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7 F24 HAFS Ty AEEEE S,
Niemi®t Hensten-Pettersen?-2 NCTC 2544(estab-
lished human epithelial cell line) & A3 43
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¥ EAE Balb/c 3T3 AEE o] 843 AH HE2Y
(direct contact method) 2.8 AEZF AT 43hy
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< ARREAZSE AT, 8484, 281 23
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Table 1. Composition of alloys

A F2& HAFESE S FHAA e n
de 784 JA-2E &5 New crown (Ruby
Dental, Japan)¥ CB-80 Soft (Sankin Co. Japan)
, AR E ILE-IE FFUA Regalloy
(Dentsply, USA)E AH-3l9tHTable 1). Y&~
3E 2 gl TREA F2 FFE F
UAe] -] B I JA $ido] H&
€ A93idn, ILE-IE FIF L ¥ol AHE
3 e 24& 7§58 A9

2) AE g wiA)

Al AHEE ¥R 7] FRE ARG
o, PulA e X F24 9AFS 5 #9A
¥ frel#F 33 AHESE, F viAl= Mouse
fibroblast 3T3 feeder A1 X & wj %43k © A48l
on, E oA P2 Au A e wjokel] A8
Aok, 2z wiR) o] A& oS3 2t} (Table 2).

2. A7 Uy

1) 3= A9 A

A% F24¥AGE FEY 78 AE 59 4
o A" F& A|lHE 24 gauge casting sheet
waxE o]43) 2 & 60mm o ¥t Feo) FIFL
AZEATE. o] FHES AIEA A
Dentivest (Sinjin , Younginoop, Korea)E ©]-4-3] A
23 Ake] Ao e} B3 & A% FRSIGT

F2% A|H-E sandblast¥ green stone wheel,

Alloys\Elements Ni Co Cr Cu Mn Sn Mo Si Trace
New crown 73 8 10 5 4 Fe
CB-80 Soft 56.5 10 15 15 Al Si, Ti

Regalloy 62.5 27 5.5 Si
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point2 finishing3tal rubber wheel? pointE o] &
& ArlE felt wheelZ tripoli 9 rouges AH&-8) A
ulsldch Aulgk AlHE xylene, ¥2E, QFEF
& o] 83 42 10870 239 A3 7kt
T 255 ATt X# F28 vAFS FF
o] 74 AL fre] A% A S5 AT 4§
= 7 504 Asigict

A% F2& HAGS g5 AESGA AHEE
B4 A HE 10x 10X Imme] 2719 Fel2 ¢3S
Azyete] dadt upe} o] A, Avtaia, FE
AlH-E Z g5 2 38 A e

2) A F2LuAFS g9 T AR /AT
3%

25 7+ A H-E 15ml P ¥iA19) petridishel] B2
3 5% COz, 37T w7]1olA 24717 Ba319 )
Petridishell A & AAZ AAF F £92 poly-
ethylene tube (Corning, U.S.A)d &4 92 &
atomic absorption spectromery(Varian SpectrAA-
300, Australia) & ]88 A|HIA falHe YA,
FRE, IF FTEE AU o] ANHE He
g ulo} Zro] Anly, ZH2 w0 2 48A)7F T2AI7H
B ¥ atomic absorption spectrometryE A3 3}
Ao}, o] W hERToBE F&HT YA &2 PR
E AHgET AT IHEE EEHE AHE3
ey, 2L HEEYE AMstgen &%

Table 2. Constituents of each media

e of media

Constituents T

1) DMEM

2) F-12 Nutrient mixture

3) 0.07g/1 NaHCO3

4) 0.475g/1 L-glutamine

5) 10% FBS

6) Ampicillin

7) 0.4ug/ml hydrocortison

8) 5ug/ml inaulin

9) 0.1ug/ml cholera toxin

10) 5ug/ml human transferrin

11) 2ug/ml 3 -5-triodo-L-t
hyronine

12) 5ng/ml human epidermal
growth factor

****"U?

* ® % X X ¥

% % % x % » w® ¥ « |\

*

Z72 Table 33 2t} ©] A& th2 A7A
o £33} wiz3r] 98 ppm GHE 4M, ug/ar
2 g3l

3) T et A o] U} ujek

BAA T Hige e AAZAd vg 7z
& Z7o] dasiy, dA 39 E wiksle e
2% low—calcium serum-free mediaZ A3t 4
A2 mouse 3T3 fibroblast feeders ©|-&3}= W
o] ¥’ 1 F mouse fibroblast feeder® o] &%
e AR ETS Mgdoz wgd + A,
feeder M X2 HE] AT chFd ZAAAZ A3
A EF7} Fox colonyd & FAge A4 o] Yo
® oW AT X+ mouse 3T3 fibroblastE ©] 4§
BHAZE ) d3he Wy E AHEE

7}) Feeder layer A2

YA A FRA Zol| A frel g NIH 3T3 fibroblast®
F =)o A wjoksted 80~90%A =7} 5| Sug/ml
mitomycin C(Sigma Chemical co., St, Louis,
USA)E 93 37CAA A7 302 < A8
tl. Phosphate buffered saline(PBS) & |33}
trypsin/EDTA(GIBCO BRL, Grand Island, N.Y.,
U.S.A) Aelsted Zh wjek HAle 5X10°/100mm
dish 789} M EE EF3 Lz} vl o]-&3Ach.

W) 3R Ao A Ee A3} g

T3HT A3 23 A 3 tTA TAAN G50l

© THE A5t da stk 2L
PBSZ 3 3] o] AA3}1, 1 - 2mm 3712 24
Ze 0.15% collagenase-dispase (Boehringer
Mannheim, Germany)Z& 30&3t 283t 94
#n| @A dulet AAXA S AR FET
F 9= 0.25% trypsin/versene %o 1583+ A
Zate] YA E AT FHHNEE Ro} feeder

Table 3. Conditions for atomic absorption analy~

sis
Element Ni Co Cr
Wavelength 232.0nm  240.7nm  357.9nm
Slit width 0.2nm 0.2nm 0.2nm
Detection limit ~ 0.1ppm 0.1ppm 2ppb
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layeroll #5813 ¥lX| & E w2 & o] &5ttt i
A& 34l mgs F9, 70~80% FA3HA A2t
W YE 23 T A wdS At

4) d3d (NiCl)el MEEA &%

Az} wfok L A A EE 0.125% trpysin-
EDTAZ #2jdld uigoly 223 $ d4#as)
o 22 % 24 well plate (Falcone, U.S.A.)ll 1X
10°9] A9 A 29} 3 3x 109 feeder NIEE X
ANA wigsigict. 49 wok vz E wiXE ol &
AL AESL vietel] RABFEE 2442 -FE 37
T, 5% COz ¥ %710l A& F, wjA]of] F3hiA o]
2z} 40 M, 80 M, 160 #M, 320 M, 640 pMe] =
TE o3}, dshdel xIHA g2 WiAE
A3 dzzoz Yz, UAL £33 AIES 0N
to2 o] 24A7F, 48A17F, T2AI17E, 96A17L
MTT £43td dizzd dg A AZFE
z3s9eH, 7t yxo Uig Y3 4¥E& 83
wEEI T MTT 242 ZF welld] HiA| & B5F A
A%t & 0.5 mg MTT (3-{4,5-dimethylthiazol-2-
y1}-2,5-diphenylterazoli-um bromide) €< 7} well
3 1 mI® Frlstad 5% COe, 37°C wi7]oll 3A12E
7} wiFstn MTT €98 AAFAT. 1ml
DMSOE #H7lsle] A XA o] A4 crystals &
A3 59 F 2 FHENA 570mme]
Foz FFEE AT 4 T A
Aol thy dapgte B4 2XE AR s YA
9 o WE AEEY F=E #2438 8¢, z
Azt hzTol HlE 50%2 A% AAE Role
%% inhibitory concentration 50(ICs0)}, 25%2
A7 Al E HolE ¥ X inhibitory concentration
25(I1C2)< T3ttt

5) A7} 24 vAFE FEY AESH 33

A} ujok F7A e AV EE 0.125% trypsin-
EDTAZ A 2jsle] wigtol| A Zelgt & A4 83t
o 22 % 12 well plate (Falcone, U.S.A.)ell 2X
10%¢] AE7} =2 B335 11, oW feeder HIEE
Zt well B 3x10°& A v et AR
e E iR & o83t X7} vt Bas)
T 2443t F9t 37, 5% COz vjg7lol W38k
4. aF I A E FFe] HRAIZ

A0
aH=E
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Fig. 1. Diagram showing a specimen and cells."
a) specimen, b) cells

(Fig. 1), 438 AU S FYTF AIF S QT Z 3l
24X 7Y, 48X ZF, T2A1ZY, 6Tt A gt Wi 2
& MTT 843t diz7d dig g A2+
23591, 2 g3 g L AP S 63 v
st o] W AEEYe] glvtz 42F ceramic
(Duceram, Germany) A#H-& Fd3 27|12 A &}s}
o 2oz AHE-a

6) 54 e

Az F2& HAFE e 7 ALY /P
273 AhdA Zt g3 7 BES] ATHE #
2] 2ol A} oneway ANOVAE ©] &3 A +
dag AaR, YA B2t feiBel A
independent-t test®, Zg2] Fa3te] felFe 2
£ oneway ANOVAZ o| 43 5484 a2 4
Z3tact s & AXEAN &3 AP
o AZINE, s=d AUAE Axse] AR &
e} N Fx4 ATS FF AXEE 33
Ao Mol A7, g BdE AEFe] §A
82 §-923}E oneway ANOVAE ol &3 AZ3H
o}, =& oneway ANOVA 54 Post Hoc Test
£ Scheffe A8& o] &3tAt

M. o7 Zx}
1) A% 24 0A2% FF9 74 AL 1%

2%
A3} 224 uANFE G2 TR KA

& Table 48 &t} UAL dixTodA e AEHA



Table 4. Amounts of element release

Ni, Co : ppm & M

Cr  ppb & nM
Element, Ni Co Cr

Alloy Un’ft‘me 24hr 48hr 72hr | 24hr 48hr 72hr | 24hr  48hr T2hr
ppm/ppbl ND. ND. ND. |ND. ND. ND. | 7.60 720 7.60
Control|uM/nM | ND. ND. ND. |ND. ND. ND. |14615 13846 146.15
ng/em* | ND. ND. ND. |ND. ND. ND. | 002 002  0.02

383 462 479 1079 1402 1045

PPI/PPD o 1048 116 B B ) £09  +06 *17

New | oy | 8815 7875 8LST . . _ |20749  269.68 200.99
Crown +199 =£8.1 +27.6 +18 +31 +2
, 1 995 1202 1245 ) i 0.03 004 003
ngem’ | o0 419 449 ) +0.002  +0.004 +0.004

111 137 165 934 1141 11.75

pP/pPbl o9 402 406 ) ) ) +06 19 +26

CB-80 | oy | 1885 2340 28.03 ) . ) 17957 21941 22599
Soft +51  +33  +100 +12.2  +376 +495
nglomt | 288 357 428 ) ) . 0.02 003 003
+08 +05 15 £0.002  +0.005 +0.007

085 096 088 | 931 853 864

ppm/ppb) - - T | 401 402 404 | £0.1  +05 +1.2
Regalloy oo ) i 1438 1636 1501 |179.11 164.07 166.15
£23  +£37 466 | £21 94 1238

. . ) 220 251 230 | 0.02 002  0.02
ng/em +04  +06 +10 | =0  +0.001 +0.003

29k, New crown, CB-80 SoftellA] 247 7171%] Z+
7t 3.83, 1.11 ppme] AEHA2U, 2 F T Az
T RElBde Alzte] S/ whet etk Y
A fElge] 47 Aol New crowno] CB-80
Softell H]3te] BE AlZHA] B B FelFe
Btk IREE oA AEHA ¥kn, 24
A7t 0.85 ppmel #2185 EF oy 1 Fof @A
g el AlRte] Sl whet ATt
AL BE FEoA UAZ FRE vlete] nF
ZA&5UcHTable 4, Fig. 2).

2) g AXEA

406M, 80M2) FEANME 2447l A o 27w}
EATA #x7t gle A NESE BYon
48717t o1 F 9] AztoM e g E2TEY & 2E
AEFE ZAT 160uMoA & 487120 Atz
B} 22 AUA AE4E BYn a9 oE Az
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oA dzTH FATE a7t gle AdE Ax
TE Bt} 320uMe A& 48413t o|F g7 RT
v AE AZFE BYo 640MoME EE
AZE A d2FEG Ee Add AEFE 2Yoh
(Fig. 3). YAo| Lol Fxo n& Atha A EFe
A4 BAREE Fig. 49 231 9714 73
1C25¢} ICs02 Table 59 2t}

3) A F2 8 HAFSE I MEEA

New crown 48] 7tell @A BiA A E59]
Z718 BT, 72A7F, 96AI7te) SR HAE R
et

CB-80 Soft= 242|710l 43 AEF9) 2AE
Holt}, 48Xk $71E HQl ¥, U227 Aol &
Holz] g=rt

Regalloy= 72413tel 2| A 9] ZhA MESFE Hol
o, 96A M iz AolE Holx et



4.00
1
3.00
ppm 2.00 05
ppm
24hr denr 72br
u New crown 383 0.80 0.17
3 CB-80 Soft 1.11 0.27 0.27 W Regafloy 0.8332 0.12 -0.10686
(a) (b)
Cr
5 4
ppb 0
-5 4
24hr 48hr 72hr
B New crown 319 3634 -3.972
3 CB-80 Soft 1.738 2472 -0.058
W Regalloy 1.714 -0.382 -0.292
(c)

Fig. 2. Amounts of element release per Unit time.
a):Nickel, b):Cobalt, ¢):Chromium

Refative cefl number

Error Bars show 85.0 % C of Moan

Ralative cell number

N3y [eeeefisietive oo umber = 118.74 + 0,08 conc
. n

TtrRelative ool tustibor = 11406 + .10 4 cono

BEeRoletive cob raamber = 110.42 ¢ 0.08 * conc
R-Squmre = 0.5¢

R-Square = 0.

R-Squere =050
S0tRolelive col nUTDRY « 11498 + 510 * cone

R-Seearo =078

Fig. 3. The effect of concentration of nickel chloride
to relative cell number of oral keratinocytes
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Fig. 4. Regression lines and equations of nickel

chloride at each time



Table 5. Inhibitory concentration of nickel chloride
to oral keratinocytes
IC\Time 24hr 48hr

T2hr 92hr

ICs  569.39 56090 383.27 380.76
ICso0 971.32 874.34 623.65 618.86
(Fig. 5).

V. &2 4d3ns

A F28 HAFE Feo2 FEES AF)
o Aol AR FEE FHA Al
el n} gHao] 4 AR Alole] Ar|sletH ukgo
doli} & oo A, FEE F& o2
organometallic complexE #Astd 77 Heto g
JFFEHAY, B FelE] dA 4 FHR o]F
A AP, ol¥A fde A F24 ¥AZE
Fao AEE YA, 2E, IEE0H, o5 AX
B39 A-g-S deody, & A7l B2
2 g43A ek AL 349 #40 de #¥3ta,
Q1A oA argininases A7 E S &
< 3l T8 ARoARt thike] U2 ENE
A, allergen, 4EAE 4814 o}, Jacobsen™
2.5 ppmB =S UAT 72T oA 2ol HES
A& veRd 5 0 8111, 112 ppm3 =9 olw
patch testol] 4 ¥H&-& dod & 0. YA
AFR 2 ol Fstd RNAY Az Agsted AT
ALE Welstan AEE Aol olz2A g}, =
E & vitamin B129] FaFA4E 02 QA9 F4
S0t} a3y v IYEE A X v EZ
zelolo] £H= 3, o|FA £HE FLEE DNA,
RNAS] tiAte] g8 m|x|m, MEW As28-&
AA s, ML AL FEH?. Kawata 5
' Naji 52, Hanawa 5%, Bearden $%& 34
7} g AEEZE BT it ZEL 7]
Fojl ] X3 1, insulin®] B2AAE 24
gk Y3 wkeEd Oty Crte F dHE &
27} H3 Crft e 725 et Bdoln) A7 uiy
Toll &) F47F H9 ot ¥ vl AjgtS
i

A7 F24 8AFE 5 78 AR fede
39 24, 299 A4H, FF9l 3 (phase), I

to md [ of

723

Type of metal
— coramic

Error Bars show 95.0% O of Mean

Regeloy
CB-£0 Soft

Dotd nes show Means

8
3

Relative cell number
4
0._
._.o_._

Fig. 5. The effects of alloys to relative cell number
of oral keratinocytes

3 ok (occlusal wear), 5o 93 J&-& wet) Y
A-2g, FLE-IE FoolA 289 ¢ 83

FEE FARLE 3= F2 IAY FAd IS
Zt}, Brune®2 FLE-IE FFolAH 23 3
E9] fe] ¥gol ARt 350 wet 1 #eEjsEe
H)go] §43] #Zash o) §4 #R|4te] g4
71913t} 9T}, Covington®& 2|3} F24 wAF
& FF9 74 48] HYoR fYgHe ¥ &
Age Aol feld WEe e =g 4
ol vla) of¢ 22 AL TP o] YAE
AA FAue i3 ZHAAM ] WEe Y F=7F
%7] W 2o|g} 3t th. Naji 2 FHo] A &2
< Asdn FEFP L o THAY F71e) tiEo
crevice corrosion®| 713t F40l29 fEFHS
Z71x170} 849 3L, Niemi®t Hensten-Pettersen®
< Ag-Pd-Cu &5 48X @ (single phase)
Cu-Pd 52 ¥ AEEAE Holed Wl o
% (multiphase) Ag -Pd-Cu &2 58 AXEANS
Bty BuslHtt. Tai"s X3 F28 vASE
P02 A FHow ngnr A48E Y-S
Y & ol frel#go] F/HEE RuItyH
Bumguardner®= Y#A-ZE FFllAf 728 7HE<H
0.19 ppmeliA 0.343 ppme] YA o] o] A X ujjk
Aoz FFES Hudd 1, Covington®™2 120
d Fte Fel Aol Fae SF wet 0.98
ppmlA 45 4 ppme] UAQ] Fel7t AEHASS
Buagtt old tieket W] fEe 89 =

43 AP, 88§ 27 5o % Ao



Z AEEY ol 4 R AddA YA {3
% 7227t New crown & 4.77 ppm, CB-80
Softe 1.68ppm 9] fr217} UATE. ©) F2Fe 3ol
E F 259 244 9% Aolz AgHn}, a8y
AHEE 2 U Fe] AlolE 16.5% A 6t
ato] el <o 3ulg 2olE YERAAL o] 3t
2%z & o YA felZAele Ua 3 1
ofo] 3R] = AL & & len, e W
of Qbgd F4 WAuE PAsle i o] 29 &
2|8 dAste 28, U 59 4ol o)
TS e s & S tt ILEL) fElE 2447
0.85 ppme) 27}k AR et 1 %o felo] Zohe
HolA] gfsted] ol 35 VA9 A9 14
WAete] A oz Algrl gu} 288 RE
A8 A U, 3EEd b8 1/10008 %9
o] Zo] AZE o o] Park®, Bumguardner™
o] Ao} YA 3},

AEZEA A E F2 SFAEFES AHES
gom ol= o] widsly| du YdE HAAE
dE F 7] dEola} s} 2 TYE Y
AEZFAMT Aol AHEE Hjgde] o] AU
v A Mejshs AT e} e 4 £ H
o & U3, Aldl e gl Sl metE g2 A X
54 2948 BEY F PP Bavt glon, o
AEEL AN ATETE T8 Z2&x9 o
AL ¥, B4 i3 whe-2 BQT}P04 3l o]
@ AEE 0|88 AXEY 4FSE AT HnE
oAHA st AelAe] AHEA g AEEA
ATE ¢ F A e 2dn FT AT AR
A2 v o] H YA AN 015 o] 43 A7} F=
HAFE §3e AEEA 4¥o] Bo] o|Fogx 1
Qo Apgre] AR AE} TN X3} F
2§ ¥AFS Faol FFse AL AEE A
54, 54 i vhgo] Faigh 2lol & H]lg
o wpeld TR A F24 8ASS Tl
A& 270 fEld F&ol 2ol Ui d& B
213 o9l 2RH e A& o] 83l A3 F2
£ HASS a9 AxsY 48 E s 3o +
ZARoA ] whg HES F o fARE ATE I
UL Aoz HzHo B APdAE I wWLd
TR AAEE o] &8 UA-ZE, ILE-A
€ &9 NESAE S a, AT 4t

724

g o2 E AUAENS MeAog wjgdd
T 3L, feeder M ZZRE AT OhFe A3
A= Q8 M EF7F HAE colonyE & A s F
o] 94 mouse 3T3 fibroblastE o] &3 A A%
£ st WY& AHEEr T

AEEFe] 23 Wdle AXFY AT 4%
< FHske W, AxE §oxe ¥sle 243
H, XY HALE S5t W, 4 g8 &3
e Y 59 o8 7R el ok, M xS Al
¥o] 44E FHse WYL FAFCn 44 &
T v AFAte Fael WY &7 g3, Al
Eot Boev A fie] dAE S48t Ee W
A B 948 AMgEloksle o &) glok o
2 ol APoM= MEEY 24 WHoes ah
o} FH=E £ sk= MTT (3-(4,5-dimethylthia-
zol-2-y1]-2,5-diphenylterazolium bromide) < ©]
£3 A AEFE Sk WS oS3t
®N o] WHL tetrazoliumF & formazano 2 &4
A7) thiol-containing flavin oxidase®] &4 &4
TE Syste wyoln, 848 formazan®] 42
welld]e] Zolgle MEF9 v a0 Tt
MTTE ©]83 AU g2 2AHET 7 well
e AA AEe] B4 FgaA SFAd + A
on NE IS ARA R Hr1d & 1, &
AU AEELE SE 5 e A &
q_ZB). )

A e] N E5Ao) it AFlA 80pMel s}
9] FxolA AiE AEFe F7T velgrt. o
2 A2 o] A7Ael ofd] #Eol HIeH
489 Watahaw= 0|28 @do] F& 0] 29 AF=
(TC50018te) FE)olH HAHH, A ES0| 4L
FE37] H3l Jdehde #FoiAY FA4dd 9
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ABSTRACT

CYTOTOXICITY OF DENTAL CAST BASE METAL ALLOYS
ON HUMAN ORAL KERATINOCYTES

Young-Ji>n Choi, D.D.S., M.S.D., Jong-In Yook*, D.D.S., M.S.D., Ph.D., Moon-Kyu Chung, D.D.S., M.S.D., Ph.D.

Department of Prosthodontics, Department of Oral Pathology*, College of Dentistry, Yonsei University

Although many studies on the cytotoxicity of the dental cast base metal alloys and their com-
ponents have been carried out, the results are rather conflicting because of the different type of
cells used and the various experimental procedures taken.

Recently, a number of scientists have claimed that it would be preferable to focus on the use of
cells from relevant specific location of the human bodies. Consequently, the primary cultured oral
keratinocyte derived from oral mucous along with nickel chloride and several of widely used den-
tal cast base metal alloys(two Ni-Cr alloys and one Co-Cr alloy)in domestic were selected for this
study, from which

1) The amounts of released metal ions were determined using atomic absorption spectrometry,

2) The cytotoxicity of nickel chloride and dental cast base metal alloys was evaluated via MTT
assay, and finally,

3) The amounts of released metal ions and the cytotoxicity of nickel chloride were correlated with
the cytotoxicity of dental cast base metal alloys

And, the results were summarized as follows;

1. Nickel ion from Ni-Cr alloys and Cobalt ion from Co-Cr alloys resulted in maximum
releasing rate during first 24 hours, followed by a decrease in releasing rate with time. Chromium
ion were found to be minimal in all alloys.

2. In cytotoxic test, with 404M, 80#M of nickel chloride, there were observed an increase in the
relative cell number compared to control samples after 24 hours. With 160#M, there was found
to be no difference in the relative cell number with control, except that 48 hour showed a increase
in relative cell number. With 3204M, the relative cell number remained constant and decreased
after 48 hours, and with 6404M, a continuing decrease in relative cell number was
observed throughout test period.

3. The sensitivity of primary cultured oral epithelium to nickel was lower compared to the cells
used in other studies.

4. CB-80 Soft and Regalloy showed no cytotoxicity to primary cultured oral epithelium and New
crown resulted in a slight cytotoxicity.

In conclusion, it was shown that the primary cultured oral keratinocytes could be applied suc-

cessfully as testing cells in cytotoxicity test. Futhermore, the dental cast base metal alloys used
in this study were found to be biocompatible.

Key words : Cytotoxicity, Dental cast base metal, Human oral keratinocyte, Nickel chloride
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