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TFAFEE 7]9F AJElE (calcium silicate—based cement; CSC)+

2 A2 (pulp capping), A FA <= (apexification),
%4 (root—end fillings), ¥ # 3 (perforation closure) 9}
2 23 A5l AFEEI Stk CSCx Ed a37F Holual pH
of mE Fat SAHCE Ao AFE AAste Filol AT

Gt a3k AlgHA ot

Absloldd Y Y AF(zinc oxide nanoparticles; ZnO—NPs)+

g EHE AT QoA o8t Hopo] $84E 4 b FU



Ao HA4L CSCol whd w&e ZnO-NPsE H7}sto]
A EAY AxEA WU Enterococcus faecalis (E. faecalis) ©ll

L=
=
Wet g a3E Frhshs ol

AR 71 A E(CSO) ol Abgtold Y Y& (ZnO—-NPs) &
0 wt% (hx), 1 wt%(CSZ1), 3 wt% (CSZ3), 5 wt%(CSZ5) =
A7bekdvr. B4 SAewE AsARE,  d5AE, X-ray
diffraction (XRD) 4, o}l o] W< 3l &=s FHsI3Ah
L—929 AdfotHiZE o]&-3 water soluble tetrazolium-1 (WST—1)
TR MAESAES HUFeSlal E faecalisel Ogh A

colony forming unit (CFU) ©.% 3 7}s}3it}.

CSCell  ZnO—NPs @&l F7kgte]l wet CSZ a7 E9
ASA S CSColl vlwete] F7katgla o8 aol2 Byt
(p < 0.05). &3 ¢EFEE= CSCe CSZ1 1F¥ Hlw st
CSZ3¥ CSZ5 &9 Zx7t A &sia fFos zols
H3om(p<0.05), BE CSZ 1w €8x 3% °lst3th XRD
Ao M= CSCe Hlwale] CSZ 5ol e Zn02 4 (phase)©]
skl atolar, 24417 F<F §5% CSCe CSZ 1w9
ofed o] WEE #AS AW TAHCE {Fs Aol YTt
(p > 0.05). AEEA HrlM= iz CSCY Hlwste] CSZ

FoujA]E2  wjorst Blank9} 9 W) Z* (positive
control; PC) ¥} B &l-& W 23 xfo]l& RIA|TH(p < 0.05),
CSZ I1&& CSCeF vlwetsls wf M AEEo] A% zo|7t
= Aow Yelgth(p > 0.05). 18y CSZ1 189 E faecalisol
gt 2Ye o8 Addel vs o ayFoly, SAHo®
frel gt ApolE HAATH(p < 0.05).
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A7}

28 1 wt% ZnO—NPs=
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Aol L YRS FH7HE A 71 AHES)
297144 54, AZS4 2 334 B}

I. }ﬂi

T

1. A2 78 AJHE

Mineral trioxide aggregate (MTA)Z <#HZ JFAHZ4E 7|4k
AW E (calcium silicate—based cement; CSC) = A7} A3 =7
AlMlEe]th (Darvell and Wu, 2011). CSCE 1990d  FHej
=dEglen 23 As5g AR5E AREE T Se Tt

HolFAt} (Lee et al.,, 1993; Torabinejad et al., 1995). & A 7}#

r|

CSCEx A FEZ(pulp capping), A A< (apexification),

N

| % (root—end fillings), & (perforation)® X729

TH S A 28 AR oY Fel AREHAL vk (Parirokh

.



et al.,, 2018; Torabinejad et al., 2018). CSC2 FHHo 7= Wy
237 Holya pH S7tel wE &t mdrh glew, 1A
Z7|MEAA Aotd BAX e AxTAEE F3 FHE
7}A1 31 Qt}F(Saghiri et al., 2008; Yan et al., 2014). 53], CSC=
Ag dTE Zola AdelA AHHL gIE BV Cat e
W3kl dentin bridge B4& FAA FEsta A A A ol A
A3 A (apatite) I Z2> =Sl AT LA U
(Gandolfi et al., 2010; Han et al., 2015; Tran et al., 2012). ¥kd,
e AFeA= CSCx AT Ex AT #dd FoA A5
Rkgo] dojdttay B E9a (Hung et al, 2014), <3 X5 F
z7] dtegol o= I3 ¥ X8 AHHE olod F
olth(Yang et al., 2014). &% X & A9
B X Enterococcus faecalis (E. faecalis)
A S doivy e vk (Stuart et al.,
2006). McHugh et al. pH 10.5 — 11.0 oA E faecalis®
S AAsts ¥hd, pHZF 11.58 T AW dhgglolr &g &
vty Hu3dAt(McHugh et al., 2004). &A%k Kim et al.<
CSC7F =2 <&ZuA &AM E faecalis® 3= A8
Zotttal Rusklar, o]#feh Ao ® A A elA #2 pHE
dotd o] ¢F THOE FAHA Fil, E. faecalis WolA A}
A (proton pump) 7} pHE @+t A TH(KIm et al., 2015).
webA, et ZrF thAa Ak olete whilo] HekE oAbz Ql
2



2. Aspotdl b Y3

Abgtold Y= %A} (zinc oxide nano particles; ZnO—NPs)+=
Ui R =% Abstes AR §74% 7 xolw (Miri et al.,

2019), IHF EFAY UvtEAS AFstaz A W AR

a4 Qt}(Sahoo et al., 2007). 3 ZnO—NPs< ZAHE Ak,
FE5, AR, A7)7E A TS XS U8 AN FEobdA =
82 4+ Av(Kotodziejczak—Radzimska and Jesionowski,
2014). ZnO—NPs& W= AF ook (FDA) oA 2ok, 34+,
aga o mFokoa Auizow  AlgetE A3 EAolgta
YAISF Al (Baek et al., 2012), AAZA3Ado]l Hojyar H|Ego]
Adatn] gatdo] myAoletay el A Stk (Sirelkhatim et al.,
2015). ol¥3s ZnO-NPse o= <Qldl trekst A7
AYEJr Ag < X7 ARZ SEHUT Javidi 52

ZnO—-NPs7} -3t "9 335 7FAa glojA AT wA

ofN
™
>,
)
i)
&
=
=
_0|L
3%
i)
o=
0Q

o

E.
e

@
o
e
(@)
—
NS



3. AT =

Abstotd WA (ZnO—NPs) & 7Fsh ofAb Z 7|6k AJHE
(CSO) = EYZ 5AS Aty &8s stes A77F 2ol
o] FoIX 3L QA FE FHE AFe|A CSCell 5 wt% ZnO—-NPsE 7}
Al A A R SFS vA= AdrE BRuEit
(Bolhari et al., 2020; Eskandarinezhad et al., 2020). t}& A3
Aol M= CSCY T FAHAEE =ol7] 98l 5 wt% ZnO—NPsE
A7bstgiovr @+t EAE7E CSCsE nlwste] axpzjo|x]  okokal
71AA A4S FAAAHY T B8 Y (Guerreiro—Tanomaru et al.,
2014). we2bd, CSCell ZnO—-NPsE H7Fst A7 B3] wio
ZnO-NPs9 H7}& Akl =94 54 3 & 24 s

IS Brshs A7 AL,

E_ e}

1

-
1o

EA2 ZnO—NPsE F7hkst CSC (CSZ) ¢ =94
54, Axs5A 9 E faecalisol Wigt 4 a3E Frlste] 23
Az oA ZnO-NPse] 48 7bsAdel diste] Hrtstaar shrh 2
Ao AFIPEL «CSCe CSCel ZnO-NPsE  F7H(CSZ) 3t

21d 54, AESA, ada didel Aolv A=



II. A5 9 "

1. d7A=

B Ao = ZnO—NPs (Sigma—Aldrich, St. Louis, MO, USA;
100 nm particle size) 2} CSC (Endocem MTA, Maurchi, Wonju—
si, Korea) & AR&3IAT. Al254 H7k= A9 AfobAl 2 (@L-929;
American Type Culture Collection, Manassas, VA; USA),
Dulbecco’s Modified Eagle Medium (DMEM; Cytiva, Marlborough,
MA, USA), 2go}&8 % (fetal bovine serum; FBS; ThermoFisher
Scientific, Waltham, MA, USA), 3dAYAA-A~EgIEn}o]l
(penicillin—streptomycin; Cytiva; Marlborough MA, USA), tho|H €
A ZA}o] = (dimethyl sulfoxide; Sigma—Aldrich), Water soluble
tetrazolium—1 (EZ—Cytox, Dogen Bio, Seoul, Republic of Korea) &
AMESEAT) A HUtelle  Enterococcus faecalis (E. faecalis;
ATCC 29212) ¢} H 3= (Brain Heart Infusion; BHI; Difco,
Sparks, MD, USA) & wjA| 2 AR&-33ith,

hx 2 AL g £AE Table 19 7]&3¥ o AJHS

300 mg CSCell 120 uL 2] A -5 Fd7kste] A xS A%

met 239y RE =4S (23 £ 2) °C, (50 + 5% AU
A

%719 AN A



Table 1. Composition of materials in the control and experimental groups

Calcium silicate Zinc oxide
based cement (wt%) nanoparticle powder (wt%)
CSC
(Control) 100 0
CSZ1 99 1
CSZ3 97 3
CSZ5 95 5




2. A7H

izt A3rre] AsRE, 8% 1SO 6876:2012 (Dentistry —
Root canal sealing materials), ¥4 5+ ISO 9917-1:2007
(Dentistry — Water based cements—Part 1: Powder/liquid acid
base cements) =A 3EF2 AA] Wl we} FrFE itk XRD
TS E35t9] Zn09 HE AFE @deqla ofdd WEF(Silva
et al, 2015), AX=4 H7F(Queiroz et al, 2021), &4

H7FHKwon et al., 2019) &= A3A o upz} &)},

AN S F7e7] Ye) A d 8 mm X 20 mm X 10 mmY
25553 A7 2 mm, 100 g A= Fo] HFPI AR

37 °C, At F% 95%9 d2FFof RIS FA

(o]
>

m 8 Yol WA 10 mm, =°] 2 mme ¥Fe AEAE A

m
9 BEE o EE ARE A 8 R TE ARozyY

1202 Fol 5% U] FH25 99 ot

AZAL WA ABAH195%) o] FEHS o EgR AR
FEE g 2AAFPA Anel F 4YAT FHom Ydn
Eo] wolw, GUAE Sof PUYF FHL W AR AEe
A7 SrelArE WEHoR gtk Eiel B AFRE gHEo)

Bolx kg w7hx 9] AlZbE 71583laL, A AEE 63 WE

Aol PEgd BEANE T
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2.3. X—ray diffraction (XRD) &4

CSCe CSZ awellM ZnO7F HEsH=A &Ast7] A& W4

4 mm, ¥°] 6 mm &% AHAYA A ZEOA 2447 F<E

uEs WS bl dol ¥ I§WE Rt
A4 EHel B8 ABL ¥e F L= Fepas

o] &3te]l HHFSA wEth XRD (Ultima IV, Rigaku, Tokyo,
Japan) & ARgste] w3 2°9 Ald A 20°94] 60°7HA]
2—theta HY Y HEE 715 F ZnO7F ASHA=A &)

2.4. o}d o]& #H=

CSCe} CSZ AwelM 2443 &<k ofd o9 WaHs
gelstrz] &l W7 10 mm, =°] 2 mme] AHQIZ A Ad ZXo

747 9L % 12 mL STHFE H7Fske] 37 °Colld 24417 F<t

AlHES AAST 55 10 mL& F& F o|29 HHI}E sA
70% AAF 10 pLs H7betel dAgEs Ageigint. dAAelE A3yt
L5855 ICP-MS (NexION 2000, PerkinElmer, USA)ES A}g-3}o]

b WEFS Pk



AN 7H(1952) BF 50% o)A HI & Erzng AWS
ANASE FAE A7) AA A (ME104, Mettler Toledo, USA;
0.001g)& AH&-3ke] 0.001 g == FA3ch.

2 AlRE AR JAFHA o FZolA A f7 HlA(A)
Y1 50 mL FRTE F7kste]l #8 vAA) S GE Fe F
37 °C, 24717 Bt 2o RASIGTE AEE Fo] X
ol dHE ZAujrle] Yol AEE Bust SRTE I
g A E b mLY FTRHTE 3 AFE FRTFE 2H
oAdstlnt. A2 FHRF7E = A .
(C—DOC, Chang Shin Science co., Seoul, Republic of Korea) oA

DY AFol B WA B FUA L, 42 AL S

=

of frel A B 9] &7t Aol =ae wj7bA] Yzsitt

2

0.001 g9 Ad=e] A2z FA4 f2 wre 7] Ay
AT AF Aol AE AHeRRH gid AW gom

NEsa o] Wel AolE F A AR Adh AFe] Tl ha

=
MEER ANAn FAT AV 63 wE AYste] Bt
EFEUAE ek

10



2.6. AIXEA H7)
2.6.1. A X ek

A (mouse) & AFotH2EJA L-929 AXE 10% FBS (Thermo
Fisher Scientific) 2 1% penicillin®} streptomycin (P/S; Thermo
Fisher Scientific)e] 7} DMEM (Cytiva)& ®iAZ A}-&-3}¢]
37 °C, 5% COz 95% H%E rAst= Y7l delA AxE
24413t FF wjeFetgitt.

el
Aot MESA AFM+= AXE HfF wiX]E  Blank®
13, oFA ) Z (positive control; PC)2 20% (v/v)

O
o
g AZAbo]E (dimethyl sulfoxide) S Z7F3F wjFuj =

2.6.3. WST-1 Assay

L—-929 A= wjeFd 100 puLE 96—well plate (SPL Life
Sciences Co., Pocheon—si, Gyeonggi—do, Republic of Korea) °ll
1 X 10" AEE AF3kaL 37 °C, 5% COz 95% w55 FAsh=
COz w710l A 2443 v ekalith. o] %, 100 uL &=&= Al

mok wiAE ANko® 10%(v/v) FE9 WST—-1 Aok 100 pL&

11



wABEL 2y At vl 37 °Colld 143 &k wiekr] el

H 3 Microplate reader (Epoch, BioTek, Winooski, VT,
USA)E AFE3}o] 450 nmolA S35 (optical density; OD)E
4389t ODE 7IF3ty v Ao wgk My AESS

/l—ﬂJ— /\g (% = (}\Eh_ﬁ?—fg] OD450/B1ank9] OD450) x 100

2.7. ¥4 Bt
2.7.1. AT W%

Al viee BHI (Difco, Sparks, MD, USA)oA njeks
E. faecalis (ATCC 29212)& AF&3to] 37 °C, 5% COgz, 95% 73 ti

¥

EE fAskE COz Hik7IelM  2441%F wickeigich. it

¢

E. faecalist J=HBA 2 (colony forming unit; CFU) 74
Aol AREsAH

2.7.2. ¥ F7}

24—well plateo] A& 10 mm, =°] 2 mme Wz CSCe
AT CSZ d4F AW 9z Al d"gd1 x 10° CFU/mL)
1 mLE 77 ¥ F 37 °CollA 24417 wj<kativt. ©]%, BHI
1 mLellA sonication (SH—2100; Saehan Ultrasonic, Seoul,
Republic of Korea)o® 5% F¢ 53 HIstd A

I
o
(o

T

st AW AT dgAS 100 W2 HNF F 3
E

Al @89 100 puLE BHI 3 Z#o]Ee] s

o

me

12
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3. TAEY

e

AT RE HolHt B

)
)
b
AN
r\:l
_}#

2 ANEE 99
FAF 243 Tukey WHHS ARESHSITE A4 42 SPSS (ver.23.0,
SPSS Inc., Chicago, IL, USA) & ARg3te] X310 10 9 F52

p<0.05% AHs}.

14



I1I. 43

1. A&A|zk

Figure 1] CSCell ZnO—-NPs &S th=7 H7kst AlH
AstAzhe Blwe A3, CSCEF vlawste] CSZel 242+ 1, 3, 5
wt%® ZnO—-NPsE FH71&+= Asirte]l 242 7%, 12.8%,
17.4%7F S7FFadn). 8, BE A2 glxdel g A8 =

o8 o] 2 BYTHp < 0.05).

[oF

~—

W

(=

o
|

N

(=]

o
|

Setting time (sec)
S
e

CSC CSZ1 CSZ3 CSZ5

Figure 1. Comparison of setting time between CSC and CSZ groups (n = 6).
The different lowercase letter indicates significant difference (p < 0.05). CSC;
calcium silicate-based cement; CSZx; calcium silicate-based cement in addition

to the zinc oxide nanoparticle with x wt% (x = 1, 3, 5).

15



2. ¥FAE

Figure 2014 A|Algt 454 % A7, CSZ1 252 iz CSCs
Hlwste] FEE 5.9% FASUAAT FAHCE {Fo o]t
At (p > 0.05). kA", CSZ33} CSZ5 LFelA

Uz CSCell Hlwste] Z7b 38.5%, 40.4% #Aslal FAAoR

Frole Folzt e AL FHASHATHp < 0.05).

—
(=]
N

Compressive strength (MPa)
(9

o
[

CSC CSZ1 CSZ3 CS45

Figure 2. Comparison of compressive strength between CSC and CSZ groups
(n=10). The different lowercase letter indicates significant difference (p <0.05).
CSC; calcium silicate-based cement; CSZx; calcium silicate-based cement in

addition to the zinc oxide nanoparticle with x wt% (x =1, 3, 5).

16



3. X—ray diffraction (XRD) &4

Figure 3°)|A X-ray diffraction (XRD)& =

ARE FQs¥y 1 A, ZnO HES F Qe 2thetas
31.8°, 34.4°, 36.2°°|%th. ulxa CSCe wlwshe] 31.8°%
36.2°014 RE AgFoA ZnO7t #Fo] YAk 34.4°0| 4=

=215 Ab(phase)o] WAER okol o] o] W= Frjslol]
#zst A3 ZnO Aol wekstAl el RS &3Sl

— CSC — CSZ1 — CSZ3 CsZ5

¥

\J,_J\/\./W

*
]
I
r
]
]
]
1
]

Intensity (a.u.)

30 31 32 33 34 35 36 37 38 39 40

Intensity (a.u.}

34.0 345 35.0 355 36.0
degree (2 theta)
Figure 3. XRD analysis between CSC and CSZ. Yellow dot line is magnified
between 34.0° to 36.0° in the XRD analysis. *; zinc oxide phase, CSC; calcium
silicate-based cement, CSZx; calcium silicate-based cement in addition to the

zinc oxide nanoparticle with x wt% (x =1, 3, 5).

17



E¢l ol o] wWEsIvt. I Ay, A+ CSZ38F CSZ5
%< CSZ1 1w vjaske] z+zy oF 45.8%, 34.7% oFd o]

WEo] Z7Ha1

2
o
i
off
)
12
o
H
Jdo
1o
(e
)
©
)
e,
rlr
po
o
da
ro
ol
2

(p>0.05).

Table 2. The comparison of zinc ion release for 24 h between CSC and CSZ
groups

Unit: ng/mL
G Zinc Ion Release (24 h)
roup Mean + SD
CSC 0.00°
CSZ1 43.64 +11.53*
CSZ3 63.64 + 18.30°
CSZ5 58.78 £20.03*
p -value 0.003

The different lowercase letter indicates significant difference (p < 0.05). CSC:
calcium silicate-based cement; CSZx; calcium silicate-based cement in addition

to the zinc oxide nanoparticle with x wt% (x = 1, 3, 5).

18



5. 3%

Figure 4914 AAS g% 48 43, A¥7 CSZL 1§
YEF CSCeh wmstel 5.3% $Awst Fhdgon BAMCE
folg Aol gl e gaAstdnh sAw, 4@ CSZ39

CSzZ5 1% ulx=v CSCe vlw vlwslls o f3l=rF z+2t
14.7%, 19.9% =7}ty EAZRoRE Fo3t xfol7F Q= AS

g3kt (p < 0.05). 2T CSCS AT CSZ 189 L=
5 3% o]stZ ISO 687604 WA|sE 7|50 F-eta}Sitt,

3.0
2.5
X 2.0
D ]
2 ]
) ]
3 1.0:
0.5
0.0-

CSC CSZ1 CSZ3 CSZ5

Figure 4. The comparison of solubility between CSC and CSZ groups (n = 6).
The different lowercase letter indicates significant difference (p < 0.05). CSC:
calcium silicate-based cement; CSZx; calcium silicate-based cement in addition

to the zinc oxide nanoparticle with x wt% (x = 1, 3, 5).

19



6. AIXEA H7}

A=std #delA  dized Added  dste] AESAds
H7red ok (Figure 5). 2 Az, A viek vl = #<fst blank 2}
Hlwale] CSCe AT CSZ aFoA AE AEHo] Hgka
SAACRE Fost Apol7t Sl e FAsATk(p < 0.05). EF
¥ =+ (positive control; PC)2 CSCe A3+ CSZ 153
Hlwsto] Al gEEo] £ FAACR F3 Aol KT
(p < 0.05). 3tAI%E, ARPT CSZ IHFS CSCoF BAASRE oo
2ol 7F gl A= &lekdvt(p > 0.05).

—

(%)

o
!

—
o
=]
1
—O

(9]
(=]
1

C

Cell viability (% of Blank)

o

Blank PC CSC CSZ1 CSZ3 CSZ5

Figure 5. Cell Viability evaluated by the WST-1 assay after 24 h exposure of L-
929 cells to the extracts and to the negative and positive controls (z = 6). The
different lowercase letter indicates significant difference (p < 0.05). WST-1;
water soluble tetrazolium salts, Blank; Growth medium, PC; positive control,
CSC; calcium silicate-based cement, CSZx; calcium silicate-based cement in

addition to the zinc oxide nanoparticle with x wt% (x =1, 3, 5).

20



7. &4 HI}

Figure 6914 AA3t E. faecalis®] CFU Ad Az Al
CSZ1¢%} CSZ3 1w "x+ CSC 13 vlwste] 247y 95.5%,
56.8% CFU7} #asiglal g7A8e2 #ogt o7t sl A&

gelskdth(p < 0.05). A9 CSZ5 1w "z CSC 153
Hlwekls w CFUZF 16.5% #Astlov F93 zkol7t fl=
e FRIskAtH(p > 0.05).
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Figure 6. Comparison of colony forming units between CSC and CSZ groups
(n=15). The different lowercase letter indicates significant difference (p < 0.05).
CSC; calcium silicate-based cement, CSZx; calcium silicate-based cement in

addition to the zinc oxide nanoparticle with x wt% (x =1, 3, 5).
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CSCe= ¥ AR F Al A4 ool desva Busgic
(Nirupama et al., 2014). ©]&3t CSC9 3SAIE =E37] H3)
$e ARt FHAgEe e FE] A% AFE
&t ZnO—-NPs+ &3t 545 7430 Qlo] thefsh X348

0:

ol A&stel A7 AFEHJAT  CSCell  ZnO-NPsE
7Fske] of WS WA= Ao TS Tt (Marciano et
al., 2017). &A%k, ZnO—-NPsE #7}3t C

mH]Ekelh 2 A CSCO S sl Al NS elgs]
Fgk ZnO-NPs FH7bgr= HAS st M Abgd 5 Qe

7bs/d& B7rskaal skl

A
Z
T

2 Ao A= Proroot MTA (Dentsply Sirina, Tulsa, OK,
USA) 9] A3 sAketr AAAEAES 7HA Bargts &53h
CSC (Endocem MTA, Maurchi, wonju—si, Republic of Korea)
ARE-3k3lth (Choi et al., 2013). B9 CSC (Endocem MTA) =
AZAZE AR A 19522 F2 A3AIE 7hX A QAR

CSCel ZnO—NPsZ #H7}1&542 §-93t zpo)l2 AsA|7lo] ZF7lsl=

-

=
=

r|

g,

& Flstdth. Macriano 52 Eialol] &t ZnO—NPs %]
T/t s CSCel Agpattel 9= vAA @okda skt

(Tan et al., 2023). o]of] Ht3}o], Tan &< CSCe &3+3t ZnO-—
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NPse|] H7bee] Srhadss o] @dolr &aie Znoel ok

al
Zgit ksl o] o] WEEW, ZnO—NPsollA WEsh= ofd o] 20|

& ol&s thalsle] FArEE ol23 Ao A FAkstolio]
FdE = ACoE AtrHTh o] ¢} mxb7bA 2, Garg and White &3
Wang ol m=w tab 2 7ike] AREZE #3kEs Sk
ozte] S ol ZnO—NPsollA WEdh= ofd o]&o] FAks} o] 3}
Adstel FAkstoldo]l FAEW Aol AAET B skt
(Garg and White, 2017; Wang et al., 2020). ZnO—NPs %&o]

FFsk Aes 22 7 v (Kwon et al., 2019).

dulats o= CSCO 3 #HA¥ A#RAA Fom deA
olth(Samiei et al., 2017). 1 wt% ZnO—NPs9| =S 3 7}3h
CSZ1 A3 vz CSCe Fo zto]7t Aoyt 3 wtnst
5 wt% ZnO—NPsZ H7}8k CSZ3, CSZ5 A T+e 593t o=

S 57F Aaste RS g2 olek wLsHAl, Guerreiro—

o
—

rlr

I
4

Tanomaru ¥ Eskandarinezhad &< 5 wt% ZnO—NPs%&
A7He Al vz CSCol wlsl 5= fo)gh Aol =

Attty skl th(Eskandarinezhad et al,, 2020; Guerreiro—
Tanomaru et al., 2014). AgA|ztelA A5d A Zo] ZnO-
NPse} CSC7F &7/ Fspste #AA4 FAE x5 7K
TFAbgFotdo] A E W, o]= CSC T2 EXFAY & F4Jsh
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TAE doAX AFAEE A2AX Zez HiH 3t (Bolhari
et al., 2020; Gawlicki and Czamarska, 1992). 3%k, XRDZ]
Atz RE CSCell ZnO-NPsf| 7o S7h2s5 Zn09 +x
4 (phase)°] HEH+= Ae RJASUAIN FAslold > 543

AN
TZE M3 9ormwy XRDE B4 A peakolA Ao

(Antonijevié et al., 2021). T3} Parirokh®} Torabinejad®} Zhang
ol mWEW CSColA WaEd Za ol AEFAZS YA
dom ANxo dHdEE FUMAFHTL RaEk¢ ok (Parirokh and
Torabinejad, 2014; Zhang et al., 2020). WA, Cierech %3
Patréon—Romeroe S 7ZnO—-NPsi &&o] =45 AAd

S48 7HAAL AN d o] st Ale] i 5/4do] flvkar

Gt SHelA 23 A8 7P Aol 2 K faecalisE
ArEP o o BE2A 1 wt% ZnO-NPsE H7Fs CSZ1
TIEelA HlZ2T CSCeF CSZ3, CSZ56 A@wEel nls) d=tgol
7tttk ZnO—NPs= 3} &= &< ofd o]&o] W&Eetal
#4342 (Reactive oxygen species; ROS)E #4d35lo] vlhe]g]o}9]
Azxeks s stebar deld o (Sirelkhatim et al., 2015). 1 wt%

ZnO—-NPsE #7lsk CSCe T+ &7 e s FdsiAT
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3 wt% ZnO—NPs o]4 #7135 CSCx F3pih-g oz S=akslolddo]
AAE 1 ZnO-NPse el 3

Ml
ox
1o
folr
o
N
N,
=
s
z
Y
S

Zn0O—NPs& #H7Fst CSCE Uz CSCSF f-ost o)z gl
oli= CSCe zZnO° 3t w3} ddd 4 glvka BuHgIt
(Guerreiro—Tanomaru et al., 2014). Tan et al<> o]&{gt Qo=
2 wt% ZnO—-NPsE #7}st CSC7F 238 ®bg Al CSCeolA Zr¢

=
ol WER 4EYd 4ol weolAa, LZAed dA3e

T o

ity

ZnOo A= ofddAbad (Zincate; Zn(OH) 7)ol AP 3ttt
o] &, CSCellr HEH Ca*'o] ofdatady} Aste] Zroldardd
(CaZn2(OH)¢2H20) 0] B ¥t B = tH(Tan et al., 2023).
b, 2 wt% o1 ZnO—NPsE& 7k CSColA s &t a37t
Hadhes AoE AtsdH

B Ao e 1 wth ZnO—NPsE H7Fsk CSCE thx++ CSCe

o] A3t 9 AFAEE FAS AEsAe]l glow

T3t A st 2EEY VAN ASHA Fd el ot

PN
B7h ul Qgeln A gats] A% Fheel ATk Aesi
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V. d&

B Aq= CSCol ZnO—-NPs $He
EAY M AE oAFE gl st MxE=A FrHE Ayssith
WSt E faecalis®l Wt Al FUEE Ea] CSCol Agst ZnO-—

NPs®] &= ghQlstast stqlo

o
i
o
ol
ol
)
k)
N
_,d
ol
ol
2
a
Ac)
L)

-
Au)
mlo
1)
e
rlo
(ihd
&
il
ne
38
)

1. CSCell ZnO—NPs?9] gFo] F7t&4E AsfA|Zh CSZ 15°]
27 CSCRU 2718t 28k 2po] 2 BAth(p < 0.05). T3t
HHEAEE CSCe CSZ1 233 wlwete] CSZ33% CSZ5 1&+
AT AT §os Aol HYlow RE (CSZ 189
2 EE 3% o8k tH(p < 0.05).

2. XRD #4elA CSCs wlwstel CSZ I elAi= Zn09)
% (phase)°o] HE3sH Z1& gRlstlal 2447 859 CSCe CSZ
IF ot ol WEH A}, CSZ3 AFoIAH EL otd o] 2s
} CSZ13} CSZ5 1% Bl st
AR SR ot o7t gl AE FAsATHp > 0.05). wHEpA]
CSCe CsZ w9 =&-71A4 5l Aol7F = Zoleh=

o
nie
I

.
o
R
rO
ol
o
38
>
rlj
(2
no"

3. X=X Hrtes AX ik vl ZE vlekst Blankel QAR

(positive control; PC)E W3PS w 3 AIALE9

MEAEG AN F3F 2Fo]E HPTG(p < 0.05). A, thz+
A

CSCe} vludte] Ad CSZ IFola AE AEELS EAZORE
F-23 Apol7t AT (p > 0.05). WA E AoA CSCeF CSZ9
A EZ =g 2ozt §ls Aolghs AF7HE S A sEaitt.
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4. E. faecalis®l Wl AH HAFsto] CFUE “&3 A3, AdT

CSZ1< ulx= CSCe Hjmste] ¢F 955%= CFUY A &o]
oty EAAOT §o3 2olE Rt (p < 0.05). wEbA t 2T
CSCe A+ CSzZ 7Y Aol Aol7l QS AHolgh=

AT S BEA R 71748kt

2 Al dist Ans FEEE, 1 wt% ZnO-NPsE 3H7het
CSCe 944 &4 1d A 28 Az addez AT &
Stk wg, CSCol ZnO-NPsE 7Fe o) ZnO-NPs9| §aFe

gato] 2 Azl H&E dort olvk sHARL ZnO-NPss}
CSCe 3t Al 2= gehs) whgol dist 7|da Frzte s

4
A% FAel ot ATt BaF Ao Andrh
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ABSTRACT (IN English)

Evaluation of physico mechanical properties, cytotoxicity and
antibacterial properties of calcium silicate-based cement

incorporated with zinc oxide nanoparticles

Jae -Yong Yoo

Department of Dentistry

The Graduate School, Yonsei University

(Directed by Professor Jae-Sung Kwon, M.D., Ph.D.)

Calcium silicate-based cement (CSC) is commonly used in root canal
treatments such as pulp capping, apexification, root-end fillings, and
perforation closure. CSC has been used as root canal sealer due to its
excellent sealing capabilities and antibacterial properties related to
increased pH. Still, antibacterial properties were indicated to be
somewhat limited. Zinc oxide nanoparticles (ZnO-NPs) have been
widely used as biomaterials for their antibacterial effects. The purpose of
this study was to evaluate the physical properties, cytotoxicity, and
antibacterial effect against Enterococcus faecalis (E. faecalis) by adding

various ratios of ZnO-NPs to CSC.
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Different proportions of zinc oxide nanoparticles (ZnO-NPs) were
added to calcium silicate-based cement (CSC); 0 wt% (control), 1 wt%
(CSZ1), 3 wt% (CSZ3), and 5 wt% (CSZ5). Physico mechanical, setting
time, compressive strength, X-ray diffraction (XRD), zinc ion release,
and solubility were measured. Also, cytotoxicity was evaluated by water
soluble tetrazolium—1 (WST-1) assay using L[-929 fibroblasts, and
antibacterial activity was evaluated by colony forming unit (CFU)

against E. faecalis.

As the content of ZnO-NPs in CSC increased, the setting time in the
CSZ group significantly increased compared to the control CSC (p <
0.05). In addition, compared to the CSC and CSZI1 groups, the
compressive strength of the CSZ3 and CSZ5 groups showed
significantly decreased values (p < 0.05) while the solubility of all CSZ
groups were 3% or less. In XRD analysis, compared to CSC, the CSZ
group confirmed that ZnO phase was detected, and as a result of zinc ion
emission in the CSC and CSZ groups eluted for 24 hours, it was
confirmed that the CSZ3 group released high zinc ions, but there was no
statistically significant difference compared to the experimental groups
CSZ1 and CSZ5 groups (p > 0.05). cytotoxicity evaluation, compared to
the control CSC, the CSZ group showed a significant difference when
compared to Blank and positive control (PC) cultured with cell culture
medium (p < 0.05), but the CSZ group showed a significant difference
compared to CSC. There appeared to be no significant difference in cell
viability (p > 0.05). However, the antibacterial effect of the CSZ1 group
was more effective than the other experimental groups, showing a

statistically significant difference (p < 0.05).
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In conclusion, the addition of 1 wt% ZnO-NPs to CSC increases the
antibacterial effect and maintained the physical properties and cell
viability as compared with CSC, with the potential for the endodontics

materials.

Key words: Calcium silicate-based cement (CSC), Zinc oxide nanoparticles

(ZnO NPs), Physico mechanical properties, Cytotoxicity, Antibacterial
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