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—— ABSTRACT
BIOCOMPATIBILITY OF RETROGRADE FILLING MATERIALS

Mi-Kyung Im, D.D.S., M.S.D., Ph.D
Department of Conservative Dentistry, College of Dentistry, Wonkwang university

The properties of ideal retrograde filling materials include the ability to seal the root canal system in three
dimensions and well tolerated by periradicular tissues. Biocompatibility testing has been done mainly with
cytotoxicity tests using cell culture. Little attention has been paid to the potential adverse infulence on the
inflammatory and immune reaction in the periapical tissue. The purpose of this study was to investigate the
effects of retrograde filling materials on human mononuclear cells in vitro. Freshly mixed and set specimens
from six materials (Z100, Tetric Ceram, Fuji T, Fuji T LC, F2000, Compoglass Flow, and ZOE) were eluat-
ed with cell culture medium for 24 hours. Cytotoxic effects of these extracts were evaluated by determining
cell viability and enzyme activity using MTT and lactate dehydrogenase(LD). The production of inflammatoy
bone resorptive cytokine, TNF-¢ was measured from human peripheral blood mononuclear cells (PBMC)
exposed to the extracts by means of Endogen Human TNF-« ELISA kit (Wobrun, MA, U.S.A.).

Eluates and diluted (1 : 10) eluates with cell culture medium from freshly mixed Fuji I had cytotoxic
effects on mononuclear cells using MTT and LD. However, eluates from set Fuji [ were not cytotoxic.
Eluates form set ZOE exhibited cytotoxicity with LD test. TNF-a levels were high in eluates from freshly
mixed Fuji II and Z100. Diluted eluates from freshly mixed Z100 and F2000 stimulated the production of
TNF-a. However, there were no significant difference in TNF-« levels compared to controls.

These results indicate that some materials could possibly stimulate bone resorption in the periapical tis-
sue by means of the production of bone resorptive cytokine.
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HEd begol slom F g 9 XA B3 wd
23} 2L 9o] ). Super EBASH IRMo] o} 2tzto]
Hgle gE o g o $43 AE Ko, dA) 954
AZA AT AHEHD QTP B3 opdta) Fefiofo] &
e AIMEE v wdt Y dFelA Sepiotol e Al
HE7} B8 e 232 BYTY. o]9dE gutta-per-
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1. ASHA FEA2| F|

H

g8 Y Zex ofol2wer] AHMES GC Fuji 1
(GC Corporation, Japan), 3538% &7 23813 Fefxol
o] AMES Fuji I LC (GC Corporation, Japan),
#3539 F¥AEQ Z100 (3M Dental Products,
U.S.A.)¢} Tetric Ceram (Vivadent Ets, Liechtenstien),
x99 F2000 (3M Dental Products, U.S.A.)3}
Compoglass Flow (Vivadent Ets, Liechtenstien)$} zinc
oxide eugenol cement (ZOE) % 7&79 9F4AE o
Bo 2 st 7 ARE Ax At A ue} 24-
well plate (Nunc, Roskilde, Denmark)®l %°|7} Imm
7t A5 Tt o, F5HE L FFHINE o] &8t
TR, ol AEE EES FAT (FAD) T 2442
B 37C, 5% CO2 MEuE71IA AN & (B8h)
o2 R, AXe x| (minimal essential
medium, Gibco BRL Life Technologies, Madison,
USA)ZE Z A8Y F& §92 FHaicH, SATEL
3 Ao, Ao 247 B A EuGT|oN B
B3 Tl 247 A E v A E wellD 2mle F7HIAT
AE v wiA7F H7FE 24-well plateE A Euj 7))
24717t T Bt 7t AR FEYE FH T F
syringe filter (0.45um, Nunc, Roskilde, Denmark)&
ettt SAE A48 497 AT A 44 4
S AY §902 AESAY, Bad A9 AR E
o-§3le] 10M1Z 3 M3 F Ag Yoz AL o
34 F2d g FF AXiAE Hrkle g
o 39t
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A e ALAZEY oF 20mLA Ao, WA} &
o}UA} &L heparin (20units/mL blood)FEd| ¥ &
EFAG. AYARASFE TF Aol AL 43 $- v
%(s.g.)ol 1.0779) Ficoll-Paque (Pharmacia Biotech,
Uppsala, Sweden)©] € 933 FH 2: 19 ¥ &E 5
a9, 1,500rpmelA 3087 94Eed F Ficoll-



PaqueEth $1&d FAE @ F5E Pasteur 33l s ©]
43t 2A2HA B3ttt MEM #iA] (Gibco BRL
Life Technologies, Madison, U.S.A.)& o] &3l 23] A
% & hemocytometer (Cambridge Instruments Inc.,
Buffalo, U.S.A)E o] &3l AEFE 5X10°/mLE £
g8t

3. M= 542 £Y

1) MTTE o] 8¢ B39 A X 84 &%

8% 228 G372 96-well microplate (Nunc,
Roskilde, Denmark)dl] 10044 #3351 7} welld A1 E
F7} 5x10°/ml7t HEE . 15579 344 59
S SN 2407t Agkrol 4z 5044 E53Th Ul
27-& 2AA =EHA ¥ RPMI 1640 WA & AHE-
ATk 37C COz w71l 244 7Hg<t widet &,
MTT €9 (5mg/mL in PBS)& welld 2044 ¥it}.
37T COz M%7]0) A 4XZHE<t ¥He-A)17 3 3 A E W
213 DMSO (dimethyl sulfoxide) & 5044 Yol 2733}
H tetrazoliume &3AA W& FAAAT. ELISA
Reader (Dynatech Laboratories Inc., Model MR700,
Chantilly, VA)& ©]-83l9 540nm @3N EHEE
289, FRE7t BETE AXE A& B3, v
2 357t 555 A XY AERI) &0} FAA F2Y
o N EEAo) I3 Aoz At

2) LDH & 273 & o] &3 A 2] &4 84 54

Aol Q& E@AsE Aol k2d 2P d GF A
Z99 LDH A& A7) (Hitachi 747
autoanalyzer, Tokyo, Japan)E& o|&3ta] =738t}
LDH 4T e tf 38 Fedte T4 €4
(activity) & 248 AU, LDH7} 255 A2 A
2% (viability)7} ¥tk & 5 9ivh. A4 €ElE pH 9.0
A Lactic acide LDHS] &A3telA pyruvic acidZ
i, o]¥ NAD7} NADHZ HHA 340nmelr F3=7}
Fegict, o] F3xo Wglde 48l LDHY &4&
T3},

LDH

Lactic Acid+NAD > Pyruvic Acid+NADH

Aok 2}E3LE Daiichi (Tokyo, Japan)At A|&F& At
&3

BTN YR H A7

4. TNFeZE £HE 0|88 cytokined M 7 5
o &5

Endogen Human TNF-« ELISA # (Wobrun, MA)&
o] &3le] M= WY TNFeF 5431t TNF-
alpha ELISAT 97 3734 F299) 2413t ¢t =&
H g A 50uE GEFEA IL-8 g4V 2HE
microwelld] %3ta FA]9l biotinlyated antibody 50
UE 7k welld]l 9Th. A &olM 24)7HEet W] £ 33]
A&t streptavidin-HRP 3494 10048 ¥ F
Ao A 3087 vHEAIFT. MY & TMB 713 &4E
10048 93 A2olA 3083 EHAIZ F, stop £
1004E ol FAuke-& F3A AT}, 30%o|uldl ELISA
Reader (Dynatech Laboratories Inc., Model MR700,
Chantilly, VA)E ©]&3t] 450nm Gadelr FHEE
2330, ZE2FEY F3%5 (Fig. 1) vlusiod, 2+ A
89 TNFe5EE 733t}

b. 84 &4

iz 2 P79 F3e9 LD £F 2 TNF« 5=
= 0.05 $FdA SPSSEA Z21#e] one-
Q.

ZA 7Y 99 =29 G AT ALEE MTT
SAYS o] &sto] AR A 2ol vlste] A7ked
Y Fhrololexm g} B3R A3y Fepiole] exm 9}
F2000 ¥ ZOE®] FH=7} frefshl wol A ZEAE U
eIt FXAE #79 71005 Tetric Cerame Wz
T @A FBZoA @ 2lo] & Holx] GoA AE
E4o] gigith T3 Compomer?! Compoglass Flow=
gz vlgte] FFTA Fel3 Aol 7t YEA] ¥
tH(Fig. 1). Fig. 2& 7A3to] =29 @3 4 ¥ MTT
Z239 AA2N ZOEE A3l BE AJ2o|A] hzrTa
HI A 429 Apol7} AR A Fol Ashr &4 ¢
T ATl 54& HolA] &slt},

Fig. 3& SAIT £9& AxujohA2 1: 1082 g4
3 & g7 X Hrig Afolnt. 83 FHE Sk
olo] e Xuj7} ¥ FHE £ & Yoy gz ¢
718t ABET F9 Aol UERIA| 9gkt). Fig. 4004
€ g £9g ARdAR 1: 1028 X3t &
Y A e} vbEA 7l Aot HR A3 Fepaolole
wrle] FAmgte] d2FET} A Jehley o] E7¢]
SATLA Aol gIleH, e RE ABINE 2T
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Fig. 1. Optical density of MTT test with human
mononuclear cells exposed to eluates from
freshly mixed retrograde filling materials.

Fig. 2. Optical density of MTT test with human
mononuclear cells exposed to eluates from set
retrograde filling materials.
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Fig. 3. Optical density of MTT test with human
mononuclear cells exposed to eluates(1:10
diluted) from freshly mixed retrograde filling
materials,

Fig. 4. Optical density of MTT test with human
mononuclear cells exposed to eluates(1:10
diluted) from set retrograde filling materials.
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Fig. 5. Lactate dehydrogenase levels of human
mononuclear cells exposed to eluates from
freshly mixed retrograde filling materials.
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Fig. 6. Lactate dehydrogenase levels of human
mononuclear cells exposed to eluates from set
retrograde filling materials.
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Fig. 7. Standard curve of optical density(0.D)
according to TNF-alpha level.
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Fig. 9. TNF-alpha level of human mononuclear cells
exposed to eluates(1:10 diluted) from freshly
mixed retrograde filling materials.
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Fig. 8. TNF-alpha level of human mononuclear cells
exposed to eluates from freshly mixed retro-
grade filling materials.
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T uhgo] B A7 F Zefelle olE ¥ WA
cytokines FHE A7} o] FJA| 1L Kawashimat
Stashenko 5 HolM 484 & A2¢ WAE FLAZ
Foll IL-13 TNF& 233 107k 79| cytokine®]
Wl S 241819 ©)F cytokineZ IL-13% TNF-« w3
2 mRNAY] @&o] th& cytotokined] ¥lsled 73lA &
HdES Huslyop, w3 HIAY S fHHoR frg
FHE o] 83 AHE Bl 5 WY AEY 7)ol A2
o Ao AT} Fadel nlAe Ayt Eusa Job?,
Fouade BYIT 2 TYHT9] 715] ZBE scid F9
A HAE U R o AFE =237 F A5
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F20009) MX 48| fo)siA wskeh, Al gulA] ol
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2 Q3% BAE JEPIEE & A5 AXE 49 A3
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E A3 540 des ARG, o]d Hlgle] FXAE
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1: 1002 X3t dal7o vhgA171H 818t33e 2
zolo] Q -9l MTTY] F3Trte] Ui+ 2 7l AA8E
3} v A 50% A=) g Ho] ddFd giE AE 54
< Btk ole 1:1022 X3 ZOES F20009] 5
Aol glojA Zefrolo] ezt thE AR Hlste] &
Ao & A3 F4o] AES gntt Ag=E 1:10
o2 N5t AX 5 S AR BE AB7 NEAT
& Jehllo] A7t AaEa X 2¢ 23d HEE o] g
AEH o]Eo] BF kst B 4 it

AX B4 T2 23 WL ZAT 3£ §98 93
T Ao =2AAN LDFES 43 Adle 2579
Fefaolol2xxr E F20000] #8 E4& B} ©]
ZBE MTT Z3HS o] &3 A7} vlmapd MTTHY
dME F20000] EA& RolA ¥& v, LDEZAel|A
38 EA4E 591 MTTAA S 723 A E S4L Ue
J ZOEZ} LDE% WA e $529 B4 €98 29
A &% i met 54 2@ Fxd Ao|7t e Al
AFEIitt, g A 2902 LDE o] ddld AE &
A& AN ZOETre] th&To) vdled 733 S B
Aed, o] 23e MTTE °| 43 Wi dX| 8%}, vt
A FAA Ax B4 4849 Ary &4 WY, 4
3} 2 9 Ao ARG A E E49 A e whely
T gEid & At w3 A2 A8 A X E4S A
szt & fole & 71K 54 T AdHer &
1A wa ohFe 43 WS At oY sk e
2 A5 AlHE Fulglof & Aotk G o] g o] 7}
2 AGPH S AlPg F FF5HOE =4o] FHH = A7
Ed) thate] O] BAE fdshe 99 BF S ZollEE
8T 288 Ao},
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Btk ol& F20009 €& A% 5 A9 oW 4%
Qe fo] TNF-e9] §4& 42 & Y53 YE
t} ol¢ & A= TNF-w/} |28 ZHA &2 FF
3= AAE 7HA cytokine 2 & A Yo B R TNF-ed]
TS 23 ARE ATH 239 AH AEshe 9%
HAAZ AHgshe AL vigzehr] ¥& A 22 Al
MTT$ LDE o] &3 dFAA AE 549 dae
TNF-9] +5& 43 19 849 4948 FYsd B
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ol Hol} G

FE Juhe Aotk & AE 548 vele dEA A
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ol ARE AT 243 AH FF3}e 9FAARA AL
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Aod 244 A3 AFHE A7 oD 24
X e 9FE AFetaal A T doA Fed &
g M Fo] tiste] o]5 A8/} vehle AE 545 A
ZHolA F A& 2338 cytokined! TNF-a2] A4S
AR g8t F8Y Feks ool AMES GC
Fuji T (GC Corporation, Japan), 3Z%3¥ # 73313
Zehrolo] e AJAMES] Fuji 1 LC (GC Corporation,
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