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Abstract: Resin-based composites are widely used as dental restorative materials due to their
excellent properties. They must have high modulus, high hardness, and be chemically inert while
minimizing moisture uptake. To fulfill these higher standard prerequisites and properties,
continuous improvements in each of their components are required. This study develops novel
composites with multiple biofunctions. Light-cured Bis-GMA/TEGDMA dental resin (RK)/layered
double hydroxide intercalated with fluoride ions (LDH-F)/calcium bentonite (Bt) hybrid
composites were prepared. The loading ratio of LDH-F to Bt was varied, ranging from 2.5/2.5 to
10/10 parts per hundred RK and structural, mechanical, and biological properties were studied.
The incorporation of even small mass fractions (e.g., 2.5 wt % of LDH-F and 2.5 wt % of Bt) in RK
dental resin significantly improved the mechanical properties of the pristine resin. The synthetized
materials showed antibacterial and antibiofilm effects against three bacterial strains isolated from
healthy volunteers’ saliva (Streptococcus spp., Bacteroides fragilis, and Staphylococcus epidermidis)
without affecting its ability to induce dental pulp stem cells differentiation into odontoblast-like
cells. The capability to balance between the antibiofilm activity and dental pulp stem cells
differentiation in addition with improved mechanical properties make these materials a promising
strategy in preventive and restorative dentistry.

Keywords: dental materials; composite resin; layered double hydroxide; calcium bentonite;
antibiofilm activity

1. Introduction

In recent years, numerous synthetic materials have been developed in the field of dentistry with
the aim of reconstructing and maintaining the oral function, health, and aesthetics of the patients
[1,2]. Among these materials, resin-based composites are probably the most important from the
aesthetics and performance point of view [3,4]. Hard and chemically stable filler particles are
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generally dispersed in these composites to provide the structural reinforcement necessary for dental
applications [5]. Common fillers are glass particles or fibers, ceramic materials, and natural minerals.
Among the natural minerals, bentonite clays are aluminum phyllosilicates with interesting
properties [6,7]. They are named based on dominant elements, such as potassium (K), sodium (Na),
calcium (Ca), and aluminum (Al). In the presence of water, bentonite easily swells and can be
reduced to nanometric dimension providing self-sealing and barrier properties [8,9]. Several
researchers have demonstrated that the incorporation of fillers such as montmorillonite into dental
materials results in the increase of their mechanical properties [10,11]. Atai and colleagues, indeed,
reported the incorporation of nanoclay into the dental adhesives as a solution to overcome the lower
mechanical properties of the adhesive layer and the problem of rapid sedimentation of particles into
adhesives [12]. In addition, Nikolaidis et al. reported the reinforcement of dental nanocomposite
resins with different organo-modified montmorillonite nanofillers [13]. Dental materials still suffer
several significant problems, such as polymerization shrinkage at the tooth—composite interface,
which can lead to micro-leakage, and secondary caries [14-18]. In 2007, Bernardo et al. [19] evaluated
1748 restorations and revealed that the use of composites increased the risk of secondary caries by
about 3.5 times as compared with the use of amalgams. Different approaches have been adopted to
improve the quality and performance of these composites [20—22]. One of these is the development
of fillers that can release substances with antibacterial effects or buffer the acids produced by
bacteria [23-26]. Fluorine-containing filler particles have been introduced in order to eliminate the
cariostatic demineralization effect produced by the filling restoration. Soluble fluorine-based salts
have been introduced in the formulation of these composites in order to have a release over time.
However, these salts present an initial burst release and, when removed, tend to leave micropores in
the bulk material with a consequent loss of mechanical properties. These problems can be reduced
by introducing fluorine, aluminum, and silicate based fillers with less solubility. Fused modified
fillers such as silica whiskers and dicalcium phosphate anhydrous or tetracalcium phosphate have
been proposed to release Ca and PO4 ions [27].

Despite the large amounts of ions released by these systems, their ability to prevent secondary
caries is questionable. Technological improvements are needed to increase and prolong the release
of active components during the working life of these dental composites. In our previous work, we
report the synthesis and characterization of fluoride-intercalated layered double hydroxide (LDH-F)
showing a long-term controlled delivery of micromolar amounts of fluoride. This material is able to
elicit beneficial effects on proliferation and mineralization of human dental pulp stem cells (hDPSC)
[28], as well as on the migration and differentiation of STRO-1+ cells, a DPSC subpopulation able to
differentiate into dental hard tissue-forming cells [29].

This study presents the synthesis of a light-cured Bis-GMA/TEGDMA dental resin (RK)/layered
double hydroxide intercalated with fluoride ions (LDH-F)/calcium bentonite (Bt), named RK-FBtx
(where x is the total mass fraction of LDH-F and Bt), as a new hybrid composite material for use in
dentistry. Here, we demonstrate that the addition of bentonite improves mechanical properties,
without influencing the bioactive properties of the composite. This result is of great importance in
dentistry by defining the ability of dental material to act effectively and safely over extended periods
of time. Moreover, we demonstrate the ability of RK-FBtx with the highest F/Bt rate (RK-FBt20) to
elicit antibacterial and antibiofilm effects, making it useful as dental material to prevent the
formation of secondary caries [30]. Indeed, recent studies have highlighted that secondary caries are
increasingly related to the development of bacterial biofilm [31,32]. The oral cavity represents the
second most complex microbiota in the body after the colon hosting around 1000 species [33]. These
commensal microbes in the oral cavity represent the principal source of the formation of biofilm in
the root canal, and colonize the numerous surfaces in the mouth, hydrating and feeding on the
nutrients provided by either saliva or gingival crevicular fluid, or dietary intake. The new
synthesized material RK-FBt20 was able to release fluoride even in acidic conditions, inhibiting the
formation of Streptococcus spp., Bacteroides fragilis, and Staphylococcus epidermidis (three bacterial
strains isolated from saliva of healthy volunteers) biofilm.
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2. Materials and Methods

2.1. Sample Preparation

Two clays were used for the preparation of the hybrid composites, a layered double hydroxide
intercalated with fluoride ions and a calcium bentonite. A fluoride-intercalated layered double
hydroxide (LDH-F) was prepared by intercalation of fluoride anions in LDH in nitrate form, using
an aqueous solution of fluoride sodium salt, NaF, (F/NOs molar ratio = 1.3). The resulting precipitate
was collected, washed three times with deionized water and, finally, dried at rt over a saturated
NaCl solution. The material was characterized by XRD in order to verify the sample. The resulting
LDH-F has the following composition: [Mgo.ssAloss(OH)2](F)o.35:0.8H20 [28]. Calcium bentonite (Bt)
with the following chemical composition: Na20 (0.2%), MgO (3.5%), ALOs (14.5%), SiO2 (71.9%),
P205 (0.01%), K20 (1.9%), CaO (1.6%), TiO2 (0.03%), MnO (0.01%), Fe20s (0.85%), and LOI (5.5%) was
kindly supplied by Laviosa Chimica Mineraria SpA (Livorno LI, Italy). Commercial light-activated
restorative material (RK), provided by Kerr s.r.l. (Scafati, Italy), consists of bisphenol-A glycidyl
methacrylate (Bis-GMA), tri-ethylene glycol dimethacrylate (TEGDMA), camphorquinone (CQ),
ethoxylated bisphenol A dimethacrylate (EBPADMA), and glass fillers. The inorganic solids LDH-F
and Bt were used as fillers and mixed into the dental resin system (RK) to obtain hybrid composites
with three different total filler concentration (5, 10, and 20 wt %). The composites containing only
LDH-F or bentonite solids are coded as RK-Fx and RK-Bty, where x and y are the percentages by
weight of the LDH-F and bentonite, respectively, in the neat resin RK. Composites containing both
clays are named RK-FBtz, where z is the percentage by weight of the total amount of the same
content of the inorganic solids (LDH-F and Bt) presents in the resin RK (e.g., RK-FBt5 means RK
95%, LDH-F 2.5%, and Bt 2.5%). The neat RK resin was used as control material.

The neat resin and all the hybrid composites obtained were cured by photo-polymerization
using a visible light-curing unit with a light intensity of 550 mW/cm? and an irradiation time of 60 s.
Specimen disks 20 mm in diameter and 1 mm thick were fabricated using steel molds.

2.2. Characterization and Evaluation

2.2.1. Wide-Angle X-ray Diffraction (WAXD)

Wide-angle X-ray diffraction (WAXD) patterns with nickel-filtered Cu Ka radiation (A = 1.54050
A) were obtained at room temperature, in reflection, by an automatic Bruker diffractometer
operating at 40 kV and 40 mA. The patterns were recorded from 2 to 40° of 20. The counting time
was 3 s per 0.05° of 20 step scan.

2.2.2. Gravimetric Measurements

To evaluate the effect of the moisture uptake on the composite properties, tests were carried out
according to ASTM 570. The test specimens, in the form of a disk 30 + 3 mm in diameter and 2 + 0.2
mm in thickness, were firstly dried in a vacuum oven for 24 h at 30 °C and, then, weighed to the
nearest 0.001 g. Specimens were then completely immersed in distilled water at 37 °C for about 1
year and periodically taken out, wiped with a dry cloth and carefully weighed. The percentage
weight gain of the samples was then measured by using the following Equation (1):

Weight gain (%) = (P1 - P2)/P2 x 100 (1)

where P1 and P2 are the weight of the wet and dry samples, respectively. For each condition, at least
three different test specimens were prepared and measured in independent runs to confirm the
reproducibility of the data. Test results were accepted only if the results are within + 0.05%.

2.2.3. Dynamic Mechanical Analysis

The mechanical properties of the samples were tested using a dynamic mechanical analyzer
(DMA 2980, TA Instruments, New Castle, DE, USA). The samples were tested by applying a variable



Polymers 2020, 12, 332 4 of 19

flexural deformation in single cantilever mode. The displacement amplitude was set to 0.1%,
whereas the measurements were performed at the frequency of 1 Hz. Rectangular sample with
dimensions 18 x 10 x 1 mm? were cut from the specimen disks. The range of temperature analyzed
was =50 to 150 °C with scanning rate of 3 °C/min.

2.2.4. Fluoride Release Study

Weighed disks of RK-FBt5, RK-FBt10, and RK-FBt20 were placed in a mineral medium with
composition similar to saliva (SAGF, 15 mL) at 37 °C under magnetic stirring. After specific time
intervals, free fluoride ion concentration (ppm) was determined using an ion chromatograph (DX
100; Dionex, Camberley, UK) with suppressed conductivity as reported by Calarco et al. [34]. The
analysis was made in triplicate and averaged the values.

2.3. Biological Test Methods

2.3.1. Primary Cell Culture

The human dental pulp cell (hDPSC) were enzymatically isolated from impacted third molars
obtained from 10 adults (18 to 22 years of age), as previously described [28,35], in compliance with
Italian legislation (including informed consent and institutional review board approval of the
protocol number 7413). The cells were cultured with a-minimum essential medium (a-MEM)
supplemented with 15% fetal bovine serum (FBS), 2 mM L-glutamine, 100 mM L-ascorbic
acid-2-phosphate, 100 U/mL penicillin-G, 100 mg/mL streptomycin, and 0.25 mg/mL fungizone
(HyClone, Milan, Italy) and maintained in 5% CO: at 37 °C. Proliferation, clonogenic potential, and
stem cell markers were analyzed. STRO-1+ stem cells were directly sorted from pulp cell at passage 3
with mouse anti-human STRO-1 IgM (Life Technologies, Milan, Italy) with immune magnetic beads
according to the manufacturer’s protocol (Dynabeads; Life Technologies, Milan, Italy). After cell
sorting, each of the following experiments was performed in triplicate on pooled STRO-1 sorted cells
(STRO-1+ cells).

2.3.2. Cytotoxicity Assay

The effect of synthetized materials on STRO-1+ cell viability was determined using Cell
Counting Kit-8. Briefly, STRO-1+ cells were plated at 1 x 104 cells/well on RK, RK-FBt5, RK-FBt10,
and RK-FBt20 materials in 24-well flat-bottomed plates in culture medium. After 1, 3, and 7 days,
CCK-8 solution was added to each well followed by 3 h incubation at 37 °C. Absorbance was
measured at 450 nm using a microplate reader (Cytation 3; AHSI, Milan, Italy). Cells cultured on
tissue culture polystyrene were used as the control. The experiment was repeated 3 times and the
mean value calculated.

2.3.3. Alkaline Phosphatase Activity

Alkaline phosphatase activity is a typical marker for early odontoblastic differentiation.
Alkaline phosphatase (ALP) activity was evaluated using ALP Assay Kit according to Tammaro et
al. [28]. Briefly, STRO-1+ cells were cultured on RK-FBtx disks (RK, RK-FBt5, RK-FBt10, and
RK-FBt20, 14 mm diameter) for 1, 7, 14. and 28 days. Then, the cells were scraped into cold PBS,
sonicated in an ice bath and centrifuged at 1500x g for 15 min. ALP activity was measured in the
supernatant using p-nitrophenyl phosphate as a phosphatase substrate and alkaline phosphatase
supplied by the kit as a standard. The absorbance was measured at 405 nm and the amount of ALP
in the cells was normalized against total protein content.



Polymers 2020, 12, 332 5 of 19
2.4. Microbiological Procedures

2.4.1. Bacteria

The bacteria used in this study, Streptococcus spp., Bacteroides fragilis, and Staphylococcus
epidermidis isolated from 3 healthy volunteers’ saliva as reported in Di Salle et al. [35], were grown at
37 °C in nonselective Nutrient Broth (NB, Oxoid, Basingstoke, Hants, UK).

2.4.2. Direct Contact Test (DCT)

For this test, 10 pl of each bacterial suspension containing a microbial concentration of
approximately 2.0 x 108 cells/mL was placed on each disk surface and allowed to evaporate at 37 °C
for 60 min to ensure close direct contact between the bacteria and the disk surface. Then, the disks
were placed in a 12-well plate, covered with 500 uL of NB, and placed in a microplate reader
(Cytation 3; AHSI, Milan, Italy). Bacterial growth curves were obtained recoding the absorbance at
600 nm (OD 600 nm) every 30 min during 48 h at 37 °C under orbital agitation.

2.4.3. Biofilm Development under Dynamic Conditions

The drip-flow reactor (M-DFR) employed in the present study was constructed as described in
the Webworks Laboratory of the Montana State University [36]. Briefly, a plastic storage box was
modified inserting rubber stoppers for the feed tubes, the air vent, and the waste tube (Scheme 1).

Box Lid

1 Disk1} |11 Disk2} (\Disk3) i Disk4 || Disk5 }
\ S \ / \ SN JHN /

L

Scheme 1. Drip-flow reactor scheme.

The modified plastic box allows placement of five specimen disks 20 mm in diameter on the
bottom of the flow cells, ensuring complete immersion of disks’ surfaces in the flow medium. Before
the experiments, in order to minimize the risk of microbial contamination, the DFR was UV
sterilized. For each bacterial strain, biofilm formation was studied for 48 and 96 h simulating or not
the formation of salivary pellicle for 24 h. For simulation of salivary pellicle formation, before
inoculation the disks’ surfaces were completely covered with thawed sterile saliva and incubated at
37 °C for 24 h. Successively, the supernatant was carefully removed. Biofilm was developed
inoculating 10 mL of each bacterial suspension in early log phase in the DFR flow cells to allow
bacterial adhesion. After 4 hours, a constant flow (9.0 mL/h) of NB was provided using a peristaltic
pump and the temperature maintained at 37 °C for 48 or 96 h.

2.4.4. MTT Assay

The metabolic activity of biofilms was determined by 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay [37]. After 48 or 96 hours of incubation ion DFR, the feed flows to
the selected flow cells were discontinued. The disks were removed, immediately washed with sterile
PBS to remove nonadherent bacteria and placed in a 12-well plate. Then, 500 puL of 0.3 mg/mL MTT
was added to each well and incubated at 37 °C in dark. After 3 h, the MTT solution was removed and
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the formed formazan crystals were dissolved by adding 500 uL dimethyl sulfoxide (DMSO). OD510
nm was recorded using a microplate reader.

2.5. Statistical Analysis

All quantitative data are presented as the mean + SD. Each experiment was performed at least 3
times. For DCT, data were statistically analyzed using Kruskal-Wallis test followed by Dunn’s post
hoc analysis. All the data were analyzed with the GraphPad Prism version 6.01 statistical software
package (GraphPad, San Diego, CA, USA).

3. Results and Discussion

3.1. Structural Investigation

The incorporation and dispersion of the inorganic solids into the dental resin was investigated
by X-ray analysis. The diffractograms of the LDH-F and Bt are displayed in Figure 1a and Figure 1b,
respectively. The X-ray reflection of LDH-F at 20 = 11.7° corresponds to an interlayer distance of
0.757 nm. The second and third patterns at 20 = 23.6° and 34.9°, respectively, correspond to the
higher harmonics of the interlayer distance. All the peaks are sharp, and this indicates an ordered
accommodation of the inorganic fluoride anion within the interlayer regions.

Characteristic for bentonites is that they are mainly composed of smectites, a group of
expandable clay minerals with a wide range of chemical compositions. The X-ray spectra of the
calcium bentonite shows a main diffraction pattern at 20 = 5.8° and other peaks at 17.5, 19.8, 21.9,
26.6, 30.2, and 36.1 degrees of 2-theta typical of a mixture of several minerals, such as kaolinite,
quartz, montmorillonite, and cristobalite. X-ray patterns of the pure resin RK and the hybrid
composites are shown in Figure 2. The broad pattern in Figure 2a is attributed to the reflection of
amorphous RK, while the diffraction spectra of RK/LDH-FBt composites (Figure 2b-d) show
characteristic reflections of LDH-F powders at 20 = 11.68°, 23.6°, and 34.9° and Bt clay at 20 = 5.8°,
(more evident for samples with higher concentration of LDH-F and Bt), in addition to the broad
reflection of pristine RK. The X-ray data indicated that the obtained hybrid composites are a mixture
of the resin RK with micro domains of LDH-F and Bt.

= ﬁ LDH-F
S A, A
>
Z
(7))
[
[«)
P
£
Bentonite
b
0 5 10 15 20 25 30 35 40

20

Figure 1. XRD patterns of (a) fluoride-intercalated layered double hydroxide (LDH-F) and (b)
calcium bentonite clay (Bt) powders. The curves are vertically translated for clarity.
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Figure 2. XRD patterns of the neat resin RK (a) and the hybrid composites samples at different
LDH-F and Bt content, RK-FBt5 (b), RK-FBt10 (c), and RK-FBt20 (d).

3.2. Water Absorption

One of the most important aspects to be improved in the dental resins is represented by the
water permeability. In fact, epoxy resins are vulnerable to absorbing water, thus, leading to a strong
performance loss especially when used in heat and humid ambient. Figure 3 shows the weight gain
(Equation (1)) for all composite samples after immersion in water at 37 °C for a selected time. The
neat resin shows a gradual water uptake until about 0.7%. The equilibrium water uptake increases
almost linearly with the addition of bentonite clay. The increase in water uptake could be due to
both the hydrophilic nature of the bentonite and the interface volume formed around the bentonite
particles. The hydrophilic clay lamellae are less embedded in the resin and more available to the
water molecules. This generally induces an increase in the sample diffusivity. In addition,
nanoparticles could produce a lack of crosslinking, which makes easy the water absorption. An
opposite behavior is observed for the LDH-F based samples. In this case, the filler addition produces
a gradual reduction in the quantity of water absorbed. As mentioned above, this is an interesting
result as the quantity of water absorption is closely related to the composites performances. The
absorbing curves show an initial time lag of about 10 days in which the sample weights change little
with time. Probably, the introduction of fluorine atoms into polymer systems has the effect of
making the matrix more resistant to water molecules, which is a desirable property for dental
restorative materials. The hybrid composites containing both clays (LDH-F and Bt) show an
intermediate behavior. In addition, at higher filler concentrations, the equilibrium water absorbed is
only slightly larger than that of the neat resin.
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Figure 3. Weight gain as function of conditioning time in water at 37 °C for neat RK resin and all
hybrid composites.

An in deep analysis of the water sorption mechanism is crucial to understand the interactions
between the filler and the resin matrix [38]. The water molecules can be present in two states, as free
molecules evenly distributed between the polymer chains or linked to the molecular structure by
means of hydrogen bonding. When they are free to move, they can act as diluents, and thus lead to a
loss in the composite properties. The sorption process of liquids in resin matrices is usually assumed
to be a concentration independent Fickian diffusion process [39]. The following expression is
generally used to describe the diffusion process:

M _, 8 i 1 @ +17n°D
T N R @
=

where M: is moisture uptake at time t and M- is the equilibrium moisture gain in the specimen at
saturation; & is the sample thickness and D is the sample diffusivity. Since the Fickian model
considers that the sorbed resides in the free volume and that no interaction is present (i.e., relaxation
or degradation effects on the polymer are not considered), it may not be completely accurate as a
predictive tool, especially when a strong bonding between water and epoxy groups is observed [40].
However, for the purpose of determining the diffusion coefficient of the epoxy it seems to yield
acceptable results. In Figure 4, the water uptake curves for all samples are in reasonable agreement
with the Fickian model (Equation (2)). However, the model overestimates the mass uptake at short
time. This suggests that the initial uptake behavior is contrasted by the ions release.
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Figure 4. Simulation of the absorption curves by Fickian model.

In Figure 5 the equilibrium moisture concentrations, as well as the diffusion coefficients derived
according to Equation (2), are shown. These parameters strongly depend by the filler nature and
concentration. In samples containing bentonite clay, the diffusivity decreases with the filler addition.
As expected, the tortuous diffusion pathway produced by the impermeable filler reduces the
diffusivity of water molecules [38]. This hindrance effect, however, does not have an effect on the
equilibrium water uptake, which increases with the filler addition. Probably, the hydrophilic nature
of the clay bentonite favors the water molecules accumulation at the equilibrium. An opposite effect
is observed with the LDH-F samples, i.e., water uptake decreases and diffusivity increases with the
filler concentration. In this case, the presence of fluorine atoms provides water repellence. However,
the presence on LDH-F filler probably induces a lack in crosslinking density, and thus an increase in
chain mobility with a consequent increase in water diffusivity. The combined effect of the two fillers
produces intermediate values. In this case, both water uptake and diffusivity increase with the filler
concentration increase.
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Figure 5. Equilibrium moisture uptake and Fickian diffusivity for all tested composites.
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3.3. Mechanical Properties

The mechanical properties were investigated in a wide range of temperatures by performing
dynamic mechanical analysis. Figure 6 shows the elastic modulus and the loss modulus for the
pristine resin and the resin containing 20 wt % of LDH-F/Bt mixture, as representative sample. As
expected, the addition of inorganic filler increases the elastic modulus of the resins in all the
temperature range investigated. This effect was observed in all dry samples and at almost all
concentrations (Figure 7).

10000 + 0.8 10000 5 0.8
—Storage Modulus —Storage Modulus
1 —Loss Modulus 07 ] —Loss Modulus T07
1000 - —Loss Factor + 0.6 1000 - —Loss Factor 106
g E L05 4 & ] 1054
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= ] = E —
+ 01 ] + 041
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Figure 6. Dynamic mechanical analysis (DMA) results of RK (left) and RK-FBt20 (right).

The loss factor (also known as tand) of the resin and RK-FBt20 composite is also reported in
Figure 6. The height and the shape of the curve are strictly related to the molecular relaxation and
the crosslinking distribution of the composites. The filler addition produces a wide distribution in
the molecular relaxation with an apparent increase of the crosslinking density. In literature, the glass
transition temperature is generally identified as the maximum in the loss factor curve. This increase
is evident after the glass transition temperature.
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Figure 7. Storage modulus at 37 °C of all samples investigated, in wet and dry conditions.
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The values of the glass transition temperatures are reported in Figure 8. We observed that the Tg
of the composite resins are consistently higher than the pristine resin. The observed reinforcement
increases when the filler concentration increases. As expected, as shown in many composite systems,
the deformation at breaking of the composite resin was found slightly lower than the pristine resin.
However, since the stress is increasingly higher in the composites, the toughness remained almost
unchanged.

The effect of the moisture on thermomechanical properties of the sample can be observed in
Figure 7 (wet samples). The elastic modulus, for almost all wet samples, shows an important
decrease in all the temperature ranges. This reduction is probably due to the presence of water
molecules in the interface between the polymer matrix and the filler that modify the constraints of
the polymer chain mobility near the reinforcements. In addition, the glass transition is affected by
the environmental humidity which can be due to a number of reasons, such as changes in reaction
chemistry, lower crosslink density, or a plasticizing effect of the water molecules entrapped in the
resin-filler interface regions. In particular, the rupture of the hydrogen bonding between polymer
chains by water molecules would produce an increment of the chain mobility during the glass
transition region.

Composites samples containing fluoride-intercalated layered double hydroxide and bentonite
(RK-FBtx) show an interesting increase in the glass transition (Figure 8) because of the synergic effect
of the water repellence of LDH-F and the molecular mobility reduction due to the bentonite clay
(Figure 5).

120 120

mDry mWet mDry mWet

110 -

100 -

90 -

Tg (°C)
Tg (°C)

80 -

70

60 -
RK RK-Bt5 RK-Bt10 RK-Bt20 RK RK-F5 RK-F10 RK-F20

mDry mWet

RK RK-FBt5 RK-FBt10 RK-FBt20

Figure 8. Glass transition temperature of all samples investigated, in wet and dry conditions.

3.4. Resins Biocompatibility and Differentiation

The success of dentin/pulp regeneration depends on the development of suitable scaffolding
materials as carriers for DPSCs. Stem cells derived from dental pulp (dental pulp stem cells, DPSCs)
represent an easy and accessible source of undifferentiated adult stem cells due to their noninvasive
collection procedures obtained from both human permanent and supernumerary teeth [41]. Several
studies have reported that DPSCs expressing STRO-1, a cell surface marker, represent a subgroup
able to differentiate into dental hard tissue-forming cells [42]. In fact, STRO-1+ sorted dental stem
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cells exhibited a superior predisposition to undergo odontogenesis than unsorted cells establishing
reproducible and defined in vitro culture protocol for regenerative purposes. In a previous work, we
demonstrated that fluoride-containing resin elicit beneficial effects on STRO-1+ cells inducing
differentiation into functional odontoblast-like cells [34]. The new synthesized materials exhibited a
time-dependent fluoride release over 28 days of incubation in artificial saliva (SAGF). A slow
fluoride release that gradually increases until 21 days was observed for all tested materials (Figure 9)
reaching a concentration of fluoride ranging from 0.976 + 0.116 ppm (RK-FBt5) to 1.826 + 0.154 ppm
(RK-FBt20).

2.5
z ~+ RK-FBS
= RK-FB10
o —+ RK-FBt20
1]
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(]
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S

=]

=]
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Time (days)
Figure 9. Cumulative release profiles of fluoride ions from RK-FBt5, RK-FBt10, and RK-FBt20

measured by ion chromatography method. Samples were put in mineral medium with composition
similar to saliva (SAGF) for 28 days. The bars represent means + SD (1 = 3).

As shown in Figure 10, no significant effect on proliferation was observed between resins (RK,
RK-FBt5, RK-FBt10, and RK-FBt20) and control group after one, three, and six days of culture.

= RK
BN RK-FBt5
5 1% RK-FBH10
€ | I = RK-FBt20
g [
‘s 80-
=X
3
= 40-
1]
E
3
o 0-
1 3 6

Time (days)

Figure 10. STRO-1+ cell viability assessed by CCK-8 assay on RK, RK-FBt5, RK-FBt10, and RK-FBt20
resins after 1, 3, and 6 days. The bars represent means + SD (1 = 3).

In order to determine the effect on STRO-1+ cells, the activity of alkaline phosphatase (ALP) an
early marker of immature osteoblast/odontoblast, was evaluated. Figure 11 shows that the ALP
activity gradually increased for 28 days in cells grown on RK-FBt5, RK-FBt10, and RK-FBt20 as
compared with cells cultured onto tissue culture polystyrene and RK. These results suggest that the
resins exhibit equivalent biologic activity.
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Figure 11. Alkaline phosphatase (ALP) activity of STRO-1+ cells cultured for 28 days on RK-FBt
resins. Cell cultured onto tissue culture polystyrene (CTL) or on commercial light-activated
restorative materials (RK) were used as controls. * P < 0.05 versus CTL and RK; *** P < 0.001 versus
CTL, RK, and RK-FBt5; The bars represent means + SD (1 = 3).

3.5. Direct Contact Test (DCT)

The DCT, introduced in 1996 by Weiss et al. [43] is a quantitative and reproducible method that
simulates the contact of the test microorganism with composite resins inside the root canal and
evaluates the kinetics of bacterial growth. In particular, this method measures the bacterial growth
kinetic and detects the bacteriostatic (prevention of growth) and bactericidal effect of synthetized
materials.

The results of the DCT for the time period of 48 hours (Figure 12) demonstrated that only
RK-FBt20 was able to inhibit the growth of all three bacterial strains, while a slight effect was
observed for RK-FBt10. Indeed, the intergroup comparisons between groups analyzed using the
Kruskal-Wallis test followed by Dunn’s post hoc analysis demonstrated significant difference in
overall bacterial kinetics only for RK-FBt10 and RK-FBt20 (Table 1).

Table 1. Results of inter-group statistical significance of direct contact test (DCT) using Kruskal-
Wallis test followed by Dunn’s post hoc analysis.

Streptococcus spp. B. fragilis S. epidermidis
Test details P P P
CTL vs. RK n.s. n.s. n.s.
CTL vs. RK-FBt5 n.s. n.s. n.s.
CTL vs. RK-FBt10 0.0041 0.0044 0.0031
CTL vs. RK-FBt20 <0.0001 <0.0001 <0.0001
RK vs. RK-FBt5 n.s. n.s. n.s.
RK vs. RK-FBt10 n.s. n.s. n.s.
RK vs. RK-FBt20 0.0025 0.0033 0.0040
RK-FBt5 vs. RK-FBt10 n.s. n.s. n.s.
RK-FBt5 vs. RK-FBt20 n.s. n.s. n.s.

RK-FBt10 vs. RK-FBt20 n.s. n.s. n.s.
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Figure 12. Antibacterial activity evaluated by DCT against Streptococcus spp., Bacteroides fragilis, and
Staphylococcus epidermidis of RK, RK-FBt5, RK-FBt10, and RK-FBt20. Single bacterial strain growth in
absence of composite resins was used as control (CTL). Each point on the growth curves is the

average of optical density measurements in 6 wells at any given time point.

3.6. Antibiofilm Analyses under Dynamic Conditions

Biofilm architecture, as well as antimicrobial tolerance of biofilms, is dependent on growth
conditions, such as hydrodynamics, nutrients, and cell density [44,45]. For these reasons, different

microbiological models that recreate a diverse oral environment can lead to different results. The

static biofilm formation is the most widely used experimental model to determine the antibiofilm

properties of materials, although it is not very representative of the oral cavity environment, where

adherence of bacteria is subjected to a salivary flux with the simultaneously formation of salivary
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pellicle [46]. In particular, the presence of the salivary pellicle, an acellular organic film that covers
any type of surface exposed to saliva, can have prominent effects on the biofilm formation and
composition. Pellicle proteins, such as lysozyme, histatins, a-amylase, cystatins, lactoferrin, and
large salivary mucin, that in vivo provide an array of potential receptors for the attachment of the
early colonizer [47,48] in vitro could inactivate the materials antibacterial activity acting as
separation layer between bacteria and material surface [46]. Furthermore, the composition of
biofilms can be modified by the specificity of the host or site, for example in presence of variations in
the intensity of the fluid flow. Indeed, several studies demonstrate that shear conditions enhanced
the adhesion of both Escherichia coli and Streptococcus gordonii in periodontitis [49].

Therefore, in this study a dip-flow reactor was used as a model system to generate a biofilm
under a laminar flow of nutrients close to the air-liquid interface, recreating in lab the dynamic
conditions of the oral cavity.

As shown in Figure 13, we observed a significant reduction in biofilm formation, regardless of
bacterial strain used and the presence or absence of salivary pellicle, only in RK-FBt10 and RK-FBt20
materials. In particular, the greatest effect was observed on Streptococcus spp. at 96 h for RK-FBt20 in
absence of salivary pellicle, inducing a 70% of biofilm inhibition with respect to a control (P < 0.001).
Furthermore, the presence of salivary pellicle did not significantly affect the antibiofilm properties of
composite resins for every bacterial strain.
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Figure 13. Antibiofilm activity of composite resins. Biofilm viability was evaluated by MTT assay,
simulating or not the formation of salivary pellicle, after 48 and 96 h of incubation at 37 °C in the
presence of Streptococcus spp. (A), B. fragilis (B), and S. epidermidis (C) as described in the Material and
Methods section. The absorbance of each well was read at 510 nm. Biofilm formation was reported as
a percentage in comparison with the maximum amount of biofilm produced by Streptococcus spp., B.
fragilis, and S. epidermidis grown (positive controls). For each sample, six different experiments were
conducted, and the results expressed as the mean of the values obtained (mean + SD). Statistically
significant variations: # P < 0.05, ## P < 0.01, and ### P < 0.001 versus positive control RK and
RK-FBt5.
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The fluoride concentration released from both RK-FBt10, and RK-FBt20 materials, after 48 h,
reaches already a micromolar amount capable of producing a significant antimicrobial effect
(Figure 9). The well-known antibacterial and antibiofilm activity [50,51] of fluoride is elicited via the
following three principal mechanisms: (i) the ability to form metal-fluoride complexes (i.e., with
aluminum and beryllium cations) that can interact with host F-ATPase and nitrogenase enzymes
[52]; (ii) the formation of hydrofluoric acid that interfere with the bacterial proton chain [53]; and (iii)
the direct inhibition of bacterial specific enzymes such as enolase, acid phosphatase,
pyrophosphatase, peroxidase, and catalase [54]. Indeed, fluoride concentrations lower than
micromolar are able to inhibit the glycolytic enzyme enolase interfering with a sustained bacterial
growth [55].

4. Conclusions

In this paper, the influence of temperature, moisture, and their combination on thermal and
mechanical properties was studied for a dental resin filled with various filler. The water absorption
has an important effect on the mechanical properties and the Ts of the material. Probably, water
absorption causes plasticization in the material, which is associated with a decrease in resistance and
Ts. The addition of filler does not affect the trends of the properties, although all the observed
decreases are lower for the composites. The new synthesized materials (RK-FBt10 and RK-FBt20) are
able to modulate the differentiation of DPSCs expressing STRO-1 into odontoblast-like phenotype
leading to an initial mineralization process. Moreover, the released fluoride could elicit antibacterial
and antibiofilm activity against three bacteria isolated from human saliva (Streptococcus spp., B.
fragilis, and S. epidermidis) and be involved in the formation of dental plaque and caries.

Taking together, these results make these materials a promising strategy in preventive and
restorative dentistry, preventing the initial bacterial adhesion and biofilm formation, the first two
steps crucial to the formation of dental caries.

Author Contributions: Conceptualization, L.T. and A.C.; data curation A.S.; investigation A.D.S. and I.D.L,;
methodology, L.T., A.C., and A.S; writing—original draft L.T. and A.C; writing—review and editing A.S., L.T.,
and A.C.; and supervision F.R., G.P,, and V.V. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors acknowledge the support given by “Sviluppo di nanotecnologie Orientate alla
Rigenerazione e Ricostruzione tissutale, Implantologia e Sensoristica in Odontoiatria/oculistica—SORRISO”
and POR Campania FESR 2014_2020 and “Tecnologie abilitanti per la sintesi eco-sostenibile di nuovi materiali
per la restaurativa dentale” — ABILTECH.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Marghalani, H.Y. Resin-Based Dental Composite Materials. In Handbook of Bioceramics and Biocomposites;
Springer International Publishing:Berlin, Germany, 2016; pp. 357-405.

2. Cramer, N.B.; Stansbury, ].W.; Bowman, C.N. Recent Advances and Developments in Composite Dental
Restorative Materials. . Dent. Res. 2011, 90, 402-416.

3. Bowen, R.L. Use of epoxy resins in restorative materials. ]. Dent. Res. 1956, 35, 360-369.

4. Zagho, M.; Hussein, E.; Elzatahry, A. Recent Overviews in Functional Polymer Composites for Biomedical
Applications. Polymers 2018, 10, 739.

5. Zhang, H.; Darvell, B.W. Mechanical properties of hydroxyapatite whisker-reinforced bis-GMA-based
resin composites. Dent. Mater. 2012, 28, 824-830.

6. Patterson, ].W.H.S.H. Bentonite and fuller’s earth resources of the United States. Available online:
https://pubs.er.usgs.gov/publication/pp1522 (accessed on 17 December 2019).

7. Sorrentino, A.; Gorrasi, G.; Vittoria, V. Permeability in clay/polyesters nano-biocomposites. In Green
Energy and Technology; Springer: London, UK, 2012; Volume 50, pp. 237-264, ISBN 9781447141013.

8. Moosavi, M. Bentonite Clay as a Natural Remedy: A Brief Review. Iran. J. Public Health 2017, 46, 1176-1183.



Polymers 2020, 12, 332 17 of 19

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Gorrasi, G.; Milone, C.; Piperopoulos, E.; Lanza, M.; Sorrentino, A. Hybrid clay mineral-carbon
nanotube-PLA nanocomposite films. Preparation and photodegradation effect on their mechanical,
thermal and electrical properties. Appl. Clay Sci. 2013, 71, 49-54.

Miyazaki, M.; Ando, S.; Hinoura, K.; Onose, H.; Moore, B.K. Influence of filler addition to bonding agents
on shear bond strength to bovine dentin. Dent. Mater. 1995, 11, 234-238.

Nunes, M.F.; Swift, E.J.; Perdigdo, J. Effects of adhesive composition on microtensile bond strength to
human dentin. Am. J. Dent. 2001, 14, 340-343.

Atai, M,; Solhi, L.; Nodehi, A.; Mirabedini, S.M.; Kasraei, S.; Akbari, K.; Babanzadeh, S. PMMA-grafted
nanoclay as novel filler for dental adhesives. Dent. Mater. 2009, 25, 339-347.

Nikolaidis, A.K.; Koulaouzidou, E.A.; Gogos, C.; Achilias, D.S. Synthesis and Characterization of Dental
Nanocomposite Resins Filled with Different Clay Nanoparticles. Polymers 2019, 11, 730.

Soares, C.J.; Faria-E-Silva, A.L.; De Paula Rodrigues, M.; Vilela, A.B.F.; Pfeifer, C.S.; Tantbirojn, D.;
Versluis, A. Polymerization shrinkage stress of composite resins and resin cements —What do we need to
know? Braz. Oral Res. 2017, 31, 62.

Ersen, K.A.; Giirbiiz, O.; Ozcan, M. Evaluation of polymerization shrinkage of bulk-fill resin composites
using microcomputed tomography. Clin. Oral Investig. 2019, doi:10.1007/s00784-019-03025-5.

Fronza, B.M.; Lewis, S.; Shah, P.K.; Barros, M.D.; Giannini, M.; Stansbury, J.W. Modification of filler
surface treatment of composite resins using alternative silanes and functional nanogels. Dent. Mater. 2019,
35, 928-936.

Tanner, J.; Tolvanen, M.; Garoushi, S.; Sailynoja, E. Clinical Evaluation of Fiber-Reinforced Composite
Restorations in Posterior Teeth—Results of 2.5 Year Follow-up. Open Dent. ]. 2018, 12, 476-485.
Nedeljkovic, I.; Teughels, W.; De Munck, J.; Van Meerbeek, B.; Van Landuyt, K.L. Is secondary caries with
composites a material-based problem? Dent. Mater. 2015, 31, e247-e277.

Bernardo, M.; Luis, H.; Martin, M.D.; Leroux, B.G.; Rue, T.; Leitao, J.; DeRouen, T.A. Survival and reasons
for failure of amalgam versus composite posterior restorations placed in a randomized clinical trial. J. Am.
Dent. Assoc. 2007, 138, 775-783.

Imazato, S.; McCabe, J.F. Influence of incorporation of antibacterial monomer on curing behavior of a
dental composite. J. Dent. Res. 1994, 73, 1641-1645.

Mirsayar, M.M. On fracture analysis of dental restorative materials under combined tensile-shear loading.
Theor. Appl. Fract. Mech. 2018, 93, 170-176.

Mirsayar, M.M.; Park, P. Modified maximum tangential stress criterion for fracture behavior of
zirconia/veneer interfaces. J. Mech. Behav. Biomed. Mater. 2016, 59, 236-240.

Tavassoli Hojati, S.; Alaghemand, H.; Hamze, F.; Ahmadian Babaki, F.; Rajab-Nia, R.; Rezvani, M.B.;
Kaviani, M.; Atai, M. Antibacterial, physical and mechanical properties of flowable resin composites
containing zinc oxide nanoparticles. Dent. Mater. 2013, 29, 495-505.

Costantino, U.; Nocchetti, M.; Gorrasi, G.; Tammaro, L. Hydrotalcites in nanobiocomposites. In
Multifunctional and Nanoreinforced Polymers for Food Packaging; Elsevier: Amsterdam, The Netherlands,
2011; pp. 43-85.

Bugatti, V.; Esposito, L.; Franzetti, L.; Tammaro, L.; Vittoria, V. Influence of the powder dimensions on the
antimicrobial properties of modified layered double hydroxide. Appl. Clay Sci. 2013, 75-76, 46-51.

Stencel, R.; Kasperski, J.; Pakieta, W.; Mertas, A.; Bobela, E.; Barszczewska-Rybarek, I.; Chladek, G.
Properties of Experimental Dental Composites Containing Antibacterial Silver-Releasing Filler. Materials
2018, 11, 1031.

Xu, HH.K,; Sun, L.; Weir, M.D.; Antonucci, ].M.; Takagi, S.; Chow, L.C.; Peltz, M. Nano DCPA-whisker
composites with high strength and Ca and PO(4) release. |. Dent. Res. 2006, 85, 722-727.

Tammaro, L.; Vittoria, V.; Calarco, A.; Petillo, O.; Riccitiello, F.; Peluso, G. Effect of layered double
hydroxide intercalated with fluoride ions on the physical, biological and release properties of a dental
composite resin. J. Dent. 2014, 42, 60-67.

Conte, R.; De Luise, A.; Valentino, A.; Di Cristo, E.; Petillo, O.; Riccitiello, F.; Di Salle, A.; Calarco, A.;
Peluso, G. Hydrogel Nanocomposite Systems. In Nanocarriers for Drug Delivery; Elsevier: Amsterdam, The
Netherlands, 2019; pp. 319-349.

Chenicheri, S.; Usha, R..; Ramachandran, R.; Thomas, V.; Wood, A. Insight into Oral Biofilm: Primary,
Secondary and Residual Caries and Phyto-Challenged Solutions. Open Dent. ]. 2017, 11, 312-333.



Polymers 2020, 12, 332 18 of 19

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.
51.

52.

53.

Zitzmann, N.U.; Berglundh, T. Definition and prevalence of peri-implant diseases. ]. Clin. Periodontol. 2008,
35, 286-291.

Albrektsson, T.; Buser, D.; Chen, S.T.; Cochran, D.; DeBruyn, H.; Jemt, T.; Koka, S.; Nevins, M.; Sennerby,
L.; Simion, M.; et al. Statements from the Estepona Consensus Meeting on Peri-implantitis, February 2-4,
2012. Clin. Implant Dent. Relat. Res. 2012, 14, 781-782.

Wade, W.G. The oral microbiome in health and disease. Pharmacol. Res. 2013, 69, 137-143.

Calarco, A.; Di Salle, A.; Tammaro, L.; De Luca, I.; Mucerino, S.; Petillo, O.; Riccitiello, F.; Vittoria, V.;
Peluso, G. Long-Term Fluoride Release from Dental Resins Affects STRO-1 + Cell Behavior. J. Dent. Res.
2015, 94, 1099-1105.

Di Salle, A.; Spagnuolo, G.; Conte, R.; Procino, A.; Peluso, G.; Rengo, C. Effects of various prophylactic
procedures on titanium surfaces and biofilm formation. J. Periodontal Implant Sci. 2018, 48, 373.
Constructing and Using a Drip Flow Reactor. Available online:
https://www.cs.montana.edu/webworks/projects/stevesbook/contents/chapters/chapter011/section021/blu
e/page001.html (accessed on 1 September 2019).

He, Z,; Liang, J.; Zhou, W.; Xie, Q.; Tang, Z.; Ma, R.; Huang, Z. Effect of the quorum-sensing luxS gene on
biofilm formation by Enterococcus faecalis. Eur. ]. Oral Sci. 2016, 124, 234-240.

Sorrentino, A.; Tortora, M.; Vittoria, V. Diffusion behavior in polymer-clay nanocomposites. J. Polym. Sci.
Part B Polym. Phys. 2006, 44, 265-274.

Sorrentino, A.; Gorrasi, G.; Tortora, M.; Vittoria, V. Barrier properties of polymer/clay nanocomposites. In
Polymer Nanocomposites; Mai, Y.-W., Yu, Z.-Z., Eds.; Elsevier: Cambridge, UK, 2006; pp. 273-296, ISBN
978-1-85573-969-7.

Sorrentino, A. Nanocoatings and ultra-thin films for packaging applications. In Nanocoatings and
Ultra-Thin Films; Makhlouf, A.S.H., Tiginyanu, I., Eds.; Elsevier: Oxford, UK, 2011; pp. 203-234, ISBN
9781845698126.

La Noce, M.; Paino, F.; Spina, A.; Naddeo, P.; Montella, R.; Desiderio, V.; De Rosa, A.; Papaccio, G.; Tirino,
V.; Laino, L. Dental pulp stem cells: State of the art and suggestions for a true translation of research into
therapy. J. Dent. 2014, 42, 761-768.

Yang, X.; van der Kraan, P.M.; Bian, Z.; Fan, M.; Walboomers, X.F.; Jansen, J.A. Mineralized Tissue
Formation by BMP2-transfected Pulp Stem Cells. . Dent. Res. 2009, 88, 1020-1025.

Weiss, E.I; Shalhav, M.; Fuss, Z. Assessment of antibacterial activity of endodontic sealers by a direct
contact test. Dent. Traumatol. 1996, 12, 179-184.

Stewart, P.S. Antimicrobial Tolerance in Biofilms. Microbiol. Spectr. 2015, 3,
doi.org/10.1128/9781555817466.ch13.

Stoodley, P.; Dodds, I.; Boyle, ].D.; Lappin-Scott, HM. Influence of hydrodynamics and nutrients on
biofilm structure. ]. Appl. Microbiol. 1998, 85, 195-28S.

Zaltsman, N.; Ionescu, A.C.; Weiss, E.I; Brambilla, E.; Beyth, S.; Beyth, N. Surface-modified nanoparticles
as anti-biofilm filler for dental polymers. PLoS ONE 2017, 12, e0189397.

Yao, Y.; Berg, E.A.; Costello, C.E.; Troxler, R.F.; Oppenheim, F.G. Identification of protein components in
human acquired enamel pellicle and whole saliva using novel proteomics approaches. J. Biol. Chem. 2003,
278, 5300-5308.

Grofiner-Schreiber, B.; Teichmann, J.; Hannig, M.; Dorfer, C.; Wenderoth, D.F.; Ott, S.J. Modified implant
surfaces show different biofilm compositions under in vivo conditions. Clin. Oral Implants Res. 2009, 20,
817-826.

Thomas, W.E.; Trintchina, E.; Forero, M.; Vogel, V.; Sokurenko, E. V Bacterial Adhesion to Target Cells
Enhanced by Shear Force. Cell 2002, 109, 913-923.

Marquis, R.E. Antimicrobial actions of fluoride for oral bacteria. Can. ]. Microbiol. 1995, 41, 955-964.
Marquis, R.E.; Clock, S.A.; Mota-Meira, M. Fluoride and organic weak acids as modulators of microbial
physiology. FEMS Microbiol. Rev. 2003, 26, 493-510.

Sturr, M.G.; Marquis, R.E. Inhibition of proton-translocating ATPases of Streptococcus mutans and
Lactobacillus casei by fluoride and aluminum. Arch. Microbiol. 1990, 155, 22-27.

Guha-Chowdhury, N.; Iwami, Y.; Yamada, T. Effect of Low Levels of Fluoride on Proton Excretion and
Intracellular pH in Glycolysing Streptococcal Cells under Strictly Anaerobic Conditions. Caries Res. 1997,
31, 373-378.



Polymers 2020, 12, 332 19 of 19

54. Guha-Chowdhury, N.; Clark, A.G.; Sissons, C.H. Inhibition of purified enolases from oral bacteria by
fluoride. Oral Microbiol. Immunol. 1997, 12, 91-97.

55. Matsui, R.; Cvitkovitch, D. Acid tolerance mechanisms utilized by Streptococcus mutans. Future Microbiol.
2010, 5, 403-417.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ @ \ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).




