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Cytotoxic effects of dental resin liquids on primary gingival
fibroblasts and periodontal ligament cells in vitro
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SUMMARY Cytotoxic effects of resin liquids of three
in situ relining dental polymers, Alike™, Kooliner,
and Tokuso Rebase, and their major components,
methyl methacrylate (MMA), isobutyl methacrylate
(IBMA), 1,6-hexanediol dimethacrylate
(1,6-HDMA) were investigated. The concentrations
of major monomers in these resin liquids were
determined by high-performance liquid chromatog-
raphy. Cellular viability of human gingival fibro-
blasts (GF) and periodontal ligament (PDL) cells
were evaluated by the 3-[4,5-dimethylthiazol-2-yl]-
2,5 diphenyltetrazolium bromide assay. Moreover,

and

patterns of cell death were analysed using annexin
V/propidium iodide staining with flow cytometry.
The results indicated that Alike™ liquid contained
91:3% MMA, Kooliner liquid contained 94:5% IBMA,
and Tokuso Rebase liquid contained 65:8%
1,6-HDMA. All materials examined had cytotoxic
effects on GF and PDL cells in dose-dependent

manners. Tokuso Rebase liquid appeared to be the
most cytotoxic among the various resin liquids
examined. The effects of Kooliner and Tokuso
Rebase liquids may have resulted from IBMA and
1,6-HDMA, respectively. Furthermore, the majority
of treated cells died from necrosis; whereas a small
portion of cells died from apoptosis. In conclusion,
the results demonstrated that these liquid forms of
dental polymers and their major monomers cause
cytotoxic reactions. The direct relining procedure
that cures these materials in situ should be used
cautiously.
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Introduction

Cytotoxic reactions to acrylic monomers such as meth-
acrylate, the major component of most dental resin
liquids, have been reported (1-9). Dahl et al. investigated
the influence of methyl methacrylate (MMA) mono-
mers on the cellular integrity of monocytes, granulo-
cytes, and endothelial cells in vitro (3) and found that
cells showed marked signs of cytotoxicity after 1 min of
incubation with 10 pg mL™" of MMA. Leachable sub-
stances from acrylic resins showed cytotoxic potentials
in the range of their leaching concentrations (5). Eluates
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from various denture base resins have cytotoxic effects
on oral epithelial cells (4, 6) and human gingival
fibroblasts (GF) (7), as well as inhibiting cell growth,
DNA replication, RNA synthesis, and metabolic proces-
ses (2, 6, 10). In addition, Cimpan et al. (9) demonstrated
that resin eluates may enhance cell death by apoptosis
and necrosis in U-937 human monoblastoid cells in a
dose- and time-dependent fashion. Moreover, Tang et al.
(8) demonstrated that direct contact of fibroblasts with
methacrylate polymers, especially the unpolymerized
surface layer, may more significantly reduce cell viability
than what occurs with the eluates.
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The direct relining technique with self-curing resins
is a simple and effective method which provides a
good fit for a fixed provisional prosthesis or removable
denture base. Most self-curing relining resins contain
MMA and/or its derivatives. Direct relining materials
are usually mixed and placed in situ before they are
polymerized. Consequently, their unpleasant odour,
potential for irritation to oral tissue, and heat gen-
eration during polymerization are areas of clinical
concern (11-13). To overcome these shortcomings,
researchers have proposed using new acrylic mono-
mers with increasing amounts of cross-linking agents
and reducing the MMA contents of the resin liquids.
Arima et al. (14) found that highly cross-linked acrylic
relining resins had higher transverse strength and
lower water sorption. Moreover, some relining mate-
rials are supposedly free of MMA and should produce
less irritation to oral tissue. However, few references
are available to substantiate this.

Fibroblasts constitute the predominant resident cell
type of soft periodontal connective tissue which con-
tains both gingival and periodontal ligament (PDL)
fibroblasts. It is important to understand the possible
effects of relining resins on these cells. In the present
study, cytotoxic effects of the liquid forms of three
in situ polymerized materials and their major compo-
nents on human primary GF and PDL cells were
3-[4,5-dimethylthiazol-2-yl]-2,5
diphenyltetrazolium bromide (MTT) assay. Patterns of
cell death induced by these materials were further
analysed using annexin V/propidium iodide (PI) staining
with flow cytometry.

evaluated by the

Materials and methods

Materials

Three self-curing dental resins and three monomers
were used in this study (Table 1). Alike™ is a tooth-
coloured, self-curing resin for construction of tempor-
ary crowns and bridges. Kooliner and Tokuso Rebase
are for hard denture linings and extension of denture
borders. Based on the manufacturers” information, the
major component of Alike™ liquid is MMA, while
Kooliner liquid has a considerable quantity of isobutyl
methacrylate (IBMA) monomer. The manufacturer
claims that Tokuso Rebase liquid excludes MMA and
largely consists of the cross-linking agent, 1,6-hexane-
diol dimethacrylate (1,6-HDMA).

Methods

High-performance liquid chromatography analy-
sis. Concentrations of MMA, IBMA, and 1,6-HDMA in
various undiluted resin liquids were determined by
high-performance liquid chromatography (HPLC) as
described by Larroque et al. with modification (15). The
HPLC procedure employed a LiChroCART®250-4 HPLC
cartridge and a LiChrospher® 100 RP-8 (5-pum) col-
umn*. Each solution was introduced into the injector of
the HPLC system®. The HPLC was operated for 60 min
until all components were completely eluted. The
mobile phase was obtained with a mixture of deionized
water and acetonitrile (HPLC grade) (LiChrosolv®)* at a
ratio of 1:1. The flow rate was 1 mL min~'. The
detection wavelength was 254 nm. The HPLC traces
were recorded with a standard data-capture system.
Analysis of blank acetonitrile showed no interfering
peaks. Concentrations of MMA, IBMA and 1,6-HDMA
in the test materials were determined using a linear
regression equation obtained from a calibration graph
and were calculated from the areas under the curve
using the EZChrom chromatography data system ver-
sion 6.7%.

Cultures of primary human gingival fibroblasts and perio-
dontal ligament cells. Human GF were grown from
explants of discarded gingival tissues obtained from
medically healthy adults undergoing routine periodon-
tal surgeries and were cultured in Dulbecco’s modified
eagle medium (DMEM) containing 10% heat-inacti-
vated foetal calf serum (FCS), 100 units mL ™" penicillin
G sodium, 100 ug mL™' streptomycin sulphate, and
0-25 pg mL~' amphotericin BS (16). The PDL tissues
were scraped with a sterile scalpel blade from the
midroot of extracted teeth (17). The small explants
were covered with a sterile coverslip and grown in
DMEM containing 10% FCS and antibiotics. Old
medium was replaced with fresh medium twice a week.
After migrating out of the tissue and covering the
bottom of the culture plate, GF and PDL cells were
detached with trypsin (0-05%)/ethylenediaminetetra-
acetic acid (EDTA) (0-02%)% and subcultured when

*Merck KGaA, Darmstadt, Germany.

twaters Instruments, Plymouth, MN, USA.
*Scientific Software, Pleasanton, CA, USA.
SGibco BRL Laboratories, Grand Island, NY, USA.
IBiological Industries, Haemek, Israel.
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Table 1. Materials tested in this study

Material Batch no. Manufacturer Major components
Alike™ liquid 060399 GC America Inc., Chicago, IL, USA MMA

Kooliner liquid 041593A GC America Inc., Chicago, IL, USA IBMA

Tokuso Rebase liquid 044 Tokuyama Corp., Tokyo, Japan 1,6-HDMA
Methyl methacrylate 09820HI Aldrich, Milwaukee, WI, USA MMA

Isobutyl methacrylate 05718EU Aldrich, Milwaukee, WI, USA IBMA
1,6-Hexanediol dimethacrylate 366925/1 14997 Fluka, Buchs, Switzerland 1,6-HDMA

MMA, methyl methacrylate; IBMA, isobutyl methacrylate; 1,6-HDMA, 1,6-hexanediol dimethacrylate.

near confluence. Primary GF and PDL cells from
passages 3 through 8 were used.

Cellular viability assay. Viability of GF and PDL cells was
evaluated using MTT which measures cellular meta-
bolic activity (18, 19). Viable GF or PDL cells (4 x 10/
100 puL) were inoculated into each well of 96-well
tissue culture plates and cultured for 20-24 h at 37 °C.
Three resin liquids and their major components were
first dissolved in dimethyl sulfoxide (DMSO) before
being diluted in culture medium. The final concentra-
tion of DMSO in each sample was <0-5%. Cells were
treated with various concentrations of Alike™ liquid,
Kooliner liquid, Tokuso Rebase liquid, MMA, IBMA or
1,6-HDMA at 37 °C for 24 h. Cells treated with DMEM
only or DMEM containing 0-5% of DMSO under similar
conditions served as the controls. The cellular mor-
phology was first examined microscopically. Unat-
tached cells were removed by phosphate buffered
saline washes. After 4 h of incubation at 37 °C with
50 uL of MTT (1 mg mL_l), the supernatant was
removed. Formazan crystals were dissolved in 50 pL
of DMSO. After shaking, the solution was transferred to
an enzyme-linked immunosorbent assay microtitre
plate, and the optical density (OD) was determined at
570 nm using an EL 312e Microplate Bio Kinetics
Reader**. The background signal inherent to the plates
when no cells were present was subtracted from the
absorbance obtained from viable cells. The OD of cells
in the absence of test materials was considered to be
100%. The relative viability of GF and PDL cells was
calculated by the formula: (OD of experimental sample/
OD of control cells) x 100%. Experiments were per-
formed in duplicate for at least four independent
experiments, and the relative viability was averaged.

**Bjo-Tek Instruments, Winooski, VT, USA.

Annexin V-FITC/propidium iodide assay. Redistribution of
phosphatidylserine to the outer leaflet of the plasma
membrane, which indicates the early stage of apoptosis,
was detected by incubating PDL or GF with fluorescein
isothiocyanate (FITC)-conjugated annexin V (Annexin
V-FITC kit)™. Cells that had lost the integrity of their
plasma membrane (i.e. necrotic and secondary necrotic
cells) were detected by PI. Concentrations of Alike™
liquid, Kooliner liquid, Tokuso Rebase liquid, MMA,
IBMA and 1,6-HDMA that affected approximately 50%
of cellular viability as determined by the MTT assay
were chosen. Viable GF or PDL cells (5 x 10°) were
inoculated into 100-mm culture dishes and cultured for
20-24 h at 37 °C. After 24 h of incubation at 37 °C
with test materials, treated cells were harvested using a
trypsin/EDTA solution. After being washed with 10%
FCS-DMEM medium, cells were resuspended in 50 pL
of 1x binding buffer and supplemented with 2-5 pL of
annexin V-FITC (20 pgmL™") and 5pL of PI
(50 pg mL™') at room temperature in the dark for
15 min according to the manufacturer’s instructions.
After the addition of 450 pL 1x binding buffer, cells
were then passed through a nylon filter (Spectrum®)**.
Stained cells were kept on ice and subjected to
fluorescence-activated cell sorter analysis (FACS) using
a Becton Dickinson FACSort flow cytometerSS with
CellQuest softwareSS. Green (FITC) fluorescence was
collected between 515 and 545 nm, and red (PI)
fluorescence was collected between 564 and 606 nm.
At least 1 x 10* cells were analysed. Quadrant settings
were based on the negative control. Each experiment
was repeated at least three times to ensure reproduc-
ibility.

tTClontech Laboratories, Palo Alto, CA, USA.
*gpectrum Laboratories, Laguna Hills, CA, USA.
$SBecton Dickinson, Oxford, UK.
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Results

With calibration experiments based on five samples of
known concentrations of MMA, IBMA and 1,6-HDMA,
simple linear regression analysis was used to predict any
unknown concentrations from the area under the peak
of the chromatogram. Figure 1 shows HPLC chromato-
grams of three resin liquids. Retention times (tg) of
MMA, IBMA and 1,6-HDMA were approximately 6, 19
and 44 min, respectively. Alike™ liquid contained
91:3% =+ 0:3% of MMA. The chromatograms of Koo-
liner liquid (Fig. 1b) and Tokuso Rebase liquid (Fig. 1c)
showed no elution of MMA. Kooliner liquid contained
94:5% + 0:3% of IBMA. Tokuso Rebase liquid con-
tained 65-8% £ 0:3% of the cross-linking reagent,
1,6-HDMA.

After 24 h of incubation, microscopic evaluation of
oral GF and PDL cells exposed to test materials showed
morphologic characteristics that did not appear normal.
Pyknosis, rounding, swelling, irregular cell membrane
borders and loss of attachment to the dish were evident.
The possible effects of the various resin liquids, as well
as MMA, IBMA, and 1,6-HDMA on the viability of
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Fig. 1. High-performance liquid chromatography chromatograms
of various test materials. (a) Alike™ liquid, (b) Kooliner liquid
and (c) Tokuso Rebase liquid. The elution of methyl methacrylate,
isobutyl methacrylate, or 1,6-hexanediol dimethacrylate is indi-
cated.

primary GF and PDL cells were determined by MTT
assay. This assay determines the activity of mitochond-
rial dehydrogenase, which is used as an indicator of cell
viability. Treatment with various resin liquids impaired
the viability of both GF and PDL cells in a dose-
dependent manner (Fig. 2). Moreover, there was no
obvious difference in the viability of GF and PDL cells.
Approximately 50% of the cellular viability was affec-
ted when 0-7% of Alike™ liquid, 0-2% of Kooliner
liquid, 0-05% of Tokuso Rebase liquid, 1-:2% of MMA,
0-15% of IBMA or 0-025% of 1,6-HDMA was used.
Tokuso Rebase liquid appeared to be the most cytotoxic
among the various resin liquids examined. The pres-
ence of IBMA and 1,6-HDMA explains the cytotoxic
effects observed for Kooliner liquid and Tokuso Rebase
liquid, respectively. However, as a higher concentration
of MMA was required to obtain a similar effect on GF
and PDL cells, MMA alone cannot completely explain
the effects of Alike™ liquid on the viability of GF and
PDL cells.

To further characterize cell death in this system, GF
and PDL cells were treated for 24 h with various test
materials at concentrations that affected approximate
50% of cellular viability as determined by MTT assay.
Treated cells were evaluated by apoptosis analysis
using FITC-conjugated annexin V and PI (20). Ann-
exin V is a protein that binds phosphatidylserine,
which is primarily localized to the inner leaflet of
plasma membranes in healthy cells, but is exposed on
the outer leaflet during the early stages of apoptosis
(21). Propidium iodide, a DNA-binding dye, stains
dead cells that have lost their membrane integrity
regardless of their mechanism of death. Gingival
fibroblasts were smaller and less granular compared
with PDL cells as measured by flow cytometry.
Representative results are shown in Fig. 3. A dot plot
of green fluorescence (annexin V-FITC) versus red
(PI) fluorescence shows four separate clusters: survi-
ving cells (lower left quadrant), apoptotic cells (lower
right quadrant), and secondary necrotic plus necrotic
cells (upper left and right quadrants) (Fig. 3). The
majority of treated cells died by necrosis; whereas a
small portion of cells died by apoptosis. Apoptotic
cells, which stained only with annexin V, were also
visualized after treatment with MMA (Fig. 4). Similar
results were obtained when cells were treated with
other materials (data not shown). In addition, there
were no obvious differences between GF and PDL
cells.

© 2004 Blackwell Publishing Ltd, Journal of Oral Rehabilitation 31; 1165-1172
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100

Fig. 2. Cellular viability as deter-
mined by 3-[4,5-dimethylthiazol-
2-yl]-2,5 diphenyltetrazolium bromide
(MTT) assay. Gingival fibroblasts and
periodontal ligament cells were inc-
ubated with increasing concentra-
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Fig. 3. Effects of methyl methacrylate (MMA) on annexin V-fluorescein isothiocyanate/propidium iodide (PI) staining of periodontal
ligament (PDL) cells. (a) Untreated cells: the main group of cells is situated in the lower left quadrant (viable cells). (b) The PDL cells
exposed for 24 h to MMA at a concentration of 1-2% followed by annexin V/PI staining and flow cytometry. The lower right quadrant
denotes cells stained mainly by annexin V (apoptotic cells). The upper left quadrant represents cells stained mainly by PI, while the upper

right quadrant represents cells stained by both PI and annexin V.

Discussion

This investigation evaluated the cytotoxicity of various
relining resin liquids and their major components to
primary GF and PDL cells. The three relining resin
liquids chosen were a self-curing (Alike™') provisional
resin liquid, and two rebasing resin liquids (Kooliner
and Tokuso Rebase). Among the tested materials, the
Tokuso Rebase liquid and its cross-linking agent,
1,6-HDMA, showed the greatest toxic effects, whereas
MMA had the smallest effects. Both GF and PDL cells

reacted similarly to the selected material and died
mostly by necrosis rather than by apoptosis. Our
findings clearly show that all tested materials possess
certain degrees of cytotoxicity.

In this study, Tokuso Rebase liquid and its major
component, 1,6-HDMA, caused severe cytotoxic dam-
age. Yoshii (22), in a study of the relationships of
monomer structures and cytotoxicity, concluded that:
(i) hydroxyl groups on acrylates and methacrylates
seem to enhance cytotoxicity; (ii) dimethacrylates with
23 oxyethylene chains show higher cytotoxic levels

© 2004 Blackwell Publishing Ltd, Journal of Oral Rehabilitation 31; 1165-1172
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Fig. 4. Treated cells observed with a fluorescence microscope.
Periodontal ligament cells were incubated with methyl methacry-
late (1-2%) for 24 h followed by annexin V/propidium iodide (PI)
staining. Necrotic cells were stained mainly by PI. The arrows
indicate the apoptotic cells stained only with annexin V.

than do dimethacrylates with 14 oxyethylene chains or
fewer and (iii) the cytotoxic effects of monomers are
correlated with the logarithm of the octanol/water
partition coefficient (log P). Because log P directly
relates to lipophilicity, this supports the hypothesis that
the mechanism of the action of monomers is mem-
brane-mediated and relatively non-specific (23, 24).
From the longer retention time of 1,6-HDMA on the
HPLC traces (Fig. 1), it could probably be inferred that
1,6-HDMA has a higher log P. Since Silikas and Watts
(25) demonstrated a significant correlation (r = 0-:9095)
between log P values and the retention time of
monomers, whether 1,6-HDMA possesses higher lipo-
philicity (log P) than other materials tested remains to
be examined.

Both Kooliner liquid and its major component,
IBMA, showed moderate cytotoxicity. The intent of
incorporating IBMA into dental polymers was to reduce
water absorption by denture bases (26). However,
Fujisawa et al. (23) revealed that the haemolytic activity
and cytotoxicity of butyl methacrylate are higher than
those of MMA because of its lipophilicity. This finding
was supported by an investigation on the cytotoxic
effects of six methacrylates with alkyl substituents on
cell viability. The results indicated that the longer the
alkyl chain the higher the cytotoxicity in methacrylates
(22). The IBMA, which has a longer alkyl chain than
MMA (Fig. 5), may have higher lipophilicity (a shorter
retention time) and also demonstrated higher cytotox-
icity.

o
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(|3H3 (|3H3
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] ]
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Fig. 5. Formulae of methyl methacrylate, isobutyl methacrylate
and 1,6-hexanediol dimethacrylate.

1,6-HDMA

A certain level of cytotoxic effects of leached MMA
from cured polymer has been reported (1, 3, 5, 9, 27).
The leaching period can even last for several years (28).
In vitro studies showed that most free monomers are
released into water within 1 h after polymerization
(29-31). Therefore, the possible side effects of mono-
mers are important in the first hour after polymeriza-
tion (32, 33). Direct application of relining materials in
the oral cavity and subsequent release of high concen-
trations of monomers from the initially cured resins
may severely irritate the mucosa.

The mechanisms of cell death caused by relining
resins have not yet been thoroughly elucidated. Two
modes of cell death, i.e. necrosis and apoptosis, may be
involved (34). Necrosis, referred to as cell murder, is a
passive process following exposure of cells to gross
injury and may trigger an inflammatory reaction in
tissue (35), whereas cells that experience mild envi-
ronmental stress die by the genetically controlled
process known as apoptosis or programmed cell death.
Apoptosis permits the organism to eliminate unwanted
or subleathally damaged cells
inflammatory reactions (34-36). In this study, the
majority of treated cells died by necrosis; whereas a
small portion of cells died by apoptosis. Cimpan et al. (9)
also demonstrated that eluates from denture base

without triggering

acrylic resins might enhance cell death by apoptosis
and necrosis in U-937 human monoblastoid cells.
However, the proportion of U-937 cells dying by

© 2004 Blackwell Publishing Ltd, Journal of Oral Rehabilitation 31; 1165-1172
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apoptosis was higher than that in our study. This
discrepancy may have resulted from the different cell
cultures and resin components used in the experiments.
Furthermore, induction of apoptosis and necrosis by the
same chemicals may vary with different incubation
times and dosages (9, 37). The detailed mechanisms
necessary to initiate apoptosis by the test materials
remain to be elucidated.

The GF and PDL cells are the major cellular compo-
nents of periodontal soft tissues and play important
roles in the maintenance of tissue integrity and regen-
erative processes. The precise differences between GF
and PDL cells are not yet known. Our results show that
primary GF cells are smaller and less granular compared
with PDL cells as determined by flow cytometry
analysis. Similar observations reported by previous
studies suggest the presence of heterogeneous subsets
of GF and PDL cells (38-41). Although permanent cell
lines are recommended for cytotoxicity screening tests
because of their good reproducibility, and genetic and
metabolic stability (9, 42), there is concern that many
cell lines may already have mutant genes which control
the process of apoptosis and lead to different patterns of
cell death.

Cytotoxicity as a primary factor of biocompatibility
is generally determined by in vitro cell culture. In
comparison with in vivo investigations, these in vitro
studies are more easily controlled. In vitro methods
permit assessment of various parameters in a simpli-
fied system, while minimizing variables and allowing
more-specific determination of cytotoxic mechanisms.
Although in vitro results cannot be quantitatively
correlated with in vivo results, several clinical reports
have demonstrated tissue cytotoxicity when tissue is
exposed to components released from the curing
resins (1, 12, 13). Oral tissue in direct contact with
in situ polymerized resin may suffer higher concen-
trations of chemicals that will lead to greater tissue
damage.
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