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KEYWORDS Abstract Background/purpose: The two direct dental restorative materials most commonly

8-hydroxydeoxy used today are silver-mercury amalgam and resin-based composites. The purpose of this study
guanosine; was to examine the effects of these two restorative materials and substances released by

amalgam; these into the oral environment on lipid peroxidation and DNA oxidation after entering the

composite resins; blood circulation.

malondialdehyde; Materials and methods: Blood samples from 41 patients were collected before and 24 hours

oxidative stress after the application of these restorative materials. The 8-hydroxydeoxyguanosine/deoxygua-

nosine ratio in these samples was measured to determine oxidative DNA damage, and malon-
dialdehyde levels were measured to define lipid peroxidation. The paired samples t test and
Pearson correlation analysis were used for the analysis of variables (« = 0.05).

Results: While no statistically significant difference was observed after amalgam filling appli-
cation in terms of DNA oxidation, a significant difference was observed after composite appli-
cation (P < 0.05). Furthermore, a significant increase was determined in malondialdehyde
levels of two materials (P < 0.05). In both amalgam and composite applications, a significant
difference was observed before and after application in terms of released substances (mercury
and unpolymerized monomer, respectively, P < 0.001).

Conclusion: Mercury increased lipid peroxidation and Bis-GMA and TEGDMA dental resins
increased both lipid peroxidation and DNA oxidation markers.
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Introduction

The two direct dental restorative materials most commonly
used today are silver-mercury amalgam and resin-based
composites. Amalgam, introduced more than 150 years ago,
is the most frequently used material as a tooth filling
restoration. Despite the availability of new materials,
amalgam remains a popular restorative owing to its wide
potential applications, ease of manipulation, adequate
mechanical properties, and relatively low cost.’ The use of
resin-based restorative materials in dentistry has grown due
to better appearance and adhesion to enamel and dentine
as well as concerns regarding the deleterious impact of
mercury (Hg) from amalgam.? Hg is a major component
(50% by weight) of dental amalgam. Several studies have
demonstrated the ability of Hg, similar to that of other
metal ions, to interact with soluble and protein bound —SH
groups to produce reactive oxygen species (ROS), such as
superoxide anion, hydrogen peroxide, and hydroxyl radical,
and to induce oxidative injury in tissues through various
mechanisms, such as lipid peroxidation and DNA damage. ">

Previous studies have demonstrated that unpolymerized
(co)monomers can be released from resin composites into
the oral cavity and/or diffuse through the dentin into the
pulp space. The most frequently used monomers are
bisphenol A-glycidyl methacrylate (Bis-GMA), triethylene
glycol dimethacrylate (TEGDMA), urethane dimethacrylate
(UDMA), and hydroxyethylmethacrylate (HEMA).> These
methacrylate monomers, polymerized through radical chain
polymerization, involve major clinical disadvantages, such
as polymerization shrinkage of the composites, leading to
microleakage phenomena in the tooth—material interface
as well as adverse effects caused by substances released
from the resinous matrix due to incomplete polymerization
or resin degradation.® ® As discussed elsewhere, elution of
substances from resin composites is usually completed
within a few hours or days after initial polymerization.
However, leachable substances may also be generated by
erosion and degradation over time.’~ '3

ROS form as a natural byproduct of the normal meta-
bolism of oxygen, such as electron transport in mitochon-
dria. However, during times of environmental stress
(ultraviolet [UV] or heat exposure), ROS levels can rise
dramatically. Abnormally high levels of ROS can damage
cellular proteins, nucleic acids, and membrane lipids.'* ROS
cause strand breaks in DNA, base modifications, and oxida-
tive DNA damage. Oxidative DNA damage is a continual
process in vivo, meaning that DNA repair enzymes are
constantly required. Studies have also suggested that cu-
mulative lifetime exposure to oxidative DNA may be impli-
cated in the development of cancer. Therefore, oxidative
DNA damage should be measured as accurately and quickly
as possible. Such damage is generally assessed by measuring
8-hydroxydeoxyguanosine (8-OHdG). The advantage of this
assay is that 8-OHdG is a major product of DNA damage and
is triggered by attack by numerous R0OS." ROS also affect
lipids in the process known as lipid peroxidation. Lipid
peroxides, a well-established mechanism of cellular injury
in humans, are used as an indicator of oxidative damage
in cells and tissues.'® Lipid peroxides are unstable
and decompose to form a complex series of compounds,

including reactive carbonyl compounds of which malon-
dialdehyde (MDA) is the most abundant. Therefore, MDA
levels are widely used as an indicator of lipid peroxides.'’

We focused on TEGDMA and Bis-GMA monomers because
recent studies have shown that TEGDMA induces mito-
chondrial damage and oxidative stress and that Bis-GMA
induces DNA double-strand breaks.'®'” TEGDMA also af-
fects lipid turnover and the metabolic states of the cell.?°
To date, studies regarding the effect of these monomers
on oxidative damage are insufficient. Therefore, the pur-
pose of this study was to examine the effects of two
restorative materials (composite and amalgam) and sub-
stances released by these into the oral environment on lipid
peroxidation and DNA oxidation after entering the blood
circulation.

Materials and methods

The approval for this study was obtained from the Faculty
of Dentistry, Atatlirk University Review Board and con-
ducted in accordance with the Declaration of Helsinki.
From the patients referred to the University, Faculty of
Dentistry, 41 young healthy donors (age, 17—23 years) were
selected. Written informed consent was obtained from all
participants to participate in the study. They had no sys-
temic disorders, such as diabetes mellitus, thyroid function
disorders, hepatic or renal dysfunction. To identify local
and systemic factors that might affect body Hg concen-
trations and antioxidant levels, individuals meeting any of
the following criteria were excluded from the study:
smoking or alcohol habits, occupational exposure to Hg. As
per the manufacturer’s instructions, 19 amalgam and 22
composite filling were applied to participants. The masses
of amalgam and composite fillings were measured as
milligram.?’

The composite material used for dental restorations was
Filtek Z250 (3M ESPE Dental Products, St Paul, MN, USA)
color A2, lot number N152614. The composition of the
composite resin, as given by the manufacturer, was:
TEGDMA 1-5%, Bis-GMA 1—5%, Bis-EMA 5—10%, and UDMA
5—10%. The adhesive Single Bond (3M ESPE Dental Products,
St Paul, MN, USA) was used as a bonding agent. The etchant
was 38% phosphoric acid (Scotchbond Etchant gel; 3M
ESPE). In addition, the amalgam used for dental restora-
tions was Cavex Avalloy (Cavex Co., Holland), lot humber
130523. The composition of the amalgam, as given by the
manufacturer, was: Ag 45.0%, Sn 30.5%, Cu 24.0%, Zn 0.5%.

Blood samples were collected, using ethylene diamine
tetraacetic acid (EDTA) as anticoagulant, from all partici-
pants before filling application and 24 hours following
completion of the application. Samples were centrifuged at
3500 rpm for 10 minutes at 4°C. The yellow plasma layer
was stored at —80°C until MDA analysis, and cells were
stored at —80°C for 8-OHdG/dG analysis.

Hg, TEGDMA, and Bis-GMA analysis

Levels of Hg in serum were determined using a Perkin Elmer
A-Analyst 800 (Shelton, USA) atomic absorption spectrom-
eter and expressed as ug/L.
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TEGDMA and Bis-GMA analyses were performed using the
method described by Pelka et al,?> with some modifica-
tions. High-pressure liquid chromatography (HPLC) method
was used to detect Bis-GMA and TEGDMA. HPLC was per-
formed using Agilent 1100 modular systems (including a
gradient pump, auto sampler, column oven, and UV de-
tector). The UV detector was set at 205 nm. Mobile phase A
was a mixture of 90% water, 9.8% acetonitrile, and 2%
tetrahydrofuran with 25mM/l KH,PO, adjusted pH = 3.
Mobile phase B was a water—acetonitrile mixture at a ratio
of 10:90% (vol/vol). All reagents were obtained as HPLC
grade. RP-C18 column (250 mm x 4.6 mm x 5.0 pm particle
size, Phenomenex, CA, USA) was used for chromatographic
separation. The flow rate was constant at 1 mL/minute.
HPLC equipment gave us the concentrations of the samples
according to the peak areas in parallel with the retention
time of the monomers in the column, and the amount of
monomers (Bis-GMA and TEGDMA) in serum was calculated
directly from the standard calibration curve. Levels of
TEGDMA and Bis-GMA were expressed as puM.

Isolation and hydrolyzation of DNA

DNA isolation from blood was performed following the
method described by Miller et al?* and Khrosrow and God-
win?! with some modifications. Next, 2 mL blood with EDTA
was mixed with 3mL of erythrocyte lysis buffer. Incubation
for 10 minutes in ice was followed by centrifugation (10 min
at 3500 rpm). The supernatant was decanted, and the
pellet was thoroughly resuspended in sodium dodecyl sul-
fate (10%, v/v), proteinase K (20 mg/mL), and 1.9 mL
leukocyte lysis buffer. The mixture was incubated at 65°C
for 1 hour and then mixed with 0.8 mL of 9.5M ammonium
acetate. After centrifugation at 3500 rpm for 25 minutes,
the clear supernatant (2 mL) was transferred to a new
sterile tube, and DNA was precipitated by the addition of
4 mL of ice-cold absolute ethanol. DNA samples were dis-
solved in Tris EDTA buffer (10mM, pH = 7.4) and were hy-
drolyzed according to the method described by Kaur and
Halliwell.

Analysis of 8-OHdG and dG using HPLC

8-OHdG and dG levels in the hydrolyzed DNA samples were
measured using HPLC with electrochemical (HPLC-ECD) and
variable wavelength detector (HPLC-UV) systems, as pre-
viously described.? Before analysis by HPLC, the hydro-
lyzed DNA samples were redissolved in the HPLC eluent
(final volume 1 mL). Final hydrolysate (20 uL) was analyzed
using HPLC-ECD (HP, Agilent 1100 modular systems with HP
1049A ECD detector, Germany): column, reverse phase-C18
(RP-C18) analytical column (250 mm x 4.6 mm x 4.0 pm,
Phenomenex, CA, USA). The mobile phase consisted of
0.05M potassium phosphate buffer (pH 5.5) containing
acetonitrile (97:3, v/v) with a flow rate of 1 mL/minute.
The dG concentration was monitored based on absorbance
(245 nm) and 8-OHdG was based on the electrochemical
reading (600 mV). Levels of dG and 8-OHdG were quantified
using the standards of dG and 8-OHdG from Sigma; the level
of 8-OHdG level was expressed as the number of 8-OHdG

molecules per 10° dG.?® Chromatogram of the standard
monomer sample of 8-OHdG is shown in Figure 1.

Analysis of plasma for MDA using HPLC

MDA concentrations in blood plasma samples were
measured using HPLC with fluorescent detection (HPLC-
FLD), as previously described.?” Briefly, 50 uL of plasma
sample was mixed with 0.44M H;PO, and 42mM thio-
barbituric acid (TBA) and incubated for 30 minutes in a
boiling water bath. After rapid cooling on ice, an equal
volume of alkaline methanol was added to the sample,
which was vigorously shaken and centrifuged (3000 rpm for
3 minutes), and the aqueous layer was removed. Then, 20
uL supernatant was analyzed using HPLC (HP, Agilent 1100
modular systems with FLD detector, Germany): column, RP-
C18 (5 um, 4.6 x 150 mm, Eclipse VDB- C18. Agilent);
elution, methanol (40:60, v/v) containing 50mM KH,PO,
buffer (pH = 6.8); flow rate, 0.8 mL/minute. Fluorometric
detection was performed with excitation at 527 nm and
emission at 551 nm. The peak of the MDA-TBA adduct was
calibrated as a 1,1,3,3- tetraethoxypropane standard so-
lution using the same process as with the plasma sample.
Chromatogram of the standard monomer sample of MDA is
shown in Figure 2.

Statistical analyses were performed using SPSS for Win-
dows (version 16.0, SPSS Inc., Chicago, IL, USA). Statistical
significance was calculated using the paired samples t test.
All results were expressed as mean values with standard
deviation (mean +SD). Correlation analysis (Pearson cor-
relation analysis) was also used to examine association
between features. The critical value (o) was set at 0.05.

Results

While no statistical significance was observed before and
after amalgam filling application in terms of DNA oxidation
(1.26 +0.16 and 1.38 +0.46, respectively), MDA concen-
trations differed significantly (5.64+2.53uM  and
9.78 + 3.50uM, respectively, P <0.001; Table 1). A signifi-
cant difference was observed before and after composite
application in terms of DNA oxidation (1.28 +0.23 and
1.46 +0.31, respectively, P <0.05). A statistically signifi-
cant increase was also determined in MDA concentrations
(6.59 +3.37uM and 7.94 + 5.24 uM, respectively; Table 1).

The retention times of TEGDMA and Bis-GMA monomer
standard substances were designated as 9.392 minutes and
13.508 minutes, respectively (Figure 3). The chromatogram
of monomers obtained from a patient was shown in Figure 4.
In this study, the Bis-GMA and TEGDMA released into serum
were determined after composite application as 1.93 + 0.56
uM and 2.74 4+ 0.81 uM, respectively. In addition, a signifi-
cant difference was observed before and after amalgam
application in terms of Hg release (1.77 +£0.83 pg/L and
5.21 4+ 2.42 ng/L, respectively, P < 0.001; Table 2).

In both amalgam and composite applications, a signifi-
cant difference was observed before and after application
in terms of released substances (Hg and unpolymerized
monomer, respectively, P < 0.001; Table 2). Amalgam and
composite filling masses used in this study were found as
0.11+0.10gand 0.08 + 0.05 g, respectively. No correlation
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Figure 2 Chromatogram of the standard monomer sample of malondialdehyde.

Table 1 Mean +SD values of MDA and 8-OHdG/10° dG
quantified in samples baseline and 24 hours after
application.
8-OHdG/10° MDA (uM)
dG
Amalgam Before application 1.26 (0.16) 5.64 (2.53)
(n = 19) After application 1.38 (0.46) 9.78 (3.50)**
Composite Before application 1.28 (0.23) 6.59 (3.37)

(n = 22) After application

*P < 0.05, **P < 0.001.
dG = deoxyguanosine; MDA = malondialdehyde; 8-OHdG = 8-
hydroxydeoxyguanosine; SD = standard deviation.

1.46 (0.31)* 7.94 (5.24)*

was determined between amalgam filling mass and
released Hg or between composite filling masses and
amounts of released monomers (P > 0.05).

Discussion

Hg (released from amalgam fillings) and/or (co)monomers
(released from composites) have been shown to be capable
of entering the organism via oral and/or other tissues. They
may also cause some adverse effects.® Dental amalgam is

the main source of elemental Hg in the general popula-
tion.?® However, Hg does not accumulate irreversibly in
human tissues. The average half-life of Hg is 55 days for
transport through the body from entry to excretion. Thus, it
can be said that Hg which had entered the body many years
ago cannot exist in the body now.?’ In agreement with
some previous studies, we found no correlation between
amalgam filling mass and released Hg.3:*"

Exposure to Hg in individuals with amalgam restoration
occurs during the placement or removal of dental restora-
tions. Once the reaction is complete, less Hg is released, the
amount concerned being considerably below the current
health standard.?’ Following an assessment of numerous
longitudinal studies involving blood samples in order to
calculate Hg in the long term, the German MAK-Commission
(whose remit was to establish occupational exposure
thresholds without any health risks) reported that even uri-
nary Hg levels of 100 pg/L or more resulting from many years
of exposure produce no objective adverse effects. Urinary Hg
levels were equivalent to those in blood at approximately
23 pg/L.*? Therefore, the BAT value (highest permissible
concentrations of hazardous compounds or metabolites
thereof in body fluids) was set at 100 ug/L of urine or 25 ng/L
of blood. This is regarded as a no-adverse-effect-
concentration for Hg in humans. Hg concentrations in the
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Figure 4 Chromatogram of the obtained sample from the patient 1 day after treatment for TEGDMA and Bis-GMA. Bis-
GMA = bisphenol A-glycidyl methacrylate; TEGDMA = triethylene glycol dimethacrylate.

Table 2 Mean £ SD values of Hg, Bis-GMA, and TEGDMA quantified in samples baseline and 24 hours after application.

Hg (ng/L) BisGMA (uM) TEGDMA (M)
Amalgam (n = 19) Before application 1.77 (0.83) ND ND
After application 5.21 (2.42)* ND ND
Composite (n = 22) Before application 1.28 (0.36) ND ND
After application 1.54 (0.60) 1.93 (0.56) 2.74 (0.81)

*P < 0.001

Bis-GMA = bisphenol A-glycidyl methacrylate; Hg = mercury; ND = none detected; SD = standard deviation; TEGDMA = triethylene

glycol dimethacrylate.

whole blood of individuals with or without amalgam fillings
are usually below 5 ug/L blood.** 34 Reference values for total
Hg concentrations in biological media for the general popu-
lation are set at whole blood 1—8 pg/L.> Hg levels from
amalgam fillings in our study were similar to these values.
Dental amalgam restorations may increase these levels
slightly, but this is of no practical or clinical significance.
MDA levels in this study were significantly higher in the
amalgam filling group than baseline (P <0.001). We
concluded that amalgam filling increases lipid peroxidation

although Hg levels from amalgam are not critical levels.
Although Al-Saleh et al® reported that amalgam which in-
cludes Hg increases oxidative damage, no difference was
determined in MDA concentrations. They analyzed MDA in
urine and described the result as proportional to creatinine
levels.*® This may be due to creatinine levels being higher
in the amalgam group than in the other group. Comparison
of pre- and post-filling Hg levels revealed a significant in-
crease in Hg levels; however, no correlation was deter-
mined between Hg levels and MDA concentration.
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The 8-OHdG/10°dG ratio in the amalgam group in the
present study increased after application but not signifi-
cantly. This suggests that the Hg released from the amalgam
filling does not increase oxidative damage in DNA. Al-Saleh
et al*® reported significantly lower 8-OHdG concentrations
in the amalgam filling group than in children not receiving
amalgam filling. This may be because those authors inves-
tigated 8-OHdAG concentrations using the enzyme-linked
immunosorbent assay (ELISA) method. In contrast, we
investigated 8-OHdG and dG concentrations using the HPLC
method, which is much more sensitive than ELISA.3’

Resin monomers are usually used in composite fillings,
the most common being TEGDMA, Bis-GMA, HEMA, and
UDMA.>*8 Studies have shown that TEGDMA depletes gluta-
thione, which plays a more significant role than the oxidant-
antioxidant balance.>* ™' In our previous study,*> we
examined oxidative damage in rabbit connective tissues and
erythrocytes caused by resin filling materials. We deter-
mined that antioxidant enzyme activities such as superoxide
dismutase decreased and MDA concentrations increased on
the 7*" day following application. In the present study, Bis-
GMA and TEGDMA monomers also increased MDA concen-
trations, and the difference was statistically significant
(P < 0.05). The results of these two studies show that com-
posite filling also increases oxidative stress. In our other
study,?' monomers released into saliva after the application
of composite filling material were measured at various time
intervals, and salivary MDA and some antioxidant enzyme
levels were also assessed. MDA levels at all time intervals
were significantly higher (P < 0.05) than baseline levels. The
results from these studies are in accordance with the pre-
sent study. Additionally, another study by Daokar et al*’
found that the salivary levels of MDA increased signifi-
cantly after amalgam for up to 2 weeks; however, no sig-
nificant changes in salivary MDA was observed after
composite and glass ionomer cement restoration. Therefore,
the oxidative stress markers after short- and long-term
exposure to restorative materials remain controversial.

In the present study, the 8-OHdG/10° dG ratio signifi-
cantly increased postapplication in the composite filling
group compared with the amalgam filling group (P < 0.05).
Some previous research is compatible with ours, but the
oxidative damage caused by resin monomers in DNA was
evaluated using the single cell microgel electrophoresis
(comet) assay method in those studies.***> We determined
8-OHdG/10%dG levels to reveal the oxidative damage
caused by Bis-GMA and TEGDMA in DNA. This is used as an
indicator of 8-OHdG genotoxicity.“® The increase in the 8-
OHdG/10%dG ratio postapplication in the composite filling
group suggests that the monomers in the composite filling
increased DNA oxidation. Our results are significant in that
oxidization and transformation of the bases in DNA can lead
to advanced complications. Previous results show that Bis-
GMA inhibits DNA synthesis.***” TEGDMA has also been re-
ported to have a dose-dependent mutagenic effect on
mammalian cell cultures.”® Previous studies suggest that
resin monomers damage DNA, and our results support this
thesis. Most studies have been performed under in vitro
conditions. In their study on cell culture, Lefeuvre et al'®
reported that TEGDMA was an important target for mito-
chondria in the cell and was a source of oxidative damage.
Our examination of monomer concentrations using HPLC

revealed significantly higher released TEGDMA concentra-
tions than Bis-GMA concentrations (P < 0.001).

A significant (P < 0.05) increase in (co)monomers and Hg
toxicity was determined in the order HEMA < TEGDMA <
UDMA < Bis-GMA. HEMA and TEGDMA were up to 133-fold
less toxic than Bis-GMA. The greater cytotoxicity of Bis-
GMA than other (co)monomers may depend on its higher
liposolubility than, for example, HEMA (the octanol/water
partition of Bis-GMA is approximately 10 times higher than
that of HEMA).* The increased (co)monomer toxicity in the
order HEMA < TEGDMA < UDMA < Bis-GMA may also be
attributed to the increased molecular weights of these (co)
monomers (HEMA = 130 Da, TEGDMA = 286 Da, UDMA = 471
Da, and Bis-GMA =512 Da). The higher the molecular
weight, the greater the cytotoxicity.”® TEGDMA emerged as
cytotoxic and "apoptotic” in a dose- and time-dependent
manner. TEGDMA at 5mM and 7.5mM inhibited prolifera-
tion and caused apoptosis, whereas no apoptosis or necrosis
was observed at 1TmM or 2.5mM. Bis-GMA also induced a
rapid and intense decline of the glutathione pool of human
gingival fibroblasts combined with the induction of apoptosis
at much lower concentrations (>0.1mM) compared with
TEGDMA (>5mM).”" However, TEGDMA and Bis-GMA levels in
the present study were much lower than these levels
(2.74+0.81 uM and 1.93 £ 0.56 uM, respectively).

The intracellular levels of ROS (H,0,, superoxide anion,
and OH radical) increased after exposure to HEMA,
TEGDMA, or composite resin eluates.’ The prevailing role of
radical species in genotoxicity elicited by amalgams and
methacrylic compounds has been confirmed using ROS
scavengers, such as N-acetylcysteine, ascorbate, and
vitamin E, which are able to inhibit the biological effects of
these compounds. Composites giving rise to the DNA dam-
age observed may perhaps be attributed to deterioration of
the cellular pro- and anti-oxidant redox balance.' In vitro
results do not always reflect the in vivo situation despite
being carried out under strictly controlled conditions.>?

Within the limitations of this study, amalgam and com-
posite filling materials may both cause oxidative stress. In
addition, Hg increased lipid peroxidation and Bis-GMA and
TEGDMA increased both lipid peroxidation and DNA oxidation
markers.
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