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Effect on adhesion of a
nanocapsules-loaded adhesive system

Abstract: This study aimed to evaluate the in situ degree of
conversion, contact angle, and immediate and long-term bond
strengths of a commercial primer and an experimental adhesive
containing indomethacin- and triclosan-loaded nanocapsules (NCs).
triclosan-loaded NCs,
anti-inflammatory and antibacterial effects through controlled release,

The indomethacin- and which promote
were incorporated into the primer at a concentration of 2% and in the
adhesive at concentrations of 1, 2, 5, and 10%. The in situ degree of
conversion (DC, n=3) was evaluated by micro-Raman spectroscopy. The
contact angle of the primer and adhesive on the dentin surface (n = 3) was
determined by an optical tensiometer. For the microtensile bond strength
UTBS test (12 teeth per group), stick-shaped specimens were tested under
tensile stress immediately after preparation and after storage in water
for 1 year. The data were analyzed using two-way ANOVA, three-way
ANOVA and Tukey’s post hoc tests with a=0.05. The use of the NC-loaded
adhesive resulted in a higher in situ degree of conversion. The DC values
varied from 75.07 + 8.83% to 96.18 + 0.87%. The use of NCs in only the
adhesive up to a concentration of 5% had no influence on the bond
strength. The contact angle of the primer remained the same with and
without NCs. The use of both the primer and adhesive with NCs (for all
concentrations) resulted in a higher contact angle of the adhesive. The
longitudinal pT'BS was inversely proportional to the concentration of NCs
in the adhesive system, exhibiting decreasing values for the groups with
primer containing NCs and adhesives with increasing concentrations of
NCs. Adhesives containing up to 5% of nanocapsules and primer with
no NCs maintained the in situ degree of conversion, contact angle, and
immediate and long-term bond strengths. Therefore, the NC-loaded
adhesive can be an alternative method for combining the bond
performance and therapeutic effects. The use of an adhesive with up to
5% nanocapsules containing indomethacin and triclosan and a primer
with no nanocapsules maintained the long-term bond performance.

Keywords: Indomethacin; Triclosan; Drug Carriers; Dental Bonding,.

Introduction

Nanocapsules (NCs) composed of a polymeric capsule and an oil
core containing a drug promote controlled drug release.! Consequently,
the bioavailability of the encapsulated drugs lasts twice as long and
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promotes a higher efficiency over time compared
with the free drug.? Other advantages of encapsulated
drugs include deeper penetration of the drug into
narrow spaces, lower adverse effects and higher drug
stability due to the nanometer size of the particles
and the low reactivity of the encapsulated drug with
the medium.*** Due to these favorable conditions,
nanocapsules containing drugs have been applied in
dental adhesive systems, promoting certain therapeutic
effects, such as anti-inflammatory effects in the pulp
tissue and antimicrobial effects to protect against
caries, without compromising the physicochemical
properties of the adhesive.*”#

Nanocapsules applied to dentin as formulations
with water, primer or adhesive promote drug diffusion
up to 0.75 mm into dentin.*”® In the hybrid layer, the
nanocapsules incorporated in the adhesive were seen to
be dispersed over the intertubular dentin surface and
penetrate into the dentinal tubules.® The well-dispersed
particles and spherical shape of the NCs avoid stress
concentration in the adhesive, thus improving its
properties.’ The chemical affinity between the polymer
of the NCs and the monomers of the adhesive system
leads to reliable physicochemical properties.®”®? The
diffusion of nanocapsules in the hybrid layer did not
resultin a decrease in the immediate bond strength.”
Nonetheless, the influence of the nanocapsules on the
long-term bond strength has not yet been elucidated.

Therefore, this study aimed to evaluate the in
situ degree of conversion, the contact angle, and the
immediate and long-term bond strengths between a
primer and adhesive containing indomethacin-and
triclosan-loaded nanocapsules.

Methodology

The present study is an experimental in vitro
study. Nanocapsules containing indomethacin and
triclosan were formulated and added to a commercial
primer (Scotchbond) and an experimental adhesive,
as described below.

Preparation of indomethacin- and
triclosan-loaded NCs

Indomethacin- and triclosan-loaded NCs were
prepared by interfacial deposition through a
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preformed polymer technique, producing particles
with an average size of 159 nm®. The reagents were
obtained from Sigma Chemical (St. Louis, USA).
The organic phase was composed of a polymer
(MMA-co-MAA), Eudragit®S100 (0.50 g), indomethacin
(0.025 g), triclosan (0.025 g), medium-chain triglycerides
(0.81 mL), sorbitan monostearate (0.19 g) and acetone
(125 mL). The aqueous phase contained polysorbate
80 (0.385 g) and water (250 mL). The organic phase
was added via a funnel to the aqueous phase under
magnetic stirring at 25°C. The acetone and excess water
were removed using a rotary evaporator (Rotavapor
II, Buchi, Flawi, Switzerland) consisting of a B-740
recirculating chiller (Buchi, Flawi, Switzerland) and
a U-700 vacuum pump (Buchi, Flawi, Switzerland).
The suspension containing NCs was spray-dried
(B-290, Buchi, Flawi, Switzerland) using hydrophilic
fumed silicon dioxide (Aerosil® 200) with a content
of 1.5% in the suspension as an adjuvant to prevent
aggregation on the internal walls of the equipment.
The inlet temperature in the drying chamber was
approximately 150 + 4°C, and the outlet temperature
was 107 + 4°C.

Formulation of the adhesive resin and
primer containing indomethacin- and
triclosan-loaded NCs

Experimental dental adhesives were formulated
using 66/33 wt% bisphenol A glycol dimethacrylate
(BisGMA)/2-hydroxyethyl methacrylate
(HEMA). Camphoroquinone (CQ) and ethyl
4-dimethylaminobenzoate (EDAB) were added
at a concentration of 1 mol% as a photoactivation
system. The dried indomethacin- and triclosan-loaded
NCs were added at 1, 2, 5 and 10 wt% (groups
AD1%, AD2%, AD5%, and AD10%, respectively).
The group with no added particles was designated
the control (group AD0%). Two weight percent of
the indomethacin- and triclosan-loaded NCs was
incorporated in a commercial primer (Scotchbond
MP, 3M-ESPE, Seefeld, Germany), and one group
was maintained with no NCs (groups PR0% and
PR2%). These concentrations were chosen based on
previous studies”. All formulations were mixed and
ultrasonicated (CBU 100/1 LDG, Plana, Sdo Paulo,
Brazil) for 30 minutes.
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Preparation of teeth

To analyze the in situ degree of conversion,
contact angle and microtensile bond strength, bovine
permanent incisors were transversally sectioned to
expose the dentin surface. SiC paper (600 grit) was
used for 30 s under wet conditions to create a smear
layer on the dentin surface. The dentin surface was
etched with phosphoric acid for 15 s, washed, and
partially dried using absorbent paper. The primer,
with or without NCs, was applied, and the solvent
was evaporated for 10 s. The adhesives with different
concentrations of NCs were applied and photoactivated
for 20 s using a light-emitting diode (Radii cal, SDI,
Bayswater, Australia). Composite build-up was
performed (2350, 3M ESPE, St Paul, USA) in two
increments of 2 mm.

In situ degree of conversion (DC)

Thirty bovine incisors (n = 3) were prepared as
described in the section “Preparation of teeth.” The
restored teeth were transversely cut and analyzed
by micro-Raman spectroscopy (SENTERRA, Bruker
Optics, Ettlingen, Germany). The spectra were
acquired starting from dentin, and the observed
peaks were associated with the adhesive. The
Raman spectrum of each uncured adhesive was also
collected to identify the reference and reaction peaks
needed for the degree of conversion calculations by
comparing these spectra with the spectrum of the
cured adhesive on dentin. The phenyl C=C peak
observed at 1,610 cm™, which remained stable and
unmodified during polymerization, was selected
as the reference peak, while the vinyl C=C peak at
1,640 cm™ was selected as the reaction peak. The DC
of the adhesive within the hybrid layer was calculated
using the ratio between the reaction and internal
reference peak areas as the ratio of polymerized to
unpolymerized adhesive.

Contact angle

Thirty bovine incisors (n = 3) were embedded in
acrylic resin and prepared as described in the section
“Preparation of teeth.” The teeth were mounted on an
optical tensiometer (Theta, Biolin Scientific, Stockholm,
Sweden). The primer (3 uL) and adhesives (3 uL) with
different concentrations of NCs were dropped onto

the dentin surface at a speed of 60 mm/min through
a microsyringe. Images were captured at a speed of
12 frames/s up to 20 s after drop deposition using a
micro-video system. OneAttension software (Biolin
Scientific, Stockholm, Sweden) provided the values
of the contact angle 10 s after drop deposition by
Young's equation.

Microtensile bond strength (uTBS)

Two hundred and forty bovine permanent incisors
were divided into 20 groups (12 teeth per group) based
on the concentration of NCs in the primer and adhesive
and the length of evaluation (24 hours or 12 months).
The teeth were prepared as described in the section
“Preparation of teeth.” After storage in distilled
water at 37°C for 24 h, the teeth were sectioned into
four to six beams (area of 0.5 mm?) with a slow-speed
saw. The beams in the longitudinal groups were
stored in distilled water, which was changed every
month for one year. After 24 hours or 12 months, the
specimens were fixed to a microtensile device and
tested ona mechanical testing machine (DL-2000, EMIC
Equipment and Systems for Essay Ltda, Sao José dos
Pinhais, Brazil) at a crosshead speed of 0.5 mm/min
until failure. Analysis of the fractographic failure
mode was performed using an optical microscope
(400x magnification) and classified as an adhesive
and mixed cohesive in dentin or cohesive in resin.
Premature failures were also reported.

Statistical analysis

Statistical analysis was performed using two-way
ANOVA (nanocapsule and primer concentration)
and Tukey’s post hoc tests for the in situ degree of
conversion and contact angle. Three-way ANOVA
(nanocapsules, primer and time) and Tukey” post hoc
were used to analyze the microtensile bond strength.
All tests were performed at o = 0.05 using SigmaPlot.

Results

The use of the NC-loaded primer resulted in no
influence on the in situ degree of conversion. However,
the use of the NC-loaded adhesive resulted in a higher
in situ degree of conversion. The values of DC varied
from 75.07 + 8.83% to 96.18 + 0.87% (Table 1).

Braz. Oral Res. 2018;32:e008 3



Effect on adhesion of a nanocapsules-loaded adhesive system

The contact angle varied from 22.97 + 4.04 to
54.69 £ 5.19 degrees for the primer with NCs and
from 21.23 +7.85 to 25.19 £ 2.47 degrees for the primer
without NCs. Regarding the contact angle of the
adhesive, there were no significant differences among
the different concentrations of NCs in the adhesive.
The primer containing NCs did not influence the
contact angle when the adhesive without NCs was
used. The use of both primer and adhesive with
NCs resulted in a higher contact angle than the use
of NCs in only the adhesive (p < 0.05), ranging from
50.71 £ 15.23 to 54.69 £ 5.19 degrees (Table 1).

The microtensile bond strength results and
the mode of failure are shown in Tables 2 and 3,
respectively. The NCs in only the adhesive did not
influence the immediate pTBS. The longitudinal pT'BS
was inversely proportional to the concentration of
NCs in the adhesive system. The groups of the primer
with NCs and the different concentrations of NCs
in the adhesive showed a decreased longitudinal
microtensile bond strength (p< 0.05). The microtensile
bond strength showed differences between the

immediate and longitudinal results for the groups
with NCs in the primer. Adhesive/mixed fractures
were more frequently identified in all groups followed
by the cohesive fracture mode in dentin (Table 3).
Premature failure occurred only in the immediate
bond strength tests with a low frequency.

Discussion

The present study confirms the favorability of
adding nanocapsules to an adhesive system for
maintaining reliable long-term bond performance.
The procedure allows the dental adhesives to prevent
the inflammatory process of pulp tissue in deep
cavities and protect against caries through controlled
drug release due to the use of nanocapsules.”® In the
present study, the NC-loaded primer and adhesives
had no influence on the in situ degree of conversion
or the immediate bond strength. Nonetheless, the
use of a primer and adhesive combination with NCs
increased the contact angle and decreased the bond
strength after one year of aging.

Table 1. Degree of conversion (DC, in percent, %) in situ and contact angle (in degrees).

DC in situ (%)
Adhesive
PR 0% PR 2%

0% 80.58 = 6.58°% 75.07 = 8.83%
1% 96.02 = 1.11% 92.84 = 3.75%
2% 92.61 = 0.55% 88.26 = 5.79%
5% 93.54 = 0.47% 93.85 = 0.61%
10% 94.57 = 0.44% 96.18 = 0.87%

Contact angle (degrees)

PR 0% PR 2%
23.35 = 3.50* 22.97 = 4.04%
24.74 = 531% 54.69 = 5.19%
25.19 = 2.47% 50.71 = 15.23%

22.40 = 5.52%
21.23 = 7.85%

53.27 = 16.49%
53.56 + 8.54"

Different capital letters in the same column denote a statistically significant difference. Values followed by different lower-case letters in the same

row denote a statistically significant difference. PR: primer.

Table 2. Immediate (24 hours) and longitudinal (12 months) microtensile bond strength (uTBS, in MPa).
mTBS (24 hours)

Adhesive

PR 0% PR 2%
0% 36.71 = 10.36* 38.79 = 7.36%
1% 33.26 £ 4.12* 31.19 = 8.45%
2% 31.96 £ 4.50 30.09 + 5.75b8
5% 36.83 £ 9.35* 29.23 = 2.07%
10% 39.10 = 6.45% 30.05 = 4.28%

UTBE (12 povino)
PR 0% PR 2%

31.30 = 11.34c% 28.37 £ 14.30*
35.05 = 4.25%+ 17.49 + 5.70
30.31 = 8.39 20.36 = 4.22%
40.63 = 5.66* 1711 = 6.41%8
29.78 = 14.03" 13.92 = 6.92%

In each column, values marked by different lowercase lefters denote a significantly difference (p < 0.05). In each row, values marked by
different capital letters are significantly different (p < 0.05), comparing immediate and longitudinal periods. *indicates no significant difference
between groups with primer with and without in the same period (p > 0.05). Three-way ANOVA multiple comparisons by Tukey post hoc. PR:

primer; AD: adhesive.
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Table 3. Mode of failure distribution (in percent, %) for immediate and longitudinal microtensile bond strength specimens.

Mode of failure (%)

Groups A/M CD CR PF
immediate longitudinal immediate longitudinal immediate longitudinal immediate longitudinal

PR 0% AD 0% 5(76.09) 32 (71.17) 6 (13.04) 10 (22.22) 4(8.70) 3 (6.66) 1(2.17) 0 (0.00)
PR 0% AD 1% 8 (63.64) 0 (65.22) 6 (13.64) 1(23.91) 10 (22.72) 5(10.87) 0 (0.00) 0 (0.00)
PR 0% AD 2% 6 (55.32) 9 (68.42) 10 (21.28) 14 (24.56) 10 (21.28) 4(7.02) 1(2.13) 0 (0.00)
PR0% AD 5% 25 (67.57) 4 (69.39) 11 (29.73) 14 (28.57) 1(2.70) 1(2.04) 0 (0.00) 0 (0.00)
PR0% AD 10% 21 (52.50) 7 (71.15) 12 (30.00) 13 (25.00) 5(12.50) 2 (3.85) 2 (5.00) 0 (0.00)
PR2% AD 0% 27 (75.00) 4(72.34) 7 (19.44) 11 (23.40) 2 (5.55) 2 (4.25) 0 (0.00) 0 (0.00)
PR2% AD 1% 25 (65.79) 4 (60.00) 6(15.79) 13 (32.50) 5(13.16) 3(7.50) 2 (5.26) 0 (0.00)
PR2% AD 2% 29 (67.44) 1(58.33) 12 (27.91) 2 (33.33) 2 (4.65) 3(8.33) 0 (0.00) 0 (0.00)
PR 2% AD 5% 9 (69.05) 3 (60.53) 11 (26.11) 0(26.32) 2 (4.76) 5(13.16) 0 (0.00) 0 (0.00)
PR2% AD 10% 23 (57.50) 2(71.11) 8 (20.00) 6(13.33) 5(12.50) 7 (15.55) 4 (10.00) 0 (0.00)

PR: primer; AD: adhesive; A/M: adhesive/mixed fracture mode; CD: cohesive fracture mode in dentin; CR: cohesive fracture mode in resin;

PF: premature failures.

Networks with high cross-linking densities
experience low hydrolytic degradation due to the
availability of fewer ester groups for attack and
the reduced free volume, which prevents water
sorption.” The adhesive with NCs increased the
polymeric cross-linking density.”""'>"* The increased
conversion is due to the chemical affinity between
the methacrylate groups of the adhesive and the
polymeric capsule. The in situ analysis corresponds
to the most challenging conditions that exist inside
the hybrid layer'?'>* and can predict the adhesive
performance in vivo” due to a positive correlation
with the pTBS." Therefore, the results of the in situ
DC in the present study suggest that it is possible to
predict the low hydrolytic degradation and reliable
UTBS. The incorporation of NCs in only the adhesive
also resulted in no alteration of the contact angle. Low
contact angles indicate an equilibrium between the
phases, leading to a high bond strength,"”* which
occurred when NCs were only in the adhesive at a
concentration of up to 5%.

Although the adhesive showed a reliable DC and
UTBS, the use of a primer with nanocapsules and
adhesive that also contained nanocapsules could
likely cause more extensive hydrolytic degradation,
promoting a reduction in the bond strength. This
can be explained by the contact angle, since in these
groups, it represents a lower penetration of the

adhesive into the tissues, making it more susceptible
to degradation. The primer and adhesive containing
the NCs exhibited higher contact angles due to the
interference of the high content of massive organic
particles at the interface between the two media.
The NCs in the adhesive system resulted in a high
interfacial energy because of the low surface free
energy of the primed dentin using NCs in the primer
and the high liquid surface free energy of the adhesive
with NCs. The altered contact angle results in low
infiltration of the adhesive into the dentin?, which
in turn results in more extensive degradation of the
exposed collagen fibrils and, consequently, a lower
longitudinal bond strength.

The measurement of the immediate and long-term
bond strengths can predict the long-term clinical
performance.?* Incorporating NCs into the primer
and adhesive did not compromise the immediate
bond strength, as has been observed in previous
studies,”” indicating the reliable distribution of NCs
in the hybrid layer.®? Previous studies that tested
commercial and experimental adhesives showed
similar bond strength results.>*

Storage in water satisfactorily mimics clinical
restoration degradation®? since it infiltrates, promotes
the swelling of and reduces the forces between
polymer chains,” causing a decrease in the mechanical
properties, the elution of monomers and a consequent
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weakening of the bond."”*# The introduction of up
to 5% NCs in the adhesive had no influence on the
longitudinal bond strength. A decrease in the bond
strength of approximately 17% can be expected for
the other three-step systems; however, this decrease
was not significant.>? The increased strength of the
hydrolytic degradation is due to the final, separate
and more hydrophobic resin layer. The high content
of NCs in both the primer and adhesive decreased
the longitudinal bond strength, possibly due to the
high water uptake by the outer hydrophilic portion
of the polymeric capsule of the NCs.??* Moreover,
the altered thermodynamic equilibrium between
the adhesive and dentin when using both primer
and adhesive containing NCs (expressed by the
higher contact angles) may have influenced the
longitudinal bond strength. The lower surface energy
and wettability of the dentin surface cause lower
penetration of the adhesive, resulting in a higher
portion of non-protected dentin whose collagen
fibrils are susceptible to enzymatic degradation as
well as porosity in the hybrid layer, leading to more
extensive hydrolytic degradation.”?® Therefore, the
incorporation of NCs in only the adhesive showed
better adhesion performance.

The results of the failure analysis of the
uTBS are similar to the in vivo failure patterns,
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