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Effects of Bis-GMA and HEMA on the cytotoxicity of dentin bonding agents
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ABSTRACT

It has been reported that dentin bonding agents (DBA) used in composite resin adhesion have a strong
cytotoxicity. Bisphenol A glycidyl methacylate (Bis-GMA) and 2-hydroxyethyl methacrylate (HEMA) are known
as the main ingredients in a large number of resin-based DBA, In this study, we quantified Bis-GMA and
HEMA in dentin bonding agents by using high performance liquid chromatography (HPLC), and investigated
whether these resin monomers were responsible for the cytotoxicity of DBA, In 1 mg of Adper Single Bond
2, Clearfil-SE Bond Adhesive and Adper Scotchbond Multi-Purpose Adhesive, 0.3475, 0.4899 and 0.2717 mg
of Bis-GMA were detected, respectively, and 0.1475, 0.3092 and 0.4372 mg of HEMA were detected,
respectively, Based on the results of the cytotoxicity, Bis-GMA is likely a major cause of cytotoxicity, In 1mg
of Clearfil-SE primer, Adper Scotchbond Multi-Purpose Primer, One-UP Bond F Plus A and One-UP Bond F
Plus B, 0.1377, 0.6099, 0.1024 and 0.8595 mg of HEMA were detected respectively. Bis-GMA was not
detected in those DBA (detection limit: 5 #M). Based on the results of the cytotoxicity, the cytotoxicity of
Clearfil-SE Bond Primer is expected due to HEMA. Adper Scotchbond Multi-Purpose Primer showed low
cytotoxicity despite the high amount of HEMA, Therefore, it is assumed that the components that exhibit the
antagonic effect on the cytotoxicity of HEMA are included in Adper Scotchbond Multi-Purpose Primer, The
result of One-UP Bond F Plus B showed that HEMA is a major cause of cytotoxicity. But, in case of
One-UP Bond F Plus A, other cytotoxic ingredients rather than HEMA likely exist. Bis-GMA and HEMA was
not detected in Prime & Bond NT, I Bond and G-Bond, in which the other cytotoxic ingredient was

assumed included,

KEY WORDS : Dentin bonding agent, Bis-GMA, HEMA, cytotoxicity, HPLC

N =2 93k HFbo] pssitt (L 5. 2013).  olel| HE Ao}
Ao sgolAde] EAehy B f718AS %] 1)

A =B 2z AlgEE g7 Anadgese  wol HEE e Ad mue] dAe] Aol dasitt
Aol ol Mate BHoln) Fad azxolr, w  (Abert, 1990

B0 O WA A B Y melo) vy o SR A Ak, =mmpeln A7 5wl
24e Al AR deEp) =l naAdes X o Al @A HEE AT (Baier, 1992). ool

3 e Ee] PR AR way o

i)

rr
to L X Al £

Bofslel /1de) TRURE =BAI. ool
* IRIARE 110749 A F2T EE 28 A2uidha x|ofshsty N . e e R
A AT, A T 254 7e7E BF 7HAL e o716
* B ATE 2011dE AFOloRERbA Gt ALl ST 2 (bifunctional monomer)2A4, JFA71E= 44

219 (11172v501) 0 o8 FyE AL,



144 Chstx|opo|xisHs x| M403 22 2013

e dobdld 2 widfet Addte] £4% (hybrid
layer) & WHE3L, A
#1% (adhesive)? AgsHA |
3] Aobd o] Aot widfratele] mAl a1k
oz AR AT F JrF Zofre IS Bl
AgeEs A SHARIE (Amstrong 5, 1998). HF
de zjolelsl HeINS ARk Sgg Bt 13
2 bisphenol-A glycidyl dimethacrylate (Bis-GMA)&
2y Aol AR A, Zefomel 4
Fal7] ffal okte] A dAlE EepIE gtk
ot AAAE A8 2 A wdEo] Az
Holl whe} 2k BA 1IAFE 34 H2A7EA=
TS gk Mt H-s] o] FoR]A] K3fe] Adsh
< 92 F AP Bowen 5, 1984; Ishioka 5,
1989). @A AEEHAL = A2 HEF g3} Aol
ufel 4Alchels 7Ad R Rkl qlok 4Ath HEARE
SPA gk AR setoln] A, HAER =] 3nk
AL 42t w2 Agshs WAos, A B =2
3 2 123 TAS AASI g3)E 1He) Zelo|iEs
285 & HAHARE B3 A et 44 FRAE
sate] 2|3 &l YalFQl whro] o]Foixtt. AR
Aol o Adobd AFAe] Afelo] 7o) WHPFH
Aol A Skl (Swift B, 1995), 3FARE 3|9
Aol gk Ao R <leto] A S 71ds] sl
o] AL St} SA AR AR, ZetolH,
AR 3dAE Zepoln, HAHRK =25 st
Aoz T3 Fe (AHEAY, total-etching or etch &
rinse)9} AREA] Zelo|wE 3hte] dgos Xl He
(A1, self-etching adhesive, SEPs)2 Wdt), Az}
9] whestol dig Aidel ool e} 15k 9t
A7y =St oAt HRAE 2719 8714 weE Byt
Sol Sk e ALeel ERele] 4ass Aoln
TA HERAE 28-S A A= FQ glo] shye] &
N ol gl olelg vl H9e) WA Bel
Ko FoEglont 45400 HabAl wsl Akeo] v,
53] vjaHA| 212e] Hatell= A7 Qltt (Kanca, 1997).
Ao 2T} BEo], Aok e 2AHeR
258t 7Re Aol A8H7] wiel] =2 ARSI o]
QTHCh (Schedle %, 1998). In vitro Z70A theksh
o] ME=Ao] Uehh= o2 Hilxo] gal, vhd
in vivo Z7 = B S4E YAl St 9
Ae 9tk (Kierklo %, 20125 Geurtsen %, 1998). 4
obd A FHAlel vhEEHA] 92 Flmmu} 43

THEA 2 TEAVE dobAts Sl Aol S8l

oX,
N
rlr
%
nt)
X,
=

o P
oo

ol

FF
ol
)

lo & =
>

{1

2

[¢]

285 4oz F 3t (Bliades 5. 1987, Chen -5, 2001).
gk Aol 28A] ok HAAZE Hob F919] AL
AHos HEd 5 o =0l Ho| dFs dod
T ek (Szep <5, 2002).

Fobd HFAS] AEZAS 71He obF] e
SHAA| FARE, Aol ofshH Jgobd Al 74
i 5zl SISl AESEY] F 499 AeR
HIIT (Tang -5, 1999). dobd Al 23 )z
dAlel e B dF A, 2
HEMA 5o] =& S4& 7H1 Sl Ao et
(Hashie %, 1999; Kaga &, 2001). In vitro 2§lo] oJs}H
Bis-GMA7} HEMART} 78 M ¥54S Yepdtial Kl
HJo (Geurtsen 5, 1998; Chen 5, 2003), Bis-GMA:=
e 22T HEL Tl 7 A A= 4o
Akl G#fA Qlek (Polydorou 5, 2007). ‘dolde

T
=
-
e 7HAAL Q7] whEell TREA 2 AR dEAlE
2~
T

>

T 2] ARt AFHkeEC] s gt} (Reichl 5,
2006).

Bis-GMA ¥ HEMAT AIEZ Ul &4 AAF (reactive
oxygen species, ROS)9| =& F7MA dizde] £
s}, Ak Wol 5 AlES ukst vhe-S s,
apoptosis 52| cell death® op7[ghtar B} (Bouillaguet
= 1996, Martindale 5, 2002; Chang 5, 2010). 53+ ROSS)
A8e STHIA NETT) AGE f5, A2 s A
shohal gefA it} (Kiitka 5, 2012). HEMAE intracellular
glutathione (GSH)9] <& Fo|a1 &4 2kargol S71
cell deathE ¥o7l= AeE EuFEY} (Chang 5, 2005).

olef & AFrelM= Tt ol HHAY xS
ZA3kar, #7 wEka AE<l Bis-GMASF HEMAZS 114
TdAZ=rE Y (High Performance Liquid Chroma-
tography, HPLOS = A w4 F, of #xl 7239
AZEAS 245te] vagtoma o] HeEe] Hotd
HEAS] MEFAEE do7le= F AJEHJA skl

A skl

ERTRT

1.4

19

P

B AFolMe dobd HFAZ Adper Single Bond 2
(3M ESPE, St.Paul, MN, USA), Clearfil-SE Bond Adhesive



atsin| Q| : Alojz

Table 1, Materials employed in the study and main composition,
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Adhesive
(Lot Number) Components Manufacturer
Adper Single Bond 2  Bis-GMA, HEMA, Copolymer of acrylic and itaconic acids, Glycerol 1,3-dimethacrylate, 3M ESPE
(OXG) Diurethane dimethacrylate, Silane treated silica, Ethyl alcohol, Water
Primer:
Clearfil-SE Bond MDP, HEMA, hydrophilic dimethacrylates, N,N-diethanol p-toluidine, CQ, water
(primer: 01032A, Adhesive: Kuraray
adhesive: 01540A) MDP, HEMA, Bis-GMA, hydrophobic dimethacrylates, silanated colloidal silica,
N,N-diethanol p-toluidine, CQ
Adper Scotchbond
Multi-Purpose Primer: HEMA 3M ESPE
(primer: N216732, Adhesive: HEMA, Bis-GMA, Catalysis
adhesive:N195450)
Bonding agent A:
One-UP Bond F Plus MAC-10, Meacryloloxyalkyl acid phosphate, MMA, Bisphenol A polyethoxy methacrylate Tokuvama
(A: 081, B: 574B) Bonding agent B: y
HEMA, MMA, Fluoroaluminosilicate glass filler, Borate catalyst, Water
Prime & Bond NT Di- and Trimethacrylate resins, PENTA (dipentaerythritol penta acrylate monophosphate),
Nanofillers-Amorphous Silicon Dioxide, Photoinitiators, Stabilizers, Dentsply
(10080000658) . .
Cetylamine hydrofluoride, Acetone
i Bond
(010107) N/E Heraeus Kulzer
G-Bond N/E GC

(Kuraray, Tokyo, Japan), Clearfil-SE Bond Primer (Kuraray),
Adper Scotchbond Multi-Purpose Adhesive (3M ESPE),
Adper Scotchbond Multi-Purpose Primer (3M ESPE), One-
UP Bond F Plus A (Tokuyama), One-UP Bond F Plus
B (Tokuyama), Prime & Bond NT (Dentsply, Milford, DE
USA), i Bond (Heraeus Kulzer, Wehrheim, Germany),
G-Bond (GC, Tokyo, Japan)E AR&3}3ict Aol =zt
Aol AlzALl F8 23RS Table, 19 eIt

bisphenol A-diglycidyl dimethacrylate (Bis-GMA),
2-hydroxyethyl methacrylate (HEMA), triethyleneglycold-
imethacrylate (TEGDMA), GMA¥ Aldrich (Aldrich
Chemical Company, Deisenhofen, Germany)olld
A, Cell culture medium& Welgene (Daegu,
Korea)ollX] FJ8k3iet. o]l 53] AFHA &2
AleFe HE Sigma (Sigma Chemical Company, St.
Louis, MO, USA)ellA] T-9J3}ict.

2, HPLC &4
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o B,

Waters 600E multisolvent devivery system, an auto-
sampler model Waters 717plus, a Waters 2487 dual A
absorbance detector (Milford, MA, USA)Z T% HPLC
A2ES Ae3190} Inertsil® Cg ODS-SP (Sum particle
size, 4,6X250mm, GL Science Inc, Tokyo, Japan) AHS
ARE31SIEE, Mobile phase® acetonitrile 3 DW  (60:40
VVE ARSI, FE5S 1ml/min 02 Ik A

FUFL S0UR 313, AZTFL 230nm S AL
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Table 2, Amounts of HEMA and Bis-GMA in dentin bonding agents,

Dentin bonding agents

Adper Single Bond 2
Clearfi-SE Bond Adhesive
Adper Scotchbond Multi-Purpose Adhesive
Clearfil-SE Bond Primer
Adper Scotchbond Multi-Purpose Primer
One-UP Bond F Plus A
One-UP Bond F Plus B
Prime & Bond NT
i Bond
G-Bond

HEMA Bis-GMA
(mg/mg DBA *) (mg/mg DBA *)
01475 0.3475
0.3092 02717
0.4372 04899

01377 N/S
0.6099 N/S
0.1024 N/S
0.8595 N/S

N/S N/S
N/S N/S
N/S N/S

* . Dentin bonding agent
N/S : detection limit 5#M

0.02% EDTA)S o]&3te] wojdl % 96 well plated]
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moto, Japan)< X3t DMEM (without phenol red)&
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Figure 1, (AB) Calibration curve of HEMA and Bis-GMA
with IS (GMA), (CD) Calibration curve of HEMA and
Bis-GMA with IS (TEGDMA), detection limit : 5uM
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(F) One-UP Bond F Plus A (2.5mg/mi) with IS (GMA)
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Figure 2, Chromatograms of dentin bonading agents, The
chtomatograms is registered at 230 nm with a mobile
phase of: 60% acetonitrie/40% DW. (A) Adper Single Bond
2, (B) Clearfi-SE Bond Adhesive; (C) Adper Scotchbond
Multi-Purpose  Adhesive;, (D) Clearfi-SE Bond  Primer;  (E)
Adper Scotchbond Multi-Purmpose Primer; (F) One-UP Bond
F Plus A (G) One-UP Bond F Plus B, (H) Prime & Bond
NT: () i Bonad; () G-Bond.
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Figure 3, Effect of Dentine bonding agents, HEMA, Bis-GMA
on the viability of L-929 cells. The viability of L-929 cells
treated with various concentrations of dengine bonding
agents, resin monomers for 24h was determined by the
WST-8 assay, Data reoresents the mean (+S80D) of
triplicate experiments per condlition and are expressed as a
percentage of the respective control values. (A) Adper
Single Bond 2; (B) Clearfi-SE Bond Adhesive; (C) Adper
Scotchbond Multi-Purpose  Adhesive; (D) Clearfi-SE  Bond
Primer; (E) Adper Scotchbond Multi-Purpose Frimer; (F)
One-UP Bond F Plus A (G) One-UP Bond F Plus B; (H)
Frime & Bond NT; () i Bond: () G-Bond * means statistically
Significant dlifference between two groups. (0(0.05)
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Adper Single Bond 2, Clearfil-SE Bond Adhesive,
Adper Scotchbond Multi-Purpose AdhesiveollAi= HEMA
¢} BisGMA E5F ZZo] HIth. HEMAZ} A 1mg
2 7}7} 0.1475 mg, 0.3002 mg, 0.4372 mg °] HZE]
o1 BissGMAT 0.3475 mg, 0.2717 mg, 0.4899 mgo]
HAEEAY (Fig. 2 A-C). Clearfil-SE Bond Primer, Adper
Scotchbond Multi-Purpose  Primer, One-UP Bond F Plus
A, One-UP Bond F Plus B oA HEMAZ} HZHA| 1 mg
3 27} 0.1377 mg, 0.6099 mg, 0,1024 mg, 0.8595 mg
o] HA&HoH, Bis-GMAE HAEHA] &Jt} (detection
limit: 5#4M) (Fig, 2 D-G). Prime & Bond NT, i Bond
4 G-Bond¥= HEMAS} BissGMA E5F AZEA &St
(Fig. 2 HJ). HEMA$} Bis-GMA®| A% A= Table 2
o Aejste] Yehldt.

2, <ot T\t Bzl T ol MESY

ol ARl A BEo ek AESA
1 F% el ¥3Eo] 9l HEMAY BisGMAS] AEH
dE& Z7g3ISick. HEMAS} Bis-GMAZ} B 230} Qe
Adper Single Bond 2, Clearfil-SE Bond Adhesive, Adper
Scotchbond Multi-Purpose Adhesive ¢] A|EZ=AlY} 2}
Al ZFE HEMASH BisGMA®] AEZY 23 A, 3
el gobd AEA BN §% oA ATEHS
HgE FAAe) TE HEMAE AZEHS UehhA)
Sigtow, BisGMAZE ok WEAleh fAkd Amel Al
E5/3E el (Fig. 3 AC),

Clearfil-SE Bond Primere} 2o X3 HEMA X
T & A& AlE=4S Yehllt (Fig. 3D). Adper
Scotchbond Multi-Purpose  Primere= ¢ H& %9
HEMAS EFYARE vk AEsde Holth (Fig. 3B).
One-UP Bond F Plus A= &7 &40 ME5AZS Y
ERIAISE H2Alo] E3hE HEMAE AlE54S VeER)x
99kal One-UP Bond F Plus BE H&EA| E3td
HEMAS} A2 89 o|2del MEEAS ekt
(Fig. 3 F,G). Prime & bond NT, i Bond % G-Bond®]|
M Bis-GMASH HEMA R HEHA agter], 44%
TollM AlESAS Uehlie 2o s Uit (Fig 3 HY).

AN

o &

Jotd HAAe| E3HE HEMAS} Bis-GMAE HPLCE
ol-g3fte] Awkst A3} Adper Scotchbond Multi-Purpose

AdhesiveollA] 718 & FE9| Bis-GMAZE HEHIIL
Adper Single Bond 2 ) Clearfil-SE Bond Adhesive 520 &
=& FE9 BisGMAE ¥3stal %It} Scotchbond
Multi-Purpose  Adhesiveo|A= Bis-GMAZ}F ©d peakZ
&% oy Adper Single Bond 29} Clearfil-SE Bond
Adhesiveoll = 27 ool peakZ AZFE=U| o=
Bis-GMAY] iso-type?! o FATEC} 27 HEMAZ X
kst Aold HZ A= One-UP Bond F Plus B ) Adper
Scotchbond Multi-Purpose Primer ) Adper Scotchbond
Multi-Purpose  Adhesive ) Cleatfil-SE Bond Adhesive )
Adper Single Bond 2 ) Clearfil-SE Bond Primer )
One-UP Bond F Plus A £22 =2 %9 HEMAZ}
A=), Clearfil-SE Bond Primer9} One-UP Bond F
Plus Bol|X:= HEMAS] peak7} ThE AJR9] peaksl U
HAAA Azwo] Aol ofgdzol AR & A= gl
< Zlog ekt i-Bond9t G-BondoMe HEH A
29} peake] megol W§ fA1E ATE e Row
Hol ojdl AEQIAIE HEAA] agtARt Fdg =4S
Fihetal e AoR yehEr

AE=A 4 A}, TC50S 71508 31 Adper Scotch-
bond Multi-Purpose Adhesive ) Adper Single Bond 2 =
Prime & Bond NT ) Clearfil-SE Bond Adhesive ) i
Bond » One-UP Bond F Plus A ) G-Bond ) One-UP
Bond F Plus B ) Clearfil-SE Bond Primer ) Adper
Scotchbond Multi-Purpose Primer 208 =& A|XEXS
Uehic

Bis-GMA®} HEMAE X7 Edhebal Q= Aobd 3t
Ae] 7L BissGMAZ o] IIELE AEEAE =7
YUeRgtl, Adper Scotchbond Multi-Purpose  Adhesive]]
A= AR TR BisGMAS NSl BAA 4
Ao} AEEAT A3 AE HAFIOH, HEMAL
542 ekl gl mebd BsGMAh AESe)
F Yolol Ao gekErt Adper Single Bond 20l|4&
Al E3E HEMAE AE=S dehliA] &2 ut
¥, Bis-GMAT HEA] AA|o] AZ=RT 22 AES
He vebgon, HEMASH BisGMAS BAlol 48312
o HEA} FARE AESAAS e SHIEAE S
AFLoME HEMAZ} Bis-GMAS| MEEAS 7AAlT
= A3} JeRdth Clearfil-SE Bond Adhesived] 79
0.025, 0.05mg/midA= AME=4HS VERA] gkon,
0.1 mg/mloME = AESHFS e H3Ao &2
e BisGMAAX®E Ak AlE52do] Uehsit), wlebx
Clearfil-SE Bond Adhesive 3t Bis-GMA7} A5/
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