16 21

CONTROL
MANUAL

[\
~

qu HAA F"_}'J
n Q= n Q= n Q<
D M D M D
H;Z H;Z H;Z
5% 5% 8%
o= o= o=
36 41 44

Tooth number

Fig. 7 Plaque removal rate of each tooth

Plaque removal rate of the test group was highest in all teeth except for 24.
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The Effect of Dental Plaque Removal by a Sonic Toothbrush
with Solar Panels and Built-in Photocatalyst

YosHIMINE Masaya, Kamor Hisahiro and KusoTa Hiroko™

Dental Clinic, Nippon Medical School Chiba Hokusoh Hospital
*Kubota Dental Clinic

Abstract

Objective: Effective control of dental plaque by daily brushing is critical for the prevention and treatment
of periodontal disease. Recently, not only manual toothbrushes but also many types of sonic powered tooth-
brush have been developed.

Materials and Method: The aim of this study was to investigate the dental plaque removal effect and
safety of SOLADEY RHYTHM 2 (Shiken Co. Ltd.), which has more solar panels than the conventional types
already developed by Shiken Co., Ltd., to reinforce the effect of the titanium dioxide electrode.

Results: SOLADEY RHYTHM 2 has a high oral hygiene effect regardless of the kind of tooth and surface,
and a high rate of dental plaque removal at interproximal or cervical surfaces in particular was observed.

Conclusion: It is suggested that the sonic powered toothbrush with titanium dioxide electrode and solar
panels has high dental plaque removal efficacy, and is effective for plaque control for preventing dental car-
ies and periodontal disease.

Key words: titanium dioxide electrode, solar panel, sonic powered toothbrush
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L7 UG IREE RS I L (p<005). F7z, 2
FROXZHAERIED SN o7 (p>005). m i,
K= WE A 5 MB2-professionals, MB2-undergradu-
ates, UBQ-professionals, UBQ-undergraduates ®JIET
Hol:, HEOEDWRETIE, TRTOHOm OICHE
BE2FD (p<005).
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Table 1 Materials used in this study

Material Code Procedure Batch No.

Clearfil Mega Bond 2 MB2

Compositions

Primer: 10-MDP, HEMA, hydrophilic dimeth- Apply and leave primer for 20 s, 3F0032
and then gently air-dry.

acrylate, water, photo initiator (pH<25)
Bond: 10-MDP, HEMA, Bis-GMA, hydropho- Apply bond, gently air-dry, and  3M0047
bic dimethacrylate, silanated colloidal silica, then light cure for 10s.

CQ, new initiators, accelerators

Clearfil Universal Bond UBQ 10-MDP, Bis-GMA, HEMA, hydrophilic amide Apply and air-dry immediately = 5Q0035
Quick monomer, filler, NaF, ethanol, water, photo for 5s. Light cure for 10 s.

initiators, chemical polymerization, accelera-

tor, others (pH 2.3)
Clearfil AP-X Bis-GMA, TEGDMA, silane barium glass Light cure for 20 s. B90078

Shade: A2 filler, silane silica filler, silanated colloidal sil-

ica, CQ, pigments, others

Manufacturer: Kuraray Noritake Dental, Tokyo, Japan; Abbreviations: 10-MDP: 10-methacryloyloxydecyl dihydrogen phos-
phate; HEMA: 2-hydroxyethylmethacrylate; Bis-GMA: bisphenol-A-diglycidylmethacrylate; TEGDMA: triethylene glycol
dimethacrylate; CQ: dl-camphorquinone

Table 2 Results of microtensile bond strength test and failure mode analysis

Adhesive system Operator Mean+SD m 0, PI0O Failure mode % (Ad/Co)
MB2 undergraduates 33.7+101* 36* 374 201 5/95
professionals 36.7+101* 42° 404 235 6/94
UBQ undergraduates 260+107° 20° 303 97 7/93
professionals 281+11.1° 26" 317 135 5/95

Weibull modulus (), characteristic strength (0,) in MPa, and 10% probability of failure (P10)
in MPa.

The values with the same superscript letters are not statistically different (p>0.05).

Ad: adhesive failure, Co: cohesive failure within substrates

INTLAEEH% WY HEMA-rich D> A 57 LT
BRIBFEEMUEZEZSOHAKEOHEMMBAD 5

7=, Weibull 247 12 (EHEM: 0 24 Iz v 2 DT T H
v, Burrow 5 1%, Weibull 24T L ¥ v Mkl & RAFH

BERICBIAONCBLTEATHS EHEL T
29 Weibull 7’0 v F ORIFEMOMEE L LTHSND
Weibull £2%% (m) &, fEPKREVIFEBEERIDIEFE 5D
VLY, FEEEINEVEVZ S,
ARFECTH W MB2 £ UBQ X, &5 5 bRFWHY
VI ZAFNVRE v —TdH 5 10-methacryloy-
loxydecyl dihydrogen phosphate (10-MDP) 23& %+ <C
W3, MB2IZ, 2AT v 7RV TIZyvFRYT 4 Iy
AT LDIA—=NWVRERI VT =R EEZOGNTERI YT
TANATRYE (25120975 Fr o) k0 b,
Ry FICHHEAMBE2EET 5 Lick b EAENS
0, WIHEEREI B X UOREESEHAES M ELZ L
DWEH B B,

1B E Y 27 L TlE, #BAkEE/ =—L LT,
KEZELDIAABNA Fa P V2T 5 HEMA BEH

H!1 HEMA-free OEE5 > 2 7 L Cl, HBRIC X D
BERSMET T2 2 LAHESIh W), KT
fifif L 7= UBQ 1%, HEMA ®—% HEMA X b &l
KR DOLERT I FRE/ v —KEBLTH S,
Kuno 5 1%, LEIOE#HEZITI ZLICL OV RFIE~NDIR
BHEREEL, »OEABOR Y F OMMIREDH
L, BEMENAELZEBELTWw2Y, AR
WT, UBQWEZRRTH 2EMEELRMLZLICD
b 53 25 MPa M_E O BUNG I BREEE IR X 2R
L, BEWENL b0, LA L2, MB2iE
UBQ X0 b ERICEVEERIZR LT,
UBQIZEHEIAILE LTy 7 — L% EH LTV %25,
T ML EGS, T8 —IVORKEIZEL,
HBRE L COKRKOREGREIEL B EEZ LGN
U0 S EEAR Y FEREIESEBICEET
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Fig. 1 Weibull plots of microtensile bond strength

\ .Dentin

SED 15.0kV WD1imm P.C.30" HV. '_'}_:75" =

200 [ —

a : dentin side

SED 15.0kV WD1imm P.C.30_HV

b : composite resin side

Fig. 2 Representative SEM images of the fractured specimens
Cohesive failures within bonding agent and dentin were observed.
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RERDZIC X DM/ RS ICERENRD 5N h o
7258, Weibull R CIIERELED SN, 22T v T
R T VIV RAT LR, T4 2 —Hah oKy O
PR FOEAICL DEERIDEDL S L OWENH
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Effects of Clinical Experience and Adhesive Systems
on Dentin Bonding Strength and Dentin Bonding Reliability
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'Faculty of Dentistry, Tokyo Medical and Dental University (TMDU)
2Oral Diagnosis and General Dentistry, Dental Hospital, Tokyo Medical and Dental University (TMDU)
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Abstract

Purpose: In composite resin restoration, universal adhesives have become popular due to their broad appli-
cability in various clinical situations. The clinical success of adhesive systems depends not only on materi-
al-related but also on operator-related factors. The purpose of this study was to evaluate the dentin bond
strength of two adhesive systems performed by operators with or without clinical experience.

Methods: Two types of adhesive system, a two-step self-etch adhesive, Clearfil Mega Bond 2 (MB2), and a
1-bottle universal adhesive, Clearfil Universal Bond Quick (UBQ), were used in this study. The operators
were five undergraduate dental students with no clinical experience at all (undergraduates) and five dentists
with extensive experience in adhesive dentistry (mean experience of 7.4 years) (professionals). Forty bovine
dentin surfaces were prepared with #600-grit SiC paper under running water. MB2 or UBQ was applied to
the dentin surfaces and light-cured according to the manufacturer’s instructions, followed by 2-mm compos-
ite buildups by each operator. The specimens were sectioned and subjected to a microtensile bond strength
(UTBS) test after being stored in water for 24 h. The data were statistically analyzed by two-way ANOVA
and ttest (p=0.05). Weibull analysis was also performed on the «TBS data.

Results: The mean uTBSs in MPa/Weibull modulus value were MBZ2-undergraduate: 33.7/3.6, MB2-profes-
sionals: 36.7/4.2, UBQ-undergraduate: 26.0/2.0, and UBQ-professionals: 28.1/2.6. Two-way ANOVA revealed
that “adhesive system” influenced uTBS (p<<0.05), while “operator” did not (p>0.05). The Weibull modu-
lus of each group was significantly different (p<<0.05).

Conclusion: MB2 is superior to UBQ in terms of dentin bond strength and bonding reliability. The practi-
tioner’s clinical experience does not affect the dentin bond strengths of both MB2 and UBQ. Professionals
attained superior bonding reliability of both MB2 and UBQ compared with undergraduates.

Key words: clinical experience, dentin bond strength, Weibull analysis
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Table 1 Resin cement used in this study

Resin cement Main component

Manufacturer Lot No.

Panavia V5

Past A: Biss=GMA, TEGDMA, hydrophobic aromatic dimethacry- Kuraray Noritake Dental

5M0104

late, hydrophilic aliphatic dimethacrylate, silanated barium
glass filler, fluoroaluminosilicate glass filler, colloidal silica,

accelerator, initiator

Past B: Bis-=GMA, hydrophobic aromatic dimethacrylate, hydro-
philic aliphatic dimethacrylate, silanated barium glass
filler, silanated aluminum oxide filler, accelerator, dl- cam-

phorquinone, pigments

Panavia V5

Tooth primer water, stabilizer

10-MDP, hydrophilic aliphatic dimetacrylate accelerators, HEMA, Kuraray Noritake Dental

ABO0071

Bis—-GMA: 2,2-bis [4- (2-hydroxy- 3-methacryloyloxypropoxy) phenyl] propane, TEGDMA: triethyleneglycol dimethacrylate,
10-MDP: 10-methacryloyloxydecyl dihydrogen phosphate, HEMA: 2-hydroxyethyl methacrylate.

Table 2 Pretreatment materials used in this study

Pretreatment

Main component pH Manufacturer Lot No.
(Code)
Katana Cleaner IO*MDP.,'Water, triethanolamine, polyethylenegly- 451 Kuraray Noritake Dental ALO01
(KC) col, stabilizer, accelerator, dyes
Multi Etchant .
B (IMEC) 4 M-TEG-P, water, thicluig agenrt, dyes 06 Yamakin 02022026
Ultra-Etch .
(r;E) ¢ 35% phosphoric acid, water, silicon dioxide, dyes <1 Ultradent Products (USA) 01071704

10-MDP : 10-methacryloyloxydecyl dihydrogen phosphate, M-TEG-P : methacryloyloxy tetraethylene glycol dihydrogen

phosphate.

Table 3 Surface-free energy and their components values of three test liquids (mN - m™!)

d h

Liquids Lot No. Manufacturer YL yL®>  yL yL
1-Bromonaphthalene ALH4513  Wako Pure Chemical Industries 444 02 00 446
Diiodomethane ALLZ2310 Wako Pure Chemical Industries 468 4.0 00 508

Distilled water —

— 291 13 424 728

yL.% dispersion force, yLP: polar force, yL™ hydrogen-bonding force, yL: total free-energy of liquid.

WsL, WIAOREHHT AV X —% yL, BEEOXREHH

IANX—%ys BLXUEflAE2 0 & LEE, T

TT IR Fowkes OB CcERIN 20,
WsL=yL+ys—ysL=yL (14+cos0)

Z DL Fowkes DGR ZE A WT, &EMHFICE T2
KEHBZALX— (ys) 29 (ys9), T (ysP)
B X OKERE (ysh) ofla %, KT Hm=D 5
B L7z,

ysL=ys+yL—2 (ys?-
_2 (]/Sh' th)l/Z

YLOVE=2 (ysP - yLP?)V?

yL=yLd4 yLP+ yLP
y5=ysi+ ysP+ ysh
4. SEM Eiz
W el & & b ICARIMUTEE Ol E R % B4 T
570, SR EEERBE X ORAEHT AL ¥ —
BIEAEA & ERRICUIR L 72, R, A% tert-7%
J—IVIEE AR ERGCRKT 2 EEHIT, 7Y —
AR I74%— (Model ID-3, = VA =27R) #HWTH
TR 21T o 72, ZOWHICA & v 2%y Z3E (Quick
Coater Type SC-201, ¥ v a2 —8ET) 2HAVTEHEKSE
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Dispenser

Adapter

CCD camera

Sample stage

(a)

(b)
Fig. 1 Contact angle meter used in this study (Drop
Master DM500; Kyowa Interface Science)
(a) Using this device, automatic measurements of the

contact angles can be done (b).

L, 74—V Fx3viarASEM (ERA-8300 FE,
IVA=FR) FRAVCINEEE 10kV OFACHZL
7z.

5. #EtaniE

BEEMI O 0L, FoitEezmal L%, ook
EYESHT, FEREHBEZ Z VX —I22ovTld—ImilE Y
Bt 217>, Z D% Tukey Honestly Significant Dif-
ference test & F\» CH BIKUE 5% DS CHiFHLE %
oz,

1. EB®m

MEFG YR TH O RELEA OE DL Y v AV b D
BEEMCRIETREL L BB OiEER X2 Table
4, 51TR LTz, ZInBLES BN OFERS 5, th L
BB XU TC E&HoMERR, EERINOERELWE
Hrcthdb (p<0001), 2 ZhDRETDRERENEHICD
WTHLHAERENZED SN (p<0.001).

IFANVED24 hicB T HEEMRS L, SCHE (5.2
MPa) iZ Control # (23.3 MPa) & Hi#g L THE IR
%2R L7, MERTGRIAICRANIEZ 4TS &, BERS

{

o4t H35

Table 4 Influence of surface treatment of saliva contam-
inated enamel on bond strength of resin cement

Treatment 24 h TC
Control 233 (18)° 168 (16)¢
[6/3/0/1] [9/1/0/0]
SC 52 (10)° 37 (07
[10/0/0/0]  [10/0/0/0]
Enamel KC 221 (26)° 234 (20)°
[7/3/0/0] [8/2/0/0]
ME 195 (19)° 202 (1LD"
[8/2/0/0] [8/2/0/0]
UE 269 (25)* 273 (16)*
[6/4/0/0] [8/2/0/0]

n=15, unit: MPa, values in parenthesis indicate stan-
dard deviations. Fracture mode [adhesive failure/cohe-
sive failure in resin cement/cohesive failure in enamel/
mixed failure]. Same small case letter columns indi-
cates no difference at 5% significance level.

TC: thermal cycles

Table 5 Influence of surface treatment of saliva contam-
inated dentin on bond strength of resin cement

Treatment 24 h TC
Control 198 21)* 162 (1.2)°
[7/2/0/1] [9/1/0/0]
SC 48 (0.7)¢ 26 (09)°
[10/0/0/0]  [10/0/0/0]
Dentin KC 191 (1.8)* 208 (12)*
[9/1/0/0] [9/1/0/0]
ME 181 (L* 151 (L1)°
[9/1/0/0] [10/0/0/0]
UE 204 (14)? 127 (19)¢
[9/1/0/0] [10/0/0/0]

n=15, unit: MPa, values in parenthesis indicate stan-
dard deviations. Fracture mode [adhesive failure/cohe-
sive failure in resin cement/cohesive failure in dentin/
mixed failure]. Same small case letter columns indi-
cates no difference at 5% significance level.

TC: thermal cycles

BOFNDOEMFICBEBVWTS SCHEEKLTERICLEY
&% 7R L, Control # & Hifg L T KC # (221 MPa) 8 &
' ME # (195 MPa) ZHEEEVRBD NP7 b D
®, UE B (269 MPa) IFEREICEHWEEZRLZ., TCHA
MHBOTF ANVEEERSIE, 24h OSBRI L L
T Control # (168 MPa) ¥ & U'SC# (37 MPa) 125
WTHRBIE T L, —%, KC# (234 MPa), ME #
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Table 6 Influence of surface treatment of saliva contaminated tooth on surface free
energy
Treatment ysd ysP ysh ys
Control 439 (13) (14) 146 (27) 4 619 (1.7
SC 429 (12) 0 (00) 8 (04) 497(L4)]
Enamel KC 432 (12) (14) 134 (09) 590 (1.9)
ME 434 (15) (1.2) 251 (1.1) 69.8 (1.7)
UE 422 (1.2) 6 (1.2) 274 (1.2) 782 (12)
Control 423 (1.3) (1.3) 254 (16) 705 (1.3)
SC 384 (1.2) 0.0 (0.0) 2 (15) 466 (1.8)
Dentin KC 358 (1.2) ] 16 (14) 183 (20)] 55.7 (1.6)
ME 40.6 (1.5)] 09 (02) } 102 (20) 517 (1.1)
UE 368 (14) 4 (15) 8 (15 410 (1.1)

N=10, unit: mN * m !

, values in parenthesis indicate standard deviations.

Values connected by vertical lines indicate no significant difference (p>0.05).

ys% dispersion force, ysP: polar force, ys™ hydrogen-bonding force, ys: surface

free energy.

(202 MPa) X' UE & (273 MPa) ics8WTiz, TC
BICB I 2EEBIICERIRD b oo, HERR
BoWHEEAE, WIThORESZFITBWTS SCHT
WIHIREES KB o 72 0wt LU, MER TS Lk 0 FE L
BUC X > TL Y v X v b NOEERBEED I 2 {#EiH
L7z,

REED 24 hIcB I 2 HEEBRSF, TF AVEEER
X L [EMRIC, Control B (19.8 MPa) & Hilt LT SC £
(48 MPa) KBV THRIEWEZRL, WERIGLREOD
BEEEDOUEIIC L D EERI A ELE TC Ao
RUYEHEEMSIE, 24h LHE L TKCHZBOWIER
WK T L7, &7, TC &Afi&tFN TR 2 &, KC#f
(208 MPa) 8 & " ME # (151 MPa) Tl& Control #f
(162 MPa) £ A% dH 2 WIFERICHWEZ R LD
LT, UE# (127 MPa) BERICEWEEZ R L, #
BB OWBETA T, WThoficswTd BH
WD 2 D REZ 7z,

2. REEABAIXILX-

MER VG 4 8 & VB RELIRE O BB R E I 81 5 RH
HHZ 2 VX — (ys) BEOZDEHS% Table 6 2R
L., HERBRI NI F A VEDysiE, Control B
(619 mN-m™Y) LHELTEEICEOE (497 mN -
m}) ZRLEHDOD, SCEICNT 2 KM% D s
1%, SCHEE HilE L TAEEICE W E (59.0~782mN -m ™)
2R L7, FRHEART 2 LX —ORMERS CHER S 2

sy (ps9) W FROEMEICB VTS LT
HHLEBDICHEEEZRIED SN LD T (42.2~439
mN - m™Y), —J7, BT (ysP) &, SCH#ETIXO
THozb D, FREUEIC K > CTERICEWE

(13~86mN-m™ ') #mRKL, UER (86mN-m}) T
KCH 24mN-m™") BXOME# (13mN-m™}) &
L THEBICEWERZ R L, £k, KEEERD
(ysh) 1%, SCEECTHEIME VM 68mN -m ) Zmx

L, SERALEICE > T ER L (134~274mN-m ™),

HERTH LRI N RFEICBT 5 ys T, Control B
(705 mN +m™ ) EHELTOThoBFcBLTbEE
ICAEE (41.0~557mN-m™}) #/RU7., %7, SCH#E
(466 mN-m™) Icx L KCE (557 mN-m™Y) 8L
ME# (BG1L7mN-m™}) FERICEHVELZRL, Wi
UE# 410mN-m™) BEBCEVEEZRLZ, RE
Eﬁalz VX —DEHERK S THIT 5 &, ystizwnd

FHFICBOTHXENTH b, yPiZF A IVEH
¢§SCﬁfi01@ot%@# W TG A I NS B 5%
A & > TERICEVE (09~16mN-m™!) %7x%
L7, &7 yshi3, SCH#E (82mN-m™Y) & Hi#EL T KC
B (183mN-m™!) THREICEWVWHEZRLEZD DD,
UE# 28mN-m™) TIIHBIETL .

3. SEM &%

MERVE 48 & B REUIERE ORI I 81T 2 REKN%
SEM % Fig. 2 IcR L7z, 7, &8 L L CERTHRE
NT R LTI 2 FRALEE O R EN R SEM
%% Fig. 31c/n L7z, Control #ETlE, =T F A VEB LN
KABEDOVBTRICB VTS SIC— 38—z Xk BHIRES
BFDOBHELDHIC, ZORMMIEVR I Y —[@lcEBbNT
Wiz, SCEECBWTIZ, ZORMICHEK T EEZ 6N
LEEYIBSRDENTb DD, UEBTIRERYEL &
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F U TG — U, REBETIIRIME IR I X
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Fig. 2 SEM observation of saliva contaminated and surface treated tooth
Arrows indicate the saliva contamination.
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Fig. 3 SEM observation for surface treated tooth without saliva contamination
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Influence of a Tooth Conditioner Containing Phosphoric Acid Ester
Monomer on the Bond Performance of a Resin-based Luting Cement

IsHI Ryo'?, KasaHARA Yuta!, HIROKANE Eizo!,
Takamizawa Toshiki'?, Tsujimoro Akimasa'?, YosHINAKA Yuta,
Mivyazakl Masashi'? and Kitanara Nobuya'?

'Department of Operative Dentistry, Nihon University School of Dentistry
Division of Biomaterials Science, Dental Research Center, Nihon University School of Dentistry
3Nobu Restorative Dental Office, Team Tokyo

Abstract

Purpose: The purpose of this study was to determine the influence of a tooth conditioner containing phos-
phoric acid ester monomer on the bond performance of a resin-based luting cement to saliva contaminated
surfaces based on shear bond strength (SBS) tests and surface free energy (SFE) measurements.

Materials and Methods: Three conditioners for saliva contaminated tooth surfaces were used: Katana
Cleaner (KC, Kuraray Noritake Dental), Ultra-Etch (UE, Ultradent Products), and Multi Etchant (ME, Yama-
kin). Panavia V5 (Kuraray Noritake Dental) was used as a resin-based luting agent. Bovine enamel and
dentin surfaces were ground with SiC papers, ending at #320 grit. For saliva contaminated tooth surfaces,
10 1l of human saliva was applied to the ground surface. Uncontaminated tooth surfaces were set as a con-
trol group. The saliva contaminated specimens were divided into four groups, treated with the different con-
ditioners described above (KC, UE, and ME group) or without any treatment (SC group). A stainless-steel
metal ring was placed over the bonding area, and the luting agent was condensed into the ring and light
irradiated. The assembled specimens were stored in 37°C water for 24 h. Half of the specimens in each group
were subjected to thermal cycling (TC) 10,000 times between 5 and 55°C, with a dwell time of 30 s. The other
half of the specimens in each group formed a baseline group. SBS tests were conducted after each storage
condition. For SFE determinations, specimens were prepared as for the SBS tests. The contact angles of
three test liquids that have known SFE parameters were measured using a contact angle meter. In addition,
SEM observations were performed of surfaces treated with the three different conditioners after saliva con-
tamination.

Results: In the baseline groups, although the SC groups showed a significantly lower SBS value than the
control groups in both enamel and dentin, the conditioner treated groups showed higher SBS values than the
SC groups. In the TC groups, UE showed a significantly higher enamel SBS than the other groups, but KC
showed a significantly higher dentin SBS than the other groups. Although the SC groups showed signifi-
cantly lower SFEs than the control groups in both enamel and dentin, the SFEs after conditioner treatment
were material dependent.

Conclusion: After salival contamination of tooth surfaces, the conditioners tested might be useful in
enhancing the bond performance of the resin-based luting cement due to modification of the contaminated
tooth surfaces. The SFEs of treated surfaces differed with different conditioners depending on their condi-
tioning mechanisms.

Key words: saliva contamination, resin-based luting agent, surface free energy, bond strength
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HE : SARS-CoV-2 BB TBA 1%, COVID-19 i1 %2 HIET 272D ICIEHICEETH 2. Z2D7d, FHOW
#EMABESRE (PPE) OEEBECMA TH 2 TFHNELHEL 2082 H 5. ZoTFHROBGHO—D L
LT, zeFuhrxvHLr—1F (EGCG) #RELTEHT X voFEAPETENS. 9T Fy XU HEIC
&b, FEIRWIZ SARS-CoV-2 2314 7 & 878 L EGCG AT B LT, A4 75 78t ACE2
AR E DR E T 2 JRBESTRE S Tw D, KIFFE T, SARS-CoV-2 2284 7 & v 7 EIZx LT
EGCG ¥ijli, 4EEASD T v B L NEENHEBIC 284 29 28 & ACE2 L OiE&SIEIic R 6T 2
DhrEFRBLEEZHNE L,

ML E TR AR TR, B sREDOH T X (EGCG, 4FRAD T X v, MRRER) 2HERALL. AR
DI EGCG K (EGCG) L AFERAD 7% VK (4 KC) <1, 10, 100 mg/m/, 2 FEHDOEATEMR 1
(PWA) E#ZAAAKEI (PWB) T3 1, 10 mg/ml & L7z, SARS-CoV-2 284 7% v 2GHIf 2 27 1) — =
YI¥y FEMAL, TMBEE CHEZ O & ELISA IC & 25 %21T- /-,

B & OB RREIIHIARIC BT 100 mg/ml DIEFEH R S SARS-CoV-2 2,84 7 9 /8278 & ACE2
& OREEIIHIZI R R, WE OIS L TIIHIZR A 2 0Bl I N, ZhZhofEEIHE
DEE1Z, EGCG TiZ 12~89%, 4 KC 1 11~88%, PWA Tl 10~47%, PWB T 11~47%TH »7. &
IR RIZBWT, EGCG 213 T7% < 4 KC® PWA, PWB TH 2,84 7 & v o2/ L ACE2 & OfEA IR
HEETBHILBIY, Z20HARA TV OBEICKET S EAVHIAL 72,

filam AR X b EGCG B2 T Tld /s L, 4T 7 X VIBRAIRERS X UM RBEABERICE WTDH SARS-
CoV-2 R84 7 & o7/ L ACE2 £ DI L CREREWICIHZIRE2E T2 2 LRI N, AT
¥ VELAVATRIE, SARS-CoV-2 BIcH T 287 FHHEO—D2 45 Z LRSI S,

¥ —"7—F :SARS-CoV-2, A/ 84 74 30, EGCG, 4T REH T XV, MARRE
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238 H & th & f#f # % ¥ i o4k HE3E
HEREVWHDEEZ NS,
b = SARS-CoV-2 # RN DM EL D A T BRI 13 ACE2

2019 4£ 12 HicrhEWIIEE cRE L Fflan - o A
VA (ESE AR EEER o e > 7 4 L 2 2 1 SARS-
CoV-2) 1%, SARS-CoV (FEEAMEMREEREED T+
A NR) EEETFTIET95%Y, & v E T 76%?
DR—MEDH 25 EPHESN TS, SARS-CoV-2 1%
BfES HRZGUIR PR A w82 52 T8y, B
45 E T SARS-CoV-2 R FFin e dbDT 7 F %
COVID-19 Sl s D Fsh SR D B F A3k L T 51T
W3 UAINVABEROFEE L TOT 7 F v OREHEIC
i, chEcidv sy - RNET s FUnETH-
7223, 4 SARS-CoV-2 BT 272 F L LT
BREEM DD 75 21Tk, mRNA D 25 v
DNADZFY, TFI)IANARI S —T2F 2, Fl
Haz oo 0 F v EOHLOWFEDOT 7 F VEIF
B OPED LNTE D, EHRICHI IR I N
BiEEO7 7 F v oG8R IN TS, HRICE W
TH mRNA 77 F v OB EDPFHKRINTED, SBIF
ENE % & O RBRPEFHIROB T 2 F v Db B
HKINdzbDEEZLND,

—J5, EBRIZ COVID-19 235 L 72 B O RN 75 1595
FixwE 2B I T8 57, BEFDR I HILADR
BEEL LT EL (WM& RZLVY—), i1 71T
VHHEOT 7 rEEIENL (ER&:TEHY), AT 0
A FETHBFFH YV Y (& FHFay) &
EARAOEBICHEAL T 218ERA LTV 3 &
WIHIRMICH B, ANV AIEME R E B HOHE
BTER VD, EEMEMNICEA UEEZ T 5 B3
HbH, FOROBERLLT () HIEA~NDTIAL LD
RAZHEET 250, (2) #NICEBALZYIALZAD
HIETHEEZFTS O HET 2 b DICKELRTEH
Tw3, BEDOLEIAFELLFROESVEAOVWTIZ
FAFE EDRBBICH B LEZ6NDED, LIS T3
COVID-19 BEYUiE I N9 2 2h RN 2 BRI 0FAF s h, ]
EDORMIFLES NS Z EBPFEENS, LaL
SARS-CoV-2 &z 5t L TIZBAED & & A EN & %
AT LIEIRETHD, RREIA NV AD K 5 IT5
IR 5 2 &, £ 7213 2003 FICHE L 72 SARS-
CoV Dk WCBLEAMZIAL Z L IZNEETH 5 L
ENb. %7, SARS-CoV-2Icif§ 27 7 F VIZBED
LA, BLD2DXI I —EREE2EST L —4EZ
DRIPHFHTT 5 T LIZHEL {, I X 2 BEBED
BT RN I R TR 5 &R TR B
2 ELMESNTE Y, JFRIITIITHMEA v 7
WIZVHPFD D b E & 5% 22 WIRDLC 7% % Al

(7oA T U BREER 2) L REERDEIE LT
VB ENHEINTY Y, ACE2 RIMEHIRIC X 2
M LR OFE™, Lo FREY, o m#ED 72 i
5T 2B METHD, HIVIA LA, A v I Loy
T AV AT EIT3AEAE T, SARS-CoV 7% ERFED 7 4
WAL DAFEST 2P, ACE2 1 XY (S, NHEE,
WESH), TROE (K&, Mile), B, b B+
B, A, KR 0B L oMo MR I FEE
LTE D, [UESCMEOMIEERTE ACE2 23%8 L 2
TUELEINTR Y w20t MERADE
AR E LT, 8O 5 FREICTLE L TERY
WHIlE DR AR & Lk, odhdds & cHHl
CIRDS> T K T & AR ERAEIIRZE CHIBI L T 2 1919,
HEOWE 7 £ DWIREREE D H 5 ADfiicid ACE2
BELFEL, ZOFEESARS-CoV-2 ERE & O
COVID-19%FED Y 2 7 ML CL £ 5 2 L L X
NTwz" LEdo T4V ADOENADREA%H
432 ENTENIE, SARSCoV-2EHs & O
COVID-19 #JEHH e KW IcE# T2 b0 L E X bh
5, WL, vAVEEMATHZ LI, ACE2ZVEET
LEBEHNIZTANAZRASE RV D DEE L EGT
BERED—o s, INETIKAZOEHICL S5
LR BT B 2 & T, SARS-CoV-2 ™7 A )L R RS
NLUThiEb OFHRIRPFCESL Z EPHEINT
b)%)lé%).
SARS-CoV-2 %, WA N AMIcHE7 3 ikt BT 5
KREGHES V0B HETS, ZORY VS BEIFA S
A28 B EENh, BINHRICEE T 2 28 E A
WETBREA4 Y (RBD) 260819 v 0KHE, &
MR R 1 Bl U IR A 2 3589 5 S2 9 Voo B b
BRENTWVS, TDRNRAL 75 2 Eh Il Fic
HAET 2256 ThH 5 ACE2 ILHEAT B LT, 74 L
AR AL 7 A L 2B x 5 Z i o 4 3
HEho>Td 2 EAEHSATLEY, SARS-CoV-2
OREEE LT, mRNAZE S 7Y F EWFEN 58D H
flzrrRo—FEMRINDE Y V7 HDORTHBI N
Tw3, ¥/ —VeMEagiciozruo— 7z
BIAT 2R 2ELTED, ThoDEFAOMHIZELD
VANZAERIEZRDZIEIENTHE I DL, T
DTN A= VRO & DIEHESHERIN2ER E 7o
’CWE)ZO’M)_
SARS-CoV-2 EHIC N T 27 7 F v b v { D oK
FRINIECDTWDE2, SRWICEREE2HIEETE 3D
7 F URRIEPRFE I NALFERAE NS ETITE, »
HOKEZET 20D LERINDG, 2D, TRV
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Table 1 Types of catechins

Natural Catechins Heat-denatured catechins

Epicatechin (EC) Catechin (C)
Epigallocatechin (EGC) Gallocatechin (GC)
Epicatechin gallate (ECG) Catechin gallate (CG)
Epigallocatechin gallate Gallocatechin gallate (GCG)
(EGCG)

Catechins are classified into four types of natural cate-
chins and four types of heat-denatured catechins.

DOEFPFEOMBFEOIITUNADFHFEIZ OV T bR
HLTOLBERH B LEZ OGNS, ZOHA, HEW
IS L TP R R TS 5 2 I, REFENIC S
b DOHHFEPREEZ D DIFFHELE L CES
T, BELNbNPHEMFHL v HEEIGHT 2 C
LR L E DB S B HECELbDEEZ OGN
5. ZDFEO—2 L LT, BEHKRDOD T X DI
AP Tw s, —NICEENTwEh 7% ik
WRTHD, ERIEAATFTFrELTCIESnAT*
¥ (EGC), =vHh7%v (EC), TE¥HhuhsXxvh
L—F (EGCG), =¥hF*HL—1F (ECG) D47fE
B E NS, T, WOy bR ML EnE
WLcbDdhTxvoErs —HaEkz25 &
L, #uss*> (GC), #7*¥v (C), Huhr*xv
HL—*+ (GCG), AF*xvHL—1 (CG) &7 3
(Table 1). EGCG EMAXHTOh T X Dhhr TR E
2% I 60% % o, KIRH T * > Dl CRICH IR 7
EH%2ET 2 LR 5N TW3S, EGCG @ SARS-
CoV-2 It T 2B E LTI, YA IVADANRA 78
NR2BEDRBD 2203 £ S AEE L BVEAE L%
B3T3 S FyXrriEcioEShTw
2% Z DR, SARS-CoV-2 D 2,54 7 4 v 8 7 Ik
ACE2 L DfEaHHES N, 7 AV RABEGEIIH SN S
Zkickd, %7, EGCGIEw A )V ADEHLL gz B
FERREE2RE-TEELZONTVWAAL VO T 7 —¥
(Mpro) & dEFERMICHEAL, 7u 77— iM% iH
THHRBEL DT Py ¥y 7 BIcTHERSA TV Y,
N5 DEHETIF EGCG A8 SARS-CoV-2 e T 1 1o 7t
LCEBHEANCEDSIDELTWED, 4L DhT*
YRAShRESCHRAE oL AICB VT, EGCG
YR DA & O L CRRIc Bt L 2 0h, EL 3B
BEi EoBRENHZIRICEEL 5 5Dk EICD
WTOFHHIZ I NETRIN TR,

Z D oAWRTIE, EGCC MM, 4MEKA T ¥
BE, BERBEEALZNTFNE LR REDH T XV ILE
WT, DR SARS-CoV-2 & ACE2 & o fE&HIfHI%)

HF ¥ T & B SARS-CoV-2 & ACE2 & D#s& N R 239

RUCERDEL 22 M LT,
MEBLVHE

1. EREEMEBERDESR

KT, SARS-CoV-2 284 7 & 87 EH L
ACE2 & OFEAIIHIAR & LT 4 FEEOINHART 2 /E 5
L, a7,

MHEEE 1 (EGCG) : =€ AmAh 7 F AL —F
(Toronto Research, Canada), #IfiliA#K 2 (4 KC) : 4 7
Hoh T XV iRe (BRERA 7 XV EAY, §L74
WV LADEHEEE), $IHIVAR 3 (PWA) & #IHIAWR 4 (PWB)
&, THROMAERI 2 REEK TR L7z, PWA 38K
A (W7 X2 %5 EMRRE, BROMNFE), PWB
AR (B—wBERRCE, JHEE) 2#RL K
WIS L7z, EGCG & 4 KC i3 37°C D REHLK CIAfE
UZe, —75, BPoRERIRIG IR C IR IA AR AS IR EE 75 72 o,
PWA & PWB i 70°CIz fiifi U 7z K BLK THIARRRA HIA
fR L 7z D &R L C 3T°CICmAIta B 2 11w, A
WA L7, EGCG & 4 KC 2&H T 2 EEIHAR O
BEIZZ N ZF 0100 mg/ml, @10 mg/ml, @1 mg/m/
O 3FEEEE L7z, PWA, PWBIEKICE T 2E R, O©
10 mg/m/, @1 mg/m/ @ 2FEFHE L7z,

Positive Control (Po-Cont) & LT, 5% DMSO &
(EWfv=) 2R L. %72, Negative Control (Ne-
Cont) & LT, SARS-CoV-2 284 7 % v 87 BDRb
DAL * v FABOiR3ETH % Immuno Buffer
WML Tz,

2. EEFIE

ARHFFE T & Spike S1-Biotin (SARS-CoV-2) Inhibitor
Screening Assay Kit (BPS Bioscience, USA) Z{#HEMAL
72, BIREFIEIZERx v F OFHAEOFIEICIEY, £77,
Hoffmann & @ /%2 2# 1T L72Y, $3FE 7L —
FDE T Vi ACE2 (lug/ml) 2a—7 4 v 27 LER
TLIRMEA v ¥ ax—1F L7, 20k 3IEESREZITYL,
f4)& @ Blocking Buffer iZ TER T 10 o7y ¥ 7
i1 7z,

BFEREAINHIVAR & SARS-CoV-2 234 2 & v %2
B (Ing/ul) 2ZNFNO7 o VITHRINL, 1 BRESE
TA V¥ ax— %757, Po-Cont I &R SINH
ERAEH 27V — 7 £ FRRIC SARS-CoV-2 A /81 7 &
NI BERMATD, FHEIHERORD b ICFAED 5%
DMSO & % w7 = WVIZiIN L 7z, Ne-Cont 12 1% SARS-
CoV-2 A4 25 v 0 EEANTIZ, EZHhDITNV—T
THEA L7 A4 7 & v o828 L FE D Immuno Buffer
& Po-Cont £ [AIE® 5% DMSO AR ZEAL T Y =)L
WL 7z,
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EGCG 10 mg/ml Po-Cont

<y

EGCG 1 mg/ml

@ J( )

Ta—

-

’

4 KC 10 mg/ml p
4KC 1 mg/m! |
' ¥

PWA 10 mg/ml

PWA 1 mg/ml

PWB 10 mg/ml

PWB 1 mg/ml

Fig. 1 Results of various inhibitor reactions

The coloration of 1 mg/m/ of all inhibitory solu-
tions was similar to that of the positive control. On
the other hand, the coloration was reduced at 10 mg/
m/ concentration.

A vFax— &R THIC3EHEE L, Blocking
Buffer icT7 vy ¥ v 27 %fTo7., RwT, K¥v T
i U7z SARS-CoV-2 284 7 % > 7 BICEE& L T
3w A Feicxd 5 HRP Bkt~ 7 2 Fe Pk 2k
MU72%, 1KMERTA v F ax—F2HEfTLEZ. K
Jid TMB 2% (TMB One Component HRP Microwell
Substrate, Surmodics IVD, USA) i TrR#{LL, 7
L— b ROy Uit FROREEZTOINVAXT
(PSG7X Mark Il, ¥¥ ./ v) ic TR L., Z0H,

o4t H35

EGCG 100 mg/ml

'Y "
- %
Tole

0,
”
oe

Fig. 2 Comparison of 100 mg/m/ and 1
mg/ml concentrations for EGCG
and 4 KC, respectively

Reaction to EGCG solution (100 mg/m!
and 1 mg/ml) or four catechins mixed solu-
tion (100 mg/m! and 1 mg/m/). 100 mg/m!/
of each solution showed no specific color

4 KC 100 mg/ml

reaction, while 1 mg/m/ of each solution
showed a distinct color reaction.

TMB {2 1E7E# (Sera Care, USA) IZ TG ZEEIES &
7z. 450 nm I B W ZE, ELISAE~A 7 v 7L —
FY—%— (=) FZAX ¥~ JX, Thermo Fissure Sci-
entific, USA) 12 THIE L 7=, AW TIEBINFIAR,
Po-Cont, Ne-Cont Z L ZHIZE W T 3FEF o175 7.

3. HEEtEEAR

AIFZEIC TH 5 NI FERIZ, Mann-Whitney U-test 8
& O Kruskal Wallis H-test % Fi\» T ZKHE 5% TRENT
L7z,

EGCG A, 4 KC A, SHEMARRFEEZ hZhic
B 2 fEAMGIZIER%E Fig. 1 & Fig. 21cd. EGCG #
H, AFRAS T X v, BRI D ZhENE A
BRELTHER L EDHAICB LT, REKFIIC
FEEMHBIR IR S N, MANHAROREIC L 2
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100 _x %

90 = '

B 100mg/ml

70 1mg/ml
60 * *
50 | T
40
30
20
10 - 1. . = .

_.
E3

*

o o

Inhibitory Rate (%)

EGCG  4KC PWA PWB
Each Inhibitory Solution

Fig. 3 Inhibition rate of SARS-CoV-2 spike
protein-ACEZ receptor binding
In each of the inhibitory solutions, the inhi-
bition rate decreased as the concentration of
each inhibitory solution decreased, and signifi-
cant differences were observed between the
concentrations. (* : p<<0.05)

At ek, SREIHARIC B\ T 100 mg/ml D EEE A3
% SARS-CoV-2 2,84 74 v 7'EH & ACE2 L ofts
DS E <, 10, 1 mg/ml & IRE DA ICHHIL T
FEAMGIRI R A L 2 L B ZE Sz, SARS-
CoV-2 284 24 828 & ACE2 £ O fE&IIHIE D E
£1%, 5% DSMO B % {1/ L 72 Po-Cont D& OEI &
FHAHEL LC, FOREREVET T 5025 L CH
E L7, ZoOfER, SMHEREAIKRICE T 26550
# 13 EGCG TiZ 100, 10, 1 mg/m/ D Z N Z 4T 89,
53, 12%ThH b, 4TEEESEH T X v E2HEHL 4 KC i
88, 51, 11% CH -7, —77, MARiEEEMM L 72 PWA
T3 10, 1 mg/mlZNZFNT47% &t 10%, PWB TiZ
47% & 11% TH - 7-. EGCG IMHIAR & 4 KC {INHIER
ZNFNICE VT, 100 mg/m/ & 1 mg/m/fHicB W TH
I EBER RO 2, £72, EGCGIFHIAK & 4 KC
WHAR 72 0Tl {, PWARKR L PWBARE2 &L T
AT OHIFHIERIC B W TS 10 mg/m! & 1 mg/mi B
N R EBENED b, BohkiER% Fig 31
AN

£ =

HTFFXFVREFEIEITNRTCUIHRgELTASATY
LM, VI, Ty IR —, VIIA BT T UK,
TEY, F¥, ¥A4FT, Faal—tHECd EEN
TR 72/ —VO—FETHS, ThHETITHTH
VI EPIRALIERY, BEERD, fir R, av
27 u—) VA ERRY, Mg EEmE g ARY, fEel T

HF ¥ T & B SARS-CoV-2 & ACE2 & D#s& N R 241

B - ORTFEEEMY, KERDD 4 ESELHEORRA
WEINT0E, IhsORE2RET 7 F Vo
KA THRDBMOIEHZ KT DIF, EGCGTH35. EGCG
BRRICRRENICED NI AT X THY, K
DATXFOR0% LIRDE L DEAEEHDO TV,
EGCG & SARS-CoV-2 234 7 % v 3 28D S1 §aikic
BRNICHEET 52 L TACE2 L oA %2 HET 3 L
B, BT Ey XU SECTHREE A T0 P 5T Ry
¥UORER, Y-y ET B URIEEVH VR
D3 BN D & 5 ICHEIIC RS T 2B R oSk
R LOBERFICITbATwErE2aryEa—d—IC
kBviav—varvictFHlTEHETHD, AlED
RE R CICRLTHIBHIhTw 3 EHlichd 3%, L

L, ZoikRy 7 EosEz et LAEXTHE
WRE2Y 2L —varT3hHKETHD, EBDY 3
VB EZEREOREREEZBH L Tw2bII Tk
TEhs, FOREOBEICBWIERAET 3D2IC
DVTHEICT 2 ENH 5. Z DT dOARIETIZ,
SARS-CoV-2 284 2 % w7 EHEHRAD X v + 2
LTS L7z, 72, ThETHEshTw B TIiX
EGCC DM NETH D, 4FHHFHORRD TF DT
THEENTREBLEBOREIEHC B L TOMETHXIZ
LAEARLNZ NI LD b, RKiFFETIZ EGCG 721 Tl
24, ATREORAD 7 X v OIRSIREBDELME & L
TBATREENENEDBER A 75 VX7 EH E DR
ARNRIHEE - JFE 72 EDOERPLEL Dk EITDOVT
LT 270, XEIEhDT X VIREEHEAIHE
WELTHERALL.

FEAMHENRE DO—2 £ L CTABIZE TR RS % /AR
U7 L7-hs, ZoMiBe LT, FICTARS
FGAETREEPSRET2H 7 % 213 30% R
Fizklgh, ¥ voS BEEORIIERETSC
EbhoTwd, Z0d—MIciThbh T3 44
ZHEALZGETREFL S 2B0H 7 X v 3IBHKFIC
BEENTORVARBEIEVI L6, RDEFEICSL
CORENOA 7 ¥ v 2EBWT 256 LT, FERMK
AR LIcMARRE O Z@EIR L 72, £72, B
DERFEDBENIC & b ERPEL A EEEE2EE L ¢,
2TEBEORL ZEGOMEREEZMEHA L. Z L THR
RAVEIRD 72 OREEUK DR %, KSR TI1& 70°CIT i
FE L7, ZoHHE LT, EGCG i 82°CLL Lo T #
ZWAR AL AP ER SN TR 2 LD B, FRiC
100°C%2# % % &£ EGCG B3 LT w2 &t
nTE Y, @HFAHED 5 AN 3 HEHER D541 60°Ch
5 80°COMKICTIAIRT 2 Z EPEHEINT VS, 2D
T2 OARBIZE T, MAMREEMH L7/ PWA £ PWB I,
MRDIEMRIEDE L, 52 EGCG DI BN A Te
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EEbND T0°CITINR U 7 AR 2 IR L 72
AWFZEfERIC B W, EGCG BMARZ T 4 FE
HH T ¥ VIROERPREBRICBOTO AL 75 v
RIEEDREAMBEET LI LR, ZOMAIRH T
YORBBIKRET 5 EMHAL 2, SRR L1
ng/ul D SARS-CoV-2 284 7 % v o8 7oL T
1%, 1 mg/mlBEMTON T ¥ Tld L oA IIHITAR
B WTH SARS-CoV-2 2,84 27 4 3278 & ACE2
L DG DR W L EIPO N, —TT,
EGCG AW £ 7213 4 A 7 * VIRATARIC B W TIZ 10
mg/m/ T3 50% L E, 100 mg/mi #EE T 1d 80% L
LoMEEIRERED b L s, BEMETIIAEER
DEDAT X UOREEEL TSI LD, SARS-CoV-2
284 77 8B E ACE2 L OfEAMEIc KE L FE5
T2b0LERAND, MEAREEZHHL REERD
BAICBWTHIRIEREKC, 10 mg/m/ B TiE 50% i
BOMGIRN R AE R U7z, ABFZETIE 100 mg/ml EE Ok
FAEEED D TIZ WV was, 100 mg/ml 72 EICHEEE %
Wms€%ZET, EGCG BMARSL 4 iRAH 7T X v
B L FRE R IEISIREE T B b o LS NG, HiEt
YRR T, SHHIARICB L TZNZNORED
MTHEBEN RSN, LrL, SEIGERNFED
7o D FHM L 72 55 13 % & e K, SRIZAkDAERZ
BEDIRT & Tk b FEHENIC M2 5Fli 2 1T 5 FET
b5,

FLABAD T X VARPRABRKICBLTY
EGCG VAW L IZIZHRDOFEREZR L 722 &5, EGCG
PIANDH T % v R EBED T DIEH DK I1FE SARS-CoV-
2RANA T Z VRIBEEDREAICHEHEFICES L Tvuizn
HaEESHEZEE NS, L L, TOEIZASED SARS-
CoV-2 7 AN AT THRE L7zDTIERL, Y4 ILAD A
RA 2GR EREH LB EOMEX Y F2FEHL
MEELTW A 2 Enb, SRIEBIEIEhEMFORLS
72 % v Mo & 0BIRGEE % i\, REMICIRARD Y
ANAZDS DERMEH LU CHELES 20 H 5, FK
MEcHEA L ABEEY T XV ICEENIZ/ES T x
vEREFFA-TIERL, BEAECEEFN TV 2 EES T
¥ U ORAGESICHEL TV D, BAMBARKICIB T 5%
FEAH T % v QEE I DIEDEOIC & EEGHRLDE
508, #8Hh T X v RICN L TEC 286~8%, EGC 7% 19~
24%, ECG 78 13~16%, EGCG % 50~60%Hi# & I
TWw3, Z0kD5HKIE, A—RECBIZNEFho
A F ¥ v HSARS-CoV-2 284 7 & v 82/ & ACE2
EDRERIERNLTCEDE I RBIE2 T 200 BE L%
FiEs 670,

S DICRISAR L LT, AHEZEHT 2 5400K
RAEE RS 25EDINCTHIRO R v bR S OVIREACR

75 o4t H35

up

LB ER LTS, Ry + R FVER OSE 12 INEL
BEMHEIC X b, EGCIZGCliz, ECIZC, EGCG ik
GCG, ECG I3 CCNEZNZENENT S, ST Fy ¥
ZHRIC & BREETIE, GCG & EGCG Iz ¥ifld 2 HH%h 5
PREINTWBEY, Z20705%1F, <y FRFLE
FEEHC B LT b EBRICHIHISIR 2 RET 200, £
RKH 7% v & L OBRENMHIBIRICENEL 2D0ICD
WTORRET D METH 5.

SARS-CoV-2131Z2 D™ 4 )L A LAk, Bl 72 &
JICHTHSTCIIEE - BT s L TET, OFEN
T O MAEE EoZR g L e, QOMilENIcEA, Ol
iR (A9 5D RNA O, @RI T A )L A RNA
DE, OHh TR, A4 25080, rxa—7
G URI I EDER, ©T AL ADESE DMt ~D
HECHE - R & 5 B 2 R CHRER - BT L T 5599
SARS-CoV-2 284 27 % v 8 78 » ACE2 1L & L 7=
BOMBE AT 2 TEEOREE AL TE D, —2ik
ACE2 Ic#EA, TV R b= A&k v Py —
LETR L CHBENICEAT L, zoiillaNch T 7
YU B, LCk o REhrBERH 5. b5 —o0f
FaN A~ DR AR, SARS-CoV-2 234 27 4 v 808
BACE2 IS LZBlcke) v 7Tusy7—X¥Tdh 5
TMPRSS2 12 & b S1 & S2fESSIcaWish, 2ok A
WA D S2 R84 27 & v o8 7 BWTIEATEMAL U CREER
R OB AT 2 2 & CERMAEL, Z20fGHR
SARS-CoV-2 ® mRNA E =T 2N it s h 3 &
WO BERFETH 5% 2 D7z SARS-CoV-2 D R84 2
& R HE YWY 53, i TMPRSS2 (& fllEN o
DA NV AP EE L REERLT0wE I EBNLD
MG STV B9,

TMPRSS2 2B L TiZ, SARS-CoV icH W T b ET
b2 EHEHSNBESA TR, LizssT,
TMPRSS2 D EEHETEM: %2 M4 % & & 28 SARS-CoV-2
BRAHEICRWICHFLET20EEIZLNTED,
TMPRSS2 Bl % & —% v b & L7 #H 0% b 17
bTw3s, Kesic blt, b MR EFHE~DA 71
I VYA NVRABERRICNT 2EBEREH TR L &
Z % EGCG 3 TMPRSS2 43 & B & ¢ 5 & L 25 L
TBL?, H5Fxv2EHASE5 T LICkD, SARS-
CoV-2 D EMAMINE A~ DA & MIENADR A% HIET
VYOIL YA TS

%72, WEESLERAY: O REH —H 5 13RI A0R
IZ SARS-CoV-2 % 30 SHINIEE ¥ B L A LV AHE %
9% Ll ERFLE® 2 ZENTELEHRELTWS (7
LAFEFRDOR)Y 5 OB RSN, AP TR
LTWw3 A7 x Iz k5 SARS-CoV-2 BNl & 13 H
OB SR 2, HFF Ik 5 SARS-CoV-2 ®
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R E U REEEE D, A )V ZAREE T 5
SR e S A H T WL 20 O THER S TR &2 S A3 0o
B, INETWEINTVREITFFVICLBMIA LR
SHEICHEL ZHREE N EZ 5N D, FICRARI T D
5 TEGCC 2R b M 7 A W AHESERZ2ET 5
EHRE SN T MY EGCG IR Bffia L= 2y A L
Z (HSV), B, CEBIFFREYA VA, A v 7V rHFo4
WA, b FREREY A LVR (HIV) BE%L DAL
2 DR IHT 2959 APFECRE LT v 5 ERH
e BAENDOFEGIHEIC & 2507 4V 2/EA L sz,
EGCGIEANAHBIC YA —V %5252 L6 h0
T3, BEIFFS Y 4 L RISk T % DNA ARG IR 2
fRE A o E R R A D RNA &KHLEY, HIV 0#iEE
27y 7OHED R EAWESh TS, A7 LTy
P AN AL TIET 7 L RNA BHER 7 1 9 =
=& —LEHHEZFER L, 20 FRIF EGCG T id &id
BWAECGREGC b ET B I EAHshTw3Y, 2
D7 EGCC 2 &trh 7 ¥ »1x, SARS-CoV-2IZHf L
TH RNA AR OEE 2 L oiEEIHgR 269 50
B HEE SN 08, L WIEREF OIS VTR
SBOMEILETH L. Do thr s, EGCG 2R
£ LT BH T % I21d SARS-CoV-2 iZ /it L THERVHIE
NDOFEA LRI AT & B A L 2 BB HIFIZI R D &
TlE% L, 74 VZAAE~OKREFAZ & DLHEN 2T
TANARREE T ERAERKOKR) 72/ =L LT
DINPPREIFES NS,

F7, MERCHTXIUVPEENTLD XS IHFICD
FTTIIELEVSIRY T =) —UHERET B, FRIE
B L U A S EL S N B RSS2 & A TR
XNBD, GERY 72/ — VbR ELIERRS, T
TIIEVIR2ODEBEN T X UBHAEINEEEZE
LCWwahkd, h7Frikb IEITAERIBRNE
R Eh TS, chETIC, 77X VRABEDTFRY
¥ U rEERWEHRICED T T 7 5 E vk SARS-
CoV-2 A4 27 v HLEDRENEATHF &b
EOHHEEARB ST 3%, Z20kd, A7x v
ETFT T I EVICBWT EORERBAINGIRIRSEL 5
Dz IOV TOIBMET b FEL T3,

AFekER & v, BEREKDH 7 ¥ > 5 SARS-CoV-
24 24 0 E ACE2 & OfEA %2 I3 5 A6
YEDSRE X N7, Marta 513, EGCG I & 5505 %2 #rir
L 724558, COVID-19 OIERPI AL L REE~ —Hh —» |
F L 72W ¢, EGCG % 600~900 mg/H o Fl & TRer#
53252 L THERD S 574 2 BL2F CAEEEDSH B L
LT, BT ISR f SR IcBI LT
OWE X R, AL TH A L 72 SARS-CoV-2 A8 A
24 R EDREIZ SARS-CoV-2 B o O FEN O

HF ¥ T & B SARS-CoV-2 & ACE2 & D#s& N R 243

DA NVZREERHAIL TRV E2s, SHRNAFES
OHABRSCEHAIC & 2 BPETHEAROBEL Eld v E 72
HHIE TR/, SRBEESIRNGERTHRIZD VT
ke L CHEET 3 2 0B H 5

Az E g CoOMREMEICE b, EGCG 24
e Hh 7 % vk SARS-CoV-2 BB FRHIC I L T E 7
W20 5 2720 TRk, SBIICHIRT 2k
DBHBHITANAIH L TCHRITE 2 BABRKRD T A L
ARFIRTF L L COEFHRBEHTH 2 2 LICFHEY %
W, SHRALI D ) BHEER D H B HT T A IV A REROD
BELED, BRNEDTIFVEEHRLATF R
vy 7 EOEIIRBOMBED NEICR2bDEERS
na.

SEOMEB LN INE TCORED S, BAEHIH
K972 SARS-CoV-2 BEBhIL L i b2k LT,
I H 1o B T Al 72 SARS-CoV-2 JE B 1 5 o —>
2720 5 AEEEDER R I NG, AR TIEH 5 —
EEMICB YT X voRoEAEZRLZICTE
T, SREESREEN T X VRS PRIBIC O LT O
M7 MRt 2 FHE LT B,

-

i

EGCG 721 Cide <, 4FEA T ¥ v N EA L
KB L O REFEL S/ O NTBEROREBICE VT
b, SARS-CoV-2 284 7 & o3 7E &£ ACE2 L Oftiey
Xt L CRBREOIIFIEIREET 5 C LRSI Nz,
C OMHIZI ARG RE R AL H b, EGCG Bk X UM 4
MRA A 7 ¥~ Tld 10 mg/m/ O T AEAINHNEH
50%FRETH %43, 100 mg/m/ DIRFEIC 72 % & 90%3T <
milczsr2b0lEAL6NE. MARBRKICEWVTY,
EGCG #, 4fEREH 7 ¥ v & ARE ORI R A
AIhiz, AR H FCHEBENBITTH D, S
b SAFRRE PR OIHIAR OMEEE S 6 ikt L Tw <
DB H B3, BT * v EAERDOMEM A SARS-CoV-
2% FLOIEIERTANADBRRIINT 2877 T
Piiko—o &7 LIS NG,

AEmSCOCBHE L, BIR XS FIZRAABERIC & 2 BFEFIE
E\,
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A Basic Analysis on the Inhibitory Effects of Catechins on the Binding
of SARS-CoV-2 Spike Protein to ACEZ2
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Abstract

Purpose: Prevention of SARS-CoV-2 infection is crucial for overcoming the COVID-19 epidemic. Therefore,
it is necessary to take new precautionary measures in addition to disinfecting hands and wearing personal
protective equipment (PPE). One of the candidates for prevention is the use of catechins, particularly epigal-
locatechin-3-O-gallate (EGCG). It has been reported that EGCG selectively binds to the spike protein of
SARS-CoV-2 by the molecular docking method, which may inhibit the binding of the spike protein to angio-
tensin converting enzyme-2 (ACE2). The purpose of this study was to investigate whether each of EGCG
alone, a mixture of four kinds of catechins, or green tea effectively inhibited the binding of the SARS-CoV-2
spike protein to ACE2.

Materials and Methods: Catechins in different states (EGCG, four types of mixed catechins, powdered
green tea) were used in this study. The effects of EGCG solution (EGCG) and four kinds of mixed catechins
solution (4 KC) were examined at three different concentrations (1, 10 and 100 mg/m/), and two types of
green tea solution, I (PWA) and II (PWB), at two different concentrations (1 and 10 mg/m/) were adopted.
A screening kit for SARS-CoV-2 spike protein inhibition was used and the reaction was developed with a
tetramethylbenzidine (TMB) substrate. Thereafter, the coloring reaction was photographed and inhibitory
level was measured by ELISA.

Results and Discussion: The inhibitory effect of ACEZ2 binding to SARS-CoV-2 spike protein was the stron-
gest at high concentration in each solution, and the inhibitory effect decreased in proportion to the decrease
of concentration. The percentages of inhibitory effect ranged from 12 to 89% for EGCG, from 11 to 88% for
4 KC, from 10 to 47% for PWA, and from 11 to 47% for PWB. In the present study, it was found that four
kinds of catechins mixed solution and green tea solution inhibited binding of the spike protein to ACEZ the
same as the EGCG solution, and that the inhibitory effect of each solution depended on the concentration.

Conclusion: This study showed that not only EGCG, but also the mixture of four kinds of catechins and the
powdered green tea effectively inhibited the binding of SARS-CoV-2 spike protein depending on the concen-
tration. Catechins are expected to serve as a new way to prevent SARS-CoV-2 infection.

Key words: SARS-CoV-2, spike protein, EGCG, mixture of four kinds of catechins, powdered green tea
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Bright smiles for another 100 years
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Thinking ahead. Focused on life. MOR'T/\
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Leading the way
\ to a new standard
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Since 1921
100 years of Quality in Dental




