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Abstract

In this study cerium nano particles(CNPs) with 0-4.0 wt% was incorporated to the conventional dental
pit and fissure sealant(ConciseTM) to produce new pit and fissure sealant the physical properties and
cytotoxicity. The physical properties were measured for polymerizing depth the degree of water
absorption and solubility. The cytotoxicity of cell viability was analyzed by MTT assay using immortalized
human oral keratinocyte(IHOK). As a result of this preceding study the polymerizing depth was decreased
by the increasing of the amount of CNPs. The solubility degree of the sealant added CNPs with 2.0 wt%
showed was the lower and the water absorption showed no significantly difference with the control
groups(00.05). The cytotoxicity test results showed high survival rates in all experimental groups.
Therefore, pit and fissure sealant by the addition of CNPs excellent cell viability be produced without
weaken the physical property of the cell viability fissure sealant containing CNPs does not weaken
physical properties and has no cytotoxic effects biocompatibility. Considering its properties effect of
CNPs, further studies are required for distribution technology application.
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Al aiios AHGTAMo] oA EEEIT
o1l AHETANEL AlE g 5 200 =23
WY Eut opEt o] HM, 5 gt d oy 5
o 8219 FA|IFo] WSt QITH1l2). ol&gt A
A9 - JfAst] Yeixe M=ol 7t
A= G WS ABel] Qg S Aol &
et &9lE 5o 93 Agdo] £43foF T3]
=93 44 AskE A6 s ste] =g AofutE;
o|E(Hydroxyapatite:HA), S-PRG filler, SrF2A,
calcium phosphate 5 T3t SAA(filler)E A7}
sto] mii AR, S 5, vAvE AN L T
daIe] B3 APAFTH BarE AoH4-8].

Bowen[9]°] 9J3fl 7ieE Bis-GMA(bisphenol-g
lycidylmethacrylate) HZAA= XHILANRE L
oo} ZYA A3t FEAR] Hol AHEEI o
Bis-GMA(bisphenol-glycidylmethacrylate)d XA
Aare % & L& she vEkS ExH(monomer)
9] NFESL FoMTt 54 fEot A= A5t ot
o, B8 5 Aro E94 JEE Asors 84 &
2513 JeH101[11].

A U YRS AR o Hrtste] &4
A AS FHA7I= Sl Bt A7t AFE
I itk WA= A1Eol 100 nm ©]8te] A2 Iz}
o] B4R H #HA, A2 v, 5T 71AE A
T A%t e % S 84 S 5 &Y s &
of & oz} 9JoFe} Hof 5 F W2 Fofol| Atsial
U= =doltH12]. A S{1312 BAEE 79 Wil
ZHbioactive glasses nano particles; BGn)E &7}
sto] E4871e} Aldk5a A arE Eustglon
ME2AP)E YR Cerium oxide nano particles‘
CNPs)E F7Isto] 7141 A} gataTto] Bt
e BasktH141(15]. AfESAlel= Urlr:‘”x}(Cerlum
oxide nano particles; CNPs)= AAUolA EAAS

FBATIE S 7PAT ou] ABAE WA, 4F
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1. A=

1.1 MIE Lt 2XKCerium nano particle; CNPs)E

Horet S X[HIALMIY H|Z

£ A= B e AASTA ARE2] ConciseTM
(3M ESPE, USA, Lot number N758202)°] Alg-SAl0|=
W= A(Sigma, st. Louis, MO, USA, Lot number MKC-
D7986, € 25 nm particles)g & Xrsl7| ol 24 &
2B 5= Al FAM|(wRE Akt 0, 0.5, 1.0,
2.0, 40 %= E8kslo] 2217|(KFS-300N ultrasonic-pr
ocessor, Korea Process Technology, Korea) ©1-835}
Sict ol gk G2 WA Aol g2 ol EAlst
Ft CNPsE 37101 G AETS o= Sohlg
T} 718+= [Table 113} 2t

Table 1. The composition of dental pit and fissure
sealant containing CNPs

Pit and fissure Cerium oxide nano

Mzt(;adr:ﬂs sealant particles
ConciseTM (wt%) CNPs (Wt%)
CNPs 0 100 0
CNPs 0.5 99.5 0.5
CNPs 1.0 99 1.0
CNPs 2.0 98 2.0
CNPs 4.0 96 4.0
2. i

2.1 & 20|(Depth of cure)
%3+ Zol&= 1SO 6874:2005() gl weh o]
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588 &tmEtixsls=

6mm, A% 4mm 5<% S50 71327t A71A] B oF
7+ 79} S35kl LED F2A|(Curing light. VALOTM,
ultradent co, USA)E 0]-83}0] 40% JFAL & F3of|A
Al AASHITE AlH 0}—1—4 n)5ed 298 EEa
g AmEEE A7 F Digital calipers(Mitutoyo,
Japan)Z Al £0] S 22 el Wrisigich Ag
3 57 F 20709 A[HE 33] vHE Ssto] Wt
- ArEstort

2.2 2545 (water sorption)2t 250 (solubility) S

221 AJERE

ETSEY 8o AlEAIRRS HaE EE9] tA
3 FgEE 274 10mm, ¥4 2mmE
71X FeE Fio] 1Y 34 Y F LED FRAP]
(Curing light. VALO™, ultradent co, USA)E o]
st oF HH 27} 2024 BEY oFqch 2 A
5704 & 25719] AAE AlE2 vE5HS AAE sl
SiC #400, #800, #1200 grit® st & EO7FAHO
2 B9 K Person medical, Korea).

2.2.2 o

ISO 4049 (2009)2] 2ol whet Alzke AJse A2
9] AZxAHdessicator)ol] 24417 RS & +0.1 mg
7R BESHA FAE 535t HExplorer, OHAUS,
Korea). 0|23t #4E 53 €2 HF FAE ST
THmy). my 2 578 § A= 2 Zo] H= 2olA AlH
9] 273& digital caliper(Mitutoyo, Japan)& °]-&5}
O:] P A4 FAE 2451 AHEe] EO(V, mm’)

ARSI 37+£1CY SFp] 79 E & #

\:q_,] B9 A AT BAE 2519 Hm,). THA] AL
9] AxAoA LGStA +0.1 mg FAE SHsHAH
(m3). EESE(Wsp) & &H=(Wsl)e= ug/mm’ &
2 thF9 FAIE o8] ArEstql

EZFEE Wsp = (ma-ms)/V
L= Wsl = (m-ms)/V
ojuf V: AJHS] 1 (mm’)

2.3 MZ=4(Cytotoxicity)

2.3.1 MIZHHQF

E5lH 273 9A| Z(Immortalized human oral
keratinocyte; IHOK)E 96-well plateo] 1x10*
cells/well 3=& 8| & ¥iX(DMEM/F-12 (3:1)
supplemented with 10% fetal bovine serum (FBS,
Gibco, Grand Island, New York, USA), and 1%
Penicillin(Gibco, Grand Island, New York, USA)
o E55t1L 37C 2] 5% CO, vigF7IolAl 24A417F v
S}t

232 MZ MEE Hot

A2z F7to] AMEH AlES E85Eet &9l
o A AlHT FA HHoE AALE S/ F
25709] AlEE AlZelg oH 1SO 10993-129] 4
wteh AJHe] H o] wet F7<9] %ol 3 cm® /mL
0= 37ToA 24A1ZF 120 rpm S22 A HiY7]
ol &=3H3tt. 50 ple] 28] 52 AlZH|FE Hi
A oF -GEE(50%) 7} Al ZH]gd vijxlof 3|A% &
(0, 12.5, 25, 50, 100%)& s=& Aot 37T
5% CO, AE viF7]oflA 24412 B ¥R & MTS
Al2K(CellTiter 96, Promega, Madison, WI, USA)<
AzZARS] AAHR 10% F7Fote] 2417 ¥RGAIZT
Microplate reader (SpectraMax M2e, Molecular
Devices)Z 490 nmolA & F=E =753t Z2F A
A9 FFE(=60)F SFHEZGB0 pL AZHE|A ]
50 L 28 E=9] AlZEjA)e] FFE=E o] 100
= Foto] AlzEEE Uehdlor =32 3¢ 4¥
< 33] b 35t AEZAYEE(%) BHd

A ol&sto] 4kEstih
/\ﬂ—'}—E}\g%“%'(%) = (Abstest/AbScontrol) x 100

3. AleEAEiH

EABAL PASW Statistics 20 (SPSS, Chicago,
IL., USA)S AH&sto] dLu=|(one-way ANOVA)S}
Tukey HSD ThablI E4& ARSHAPOZ Fole&
p<0.05914 Agiad vw-B4 Hristact
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1. &8} 740|(Depth of cure)

=35}t Zlol&= 1.25 mm - 1.84 mm HE YERO
H CNPs 371go] 7185 53 Zol7t foJ5HA
Aashe FdE UeERITH(p<.0.05)[Figure 1]. CNPs
£ H7IeA] &2 27 CNPsO A8 o4 1.84mm
271 52 Y 3E B9oH CNPs0.5 AgwollAl
1.77mm, CNPs1.0 A¥ollA 1.64mm, CNPs2.0
AP A 1.41mm, CNPs4.0 AEFoA 1.2 mm=E
71 3 78S 2k CNPs2.03 CNPs4.0 AgE
2 1SO 6874 A HAIE 1.5mm o2l 8+ 27
o ul&et = UEich

[Jaeptih of cure
a

I ab
T

T
T

Dopth of cure (mm)
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Fig. 1. Depth of cure of CNPs incorporated dental pit
and fissure sealant (mm). The same lower

letters above the bar graph indicate there are
no significant differences the groups (£0.05).

2. 254 (water sorption)2t 6= (solubility)
EEFES} &9 A= [Fig. 2B 2.
3= [Fig. 2](A)= CNPs A7lego] Z71dpE A
3= FARS UERon CNPs2.0 AgZolA 714 &
doH  BAHOR  fogt Aol7t uUEhow
(p€0.05), &% [Fig. 21(B)x= CNPs9] H7lefof wh
2 thh 3ol Aol Eou BAF |3t Rol=
UERA] QttH(p)0.05). kA CNPs9] H7kge
AAE LAY Ego & JTFS A= &
oy fofiollE IS HAE S RISk

2
]

Watue sorption {ugfmer’)
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Fig. 2. (A) Solubility (Wsl) and (B) Water sorption
(Wsp). The same lower letters above the bar
graph indicate there are no significant
differences the groups (p0.05).

3. MZ=4(Cytotoxicity)

MEAYEE(%) Bi= CNPsE A71sE e Add
oA tiRtat vt 70% olidY] AEAFEES B
o] BAZ 07 {oJu|gt Zjo]7} U] gkol A|EL=Ao]
Sl 2oz ZRlsAth(p0.05)[Fig. 3l.

Cell Viability (%)

0% 12.5% 25% 50% 100%
Dilution of dissolved solution (%)

Fig. 3. Cell viability assay by MTT test. Horizontal bars
indicate that the connected groups are not
statistically different at (p¢0.05)
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A A4 9 SHe UEse ace 48wt
[191120]. & AFoIA E3 Zloli= CNPs F7Hgo] 5

o T

7Va4E E3F Zo)7) Zadhs FAS YeERITHFg.
11. 1SO 6874 [21] A0l JotH AHITLAMAY
3t 33t Zol: 1.5 mm oo FAFo Qrt.
B A79] A3 CNPs2.0ZF CNPs4.0 AgolA 124
of tha w|A|A] Eol= A UER o= AW
TR ] 7183 CNPse| YA} 2Ake] w|gstof 9l
b s g YRpe] B4 7l&dl et At
gast 7oz AgHrt

EES,Eet S9=E R0 A7 uXE
B RS 4510 A7 BALS o A7)
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2 AFo)AH EEZSEE CNPs7F A7HERA ke o
ZF23F CNPsS A7Iet e AdFolA tha ghe] &
ol oY BAHOE FoI5t X0l YEREA] ¢
%o (p)0.05)[Fig. 2(B)l, &dlk= CNPs9| X7t
o] F7FolAA gt Zpo]7F Uebttt. £35] CNPs2.0
I} CNPs4.0 Ag oA BAZ gt Zfol7h vers:
tHp(0.05)[Fig. 2]. Chenl22] 52 CNPsY t}jost
PA7], B2, o 5 PR wet o] 2AF +
Zof| FFZ 71T S1Gich 2 Aol CNPs4.0
Agto] CNPs2.0 A3} H|wste] &)= ghol 5
71t olf= AP Aol A A vk} Zo] HEF
AR ] 71 o] H7HE YA B4R Fro] Zfol=
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A 8% BUIE AEEGL "4l Aot &
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29] AALPAAAe] CNPsZ H7let
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stgott 25 CNPse] B&AQ Urgla B4 714
o B A7 WRY RO Amgch



MIESAO|ELH-IXHCerium oxide nanoparticles; CNPs)2 H7tst A|HEALMMIIO| 22|H EM U NE=SYH 5O

o2
o
ra

|

(1] o]33, “AHIFHM9] |A," thgtiopx| a3
A, A333A, A23, pp.336-347, 2006.

2] 53, oldd, o, ST e JHIEA
A Y] EE)A g T A, WG EAE D]
A, A208, A2E, pp.291-302, 1996.

3] A, A TEE gH78F F5 g AHIAEA
o) £, AAdhsta st A)Qjsteshe, dhatehe]
=, 2016.

[4] S. W. Park, Y. K. Lee, Y. U. Kim, M. C. Kim, K. N.

Kim, and B. J. Choi, “The effect of hydroxyapatite

on the remineralization of dental fissure sealant,"

Key Engin Mat, Vol.284, pp.35-38, 2005.

o|§AH, tt-ofo]EER[ojulElo]EE FIJoF AJHY

FHAAS] g3 Tfsy, ARSI x| Qs

AARSHRl =, 2008.

[6] J. S. An, J. W. Park, H W. Seo, and S. Y. Lee,

“Antibacterial Properties of Pit and Fissure

52

Sealant Containing S-PRG filler on Streptococcus
mutans,” ] Korean Acad Pediatr Dent, Vol.42,
No.4, pp.302-311, 2015.

[7]1 M. S. Ibrahim, F. D. AlQarni, Y. A. Al-Dulaijan,
M. D. Weir, T. W. Qates, H. H. Xu, and M. A.
S. Melo, “Tuning nano-amorphous calcium
phosphate content in novel rechargeable
antibacterial dental sealant,” Mater, Vol.11,
No.9, pp.1531-1544, 2018.

(8] A3, AdAd, A, olFH, “SthA XA4E &
3 F5TE EAYAY 54, ] Korean Acad
Pediatr Dent, #2849, A3, pp.54-66, 2001.

[9] R. L. Bowen, Dental filling material comprising
vinyl silane treated fused silica and a binder
consisting of the reaction product of bis-phenol
and glycidyl acrylate, US Patent, p.112, 1962.

(101 H&v), HEFHF E5742 28 Bis-GMA 7
XA S] EelF] By B BLEE AX|iE
I TiehY, HpAREReEEE, 2007.

[11] A% 95, “Fdol W2 89 AHIELHA
AZHE Gel=eriemo] T3t A, gtz
3512], A323, A23, pp.284-292, 2005.

[12] Aefe, YR 7658 EE, EHE Y 24 ReSE
AT ZZ2 78, =737 A+, hitp://www.r

eseat.re.kr

[13] 27, HBol, “FAL A2 e dR: 7ol ke
AHEAHAA Y] E/3871et Al 72 A B3 3=
=SS =1X], A18¢, ABZ, pp.542-549, 2018.

[14] Zgw]of, 5ol “MEZARIEH YA} (CNP) H717}
AHLGFAAZY 71AA gde] v 9T, =2
2515|=8A], A20¢, A6ZE, pp.433-438, 2020.

[15] o=, Hgul, #Asol, “AESARIEH=YR}
(Cerium oxide nano particles: CNPs) & &7t %]
HATLHNA Q] Streptococcus mutans F-&15F H3)”
=2 PEER) A, A204, A4S, pp.535-543, 2020.

[16] 1. CELARDO, E. TRAVERSA, and L. GHIBELLI,
“Cerium oxide nanoparticles: a promise for
applications in therapy,” J Exp Ther Oncol,
Vol.9, No.1, pp.47-51, 2011.

[17] 1. Celardo, M. De Nicola, C. Mandoli, J. Z.
Pedersen, E.Traversa, and L. Ghibelli, “Ce3+ ions
determine redox - dependent anti-apoptotic
effect of cerium oxide nanoparticles,” ACS nano,
Vol.5, No.6, pp.4537-4549, 2011.

(18] 242, AFY, A, AlF SAle|E/AZ7t 55
AL Az =D EHEH” Applied Chemistry for
Engineering, AI29d, M43, pp.425-431, 2018.

[19] BFEE, o)Al A, “1EY WG thol et FF
719 AHETHAA S5 B7F thgkaorx| 7}
3], Al464, A1S, pp.57-63, 2019.

[20] X. Xu, D. A. Sandras, and J. O. Burgess, “Shear
bond strength with increasing light-guide
distance from dentin,” ] Esthet Restor Dent,
Vol.18, No.1, pp.19-28, 2006.

[21] International standard 6874 second edition,
Dentistry-polymer-based pit and fissure, 2005.

[22] B. H. Chen and B. Stephen Inbaraj, “Various
physicochemical and surface properties
controlling the bioactivity of cerium oxide
nanoparticles,” Crit Rev Biotechnol, Vol.38,
No.7, pp.1003-1024, 2018.

[23] 1SO-10993-12: Biological evaluation of devices
- Part 12 : Sample preparation and reference
materials, International Standard, 2012.

[24] P. Rosenkranz, M. L. Fernandez-Cruz, E. Conde, M.
B. Ramirez-Fernandez, J. C. Flores, M. Fernandez,

and J. M. Navas, ‘Bffects of cerium oxide



b92 SRIFHIXSIS|I=EX| 22 Vol. 22 No. 3

nanoparticles to fish and mammalian cell lines: An
assessment of cytotoxicity and methodology,”

Toxicol In Vitro, Vol.26, No.6, pp.888-896, 2012.

X XA H

7] 1] of(Mi-Ae Jeong) 22X
= 19999 8¥ :
s} 414}

= 20084 2¥ :
uh

®20109 3€ ~ @A : st
AYEHT 5

i
%
-II
£l
T

-
A
o e

)
)
o
_|O|
£
k.
=
_|O|
=

@R APAIAY, YA

A % °l(Dong-Ae Kim) E0)]
= 200543 8¢ : w=tisty FEA
St 3RS
= 20154 2¢ : @205ty UpiHjo]
Qo)A AP f=EE 2] ofst
iy
=20209 39 ~ @A : ofFstn
A8EHT 2

@yBop : TR, 29t



