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ABSTRACT

Objectives: This study aimed to investigate the cytotoxicity of Nexus RMGIC, an indirect restorative cement, on cell survival rate
and reactive oxygen species (ROS) production in periodontal stem cells (PDSCs). Methods: PDSCs were incubated with serially
diluted Nexus RMGIC eluates with and without the addition of N-acetyl-cysteine (NAC). Cell survival was determined using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The ROS generation was determined by measuring the
fluorescence intensity for 2',7'-dichlorofluorescin diacetate. Results: Nexus RMGIC exposure decreased cell proliferation and cell
survival rate in a dose-dependent manner (1.8, 1:4, 1.2, 1:1) in PDSCs. The cytotoxicity of Nexus RMGIC was inhibited by treatment
with 10-mM NAC. In addition, the production of ROS was detected by immunofluorescence after PDSCs were exposed to Nexus
RMGIC. However, ROS generation was significantly suppressed in the NAC pretreatment compared with the Nexus RMGIC group.
Conclusions: Nexus RMGIC increased the cytotoxicity and ROS generation. ROS was involved in Nexus RMGIC-induced cell toxicity.
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a1 X3t QJeloll A Qlelol, Laol, Aekeut 22 ZHARE WA A] 23] AL ARLEL el 217eRy Fe ofo]Qun] AlRLE

(Resin-modified Glass Ionomer Cement, RMGIC), 22| o}o] 2= A|HE(Glass Ionomer Cement, GI), Z&]7}2Alzo]E A|HIE
(Polycarboxylate Cement, PCC), Q14to}A A% E (Zinc Phosphate Cement, ZPC) 5] $lt}. o]2igt | 3}-& A|HE= 77| Th2 25814

2438 714171 9lo] AFgAfe] A5 w0l abH AFg o] ek, o] F GIA AIIE = 77 Ul 2.go] EI91e 249 X|ate] ststxjel Hlo] 7}
ok 245 felA B TS 43 Q7] ool Xake ARIE R ki ALgElofA] StTHIL SIS GIA Al B e
of ulsh UEAE} e B2 B4 71| o] 0|2 Bekst] 9j3 2l Zak Zelioto] Lml(RMGIC) AR EI T2, ARl

Received August 17,2021 Revised September 19,2021 Accepted September 20, 2021
Copyright © 2021 by Journal of Korean Society of Dental Hygiene. This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commerecial License(http://creativecommons.org/licenses/by-nc/4.0)



546 - J Korean Soc Dent Hyg 2021;21(5):545-53

RMGICA|9] 7Hd-EAlk= 14 UlollA -Bali=A] ol &4 =rh =2 4 wlzoll 212t /d FHollA] 50% of/d ARg-= 1AL QITH3].

RMGICA| AHIE= GIA| AIIEC] o} 3 X (acylic resin)< M7t Zjg0] o] x]3k-§ 712 7] (matrix), Bi(filer), ZEA], 7HA]
A 502 FdElo] QlrHa-6]. 2|7 AHE. 7] AJE-L triethylene glycol dimethacrylate(TEGDMA), 2-hydroxy-ethyl methacrylate
(HEMA), urethane dimethacrylate(UDMA), bisphenol A glycidyl dimethacrylate(BISGMA), bisphenol A S} 22 T 52 /g 5 of
AL, o] HFAES o] W 4 Ul E50 A7 I Ed A AR E HEEHUT8]. ol T 7189 32 A=< HEMASF TEGDMA+=
QR 2 7Mg Wol WEk= S 2[9] Aotrlke Bl ALA 0z X Ao leEE 7 Al AMES F=5kH[10,11], AlZof|A /At
o K3 S7HAA MIE A A 2 M2 Abdol] HogttH12,13]. HEMASF TEGDMA R R =] Al AE AL Aol 34 54 &
WS Hol3 HEF7] S iAo & JSH5,6,14]. £35], HEMAS] A[&21Q1 leE2- I/ njiednt 22 def7] vkg-2 %‘%’@#%
Alol] £ Lefz2) ¢l o & AHgsto] thofdt TR a8l BES-2 of7|ttH15,16]. Y, Skt H‘Oﬂ ol =& 2% dFAl= 24
A|zollA AFel/ehel #od S T A &2 skl Al Ul n|EZEgoe] 715 o2 .o 2l TegAol Rt Ml &4 3t
gollA AtsHEtd 9] B2 et At Z (reactive oxidative stress; ROS)S AJ4d8kaL
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AAsH= 2 FEA2(glutathione; GSH)& ZHAA|A AEE Apdoll o] 2A] §HtH12,17,18]. o]2ish 27gollx] FAtekA] 5 sl N-acetyl-
cysteine(NAC)Q] %] 2= 2| Aol A XA 2 fRte] = n|EZ = g]ote] efshy] ¥IstS: A5kl THgAle EHAaEs AH Ao
Z AASHAY SFER 28] AAS] 4TS sto] AaH SFER20] g HE510] Al AFES AL A ITH19,20]. o= 2|
A g o ofgh MlEAPE | B/d4taFo] F25H| Bofdtths 22 ARG SHAIRE X|2tAlollA = 2%l 7[Rk 2 2 of Hedet /dataF:

ZA-o| B5H A7t o B3 “"*OIE}

#2491 RMGICA 58 A[HIE F k<] Nexus RMGICE 2423t AR 1H2)/d, 425t 2|4 A3t 50 = QI 2|1} % Gl
A 2] AH-EIt}. Nexus RMGIGE= HEMA, Ytterbium trifluoride(YbF,), 2-hydroxy-1,3-propanediyl bismethacrylate, (1-methylethylidene)
bis[4,1-phenyleneoxy(2-hydroxy-3,1-propanediyl)] bismethacrylate= 7-/d =] o] 121, o] F HEMAS] 743 H|&-0] =A| XFA|$Ht. Nexus
RMGICo| th -2 225kl 1= HEMAE X|F22]0] HEMAZ} A& 0 & 12 739 |29 7]50)d= Zelfsto] Al AME S fst
7] w20l Nexus RMGICS] Q8782 A ESHA oA 717} e 5l

ool & AAollAl= THeEE A2 Al AHEE]= Nexus RMGICS] MEAYESHA E/4J& SR1elE 12} X525 7] 4| 220 RMGICAH] AlRIE
5 A g5}o] AL APEA = Blsla, ARSI 0] NACS S3l| Nexus RMGICO] 9J3H M3 APEo) ZAdAbA AJAJo] 7]ofahex] Eelslaat
ik
ol

1. 3 44

£ A= 2R Zsty FEioto] @ A AlMLE (RMGIC)S] Al S-S EhRIsHaLAt x| 32E 7] M| 0] Nexus RMGICS: ‘=3 A7 Al A
& §istel @ ikag o) g TEsaat shlck

2, fqinf|= 9l b

1) M| ufek

2 Aol ARSE A= IRB 49] #1320 shtdate] 00chshal AYg-a-2] 93] Aol w A (1041493-E-2020-001)E BH 2|55 7| AL
(PDSCs, periodontal stem cells) 24 2% & 524 0 2 BEASH A1 4T of| 4 2|51t 228 225191 2™ Fluorescence-activated cell
sorting(FACS) AT Falf X|4Refl S71M|22] EAJ-S ERISh AlEStolt}, b jP 0 2 2535t |27 M ZE Al vidste] A

Z1845191 21 10%9] fetal bovine serum(FBS, Gibco, Rockville, MD, USA)2} 100 pg/ml penicillin/streptomycin(P/S, Gibco, Rockville,
MD, USA)e] Z&HH a-Minimum Essential Medium(a-MEM, Gibco, Rockville, MD, USA) 2.2 Bl 31Tt 2327 | M|E= 6well plateo]]
2108, 96well plateot] 1 X 102 =50 244]7F 52 37°C, 5% &=2] CO, incubator(VS-9160C, Vision Scientific, Daejeon, Korea)ol i
st
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2) FEAE L HAL 2R

2527 | M EE 6well plateo]] 2 X 10°2 2535101 244175t HSH & M| 27} 60-80% /3751532 ™ Nexus RMGIC(Kerr dental, Orange,
CA, USA)E A 2[sl3it}. Nexus RMGIGE AlHE Al&fsto] 2851l om, okExg)s It Al 35X 2 mme] teflon ringell Nexus
RMGIC(Kerr dental, Orange, CA, USA)E 9] S0l 28] dojd wf7h2] 4stAZ] & 1 mLe] serum free a-MEMERA]of] 24A]7¢
Eok doi 37°CollA] ZAIA 1:1 3|4 4L vHSIch21]. Aol A2js}7] s) 1:1 3141988 0.2 ym syringe filterS o]-85t0] of a5, 206
9] fetal bovine serum®} 100 pg/ml penicillin/streptomycing Z&5t ae-MEM BiA| S 7F5}o] 28l 522 53 51 QH(1:1, 12, 1:4, 1:8)S
D50 FH]H A|azof 24417 F2t ol viFstal 7t 5= Nl 5/dS 215 PAFSHAIQ] N-acetyl-cysteine(NAC, Sigma, Saint Louis,
MO, USA)2 Htd 70l =21 2, 500 mM9] stock 84S TH50] AFgsHgl o HIZIE o]&5te] 10 mM NAGS 302 HA=]3t £,
Nexus RMGIC &&H& 5= = Xd]sto] MZAME A& W AT /S T6IITH22).

I NEYEE &%

2527\ M| 25 96well plate?] 2} welloll 1X10* = 255510] 24A |75t v YRt & M3 0] /42 | 2| & A A5kl 4|2 Nexus RMGIC
AHO| 8EME(1:1-1:8) 7 HE 2 24417 529t 225tk NACS HA2]gh TEolAl= 10 mM NACE 302 *]2]3t & Nexus RMGIC
L2 R Z25edth 28] &, WST-1(EZ-cytox cell viability assay kit, Daeil Lab, Seoul, Korea) 10 p%} 25507 1A17F 52t Hk-g-
A|7]21 ELISA reader(Multiskan FC, Thermo Fisher Scientific, Waltham, MA, USA)E AF&3}0] 450 nm ool A S35 S7d5kar A
&5l = HESE S50

4) EFEZT AP ER

25271 M2EE 6well platec] 2x10°0] 2710 2 RZ51of ME7}80% 375122 ™ Nexus RMGICE 1:1-1:8 8% 3|40 & 2|5t &
/3% E79:k4F-S DCFDA/H2DCFDA-Cellular ROS Assay Kit(ah113851, Abcam, Cambridge, UK)E ©]-8-5t0f &5}t NACS 14
23k 2-F0lM= 10 mM NAGE 30:2 %1213 & Nexus RMGIC &= 3|4 2lg S8 2 BRGAIZIE HHg- &, Al 2AR] AAZ Al22] 45
MG AA =, Kite] bufferz 19 AlA5}HaL 20 uM 2, 7-dichlorofluorescin diacetateS- 455 7+ 2] 2|51aL LA buffer® 22} Al 25T A2
W %2 A]71 DCFH-DA<= Olympus IX71(Tokyo, Japan)E- ©]-8-5t0] 25l om A2 W E/ditad I F e s 7F 1582 v wsieict.
Image ] X2 1713 A}85t0o] GAAE AaLo] S 2|86t 3l o m AJaE Ujolli] E/dAtAE-S 57HA17]+= tBHP(tert-Butyl hydroperoxide)
£ PR = ARG5S

3. K22

iz A5 B4 28] Axke 54 =2 33491 GraphPad Prism(GraphPad, CA, USA)& £3}| One-way analysis of variance
(ANOVA) statistical methodZ- ©]-8313it}. AFE A 2 2= Dunnette] BH-S ARSI Bt ot EFEHA M= 33] o) 4fe] S-#{l AlFe]
A F3l A=t on p0.05E SARH e = fol/do] Sl Aoz wAsIgith

a el |
1. Nexus RMGICO]| 2|t X|F==7| M| AFH
AT ek Ch2 7 Nexus RMGICE] 557} Z7Fstol wet 21527 | M) MZA 8cell fiber)7H 9125 22 Basiglom ME 47}
]

Lashe S ERI5HITKFig. 1A>. Nexus RMGICS] 557t S7FE 2| FE7|M2e] AJE80
=35] 122, 1:1 Nexus RMGICOIA= 50-90% o4 M| Apzlo] R1sis) A2 Bhelsieich,
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Fig. 1. The cell viability of PDSCs exposed Nexus RMGIC. PDSCs were exposed to different eluates of Nexus RMGIC (1:1-1:8)
for 24 h. Representative images are shown in (A). (B) Cell viability of PDSCs exposed to Nexus RMGIC eluates analyzed by
WST assay. Nexus RMGIC decreased cell viability of PDSCs in a dose-dependent manner. Data indicated as percentage
relative to unexposed control group (100%). p<0.05, "p<0.01 compared with control group (only medium).

2. SLUAZE H|70]| /St Nexus RMGIC MIE AFE =3} X

Nexus RMGICol| 2Jgt x| 57| M3 2] A| 3z Abdo]| 2/ Atado] A/d o] Hhofoh=A] ERlstalzt &/ atado] AIAAIRI NACE 4] 2|5
¥ Nexus RMGICE Foloto] x|557|A|329] Felisha] Hste} Mla &85 WST-1 241 0 & S1RIsIQiticFig. 2>, 11 Aoj|A] Hi= e}
Z¥o] Nexus RMGICS] 5 E (118, 1:4, 112, 1:1) M2 55 et At 527t 37188 2557 M| 2] Abdo| fojulaiA| Z7tehe &F
&S ERIsH3it £3, 112, 1:19] Nexus RMGIC £ 34 HijZ| & X|FE7| M| 220 24417 A 2]5t31E wjolli= 39, 3%2] AlZEAFH o] S35}
Al ZRI=| 0 Az o] Fej 2] Mt = = Qi §HH, <Fig. 2B>0l| 4|2} o] 10 mM NAGS %4 2|g Z1F 0l A= Nexus RMGIC A
2jo]] ofgk M| APET} A3 e F o7} A2 ERlsiRitt 500 mM NAC stocks HIAIE ]85 10 mM 5= 2 3]Alsto] |27 A
3of| 302 A2 ]33 Nexus RMGICE 5 E4(1:8, 114, 1:2, 1:1) 2 x| 2)sto] M| 5445 75t A1} 99%, 80%, 72%, 65%2] M| AHZEE
2 UERd 0 2 A] NACo| 2J3l Nexus RMGICE 5= A2 54 §3+E A F}i = SRISIQAT: 53], Al APE o] S50 Tt

A 114, 1:2, 1:12 5|45+ Nexus RMGICO] &J5t A2 F/do] #AsHA| ZHAshe Z1e FRISHAT 10 mME F]2]skA] %= 153t v| w3l
2 ) X FE7| M| 2] FelA RISk nlu|st 7 o & yHEE|QIT). o]eh 2 Auk= X FE 7| M| 2o A] Nexus RMGICO 9]t A2 Apdol 2
AbaZFo| F Q3 &S Sith= 1S HojFet

3. Nexus RMGICO]| 2|5t Mt -3'5- MM
|227| M| ZEol|A] Nexus RMGICO] ©J) &4 4kaZ0] s =] E9l5}7] 9lato] Edatazol ols] a2 Uh= 229) DCFH-DAR
O Al

oz e AR ) (= d”dulﬁ—iﬂolf’} l:}<Fl 3>, | FZ7|HIZEE Nexus RMGICE A 2|5t E/dAtaZo] AIAAIQI NACE #1412
5} Nexus RMGICE- £0{3t & ¥HelE]= AJARAZS Ta5HQI T Nexus RMGIC 3]A41o0-2- NACO]| 2Js M| AJZ-g0| tZ+1t SALS}

Al fAEE 5= 14, 1-8% A+g3to] BAdrtaF /93 NAC % 2o whe /g Atad oA 3hs Hlarstara} sl <Fig. 3A>0llA Hi=
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1

e} Z¥o] 1:4, 1:8 Nexus RMGICE 24A17F &3t X %[5k Alaoj| A M|z W S/ditago] Z7Fst & &jlsiglom w7} oo me}
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Fig. 2. ROS were involved in Nexus RMGIC-caused cytotoxicity in PDSCs. Representative images are shown in (A). (B) The
cell survival rate of Nexus RMGIC in the presence or absence of 10 mM NAC was analyzed by WST assay. Data indicated
as percentage relative to unexposed control group (100%). p<0.05, "p<0.01; N.S: not significant
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0 Green 255 0 Green 255 0 Green 255
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StdDev: 6.491 Mode: 10 (5446) StdDev: 21.383 Mode: 13(2129) StdDev: 12.163 Mode: 8 (3282)
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Fig. 3. Nexus RMGIC increased ROS generation in PDSCs. Representative images of fluorescence for DCF-DA (green),
a ROS probe. The exposed cells to Nexus RMGIC (174, 1:8) alone (A) and Nexus RMGIC (1:4, 1:8) following 10 mM NAC
showed different fluorescence intensity. The statistic number of fluorescence positive cells were counted using image J.

aFe A ARl s RABE A e S48 fuek & 2857] WF, AEY 1, Aoby) A} ge
4 9 =g Wgkel gt prto] QICH27) AT Aol BALFS HE A UL 2Ushe ol N SHLRYR o0 2 o
2 glom, ke o] Bika MEe] 4% Ul A, el 59| 758 shaut o atTol oj3t che) BYNAT YL AE A
Fualchs 0], 531, Heletal olo] oJet BYNAF WL NF2AS stajstol Ty XFAS oIBpARICE QeiTolM FHIES
ek FABANAE 3 A5 A, 215 7o) 2k, YA Rataale] ofajer 2o Aakg el Qof30] XF2He] 4 of
H57] Slhik 7 ) BIAAEE) TR S lAisiob RS AARITE TRl NFEA £ YAE 913 o) Bk 2 e o
1 P %
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22 Al 2 TIB B E-L Xt I Gl 45 ARLE, Hul4RE, THBYA 502 oA o] 2oix| 3 AR, 2
A 7RF 20 7)8 e A4 ATl A Bl R Ejolo] Wefel MekE §us AIBHY AER|AS S7HIA AE AFEE Uo7 A
o2 FeiA IeH2031L

£ 10l A8 Nexus RMGICE 2121 J3Kg Zefl2ofo] @ wr] AJRIE 24 770 ol 2=t B LE/E 945101 1458

AR YAoA0) AG ML AT AL S442 S5R HEMAS) Hlgo] 52 X|h|2o0]7] wl2el 2|4A1Eo] thet b4 #7ht
"23 702 Y2k aehA] 2 Ao Nexus RMGICS) 115371 4IZ0] chet 21/43.2 715171 913 152 Nexus RMGICE A
el A 54 824 Shleisich A & Al Nows RMGIC 17, 119] £204% Afefe € o1 Allep gre chz
o] ]38} 2} 50% o 4] A|TANE] UofS PAGOM B8], 1:19] 5ol 59m]ke) AE AE8-2 HI3Heick. o= Bandarra 1
B4 MEGICE) A M 42 101, L10) 5120) M 59 Fol ARU= ) Aol 4242t 2 ol News
RMGIC®] §2-& 1527 |HZollA] el sl 5l M 4 48 fs}gion, ol XI4-AEolA el e =20l ofe Al 4 2
- 70e} SAHI0] HEMA 2] 2 615 AL 37]6) S408 A 44 SAlTich 17 sl o l?lEH ] 5, el
B QI8 A2 9 2|5 AOMHIES] Al SAo] BAALFo| Bofsto] 4HE) AFES Zefeh P AT ATH1217,1815 =Xl

[1
=]

Nexus RMGICE QI§H A|aE ApHol] E/ditag o] Hofoh=7] Eelstaizt siqict. & AtoAl= %*é&i% QixﬂZHOl NACe] Zdx{2}7}
Nexus RMGICO| 2J3F |52 7| M| 3E.2] M| AFE-S-309% o)/ A|5HA| JAITH S &1g 4= ]It} 53], NACS] X 2] & Nexus RMGIC
1145 A 2jst Adl ol A= thxatat SAIH 0 & folu|gh ato] 7L glis o] Al APE A E3+s LERflon, 7P 150l 110X =
65% 2] M| JEE-Z RIS Jiao L-&E{20]0lA = BIRITEFA7F 2] 4= Mol B2t %]2] Alto]| k2 Al APE-S R, NACA
A2 7} A EFA ol 25 Al APE-S RSkl B 15}t o]+= Nexus RMGICZ Q15 Al =8 7HAE NACO| oA|5hk= 2

Ak} FAkstet S Nexus RMGICY] 527t 571l wet 21527142 W) DCFH-DA®] 33 o] 71 Z1e &Rls }04 Nexus
RMGICo]| oJ5t A AkAZE WA)-S TAGEIQATE NACS HA]2]5t 72 SAJAAZ 4220] Nexus RMGICO]| 2lsf fahe SAjakazol 4
2| Bt golu|shA| 7HAghS ERlst3itt. o]i= Nexus RMGICE | 2]51A] -2 ko] %9k 2o 7} Gl o]=fsh gthexusRMGIC
7F EgAAZ] S S7HAZIH A3 E B AtaT o] AFET M 54 a3t Yo S oufsitt Schweikl E{32]0lA=
HEMAE 24A17t B8 Aol e 271 & 2/d4kad A/ J =& DCFH-DAR S50, AAE 2/d4tad-2 E/ditad Aol o
off @AfstA THAghE Eelste] HEMAS] =22 QI9h M3 APHol| AFeHA 3 23o] F88H2 Brsioict. o]= 12 Lol Nexus RMGIC
of| oJ5t A akAZE A 2712 DCFH-DAS] 3 Whalo] 275t NAC Hxg]o] ojs EAlAkaZ 27} 2 DCFH-DA &34 &Halo] &lzfs}
A A== A et dx|gtct,

_I

ol n.l[o °l'

H:I

RIS = 4| 2ol A Hhe gk SV ibag A4S o] DNAS/ g Zeliskal, Al AFE 7|3 of] Tolfsh= p53 Bcl-2, Bax2 &
Sto] 7} AmtolA)-3(caspase-3)7H E/d5He ol what AlEE APEol| o] 24| $HeH20]. £5], X|4AlAEo A HEMAS] 7|7t 32 Al AFEE
X5h= NF- B QUAISHE: 715kl A2 AFE-E: Alhe Trx-19] WATS TAAZ 0 2A A APEES A o7)= 7102 HuskltH3l].
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