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Thiourethane-functionalized
fillers: biological properties and
degradation resistance

Abstract: This study determined the effect of thiourethane-
functionalized fillers (TU) on the antimicrobial properties, cytotoxicity,
degree of conversion (DC), water sorption (Wsp) and solubility (Wsl) of
experimental composites. TU-modified fillers were added at different
ratios in experimental composites: 0 (Control-TUO), 25% (TU25), 50%
(TU50), 75% (TU75) and 100wt% (TU100). The antimicrobial properties
were detected through the exhaustion test and counting of Streptococus
mutans colonies for biofilm formation. Cytotoxicity to human gingival
fibroblasts was evaluated in three different parameters: XTT (2,3-Bis-
(2-Methoxy-4-Nitro-5-Sulfophenyl)-2H-Tetrazolium-5-Carboxanilide),
NRU (Neutral Red Uptake assay) and CVDE (Crystal Violet Dye
Exclusion test)) at the same cells. ELISA was used to measure the IL-6
and b-FGF biomarkers. DC was determined by Fourier-transformed
infrared spectroscopy, while Wsp and Wsl by mass variations.
Inhibitory capacity of biofilm formation was not observed for any
material. All groups presented at least 70% of cell survival within the
observed periods (24h and 7 days). Positive control (toxic) had high
IL-6 values and low b-FGF values. No significant variations in DC,
Wsp, and Wsl were observed among the experimental groups. The use
of thiourethane did not present antimicrobial and cytotoxic activity
and the tested materials presented equivalent properties to those
conventionally used in dentistry.

Keywords: Materials Testing; Biomarkers; Anti-Infective Agents;
Anti-Bacterial Agents.

Introduction

Composite resins are the main choice for a variety of clinical situations.!
Since their introduction on the market, significant changes have been
made in the composition to overcome limitations and achieve improved
physical, mechanical and aesthetic properties.”? In this context, thiourethane
oligomers have been incorporated as an alternative to reduce the stress
development and to improve materials’ mechanical properties.’?

Proposed as an additive to the methacrylate matrices, thio-urethanes
(TU) are pre-polymerized oligomers that provide advantages to the
polymerization mechanism of composite materials.’> The oligomer has
pendant thiol functionalities, which react by chain-transfer with the
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methacrylate group resulting in delayed gelation
and vitrification of the forming polymer network,
meaning that the stiffening of the network is initiated
at higher conversions.>* Consequently, the overall
conversion is increased and the polymerization
stress reduced.* In addition, the high molecular
weight of the oligomer is associated with reduction
in volumetric shrinkage and production of more
homogeneous networks.* It is important to highlight
that all improvements provided by the addition of
TU do not require modifications of the traditional
clinical restorative procedures.’

One common concern associated with thiol-
containing materials, especially in combination
with methacrylates, is the potential for Michael
addition reactions that reduce the shelf-life of the
fully formulated materials.® Another potential
drawback with any high molecular weight additive
is the potential for increased viscosity. One new
approach to overcome this issue is to use thiourethane-
functionalized fillers as a coupling agent.” By adding
the methoxy-silane-modified TU to the filler surface
via standard silanization methods,” previous studies
have demonstrated to be possible to still harness the
same benefits observed when the TU was added to the
matrix (i.e., stress reduction and increased fracture
toughness), but at a much lower concentration and with
much less significant impact to handling properties.”®

In addition, failures at the interfacial bonding
between inorganic fillers and organic matrix can
be expected in a composite material, leading to
water accumulation and compromising hydrolytic
stability. As a consequence, faster degradation of
the material can be observed’ and sorption and
solubility properties should be investigated when
particles coverage is proposed. In addition, interface
failures between the inorganic filler and organic
matrix may also lead to dissolution and leaching of
components, such as unreacted residual monomers
or filler particles.® The compounds normally released
from dental composites and adhesives are known to
affect and produce cytotoxic reactions to oral cells.’
So, an analysis of the cytotoxicity of the material can
be used to investigate this process and predicting the
behavior of thiourethane incorporation. In addition,
there is some evidence for antimicrobial activity in
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thiol-containing compounds' but such important
biological aspects have not been investigated for
thiourethane-containing restorative dental materials.

Due to the lack of the aforementioned information
the aim of this study was to determine the effect of
systematic addition of thiourethane-functionalized
fillers to degree of conversion, water sorption and
solubility, antimicrobial properties and the cytotoxic
capacity were also evaluated. The hypotheses tested
were that the use of thiourethane-functionalized
fillers would a) increase the degree of conversion
- being directly proportional to the concentration
of thio-urethane functionalized fillers used in the
formulation, b) reduce the water absorption and
solubility, c) do not provide antimicrobial properties
and d) no cytotoxic effects.

Methodology

Model composites formulation

The mixture Bis-phenol A diglycidyl dimethacrylate
(Bis-GMA), urethane dimethacrylate (UDMA) and
tri-ethylene glycol dimethacrylate (TEGDMA), was
used at 50:30:20 mass ratio (all monomers from Esstech
Inc., Essington, USA). To this, 0.2% camphorquinone
(Esstech Inc., Essington, USA) and 0.6% EDMAB
amine (Sigma-Aldrich, Milwaukee, USA) were added
as the photoinitiator/co-initiator system. Fillers
were added at 70% mass, with 90% composed by
borosilicate barium glass silane-treated particles
(0.7 pm average size, Esstech Inc., Essington, USA)
functionalized or not with thiourethane and 10%
of spherical silica MPTS-silane-treated particles
(Aerosil OX50, Evonik Degussa, Essen, Germany).
Table 1 provides a systematic explanation regarding
the filler content of each formulation.

The thiourethane functionalization procedures
were described in detail in a separate publication.” In
brief, the thiourethane oligomers were synthesized
in solution, by combining 1-isocyanato-4-[(4-
isocyanatocyclohexyl) methyl] cyclohexane (DHDI)
with trimethylol-tris-3-mercaptopropionate (TMP),
purified by precipitation in hexanes. The oligomer
was then grafted to the surface of the filler particles
using standard protocols" in an acidified ethanol
solution, followed by ball-milling and drying. The
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Table 1. Composite formulation and experimental groups definition .

30% organic matrix

BisGMA/UDMA/TEGDMA 10% OX-50: 0.04 um

50:30:20 mass ratio 90% Barium Glass: 0.7um

particles were characterized by thermogravimetrical
analysis to ensure silanization, which accounted for
8% of the mass loss. Thiourethane-functionalized
fillers were systematically added according to the
experimental groups detailed in Table 1. Thiourethane-
functionalized fillers were systematically added
according to the experimental groups expressed in
Table 1. A mechanical mixer (SpeedMixer, DAC 150.1
FVZ, FlackTek Inc., Germany) was used for 5 min at
2500 rpm to produce homogeneous pastes.

All photoactivation procedures were performed
with an LED-based curing unit for 40 seconds at an
incident irradiance of 1100 mW/cm? (Emitter.B Supra,
Schuster Dental Equipments Ltda, Santa Maria, Brazil).

Degree of conversion

DC was determined by Fourier-transformed
infrared spectroscopy (n=3), using a spectrometer
equipped with an attenuated total reflectance (ATR)
diamond device (Briiker Optics, Ettinger, Germany).
A dark circular plastic mold (diameter 7 mm, thickness
0.3 mm) was used for individually accommodation
of each material over the ATR crystal. A Mylar strip
was placed on the surface and a spectrum from the
uncured material was taken in the absorbance mode
using 32 scans and 4 cm™ resolutions. Photoactivation
was performed and a second spectrum was obtained
after 5 min. %DC was calculated using baseline
technique and considering the differences in intensity
of C=C stretching vibration (peak area) at 1638 cm™
of uncured and cured spectra, with the symmetric
aromatic stretching at 1608 cm™ (peak area) as internal
standard. The following formula was then used:

C cured/Aromatic cured
%DC=10041 - -
C uncured/Aromatic uncured

70% inorganic filler
Groups
TUO: no functionalized filler
TU25: 75% without TU 4+ 25% with TU
TU50: 50% without TU + 50% with TU
TU75: 25% without TU + 75% with TU
TU100: 100% with TU functionalized filler

Sorption and solubility

The material was inserted in a single increment
in a metal mold (@ 8 mm x 2 mm thickness) between
Mylar strips and with a glass coverslip on top of
which a weight of 500 g was placed (n = 5). After
photoactivation, samples were removed and stored
atroom temperature and protected from light. After
24h both surfaces were mechanically polished with
2,000 and 4000-grit SiC papers.

The samples were then stored in a desiccator with
silica gel for 22 h, at 37 + 1°C. Then samples were
transferred to a desiccator at room temperature, for 2h.
They were weighed in a 24 h cycle with an analytical
balance, accuracy 0.01 mg, (XS105 DU, Mettler-Toledo,
Leicester, UK) until obtaining a constant weight (range
smaller than + 0.1 mg for three consecutive weighing
- m1). The thickness and diameter of the samples
were measured with a digital caliper (ABS digital
caliper, Mitutoyo, Tokyo, Japan) at four equidistant
points, and the volume (V) was calculated in mm?.
Afterwards, the samples were placed individually
in glass phials, immersed in 10 ml of distilled water,
and weighed in a 24 h cycle for 30 days until reaching
the equilibrium (m2). After equilibrium was reached,
they were taken back to the desiccator and weighed
every 24 h, repeating the same cycles required to
obtain m1, until the mass equilibrium (m3) was
reached. Water sorption (Wsp) and solubility (Wsl),
both in mg / mm? were then calculated according
the two following formulas:

Wsp = (m2-m3)/V and Wsl = (m1-m3)/V.
Antimicrobial assay

Composites were placed on metallic molds
and covered with a polyester strip before the
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photoactivation. Six discs (J 4mm x 2 mm h) per
group were prepared. After photoactivation, samples
were removed and stored at room temperature and
protected from light. In order to obtain similar
surface texture, samples were polished (Aropol-e,
AROTEC, Cotia, Brazil) with 600-, 800- and 1,200- grit
SiC sandpapers at 150 rpm for 60 s under continuous
water-cooling.

Antimicrobial action on S. mutans ATCC 25175
was carried out through the Exhaust Test, previously
reported by Perez et al.,'? which has as its principle
to test the samples after elution periods with sterile
distilled water. The samples, divided according to
the previously established groups (TUO, TU25, TU50,
TU75 and TU100), were inserted into cell culture plate
of 96 wells (6.86 J) and were submitted to elution
with daily changes of distilled and deionized water
in the volume of 250 pl, performed in a laminar
flow chapel. Elution times varied from 0 (without
exhaustion), 15, 30 and 60 days.

S. mutans growth was conducted in triplicate, with
each specimen inserted into a 96 well flat-bottomed
cell culture plate (Corning, NY, USA). The inoculum
was prepared from the growth of S. mutans ATCC
25175 in 5mL of Trypticase Soy Broth (TSB, Difco, Rio
de Janeiro, R], Brazil) for 24 h at 37°C. The cells were
then centrifuged and washed in phosphate buffered
saline (PBS, 0.01M, pH 7.2) and suspended in PBS, in
a concentration of OD = 0.16 in 580nm wavelength, to
obtain a concentration of 1 x 108 colony forming units
per milliliter (CFU/mL). The suspension was diluted
in PBS to obtain the working suspension containing
approximately 3 CFU / pL. Then, 25uL was dispensed
on the surface of each specimen and kept in contact
for 30 min. After this time, 200 pl of the Trypticase
Soy Agar medium (TSA, Difco Labs, Detroit, USA)
containing 0.01% 2,3,5-triphenyltetrazolium chloride
(TTFC) was added to each well for growth and
enable the visualization of the colonies. The plate
was incubated at 37 °C for 48h in carbon dioxide
(CO,) presence. The method used for CFU count in
the 96-well plates was performed with a binocular
stereoscope. The wells were observed after 24 and
48 hours of incubation for the quantification of
CFU. Colony counts in each well was expressed
and compared to the total viable organisms. The
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antimicrobial activity was measured by differences
in CFU counted in the stereoscopic microscope Nikon
C-DSD 230 (Nikon Corporation, Japan).

Cytotoxicity assay

Disc specimens (& 5mm x 2mm h) were sterilized
with gamma radiation (STERRAD, Anténio Pedro
University Hospital, Niter6i, Brazil). Specimens were
weighed to calculate the amount of medium to be
added for the extracts’ preparation.

According to ISO standards (10993-12:2012),
extracts were prepared in a culture medium (high
glucose DMEM) without fetal bovine serum and
containing 1% penicillin-streptomycin solution in
a proportion of 0.2 g material to be tested for each
ml of medium. The specimens were immersed in
the medium and incubated at 37°C and 5% CO, in
a humidified chamber for 24h. In order to emulate
long-term extraction of toxicants in the oral cavity,
specimens of each group were also kept in the
culture media for 7 days. The culture medium was
renewed daily in order to simulate the effects of
crevicular gingival fluid on clearing the material
in the mouth. Extracts of negative control groups
were prepared using polystyrene and high glucose
DMEM without fetal bovine serum. For positive
control group latex fragments were used on culture
medium, which according to ISO-based assays"
presents consistent cytotoxicity.

Human gingival fibroblast cells were obtained
from the repository at the Laboratory Experimental of
cell culture of the Federal Fluminense University, and
cultured in high glucose DMEM (GIBCO Invitrogen,
Grand Island, USA) containing 10% fetal bovine serum
and 1% penicillin-streptomycin antimicrobial solution.
Cell cultures were incubated at 37°C and 5% CO, in
bottles of 25cm?®. After culture confluence, the cells
were treated with trypsin, counted in Neubauer’s
chamber and subcultured in 96-well sterile plates
at a cell density of 10* cells per well.

The test was performed in quintuplicates. In
each well were added 180 pl of one of the extracts
(as described above) and 20 pl of fetal bovine serum,
obtaining a final volume of 200 pl of extract per
well, and incubated for 24 hours at 37°C and 5%
CO2. The possible cytotoxicity of the extracts was
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evaluated through a multiparametric test, which
tests three different parameters sequentially in the
same exposed cells.

The first parameter tested was mitochondrial
activity, as measured by the XTT test, through the
ability of dehydrogenase enzymes to convert the
XTT reagent into orange-colored soluble compounds
of formazan. Cell activity is directly linked to the
color that is formed measured by their absorbance at
480nm with a microplate UV/ Vis spectrophotometer
(PowerWave MS2; BioTek Instruments, Rio de Janeiro,
Brazil). After washing with Phosphate-Saline Buffer
(PBS), the second method employed was the Neutral
Red Uptake assay (NRU). This test uses a neutral red
dye that is accumulated on lisosomes in living cells
but leaks into cells that have ruptured membrane. The
living cells are marked in red. After dye extraction,
the Optical Density (O.D.) was measured at 540nm,
and directly proportional to the number of cells with
intact membranes. The third assay (Crystal Violet
Dye Exclusion - CVDE) measures the amount of DNA
present in the plaque, directly related to the total
cell density. After washing for the elimination of the
excess dye, the absorbance at 540 nm is proportional
to the amount of cells in the well.

To obtain a more predictive evaluation of
possible responses that these fibroblasts could have
to apparently non-toxic materials, two important
markers were measured: Interleukin-6 (IL-6) and
Basic Fibroblastic Growth Factor (b-FGF). FGF is the
main inducing fibroblasts growth factor, whose high
level of release is associated to wound healing and a
good response to biomaterials in healthy tissues. IL-6
is a pro-inflammatory cytokine released by many
cells, including fibroblasts, which can be associated
to a local inflammatory response.

The two markers were measured by Enzyme
Linked Immuno Sorbent Assay (ELISA), employing
commercially available Human FGF-basic and
Human IL-6 ELISA Development Kits (PeproTech,
New Jersey, USA), with sensitivity range of
63-4000pg/mL for FGF and 24-1500pg/mL for
IL-6. The experiment was performed in triplicates.
The culture supernatants of exposed cells from the
cytotoxicity assay described above were collected
after 24 hours of incubation, pooled and stored at
-80°C until analysis. A negative control was used
for determination of basal release of the cytokine
and growth factor. The procedure followed the
manufacturer’s conditions and recommendations.

Statistical Analyses

Degree of conversion, Wsp, Wsl and antimicrobial
data were evaluated for normal distribution by
Anderson-Darling test and the parametric one-
way analysis of variance. The results of ELISA
and cytotoxicity assay were evaluated for normal
distribution by the D’Agostino normality test and the
nonparametric Kruskal-Wallis test. For comparisons,
Dunn’s post-test was employed. An alpha error of 5%
was considered for all statistical analysis.

Resulis

Data of degree of conversion, water sorption and
solubility are shown in Table 2.

Degree of conversion

Model composites varying concentrations
TU had no statistical difference in the degree of
conversion and did not differ from the control group
(p =0.089).

Table 2. Mean of and standard deviations of degree of conversion (DC), water sorption (Wsp) and solubility (Wsl).

Group DC, in % (n = 3)
TUO% 64.3 (3.2)
TU25% 63.1(1.1)
TU50% 69.0 (1.0)
TU75% 65.6 (2.0)
TU100% 64.0 (3.6)

Wsp, in ug/mm? (n = 5) Wsl, in ug/mm?(n = 5)

2.5(0.2) 5.1(2.3)
2.4 (0.4) 2.7 (1.3)
2.3(0.1) 3.1(0.9)
2.3(0.1) 4.7 (3.5)
2.4(0.2) 2.8(1.9)

p-value was 0.089 for DC; 0.720 for Wsp; and 0.265 for Wsl. No statistical differences were observed for DC, WS and SL.
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Sorption and solubility

The addition of TU coating inorganic fillers
did not adversely affect water sorption and
solubility. No statistically significant differences
were detected among the experimental groups.
(p=0.720 and p = 0.265).

Antimicrobial assay

No significant antimicrobial properties were
observed for the experimental groups. Binocular
stereoscopic microscope images evidenced bacterial
growth in all experimental groups in the presence
of test specimens and in the control group of the
experiment without the test specimen. The technique
described permitted not only the visualization of the
growth of microorganisms but also the quantification
of colonies forming units (CFUs) in each group
(Figure 1). Although the control group presented
the highest values of CFU, no statistical significant
difference was detected among the experimental
groups. Thus, the addition of TU was not able to
inhibit the bacterial growth.

Cytotoxicity assay

Figure 2 shows the results of the multiparametric
test of cytotoxicity by indirect exposure (to extracts)
according to ISO 7405:2018. None of the experimental
groups presented a different behavior between 24h and
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Figure 1. Colonies forming units (CFUs) in each experimental
group and control group.
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7 days of exposure. In both cases, no tested material
presented levels below 70% of cellular survival when
compared to control (Figure 2A, 2B and 2C), while
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Figure 2. Multiparametric Cytotoxicity Assay. HGF cells were
exposed fo extracts produced by incubation for 24h (black bars)
or 7 days (white bars) of each material, or to a positive control
(Latex, C+), or a negative control (Polystyrene beads, C-). Cell
survival was measured by the XTT (A), NRU (B), or CVDE (C)
assays. Results represented as mean=SD of quintuplicates, as
a percentage of an unexposed group (Control). The dashed
line identifies the cutoff of 70% cell survival for non-cytotoxic
materials, according to ISO 7405:2008. The asterisk indicates
significant difference from all other groups (p < 0.05).
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Figure 3. Evaluation of the release of IL-6 (A) and b-FGF (B) by HGF cells exposed to 24 hours extracts of the tested materials, or
to a positive control (Latex, C+), or to a negative control (Polystyrene beads, C-). The results from the ELISA assay for cytokines (pg/
ml) was normalized by the cell density obtained with a CVDE assay performed in the same cells. The asterisk indicates significant

difference from all other groups (p < 0.05).

the positive control (latex) was significantly cytotoxic
(p <0.05). In the graph, it can be seen that the groups
tested had similar results to the negative control.
Thus, no group showed cytotoxicity by the three
parameters evaluated (metabolic activity, integrity
and cell density) regardless of time (24h or 7 days).
However, an increased metabolic activity (p < 0.05)
was observed in cells exposed to TU 50, in both
experimental times.

The results indicated that the biocompatibility of
the tested materials extends to the cellular response to
the two markers: IL-6 and b-FGF (Figure 3). Figure 3A
shows that the cytotoxic positive control (latex)
killed the cells during 24h and induced these to a
strong release of IL-6, while all the tested materials
had similar results to the negative control. Figure
3B shows the cell response to b-FGF, in which it
is possible to observe once again an impact of the
exposure to the positive control, this time reducing
the release of growth factor, while all other groups
maintained similar responses to the control.

Discussion

Improved conversion was expected as previous
studies have frequently found higher DC when TU
is added to the material’s formulation.*>®* However,
the addition of thiourethane-treated fillers did not

statistically affect the DC in the current study and
the first research hypothesis was rejected.

This result is not entirely surprising, since in the
aforementioned studies the TU oligormer was added
directly to the resinous matrix at a higher overall
concentration - 6 wt% of the overall material mass,
whereas in the present study, the overall concentration
of TU was in the range between 1.2-4.8 wt% (detailed
calculations shown in Faria-e-Silva (2019)%. The authors
of those studies hypothesized that the reduction in
stress and increase in toughness was brought by the
concentration of the stress-relieving oligomer at the
particle-matrix interface,”®'® where a large portion of
the stresses is thought to be concentrated. However,
for the delayed gelation/vitrification to ultimately
lead to improved overall conversion, it was theorized
that the TU would have to be localized within the
matrix.”® This was also observed in this study, as the
conversion was not affected by the addition of the TU
as a particle surface treatment. The current study fills
a gap in the TU literature and mainly concentrates
in determining the biological properties and the
degradation resistance. Therefore, the fact that the
DC was not negatively affected is considered positive.

The second research hypotheses was rejected as
water sorption (p=0.720) and solubility (p = 0.265)
values were equivalent to control. This behavior
was also found in previous studies that used TU

Braz. Oral Res. 2021;35:e018 7
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precursor compounds such as thiol-ene-methacrylate'®
and urethane-based multifunctional methacrylate
monomer.” Boulden et al.'® showed that water
sorption of methacrylate-thiol-ene had a significant
decrease when compared to control and solubility
was equivalent but also without statistical difference.
The third research hypothesis was accepted as
TU-based materials did not present antimicrobial
properties. Antimicrobial materials have been
developed for the purpose of killing the bacteria by
contact (bactericidal effect) or preventing bacterial
adherence (anti-biofilm effect).? The researches
has focused on the addition of this property to the
restorative materials since the main reasons for
the failure in composite resin restoration are the
development of secondary caries due to the formation
of biofilms in the gaps of the restoration margins.'*2°?!
Thus, all new material introduced should seek to
evaluate the presence of such antimicrobial activity.
Being Streptococcus mutans the main etiologic agent
of caries disease, this microorganism was used in
this assay. It is very important to identify specifically
how sensitive this specie was to the experimental
composites containing thiourethane-functionalized
fillers. The technique recommended in this study to
evaluate the antimicrobial properties has already been
used successfully in previous study.” This technique
permitted not only the visualization of the growth
of microorganisms but also the quantification of
colonies forming units (CFUs) in each group.
Images from binocular stereoscopic microscope
showed that S. mutans colonies were formed in all
wells that had the presence of the experimental
material at baseline and after 60 days exhaustion, a
period in which it was believed that the specimens
could release compounds in the medium that had
antimicrobial action. This period was based on the
time of absorption and solubility that TU presented
in the tests of this work. However, even after this
period no significant antimicrobial properties were
observed. Such a property was unknown in materials
using TU, since no study had yet appraised that issue.
The evaluation of cytotoxicity was done through
amultiparametric test, which assesses three different
parameters using the same cells. This allows a greater
understanding of the cytotoxicity phenomenon

8 Braz. Oral Res. 2021;35:e018

and a greater chance of detecting changes that
only one test would not detect. In this study, such
methodology identified a curious effect for the TU 50
group, which has shown a threefold increase in the
metabolic activity, but in the other two tests presented
a compatible result with the other groups tested. This
factindicates that there was an increase in metabolism,
however, without changes in cell survival or integrity.
This result reaffirms the importance of the use of
diverse parameters for the analysis of cytotoxicity.

While the present results could not provide an
explanation for this increased metabolic activity
independent of time (24h or 7 days) in the TU 50 group,
two hypotheses can be considered. A first hypothesis
would be the possible interference of some reducing
component in the material, converting XTT into
formazan independent of the presence of cells. This
hypothesis, however, is discarded by a test where it
is possible to verify that this material does not have
the capacity to cause this interference in the absence
of cells (data not shown). Another hypothesis would
be that the material is causing a disturbance that
generates an exacerbated response in the cells. This
may be associated to an oxidative stress conditions.
However, this study did not advance to prove this
hypothesis, especially considering that the material
of this group did not present prominence in the other
parameters evaluated. Although the TU50 group was
not cytotoxic, it was not considered as optimal for
this stage of the biological evaluation.

It is known that dental materials release substances
in different degrees in the buccal environment.?
Cells present in such medium can react with such
components releasing mediators that can promote
proliferation and differentiation of tissues culminating
in a positive response to the material as well as the
release of stress markers which may, for example,
exacerbate a local inflammatory response. The
cells selected in this study (HGF) are important
representatives for the in vitro evaluation of dental
materials, allowing the investigation of the release
of growth factors, such as b-FGF, and cytokines,
such as IL-6, that may affect biocompatibility.?
The results of the present study indicate that the
biocompatibility of the tested materials extends to
the response of the markers, where it was possible
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to observe that the cytotoxic positive control (latex),
besides killing the cells during 24 hours, induced
them to a strong liberation of IL- 6, which did not
occur in the experimental groups. The IL-6 marker is
associated with a representative stress and immune
response.?* Regarding b-FGF, it was possible to
observe that the experimental groups had results
equivalent to C-, which means that they are not
inducing a cellular proliferation, and also not killing,
It is important to highlight that the results of TU50
group is corresponding to the other experimental
groups an C-, and the stress that is being produced
in those cells that are breathing more, is not causing
more release of pro-inflammatory cytokines when
compared to the other groups. The TU zero, which
would be the commercial standard, does not present
much better results than the experimental groups.
The fourth research hypothesis was then accepted,
as TU-based materials were not cytotoxic.

The current study is the first to determine the
effect of thiourethane-functionalized fillers on
the antimicrobial properties and cytotoxicity of
dental composites, which were not affected. These
parameters are usually related to the concentration
applied from a given component and is important
to highlight that the present outcomes are limited
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