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Abstract: The aim of this study was to synthetize a hydroxyapatite-capsaicin composite (HAp-CAP) and to
evaluate its physicochemical data for further use in hydrogen peroxide in-office dental bleaching gel. The HAp-
CAP was prepared by the precipitation method, performed in a 4:1 ratio using 3.2 g of nano-hydroxyapatite
(nano-HAp) and 0.8 g of capsaicin (CAP) in 99.5% ethyl alcohol (q.s.p) and zirconia beads at SpeedMixer®. The
HAp-CAP was characterized by morphological, spectroscopic, and thermal analyses. In the following, the
HAp-CAP was added to an in-office dental bleaching to test its effect on reducing hydrogen peroxide diffusion
into the pulp chamber, as well as the effect in the color alteration during dental bleaching. The HAp-CAP were
suitably obtained by the precipitation method, and the results demonstrates that the thermal stability of the
CAP is greatly improved after reaction of HAp and CAP. The HAp-CAP into a bleaching gel slightly decreased
the amount of hydrogen peroxide inside the pulp chamber and didn’t interfering in the bleaching effectiveness
of dental bleaching. The HAp-CAP synthesis and characterization were successfully carried out, and its use in
dental materials is a challenging task that needs further study since its addition.

Keywords: dental enamel permeability; tooth bleaching; hydrogen peroxide; tooth sensitivity;
TRPA-1 receptors

1. Introduction

Dental bleaching is one of the most common procedures performed in aesthetic dentistry to
reduce patients’ frustration with dental color color [1, 2]. Among the dental bleaching techniques, the
in-office approach that uses high-concentration hydrogen peroxide gels [3, 4] is highly requested by
patients since it provides faster results [3, 5].

However, the main disadvantage of using more concentrated hydrogen peroxide gels is the
increased rate of beaching-induced tooth sensitivity (TS) [6-9]. TS is generally related to the ability of
hydrogen peroxide to penetrate through enamel and dentin after gel application [10, 11] and to
promote oxidative stress in pulp cells with the release of inflammatory mediators [10, 12-14] as well
as the intrinsic sensitivity to pain from each patient [8]. Therefore, the higher the hydrogen peroxide
concentration in dental pulp, the higher TS is observed [3, 15], because the concentration of bleaching
gel applied may influence the amount of hydrogen peroxide that reaches the pulp chamber [15, 16].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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For this reason, the addition of desensitizing or remineralizing agents in the in-office bleaching gels
could be an effective alternative to reduce TS [11, 17-19] by reducing the hydrogen peroxide diffusion
in the pulp chamber.

Hydroxyapatite (HAp) is among the most investigated biomaterials today [20, 21]. In Dentistry,
this material is widely used due to its ability to obliterate dentin tubules [22-24], and due to the
remineralizing potential in enamel [25, 26] which may be related to TS decrease [27-29]. In addition,
several nano-hydroxyapatite composites have been developed for various Dentistry uses [20, 21, 30].
Composites and nanocomposites have promising mechanical and thermal properties [31]. Therefore,
the use of a nanocomposite containing hydroxyapatite whose benefits are already known, may be an
effective alternative for TS control.

Regarding TS, it is known that hydrogen peroxide, in addition to causing pulp injuries, can lead
to the direct activation of TRPA-1 receptors present in the C-fibers of the dental pulp, responsible for
the detection of noxious stimulus [32, 33]. Among the agents capable of inhibiting TRPA-1 receptors
are capsaicinoides, such as capsaicin (CAP), which is a highly selective agonist of TRPA-1 receptors
and can reduce the amount of neuropeptides released by nerve terminals [34]. It also has a nociceptive
effect in cases of pulp pain [35, 36].

However, despite the results already known for the use of hydroxyapatite in TS, the CAP use
for TS and pulpal pain control is poorly explored. As previously mentioned, HAp has been used for
the formation of highly effective nanocomposites in the dental environment. For this reason, the
synthesis of a nanocomposite capable of reducing hydrogen peroxide diffusion, concomitantly with
the inhibition of receptors present in the dental pulp, could bring clinical benefit for the reduction of
TS during dental bleaching procedures. When incorporated into the bleaching gel, this
nanocomposite will remain in contact with the tooth structure for a longer time, enabling the
simultaneous delivery of hydrogen peroxide and the desensitizing/remineralizing agents.

Therefore, the aim of this study was to obtain and characterize a HAp-CAP nanocomposite for
physiochemical analysis. This nanocomposite is intended for use in an in-office dental bleaching gel.
Additionally, we evaluated the effects of adding HAp-CAP to in-office dental bleaching, assessing
its impact on reducing hydrogen peroxide diffusion into the pulp chamber and examining its
influence on color alteration during the dental bleaching procedure.

2. Materials and Methods

2.1. Study Design

This study started with the obtaining of hydroxyapatite nanoparticles (Nano-HAp) for the
subsequent synthesis of the Hydroxyapatite-Capsaicin Composite (HAp-CAP). The synthesis and
characterization of Nano-HAp and HAp-CAP were carried out in the Industrial Pharmacy
Laboratories at the State University of Ponta Grossa (UEPG). The pure CAP, Nano-Hap and HAp-
CAP nanocomposite were characterized physiochemically to verify the properties before the
synthesis of the hydroxyapatite-capsaicin nanocomposite. The in vitro permeation was performed
using a suitably prepared human tooth.

2.2. Materials

CAP (CisH2/NOs, 95% purity, 305.4 molecular weight) was purchased from Botanic Healthcare
(Hyderabad, TG, India) and HAp previously synthesized with distilled water, ammonium hydroxide
(NH4OH), phosphoric acid (HsPOs) and calcium nitrate PA (Ca(NOs)2.4H20) were used as received.
The analytical grade of other chemicals was used without any further purification. Water was
purified in a Milli-Q Plus water purification system (Millipore, Bedford, MA, USA).

2.3. Synthesis of Hydroxyapatite Nanoparticles

HAps were synthesized through synthesis methods of precipitation. This method was carried
out for obtaining HAp nanoparticles (Nano-HAp). This reaction was performed with the addition of
1.2 mol/L HsPOs (P.A., 85% pure) in a suspension of 2.0 mol/L Ca(OH)2 (P.A., 95% pure) with a Ca/P
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molar ratio of 1.67, in aqueous medium at 40 °C on magnetic stirring. The dropping speed of the
HsPOs solution was controlled at about 1 drop/s. After adding the acid solution, pH was adjusted to
10.0 using NH4OH (P.A., 28% pure). The precipitate was aged for 24 h, vacuum filtered, and the
resulting precipitate was dried in an oven for 24 h at 100 °C. After drying, the HAp powders were
ground in mortar and sieved through 200 mesh ASTM (75 pum) [37].

2.4. Synthesis of HAp-CAP Nanocomposite

The HAp-CAP nanocomposite was prepared by the method of precipitation [37]. The composite
synthesis was performed in a 4:1 ratio using 3.2 g of the previously synthesized nano-HAp and 0.8 g
of CAP in 99.5% ethyl alcohol (q.s.p) and zirconia beads at SpeedMixer® (FlackTek SpeedMixer® DAC
150.1 FV-K, Landrum, South Caroline) under agitation of 3000 rpm for 3 h to provide the grinding
process. After this period, the zirconia beads were removed, and HAp-CAP was taken to the dry
study at 35 °C for 48 h.

2.5. Physicochemical Characterization

2.5.1. Determination of the Particle Size, Polydispersity Index (PDI) and Zeta Potential

The particle size, PDI and zeta potential of the CAP, nano-HAp and HAp-CAP were determined
by dynamic light scattering (Zs90 Nanoseries; Malvern, Malvern Instruments, UK). Before
measurement, the samples were diluted using deionized water (1:1000). The refractive index of the
dispersant was set to 1.33. Each sample was analyzed in triplicate, and the average value was used
for analysis.

2.5.2. Field Emission Scanning Electron Microscopy (FESEM) and Energy Dispersive X-ray
Spectroscopy (EDS) Analysis

The pure CAP, nano-HAp, and HAp-CAP nanocomposite were diluted with deionized water
and then dropped onto a plasma membrane (glow-discharge) carbon membrane grid and allowed to
air dry. Then, the sample surfaces were metalized with 10 nm of a gold metallic alloy and analyzed
in scanning electron microscope (MIRA3 LM, Tescan, Warrendale, PA, EUA) at an acceleration
voltage of 10 kV. Images were acquired at a nominal magnification of 10kv. A qualitative distribution
of the samples in the matrix was obtained by Energy dispersive X-ray spectroscopy (EDS) with a
silicon drift detector - SDD (Oxford Instruments, High Wycombe, UK) at the SEM operating voltage
of 10 kV. SEM and EDS examinations were performed in all groups by and a technician who was
blinded to the experimental conditions under evaluation.

2.5.3. X-ray Powder Diffraction (XRPD)

The XRPD studies of the samples were carried out on an X-ray diffractometer (Ultima IV,
Rigaku, The Wodland, TX, USA), using Bragg-Brentano geometry with Cu Ka radiation (I = 1.5418
A) and a Peltier-cooled solid-state detector. All powder diffraction patterns were measured in
continuous mode, using an 20 angular range 50-80°, tube power 40 kV and 30 mA, step size 0.02°
using a scan rate of 0.1° 20/min. All analyses were performed in triplicate.

2.5.4. Fourier-Transform Infrared Spectroscopy (FTIR)

The pure CAP, nano-Hap and HAp-CAP nanocomposite was assessed by FTIR using potassium
bromide (KBr) pellets with 1 mg of the sample and 100 mg of spectroscopic grade KBr (2%, m/m) at
the IR Prestige-21 equipment (SHIMADZU, Quito, Japan) in the range of 400-4000 cm with a
resolution of 4 cm™! and 64 scans/min. The obtained spectrum was evaluated against the pure CAP,
nano-HAp, and the HAp-CAP nanocomposite.
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2.5.5. Thermogravimetric Analysis (TGA)

The TGA analysis was conducted in a TA thermal analysis analyzer (Labsys Evo STA, Setaram
Instrumentation, Caluire, France), was used to obtain information of the material’s thermal
degradation. Samples of 10 + 0.1 mg were heated from 20 to 500 °C under nitrogen atmosphere at a
flow rate of 30 mL/min?. All the experiments were conducted at 10 °C/min' and the
thermogravimetric and derivative (TG/DTG) curves were recorded. The hybrid nanocomposites
compositions were also calculated from the residues obtained at the end of the TGA. The equipment
was previously calibrated with copper sulfate pentahydrate.

2.5.6. Determination of Differential Scanning Calorimetry (DSC)

The DSC analysis of the samples was performed using a thermal analysis equipment (Labsys
Evo STA, Setaram Instrumentation, Caluire, France) out at a maximum temperature of 500 °C. The
sample was packed in a well-sealed aluminum pan and then heated from - 100 °C to 120 °C at a rate
of 10 °C/min". The equipment was previously calibrated with indium.

2.6. Addition of HAp-CAP in an In-Office Bleaching Gel: Hydrogen Peroxide Diffusion Inside the Pulp
Chamber and Bleaching Efficacy Evaluation

2.6.1. Ethical Committees and teeth Selection

After the previous physiochemical analysis, the 5% HAp-CAP nanocomposite was added to an
in-office bleaching gel. An in vitro study of hydrogen peroxide diffusion and color alteration was
performed to justify the HAp-CAP nanocomposite use in Dentistry. The methodology used for this
purpose is clearly consolidated [11, 16, 18, 38, 39]. The study was submitted and approved by the
Research Ethics Committee of the State University of Ponta Grossa (# 5.435.477) and has used eighteen
premolars without morphological alterations or enamel cracks obtained from the Tooth Bank of the
State University of Ponta Grossa.

2.6.2. Bleaching Gels Preparation

Two in-office bleaching gels were prepared containing 3% sodium alginate (Biotec, Biotec -
Comércio de Produtos para laboratério Eireli, Sao José dos Pinhais, Brazil), 0.05% E.D.T.A (Synth,
Synth Diadema, Brazil), 0.4% citric acid (Biotec, Biotec - Comércio de Produtos para laboratdrio Eireli,
Sao José dos Pinhais, Brazil), 25% propyleneglycol (Quimidrol, Quimidrol - Produtos Quimicos para
a Indastria, Pinhais, Brazil) and purified water as vehicle. In one of these gels, 35% pure hydrogen
peroxide (HP 35%) was also added. In the other one, 5% HAp-CAP nanocomposite (HP + HAp-CAP)
was also added besides the 35% HP. In order to confirm the initial concentrations inside the prepared
gels and compare them, those were titrated with a standardized potassium permanganate solution
before the bleaching procedure, and both gels showed the same final concentration of 35% hydrogen
peroxide. All measurements were assessed in triplicate (data not shown).

After being prepared, both gels were filled in identical white syringes, and coded to be used for
bleaching the teeth selected.

2.6.3. Sample Size Calculation

This stage of the study is based on the quantification of HP inside the pulp cavity. According to
previous literature [17], an average of 0.399 + 0.119 pg/mL of HP was found in the pulp chamber post-
in-office dental bleaching with HP 35% gels. Thus, using a bilateral test with an alpha of 0.05 and a
power of 80%, six teeth were needed in each group to detect a difference of 0.200 pg/mL.

2.6.4. Sample Preparation and Dental Bleaching Procedure

The teeth were randomly assigned to three groups (n = 6) according to the experimental
bleaching gel used: hydrogen peroxide 35% (positive control) or hydrogen peroxide Hap-Cap 35%
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(HP + Hap-CAP). An additional group not exposed to bleaching treatment was evaluated (control).
The roots of all teeth were removed approximately 3 mm from the cement-enamel junction, using a
low-speed diamond disk (Isomet 1000, Buehler Ltd., Lake Bluff, USA). Following, the pulp tissue was
rinsed with deionized water from a Millipore Milli-Q (MS2000) system (Gehaka, Sao Paulo, SP,
Brazil), and the access to the pulp cavity was expanded using a # 1014 spherical drill (KG Sorensen,
Barueri, SP, Brazil) [11, 38].

A standard analytical curve was drawn from a 5,000 pg/mL stock solution prepared from a
concentrated solution (34% - 36% HP, LABSYNTH, Diadema, SP, Brazil). This solution was diluted
in an acetate buffer solution (pH = 4.5) and titrated using a potassium permanganate solution to
determine the analytical grade and the actual concentration of the solution. Based on this initial
concentration, serial volumetric dilutions of 0.000-0.404 pg/mL were performed to draw the
analytical curve. The known concentrations of hydrogen peroxide were obtained using a Cary UV-
Vis 50 spectrophotometer (Varian, Palo Alto, CA, USA) [16, 38].

To dental bleaching procedure, the teeth had their occlusal surface fixed on a wax plate, allowing
access to the pulp cavity, and had their vestibular area isolated by photopolymerizable resin barrier
(Top Dam, FGM, Joinville, SC, Brazil). So, a 25 pL aliquot of the acetate buffer (pH = 4.5) was inserted
into the pulp cavity of each tooth to absorb and preserve any hydrogen peroxide that may penetrate
the pulp cavity during bleaching treatment. The bleaching gels were applying for an only session of
50 min.

After the procedure, the acetate buffer solution in the pulp cavity of each sample was aspirated
using a micropipette and transferred to a glass tube. This procedure was repeated with the acetate
buffer to clean the pulp cavity, and this was solution transferred to the same glass tube. So, 100 pL of
0.5 mg / mL (Leucocrystal Violet, Sigma Chemical Co., St Louis, MO, USA) and 50 uL of 1 mg / mL
of horseradish peroxidase enzyme (Peroxidase Type VI-A, Sigma Chemical Co., St. Louis, MO, USA)
were added to the glass tube, along with deionized water (2.725 pL). This sequence was repeated
separately for each tooth. The resulting solution was measured using a Cary 50 UV-Vis
spectrophotometer (Varian, Palo Alto, CA, USA) [16, 38]. According to Beer's Law, absorbance
directly corresponds to the concentration; therefore, the concentration of hydrogen peroxide (pg/mL)
was determined by comparison with the calibration curve already obtained.

During the bleaching procedure, the pH of each bleaching gel was measured immediately and
50 minutes post-application. For this, a 6 mm circular pHmeter and a flat surface pH electrode (Extech
pH100: ExStik pH Meter; Extech Instruments, Nashua, NH, USA) were positioned in each tooth
bleached and held in position until stabilization. Three measurements were carried out on each tooth
[38, 40].

The bleaching efficacy evaluation was measured before the bleaching procedure and one week
post bleaching protocol. It was performed for all groups, using a digital spectrophotometer (VITA
Easyshade Advance 4.0, VITA Zahnfabrik, Bad Sackingen, Germany). To this, the color parameters
were measured (L*, a*, and b*), and the color change before (baseline) and after treatment (one week)
was given by the difference between the colors measured with the spectrophotometer using the
CIELab formula [41]:

AEab = [(AL*)2 + (Aa*)2 + (Ab*)2]12,

Perceptual changes will be accepted when the differences in the initial and after-bleaching colors
present AEa» > 2.7 [42].

The obtained data were analyzed using the Kolmogorov-Smirnov test to assess whether they
were normally distributed and using the Barlett test to verify the assumption of equality of variances
(not shown data). The data of the amount of the hydrogen peroxide concentration (pg/mL) detected
inside the pulp cavity were subjected to t-test to compare the values obtained in different groups. The
bleaching efficacy were submitted to t-test to compare different bleaching gels. Statistical significance
was set at a = 0.05. The results have been converted into graphs.
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3. Results and Discussion

The HAp-CAP nanocomposite was suitably obtained by the precipitation method. After drying,
all the obtained formulations were in powder with a white color. It was known that composites and
nanocomposites exhibit promising mechanical and thermally advantageous properties [31]. The finds
of the characterization tests highlight the superior properties of the HAp-CAP nanocomposite in
comparison to the individual materials.

3.1. Physicochemical Characterization

3.1.1. Determination of the Particle Size, Zeta Potential and Polydispersion Index (PDI)

Regarding the average diameter, suitable nanometric-scaled size and low PDI which indicated
a narrow distribution [43, 44] were recorded in Table 1. PDI values close to 0 are considered
monodisperse and greater than 0.5 indicate heterogeneous dispersion.

Considering the zeta potential (), the colloidal structures showed negative values higher than
- 35 mV. According to the considered system, C can be positive (cationic) or negative (anionic). Its
absolute value gives valuable information on the stability of a colloid. For IC| typically larger than
30 mV, the high electric charge that is formed on the surface of the incipient droplets causes strong
repellant forces between them, preventing further particle aggregation and consequently providing
the system with a suitable stability [45, 46].

Table 1. Mean and standard-deviation of particle size (nm), polydispersity index (PDI), and zeta
potential (mV) of the capsaicin (CAP), nano-HAp and hydroxyapatite-capsaicin nanocomposite

(HAp-CAP).
. Particle size Polydispersity index Zeta potential
Material
aena (nm)* (Mw/Mn)* (mV)*
CAP 439.6 +1.80 0.831 +0.04 -35.8+1.60
nano-HAp 2346.2 +2.60 0.429 +0.06 -4.45+1.80
HAp-CAP nanocomposite 1522.6 +4.90 0.583 + 0.05 -14.1+2.20

* means (+ standard deviations); (n = 3).

3.1.2. Field Emission Scanning Electron Microscopy (FESEM) and Energy Dispersive X-ray
Spectroscopy (EDS) Analysis

SEM analysis was performed in order to investigate the shape and surface of materials.
Photomicrographs performed for pure CAP, nano-HAp and HAp-CAP nanocomposite after drying
are depicted in Figure 1 (a, b and c, respectively). CAP raw material (Figure 1la) is organized as
monoclinic crystals (rectangular plates), as expected [45]. While the analysis of samples obtained
through the precipitation method presented agglomerates of particles of nanometric size (Figure 1b).

The HAp-CAP nanocomposite (Figure 1c) mainly presented elongated particles agglomerates
and smooth surface. No pores were observed. These images confirmed the HAp-CAP nanocomposite
formation through the aforementioned method, as well as the nano-sized dimensions of these
formulations.
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Figure 1. Photomicrographs of capsaicin (a), nano-hydroxyapatite (b) and hydroxyapatite-capsaicin
nanocomposite (¢) by FESEM, magnification from 10,000 (a); (c) to 70,000 Kx (b); (c). The
photomicrographs show that CAP was organized as monoclinic crystals (a). On the other hand, the
nano-HAp showed agglomerates of nanometric-sized particles (b). The HAp-CAP nanocomposite (c)
showed elongated particles and a smooth surface.

3.1.3. X-ray Powder Diffraction (XRPD)

Figure 2 summarizes the XRPD patterns of CAP, nano-Hap and HAp-CAP. Pure drug (CAP)
showed intense diffraction peaks at Bragg angles 20 = 5.84° (24,000), 11.71° (4500), 16.4° (1240), and
19.8° (1870) which confirmed the crystalline structure of capsaicinoids characterized by sharp and
well-defined peaks [45]. The XRPD pattern of nano-HAp presented a single crystalline phase
corresponding to HAp, with characteristic peaks at 10.84°, 21.79°, 28.89°, 31.73°, 32.86°, and 39.74°

[37].
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Figure 2. XRPD patterns of capsaicin (a), and hydroxyapatite nanoparticles (b) and hydroxyapatite-

capsaicin nanocomposite (HAp-CAP; b).

The HAp-CAP nanocomposite obtained showed crystalline diffraction patterns similar to nano-
HAp. These results indicate that the procedure provided a remarkable decrease of the crystalline
diffraction peaks of capsaicinoids leading to drug amorphization. The preparation of nanocomposite
containing capsaicinoids as amorphous solids, when compared to the original crystalline structure of
the drug, may facilitate the dissolution process which is desirable mainly due capsaicinoids have low

solubility in aqueous media [45].
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3.1.4. Fourier-Transform Infrared Spectroscopy (FTIR)

FTIR studies were carried out to explore the type of interaction between CAP and HAp. FTIR
spectra of composite CAP are represented in Figure 3. Capsaicin ((6E)-N-[(4-Hydroxy-3-
methoxyphenyl)methyl]-8-methylnon-6-enamide) is an alkaloid of the group of capsaicinoids, and
its molecule contains three major fragments —aromatic head, amide linkage, and a hydrophobic tail.
CAP is depicted to peak at 3310 cm™ due to broadened N-H and O-H stretch (Figure 3). The peaks
showed at 1627 cm! represent C=0 stretch and at 1516 cm! for N-H bends. The peak shown at 1284
cm™ represents C-N bonds stretching, and the peak depicted at 807 cm for out of plane C-H bend,
in agreement with the previously reported [45].
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Figure 3. FTIR spectra of capsaicin (CAP), hydroxyapatite nanoparticles (Nano-HAp) and
hydroxyapatite-capsaicin nanocomposite (HAp-CAP).

FTIR spectra of the nano-HAp and HAp-CAP showed similar patterns (Figure. 3). Broad bands
at 3432 and 1642 cm™' were attributed to adsorbed water, while the sharp peak at 3571 cm™ was
assigned to the stretching vibration of the lattice OH- ions and the medium sharp peak at 633 cm™!
was assigned to the O—H deformation mode. Some typical bands for PO+*-appeared at 470, 568, 602,
964, 1041, and 1093 cm™. These assignments confirm that these nanoparticulate products were
successfully synthesized and were consistent to HAp [37]. Nanocomposite showed an overlap of the
raw materials signals, and no novel signal was evidenced for these formulations. In that sense, no
chemical reactions occurred during the nanocomposite process.

3.1.5. Thermogravimetric Analysis

Figure 4 summarizes the steps of thermal degradation verified for pure CAP (Figure 4a) and
Nano-HAp and HAp-CAP (Figure 4b). Figure 4a show the thermal stability curve (TGA) or the rate
of weight loss (DTG) for the CAP. The CAP is a kind of amide, and the thermal stability of which is
relatively poor. Three degradation steps can be seen from Figure 4a. The capsaicin firstly shows initial
weight loss at 150 °C and shows the highest degradation degree at 230 °C. This may be due to the
rupture and degradation of the amide group in the CAP. The second step starts at 250 °C and
degrades intensivelyat 310 °C. This can be ascribed to the decomposition of the alkene and methyl
group in this material. The third step starts at 390 °C and shows highest degradation at 450 °C. This
may be deduced to the hydrolysis of the remaining organic compounds in the residue. On the other
side, when the TGA profile of the HAp-CAP composite, it was possible to observed that thermal
stability of the CAP is greatly improved after reaction of HAp and CAP. Its degradation occurs in
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only one step. This step starts at about 300 °C. From the Figure 4, we also can see that the intensive
degree was decreased after reaction on the surface of CAP.
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Figure 4. TGA curves of capsaicin (CAP; a), hydroxyapatite nanoparticles (Nano-HAp; b) and
hydroxyapatite-capsaicin nanocomposite (HAp-CAP; b).

3.1.6. Determination of Differential Scanning Calorimetry (DSC)

DSC is a technique for the thermal analysis of a broad diversity of materials. Changes in material
properties with changes in the temperature can give valuable information about the drug-excipient
interactions and new entities formation. The DSC curves of all experimental groups are displayed in
Figure 5.

The CAP (Figure 5a) showed a sharp endothermic event at 92, 10°, attributed to its melting point,
representing CAP crystalline nature, as well as previously reported [47]. The typical melting event of
CAP was not observed in the DSC curves when Hap-CAP nanocomposite synthesized (Figure 5b).
This thermal behavior suggests that an amorphization of the drug occurred. This result was
reinforced by the XRPD patterns, in which no crystalline peak of FA was observed for drug-loaded

microparticles.
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Figure 5. Differential scanning calorimetry (DSC) thermograms of capsaicin (CAP; a), Hydroxyapatite
nanoparticles (Nano-HAp; b) and Hydroxyapatite-Capsaicin nanocomposite (HAp-CAP; b). Heating
cycle from 20 to 500 °C, rate 10 °C.min"".
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3.2. Hydrogen Peroxide Diffusion Inside the Pulp Chamber and Bleaching Efficacy

The relationship between TS and the hydrogen peroxide concentration in the pulp chamber is
well established. This is because a higher diffusion of hydrogen peroxide into the pulp chamber
corresponds to an increased level of TS [3, 15]. Hence, the primary aim of this research was to create
an innovative material with suitable physicochemical properties to be used in a bleaching gel for in-
office use. While there is a lack of studies assessing the simultaneous use of the two materials
employed in the composite synthesis (HAp and CAP), it is established that their individual
application has demonstrated positive outcomes in addressing adverse effects on the tooth surface
[11, 48] and influencing pulp receptors [35, 36].

After successfully obtaining the HAp-CAP nanocomposite, we decided to add it to an in-office
bleaching gel in an attempt to reduce the diffusion of hydrogen peroxide into the pulp chamber, as
well as the inhibition of receptors present in the dental pulp. The bleaching products used for in-
office dental bleaching trigger alterations to the enamel surface after the bleaching procedure [11, 49],
avoiding the peroxides that easily cross enamel and dentin, which allow free radicals to reach the
pulp where they produce an inflammatory reaction with the release of different inflammatory
mediators [13, 14], known as the TS. Thus, the higher the hydrogen peroxide concentration, the higher
its diffusion into the pulp chamber [15, 16] as well as a greater development of TS [3, 15]. In addition,
the acidity found in bleaching gels also seems to be related to the amount of hydrogen peroxide that
reaches the pulp [38].

Consequently, the optimal solution for reducing TS involves combining agents capable of both
desensitizing the dental pulp (CAP) and remineralizing the dental surface (HAp) during dental
bleaching. Unfortunately, due to the impossibility of assessing TS in vitro, it was evaluated the
evaluation of the amount of hydrogen peroxide in the pulp chamber. The expectation was that
incorporating a HAp-CAP nanocomposite into an in-office bleaching gel would reduce its
penetration into the pulp chamber by depositing material on the tooth surface. Figure 6 shows the
amount of hydrogen peroxide that diffused into the pulp chamber. Both bleaching gels evaluated
showed a significant and greater amount of hydrogen peroxide inside the pulp chamber when
compared to control (p < 0.001). However, besides a slight decrease in the hydrogen peroxide values
within the pulp chamber was noted when an HAp-CAP nanocomposite was added to the bleaching
gel, there was no significant difference when compared to in-office bleaching gel without the addition
of HAp-CAP (p > 0.05).

0.3 A [
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- |
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g 0.1 4
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0.0 4
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Figure 6. Mean and standard-deviation of hydrogen peroxide concentration (pg/ml) for the control
group (no bleaching), as well as for in-office bleaching gel without (HP 35%) and with the addition of
Hydroxyapatite-Capsaicin nanocomposite (HP 35% + HAp-CAP).
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Several reasons can explain the present results. The primary reason behind this occurrence could
be attributed to the simultaneous application of hydrogen peroxide. This suggests that although the
composite material remained in contact with the tooth surface, the hydrogen peroxide reaction might
have dominated or hindered the composite's effect. Another important fact to mention is that the gel
containing HAp-CAP was only evaluated against hydrogen peroxide diffusion and color alteration.
This leads us to believe that it should also be evaluated in terms of its effects on the tooth surface.
Earlier studies reveal that nanoparticles, especially HAp, has an ability to adhere to the enamel
surface by a protective layer for enamel [50], so the investigation of the HAp-CAP effects on the dental
surface has been encouraged.

The second explanation was that the pH did not remain stable during the application period and
was slightly acidic at the end of the bleaching procedure, which may have contributed to a greater
diffusion of hydrogen peroxide in the pulp chamber. The pH behavior of the two in-office bleaching
gels evaluated was evaluated only qualitatively but demonstrates an acidic pH initial, varying from
5.1 to 5.3 in the hydrogen peroxide 35%, and 6.3 to 5.3 to HP + HAp-CAP bleaching gels, which
demonstrates a small drop in pH after 50-minutes application. As previously observed, less acidic or
alkaline materials have lower amounts of hydrogen peroxide in the pulp chamber [17, 18, 38].
Therefore, the addition of HAp-CAP nanocomposite to alkaline bleaching agents should be tested in
the future, as well as its use in less concentrated bleaching agents for at-home use.

Additionally, it's noteworthy that the most effective efforts in reducing TS have been
documented when desensitizing agents are administered prior to dental bleaching [51, 52]. This
observation might prompt further exploration using the HAp-CAP nanocomposite in topical
desensitizing approaches.

Nevertheless, the hydrogen peroxide levels observed in this research align with previous studies
[17, 18], particularly when concentrations closer to 35% were employed, as higher concentrations of
hydrogen peroxide are typically linked to increased rates of its diffusion.

We should also mention that the concentration of HAp-CAP introduced into the bleaching gel
was 5%. Previous studies have shown that concentrations up to 5% of remineralizing or desensitizers
were normally employed to provide satisfactory results in reducing TS [53-57], without
compromising treatment safety. However, this is a preliminary study and does not dispense with the
need to evaluate different concentrations of the HAp-CAP in the bleaching gels.

Taking into consideration that a potential interference in the bleaching efficacy can be observed
when remineralizing products are used in dental bleaching [58] it's wort to mention that the use of
HAp-CAP was not able to interfere in the bleaching efficacy observed in the present study. Regarding
the bleaching efficacy, both bleaching gels used showed higher bleaching efficacy when compared to
the control (p < 0.05). However, it's important to mention that, the addition of HAp-CAP to the
bleaching gel did not affect their bleaching effect, since both in-office bleaching gels showed similar
bleaching efficacy (Figure 7). Observe that, the values of AEa» obtained are in according with previous
findings [11, 18], where a high hydrogen peroxide concentration was used. From a dental point of
view, this is a determining factor for the use recommendation of HAp-CAP in bleaching gels.
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Figure 7. Mean and standard-deviation of bleaching efficacy (AEay) for the control group (no
bleaching), as well as for in-office bleaching gel without (HP 35%) and with the addition of
Hydroxyapatite-Capsaicin nanocomposite (HP 35% + HAp-CAP).

Additionally, while the methodology employed to measure the hydrogen peroxide
concentration in the pulp chamber during dental bleaching yields crucial data, there have not been
studies thus far correlating the in vitro pulp hydrogen peroxide levels with the occurrence of TS in
patients. Therefore, it's important to mention some additional limitations regarding the present
study: antioxidants capable of inhibiting TRPA-1 receptors and reducing the release of neuropeptides
from nerve terminals cannot be assessed in the laboratory. Consequently, it's crucial that future
clinical studies evaluate the use of the HAp-CAP nanocomposite when added to in-office bleaching
gel as well as when applied prior to in-office bleaching gel.

It's also worth noting that in the current study, the primary factor influencing diffusion might
have been hydroxyapatite rather than capsaicin, underscoring the need for clinical studies to assess
the effects of HAp on pulp fibers and sensitivity reduction. Finally, it's important to mention that to
date, the most successful attempts to reduce tooth sensitivity have been observed when desensitizing
agents were applied before bleaching, a fact that may encourage further studies and the pursuit of
more satisfactory outcomes regarding hydrogen peroxide reduction in the pulp chamber.

4. Conclusions

The HAp-CAP nanocomposite physicochemical analyses confirmed that it showed mean
diameter, polydispersity index, and zeta potential within the standards for nanoscale. Morphological
and surface analysis showed that HAp-CAP nanocomposite had a spherical shape with a smooth
surface. Structural analysis confirmed that there was no chemical reaction between CAP and HAp.
All these physicochemical characterization showed that the synthesis process of the HAp-CAP
composite was successfully carried out. The addition of HAp-CAP nanocomposite in an in-office
bleaching gel showed a slight reduction of the amount of hydrogen peroxide inside the pulp chamber
and did not interfere in the color effectiveness after in-office dental bleaching.
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