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Abstract

Objective: Resin based dental materials are not stable in the oral environment and may release their compo-
nents into biological media. These components may include substances such as triethylene glycol dimethacrylate
(TEGDMA), which is a major co-monomer of dental resin materials. This release can trigger host immune and
inflammatory responses against foreign materials, mediated by monocytes. The aim of this study was to investi-
gate the possible cytotoxic effects of TEGDMA on human THP-1 monocytes.

Material and Methods: THP-1 cells were exposed to various concentrations of TEGDMA (0.5 mM, 1 mM, 2 mM,
4 mM, or 8 mM) for 48 hours. An untreated group was used as control. The effects of TEGDMA on cell prolifera-
tion, cell viability and apoptosis were analyzed by light microscopy.

Results: Cell proliferation was inhibited by 4 mM and 8 Mm TEGDMA. Increasing TEGDMA concentrations
caused a decrease in cell viability. All TEGDMA concentrations used in this study had an apoptotic effect on
THP-1 cells when compared with the control group.

Conclusions: The dental monomer TEGDMA had an adverse effect on cell proliferation and exerted an apoptotic
and toxic effect on THP-1 cells in a concentration-dependent manner.
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Introduction dental materials could be incomplete under clinical con-
Tooth colored, resin-based restorative materials are very ditions and that, even after polymerization, monomers
popular in today’s dentistry as they provide pleasing and other components of dental materials may leak into
aesthetic and sufficient mechanical properties. These the oral environment as a result of degradation pro-
materials have been routinely used in dental practice as cesses or erosion (2,3).

a direct-indirect filling material, a fissure-sealing agent, Triethylene glycol dimethacrylate (TEGDMA) is a den-
and a bonding agent. Even though the use of resin-based tal co-monomer that has been used to dilute viscous po-

materials offers a beautiful smile, they may also carry lymers to obtain suitable viscosities for dental purposes
some biological risks (1). Studies have shown that the (4). Significant quantities of TEGDMA can be released
polymerization processes involved in use of resin-based from polymerized resin composites (5). Due to its hy-
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drophilic character, TEGDMA may manage to diffuse
trough dentin to pulp tissue in sufficient concentrations
to cause detrimental effects (6).

Inrecent years, cell culture systems have seen increased
use in biocompatibility tests and a number of test me-
thods have been introduced (7). Since innate immune
system cells mediate host immune and inflammatory
responses against foreign objects, monocyte activities
have been popular for use as cell culture models to study
biocompatibility (8,9). Cytotoxicity is one biocompa-
tibility test procedure that is often used to ascertain the
toxic effects of an agent on living cells. A cytotoxic ma-
terial can stop cell growth and division or can trigger
processes such as apoptosis or necrosis (10).

Apoptosis is a genetically programmed cell death that
is characterized by a series of distinct morphological
changes, such as shrinkage of the cell, fragmentation of
the cytoplasm into membrane-bound apoptotic bodies
and rapid phagocytosis by neighboring cells (10). Under
physiological conditions, apoptosis rarely occurs in tis-
sues (10). However, an injury, such as an exposure to
a toxic chemical, may activate the apoptotic response,
which rapidly causes cell death (11). In contrast, necro-
sis is a non-physiological process and is considered to
be the general appearance of cell death following rapid
loss of cell homeostasis due to an injury (10). The cause
of necrosis could be ischemia, heat, toxins, mechanical
trauma, or even apoptosis. (12) Necrosis does not indi-
cate a specific form of cell death but refers to changes
secondary to cell death caused by any mechanism, in-
cluding apoptosis. Consequently, it would be better to
refer to the cell death displaying the morphological
changes of apoptosis as “apoptotic necrosis” (12). The
aim of this study was to examine the potential cytotoxic
effects and mode of cell death in caused by TEGDMA
in a human monocyte cell line.

Materials and Methods

Reagents:

Triethylene glycol dimethacrylate (TEGDMA; CAS-
No. 109-16-0) and B-mercaptoethanol were obtained
from Sigma Aldrich (Taufkirchen, Germany). RPMI
1640 medium, containing 2 mM L-glutamine, 10 mM
Hepes, 1 mM sodium pyruvate, 1.5 g/l NaHCO3 and
4.5 g/l glucose was purchased from PAN Biotech (Aid-
enbach, Germany). Fetal Bovine Serum (FBS) and
Penicillin-Streptomycin were purchased from Gibco
(Eggenstein, Germany). Osmium (VIII) oxide for mi-
croscopy and toluidine blue was obtained from Merck
(Darmstadt, Germany).

Cell Culture:

Human THP-1 monocytes (ATCC TIB 202) were
grown in RPMI 1640 cell culture medium containing
50 pmol/L B-mercaptoethanol, 100 pg/ml penicillin-
streptomycin and 10 % fetal bovine serum. 3 ml of
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THP-1 cell suspensions (300000 cells/ml) were seeded
into wells of 24 well plates and exposed to TEGDMA at
different concentrations (0.5 mM, 1 mM, 2 mM, 4 mM,
or 8 mM). An untreated group was used as a control.
All groups were incubated for 48 hours at 37°C with
5% CO,.

Histological sample preparation:

In this study, we investigated the cytotoxic effect of the
dental monomer TEGDMA on a monocyte cell line.
Monocyte suspensions were divided into 6 groups, as
shown in (Table 1).

Table 1. Triethylene glycol dimethacrylate
concentrations used in this study.

Group 1 Untreated
Group 2 TEGDMA 0,5 mM
Group 3 TEGDMA 1 mM
Group 4 TEGDMA 2 mM
Group 5 TEGDMA 4 mM
Group 6 TEGDMA 8§ mM

.(mM: milimolar)

After a 48 hour incubation period, cell suspensions
were centrifuged for 5 minutes at 300 x g and super-
natants were removed. For microscopic examination,
cell pellets were fixed in 3% glutaraldehyde in 0.1 M
phosphate buffer, post-fixed in 1% osmium tetroxide in
0.1 M phosphate buffer, dehydrated in a graded acetone
series, and transferred to propylene oxide. After dehy-
dration, specimens were embedded in Araldite CY212.
Sections were cut using an ultramicrotome (LKB
NOVA, Bromma, Sweden). Then, semi-thin sections
were stained with toluidine blue. After this histological
procedure, cells specimens were examined under a light
microscope and photographed with an attached camera
(Olympus BH 40; Olympus®, Tokyo, Japan).
Histological Evaluation:

Cells in prophase, metaphase, anaphase and telophase
stages were evaluated as mitotic cells. Apoptotic cells
were characterized by their condensed chromatin, con-
tracted cell morphology, and retention of membrane
integrity and organelles. Swelling of the cell, lack of
membrane integrity and disintegration of organelles
and cellular contents were the criteria to determine a-
poptotic necrotic (non-vital) cells. Relevant cell types
are shown in (Fig.1).

The numbers of viable cells, mitotic cells, apoptotic
cells, and apoptotic necrotic cells were determined
microscopically by examining 1000 cells/slide of two
parallel cultures per concentration (Stereo Investigator
7.00 Bioscience-Microbright Field Inc. USA). At least
four slides derived from two independent experiments
were analyzed, and differences between median values
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Fig.1. (a) Substantial monocyte (b) Mitotic monocyte in anaphase phase (c) Apop-
totic Monocyte (d) Necrotic Monocyte.
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Fig. 2. The numbers of viable cells, mitotic cells, apoptotic cells, necrotic cells (necrotic and/or apoptotic necrotic cells) induced by various
concentrations of TEGDMA after 48 hours. Bars represent medians (25% and 75% percentiles) calculated from independent experiments.
Statistically significant differences between untreated and TEGDMA treated cell cultures are indicated by asterisks.
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with the control group were statistically analyzed using
the Mann—WhitneyU-test (a=0.05) (SPSS, Version 16.0;
SPSS, Chicago, IL, USA). The values of the median, up-
per and lower quartile were also computed (SigmaPlot
10.0, Rock Ware, Golden, CO, USA).

Results

Cytotoxic effects of TEGDMA on THP-1 cells were ana-
lyzed after a 48 hour exposure period. As demonstrated
in (Fig.2), increasing TEGDMA concentrations caused
a noticeable dose-related decrease in living cells. When
compared with the control group, 0.5 mM TEGDMA
significantly reduced cell viability. A concentration of
8 mM TEGDMA was severely toxic to THP-1 cells and
caused an approximately 10-fold decrease in numbers
of viable cells.

A similar effect was observed in mitotic activity (Fig.2).
The number of mitotic cells was noticeably reduced with
increasing TEGDMA concentrations. A significant de-
crease in mitotic activity was seen in cells treated with
0.5 mM TEGDMA compared with the control group.
Concentrations of 4 mM and 8 mM TEGDMA strongly
inhibited cell proliferation.

TEGDMA at all concentrations used in this study
caused an apoptotic effect on THP-1 cells after a 48
hour incubation period when compared with the control
group (Fig.2). The maximum apoptotic effect was seen
at a concentration of 4 mM TEGDMA.

The number of necrotic cells (necrotic and/or apoptotic
necrotic cells) was significantly increased following
treatment with | mM TEGDMA (Fig.2). Although the
number of apoptotic cells were reduced at 8 mM TEGD-
MA, the number of nonviable cells was increased about
2-fold over that seen in the 4 mM group.

Discussion

The aim of this investigation was to analyze possible
cytotoxic effects of TEGDMA in human monocytes.
The dental monomer tested in this study indicated sub-
stantial evidence of cytotoxicity, such as inhibition of
cell proliferation, and increases in apoptosis and necro-
sis. These effects were induced in a concentration-de-
pendent manner.

A biocompatible dental material should remain stable
in the oral environment and must provide maximum
benefit with the minimum risk (1). Analyses of eluted
components from composite filling materials have re-
vealed that significant quantities of triethylene glycol
dimethacrylate (TEGDMA) can be released, depend-
ing on to the degree of curing (3,13). In the immune
system, monocytes direct many of the inflammatory
responses to foreign materials. It has been pointed out
that the THP-1 monocyte cell line could be 3 to 25 times
more sensitive than human peripheral monoycytes in
cytotoxic evaluations (14). For this reason, the ability of
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TEGDMA to alter THP-1 cell viability or other cellular
functions may have significant relevance to the overall
biological responses to this monomer (14).

Cell proliferation is directly associated with cell growth,
differentiation, and tissue turnover (15). In this study,
0.5 mM TEGDMA only reduced cell proliferation when
compared with non- treated group. Higher concentra-
tions of 4 mM and 8 mM TEGDMA strongly inhibited
cell proliferation and also induced other cellular res-
ponses. These findings corroborate with other studies
that have concluded that TEGDMA may cause cell cy-
cle delays and may influence physiological processes
such as cell growth and differentiation (15,16). Due to
its low molecular weight and relatively high hydrophili-
city, TEGDMA may penetrate into all biological com-
partments, including cell nuclei and other membrane-
bounded compartments (17). Recent findings indicate
that TEGDMA is likely to generate cellular stress via
formation of reactive oxygen species (ROS) and could
cause apoptosis in a time and dose-dependent manner
(11,18,19). In the current study, TEGDMA concentra-
tions over 0.5 mM caused significant alterations that
were indicative of apoptosis, including reduced cell vo-
lume and chromatin condensation. The apoptotic effect
peaked at a4 mM TEGDMA concentration and a higher
concentration of 8§ mM TEGDMA was severely toxic to
monocytes. In a previous study, human gingival fibrob-
last cells exposed to 5 mM and 7.5 mM TEGDMA for
24 h showed symptoms of apoptosis (11). In human pri-
mary pulp cells, a two-fold increase in the percentage of
apoptotic cells was induced by 1 mM TEGDMA (20).
Although there are limitations in this study, it provides
new insights into biocompatibility of tooth colored resin
materials. This monomer carries the risk of cytotoxicity
in THP-1 monocytes in a concentration dependent man-
ner. Consequently, there may be a risk that leaching of
this compound may prevent monocytes from initiating
a proper first response to pathogens or products of pa-
thogenic organisms following dental treatments. A clear
understanding of the complex interactions between im-
mune cells and resin monomers is needed. For this rea-
son, further studies should be conducted to address the
possible risks posed by the use of tooth colored resin
materials in dental practice.

References

1. Bouillaguet S. Biological risks of resin-based materials to the den-
tin-pulp complex. Crit Rev Oral Biol Med. 2004;15:47-60.

2. Santerre JP, Shajii L, Tsang H. Biodegradation of commercial den-
tal composites by cholesterol esterase. J Dent Res. 1999;78:1459-68.
3. Ceballos L, Fuentes MV, Tafalla H, Martinez A, Flores J, Rodrigu-
ez J. Curing effectiveness of resin composites at different exposure
times using LED and halogen units. Med Oral Patol Oral Cir Bucal.
2009;14:E51-6.

4. Peutzfeldt A. Resin composites in dentistry: the monomer systems.
Eur J Oral Sci. 1997;105:97-116.

5. Geurtsen W. Substances released from dental resin composites and
glass ionomer cements. Eur J Oral Sci. 1998;106:687-95.



Med Oral Patol Oral Cir Bucal. 2009 Sep 1;14 (9):e489-93.

6. Schweikl H, Spagnuolo G, Schmalz G. Genetic and cellular toxi-
cology of dental resin monomers. J Dent Res. 2006;85:870-7.

7. Murray PE, Garcia Godoy C, Garcia Godoy F. How is the biocom-
patibilty of dental biomaterials evaluated?. Med Oral Patol Oral Cir
Bucal. 2007;12:E258-66.

8. Noda M, Wataha JC, Lockwood PE, Volkmann KR, Kaga M,
Sano H. Sublethal, 2-week exposures of dental material compo-
nents alter TNF-alpha secretion of THP-1 monocytes. Dent Mater.
2003;19:101-5.

9. Noda M, Wataha JC, Kaga M, Lockwood PE, Volkmann KR, Sano
H. Components of dentinal adhesives modulate heat shock protein
72 expression in heat-stressed THP-1 human monocytes at sublethal
concentrations. J Dent Res. 2002;81:265-9.

10. Saraste A, Pulkki K. Morphologic and biochemical hallmarks of
apoptosis. Cardiovasc Res. 2000;45:528-37.

11. Janke V, Von Neuhoff N, Schlegelberger B, Leyhausen G, Geurt-
sen W. Tegdma causes apoptosis in primary human gingival fibrob-
lasts. J Dent Res. 2003;82:814-8.

12. Majno G, Joris 1. Apoptosis, oncosis, and necrosis. An overview
of cell death. Am J Pathol. 1995;146:3-15.

13. Sideridou ID, Achilias DS. Elution study of unreacted Bis-Gma,
Tegdma, Udma, and Bis-Ema from light-cured dental resins and
resin composites using Hplc. ] Biomed Mater Res B Appl Biomater.
2005;74:617-26.

14. Heil TL, Volkmann KR, Wataha JC, Lockwood PE. Human pe-
ripheral blood monocytes versus THP-1 monocytes for in vitro bio-
compatibility testing of dental material components. J Oral Rehabil.
2002;29:401-7.

15. Schweikl H, Altmannberger I, Hanser N, Hiller KA, Bolay C,
Brockhoff G, et al. The effect of triethylene glycol dimethacrylate on
the cell cycle of mammalian cells. Biomaterials. 2005;26:4111-8.

16. Mantellini MG, Botero TM, Yaman P, Dennison JB, Hanks CT,
Nor JE. Adhesive resin induces apoptosis and cell-cycle arrest of
pulp cells. J Dent Res. 2003;82:592-6.

17. Geurtsen W, Leyhausen G. Chemical-Biological Interactions of
the resin monomer triethyleneglycol-dimethacrylate (TEGDMA). J
Dent Res. 2001;80:2046-50.

18. Demirci M, Hiller KA, Bosl C, Galler K, Schmalz G, Schweikl
H. The induction of oxidative stress, cytotoxicity, and genotoxicity
by dental adhesives. Dent Mater. 2008;24:362-71.

19. Schweikl H, Hiller KA, Eckhardt A, Bolay C, Spagnuolo G,
Stempfl T, et al. Differential gene expression involved in oxidative
stress response caused by triethylene glycol dimethacrylate. Bioma-
terials. 2008;29:1377-87.

20. Spagnuolo G, Galler K, Schmalz G, Cosentino C, Rengo S,
Schweikl H. Inhibition of phosphatidylinositol 3-kinase amplifies
TEGDMA-induced apoptosis in primary human pulp cells. J Dent
Res. 2004;83:703-7.

e493

Cytotoxicity of TEGDMA



