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CradEdt MTT & LDEMME=E 0|88 HESX| 2
M Z =40l 2st oA+

d3ggtn ARge AguEstny

#(2te - 20|

I.M 2

dH3 ZHXNE= 5AFHA 2B#X8IF A
Y3t A9 BEFQ THAXEHNozEzE &
W NBAHE 7Us] g A Al
g, X2 AT 934 = 4
7 Btk oW AMRStE HFAANEE ol
7+, gutta-percha, polycarboxylate cement, gold
foil, E§elz, Felxolojexn AWE F
A8 BE F7Y FAAE] AHEHIL I
o]F o}EFEL & JFHA H|IA XD
HAEZIH}7L 5313 FEF Ao Uty
B2 R AMEEHO ghovpy IR
AEzZT Y JEA Aoz A8 A4
o g AR ARLAo] BuFHPu, F
713t A3 QBT FHEAMA A=
o4 BIE vk QY. oj2gh opdzhe] &y
g 7R & FEAE JFAAR
AHEE7) AlREeH, 2 idE ks
olo]l ek A|WMEE Xo}fxo] 3EFHoZ
AYIJEE A FAFHE F-A3}7] ol
B9o Agstr] A sk, AAHFAol H]
23 S Fgo] Jo® AME 19
L33 Fafxolo]n] AHNETIFR =
7] BEACE B4l AT Fasm Azt
A wa WA HAAHIL BT &
Aol AT, HI 43 ATHIL e ot
AYAE o18F BgARL Fobd BFAY
2ol T et FAAZA AHE-H 7
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AlZpstR o, e dold AgAe B3
#21& Bis-GMAS} #HAE methacrylate %
AR At AEFHE Udeln, 29450
FTHAAME AMEShE Aols ¥ A a9t
A3 Fe Aoz Bad up e,

HSHA7E Folgtojof & g7z AL EE
q7Hg 34 F dodt, IdFHAE A
oo gz 1 JAH HAEFsE=
AAAGAe] 71 Fody A FAL
HRH o2 AME3tE 9ol 2 HEe] 71F0)
dox & § itk AAAAFe SAH7})
ARE-EE S A9 (in vitro) & AU (in
vivo) A¥YHo s dEE & . AA-
e d¥xdE AT = o] AFAo
g B ool A& ¥
3 £ itk AR BHe F2 AT g
ol-&3te] Z+ METt AE ity YehlE
=4E a73ke Wlol AHgH Qled, o]
B T EFY AETE g2 3] Wi
AA AWM dol Y= A7k M E}
ZAzre] dAh 435, Y wkgI 2 3
338¢ 13T & U 2T Fol Utk
AN i FEAE HARE L & de
A4 YA Q] Ao st A7|THo] A8
He 28 Fol Jon A whEa AR
W] AT A Aol gl A9 2o
13.14)

BAAES] 54 BH7h= 1982'd ANSI/ADA
7H RS AR5 L] 54 PP o] 2w



AEZFE o] 83 54 FrPEye s g
Zo sty Y-S BES= WOl
AR E QTR P, A XSS o] 83 54 HIt
ol AEue Edx W3E EF33e
agar overlay® 33 radiochromium(*Cr)%&
Fe] vy o] glon, AEY dAte] WsE
ZA4st= Wioz JA3 T @njHsldA
##38HE millipore filter®gol Aok, A&
o] 23k 244 (colorimetirc assay)-& A EA|
¥ 9] £8 Hrhst= W 24 acid phospha-
tase(AP), neutral red(NR), crystal violet dye
elution(CVDE), tetrazolium dye(3-4,5-dime-
thylthiazol-2-yD-2,5-diphenyl ~ dimethyltetra-
zolium bromide (MTT) %3} sulforhoda-
mine B(SRB) ¥ o] qo¥”. o] F 7} Bol
AH2-EE HPH L agar overlay '8 radioch-
romium W&%Fe] FZYoltt.

Radiochromium*&-<2 1973 Spangberg”®
7t 2 e e 318 Jed A5 54E
Briske WHozA AARILA 3t AEE
gt X A Xo] FH HEA| AR o). o] YL
et &8 T Yehtes AXe] HstE 3H
BZ3517) o3 g ] AEEHE WHolH Alxe
&4 AFHez HE F Ue PHeE
o}lF dusti tRE FA EZd sty
E4o] F7kgdl wE AEW Cre] WEE
Z71EP®, olad 54 Hrle] AMgE 4F
de od7tx FF9 AE7L AHHAOY
o] AfoMEQ L92oM 2T 7HE AF At
L= gl dAHAA A2 FEH = A2}
ohd G A EFQ L929 AEE o] &3= AL
APAZ ] AP 2108 FYA FAF2 2R
g2 d7Ae] Zdnel 435 HxE A s
A3 Aot

MTTHE S A ¥ gy F4 4 84S
238 ¢ e AU BHoEA FFHA
Zzxo] 7153, AE AXU9 nEZE=
o}¢] dehydrogenase’} =9 MTTE £4§
3¢l formazanl & AIBEY F AT TYHE 9
23 whio 2 YA E = formazand] F BE
AE Fd vg g, MTTHE-S #30
7¥retar 96-well plates AHESL7] Wi F
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Al B2 A¥8S ¥ & dx s EF
FAFEA 7] WFE] WA xZoly ¥
7ol WE EAE fith. AEe &4 F=vt
AEFE BEE WMs(cpm)d FA7F &
SCre] Whise €8] MTTHLS formazans
P4t FF=st FFE AR YRV
St & F AT

Lactate dehydrogenase(LD)E o] &3 '
<& AxAde] EA3= 849 LD/ 9%
Aol EA 25l A7 &8 o FEHE
AL 2R Wioz LDEYEI} E5F
AX 540 aga & F Uk, LDE A%}
EAY gd Zgo T 4ol vehted
olo] &L mX& Qoo gE LDEA AA 9
Hd A= pH, €319 4] &, wix o) =A%}
Hj<k FelEo] o WAls EFE AMESHA
%3 2E3kE 7174 st HARstaA} g
EZo] el ASox A&dxn A 1
BAEE EZT F AP,

A 9FAAR A7k ABTt AHEEHL
Ao, olE Ago A AT A} ATE
Ay 53 2 MLE F53 48 2
zolojQkxr] AMES EF HIAS EFT
IF A #F £FAH A7/ /3o
AR E o] B A= L9294 EE A8-3}
Z} 4FAA 9 E4& vlastazt stith. AA
W o 2= CrEH SAY ool TAEQ
MTT, &4 &2 LDEAE SFHE A8
st zh AL Bl e AE S4& =4
sto], MAls 29 #7159 A7 de
Cria® &34 uldl vu3 rdsta ad
By 2o g4 YR AFWEE o
AT = JeAE ZASHT.

ol
tio

II, A8z % 9
1. AEN=Z

B Ao AlgE dFAARE o127 al-
loy%! Bestalloy(3333, 33, F5¢ =&
& 2¢! Prisma APH(Densply International
Inc, U.S.A), 338 F3 S 3Q Clearfil
FlI(Kuraray Co., Japan), 3&%% S0t



o]@xm AJWES] Fuji II(GC Co., Japan),
B¢ Sef2ole] e ANER] Fuji II LC
(GC Co., Japan), IRM(Densply Co., U.S.A)
5 6Zolom M EE ITFAEF Lo29A X
(FFAEFLY)E AR

2, AF g9

1) AdAEY &Y

YA 8L ENHIE A8t 2 IFHAE
Z)730] 16mm¢! 24-well A X vl & plate(Co-
rning, NY, U.S. A) 9] ulgto 2 2E| Fo|7} ¢
15mm7t H=% EFsAT. A8E 4T
ZA] 37C, 5% COMIF7] (¥]d 8, Model
No. VS-9108 MS, 3=)ollAl 24413, dFY
¢ A3 AH

IEAAE F28 £A(I3} FEEAY) Y
H71E 935l 24 well plateo] Eol7F ¢F 15
mm7} HEF JFAAE EEH F EFHFE
g 2mle H7H8te 37C, 5% COMY7]
AA 24A1ZF B WA E FHPEES FE
o, =¥ 2 ARE EFIS 2443, 1
FUzt wjgrel WXt BN F g
X2 H7lete] 242417 B FESACh A
&AL 0.2um(Nalgene, U.S..A) 9 35
A}71(syringe filter) 2 AHAIZ] & FE8&
o2 Mg

2) MXE9 FH|

L929 A|EE Earle’s salt7} £ Eagle’s
minimal essential medium(MEM)°] 10%
(vol/vol) fetal calf serum, 2mM L-glutamine,
sodium bicarbonate 2. 2mg/ml, steptomycin 50
ug/ml, penicillin 100U/ml<& 7}t AlX
9] =9 (confluency)”t ¢F 80—90% ¥ ™
Adiste] Ao AMgIen, wjPAE
AYs7) 34 A 474 AHER WARZ
AP AP G wiggo] € 75cm
Zg239 g HE I AAFFRALE
23] AFslyed 138 AFHAYE 20ml, 23]
AFAE 10mlE AHE-SE Ao YL o3
o2 AASIIY. EeiI vigdA AXE
AAs7] Y3ted 0.25% trypsin 5mlE $3L
3027 Ao WA T trypsin§ S B
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F EF2IE COMG7IA 587 FAT. =)
¥ 10mlE EE HAEE 353k9 1000
rpmol A 1023F YA EF 3} trypsinS A A
g F AEE wgYor BFAA AESFE
Z st

3) Radiochromium &%

SCr& Hd 5344 Y49d € sodium chro-
mate(specific gravity, 428.12mCi/mg, New
England Nuclear/Dupont, DE, USA)E A}&
st e, A8AIF 2447 Aol EF A4 Z(mo-
nolayer)°l < 100uCi/8X 10°cells>. 2 *'Cr&
EAF £ 0.25% trypsin(Ca?* &F Mg 7} gl&
QugFEA) o2 FepIe] uigoA
o2 A}18-317] Hol| Eagle's MEM2E 33] A
st} 3—4X10° cells /mI°] HES AEFES
ZA A,

Iy g 2 EAHINE st TXE NEAH
2ml& LFFFAAT € 870 welld]l ¥R
onr, 5709 Wl wello] EXE MEA-E 2mlE
o] ERT2E ARSI 6719 APl
A E A 0.5mlH-& FHsted 31X (reference) 2
AL&sch AETEH hEZ T plateE COH S
710 A 4AIZ T 24N 9wk § 2
welldl A 1ml¥ FH3t 500g9)4] 8&3F ¥4l
28t ZH 3 H A9 0.5ml2 2L Al H
& 713 1237 gamma particle counter(Gamma
5500, Beckman Instruments, Wakefield, MA,
USA) 9l &AM 2 WAFs Y(count per mi-
nute, cpm)< FH3IH

FE89 ZHHYE et FE8Y 1
ml# “Cro 2 ZTXE AEd 1me EFE F
ImlS F 3t 8&7F 500g0 4 YA st 2
A A9 0.5mle MEL AR &7 ga-
mma particle counter®] €74 cpmE A
3t o,

AP gizTlA Cre] HEFe Fu
A Z o] the3t Zo] &S ALttt

b

SCr release(% )=

*'Cr release in the test sample

X100

*Cr release in the reference sample



4) MTTH

MTITAHA M= MESFE 2X10%ells/mIE
Z33le AMg-3tAh

FZ 899 54Y7HE AA3F 96-well plate
(Corning, NY, U.S.A)d] welld 100ul¥ A

g EF3tY COMG71oA 24415 vl
Fslpon zt A I 8/ welld AHE-
SR FEFAAY HEAINA & AEYo)
< MY well& HiEZTOE SR

FE89L 7} welldll 50p18 FH71g ¥ CO,
vkl 2413 vl Fst ATt

tetrazolium  dye(3-(4,5-dimethylthiazol-2-
yD-2,5-diphenyl dimethyltetrazolium bromide
(MTT, 98%, MW 414, CHi:BrN:S, Jensen
Chemical, Belgium)& <14H&+& &l 2mg/
ml7} S5 5 T 7 welldl s0ul¥ H
7ksled 4A1ZE B¢ COMIF7INNA BigT F
MTTE9e gz, dimethyl sulfoxide
(DMSO, SO(CHs)., MW 78.1, Merck) &<
welld 50u18] ¥ A4S TL3HA EF3IA
t}. ELISA Reader II(Behring, Serial No.
350160, Germany)°l4 &337 570nm,
133 650nmolA FFEE ST F oz
o) thete] APTANX YA E formazanZ2 X
9] FHEE U Zo] AL Axe &
=g F3sAd.

Cell viability(% ) =

Absorbance of experimental wells

Absorbance of control wells X100

5) Lactate dehydrogenase(LD) &3

TP 8] ZAHYIE Y5t MESFE 2X
10° cells/mlE 233t GFHA7 € welldl
AEY 2mlg A7HEL COM G714 24412
Bt M F 2 wellol A 1m1¥ F3dke] Al
Ao &7 F 500g9 A 887 AT &
Z3 N 300ulE A3t sample cupdll ¥ A
8}t 2-5-¥ 4 71(Dimension autoanalyzer, Du-
pont, USA)E lactate dehydrogenase(LD)&
49 AEE FF3IUcH dE2TLEE F
Fo AE vjgats 9 A& AHE3A

L-lactate+ NAD* ——> pyruvate+NADH +H*
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LD&A xS el 71329 lactate$} NAD*
25H g LDEA o8] FH=HE py-
ruvate®} NADH7} ¥AdHe AL o]&3)
NADHS 2HHF=E 439 LD 4=
(IU/mDE Hrlske wgolt.

lactate dehydrogenase
pH 8.8-9.8

-
pH 7.4-7.8

6) AdZdTe] 4

Cr WEHAME 4 AdT ¥ AT
CritE %S 44 4g ¥ 23 Fax=z
o] g2 AASET MITHS LDS
AYoAde 49T dxTg 4339 44
F4= 2 LDEAES 34, vuadch

gz g AT AESA #FF
EAA 942 Student’s t-testS AlP3IA
1, Z 9FAATY] 94 ANOVAE A
Patgon, FdFE p<0.05¢] F-ANA #
93k BASFAG.

m, AgMN
1. ¥Cr w&4¥

1) AR 4N Y J&T

UCro 2 ¥AIF LO29MEE & A 4
A B AR HE3AN F 2E Cre] @
o2 NERAE P/ A= Table 13 2
t}h otz e £ AFd) vixE HAF
(013 FAIE) M= F3x] (reference sam-
ple) ol & 'Crid& o] 4.7% 24 I =2F(4.
1%)3 ¥lstgr. 28y 244133 168413t
AR Fo wjAE A7 F(ol3 47 1
YZH 79D AN R TH HlEA] FAo]
ot FAHRAAT I de vehiA shareh.
Y BRI A TN 2F dz2TEH
% AolE B AE EA4L YEQT



(p<0.05). F5F EFEI L FAIE, 197,
79ToA BT dj&xTol H|sty %*éol 78
Ak, 74T (26.3% )& SAT(14.9%) 7 1
A7(11.8%)°l ¥3te {FskA E2 “Cr
wae BRA(p<0.05). 313 Fefsol
o]k AMEE AT EFAA EA4o] ¢l
Rt FEF FE2olo| = AMEE 74T
(252%) 90X ZHAT(5.8%)°lt 197(6.7
% )9 vjdte] MEHFAo] R H(p<0.05).
IRMIAME 79F (12.0%)S i3 19T
o ¥)3le EA4do] 3R H(p<0.05).

659 Ago] Uizt “CrdEFs vl

W ESAZY 19TdAe SEEy EitE
A FFF Rl YA 4% 9FH

Aot BlmA] ZE 54L& BAH(p<0.05).
aet 7gTAME SEEEE 2R
B3 B3R o)9d FEF FEtiolole
o] AHEY E4E #8X3) FrrEPoH,
IRM9] E4%= F718A3L o2as 31853
Zglxololow AWE 271 AEE AL
@ 548 Bt

2) ¥R 2447 AH HEL

L9204 o) 7+ MBS 4N B BF A
A2 F W& "Cre FaAd g 9E
28 Table 28+ Zth ofnzdA WRTY
HhE ke 20,.3% ol o, SAIT-S 32.4% 2
Vel gzERdg 7t Erletgen 193

A 74T E JPHA WEFHS 30.1% T 28.

Table 1. Radiochromium release{( %) from 1929 cells after 4-hour direct contact with six

retrograde filling materials™

Materials Preparation
Freshly mixed 24-hour setting 168-hour setting Control
Amalgam 4.7+0.2 5.6+1.7 74+2.1 41+0.3
Composite 10.3+0.6 14.1+21 17.2+15 44+0.3

ht
Light curing 14.9+44 11.8+35 26.3+2.4 42402
- Glass, jonomer 48408 54406 51408 44403
Ll‘aghst Sﬂ%“mer 58408 6.7+2.2 252438 40403
fement

IRM 58405 3.3+0.8 12.0+3.2 3.8+0.2

% Direct cell/material contact, mean+SD.

Table 2. Radiochromium release(%) from L1929 cells after 24-hour direct contact with

six retrograde filling materials

Materials Preparation
Freshly mixed 24-hour setting 168-hour setting Control
Am;llgam 32.4+4.5 30.1+34 289%2.5 20.3+1.8
Composite 67.1+6.9 84.5+2.2 829+6.9 20.8+04
ht
Light hring 79.14+36 79.1+7.6 63.44+8.2 19.3+0.8
Glass jonomer 235+2.3 31.6+45 26.0+2.4 20.5+0.7
h
Lght curing 62.1+8.4 60.6+2.7 50.2+7.5 159464
cement
IRM 68.5+4.2 66.8+5.0 59.3+2.7 18.8+1.6
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9% 2 247 ZAHo] AgFoe 238]8 obF
7ol B4 2do] ZAaHE AL BIgoy
w94L ). 88 FF EaEddAe
ZAITY WEFe 67.1% 2A =2T(20.8
%)l ¥dte AEEGe] F=rt wi$ ZsHAl
el thH(p<0.05). 1973 74TAME W
S0 84.5% ) 82.9% = ZA8HA FAFAT
(p<0.05). FTF B Q=T 19.3
% o ¥]&te] FATE 79.1% 24 L9294 E 9]
EZAEIF AdA. ol#d 54L& 1973%
74 FNA WEFo] 79.1% 9 63.4% 2 tx
o vlgte] A3 A3 AE 48 veER
A (p<0.05). 33 FF FeLololexr
AHEE 277 B3 HEFE o 6714
AN F 7FF B4 gtk #FH 2
gl2olo] @ x| AJHECME FATA BE
o] 62.124 h=2F(15.9% )l H|3ld SA4
o] uj-9- 3R 2 (p<0.05), 1¥7(69.6%)
# 797(50.2%) A% ol EHL A&
HAth, IRMoAE FSAI2Y HEFL 68.5
% 2M 27 ¥std $98A Bkn 193
(66.8% )3 74 F(59.3% )M E EAo] A
A= A (p<0. 05) .

3) F&E£937 4N HET

Z 4% AEE EFT FA, 47
FY BN F HjFAom 24X T F
&3le I FE937 LI9MEE 4A17 Tt
AEANZ Fo| Z FolA BEE Cry F=
H)2§ ZI= Table 33 2t} ojdz 2

Ho| A 2T HEFL 5.6% Yol vty
ZA M E 3.6% 2 2T H)5ld 23]
% FAE JeElY. 1498 74 FdAE
WEFgo] 3.1%9 2.7% 2 TAHe] 23]
4837t Aat golXe A%E By, 3%
T BN E AT g gz
9 7.0% Bt} Rolx 54& Holx] ¥gitt,
FAZAM 19TH 7Y TR B E Yage
A 43RG 5T ERYAAgME =
AlZH 197, 79¢ EF dZTd v)sid
WEFo] Folr FAE Holx| gkgr). 3}
THH BFY SeLololLer] ARMEGAE
A 2 BFA tiZEgo] vdte] wEao] vt
obA MEEFE HolA ¥ty =F IRM®

AN AT B 5442 Bolx gsieh. o4

6572 AE BTN F& S0 447 T
AEE ZASdAe ZE FAA AXE EAo)
veRtA] ok

4) % 97 4N HEF

7 AR5 FEE97 L9204 EE 244
 BEAZ T EE Cre SRY dAe
Table 49} 2o}, o] A= HAFHOE Table
3% M%g FFE JeERAL 67HA A=
EFoA FAE, 197H 79T EF dET
Bo @2 gtogx EAo] veldxA] gkl

5) A¥zdd wE dFAA 549 ¥n

EF SATY oftgdA uRFd o
BAAQ Cr ¥ES 4 A=z g v
Ebd 23 e Fig. 13 2o, 318 A8 AE9}

Table 3. Radiochromium release( %) from 1929 cells affected ‘for 4 hours by elution solu-
tions of six retrograde filling materials

Materials Preparation

Freshly mixed 24-hour setting 168-hour setting Control
Amalgam 3.6+09 3.1+0.2 2.7+0.1 5.6+0.5
Composite 3.0+0.5 2.7+0.2 25+0.2 7.0+04
Light i
cofpostte "8 30403 22402 26+0.2 47401
Glass jonomer 29405 28402 21401 5.740.7
wght curing 29+04 25402 25+0.1 53404
cement
IRM 2.6+0.2 2.7+09 *26+02 5.0+04




Table 4. Radiochromium release(%) from L929 cells affected for 24 hours by elution
solutions of six retrograde filling materials

Materials Preparation
Freshly mixed 24-hour setting 168-hour setting Control
Amalgam 10.6+14 11.3+1.3 92417 16.7+3.0
Composite 7.6+0.6 82+04 8.7+0.5 30.0+3.6
Light i
faght Cuaing 8.9+06 62409 10.5+0.1 155+1.0
Glass jonomer 86408 9.840.5 9.7+0.1 196+17
ot .
| 'gl‘§ss jonomer 84+11 9.0+13 85+1.1 218433
ement
IRM 13.2+2.7 11.7+2.1 18.1+1.3 18.1+1.3
Relative release Relative release
of cpm value

of cpm value

" 4hr direct
contact

24hr direct
contact

4hr elution 24hr elution
contact contact

Fig.1. Relative release of radiochromium of
freshly mixed amalgam compared to
control group.

4N B¢ A HE3AY AeE dzdd
H]3le] 9Cre] W&o] 1,154 F71etden 24
A AEADD ALE 168 18l AES
Aol Zstact. a3y F& S93 FFAA
ARG ALe R To st Cre W&ol
wold =4S BAsR B EF FA
79 33 23 2 A gz A
AAEQ Cr &S 7 4% 244 et v
el A3 Fig. 29 2o 318 A58 A¥}
A B¢ AR ZEZAR A dRzTd
H]3lod SCr WF&o] 2,348 2 F7HE e H, 24
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4hr elution 24hr elution
contact contact

4hr direct
contact

24hr direct

contact

Fig.2. Relative release of radiochromium of
freshly mixed composite compared to
control group.

Al FEAA AP HSE 3.2302 F7)
ol 71 A3 BAE BEQou 35 g9
4A1TE, 24X B 44 BEAY AL
5248 HolA &y, £F BAEY F=2%
EFHAANA dizatol] tigh oA Cr
£ 4 4¥x2d g Jebd 2= Fig. 39
2t LYAEE AXE 4T B¢ AF A
EFX 7 B g =T v]sto] SCr WHEo] 3.5
vl S71SHAL 24X HEAZ] ASE 4. 1M 2
F7hste] A%k AlEe] &4 Bk, 2y
FE8937 4Nz, 2447 B AEAD A



Relative release
of cpm value

4hr direct
contact

4hr elution 24hr elution
contact contact

24hr direct
contact
Fig.3. Relative release of radiochromium of

freshly mixed light curing composite
compared to control group.

Relative release
of cpm value

4hr direct
contact

24hr direct
contact

4hr elution 24hr elution
contact contact

Fig5. Relative release of radiochromium of
freshly mixed light curing glass iono-
mer cement compared to control group.

L& 0.64, 0.572 %Cr W&o] ¥kl
EF FATY 38 FF Seh20loteen
AR E A 2o it FHH Y "Cr HES
Z Agzde w2t Jdebd ZIAE Fig.49
zZoh, 1PASE AXY 447 TG AH A
A7 A$E dEel vste #Cr W&ol 1.
09ul Z718ta 24X Bt AEFEAZ BEE
1.158] E7lsld oyt #2898 &A1 7
LoE CrEol ¥tk EFFATY #FF

Relative release
of cpm value

14

1.2 .
1.0 ’
0.8
0.6
0.4
0.2
0.0

24hr direct  4hr elution 24hr elution
contact contact contact

4hr direct
contact

Fig4. Relative release of radiochromium of
freshly mixed glass ionomer cement co-
mpared to control group.

Relative release
of cpm value

4.0

3.0

2.0

1.0 |}

0.0

4hr elution 24hr elution

4hr direct
contact

24hr direct

contact contact contact

Fig.6. Relative release of radiochromium of
freshly mixed IRM compared to control
group.

g 2gl2olo] QM AU E A g2l Uigt
AHQ Cr W& &4 APzl o 4
el A3+ Fig.58 2ok LYAEE 443
¢ FA HZEAY A9E OCr wEol 1.45
2 S/ 24417 B2 AEAR e
3.9012 @RI FUI8ld EAo] st
23U $&8939 AEAZ A4 Cr HEol
QzFEg 3oktl, EFSZFATY IRMoIA
zTo] g Ao oCr BEe 4 4%
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Zz7 wet vepd A= Fig. 69 2ok 1
FABE 471 Bt A AEAN B9LECr
W&ol 1.538] F7F8AT 2447 B9 &
A2l A= 3.64v)2 @AB] Zy}ste B
F40] veigth. 23y $&897 4471,
24AEN DL AEAZ A Cr W&o
12 Bt R s N ) 0=

2. MTTH

FE 80l L929A X mX= EAHIFE
MTTH o 2 H715 A= Table 59 21},
ol el ik 54 A9 E Y SAFME
HZ ol ¥l formazan 23 ¢ A v &S
86.8% 2 UEIGTE. 1973 79FdAE 108
% S 111.4% 2 F7}= o] 24413 A3} Foje
=7 B3l formazan@d® Aol F7}3}h
Ror, EF AF WX E FVE 2 vsky
549 ddo] §9 8 2AH AT (p<0.05).
318 F3% £F 32 SATAAE gzl
H|3le] 93.9% AE9 ¥ AE FAHEE B
gA FAdo] wston 14EH 7dFIAE
AEo BHEE 110.5% < 102.3% = eI}
A B0 itk BFE B e =
AlZAAE dze] v3le 89.4% <] AX
A =7 Jehg 54 o] e 2 (p<0.05),

Table 5. Absorbance*( %) in MTT test affe-
cted for 24 hours by elution solu-
tions of six retrograde filling mate-
rials

Materials Preparation

Freshly mixed 24-hour setting 168-hour setting

Amalgam 868+ 90 1080+ 40 11144165
Composite 939+ 36 1105+ 7.2 102.3+12.0
Light curing

composite 894+ 42 1121+ 80 109.8+ 9.6
Glass i

coment 0 123+ 14 156+ 18 187+ 22
Light curi

gas ionomer 10324116 11704113 956+ 84
cement

IRM 150+ 07 183+ 16 179+ 09

Absorbance of sample/absorbance of control
X100(%)

417

1979 749 FNM%E 112.1% 9 109.8% & =
4 Kol gttt 1973 79FL SA L)
H]3le HAdo] 3R (p<<0.05).

315t Y SP2oloj2 e AMEE &
Al E 2T Hste] 12.3% 9] AXE
A=7F el 540 78 oh(p<0.05).
olglg S4L 1497F 7ITNNE FA2HA
@3 A A&HAL. BFEHY Feprol
ol AMEE EFFA HNE Frig
oA 2T ¥ =9 103.2% 9 Al
FEANEE Ho EA4o] yeElA ekgron,
14933 79794 E 54L& el st
IRM& SAFA tZ2Fo B3] 15.0% 9
AESPzrt AE=o] o] F3lned 1
AZH 7IFAME 18.3% &} 17.9% 2 Wx
o] H3le F3 FAe] X&HUHp<0.
05). SAITH 19T 74T 5 385g
Fe2olo] e AJAES} IRMo| 718} 4F¢]
Mg wdte Ztzh EAdo] ZsiAl JEbstch
(p<0.05).

Z AFAAe] =T &9 g HFF
F& 899 F4=H 9 A= Fig. 794 2th.
313 F§ FE2ololQn AHES IRM9)
3¢ F3x9 Hgo] 0.12, 0.152 ZHz U
ERtA] Z1E 439 A B vlste] AESA 0]
78t A H(p<0.05).

19T ol 2ol & §9L AES AT
Tt AFAY B-AHREE 2)olA AEQ
Fee d2FAREE DI §A8 248
BoA F5A4o] velA skt 38 3%
B3R ASLE AX Ul thh Wy
Hol Uelgtod(ARRE 3), BFH 23
AR AE 2T AEY v L7oE
AXe EAo] AFAHA FYTHARRE 4).
Felzolo] Qi AR E Q] & o3} 2443
AZAd e AEE 71 2A ZrE9eH,
A Fex AstA A3EUUA AR S
5), 35 SThotolox AMEE A X
9 FeEjeA W7l ehdA edth(ArR
EZ 6). IRMAAE AEY % FAHT
FEl= AP o] A3 A E4o] FAHYTk
(AHRIR-E7).
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Fig.7. Relative absorbance of elution solutions
compared to control group in MTT test.

3. Lactate dehydrogenase BT ZXYH

LO29M X0l Z+ AEE 24717 B¢ AF A
ZA17) ¥ lactate dehydrogenase(LD) 2] &4

£ 243 ZAFYE Table 63 2Th. o}t
A hE2F(38.5 [U/mD)ol vjsle FHAFEL
48.3 IU/mle2 A tizFd H3le £ F£3
g BYoY, fod Aole ofldith 14T
T4TAME 46.5 IU/mi¢} 50.4 IU/ml1e] &
AEE BN Azt Bt mE FA49] Aole
yelA] ekt 38k 53 B3 979 LD
e WET(39.0 IU/mD ol vste] FAZL
100.0 IU/ml22 JYEpIA w9 33 54$
BHH(p<0.05). =3 14T 7dTAME
LD#L 104.6 IU/mi® 105.6 IU/mlS2A

< 7 Jeldt. 353 23 o)A
T 9] LD#E 91.9 [U/mIZA HZT<] 39
IU/mldl] vlgt] {stAl Eolr Al 728
545 B Hp<0.05). =3 147 747
AME o3 FA9 e IR A&F
Atk 35 Feprololer] AlHE A
ZAT9 LD 43.9 IU/mI2 A o) 27(38.6
[U/mD el ¥l3te ¢tk & X & Bon,
o|EZte] Fole AARHA tot. 19+ 7
dFNAE LDEL 52.1 IU/mi 44.1 U/
mlE2A EA4L g, FEF Fg2olole
o AAENA FAF9 LDFS 84.4 IU/
mlZA 2T (38.0 IU/mD ol ¥]3te] {3
a0l & B FAo] AstA velgon 1475
78TAME 22 FAFHO A Fox 5
do] Pt (p<0.05). IRMoIA ZFAT¢
LD&S 71.3 IU/mIEAN B4 adrt 7239
on 193% 74TINE ¥ 54L& A
ZH .

Fig.8& LDFX & A EEA TdET ] X
H2 AR, FATY LD#HL 639
AEF A NA o 318 F§ FEhiolo]
Li=w AIHES] vt UuiR] 4% 93
AA A AEEZo] F3HA =A e
(p<0.05).

54
=2

Table 6. Lactate dehydrogenase activity(IU/ml) of L929 cells after 24-hour direct contact

with six retrograde filling materials

Materials Preparation

Freshly mixed 24-hour setting 168-hour setting Control
Amalgam 483+4.0 465+45 504+5.1 385408
Composite 100.0+2.8 104.6+2.0 105.6+5.1 39.0+0.5

i

Light curing 91.9+25 94.8+6.1 81.6+7.2 39.0+0.9
Glass lonomer 439429 52,1458 441420 38.6+1.1
yeht curing 84.4-+4.2 67.7+9.4 60.3+9.9 38.0+0.7
cement
IRM 713+8.7 739+4.6 744441 383+10
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24748 BYcH, BFYE Sy2otolekn
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(EXPLANATION OF FIGURES)

. L929 cells of control well in the MTT test.
. L929 cells treated with freshly mixed amalgam showing normal growth pattern

in the MTT test.

. L929 cells treated with freshly mixed composite showing somewhat damaged

celluar pattern in the MTT test.

. L929 cells treated with freshly mixed light curing composite showing normal

growth pattern in the MTT test.

. L929 cells treated with freshly mixed glass iomomer cement showing markedly

damaged cellular pattern in the MTT test.

. L929 cells treated with freshly mixed light curing glass ionomer cement showing

normal growth pattern in the MTT test.

. L929 cells treated with freshly mixed IRM showing markedly damaged cellular

pattern in the MTT test.
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— Abstract—

CYTOTOXICITY OF RETROGRADE FILLING MATERIALS TESTED
BY °'Cr RELEASE, MTT AND LD ACTIVITY

La-Young Choi, D.D.S., M.S.D., Mi-Kyung Im, D.D.S., M.S. D., Ph. D.
Department of Conservative Dentistry, College of Dentistry, Wonkwang University

Endodontic surgery is performed when conventional endodontic therapy fails or is contrai-
ndicated. In such cases, retrograde filling materials including amalgam, composite resin,
and various cements have been used.

Biocompatibilty and margin sealing ability of retrograde filling materials are important
for the long term success of endodontic surgery. In vitro cell culture is frequently used
as the method of measuring the biocompatibilty of dental materials.

The purpose of this study was to evaluate the cytotoxicity of six kinds of retrograde
filling materials including newly developed light curing glass ionomer cements. Each material
was mixed according to the manufacture’s instruction and evaluated as : freshly mixed,
24-hour after mixing, and 168-hour after mixing respectively. The elution solution was
extracted after 24-hour contact with materials using media. Cytotoxicity was evaluated by
direct contact, or elution contact.

Test results of radiochromium(*'Cr) release, cell viability using tetrazolium dye (3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyl dimethyltetrazolium bromide(MTT) test and lactate deh-
ydrogenase(LD) of damaged L929 <cells were analyzed.

In the ®Cr release of direct contact, all experimental retrograde filling materials except
amalgam and glass ionomer cement showed increased cytotoxicity compared to control.
In the *Cr release of elution solution, the released *'Cr was so minimal that it was impossible
to evlauate the cytotoxicity exactly. The elution solutions of glass ionomer cement and
IRM showed marked cytotoxicity in MTT test. LD enzyme activity was highest in tests
of direct contact with composite, light curing composite, and light curing glass ionomer
cement and IRM. Amalgam revealed least cytotoxicity while IRM showed cytotoxicity using
all three methods. Compdsite, light curing composite and light curing glass iomomer cement
were cytotoxic in the tests of *'Cr release and LD activity. Glass ionomer cement showed
cytotoxic effect only in the MTT method. From these results it is suggested that the standar-
dization and optimization of cytotoxicity testing, especially using elution solutions, should
be strongly advised. '
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