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SUMMARY - The aim of this in vitro study was to evaluate cytotoxicity and genotoxicity of six
different dental nanocomposite materials, three conventional ones and three flowable composite resin
materials, in human lymphocytes. The following materials were tested: Tetric EvoCeram, Tetric Evo-
Flow, Filtek Ultimate, Filtek Ultimate Flow, G-aenial and G-aenial Flo. Cytotoxicity was evaluated
for two mass concentrations (0.007 g/mL and 0.013 g/mL) of each material, non-cured and cured,
after 4 hours and 24 hours. Genotoxicity was evaluated using micronucleus assay under the same
conditions as applied during the investigation of cytotoxicity. Uncured forms of Tetric EvoCeram,
Tetric EvoFlow and Filtek Ultimate Flow in higher mass concentration caused genotoxic effect. Un-
cured G-aenial Flo in higher mass concentration induced apoptosis and necrosis. Uncured Tetric
EvoFlow and uncured Filtek Ultimate Flow in higher mass concentration induced early apoptosis
after both test periods. None of the conventional composite resin materials tested showed cytotoxicity
except for uncured G-aenial, which induced apoptosis in higher mass concentration in both test peri-
ods. In conclusion, under the conditions of this iz viro study, cured conventional composites did not
show cytotoxic or genotoxic effect, which is important for clinical application of these materials,
whereas uncured forms exhibited certain level of cytotoxicity and genotoxicity, mainly because of
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monomers in their composition.
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Introduction

Composite resin materials are routinely used for
various applications in dental restorative procedures.
Although dental composites are continuously devel-
oping, these materials still typically consist of a meth-
acrylate-based resin matrix, glass or ceramic fillers and
a filler-matrix coupling agent’. The conventional or-
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ganic matrix widely used in composites is generally
based on methacrylate chemistry like bisphenol A
glycol dimethacrylate (Bis-GMA), triethylene glycol
dimethacrylate (TEGDMA), and urethane dimethac-
rylate (UDMA)?. It seems that the organic matrix is
responsible for adverse effects regarding biocompati-
bility of dental composites®. The polymerization reac-
tion that produces the cross-linked polymer matrix
from the dimethacrylate resin monomer is never com-
plete and adverse reactions occur due to the release of
non-polymerized monomers®. These monomers can
produce cytotoxic effect of resin composites on pulp
and gingival cells, and also implicate the possible al-
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lergic reactions to the material®. The two mechanisms
result in segregation of the components from resinous
dental materials. After polymerization, unbound
monomers are extracted by saliva or drinks containing
solvents, especially during the first 24 hours®. However,
leachable substances may also be generated by erosion
and degradation caused by photo, thermal, mechanical,
or chemical influences’. Darmani e a/.° showed that
the cytotoxicity levels of dental composites may vary
depending on the type and amount of the components
they contain.

Recently, evolution of dental composites has al-
tered their filler size, introducing nanofilled and nano-
hybrid composite resin materials on the market. Since
the dimensions of these filler particles are below those
of visible light, it is impossible for them to either scat-
ter or absorb visible light, which enables excellent aes-
thetic properties of the material and higher filler load
is responsible for excellent physical-mechanical prop-
erties’.

The aim of this in vitro study was to evaluate cyto-
toxicity and genotoxicity of six different dental nano-
composite materials, three conventional ones and three
flowable composite resin materials, in human lympho-

CthS.

Materials and Methods

Blood sampling

Blood was collected from a 27-year-old female,
healthy, non smoking voluntary donor who signed an
informed consent. A single-donor approach was im-
plemented to avoid unnecessary dispersion of the re-
sults as the consequence of potential inter-individual
differences in the intensity of cellular response to the
genotoxic agent. The donor completed a questionnaire
confirming she had not been exposed to any physical
or chemical agent in the 12-month period prior to
blood sampling that may have interfered with the re-
sults of genotoxicity testing. Blood was drawn by ante-
cubital venipuncture into heparinized vacutainers
(Becton Dickinson, Plymouth, UK). Lymphocytes
were isolated from the blood sample by centrifugation
(700 xg for 20 min) on Histopaque-1077 (Sigma-Al-
drich, Munich, Germany), and washed twice with
RPMI 1640 medium (Gibco Invitrogen, UK) prior to

the treatment and cultivation.
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Preparation of composite resin materials

In the present study, the following six composite
resin materials were tested: Tetric EvoCeram, Tetric
EvoFlow, Filtek Ultimate, Filtek Ultimate Flow,
G-aenial and G-aenial Flo. Each material was tested
on human peripheral blood lymphocytes using the mi-
cronucleus assay and ethidium bromide/acridine or-
ange viability staining. Polymerization of all composite
resin materials was done with a LED Bluephase lamp
(Vivadent, Ivoclar, Schaan, Lichenstein) for 20 s using
the soft start program. For each material, eluates of
two different mass concentrations of 0.007 g/mL and
0.013 g/mL were obtained. Immediately after loading,
the tubes with composite resin materials, 3 mL of
RPMI 1640 medium (Invitrogen, Paisley, UK) was
added in each tube. Two different elution periods of 4
hours and 24 hours were applied.

Cell treatment

After each elution period, 3 mL of the eluate was
loaded into a new sterile tube (Greiner, Frickenhausen,
Germany) and 100 pL of lymphocyte isolate contain-
ing 100 cells/pL. was introduced. Lymphocytes were
treated for 4 hours at 37 °C according to the OECD
testing guideline (OECD, 1997). Negative control
culture of lymphocytes was exposed only to RPMI
1640 medium for 4 hours.

After the treatment period, cultures were centri-
fuged for 3 min at 1000 rpm, the supernatant was dis-
carded, and cells were transferred into a sterile tube.
They were resuspended in 3 mL of RPMI 1640 me-
dium. The process of lymphocyte centrifugation and
washing with fresh medium was repeated twice. After
second centrifugation, cells were resuspended and 10
pL of suspension was transferred to microscopic glass
(Tlos, Zagreb, Croatia) for cytotoxicity testing.

Cytotoxicity testing

Ten pL of lymphocyte suspension on the micro-
scopic glass was mixed with 10 pL of acridine orange
(10 mg/mL)/ethidium bromide solution (10 mg/mL),
covered by cover slip and analyzed under the epifluo-
rescence microscope (BX 50, Olympus, Tokyo, Japan)
using 400x magnification. For each testing, 200 lym-
phocytes were analyzed in duplicate. Nuclei of vital
cells emitted green fluorescence, early apoptotic lym-
phocytes emitted green fluorescence with hypercon-
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densed chromatin regions, late apoptotic cells red fluo-
rescence with hypercondensed chromatin regions, and
necrotic red normally condensed nuclei.

Micronucleus assay

After taking 10 pL of cell culture for cytotoxicity
testing, the remaining lymphocytes were cultivated in
5 mL RPMI 1640 (Invitrogen, Paisley, UK), adding 1
mL of fetal bovine serum (Gibco, Paisley, UK), 0.1 mL
of phytohemagglutinin, 100 IU penicillin (Sigma, St.
Louis, USA) and 100 IU streptomycin (Sigma-Al-
drich, Munich, Germany) and incubated in Falcon
chamber (BD Bioscience, California, USA) at 37 °C
and 5% of CO,. At the 44™ hour of cultivation, cyto-
chalasin B was added to the cell culture at a concentra-
tion of 6 pg/mL in order to stop cytokinesis. At 72
hours of cultivation, cultures were centrifuged for 10
min at 600 rpm, the supernatant was discarded and
cells were resuspended in 5 mL of fixative acetic acid
(Kemika, Zagreb, Croatia) and methanol (Kemika,
Zagreb, Croatia), w/w 1:3. Cells were transferred to

microscopic glass, air-dried and stained with 5%
Giemsa for 10 min. Analysis was performed by using a
light microscope (Olympus CX 40, Olympus, Tokyo,
Japan) under magnification of 1000x. For each mate-
rial and elution period, 1000 binuclear lymphocytes
were analyzed for micronuclei content, nuclear buds
and nucleoplasmic bridges.

Statistical analysis

The y-test was used to test difference in the num-
ber of micronuclei, nuclear buds, nucleoplasmic bridg-
es, apoptotic, necrotic and viable cells between the
treated and negative control lymphocytes. Statistical
significance was set at the level of p<0.05. Statistical

analysis was performed by using Statistica 5.0 (Stat-
Soft, Oklahoma, USA).

Results

After 4 hours and 24 hours, uncured and cured
Tetric EvoFlow in mass concentration of 0.013 g/mL
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Fig. 1. Cytotoxic effect of Tetric
EvoCeram (TEC) and Tetric
EvoFlow (TEF) in both mass
concentrations (0.007 g/mL (1)
and 0.013 g/mL (2)) polymerized
(TEC1, TEF1, TEC2, TEF2)
and unpolymerized (TECNI,
TEFNI1, TECN2, TEFN2)
after 4 hours; p<0.05.

Control

TS i~
Al nll nl ull nj =l uj =)
B i B B H BE BT R
iG] B B B B H NN
ey B B N HE N
sl B H B H E B
g H EH N H EN
gl H H N H B B
Al B H N H B B
. H B B H B B

0% : .

TECN1 TEC1 TEFN1 TEF1 TECN2 TEC2 TEFN2 TEF2
Material and concentration
| @Viable cells OApoptotic (early) DApoptotic (late) BNecrotic

100% 17

90% 11 =,
2 80% 11 ]
oy 70% 11
<] : -
£ 60% 1 .
5 50% 17 -
o 1
2 ool -
iy
% 20% 71 -

g 10% 1] .
‘é-...

0%

’ TECN1 TEC1 TEFN1 TEF1 TECN2 TEC2 TEFN2 TEF2

Material and concentration

280

Fig. 2. Cytotoxic effect of Tetric
FEvoCeram (TEC) and Tetric
FEvoFlow (TEF) in both mass
concentrations (0.007 g/mL (1)
and 0.013 g/mL (2)) polymerized
(TEC1, TEF1, TEC2, TEF2)
and unpolymerized (TECNI,
TEFNI1, TECN2, TEFN2)
after 24 hours; “p<0.05.

Control
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Fig. 3. Cytotoxic effect of Filtek 90%
Ultimate (FU) and Filtek Ultimate 80%
Flow (FUF) in both mass 0%
concentrations (0.007 g/mL (1) -
and 0.013 g/mL (2)) polymerized
(FU1, FUF1, FU2, FUF2) and
unpolymerized (FUNI, FUFNI, i
FUN2, FUFN2) after 4 hours; ToR%
*<0.05. %
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Fig. 4. Cytotoxic effect of Filtek
Ultimate (FU) and Filtek Ultimate
Flow (FUF) in both mass
concentrations (0.007 g/mL (1)
and 0.013 g/mL (2)) polymerized
(FU1, FUF1, FU2, FUF2) and
unpolymerized (FUN1, FUFNI,
FUN2, FUFN2) after 24 hours;
*$<0.05.
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significantly decreased cell survival by inducing early
apoptosis (p<0.05) (Figs. 1 and 2). In both test periods,
uncured Filtek Ultimate Flow in higher mass concen-
tration exhibited less viable cells undergoing early
apoptosis (p<0.05) (Figs. 3 and 4). Uncured G-aenial
in higher mass concentration in both test periods in-
duced late apoptosis (Figs. 5 and 6). Uncured G-aenial
Flo in both mass concentrations and both test periods
induced late apoptosis and necrosis in comparison to
cells of the control group (p>0.05) (Figs. 5 and 6).
After 4 hours, uncured Tetric EvoCeram and un-
cured Tetric EvoFlow in mass concentration of 0.013
g/mL showed a statistically significant difference in
the number of micronuclei in comparison to the con-
trol group (Figs. 7 and 8). Uncured Filtek Ultimate
Flow in mass concentration of 0.013 g/mL showed
genotoxic effect after 24 hours (Figs. 9 and 10). Un-
cured G-aenial Flo showed strong cytotoxic effect

(Figs. 11 and 12).
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Discussion

'The present study was designed to investigate cyto-
toxicity and genotoxicity of six different composite
materials, three flowable and three conventional ones,
and to compare the results for uncured and cured
forms of the materials tested. Although different tests
are available, in the present study, ethidium bromide/
acridine orange viability staining and micronucleus as-
say were used. The advantage of ethidium bromide/
acridine orange viability staining is simplicity and abil-
ity to distinguish between apoptosis and necrosis based
on DNA integrity. For genotoxicity testing, micronu-
cleus assay is a standardized assay, which regulatory
agencies consider as the official one for genotoxic ef-
fect assessment. The results of micronucleus assay
show irreversible damage to genetic material, thus
yielding irrefutable evidence for genotoxic effect.

The results of this study showed that all cured
forms of conventional composite materials were not
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Fig. 5. Cytotoxic effect of
G-aenial(G) and G-aenial Flo
(GF) in both mass concentrations
(0.007 g/mL (1) and 0.013 g/mL
(2)) polymerized (G1, GF1, G2,
GF2) and unpolymerized (GN1,
GFN1, GN2, GEN2) after 4 hours;
*p<0.05.
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Fig. 6. Cytotoxic effect of
G-aenial(G) and G-aenial Flo
(GF) in both mass concentrations
(0.007 g/mL (1) and 0.013 g/mL
(2)) polymerized (G1, GF1, G2,
GF2) and unpolymerized (GN1,
GFNI1, GN2, GFN2) after
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cytotoxic, whereas uncured forms exhibited cytotoxic
effect, mainly apoptosis. Results for cured flowable
composites were different from those for the conven-
tional ones showing that cured G-aenial Flow, Tetric
Evo Flow and Filtek Ultimate Flow exhibited cyto-
toxicity, and so did all forms of uncured flowable com-
posites but only in higher mass concentration. Results
for uncured materials were not surprising since organ-
ic components such as Bis-GMA, UDMA, TEGD-
MA and others can cause cytotoxicity in direct contact
with cells. Bis-GMA has been found to cause time and
concentration dependent cytotoxicity to various cell
lines including human gingival and pulp fibroblasts
and human THP-1 and peripheral blood monocytes®’.
TEGDMA was also found to be cytotoxic and it can
easily penetrate the membranes and react with intra-
cellular molecules'. Chang ez a/.'* found that UDMA
decreased viability of human pulp cells and may even
induce inflammation. In uncured forms of composites,
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these components can leach causing the cytotoxic
effect.

Differences in the results between flowable and
conventional composites can be explained by their dif-
ferent composition. Flowable composites have reduced
filler loading, which modifies viscosity of these materi-
als'. Furthermore, they have increased levels of resin
diluents that are added in order to achieve higher
flow®. These results for flowable composites are con-
sistent with the results reported by Al Hiyasat ez al.”.
Hegde and Wali** conclude that there is a significant
release of BisGMA and TEGDMA resin from flow-
able composite materials, which can explain the higher
level of cell toxicity when compared to conventional
composites. It is important to emphasize that all
the materials tested showed a significantly reduced
cell survival by inducing apoptosis, whereas uncured
G-aenial Flo induced apoptosis and necrosis. Apopto-
sis is a controlled process of cell death defined by nu-
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Fig. 7. Number of micronuclei in lymphocytes. Tetric
EvoCeram (TEC) and Tetric EvoFlow (TEF);
0.007 g/mL (1) and 0.013 g/mL (2);

number of micronuclei after 4 b; *p<0.05.
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Fig. 8. Number of micronuclei in lymphocytes. Tetric
EwvoCeram (TEC) and Tetric EvoFlow (TEF);

0.007 g/mL (1) and 0.013 g/mL (2); number of
micronuclei after 24 b; *p<0.05; C = cytotoxic effect.

| OUnpolymerized

-

N
X
N

] OPolymerized

-
o
X

lymphocytes

Number of MN/1000

o N A O o

! e

FU1 FUF 1 FU 2 FUF 2 Control
Material and concentration

Fig. 9. Number of micronuclei in lymphocytes. Filtek
Ultimate(FU) and Filtek Ultimate Flow (FUF);
0.007 g/mL (1) and 0.013 g/mL (2);

number of micronuclei after 4 b; *p<0.05.

clear shrinkage and condensation, membrane blebbing
and release of apoptotic bodies®. Stanislawski e# a/.'®
showed that molecular mechanisms of cell apoptosis
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Fig. 10. Number of micronuclei in lymphocytes. Filtek
Ultimate(FU) and Filtek Ultimate Flow (FUF);
0.007 g/mL (1) and 0.013 g/mL (2);

number of micronuclei after 24 b; “p<0.05.

| DOUnpolymerized

-
n
X

N

OPolymerized
LA

-
o
A

Number of MN/1000
lymphocytes

c c

o N o~ (=2 (=]
X A A
AN

G1 GF 1 G2 GF 2
Material and concentration

Control

Fig. 11. Number of micronuclei in lymphocytes.
G-aenial(G) and G-aenial Flo (GF); 0.007 g/mL (1)
and 0.013 g/mL (2); number of micronuclei after 4 h;
*$<0.05; C = cytotoxic effect.

| OUnpolymerized

-
N
A

N

OPolymerized
LH

=
o
A

Number of MN/1000
lymphocytes

o N £-Y (=2} (=]
5 A
Y

il Rl

G1 GF 1 G2 GF 2
Material and concentration

Control

Fig. 12. Number of micronuclei in lymphocytes.
G-aenial(G) and G-aenial Flo (GF); 0.007 g/mL (1)
and 0.013 g/mL (2); number of micronuclei after 24 h;
*p<0.05; C = cytotoxic effect.

after exposure to resin materials involved glutathione
depletion and reactive oxygen species production. In

contrast to apoptosis, necrosis is a passive process with
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swelling of the cell, rupture of the cell membrane fol-
lowed by inflammation and therefore is a less desirable
form of cell death®.

Testing of genotoxicity showed that only uncured
forms of Tetric EvoCeram, Tetric EvoFlow and Filtek
Ultimate Flow in higher mass concentration induced
genotoxic effect on human lymphocytes, which again
implies that monomers from uncured composites are
responsible for genotoxic effect. Cured forms did not
cause genotoxicity. It should be emphasized that geno-
toxicity of G-aenial could not be assessed due to the
cytotoxic effect of the material which destroyed the
cells. Similar to cytotoxicity, genotoxic effect is exhib-
ited due to monomers in the composition of compos-
ite materials. It has been reported that TEGDMA and
Bis-GMA monomers are often found in dental com-
posites. The nature of the matrix monomers can influ-
ence the release of components, which have been
found to be toxic!”%.

Conclusion

Under the conditions of this in wvitro study, cured
conventional composites did not show cytotoxic or
genotoxic effect, which is important for clinical appli-
cation of these materials, whereas uncured forms ex-
hibited a certain level of cytotoxicity and genotoxicity,
mainly because of the monomers in their composition.
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Sazetak

CITOTOKSICNI I GENOTOKSICNI UCINAK KOMPOZITNIH MATERIJALA
NA STANICAMA LJUDSKIH LIMFOCITA IN VITRO

V. Brzovic¢ Rajic, D. Zelj'eiic’, A. Maléi¢ Tvanisevic, Z. Verzak, A. Baraba i I Mileti¢

Svrha ovoga istrazivanja bila je ispitati in vitro citotoksi¢ni i genotoksi¢ni u¢inak Sest razli¢itih nanokompozitnih mate-
rijala, tri tekuca i tri konvencionalna kompozitna materijala na stanicama ljudskih limfocita. Istrazivanje je provedeno na
materijalima: Tetric EvoCeram, Tetric EvoFlow, Filtek Ultimate, Filtek Ultimate Flow, G-aenial i G-aenial Flo. Ispitivan je
citotoksi¢ni uc¢inak dviju masenih koncentracija (0,007 g/mL i 0,013 g/mL) svakog ispitivanog polimeriziranog i nepolime-
riziranog materijala nakon 4 sata i 24 sata. Genotoksi¢ni uéinak je ispitivan primjenom mikronukleus testa u istim uvjetima
kao $to je ucinjeno u ispitivanju citotoksi¢nog ucinka. Nepolimerizirani oblici materijala: Tetric EvoCeram, Tetric EvoFlow
i Filtek Ultimate Flow u vecoj masenoj koncentraciji pokazali su genotoksi¢ni u¢inak. Nepolimerizirani G-aenial Flo je u
vecoj masenoj koncentraciji izazvao apoptozu i nekrozu. U oba ispitivana razdoblja nepolimerizirani Tetric EvoFlow i nepo-
limerizirani Filtek Ultimate Flow su u vecoj masenoj koncentraciji izazvali ranu apoptozu. Niti jedan od ispitivanih konven-
cionalnih materijala nije uzrokovao citotoksi¢ni uc¢inak osim nepolimeriziranog G-aeniala koji je izazvao apoptozu u vecoj
masenoj koncentraciji u oba ispitivana razdoblja. Ovo istrazivanje provedeno je u in vifro uvjetima. Polimerizirani oblici
konvencionalnih kompozitnih materijala nisu pokazali citotoksi¢ni i genotoksi¢ni u¢inak koji bi bio vazan za klinicku pri-
mjenu ovih materijala, dok su nepolimerizirani oblici ukazali na citotoksi¢ni i genotoksi¢ni u¢inak uglavnom kao rezultat
djelovanja monomera koji se nalaze u sastavu kompozitnih materijala.

Klju¢ne rijeci: zubni materijali; nanokompoziti; kompozitne smole; citotoksini; apoptoza
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