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Abstract

Objective: This study was designed to evaluate the cytotoxicity of two resin-based
cements; BistiteII DC, and MultiBondII, after polymerization on cultured L-929 fibroblast cells.
Methods: Disc-shaped samples were prepared in polyethylene molds with cylindrical
cavities (5 mm diameter, 2 mm high) of BistiteII DC and Multi Bond II. After setting
of resin cement disc, they were aged for 1, 3, and 5 days in Dulbecco’s Modified Eagle’s Medium (DMEM). Cell viability of L-929 fibroblast cells was assessed by the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and the
difference between the groups was tested by analysis of variance and Tukey tests (a =
0.05).
Result: After 1 day of storage, the BistiteII DC, and MultiBond II were essentially
non-cytotoxic. On days 5 of the experiment, the cell viability of two resin cements
did not differ significantly (P > 0.05), but cell viability was slightly reduced on day
5. There was no significant difference in the cytotoxicity between Bistite II DC, and
MultiBondII.
Conclusion: After polymerization, two resin-based cements (BistiteII, and MultiBond)
induced slight cytotoxicity. The sensitivity of cytotoxicity to L-929 cells in depended
on the type of resin-based cements.
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Introduction
The aesthetic aspect of dental treatment has become increasingly popular in
the recent years, especially with the development of improved materials and adhesive techniques using composite resins. The indirect composite resin restoration technique involves extra-oral fabrication of an inlay and its placement with resin cement.
It has been reported that for large cavities, indirect restorations bear advantages over
direct techniques such as improvements in anatomic form, con-tour, fracture resistance
and wear resistance[1]. The major goals of using resin-based adhesive materials are
to enhance the bonding strength between restoration and the tooth structure, reduce
the micro-leakage in the dentin–restoration interface and scatter the occlusal stress.
Resin-based cement is necessary to be used for cementing non-metal prosthesis for
the advantages of esthetic and strength. As resin-based adhesive materials come into
close and prolonged contact withgingivo–dentin complex, their safety influence on
soft tissue is of great interest, especially when the finishing line is locatedin gingival
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sulcus during tooth preparation[2]. When
the remaining thickness of dentin is thin
dental adhesive/cement compounds can
be eluted from dental materials and can
be swallowed by saliva and then they can
enter the organism. Dental compounds
can be metabolized to very toxic agents
in the organism. Furthermore dental
compounds can enter the organism by
uptake from the blood in the pulp and can
then enter the organism by this route. The
observed toxicity in cells/organisms is
therefore may not be caused by the main
molecule but by the toxic intermediates
formed in the metabolism of eluted dental compounds. It has been shown that
resin-based adhesive materials exert potential harmful effects to the soft tissue.
The biological safety of dentin-bonding
agents has been extensively studied[3,4],
but reports on the biological safety of
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new resin-based cements to cultured L-929 fibroblast cells are
still rare.“In vitro cytotoxicity test” has the advantage of easy
control of experimental factors that are often a problem when
performing experiments in vivo. In vitro methods are reproducible, cost-effective, relevant, and suitable for the evaluation of
basic biological properties of dental materials.According to the
possible dangerous effects of these components’ cytotoxicity it
is very important to know how they affect the cells. To evaluate
the cytotoxicity of resin-based cements on cultured L-929 fibroblast cells completely, this study evaluates the cytotoxicity of
two resin-based cements (BistiteII DC, and MultiBondII) after
polymerization on cultured L-929 fibroblast cells. There is a few
information about the cytotoxicity and biocompatibility of resin
components. Therefore we examined the impact of two dentin
bonding agents on L-929 mouse fibroblast cells.

Materials and Methods
Resin-based Cements and Sample Preparation
Two resin-based cements were evaluated: BistiteII DC,
(Tokuyama Dental Corporation, Japan), and MultiBondII
(Tokoyama, Dental Corporation, Tokyo, Japan). The cements
were prepared according to the application instructions (Table
1) under aseptic conditions and were applied into polyethylene
rings with diameter of 5 mm and height of 2 mm. Samples were
polymerized in accordance with the application instructions (Table 1). Sodium dodecyl sulfate (SDS) was used as positive control and DMEM without serum as negative control.
Table 1: Resin-based cements tested and their instructions of application.
Material (Abbreviation) Manufacturer Lot no. Composition Procedure

Composition

Procedure

Primer 1 (A and B): phosphoric acid monomer, acetone,
alcohol, water, and initiator.
Primer 2: HEMA, acetone,
Bistite II DC (BT)
initiator. Resin cement pastes:
Tokuyama Dental
Paste-A: NPGDMA, Bis028012
MPEPP, silica-zirconia filler.
Paste-B: MAC-10, silica-zirconia filler, benzoylperoxide,
photo-initiator.

Apply primer
1A + 1B, leave
for 30 s, air dry,
apply primer 2,
leave for 20 s,
air-dry,
place
mixed paste A +
B, light cure for
20 s.

Primer: phosphoric acid
monomer, water, acetone,
Multibond II (MB) UDMA, co-activator.
Tokuyama Dental Liquid: MMA, UDMA,
0780Z1
HEMA, MTU-6, borate catalyst.
Powder: PMMA, co-activator.

Apply primer
for 20 s and gently air dry for
10 s. Powder:
liquid: 1:3 Mix
for 5 s, apply
to disc surface.

Abbreviations: HEMA: 2-hydroxyethyl methacrylate, MAC-10: methacryloyloxundecanedicarboxylic acid, MMA: methyl methacry- late,
PMMA: poly methyl methacrylate, UDMA: urethane dimethacrylate,
MTU-6: 6-methacryloxyhexyl 2-thiouracil-5-carboxylate.

Cell Culture
The mouse fibroblast cell line (L929) was obtained
from National Cell Bank of Iran (NCBI, Tehran, Iran) and used
for the experiment. Cells were cultivated as a monolayer culwww.ommegaonline.org

ture in DMEM medium (Gibco, Detroit, USA), supplemented
with 10% FBS (Gibco, Detroit, USA), 100 IU/ml penicillin and
100 μg/ml streptomycin (Gibco, Detroit, USA) at 37°C in a fully
humidified air atmosphere containing 5% CO2. For the experiments, cells were removed from the flasks using a 0.25% trypsin-EDTA solution (Gibco, Detroit, USA). Briefly, cells (2×104
cells/well) were seeded onto 96-well microplate and allowed to
adhere overnight. Then, each cell line was exposed to increasing
concentrations of aqueous extract (5-2000 μg/ml) for 24 h. The
first column of each microplate was assumed as negative control
(containing no extract).
Exposure of Cells to Tested Materials
The sample disks were removed immediately after curing. For the prevention from bacterial contamination, all sample
disks were sterilized with UV-radiation for 45 minutes on each
side. Then, L929 fibroblasts were treated with resins in two following ways.
Incubation with Medium Containing the Compounds
Prepared disks were placed into 1 ml of freshly prepared DMEM medium for 1,3 and 5 days. Then, L929 fibroblasts were treated with or without pre-incubated medium at a
density of 1×104cells in polystyrene 96-well tissue culture plates
(Costar) for 24h at 37°C in a fully humidified air atmosphere
containing 5% CO2.
Direct Contact Testing
L929 fibroblasts were seeded at a density of 4×104 cells
in polystyrene 24-well tissue culture plates (Costar) and the cell
layer was exposed to a flat surface of the disk for 1,3 and 5 days.
Paper disks with the resembling diameters were used as negative
controls. The interface area of 12.5% and the volume ratio was
2.74 cm2/ ml, which is within the recommended range of 0.5–6.0
cm2/ ml suggested by ISO 10993-5 and International Organization for Standardization.
Cytotoxicity Assessment Using MTT Assay
Cytotoxicity of cells was measured using MTT (Sigma, St Louis, USA) colorimetric assay. The assay is based on
the metabolic reduction of soluble MTT by mitochondrial enzyme activity of viable cells into an insoluble colored Formosan
product, which can be measured spectrophotometrically after
dissolving in dimethyl sulfide (DMSO). To assay the cytotoxicity, MTT solution (5 mg/ml in phosphate buffered solution)
was added to each well and the plate was incubated for 3 h at
37°C. Then, DMSO was replaced and dissolved any Formosan
crystals. The optical density (OD) was read on an Elisa reader
(Microplate reader MR 600, Dynatech, USA) at a wavelength of
545 nm. The inhibitory rate of cytotoxicity was calculated by the
following formula:
Cytotoxicity percent = [1- (ODcontrol - ODtreated)/ODcontrol]×100
Cytotoxicity was rated based on cell viability relative to controls
as[5]:
Non-cytotoxic=>90% cell viability;
Slightly cytotoxic = 60–90% cell viability;
Moderately cytotoxic = 30–59% cell viability;
Severely cytotoxic= ≤30% cell viability.
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Discussion

Morphological alteration of the L-929 cells was observed directly by phase contrast microscope and photographed
by a Nikon camera.

Cytotoxicity of dental resins and their component materials has been shown in several studies. In addition, a recent
study has shown that degradation derivatives of dental resins
could cause comparable toxic effects as the raw monomers[6,7].
In vitro cytotoxicity tests should be performed with cells homologous to the human tissue of ultimate concern[8-10]. Cells in the
resting stage seem to reflect the in vivo condition more closely
than do cells in the growing phase[11]. Therefore, the cytotoxicity of resin-based cements was examined on confluent cells in
this study. In the present study, the mean relative growth rate of
mouse L-929 cells exposed to BistiteII DC, and MultiBond II
groups, while 100% in negative control group and 0.00% in positive control group. That means that the two resin-based cements
have slight cytotoxicity after polymerization. At the same time,
the rank orders with respect to cytotoxicity were found to be as
follow: BistiteII DC < MultiBond II. There was no significant difference in the cytotoxicity between BistiteII DC, and Multi Bond
II. Significant differences were observed between the groups of
this study after 1 day of incubation, with the MultiBondII being
moderately cytotoxic. However, ageing reduced the cytotoxicity of the MultiBondII cement resin. Previous studies have also
demonstrated decreased cytotoxicity of dental composites with
increasing pre-incubation periods that is almost immeasurable
after 7 days[12]. On day 5 of the experiment, cell viability was almost 100 per cent in all groups; however, a mild cytotoxic effect
was observed on day 5 in two groups. This may be due to water
absorption that provokes monomer release[13]. Variable cytotoxic
trends over the total period of such experiments have been reported[14]. It was demonstrated that different light-cured bonding
systems resulted in cell toxicity levels significantly lower than
that of a chemically cured system (Concise). In their study, the
cytotoxicity of all substances diminished after 7 days of pre-incubation, with Concise still being the material with the highest
cytotoxicity level[15]. Moderate cytotoxicity of the MultiBondII
on day 1 of the present experiment was probably related to insufficient polymerization or severe toxicity of its liquid activator[16].
In clinical application of MultiBondII, a layer of activator is applied both to the tooth surface and to the indirect restoration base
with the adhesive sandwiched between them. If the adhesive is
very thin, the activator/adhesive ratio increases which may cause
more residual un-polymerized monomers within the system. On
the other hand, an increase in adhesive thickness produces an
inhomogeneous polymerization pattern due to insufficient activator penetration, which may result in cytotoxicity. The latter
phenomenon may have little significance in the current study
because the dimensions of the specimens were controlled.Since
cement resin contain higher ratios of resin diluents, higher cytotoxicity of this type of materials was expected in the present
study, but the results showed excellent biocompatibility. This
finding is in agreement with the results of study who compared
hybrid, condensable, and flowable composites and found no toxic effects of flowable composite during the 2 day interval, while
the other groups were moderately cytotoxic[17]. It was concluded that since cell culture toxicity data are highly model dependent, the test protocols to screen the toxicity of dental materials
should be standardized to obtain comparable results[18]. Several
studies have indicated that cytotoxic effects in cell culture are
mainly caused by released monomers. Curing of resin-based

Statistical Analysis
Five replicates of each concentration were performed
in each test. All assays were repeated four times to ensure reproducibility. The significance of differences were evaluated using
SPSS 11.0 software by one way analysis of variance (ANOVA)
and Bonferroni’s post doc test. All results were expressed as
mean ± SEM. A probability level of P<0.05 was considered statistically significant.

Results
The Relative growth rates (RGRs) of cultured L-929
cells are shown in Table 2. The RGR of cells exposed to BistiteII
DC and MultiBond II were 85.54%, and 82.39%, respectively,
while 100% in negative control group and 0.00% in positive
control group.
Table 2: Relative growth rate (RGR, %) and cytotoxic rates.
Experimental
groups
Bistite II DC

Day 1

Day 3

RGR

SD

RGR

SD

RGR

SD

85.54

2. 71

87.75

2. 49

93

3. 38

1. 04

90.42

Slight
MultiBond II

Day 5

82.39
Slight

Slight
1. 45

85.52

Non

Slight

1. 34

Non

Positive control

4.06 (SD 0.02) severely cytotoxic

Negative control

100** non-cytotoxic

*Denote significant differences between the experiment groups and
negative control with p < 0.01.

There was no significant difference in the cytotoxicity
between the BistiteII DC and MultiBond II group. There was
significant difference between the experiment group and negative control groups. At each concentration level, there was no
significant difference in the cytotoxicity between BistiteII DC
and MultiBond II. The RGR increased along with the increasing
the time of cements curing (Figure1).

Figure 1: Cytotoxicity trends of the Bistite II DC and MultiBond II
resin cements during the total period of the experiment.
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cement is usually not complete, unconverted monomers can
be released from resin into an adjacent aqueous phase and can
diffuse through dentin to the pulp space[19,20]. The sensitivity of
cytotoxicity to cultured L-929 cells depended on the resin-based
cements tested. This may be due to differences in the content
and component of monomers or additives of two resin-based
cements. BistiteII DC is dual-cure resin cement based on BisMPEPP. It contains MAC-10, a special adhesive monomer. It
has been shown that some methacrylate monomer (Bis-MPEPP)
is strong cytotoxic to fibroblast[21,22]. MultiBond II is self-cure
dental adhesive resin cement based on MMA (methyl methacrylate). It contains 4-methacryloxyethyl trimellitate anhydride (4META), a high performance bonding monomer, and tri-n-butylborane (TBB), a catalyst. BistiteII DC is dual-cure resin cement,
also contains 4-META. Compared with other polyfunctional
methacrylate monomers, MMA has a low potential for irritation
and 4-META may not affect the cytotoxicity induction[23]. This
may be the reason why there was no significant difference in the
cytotoxicity between BistiteII DC and MultiBond II at the same
concentration and both showed slight cytotoxicity. However the
sensitivity of cytotoxicity to human pulp cells depended on the
resin-based cements and the concentration of the elution. BistiteII DC is lower cytotoxic agent than MultiBond II resin-based
cement. The present findings suggest that additional care should
be taken when manipulating cement resin, especially MultiBond II resin-based cement. This is emphasized by the fact that
disposable gloves are permeable to methyl methacrylate and its
derivatives[24,25]. It has been recommended that complete evacuation of remnant activators should be accomplished after cement
resin setting with water spray and suction. Care should be taken
to remove excess cement resin around the indirect restoration
after polymerization, especially in areas where the cement resin
may be in close contact with oral tissues, such as the subgingival
and interproximal areas[26,27]. It should be borne in mind that in
vitro cytotoxicity tests do not completely represent the cytotoxic
properties of materials in the oral environment. It is known that
the oral mucosa is generally more resistant to toxic substances
than cell cultures because of the musin and keratin layers[28]. In
addition, the sublethal effects of adhesive materials during prolonged exposure, which may cause estrogenic effects, should not
be neglected. Further research is required to focus on the longterm effects of these materials.

Conclusion
Within the limitation of the present study, the MultiBond II showed moderate cytotoxicity, this subsided considerably
during longer incubation, while the BistiteII DC showed suitable
biocompatibility. So care should be undertaken during the manipulation of cement resin base materials.
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