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Identification of Residual Acrylates
Leached from Six Resin Cements by

HPLC and GC/MS

6 Farkli Rezin Simandan Salinan Rezidiel
Akrilatlarin HPLC ve GC/MS ile Saptanmasi

ABSTRACT Objective: This study was conducted to identify residual acrylates and other products
from six different resin cements to obtain information about the composition and occurrence of
sensitizing acrylates. The hypothesis of the study was that the analytical results would show dif-
ferences regarding the information provided in material safety data sheets (MSDSs) of resin mate-
rials. Material and Methods: The resin cements tested were Variolink II, Rely X ARC, ResiLute,
Nexus 2, Rely X Unicem, and SuperBond C&B (VII, RXARC, RL, N2, RXU, SBC&B). Sixty disc
shaped specimens (5 mm diameter x 2 mm thickness, n=10) made from each materials were poly-
merized by light curing according to manufacturers’ instructions and cured samples were stored in
ethanol/deionised water solution for 3 days. Residual acrylates of the resin cements in solution were
identified using gas chromatography with mass-selective (GC/MS) detection and high performance
liquid chromatography (HPLC) with ultraviolet detection. Among detected components were
monomers and co-monomers; identification was confirmed with reference substances. Results:
There were some residual acrylates of each material that were not given in their MSDS. From elu-
tion in ethanol/deionized water, 3 acrylates from VII, 7 acrylates from RXU, 2 acrylates from
RXARGC, 5 acrylates from RL, 5 acrylates from N2 and 4 acrylates from SBC&B were identified.
Conclusion: Material safety data sheets of resin materials need to be improved so that the health
risks for patients and dental personnel can be assessed reliably.

Key Words: Resin cements; chromatography, high pressure liquid;
gas chromatography-mass spectrometry

OZET Amag: Bu caligmanin amaci, 6 farkli rezin simandan salinan rezidiiel akrilat ve diger iiriin-
lerin saptanmast ile bunlarin komposizyonu ve olusumlarinin incelenmesidir. Hipotez ise, rezin
simanlarin materyal giivenlik bilgi formlarindaki (MSDS) verilerin, ¢aliymanin analitik bulgular1
ile farklilik géstermesidir. Gereg ve Yéntemler: Testlerde kullanilan rezin siman gegitleri Vario-
link IT, Rely X ARG, ResiLute, Nexus 2, Rely X Unicem ve SuperBond C&B'dir (VII, RXARC, RL,
N2, RXU, SBC&B). Her materyalden 10 adet olmak tizere toplam 60 disk seklindeki 6rnek (5 mm
¢ap x 2 mm kalinlik), dretici firma 6nerileri dogrultusunda 11k ile polimerize edildi ve 3 giin bo-
yunca etanol/deiyonize su soliisyonu icerisinde bekletildi. Soliisyon icerisinde bulunan rezin si-
manlarin rezidiiel akrilatlari, gaz kromatografi-kiitle spektrometresi (GC/MS) ve ultraviole
dedektorlii yitksek performans s1vi kromatografisi (HPLC) ile saptandi. Ol¢iim sonucunda tespit
edilen monomer ve ko-monomer salimimlar1 referans maddeler yardimi ile dogrulandi. Bulgu-
lar: Her materyal i¢cin MSDS’de belirtilmeyen bazi rezidiiel akrilatlar tespit edildi. Etanol/deiyo-
nize su soliisyonu icerisine olan salinim incelendiginde MSDS'da bulunmayan 3 akrilat VII'den,
7 akrilat RXU’den, 2 akrilat RXARC’den, 5 akrilat RL’den, 5 akrilat N2’den ve 4 akrilat
SBC&B'den saptandi. Sonug: Rezin esasli materyallerde MSDS formlarinin daha detayl agiklan-
masi, hasta ve dental personelin saglik riskinin daha giivenilir bir sekilde belirtilmesi agisindan
6nemlidir.

Anahtar Kelimeler: Rezin simanlari; kromatografi, yiiksek basingli s1vi;
gaz kromatografi-kiitle spektrometri

Turkiye Klinikleri ] Dental Sci 2014;20(1):7-13



Subutay Han ALTINTAS et al.

IDENTIFICATION OF RESIDUAL ACRYLATES LEACHED FROM SIX RESIN CEMENTS BY HPLC AND GC/MS

esin materials consist of a resin matrix, in-
Rorganic fillers, and a coupling agent.! A resin

matrix can contain one or more monomers,
for example Bis-GMA and/or UDMA, co-monomers
(TEGDMA), and various additives, such as an ini-
tiator, co-initiator, and inhibitor of polymerisation,
and a photostabiliser.'? After polymerisation, a sig-
nificant amount of organic compound residues re-
main unbound in the cured material. The degree of
conversion (DC) has been found to be between 46%
and 80% in composite materials.>* Of the methacry-
late groups, 25-60% may have unreacted residues,
but less than 10% of the available methacrylate
groups are free to diffuse out.> The ingredients and
degradation products of resin materials are known
to be allergenic, cytotoxic, and even genotoxic.®
12 Acrylates, mainly methacrylates which are widely
used in dentistry, were found to cause cytotoxic
and allergenic effects. Evaluation of the cytotoxic-
ity of 39 acrylates and methacrylates that were used
in dental resin materials showed a relationship be-
tween their structure and the degree of cytotoxicity.
Some ingredients of resin materials may exert di-
rect effects on the DNA genotoxicity which may be
transferred to the next generations of the organisms
(mutagenicity). These effects may occur at subtoxic

concentrations.'>!

Little is known about the uptake, distribution,
metabolism and final fate of the components of
resin materials. Because manufacturers’ informa-
tion about the ingredients in the materials is often
incomplete, studies of the materials are necessary
to better understand the amounts and types of po-
tentially harmful residual monomers. Dental clin-
ics should review information about any hazardous
compounds in the restorative materials they use in
product Material safety data sheets (MSDSs).">"7

Material data sheets are presumed to provide
information regarding potential hazardous chemi-
cals in products. However, a recent product analy-
sis revealed incomplete MSDSs regarding resin
materials.'® Because of the frequency of incomplete
information about the ingredients in dental mate-
rials, further studies are needed to provide infor-
mation about potentially harmful compounds that
may be elute from dental materials. 182!

The aim of the present study was to identify
residual acrylates from six different resin cements
to obtain information about the composition and
occurrence of sensitising acrylates. The null hy-
pothesis of the study was that the analytical results
would show differences regarding the information
provided in MSDSs of resin materials.

I MATERIAL AND METHODS
RESIN MATERIALS PREPARATION

Six different resin materials were investigated in
this study. The tested resin cements were Variolink
IT (Ivoclar) (Low viscosity), Rely X ARC (3M
ESPE), ResiLute (Pulpdent), Nexus 2 (Kerr) , Rely
X Unicem (3M ESPE) and SuperBond C&B (Sun
Medical) (VII, RXARC, RL, N2, RXU, SBC&B). In-
formation given by the manufacturers about the
acrylates of the resin materials investigated is given
in a table (Table 1).

Ten disc-shaped specimens for each material
was prepared in teflon molds at a thickness of 2
mm with a diameter of 5 mm. The molds were
filled with uncured material and covered with a
mylar strip to protect the resin cement from the
oxygen inhibition zone, and the materials were
polymerised by light curing (Hilux Utra Curing
Unit, Benlioglu Dental, Ankara, Turkey) at 550
mW/cm? (with a light tip to specimen distance of
0 mm) for 40 s. The samples prepared from SBC&B
which is a single self-curing dental adhesive resin
cement used in the recent study, were polymerised
for 10 min., immediately after mixing polimer
powder with activated liquid (Monomer and Cat-
alyst mixture) according to manufacturers’ in-
structions.

EXTRACTION PROCEDURE OF RESIDUAL MONOMERS

Cured samples were detached from the teflon
molds and immediately immersed in light proof
glass bottles containing 20 mL 75% ethanol and
25% deionised water after polymerisation of the
resin cements and stored at 37°C for 3 days. After
this time, the extracts were removed from the bot-
tles, which contained immersed specimens. To
avoid contamination from other polymer-based
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TABLE 1: Acrylates of the resin materials given by manufacturers.
Resin cement Name of manufacturer Chemical composition Batch No:
Variolink Il Ivoclar Vivadent Paste A: Bis-GMA urethane dimethacrylate, TEGDMA, J05278
AG Schaan/ Liechtenstein inorganic filler, ytterbium trifluoride, initiator, stabilizer
Paste B :Bis-GMA, UDMA, TEGDMA, inorganic filler,
ytterbium trifluoride, benzoyl peroxide, stabilizer
Rely X Unicem 3M ESPE AG Dental Methacrylated Phosphoric Acid 221806
Products Esters
Seefeld/Germany Triethylene Glycol Dimethacrylate
Substituted Dimethacrylate
RelyX ARC 3M ESPE AG Dental Paste A: Silane Treated Ceramic TEGDMA, BADGE Silane 20060106
Products Treated Silica Functionalised Dimethacrylate Polymer
Seefeld/Germany Paste B: Silane Treated Ceramic TEGDMA, BISGMA Silane
Treated Silica Functionalised Dimethacrylate Polymer
Resilute Pulpdent Corporation Base+catalyst: Methacrylate 041117
Watertown/ USA
Nexus 2 Kerr Co., Orange, CA, USA Base: Bis-GMA, camphoroguinon, barium aluminoborosilicate glass 409177
Catalyst: Bis-GMA, teriethylene glycol dimethacrylate,
barium aluminoborosilicate glass
C&B Super Bond Sun Medical Co.Ltd. Tri-n-butylborane (TBB) LL2
Moriyama, Shiga/ Japan TBB-O
Methyl metacrylate(MMA)
4-methacryloxyethyltrimellitic acid anhydride (4-META)
Poly (Methyl metacrylate) (PMMA)

materials and plastics, gloves were not used. The
glass bottles were distilled with ethyl acetate twice
and kept at 100°C for at least 12 h before use.

ANALYTICAL PROCEDURE

The residual acrylates of the resin cements in solu-
tion were identified by using gas chromatography
with mass-selective detection and liquid chro-
matography with ultraviolet detection. Among the
components detected were monomers, COmono-

and contaminants. Identification was confirmed
with reference substances, if available (Figure 1).

HPLC (HIGH PERFORMANCE LIQUID CHROMATOGRAPHY)
ANALYSIS

The analysis of extracts from the resin cements as
well as reference solutions of the monomers in
water/acetonitrile (25:75) was carried out by High
Performance Liquid Chromatography (HPLC) (Ag-
ilent Technologies, USA) under the following con-

mers, initiators, stabilisers, decomposition products ditions:
mAU ABPs
@~ 3
¥ G
800 g o0 @ 1
. i = — H
600 cn® 35 s
400 28w | & o ©
= © & oM AN, T ~ L 2 Sz gw o @ % o] \ 3]
200 b 2 S &R oo B ® & rRoeamao 2 B &8 R =
gl. S v <= AN LT 6 ded o s 0~ o~ N o SN =
0 2 4 6 8 10 min

FIGURE 1: Standard chromatograms and retention time of monomers: (A)JHEMA, (B) Bisphenol A, (C) Bisphenol A Ethoxylate, (D) MMA, (E) TEGDMA, (F)

UDMA, (G) Bis-GMA, (H) BADGE, (1) BisDMA.
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The HPLC system consist of a Agilent quat-
pump (USA), with an autoinjector model G1313A
and a G1314A UV-vis dedector. The HPLC chro-
matograms of resudual monomer were recorded by
Agilent CAG Bootp Server software. The steel col-
umn (Waters Corporation, Milford Massachusetts,
USA) 250 mm in length, 4.6 mm in diameter and
particle size of 5 um was used.

STANDART SOLUTION AND SAMPLE PREPARATION

Stock solutions of monomers were prepared by dis-
solving the monomer ethanol-water to a final con-
centration of 1000 pg/mL. From these stock
solutions, calibration standard solutions were pre-
pared in ethanol-water containing: 5.0, 10.0, 20.0,
40.0 and 80.0 pg/mL.

A 200 pL aliquot of the appropriated solution
was transferred to autosampler vials and 10 pL
were injected onto the HPLC system. The separa-
tion was performed using acetonitrile-water
(75:25) as eluent, at a flow rate of 1 mL/min. The
monomers were detected by their UV absorbance
at 208 nm.

GC/MS (GAS CHROMATOGRAPHY WITH
MASS-SELECTIVE DETECTION) ANALYSIS

GC/MS analysis was performed using an Agilent-
5973 Network System and a mass spectrometer
with an ion trap detector in full scan mode under
electron impact ionisation (70 eV). The chromato-
graphic column used for the analysis was a HP-5
capillary column (30 m, 0.32 mm i.d., film thick-
ness 0.25 Im) and the carrier gas used was helium,

at a flow rate of 1 mL/min. The injections were
performed in splitless mode at 230 °C. One mi-
crolitre of essential oil solution in hexane (HPLC
grade) was injected and analysed with the column
held initially at 60°C for 2 min and then increased
to 260°C with a 5°C/min heating ramp. The injec-
tions were subsequently kept at 260 °C for 13 min
and the relative percentage amounts of the sepa-
rated compounds were calculated from the total
ion chromatograms by a computerised integrator.

I RESULTS

The qualitative identified residual acrylates of the
resin cements are summarised according to their
occurrence in the resin materials (Table 2). The
identified residual acrylates, except for the compo-
sition of resin cements, in the MSDSs were: Methyl
Methacrylate (MMA), Bisphenol A diglycidyl ether
(BADGE), Bisphenol A for VII, MMA, BADGE,
Urethan dimethacrylate (UDMA) for RXARC,
MMA, UDMA, BADGE, HEMA, TEGDMA, 2,2-
bis-[4-(2-hydroxy-3-methacryloxypropoxy)
phenyl]-propane (Bis-GMA) for RL, MMA,
UDMA, TEGDMA, HEMA, BADGE, Bisphenol A
dimethacrylate (BisDMA), Bis-GMA for N2, Bis-
GMA, UDMA, BADGE, Bisphenol A, Bisphenol A
Ethoxylate (BisEMA), HEMA, MMA for RXU,
HEMA, UDMA, BADGE, Bis-GMA for SBC&B.
Bis-GMA, BADGE, and BisDMA could only be de-
tected by HPLC. The residual acrylates of each
tested resin cement material were not given in the
MSDS’s of the manufacturers.

TABLE 2: The identified residual acrylates of resin cements by HPLC and GC/MS.

Variolink Il Rely X Uicem Rely X ARC
Bis-GMA Bis-GMA* Bis-GMA
UDMA UDMA* UDMA*
TEGDMA TEGDMA TEGDMA
BADGE* BADGE* BADGE
MMA* MMA* MMA*
Bispheno A* Bispheno A*

Bisphenol A Ethoxylate*
HEMA*

Resilute Nexus 2 Super Bond
Bis-GMA* Bis-GMA Bis-GMA*
UDMA* UDMA* UDMA*
TEGDMA* TEGDMA BADGE*
BADGE* BADGE* HEMA*
MMA MMA MMA
HEMA* HEMA*

BADGE*

BisDMA*

* The residual acrylates of each tested resin cement material that had not been provided in their material data sheets (MSDS)

10
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I DISCUSSION

In the current study, identification of residual acry-
lates from six different resin cements was per-
formed in order to obtain information about the
composition and occurrence of sensitising acry-
lates, which were evaluated using HPLC and
GC/MS. The residual acrylates of each tested resin
cement material were not given in the MSDS’s of
the manufacturers. According to the findings of the
present study, from elution in ethanol/deionized
water 3 acrylates from VII, 7 acrylates from RXU,
2 acrylates from RXARC, 5 acrylates from RL, 5
acrylates from N2 and 4 acrylates from SBC&B
were identified except for the composition of resin
cements, in the MSDSs, therefore the obtained re-
sults supported the research hypothesis that the an-
alytical results would show differences in the
information given in the MSDSs of materials. Based
on studies of leachable components from resin ma-
terials, some researchers have concluded that all in-
gredients of dental resin materials should be
declared by manufacturers, with the aim of identi-
fying substances that could cause adverse side ef-
fects in patients and/or dental staff.!18! However,
few studies have analysed organic leachables from
resin materials with the aim of comparing the re-
sults to information provided by MSDSs.

A combination of gas chromatography (GC)
and mass spectrometry (MS) has been used to sepa-
rate and identify organic leachables arising from
resin materials.1%?! However, molecules of high
molecular weight, for example base monomers such
as BIS-GMA and UDMA, may decompose in GC
and only decomposed products may be de-
tectable."'”?° This is a difficult process and is rarely
done with GC. Most studies on large molecules have
used HPLC analyses.!3?*?* In the current study, the
universal analytical separation techniques HPLC
and GC/MS were used to detect the quality of resid-
ual monomer leaching from the resin materials.
High-molecular-weight molecules, such as Bis-
GMA, BADGE and BisDMA, could only be detected
by HPLC, consistent with previous reports.!1>24

The greater the polymerisation reaction, the
fewer residual monomers there are to leach.!® After

Turkiye Klinikleri ] Dental Sci 2014;20(1)

polymerisation, a significant quantity of organic
compound residues is unbound in the cured mate-
rial. The DC of carbon-carbon double bonds (C=C)
also depends on the type, duration and intensity
of the light source, and some properties of the
resin system, such as the depth of the resin mate-
rial. >?2?5 Quartz-tungsten halogen (QTH) and
light-emitting- diode (LED) are the most popular
light sources that are used to cure dental resins.
The QTH presents a broad wavelength spectrum,
which allows efficient activation of different
photo-initiators that are used as an alternative to
camphorquinone, the most common initiator
among light curing dental resins. Some researchers
concluded that the QTH lamp promotes better val-
ues on the degree of conversion within the
nanofilled composite resin than the LED lamp.?
Furthermore, increased irradiation time, from 30
to 50 s, results in a significant decrease in residual
monomer content and the quantities that are re-
leased into water.” Also some studies indicated that
the enhanced irradiation time -10, 20 or 40 s- has
only little influence the initial decrease of C-C dou-
ble bondsand the time of curing (20 s and 40 s) did
not influence the degree of conversion.”*? In the
present study, the resin cements were polymerised
according to the manufacturers’ instructions with a
halogen light source for 40 s.>* The viscosity of
composites and filler loading may interfere in the
monomer conversion, because they could restrict
the mobility of monomers and the progression of
polymerization reaction. A previous study pointed
that the DC of resin cements was higher when the
light-cured and low-viscosity versions of resin ma-
terials were used than when self-curing mode and
the high-viscosity resin cements were tested.”
Therefore, low viscosity version of resin cements
were used in the present study.

Several studies have been performed to deter-
mine the influence of solvent type and duration on
the release of substances from resin materials.?*
Some organic solvents, such as ethanol, methanol,
or mixtures of these solvents with water, are pre-
ferred for simulating oral conditions.??” Organic
solvents have the ability to penetrate and swell the

polymer network, facilitating the liberation of un-
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reacted and leachable monomers. As the solvent
penetrates the matrix and expands the openings be-
tween polymer chains, oligomers can diffuse out.
The intraoral fluids probably represent conditions
somewhere between the more aggressive organic
solvents and water. The United Stated Food and
Drug Administration indicates that a 75% ethanol-
water solution as a food/oral simulating liquid is
clinically relevant.’ Thus, in the present study, 75%
ethanol/25% deionised water was used as the ex-
traction medium for measuring monomer release.

The clinical success of resin materials depends
not only on their physical and chemical properties,
but also on their biological safety. The organic ma-
trix of dental resin materials contains compounds
that cause a wide variety of adverse biological re-
actions. These analyses have been extensively re-
viewed in the literature.!*3*® Many of these
compounds, mostly epoxy resins and acrylic
monomers, have been identified as important oc-
cupational sensitisers, with an established poten-
tial for cross-reactivity. Moreover, work-related
adverse effects, such as occupational skin disease
(OSD), allergic contact dermatitis, and irritant
contact dermatitis, have frequently been reported
by dental personnel.®!8 It has also been hypothe-
sised that components from dental composite ma-
terials may alter cytokine secretion in human
monocytes if applied at sublethal concentrations.
Likewise, other tightly regulated pathways of cel-
lular metabolism, for example the induction of a
cellular stress response or changes in lipid metabo-
lism, are also modified.**3 The cytotoxicity ranking
of the most widely used monomers is Bis-GMA>
UDMA>TEGDMA>HEMA>MMA.? Furthermore,
serious concerns about possible health problems
have been raised because compounds such as
Bis-GMA, Bis-DMA, and bisphenol A (BPA) have
been identified as endocrine-disrupting chemicals,
capable of mimicking the effects of natural steroid
hormones. These aromatic components are leached
from commercial products, such as composites and
sealants, at concentrations at which biological ef-
fects have been described in experimental models.®
In addition, Bis-EMA monomers have been shown
to have cytotoxic effects analogous to those of

12

TEGDMA." The qualitative identification and di-
versity of organic elutes from polymerised samples
of two composites, one compomer cement and one
resin- reinforced glass ionomer cement, have been
found to contribute to the potentially hazardous
compounds that leach from polymer-based dental
filling materials (PBDF);'¢ that study reported dif-
ferent compounds that were not declared in the
manufacturers’ SDSs for these products. Thus, in
the present study, the qualitative identification and
diversity of products eluted from resin cements
were determined to contribute to the improvement
of SDS information on resin materials and to iden-
tify the aetiology of adverse reactions.

This in vitro study was performed under well-
controlled laboratory situations. However, the de-
sign of the study has several limitations, making it
difficult to compare the results with clinical con-
ditions. Furthermore, because only a limited num-
ber of resin cements was tested, the results cannot
be generalised to other systems. From a clinical
viewpoint, there are also limitations concerning
the correlation between in vitro and in vivo tests
and clinical usage. However, in vitro residual
monomer measurements using HPLC and GC/MS
are valuable for understanding the leaching ability
of organic compounds from these resin ce-

1619.24 Elution of residual monomers from

ments.
resin materials is related to their degree of poly-
merisation, properties of resin composition, and the
chemistry of organic solvents in vitro.> Several fac-
tors affect the elution process of residual monomers
in vivo. One factor is related to the dental person-
nel who apply the resin materials during treatment.
From this point of view, manufacturers’ instruc-
tions on the application and polymerisation process
of their resin materials are of importance. The oral
fluids of humans can differ according to their
chemical composition, enzymes, and oral stresses.
For these reasons, the experimental setup here did
not consider the effects of in vivo conditions and
the elution of residual monomers measured cannot
be directly applied to the elution of residual
monomers in vivo. Thus, further in vivo studies
evaluating residual monomers and their effects are
required.

Turkiye Klinikleri ] Dental Sci 2014;20(1)
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I CONCLUSION

This study focused on the qualitative identification
and diversity of the products eluted. Due to differ-
ences between the materials, the biocompatibility,
including the allergenic potential, may also differ.
Some of the identified products were acrylates.
Degradation products may be leached into the oral
cavity at clinically relevant concentrations. It may
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