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A gAste] AlxE sMAor wdd § 3-(45 - dimethylthiazol - 2
-yD)-2,5-diphenyltetrazolium bromide (MTT) assayS G33lo] Ao}z
Aol AEEAEES Aristdnh. Aol AH&E Adotd  HEAA=
Syntac Sprint (Ivoclar-Vivadent), Prime & Bond NT (Dentsply) 12|l
Single Bond (3M ESPE)°]™ 1:10002.2 3|4 ¥ “dold HaAle BE
Aol A FANETE 40% olste] AELHE Hasdt  [3l
Hashieh 5(1999)2 One step (Bisco) 52 Aol H& Ao daf 34

oz ujYd F MTT assaysE T3t 1:100 ©]3} 34 Alze
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A A dAelM = v T FFY Fobd HFHAAI AHEEH L
dow Aobd HAA= Ed A7k EW A (ethant), 27 3HA)
(primer), A 24| (bonding)®] W Hel wel 1M gl 7Ad =2 &74
T AT 2 Aol AREE Aok HAA Sl AlS Table 10 =481
o 2 d7dAds dAs A AFSHEA @Al = 1AW elA 34 o
Aold HAZAAZE wjA st 4 el A 7AH Y AE< Adper Scotchbond
Multipurpose Plus (3M ESPE, St Paul, MN, USA), Adper Single
Bond 2 (3M ESPE), Prime & Bond NT (Dentsply De Trey, Konstanz,
Germany), Clearfil SE Bond (Kuraray Medical Inc. Osaka, Japan),
One-Up Bond F Plus (Tokuyama Corporation, Tokyo, Japan) 1]l
iBond (Heraeus Kulzer, Hanau, Germany)Z A}&3Fth. B oo A}
£9 F238 g0 Ceram X (Dentsply) & A&t 2 A Ao A

o] o]d AT A, Ceram X+= T3 F MNEZAS HolA &gk}
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Table 1. Dentin Bonding agents used in this study

Product Photo Composition Manufacturer
Bisphenol a-diglycidyl ether
Adper dimethacrylate (Bis-GMA), 3M ESPE
Scotchbond 2-hydroxyethyl methacrylate (HEMA), St. Paul MN
Multipurpose glycerol 1,3-dimethacrylate, copolymer of fjb A ’
Plus acrylic and itagonic acids, diurethane
dimethacrylate, water, ethanol
Adper Single Bis-GMA, HEMA, dimethacrylate, ‘2}:{ Il;abuE)EMN
Bond 2 fluoride, amines, silica, water, ethanol U% A ’
Dipentaerythritol  penta acrylate
Prime & (PENTA), urethane dimethacrylate %?gtsplyK%relstanz
Bond NT (UDMA), cetylamine  hydrofluoride, Gerr};iany g

silica, acetone

Clearfil SE
Bond

<Primer>

10-Methacryloyloxydecyl  dihydrogen
phosphate (MDP), (HEMA),
DL-camphorquinone,
N,N-diethanol-p-touidine, =~ water
<Bond>

MDP, Bis—-GMA, hydrophobic
dimethacrylate, HEMA,
di-camphorquinone,
N,N-diethanol-p-touidine, silica

Kuraray Medical
Inc.Osaka, Japan

<Bonding Agent A>
Methacryloylalkyl acid phosphate,
multi-functional — methacrylic monomers,

B photo—initiator Tokuyama

8nslu[£p Bond <Bonding Agent B> Corporation,
Methyl methacrylate (MMA), HEMA, Tokyo, Japan
fluoro—aluminosilicate glass,
photo—-initiator, dye-sensitizer, borate
derivate, water
UDMA, 4-methacryloxyethyltrimetallitic

iBond anhydride (4-META), glutaraldehyde, Heraeus Kulzer,

photo-initiator, stabilizer, acetone,
water

Hanau, Germany




AEEAN AlFdS 98] American Type Culture Collection (ATCC;
Rockville, MD, USA)lA  Fd3sk 1929 AHAAALFEZAE  (mice
fibroblasts)S ISO 10993-5 (Tests for cytotoxicity, in vitro method)®ll
ol At AREEFATE L1929 cell> 10% (v/v) fetal bovine serum (FBS)
7} antibiotic solution (100 U ml' of penicillin-G and 100 pg ml'
streptomycin) &= &%  DMEM (Dulbecco’s modified Eagle's
minimum essential medium)oll A 37°C (5% CO2/95% air) 7102 vk
39 . DMEM¥} FBS (Lot. No. 0000185451)+= GIBCOA} (Carlsbad,
CA, USA)¢} Lonza*t (Basel, Switzerland)ol| 4] Z+2} -1 813 ot
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Al kst Cell viability 42 Cell Count Kit-8 (WST-§;
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A / J DBA
‘, g \‘16'4* )

» 12444/ »

— —_—
Place DBA on Light curin
the surface of g ¢
aglassdisc

- 4

\\,

S S BAY S
e/ n /
Detachthe PP
Place DBA on Light curing Attach an uncured Light curing film from the
the surface of atthe top resin composite atthe bottom resin composite
aPP film discto DBA disc

N

DBA
S » . B s
Place DBA on
the surface ofan Light curing Light curing
uncured resin atthe top at the bottom

composite disc

/ DBA
C o
/ ome / NS Detach the PP
film from the
Place DBA on Attach an uncured Light curing Light curing resin composite
the surface of resin composite atthetop atthe bottom disc

a PP film discto DBA

‘ . . oo
/ \ﬁ.k_, / Detach the PP
Light curing film from the

Place DBA on Attach a cured atthe bottom rgsin composite
the surface of resin composite disc

a PP film discto DBA

Figure 1. Schematic diagram of the preparation of test samples

for agar overlay cytotoxicity tests. DBA, dentin bonding agent
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Table 2. Conditions for the
bonding agents

agar overlay cytotoxicity test of dentin

environment

pre-cured RRC disc)

o Location of
Test conditions Appllcayon DBA in the RRC? curing step
of DBA curing step
: Glass disk dOir;tCo glass On glass disc
On PP film (before After attac?ment of DAB to
: Similar to clinical 3 . RRC disc (DAB located
condition Onto PP film  attachment to an between PP film and RRC disc
at the RRC curing step)
: Affected by
E{%lémzﬂ?ﬁgi%?ﬁo}( Onto uncured 8igc“[}ﬁ”gepdenR_F;% After curing of DAB on RRC
oxyg’en RRC disc environment) disc
environment
. Affected by Between PP film i
polymerization of and uncured RRC ﬁ)fégte%u%g%wzgr?é’% g‘[i?éBand
RRC, limited Onto PP film disc (after RRC di t the RRC ¢
oxygen attachment to Isc a € curing
environment uncured RRC disc) step)
: Uﬂ?ffeCt‘edt‘by ; Beéween PP fcijlm o
polymerization o and pre—cured RR
RRC, limited Onto PP film disc (after ggfé)rg‘attachment of DAB to
oxygen attachment to IsC

"DBA : Dentin bonding agent
’RRC : Restorative resin composite
PP: Polypropylene

_’I’I_




ggel Fig. 20 Aro}d Hzale]l AEEAA

2l yaa, & Aol AHEE 58 X Ceram X& =418 H

Figure 2. Photographs of teflon mold, glass disk and composite resin

used in this study

Teflon mold Glass disk Ceram X

hole diameteter : bmm diameter : bmm

hole depth @ 2mm thickness : 2mm

2
ot
S
>

14 HAAe FHES FAAY

O:

Transform Infrared spectroscopy (FT-IR)¥} #2 3184 EAHS A&
stojof gttt i AFol A= Aold HAAE F5E Hx faAd HFF}
sto] FESIE R Aol HAAE W=z FEsr|7t BE7Fsste] vl A~

¥ % (Vickers hardness) A8 &3 ol& 7HgAd o=z Hrbssdoh

tester (HMV-2, Shimadzu, Kyoto Japan)& Al-&3le] A3} sz
29807 mN 10" s & #&35%ith
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2.6 Mouse 3|38} o] 2 A ¢
Ford AAL dSedS #ES] A8 mouse ¥ E oA AS

g3kt 2 A¥e Prime & Bond NT, Adper Single Bond 2 il

ol

iBondell wW&] 33tk Aold HAAZES Z=E3F teflon tube (inner

=

diameter : 1mm, length : 4mm)Z mouse ¥3}o] AYstar 157Y F
B F99 245 @4 2 #Eegon AT (control) &8 Aot
HAAE =3xshA] &> Hit A2 H teflon tubeE AH&3FATE 3|38} o]
292 [SO 10993-6 (Biological evaluation of medical devices—Part 6:
Tests for local effects after implantation)& 333ttt [26]. A9 A2}
of gk ASHhE Jr= A%A ®WASTM & e 25 fAdA &+
&stal A= SHAA (Table 3)& A&ttt [27]. 242He] =2 A AL
Azt dis] Al il 79 (A, B, OS5 AAs 9 U e w3

T A3 (polymorphonuclear leukocyte), 37+ (lymphocyte) &9 %

Jas)
i)

fujd

A3 HEAE AAEe] olge] Table 3o uwgt A5k 5H
S AASGY. dutd o2 25 F7HA = v e d5NES (mild) o2, 3%
= oA TE% oA AdEWe (moderate) o2 FEE 4 At}

Table 3. Histological evaluation (type of cell / response)

type of grade

cell/response 0 1 2 3 4

ly 3§ 1 e .
belymorphonuciear 0 rare, 1-5 5-10 sever infiltration packed
leukocyte
lymphocyte 0 rare, 1-5 5-10 sever infiltration packed
plasma cell 0 rare, 1-5 5-10 sever infiltration packed
macrophage 0 rare, 1-5 5-10 sever infiltration packed
giant cell 0 rare, 1-2 3-5 sever infiltration packed
necrosis 0 minimal mild moderate severe

8o
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. A5 A (serial dilution)s ©]-&3%F ME=SA AP A

g4 smdAe) SYHETel BT MBER BAdGL eAYdE =

Fo42 o,

_OL
52
=
T
2

w
B
i
o
2
>

cell viability7} 50%7} &&= M s=s 19
ZoFo A gelsle] zhzbol Alopd  HE A thdt LCs (%) oF# 2]

Table 40 WASIA T 2E Adold H2A oA SulE& A7 & A

548 7143993 One—up bond F plus®t Adper Single Bond 2914 7}
A 2 FA2E HoFd =Y LCshe One-up bond F plus®?t Adper Single

Bond 204 Az Mol Hls| Az $o Zkzb 378 1992 F7}skRd
SrE AZRSA Ze A 1LCxhs 7IFewR AESALS Adper
Scotchbond Multipurpose Plus > One-Up Bond F Plus > Clearfil SE
bond > Prime & Bond NT > Adper Single Bond 2 > iBond®] <=4 9]
o §ulE AxAIZ F o AE=4LS Adper Scotchbond Multipurpose
Plus > Clearfil SE bond > One-Up Bond F Plus > Prime & Bond NT
> Adper Single Bond 2 > iBond A2 Yol &= A3E H )

5 - i‘; _u::l_ 1—]|
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(a) Cell viability of Adper Scotchbond Multipurpose plus in serial
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125

100

cell viability (% of control)
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(b) Cell viability of Adper Single Bond 2 in serial dilution test
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Figure 3. Cell viability was assessed by serial dilution method. Each
value and error bar represents the mean + SD of triplicate
experiments. ‘Significant difference at p < 0.05. (a) Adper Scotchbond
Multi-Purpose ; (b) Adper Single Bond 2; (¢) Prime & Bond NT; (d)
Clearfil-SE Bond; (e) One-Up Bond F Plus; (f) iBond.
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Table 4. LCs obtained from serial dilution cytotoxicity tests

LCs (%)
Dentin bonding agent
unevaporated evaporated

Adper Scotchbond Multipurpose Plus 4.1 5.2
Adper Single Bond 2 18.3 35.6
Prime & Bond NT 154 21.1
Clearfil SE Bond 5.8 94
One-Up Bond F Plus 4.8 17.6
iBond 44.7 47.0
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(1) inhibition zone of dentin bonding agent (circle means the position

of glass disk or resin disk)

(ii) neutral red-stained cells adjacent to dentin bonding agent
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(1) inhibition zone of dentin bonding agent (circle means the position

of glass disk or resin disk)

(ii) neutral red-stained cells adjacent to dentin bonding agent
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(iii) clear zone width

(b) Adper Single Bond 2
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(1) inhibition zone of dentin bonding agent (circle means the position

of glass disk or resin disk)

-----

(ii) neutral red-stained cells adjacent to dentin bonding agent
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(i) inhibition zone of dentin bonding agent (circle means the position

of glass disk or resin disk)

(ii) neutral red-stained cells adjacent to dentin bonding agent
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(i) inhibition zone of dentin bonding agent (circle means the position

of glass disk or resin disk)

(ii) neutral red-stained cells adjacent to dentin bonding agent
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(i) inhibition zone of dentin bonding agent (circle means the position

of glass disk or resin disk)

(ii) neutral red-stained cells adjacent to dentin bonding agent
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Figure 4. Effects of composite resins on the cytotoxicity of dentin
bonding agents. Preparation of the test samples and light curing were
performed according to the test conditions in Table 2. A, B, C, D and
E in (i), (ii), (iii) means test conditions in Table 2 .Cytotoxicity of the
test samples was assessed by agar overlay method. Each value and
error bar represents the mean * SD of triplicate experiments.
*Significant  difference at p < 0.05. (a) Adper Scotchbond
Multi-Purpose; (b) Adper Single Bond 2; (c) Prime & Bond NT; (d)
Clearfil-SE Bond; (e¢) One-UP Bond F Plus; (f) iBond. (i) inhibition
zone of dentin bonding agent (circle means the position of glass disk
or resin disk), (ii) neutral red-stained cells adjacent to dentin bonding

agent, (iii) clear zone width.
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Scotchbond

Single Bond 2

Prime & Bond NT

Clearfil SE Bond

One-Up Bond

iBond

Figure 5. SEM images of the bonding agents on PP films and resin

composites. A clean PP film (A) was covered with bonding agents,
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air-dried, cured, and analyzed with SEM (C1-HI1). The PP films were
laid on composite resins to position the bonding agents between the
PP films and resin composites. Opposite sides of the composite resins
were irradiated for light curing. After removing the PP films, the
surface of the detached PP films (C2-H2) and composite resins
(C3-H3) were observed. Panel B is a surface of cured composite

resins without bonding agents.
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Scotchbond  Single Bond 2 Pirme & Bond Clearfil SE bond
NT

hv (Vickers Hardness Number)

Figure 6. Vickers hardness number of dentin bonding agents on
pre-cured (dark column) and post-cured (grey column) resin
composites. Bonding agents on the PP films were transferred to
pre—cured and uncured resin composites, and composite resin were
irradiated on opposite sides. After removing the PP films, the surface
hardness of the bonding agents were measured with a Vickers
hardness tester. Each value and error bar represents the mean + SD

of triplicate experiments. *Significant difference at p < 0.05.
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3.4 Mouse 3} o] 2 A& 4z}

54 ) Z+* (control), Prime & Bond NT, Adper Single Bond 2 1
1 iBond ¢ °olAAIF A= Aozl A AMARZ (100X, 200X)3
A A E ofdl 9] Fig. 7o Z=Alst Tt Table 3o we dFukgol gt
5+ (grade)S Zt7zte]l A5 Ao A& Fig. 7 (b), (d), (f), (h)ol HA&
Rk gEd EFA R duptE SAYERTAA olF  weF
(minimal)’¢t A %=9¢] dFHkS (15+)°] YElWr o™, Prime & Bond NT,
Adper Single Bond 2 % iBondol A+ 25w (mild)e] #H&S H ST} O
24 X (macrophage)®] 7-$, Prime & Bond NT¢} iBondoll A #zH%S]
S} Single Bond 204 &= #2E X okkth, e Aold HAA e Ay

off 5 AAE (giant cell)e]Y A} (necrosis) #EE A &k},
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(i) magnification of 100 times

(i) magnification of 200 times

(a) Photomicrographs of histological specimen (Control)

mean of
A B C grade
A B, C
polymorphonuclear 5 6 1 4 1
leukocyte
lymphocyte 5 5 1 3.7 1
plasma cell 0 0 0 0 0
macrophage 0 0 0 0 0
giant cell 0 0 0 0 0
necrosis 0 0 0 0 0
(b) Analysis of mouse implantation result in control
_ap - i I
36 e # ,-'tt é 1:}



(i) magnification of 100 times

(i) magnification of 200 times

(c) Photomicrographs of histological specimen (Adper Single Bond 2)

mean of
A B C grade
A B, C
1 h 1
polymorphonuclear 7 7 3 73 9
leukocyte
lymphocyte 10 5 2 5.7 2
plasma cell 0 0 0 0 0
macrophage 0 0 0 0 0
giant cell 0 0 0 0 0
necrosis 0 0 0 0 0

(d) Analysis of mouse implantation result in Adper Single Bond 2
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(1) magnification of 100 times

(ii) magnification of 200 times

(e) Photomicrographs of histological specimen (Prime & Bond NT)

mean of
A B C grade
A B, C
polymorphonuclear 10 1 3 3 9
leukocyte
lymphocyte 8 3 6 5.7 2
plasma cell 0 0 0 0 0
macrophage 4 0 2 2 1
giant cell 0 0 0 0 0
necrosis 0 0 0 0 0

(f) Analysis of mouse implantation result in Prime & Bond NT
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(i) magnification of 200 times

(g) Photomicrographs of histological specimen (iBond)

mean of
A B C grade
A B, C
polymorphonuclear 3 4 9 7 9
leukocyte
lymphocyte 8 6 7 7 2
plasma cell 0 0 0 0 0
macrophage 4 0 0 1.3 1
giant cell 0 0 0 0
necrosis 0 0 0 0 0

(h) Analysis of mouse implantation result in iBond
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Figure 7. Photomicrographs of histological specimen and analyses of
mouse implantation tests. (a) Photomicrographs of histological specimen
(Control); (b) Analysis of mouse implantation result in control; (c)
Photomicrographs of histological specimen (Adper Single Bond 2); (d)
Analysis of mouse implantation result in Adper Single Bond 2; (e)
Photomicrographs of histological specimen (Prime & Bond NT); (f)
Analysis of mouse implantation result in Prime & Bond NT; (g)
Photomicrographs of histological specimen (iBond); (h) Analysis of
mouse implantation result in iBond. A, B, C in (b), (d), (f), (h) means

three different regions of interest.
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Abstract

A study on the cytotoxicity evaluation method

of dentin bonding agents

Kyunghwan Kim, D.D.S., M.S.
Dept. of Dental Biomaterials Science

Graduate School, Seoul National University

1. Purpose

Dentin bonding agents are being used for bonding composite resins
to dentin and minimize microleakage which can destruct the
adhesion. Because unpolymerized resin monomers in dentin bonding
agents can affect dental pulp cells via dentinal tubules,
polymerization of bonding agents are important in the view point of
biocompatibility. A variety of previous studies has reported that high
cytotoxicity of dentin bonding agents although the agents are being
used widely in dental clinics. This suggests that the current
cytotoxicity evaluation method overestimates the cytotoxicity of
dentin bonding agents. In the process of teeth restoration, the
bonding agents are being employed in adjacent to composite resins
that are expected to affect the polymerization of bonding agents.
We hypothesized the composite resins reduced the cytotoxicity of
bonding agents by promote resin polymerization. The purpose of this
study is to develop a cytotoxicity evaluation method of dentin

bonding agents which consider the existence of restorative resin
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composites and oxygen inhibition layer.

2. Material and methods.

Dentin bonding agents of fourth to seventh generation were used as
follows; Adper Scotchbond Multipurpose Plus (3M ESPE, St Paul,
MN, USA), Adper Single Bond 2 (3M ESPE, St Paul, MN, USA),
Prime & Bond NT (Dentsply De Trey, Konstanz, Germany), Clearfil
SE Bond (Kuraray Medical Inc. Osaka, Japan), One-Up Bond F Plus
(Tokuyama Corporation, Tokyo, Japan) and iBond (Heraeus Kulzer,
Hanau, Germany). Ceram X (Dentsply) was used as a restorative
resin composite. The cytotoxicity of the dentin bonding agents were
evaluated by serial dilution and agar overlay methods. For the
cytotoxicity test, L929 mice fibroblasts (ATCC, Rockville, MD, USA)
were used according to 1SO10993-5 (Tests for cytotoxicity, in Vvitro
method). In serial dilution test, bonding agents were polymerized on
glass discs and extracted with cell culture media. In agar overlay
assay, dentin bonding agents were polymerized on cured or uncured
resin composite, and the effects of resin composites and oxygen
inhibition layer on cytotoxicity were observed. To investigate the
effects of restorative resin composites on the polymerization of
bonding agents, Vickers hardness of bonding agents was measured
on pre—cured or post-cured resin composite discs. Furthermore,
mice implantation test performed to observe initial inflammatory

reactions.
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3. Results

In serial dilution test, cell viability was completely abolished by
treatment with the undiluted extracts of all the bonding agents
regardless of evaporation. After evaporation and light-curing, the
ranking of cytotoxicity based on LCsy was Scotchbond > Clearfil SE
Bond > One-Up Bond > Prime&Bond NT > Single Bond 2 > iBond.
In agar overlay test, Scotchbond was the most toxic bonding agent,
and iBond was the least toxic in all conditions. In the agar overlay
tests that mimic clinical situations, cytotoxicity of each dentin
bonding agents were severely attenuated. The degree of effects of
restorative resin composites and oxygen inhibition layers were
various in different bonding agents. Vickers hardness number of all the
bonding agents on post-cured resin composites increased significantly
compared to values obtained with the pre-cured resin composites. This
result suggests that the polymerization of composite resins strengthened the
surface hardness of the attached bonding agents through the augmentation
of resinous polymerization. Initial inflammatory reactions appeared in
sub—epithelial implantation test, but the difference between the tests and
negative control groups were not significant. Those results suggest that
cytotoxicity of dentin bonding agents were overestimated by the
conventional evaluation method. Furthermore, our new evaluation method
mimicking clinical situation is expected to evaluate an acting cytotoxicity of

dentin bonding agents.

keywords : Dentin bonding agent, cytotoxicity, composite resin, oxygen
inhibition layer, surface hardness
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