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Reswume

OLIVEIRA-REIS, B. Anélise da permeabilidade e propriedades biologicas da dentina
tratada com vidros bioativos experimentais. [tese]. Aracatuba: Universidade Estadual

Paulista (UNESP), Faculdade de Odontologia; 2021.

Resume

O objetivo deste estudo foi avaliar a capacidade obliteradora de diferentes agentes
dessensibilizantes em dentina humana através da mensuracdo da permeabilidade
dentinéria, e suas performances biol6gicas através da analise de citotoxicidade em
fibroblastos gengivais humanos. Cinquenta molares humanos foram utilizados, dos quais
foram obtidos blocos de dentina (4x4x1mm) posteriormente distribuidos em grupos de
acordo com o dessensibilizante a ser utilizado (n=10): Grupo 1 - Controle (Saliva
artificial. Sem aplicacdo de agente dessensibilizante); Grupo 2 - Ultra EZ (Ultradent);
Grupo 3 - Desensibilize Nano P (FGM); Grupo 4 - Vidro Bioativo T5-OH (solugéo
experimental); Grupo 5 - Vidro Bioativo F18 (solugéo experimental). Os tratamentos

dessensibilizantes foram realizados durante 15 dias. Além disso, os espécimes foram



submetidos ao desafio com é&cido citrico para simular condi¢cbes desmineralizantes do
ambiente oral. As amostras foram submetidas a analise de permeabilidade antes e apos 0s
procedimentos dessensibilizantes e o desafio acido. Andlise de citotoxicidade foi
realizada pelo ensaio Alamar Blue complementado pela quantificacdo de proteina pelo
Método BCA (acido bicinconinico) (N=3; n=3) nos tempos de avaliacdo de 15 minutos,
24 horas e 48 horas. Microscopia eletronica de varredura (MEV) e Espectroscopia de
Raio-X por Energia Dispersiva (EDS) foram realizadas para analise qualitativa da dentina
tratada. Dados de permeabilidade dentinéria foram analisados por ANOVA dois fatores
medidas repetidas e Teste de Tukey (¢=0,05). Para a citotoxicidade, foram utilizados os
testes Kruskal-Wallis e Newman-Keuls («=0,05). Os resultados mostraram que para a
permeabilidade dentindria ndo houve diferenga significante entre o0s agentes
dessensibilizantes apds os tratamentos (p>0,05), porém o grupo controle apresentou 0s
maiores valores (0,131 + 0,076 Lp, p<0,05). Apo6s o desafio acido, o grupo controle
manteve os maiores valores (0,044 + 0,014 Lp) com diferenca significante para os demais
grupos (p<0,05), exceto para o Desensibilize Nano P (0,037 + 0,019 Lp). Quanto a
citotoxicidade, ndo houve diferenca entre os grupos experimentais (p>0,05). Assim, foi
possivel concluir que o uso de dessensibilizantes a base de biovidros causou efeito similar
ao uso de produtos disponiveis comercialmente, em relacdo a permeabilidade e

propriedades bioldgicas da dentina.

Palavras-chave: Sensibilidade da Dentina. Dessensibilizantes Dentinarios.

Permeabilidade da Dentina. Biologia Celular.
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OLIVEIRA-REIS, B. Analysis of permeability and biological properties of dentin treated
with experimental bioactive glasses. [thesis]. Aracatuba: S&o Paulo State University,

School of Dentistry; 2021.

The aim of this study was to evaluate the obliterating capability of different desensitizing
agents on human dentin by measuring dentin permeability, and their biological
performance by the analysis of cytotoxicity in human gingival fibroblasts. Fifty human
molars were used, from which dentin blocks were obtained (4x4x1mm) and distributed
in groups according to the desensitizing agent used (n=10): Group 1 - Control (Artificial
saliva. No desensitizing agent applied); Group 2 — Ultra EZ (Ultradent); Group 3 —
Desensibilize Nano P (FGM); Group 4 - T5-OH Bioactive Glass (Experimental solution);
Group 5 - F18 Bioactive Glass (Experimental solution). The desensitizing treatments
were performed for 15 days. In addition, the specimens were subjected to challenge with
citric acid to simulate oral environment demineralizing conditions. Samples were
subjected to permeability analysis before and after the desensitizing procedures and the
acid challenge. Cytotoxicity analysis was performed by using Alamar Blue assay and

complemented by total protein quantification by Pierce Bicinchoninic Acid (BCA) assay



(N=3; n=3) at 15 minutes, 24-hour and 48-hour time points. Scanning electron
microscopy (SEM) and energy dispersion X-ray spectroscopy (EDS) were performed for
qualitative analysis of treated dentin. Data of dentin permeability was analyzed by two-
way repeated measures ANOVA and Tukey's post-hoc test (a=0.05). For cytotoxicity,
Kruskal-Wallis and Newman-Keuls tests were used (a=0.05). The results showed that for
dentin permeability there was no significant difference among the desensitizing agents
after treatment (p>0.05), but the control group presented the highest values (0.131 + 0.076
Lp, p<0.05). And after acid challenge, the control group maintained the highest values
(0.044 + 0.014 Lp) with significant difference to the other groups (p<0.05), except for
Desensibilize Nano P (0.037 + 0.019 Lp). For cytotoxicity, there were no significant
differences among the experimental groups (p>0.05). It was concluded that the use of
bioglass-based desensitizers caused similar effects to commercially available products,

regarding permeability and dentin biological properties.

Keywords: Dentin Sensitivity; Desensitizing Agents; Dentin Permeability; Cell Biology.






Figura 1:

Figura 2:

Figura 3:

Figura 4:

Figura 5:

Figura 6:

%/M Ve %ﬂw

Design Of the STUAY.......cveiieiiiecie e 53

Section of the dentin CUt.......... ..o, 53
Representative scanning electron microscopy micrograph (Al: 500X,
A2:2000X, A3: 5000X) of a dentin block before surface treatment....54
Representative scanning electron microscopy micrograph (Al: 500X,
A2: 2000X, A3: 5000X) of a dentin block after the preparation for the
dentin permeability analysis using 17% EDTA................c.ocoo. 54
Representative scanning electron microscopy micrographs (1: 500X, 2:
2000X, 3: 5000X) of dentin blocks after treatments (A: control, B: Ultra
EZ, C: Desensibilize Nano P, D: T5-OH Bioactive Glass, E: F18
Bi0active Glass)......oouiiiniiii i 55
Representative scanning electron microscopy micrographs (1: 500X, 2:
2000X, 3: 5000X) of a dentin block after acid challenge (A: control, B:
Ultra EZ, C: Desensibilize Nano P, D: T5-OH Bioactive Glass, E: F18

Bi0active Glass).......couiiriiiiiii e 56



Tabela 1:

Tabela 2:

Tabela 3:

Tabela 4:

Tabela 5:

Tabela 6:

Thiter e Srdictbns

Description of the composition, manufacturers, and application protocols
Of selected ProdUCTS........cccciviiiie i e 57
ANOVA  table for dentin permeability measurements
65 TP - ¥
Dentin permeability measurements (Lp; mean + s.d.) of the different
desensitizing agents, before and after treatments, and after acid
CRAITENGR. ... e 58
Results of energy-dispersive X-ray analysis (EDS) measurements (control
group) in weight per cent (YoWt).......c.ovviiiiiiiiiiiiiii e, 58

Cytotoxicity of products (expressed by means of mortality percentages +
sd.) to gingival fibroblasts within  different evaluation
EIMIBS . . ettt e e es 59
Average (z s.d.) total protein concentrations (mg/ml) within different

EVAIUALION TIMIES. . . et e e e 59



mm

BCA

SEM

EDS

Lp

I+

pH

HGF

ATCC
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°C = grau Celsius (degree Celsius)

Ltd. = Limitada (Limited)

EDTA = Acido etilenodiamino tetra-acético (Ethylenediamine tetraacetic acid)
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v
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ANOVA = Anadlise de variancia (Analysis of Variance)
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Analysis of permeability and biological properties of dentin treated with

experimental bioactive glasses

Abstract

Objectives: To evaluate obliterating capability and biological performance of
desensitizing agents. Methods: 50 dentin blocks were distributed according to the
desensitizing agent used (n=10): Control (Artificial saliva); Ultra EZ (Ultradent);
Desensibilize Nano P (FGM); T5-OH Bioactive Glass (Experimental solution); F18
Bioactive Glass (Experimental solution). Desensitizing treatments were performed for 15
days. In addition, specimens were subjected to acid challenge to simulate oral
environment demineralizing conditions. Samples were subjected to permeability analysis
before and after desensitizing procedures and acid challenge. Cytotoxicity analysis was
performed by using Alamar Blue assay and complemented by total protein quantification
by Pierce Bicinchoninic Acid assay at 15 minutes, 24-hour and 48-hour time points.
Scanning electron microscopy and energy dispersion X-ray spectroscopy were performed
for qualitative analysis. Data of dentin permeability was analyzed by two-way repeated
measures ANOVA and Tukey's test. For cytotoxicity, Kruskal-Wallis and Newman-
Keuls tests. Results: for dentin permeability there was no significant difference among
desensitizing agents after treatment, but control group presented highest values (0.131 +
0.076 Lp). After acid challenge, control group maintained highest values (0.044 + 0.014
Lp) with significant difference to other groups, except for Desensibilize Nano P (0.037 £
0.019 Lp). For cytotoxicity, there were no significant differences among groups.
Conclusion: Bioglass-based desensitizers caused similar effects to commercially

available products, regarding permeability and dentin biological properties. Clinical
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significance: There is no gold standard protocol for dentin sensitivity. The study of novel
desensitizing agents that can obliterate dentinal tubules in a faster-acting and long-lasting

way may help meet this clinical need.

Keywords: Dentin Sensitivity; Desensitizing Agents; Dentin Permeability; Cell Biology.

1. INTRODUCTION

Dentin hypersensitivity is a very common clinical condition in dentistry [1]. It is
characterized by a distinct painful process, short and needling, not linked to a pathological
process, resulting from the response of dentin exposure to abrasive, chemical or osmotic
(ingestion of acidic foods, especially citrus and sweet fruits), and physical stimuli
(thermal and electrical changes) [1,2]. The best accepted theory regarding the mechanism
of dentin hypersensitivity was proposed by Brannstrom [3], which suggests that the pain-
provoking stimuli would increase the flow of dentinal fluid within dentinal tubules or
alter the direction of the flow. This would stimulate the nerves around odontoblast cells,
causing hypersensitivity [1,3]. The understanding of the hydrodynamic mechanism
suggests that the closure of dentinal tubules (which would reduce fluid flow and dentinal
permeability) as well as the interdental reduction of nerve excitability (by applying
chemical agents, for example) are the two main strategies for treatment of dentin
hypersensitivity, which requires the use of products capable of desensitizing the dentin
[1,4-9].

Although there is an extensive range of such home and professional products
available [8,10-16], a gold standard desensitizing agent still needs to be established
[15,17]. An ideal treatment for dentin hypersensitivity is expected to be effective in long

term, cost effective and simple usage [15,17,18]. Mouthwashes, toothpastes, and gels are
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the most commonly used desensitizing agents as they are cost effective [15,18,19]. The
mechanism of action of these agents usually occurs either by depolarization of the
nervous impulse or occlusion of the dentinal tubules [15,18,19]. For depolarizing action,
the agent must contain potassium nitrate [15,18,19]. It is believed that the increase in
extracellular potassium concentration around nerve fibers is capable of depolarizing and
preventing them from being repolarized through blockage of the nerve stimulation
passage [15]. In order for an agent to be able to occlude dentinal tubules, it must
physically block them by precipitating salts on the dentin surface, limiting the fluid flow
through these tubules [13,15,20]. Adhesive systems, commercial
monomers/glutaraldehyde based desensitizers, calcium carbonate, sodium fluoride, tin
fluoride, hydroxyapatite, and oxalates are some examples of sealing agents proposed so
far [8,15,21-24].

Adhesive systems and commercial monomers/glutaraldehyde based desensitizers
are commonly used to reduce dentin permeability because of their acceptable long-term
stability and low cytotoxicity, but besides the high cost, they can present complex and
sensitive protocols of application [25-27]. Calcium carbonate, fluorides, hydroxyapatite,
and oxalates also promote occlusion and seal of dentinal tubules through the formation
of barriers resistant to acids and temperature dissolution, but there is still no consensus as
to efficacy in the literature [27]. In this context, due to the established role of fluorides in
teeth remineralizing process, calcium phosphate releasing molecules have been added to
most commercial products in various forms and concentrations [28]. Among the many
products commercialized with such characteristics are Ultra EZ (Ultradent) and
Desensibilize Nano P (FGM) desensitizing agents. The remineralization effectiveness of
these fluorine-containing materials is related to their content, the presence of fluoride

matrices, and the properties of the remaining components of the materials [28,29].

28



Scientific and technological advances have brought the alternative of using
bioactive products, employing nanotechnology in calcium and phosphate particles, which
promise to act both physically by obliterating the tubules and chemically by depolarizing
nerve fibers [30,31]. Together, the presence of fluoride complements the desensitizing
effect [30,31]. Researches have also shown interest in the use of bioactive glasses, which
are highly biocompatible materials containing calcium and sodium phosphosilicate [1].
Due to their ability to form calcium phosphate precipitates in physiological liquid
medium, forming chemical bonds with soft and/or hard body tissues (bones and teeth),
their role in the processes of remineralization and regeneration have been studied [1,32].
Such property, coupled with proper particle size, provides potential sealing effect on
dentinal tubules with promotion of remineralization and inhibition of dentin
demineralization [1,33,34]. As in clinical practice, the application of these products can
reach gingival and pulpal tissues. Hence, it is also important to consider and evaluate their
cytotoxic effects on primary human cells, such as odontoblast-like cells, pulp fibroblast
cells, gingival fibroblasts, among others [35]. Regardless of the product of choice, the
biggest challenge in treating dentin hypersensitivity is still achieving long-term
effectiveness. This is due to the behavior of the desensitizing agents when exposed to the
huge variation of oral environment conditions including pH fluctuations.

Thus, the objective of the present study was to evaluate the in vitro effects of
the application of different desensitizing agents (Ultra EZ - Ultradent; Desensibilize Nano
P - FGM; T5-OH Bioactive Glass - Experimental solution; and F18 Bioactive Glass -
Experimental solution) on human dentin submitted to acid challenge. The dentin
permeability and biological performance of the products analyzed by cytotoxicity assays
were evaluated. The null hypothesis tested were: (1) There would be no change in the

dentin permeability after treatment with different desensitizing agents and after acid
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challenge; and (2) There would be no difference in the cytotoxicity against fibroblast cells

exerted by the evaluated desensitizing agents.

2. MATERIALS AND METHOD
This research was conducted after approval by the Local Institutional Review

Board (Process #83739318.4.0000.5420).

2.1. Design of the study
In the present study, the response variables were the permeability of the dentin

treated with desensitizing agents, and cytotoxicity of the desensitizing agents against

human gingival fibroblasts (HGF-1, ATCC® CRL2014™, Manassas, Virginia, United
States). The later was evaluated by Alamar Blue and protein quantification BCA method.
For the study of the dentin permeability, two experimental factors were analyzed: (1)
Desensitizing agents at five levels (Control - no treatment; Ultra EZ - Ultradent;
Desensibilize Nano P - FGM; T5-OH Bioactive Glass - Experimental solution; and F18
Bioactive Glass - Experimental solution); and (2) evaluation times at two levels (before
and after the acid challenge) (n=10). Representative samples from each group were used
for qualitative analysis of the dentin by scanning electron microscopy and energy
dispersion X-ray spectroscopy analysis.

For the study of cytotoxicity by Alamar Blue, two experimental factors were
analyzed: (1) Desensitizing agents at five levels (Control - no treatment, Ultra EZ -
Ultradent, Desensibilize Nano P - FGM, T5-OH Bioactive Glass - Experimental solution,
and F18 Bioactive Glass - Experimental solution); and (2) evaluation times at three levels
(15 minutes, 24 hours, and 48 hours after treatment). For the study of cytotoxicity by

protein quantification by BCA method, two experimental factors were analyzed: (1)
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Desensitizing agents at six levels (Control 1 - cells with no treatment, Control 2 — cells
treated with distilled water, Ultra EZ - Ultradent, Desensibilize Nano P - FGM, T5-OH
Bioactive Glass - Experimental solution, and F18 Bioactive Glass - Experimental
solution); and (2) evaluation times at three levels (15 minutes, 24 hours, and 48 hours
after treatment).The treatment with desensitizers was performed directly on cells (N=3;

n=3). An overview of the experimental design is represented in Figure 1.

2.2. Preparation of the dentin specimens

Fifty freshly extracted human molars obtained from patients 18-45 years of age
were selected and used according to the Ethics Committee’s guidelines.

Specimens were cleaned with curettes, immersed in 2.5% sodium hypochlorite
solution in water for ten minutes at room temperature to remove organic debris, then
washed with distilled water and frozen at -6°C, until the start of the experiment. Teeth
with clinical evidence of caries, root resorption, cracks or fractures were excluded from
the study.

After cleaning, the teeth had their crowns separated from the roots at the amelo-
cementum junction using a low-speed diamond disk (Isomet 5000, Buehler Ltd, Lake
Bluff, lllinois, United States) under water cooling. Next, the crowns were fixed on a sticky
wax acrylic plate, and with the aid of a double-sided diamond disk coupled with a hand
piece and constant irrigation, approximately 1.5mm thick dentin slices were obtained
(Figure 2). The surfaces were manually finished with hand circular movements with #400
and #600-grit silicon carbide papers (Extec Corp., Enfield, Connecticut, United States) to
provide dentin blocks with a square shape and to ensure 1 mm thickness, verified with a

digital caliper (model CD-6"CX-B, Mitutoyo Sul América Ltd., Suzano, Séo Paulo,

31



Brazil). The specimens were cleaned in deionized water and individually stored at 10°C

until further analysis.

2.3. Evaluation of dentin permeability

The obtained dentin blocks were submitted to an initial permeability
standardization process in which they were immersed for five minutes in 17%
ethylenediaminetetraacetic acid (EDTA) solution (pH 7.4) (Apothicério, Aracatuba, Sdo
Paulo, Brazil) to open the dentinal tubules [16]. Dentin blocks were then washed with
distilled water and stored in a humid environment until analysis [16]. Then, the specimens
were submitted to an initial permeability test to standardize the measurements of fluid
movement through the dentinal tubules. Comparing different samples, those with high
discrepancy in the permeability values were eliminated from the experiment. Specimens
whose permeability remained around the same mean were randomly distributed among
the five experimental groups.

To perform the analysis, specimens were coupled to a fluid infiltration system
apparatus (THDO3d Apparatus, Series WMD 3001, Odeme, Luzerna, Santa Catarina,
Brazil). This simulates the flow through dentin due to intrapulpal pressure, under 10 psi
pressure of constant deionized water working. For each analysis, a new air bubble was
inserted into the system and its linear displacement (mm) through the microcapillary (100
ulL) was measured for three minutes using a digital scale caliper. This analysis was
repeated three times for each specimen. The arithmetic displacement mean among the
three readings was calculated, converted to flow volume (ul/min), and transformed into
hydraulic conductance (Lp; pl.cm?®min.cm H20). The hydraulic conductance considers
the area of the specimen through which the water flowed (area = 0.16cm?), the system

pressure (10psi) and the flow volume (100pul) [16].
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2.3.1. Desensitizing treatments

The description of the composition, manufacturers, and application protocols of the
products employed in each group is shown in Table 1. After application of the products,
the dentin specimens were thoroughly rinsed with distilled water.

For simulation of commercially available products, the T5-OH and F18 Bioactive
Glass particles were mixed with distilled water. A 2ml tube (Microtubes safe-lock,
Eppendorf Brazil, Sdo Paulo, Sdo Paulo, Brazil) containing 0.1g of bioactive glass
powder was filled with 1ml of water, which provided a 1:10 mixture of each bioactive
glass in distilled water [36].

After application of the different materials, the dentin permeability analysis was

performed in the same way as previously described.

2.3.2. Citric acid challenge

After the treatments described above, the samples were challenged with citric
acid to simulate erosive demineralization. A follow-up permeability analysis was
performed to test the stability caused by for desensitizing agent’s obliteration.

The dentin specimens underwent an acid challenge cycle for seven days
according to the following protocol: immersion in 0.5% citric acid solution (Iml/sample)
(pH 2.5) (Apothicério, Aracatuba, Sdo Paulo, Brazil) six times a day for two minutes
each, under agitation. Between immersions, samples were stored in artificial saliva at

37°C [37].

2.3.3. Final evaluation of the dentin permeability
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The dentin permeability analysis, after application of the different materials and

after the acid challenge, was performed in the same way as previously described.

2.3.4. Scanning Electron Microscopy (SEM)

Representative samples from each group were fixed in metallic stubs, gold
sputter coated, and taken into a scanning electron microscope (Inspect S50, FEI, Tokyo,
Japan) to obtain images in 500X, 2000X and 5000X magnifications for qualitative
analysis of the dentinal tubules in all phases of the experiment (initial, after treatments,

and after acid challenge).

2.3.5. Energy dispersion X-ray Spectroscopy (EDS)

Energy dispersion X-ray spectroscopy measurements were performed on two
representative samples from each group. The content of the elements in weight percentage
(wt%) of calcium (Ca) and phosphorus (P) was measured using EDS BRUKER detector
and Espirit 1.9 software (© 2015 Bruker Nano GmbH, Berlin, Germany). The count rate
was 7000 counts per second (cps) with a dead time interval of 5%. The measurement time
was one minute and 30 seconds. The arithmetic mean was performed within

measurements of each specimen.

2.4. Biological properties analysis
2.4.1. Desensitizing treatments

As previously mentioned (section 2.1), for the study of the cytotoxicity, the
treatment with desensitizers was performed directly on the cells.

The experimental solutions of T5-OH Bioactive Glass and F18 Bioactive Glass

were prepared as described in the item 2.3.1. In the case of the commercially available
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products, such as Ultra EZ and Desensibilize Nano P, a 50% dilution in distilled water
was prepared and used directly in culture medium [35]. The materials were applied as
follows:
e Control 1 (only cells): no treatment;
e Control 2 (distilled water); Ultra EZ diluted in distilled water (50%);
Desensibilize Nano P diluted in distilled water (50%); T5-OH Bioactive Glass
diluted in distilled water (10%); and F18 Bioactive Glass diluted in distilled

water (10%): 15 minutes cell treatment, once a day.

2.4.2. Cell culture, growth conditions and desensitizing stimuli

To evaluate the cellular response against experimental materials, immortalized cells
of gingival fibroblastic lineage were used (HGF-1 ATCC CRL-2014). Cells were grown
in Dulbecco modified Eagle’s Medium (DMEM, SIGMA Chemical Co., St. Louis,
Missouri, United States) containing 10% fetal bovine serum (FBS), 100 IU/mL penicillin
and 100 ug/mL streptomycin. The explants were maintained at 37°C in humidified
atmosphere containing 5% CO2 and 95% air. The cells had the culture medium renewed
every two days and were subcultured whenever they reached 80-90% confluence using
0.25% trypsin, 0.53mM EDTA solution. Then the cell concentration was adjusted by a
manual cell counter to 5,000 cells per well and these were plated inside 96-well plates for
15 minutes, 24-hour, and 48-hour (one plate for each timepoint) treatments. After 24
hours seeding, the attached cells received the treatments. The desensitizing agents were

applied (as described in section 2.4.1) simulating clinical conditions.

2.4.3. Cytotoxicity Analysis — Alamar Blue
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To assess cytotoxicity, the cells were seeded at a concentration of 5 X
105cells/mL in 96-well flat-bottom tissue culture plates in 200uL culture medium and
left to grow for 24 hours before experiments. Subsequently, the cells were removed and
washed once with phosphate buffered saline (PBS). Fifty uL of the stock solution (Ultra
EZ, Desensibilize Nano P, T5-OH Bioactive Glass and F18 Bioactive Glass) was added
and incubated for five minutes in the plate shaker; 150uL of the culture medium was
shacked in the plate for 30 seconds; then samples were incubated for 15 minutes.

At the desired timepoint (15 minutes, 24 hours and 48 hours), the media was
aspirated and saved in Eppendorf tubes, the cells were washed three times with 100uL
PBS, and 100uL of fresh media was added. At the end, 10uL of Alamar Blue reagent
(Invitrogen Carlsbad, California, United States) was added and the cells incubated for a
minimum of four hours. After the incubation period, the plate was read at absorbance
wavelengths of 570nm and 600nm subtracting the absorbance of 600nm from that of

570nm. Low values with low metabolic activity/ indicate cytotoxicity [38].

2.4.4. Protein Quantification by Pierce Bicinchoninic Acid (BCA) Method

Immediately following the Alamar Blue reading, the cells were washed with cold
PBS three times; 100uL 1X Radioimmunoprecipitation assay buffer (RIPA buffer) (Cell
Signaling #9806) was added to each well. Cells were incubated in ice for five minutes.

The cells were scraped and briefly sonicated. The samples were centrifuged for ten
minutes at 14,000x g in a cold centrifuge; the supernatants removed, and the pellet
discarded. The total protein content was determined, and the absorbance read at 562nm,
using the BCA assay (Thermo Scientific 232225, Waltham, Massachusetts, United
States). A standard curve was used to convert the absorbance values to mg/mL for protein

concentrations [39].
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2.5. Statistical analysis

Data of dentin permeability and cytotoxicity evaluations were subjected to
normality test (Shapiro-Wilk). For dentin permeability, the data distribution was normal,
and then subjected to two-way (desensitizing agent and evaluation time) repeated
measures ANOVA and Tukey’s post-hoc test (a=0.05). For cytotoxicity (Alamar Blue
and Protein Quantification) the data distribution was not normal and subjected to Kruskal-

Wallis and Newman-Keuls post-hoc test (a=0.05).

3. RESULTS
3.1. Dentin permeability

ANOVA showed (Table 2) that between the two study factors analyzed, there was
statistically significant difference for both, desensitizing agents (p=0.0133) and
evaluation time (<0.0001). The interaction between the factors was not statistically
significant (p=0.2647).

In the comparison among the desensitizing agents (Table 3), it can be observed
that the highest values of dentin permeability were found for the control group, in the
initial (0.277 £ 0.120 Lp), after treatment (0.131 £ 0.076 Lp) and after cycling (0.044 £
0.014 Lp) measurements. There was no statistically significant difference among all
groups in the initial time (p>0.05). After treatment, the control group presented the
highest value of dentin permeability (0.131 £ 0.076 Lp) with significant difference to the
other groups (p<0.05). And after acid challenge, the highest value was also found for
control group (0.044 + 0.014 Lp) with no difference to Desensibilize Nano P group (0.037

+0.019 Lp) (p=0.2502).
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In comparison among the evaluation times (initial, after treatment and after acid
challenge), all the desensitizing agents showed higher values of dentin permeability
initially, with significant difference compared to other times (p<0.05). There was no
statistically significant difference between after treatment and after acid challenge time
points (p>0.05).

The EDS results in control and experimental groups regarding calcium (Ca
%wt) and phosphorus (P %wt) are shown in Table 4. In general, the calcium and
phosphorus chemical elements increased after treatments and decreased after acid
challenge. The representative photomicrographs of each experimental group are

displayed in Figures 3, 4 and 5.

3.2. Cytotoxicity — Alamar Blue

According to the results, there were no significant differences among the
experimental groups in relation to cytotoxicity by the Alamar Blue test (p>0.05, Table 5).
The majority of the groups exhibited higher values of cell mortality percentage in the first
15 minutes treatment analysis, with no significant difference with 24 and 48 hours

(p>0.05, Table 5).

3.3. Protein Quantification by BCA Method

According to the results presented in Table 6, there were no significant differences
in the total protein concentrations among the evaluation times (15 minutes, 24 hours, and
48 hours) (p>0.05).

In the comparison among the treatments, the lowest values of protein
concentration were found for the Desensibilize Nano P in all evaluation times; however,
with no significant difference for the other products after the first 15 minutes application

(p>0.05). In the 24 hours evaluation time, the Desensibilize Nano P group showed a
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higher decrease in the total protein concentration (0.009 £ 0.008 mg/ml), with significant
difference only for the T5-OH Bioactive Glass (0.067 + 0.035 mg/ml) and F18 Bioactive
Glass (0.052 + 0.015 mg/ml) groups (p<0.05). In the 48 hours evaluation time, the
Desensibilize Nano P group showed significant difference for all the experimental groups

(p<0.05), except for the controls (only cells and distilled water; p>0.05).

4. DISCUSSION

The clinical interventions for dentin hypersensitivity are the prevention and
removal of pain origin [35]. Desensitizing products are used to promote dentinal tubule
obliteration and inhibition of nerve activity [19,35]. Therefore, the success of long-term
treatment depends on the ability of obliterating and diffusing into dentinal tubules to resist
erosion and abrasion [35,40]. In addition, the application of these products present a
notable potential toxicity when in contact with gingival (when applied to the cervical area
of a hypersensitive tooth) or pulpal (by advancing from open dentinal tubules into the
pulp) tissues [35,41]. Professional desensitizing products include chemical agents which
can have their effects reduced over time, and studies have shown that many of them
contain several cytotoxic components, such as sodium fluoride [35,41-44]. Desensitizing
bioactive materials have been studied due to their possible ability to react with body fluids
depositing hydroxycarbonate apatite within demineralized collagen fibrils, occluding
dentinal tubules [45,46]. In a study realized by Jung et al. (2019) investigating the effects
of a bioactive glass incorporated into a resin composite, the results showed that it
effectively occluded the dentinal tubule, formed a membrane-like layer, was stable after
acid challenge and presented no cytotoxicity [47]. This partially corroborates with the
present study in which, in general, the bioactive glasses reduced dentin permeability,
presented acid-stability (Table 3) but demonstrated cytotoxicity (Table 5). Thus, the first

null hypothesis of the study was rejected and the second, accepted.
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Studies using bioactive glasses as a method of dentin hypersensitivity treatment
have been conducted [33,47,48]. Bioactive glasses induce remineralization through ion
dissolution and osteoconductivity, which creates hydroxycarbonate apatite precipitates
and mechanically occlude the tubules [33,47,49]. Quantitative measurements performed
in the present study showed that after treatments, all the groups except for control,
reduced the dentin permeability (Table 3). This suggests similar efficacy for tubule
occlusion previously reported in the literature of desensitizing products [50,51] and
experimental bioactive glasses [1,47]. Results of the qualitative measurements (EDS and
SEM) confirmed that this might be due to the similar amount of minerals (calcium and
phosphorous) that all the groups were able to deposit on the dentin surface (Table 4 and
Figure 5). In the EDS analysis, the F18 Bioactive Glass was the only material that
presented less minerals after treatment and after acid challenge. It is speculated that it
might have formed a very thick layer of the material on dentin surface, preventing proper
detection of minerals.

Acid-resistant stability is also a key factor in the prognosis of the dentin
hypersensitivity treatment [47]. In acidic conditions, the degree of mineralization of
peritubular dentin is larger than intertubular dentin, increasing the size of the dentinal
tubules (Figures 4 and 6) [47,52]. The literature has shown that the application of
desensitizers associated with maintenance therapy might be likely to provide tubule
closure for up to six months [53,54]. In this study, when comparing the evaluation times
“after treatment” and “after acid challenge”, all the groups presented acid-resistance
stability (Table 3). Similar results were described by Jung et al. (2019) and Garofalo et
al. (2019), when evaluating the effects of desensitizing products on dentin tubule
occlusion and erosive wear [47,55]. When comparing the groups (products) after acid

challenge, the dentin permeability showed significant increase only for control and
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Desensibilize Nano P groups (Table 3), which means more long-term instability of the
product and also corroborates with the literature [55-58]. This might have occurred
because of its low viscosity, thus resulting in a thinner layer over the dentin surface [55].
Possibly, more applications could result in more effective occlusion.

The cytotoxicity of the desensitizing products to the pulpal and gingival tissues is
a significant concern and their biocompatibility has been the subject of different in vitro
cytotoxicity studies [35,59-63]. For this purpose, primary human gingival fibroblast cells
have been widely used [35,40,44,59,60,64-66]. It has been reported that, because of their
specific metabolic activities, primary cell lines are more suitable for in vivo conditions
[35,67]. In the present study, the cytotoxicity of the desensitizing products on gingival
fibroblasts was evaluated by Alamar Blue assay. The quantification of total protein by
BCA method was further assessed.

According to the results obtained in this study, when the different desensitizing
products were tested on gingival fibroblast cells, all of them presented similar cytotoxicity
in all the evaluation times, with no significant differences for the Alamar Blue assay
(Table 5). It is known that the toxicity of a material is related to its composition [35,41-
43]. Even though the ideal result would be for the tested materials not to present
cytotoxicity, the bioactive glasses offered the same safety for use as the products that are
already commercially approved. It is also important to note that applying the products
directly on the cells is an overstated simulation of the clinical reality. These results
corroborate with the ones described in a research comparing 12 different professional
desensitizing products (including Ultra EZ) in terms of cytotoxicity to gingival fibroblasts
by applying the 3-(4,5- dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)

assay [35]. Regarding the bioactive glasses, the current results diverge from the literature,
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in which a research found that a bioactive glass paste used for treatment of dentin
hypersensitivity presented higher biocompatibility to dental pulp cells [40].

Especially in relation to biopharmaceutical compounds, it is of great importance
to obtain an accurate measurement of protein concentration to investigate cytotoxicity
and functionality [68]. The total release of proteins into the culture supernatant can
provide information on the overall cell physiology and an estimate of productivity [68].
Thus, normal protein expression can be a marker of cell biocompatibility. In this study,
the secretion of dentin proteins by gingival fibroblast cells was homogenous among the
wells and not affected by the desensitizing products, irrespective of the evaluation times;
reinforcing the results found by Alamar Blue assay. The group of cells treated with
Desensibilize Nano P was not statistically different but presented the lowest means of
total protein concentrations, suggesting greater detachment of the cells, and therefore,
modified metabolic activity. This finding may be related to the ingredients of this material
[35], but also to the time of application used in the present study (15 minutes), once
manufacturers recommend applying it on the tooth surface for five minutes in clinical
practice. In the 24 and 48 hours timepoints, the bioactive glasses presented higher total
protein concentrations (p<0.05), which again suggests higher metabolic activity.
However, since in the present study the Alamar Blue assay showed low metabolic activity
and the Protein assay showed varied levels of protein concentrations at some points, it
can be suggested that the cells may have become healthier, producing more protein.
Results found by Lopez et al. (2017) and Malavasi (2019) indicate that bioactive glasses
present good interaction with cells, related specifically to the proteins adsorption on their
surface and to their ionic dissolution products, increasing cell growth and producing

intense mineral matrix deposition [69,70].
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In the current study, some aspects might be considered as limiting factors, such as
the clinical buffering capacity of dentin and saliva [35,71]. Also, the pulpal pressure and
clearance were not simulated. Future studies are still necessary to assess clinical
performance of bioglass-based desensitizers and define possible protocols of use which

would result in direct benefit for patients regarding dentin hypersensitivity.

5. CONCLUSION

Considering the limitations of the present in vitro experiment, it was concluded
that the application of a bioglass-based dentin desensitizer might be likely to provide a
satisfactory closure of the tubules with minerals particles presenting similar efficacy to

commercialized products.
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FIGURAS
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Figure 1: Design of the study.
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Figure 2: Section of the dentin cut.
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Figure 3: Representative scanning electron microscopy micrograph (Al: 500X, AZ2:
2000X, A3: 5000X) of a dentin before surface treatment. The images show dentin with

little exposure of dentinal tubules and smear layer.

Figure 4: Representative scanning electron microscopy micrograph (Al: 500X, AZ2:
2000X, A3: 5000X) of a dentin after the preparation for the dentin permeability analysis

using 17% EDTA. The images show dentin with great exposure of dentinal tubules and

little smear layer.
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Figure 5: Representative scanning electron microscopy micrographs (1: 500X, 2: 2000X,
3: 5000X) of dentin after treatments (A: control, B: Ultra EZ, C: Desensibilize Nano P,

D: T5-OH Bioactive Glass, E: F18 Bioactive Glass). Little exposure and smear layer were
observed in the dentinal tubules on the images of control group (A1-3). The images from
Ultra EZ group (B1-3) show dentinal tubules that are not occluded. On the image from
Desensibilize Nano P group (C1-3), the dentinal tubules are partially occluded, and
particles were scattered. T5-OH Bioactive Glass group (D1-3) shows dentinal tubules
completely occluded with uniform appearance. And F18 Bioactive Glass group (E1-3)
also presented completely occluded dentinal tubules but with mineral clusters over the

surface.
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Figure 6: Representative scanning electron microscopy micrographs (1: 500X, 2: 2000X,
3: 5000X) of a dentin block after acid challenge (A: control, B: Ultra EZ, C: Desensibilize

Nano P, D: T5-OH Bioactive Glass, E: F18 Bioactive Glass). Little exposure and smear
layer were observed in the dentinal tubules on the images of control group (A1-3). The
images from Ultra EZ group (B1-3) show dentinal tubules that are not occluded. On the
image from Desensibilize Nano P group (C1-3), the dentinal tubules are partially
occluded, and particles were scattered. T5-OH Bioactive Glass group (D1-3) shows
dentinal tubules occluded with uniform appearance. And F18 Bioactive Glass group (E1-
3) also presented completely occluded dentinal tubules but with mineral clusters over the

surface.
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TABELAS

Table 1. Description of the composition, manufacturers, and application protocols of

selected products.

Treatment

Composition

Manufacturer

Protocol of application

Control

(artificial saliva)

CaCl,.2H:0, 0.1679;
KH2PO4, 0.123g; KCl,
11.2g; (HOCH2)sCHN,,
2.42g; distilled water; pH 7

Apothicario,
Aragatuba, Séo

Paulo, Brazil

Immersion of samples in 1 mL
solution for 15 minutes; 1* a day

during 15 consecutive days.

Ultra EZ Potassium nitrate (3%), Ultradent, South
fluoride (0.11%) Jordan, Utah,
United States
Desensibilize Nanometric calcium FGM, Joinville,
Nano P phosphate (as Santa Catarina, Active application of the

hydroxyapatite), sodium
fluoride (approximately 2%),

potassium nitrate 5%.

Brazil

product using a microbrush;
product remained on sample for

15 minutes; removal of excesses

T5-OH Bioactive
Glass diluted in
distilled water
(10%)%6

Microparticles of T5-OH
Bioactive Glass 10% (1-
10um)

Vitrovita, Sao
Carlos, Séo Paulo,

Brazil

with cotton ball; 1* a day during

15 consecutive days.

F18 Bioactive

Glass diluted in

distilled water
(10%)%

N32C03, KzCOa, KzHPO4,
NazHPO4, CaC03, SiOz,
A|203, ZnO, SI"COs, 8203.

Vitrovita, Sdo
Carlos, Sao Paulo,

Brazil

Table 2: ANOVA table for dentin permeability measurements (Lp).

DF Sumof Mean FValue pValue Lambda Power
Squares Square

Groups 4 .079 .020 3.552 0133 14209  .835
Subject (Group) 45 251 .006
Category for Lp 2 1.381 .690 127.479  <.0001 254.958 1.000
Category for Lp * 8 .055 .007 1.278 2647  10.228 551
Groups
Category for Lp * 90 487 .005
Subject (Group)
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Table 3: Dentin permeability measurements (Lp; mean %

s.d.) of the different

desensitizing agents, before and after treatments, and after acid challenge.

Group Evaluation Time

Initial After Treatment After Acid Challenge
Control 0.277 £0.120 Ab 0.131+0.076 Ba 0.044 +£0.014 Ba
Ultra EZ 0.253 £0.121 Ab 0.056 £ 0.052 Aa  0.028 +£0.009 Aa
Desensibilize Nano P 0.196 + 0.078 Ab 0.024 +£0.005 Aa 0.037 +£0.019 ABa
T5-OH Bioactive 0.254 £ 0.099 Ab 0.019+£0.011 Aa 0.029 £0.018 Aa
Glass
F18 Bioactive Glass 0.238 £ 0.166 Ab 0.012 £ 0.012 Aa 0.027 +£0.006 Aa

Means followed by distinct letters, upper case in column and lower case in line, differ statistically from each other

(p<0.05); s.d.: standard deviation.

Table 4: Results of energy dispersive X-ray analysis (EDS) measurements (control group)

in weight per cent (%wt).

Group Evaluation Time
Initial After Treatment After Acid Challenge
Ca P Ca P Ca P

Control 20.73 6.67 26.75 9.67 0.47 0.10
UltraEZ 21.15 7.42 23.65 9.23 12.49 4.55
Desensibilize Nano P 22.72 8.51 25.76 10.13 2.33 0.93
T5-OH Bioactive 24.96 8.38 27.81 8.99 3.97 1.57
Glass

F18 Bioactive Glass 22.35 6.79 18.81 6.74 1.21 0.35

Ca — calcium; P — phosphorus.
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Table 5: Cytotoxicity of products (expressed by means of mortality percentages *s.d.) to

gingival fibroblasts within different evaluation times.

Group Evaluation Time
15 minutes 24 hours 48 hours
Ultra EZ 82+4 Aa 707 Aa 80+ 8 Aa
Desensibilize Nano P 91+2 Aa 87+1Aa 875 Aa
T5-OH Bioactive 90 £5 Aa 91+5Aa 79 £10 Aa
Glass
F18 Bioactive Glass 86 + 11 Aa 76 £9 Aa 81+ 18 Aa

Means followed by distinct letters, upper case in column and lower case in line, differ statistically from each other

(p<0.05); s.d.: standard deviation.

Table 6: Average (x s.d.) total protein concentrations (mg/ml) within different evaluation

times.
Group Evaluation Time
15 minutes 24 hours 48 hours
Only cells 0.024 £0.006 Aa 0.022+0.015Ba  0.010 +0.005 Ba
Distilled water 0.026 £ 0.008 Aa  0.013+0.013Ba  0.040 + 0.024 ABa
Ultra EZ 0.030 £ 0.013 Aa 0.029 +0.012 ABa  0.055%0.034 Aa

Desensibilize NanoP 0.014 + 0.004 Aa  0.009 + 0.008 Ba 0.009 + 0.006 Ba
T5-OH Bioactive 0.028 £ 0.006 Aa  0.067 +£0.035 Aa 0.046 +£ 0.042 Aa

Glass
F18 Bioactive Glass 0.019+0.009 Aa  0.052 +£0.015 Aa 0.048 + 0.039 Aa

Means followed by distinct letters, upper case in column and lower case in line, differ statistically from each other

(p<0.05); s.d.: standard deviation.
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ANEXO C - Andlises Estatisticas.

ESTATISTICA - PERMEABILIDADE

Dados apresentam distribuigdo normal. Foi feito two-way repeated measures ANOVA e
teste de Tukey (p<0,05). Os fatores foram grupos experimentais e tempo de analise
(inicial, pos tratamento e pés ciclagem)

ANALISE GERAL

ANOVA Table for LP
DF Sumof Squares Mean Square F-Value P-Value Lambda Power

Groups 4 .079 .020 3.5652 .0133 14.209 .835
Subject(Group) 45 .251 .006
Category for LP 2 1.381 .690 | 127.479 <.0001 | 254.958 1.000
Category for LP* Groups 8 .055 .007 1.278 .2647 10.228 .551
Category for LP* Subject(Group) 90 487 .005

Means Table for LP
Effect: Category for LP *Groups
Count Mean Std.Dev. Std. Er.

Control, Initial 10 .277 120 .038
Control, After treatment 10 131 .076 .024
Control, After cycling 10 .044 .014 .004
Ultra EZ, Initial 10 .253 JA21 .038
Ultra EZ, After treatment 10 .056 .052 .016
Ultra EZ, After cycling 10 .028 .009 .003
Nano P, Initial 10 .196 .078 .025
Nano P, After treatment 10 .024 .005 .002
Nano P, After cycling 10 .037 .019 .006
Bioglass T5, Initial 10 .254 .099 .031
Bioglass T5, After treatment 10 .019 .011 .003
Bioglass T5, After cycling 10 .029 .018 .006
Bioglass F18, Initial 10 .238 .166 .052
Bioglass F18, After treatment 10 .012 .012 .004
Bioglass F18, After cycling 10 .027 .006 .002
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Tukey/Kramer for LP
Effect: Groups
Significance Level: 5%

Control, Ultra EZ

Control, Nano P

Control, Bioglass T5

Control, Bioglass F18

Ultra EZ, Nano P

Ultra EZ, Bioglass T5

Ultra EZ, Bioglass F18

Nano P, Bioglass T5

Nano P, Bioglass F18

Bioglass T5, Bioglass F18

Tukey/Kramer for LP
Effect: Category for LP
Significance Level: 5%

Initial, After treatment
Initial, After cycling
After treatment, After cycling

COMPARACAO ENTRE OS TEMPOS DE ANALISE PARA CADA GRUPO

ANOVA Table for LP
Split By: Groups
Cell: Control

Mean Diff.  Crit. Diff.
.039 .055
.065 .055 [ S
.050 .055
.058 .055 (S
.027 .055
.011 .055
.020 .055

-.015 .055
-.007 .055
.008 .055
Mean Diff.  Crit. Diff.
195 .035
211 .035
.015 .035

Subject

Category for LP

Category for LP * Subject

Tukey/Kramer for LP
Effect: Category for LP
Significance Level: 5%
Split By: Groups

Cell: Control

Initial, After treatment
Initial, After cycling
After treatment, After cycling

DF Sumof Squares Mean Square F-Value P-Value Lambda Power
9 .076 .008
2 277 .138 23.130 <.0001 46.259 1.000
18 .108 .006
Mean Diff.  Crit. Diff.
.146 .088
.233 .088
.087 .088
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ANOVA Table for LP
Split By: Groups
Cell: Utra EZ
DF

Sum of Squares

Mean Square

F-Value

P-Value

Lambda

Pow er

Subject 9

.058

.006

Category for LP 2

.301

.150

27.650

<.0001

55.301

1.000

Category for LP * Subject 18

.098

.005

Tukey/Kramer for LP
Effect: Category for LP
Significance Level: 5%
Split By: Groups

Cell: Ultra EZ

Mean Diff.  Crit. Diff.

Initial, After treatment

197 .084

Initial, After cycling

.225 .084

After treatment, After cycling

.027 .084

ANOVA Table for LP
Split By: Groups
Cell: Nano P
DF

Sum of Squares

Mean Square

F-Value

P-Value

Lambda

Pow er

Subject 9

.017

.002

Category for LP 2

.185

.092

40.086

<.0001

80.172

1.000

Category for LP * Subject 18

.041

.002

Tukey/Kramer for LP
Effect: Category for LP
Significance Level: 5%
Split By: Groups

Cell: Nano P

Mean Diff.  Crit. Diff.

Initial, After treatment

173 .055

Initial, After cycling

.159 .055

After treatment, After cycling

-.013 .055

ANOVA Table for LP
Split By: Groups
Cell: Bioglass T5
DF

Sum of Squares

Mean Square

F-Value

P-Value

Lambda

Pow er

Subject 9

.024

.003

Category for LP 2

.354

177

46.717

<.0001

93.434

1.000

Category for LP * Subject 18

.068

.004

Tukey/Kramer for LP
Effect: Category for LP
Significance Level: 5%
Split By: Groups

Cell: Bioglass T5

Mean Diff.  Crit. Diff.

Initial, After treatment

.235 .070

Initial, After cycling

.226 .070

After treatment, After cycling

-.009 .070
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ANOVA Table for LP
Split By: Groups
Cell: Bioglass F18
DF Sumof Squares Mean Square F-Value P-Value Lambda Power

Subject 9 .076 .008
Category for LP 2 .319 .160 16.716 <.0001 | 33.432 .999
Category for LP * Subject 18 172 .010

Tukey/Kramer for LP
Effect: Category for LP
Significance Level: 5%
Split By: Groups
Cell: Bioglass F18
Mean Diff.  Crit. Diff.

Initial, After treatment .226 A12 | S
Initial, After cycling 211 A12 (S
After treatment, After cycling -.015 112

COMPARACAO ENTRE OS TRATAMENTOS DENTRO DE CADA GRUPO

ANOVA Table for Initial
DF  Sumof Squares Mean Square F-Value P-Value Lambda Power

Groups 4 .036 .009 .621 .6500 2.483 .185
Residual 45 .651 .014

ANOVA Table for After treatment
DF Sumof Squares Mean Square F-Value P-Value Lambda Power

Groups 4 .097 .024 | 13.803( <.0001| 55.213| 1.000
Residual 45 .079 .002

Tukey/Kramer for After treatment
Effect: Groups
Significance Level: 5%
Mean Diff.  Crit. Diff.

Control, Ultra EZ .076 .053 (S
Control, Nano P .108 .053|S
Control, Bioglass T5 112 .053|S
Control, Bioglass F18 119 .053 [ S
Ultra EZ, Nano P .032 .053
Ultra EZ, Bioglass T5 .036 .053
Ultra EZ, Bioglass F18 .043 .053
Nano P, Bioglass T5 .004 .053
Nano P, Bioglass F18 .011 .053
Bioglass T5, Bioglass F18 .007 .053

ANOVA Table for After cycling
DF Sumof Squares Mean Square F-Value P-Value Lambda Power

Groups 4 .002 .001 2.740 .0401 10.959 .709
Residual 45 .009 1.991E-4
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Fisher's PLSD for After cycling

Effect: Groups
Significance Level: 5%

Control, Uitra EZ

Control, Nano P

Control, Bioglass T5
Control, Bioglass F18
Ultra EZ, Nano P

Ultra EZ, Bioglass T5
Ultra EZ, Bioglass F18
Nano P, Bioglass T5
Nano P, Bioglass F18
Bioglass T5, Bioglass F18

Tukey/Kramer for After cycling

Effect: Groups
Significance Level: 5%

Control, Ultra EZ

Control, Nano P

Control, Bioglass T5
Control, Bioglass F18
Ultra EZ, Nano P

Ultra EZ, Bioglass T5
Ultra EZ, Bioglass F18
Nano P, Bioglass T5
Nano P, Bioglass F18
Bioglass T5, Bioglass F18

Mean Diff.  Crit. Diff.  P-Value
.016 .013 .0145
.007 .013 .2502
.015 .013 .0182
.017 .013 .0090
-.009 .013 1748
-.001 .013 .9259
.001 .013 .8537
.008 .013 .2053
.010 .013 1248
.002 .013 .7816

Mean Diff.  Crit. Diff.

.016 .018
.007 .018
.015 .018
.017 .018
-.009 .018
-.001 .018
.001 .018
.008 .018
.010 .018
.002 .018
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ESTATISTICA - ALAMAR BLUE

TESTE NAO PARAMETRICO DE KRUSKAL-WALLIS. POS TESTE DE
STUDENT-NEWMAN-KEULS

COMPARAC;AO ENTRE OS TEMPOS DENTRO DE CADA GRUPO - GRUPO
C1

1-15min 2-24hrs 3-48hrs

(p) Kruskal-Wallis = 0.0496

Comparacg6es Student-Newman-Keuls Dif. Postos  p-valor
Grupos (1le?2)= 3.6667 0.1011
Grupos (1e3) = 5.3333 0.0171
Grupos (2e3) = 1.6667 0.4561

COMPARAQAO ENTRE OS TEMPOS DENTRO DE CADA GRUPO - GRUPO
C2

1-15min 2—-24hrs 3-48hrs

(p) Kruskal-Wallis = 0.0635

COMPARACAO ENTRE OS TEMPOS DENTRO DE CADA GRUPO — GRUPO
Bl

1-15min 2-24hrs 3-48hrs

(p) Kruskal-Wallis = 0.3576

COMPARACAO ENTRE OS TEMPOS DENTRO DE CADA GRUPO — GRUPO
B2

1-15min 2-24hrs 3-48hrs

(p) Kruskal-Wallis = 0.2881

COMPARACAO ENTRE OS TEMPOS DENTRO DE CADA GRUPO — GRUPO
B3 REPEAT

1-15min 2-24hrs 3-48hrs

(p) Kruskal-Wallis = 0.0509

COMPARACAO ENTRE OS TEMPOS DENTRO DE CADA GRUPO — GRUPO
B4

1-15min 2—-24hrs 3-48hrs

(p) Kruskal-Wallis = 0.7066

COMPARAQAO ENTRE OS GRUPOS DENTRO DE CADA TEMPO - 15 MIN
1-Cl 2-C2 3-Bl 4-B2 5-B3REPEAT 6-B4
(p) Kruskal-Wallis = 0.0139

ComparagOes Student-Newman-Keuls Dif. Postos  p-valor
Grupos (le?2) = 3.0000 0.4913
Grupos (1e3) = 12.1667 0.0053
Grupos (le4) = 10.3333 0.0178
Grupos (1e5) = 6.6667 0.1262
Grupos (1e6) = 12.8333 0.0032
Grupos (2e3) = 9.1667 0.0355
Grupos (2e4) = 7.3333 0.0925
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Grupos (2e5) =
Grupos (2e6) =
Grupos (3e4) =
Grupos (3e5) =
Grupos (3e6) =
Grupos (4e5) =
Grupos (4 e 6) =
Grupos (5e6) =

3.6667
9.8333
1.8333
5.5000
0.6667
3.6667
2.5000
6.1667

0.4002
0.0241
0.6741
0.2070
0.8784
0.4002
0.5663
0.1571

COMPARACAO ENTRE OS GRUPOS DENTRO DE CADA TEMPO - 24 HRS
1-C1 2-C2 3-Bl 4-B2 5-B3REPEAT 6-B4

(p) Kruskal-Wallis = 0.0074

Comparacg6es Student-Newman-Keuls

Grupos (1le?2)=
Grupos (1e3) =
Grupos (le4) =
Grupos (1eb) =
Grupos (1e6) =
Grupos (2e3) =
Grupos (2e4) =
Grupos (2e5) =
Grupos (2e6) =
Grupos (3e4) =
Grupos (3e5) =
Grupos (3e6) =
Grupos (4e5) =
Grupos (4e6) =
Grupos (5e6) =

Dif. Postos
3.3333 0.4444
13.8333 0.0015
9.1667 0.0355
5.6667 0.1936
13.0000 0.0029
10.5000 0.0160
5.8333 0.1808
2.3333 0.5924
9.6667 0.0266
4.6667 0.2843
8.1667 0.0610
0.8333 0.8484
3.5000 0.4220
3.8333 0.3792
7.3333 0.0925

p-valor

COMPARACAO ENTRE OS GRUPOS DENTRO DE CADA TEMPO — 48 HRS
1-Cl1 2-C2 3-Bl 4-B2 5-B3REPEAT 6-B4

(p) Kruskal-Wallis = 0.0190

ComparagOes Student-Newman-Keuls

Grupos (le?2) =
Grupos (1e3) =
Grupos (le4)=
Grupos (1e5) =
Grupos (1e6) =
Grupos (2e3) =
Grupos (2e4) =
Grupos (2e5) =
Grupos (2e6) =
Grupos (3e4) =
Grupos (3e5) =
Grupos (3e6) =
Grupos (4eb5) =
Grupos (4 e 6) =
Grupos (5e6) =

Dif. Postos
2.6667 0.5407
8.6667 0.0468
10.6667 0.0144
0.3333 0.9390
10.6667 0.0144
6.0000 0.1687
8.0000 0.0665
2.3333 0.5924
8.0000 0.0665
2.0000 0.6464
8.3333 0.0559
2.0000 0.6464
10.3333 0.0178
0.0000 1.0000
10.3333 0.0178

p-valor
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ESTATISTICA — % MORTALIDADE

TESTE PORCENTAGEM DE MORTALIDADE — TESTE NAO PARAMETRICO DE
KRUSKAL-WALLIS E POS TESTE DE STUDENT-NEWMAN KEULS

COMPARAC}AO ENTRE OS TEMPOS - GRUPO C1
1-15MIN 2-24HRS  3-48HRS
(p) Kruskal-Wallis = 1.0000

COMPARACAO ENTRE OS TEMPOS — GRUPO C2
1-15MIN 2-24HRS  3-48HRS
(p) Kruskal-Wallis = 0.3932

COMPARACAO ENTRE OS TEMPOS — GRUPO B1
1-15MIN  2- 24 HRS 3-48 HRS
(p) Kruskal-Wallis = 0.2521

COMPARAQAO ENTRE OS TEMPOS - GRUPO B2
1-15MIN  2-24 HRS 3-48 HRS
(p) Kruskal-Wallis = 0.5611

COMPARACAO ENTRE OS TEMPOS — GRUPO B3 REPEAT
1-15MIN  2-24HRS  3-48HRS
(p) Kruskal-Wallis = 0.1133

COMPARACAO ENTRE OS TEMPOS - GRUPO B4
1-15MIN  2-24HRS  3-48HRS

(p) Kruskal-Wallis = 0.2019

COMPARACAO ENTRE OS GRUPOS - TEMPO 15 MIN
1-C1 2-C2 3-Bl1 4-B2 5-B3REPEAT 6-B4

(p) Kruskal-Wallis = 0.0196

Comparacges Student-Newman-Keuls Dif. Postos  p-valor
Grupos (1e?2) = 3.0000 0.4913
Grupos (1e3) = 11.5000 0.0083
Grupos (le4) = 10.6667 0.0144
Grupos (1e5) = 7.3333 0.0925
Grupos (1e6) = 12.5000 0.0041
Grupos (2e3) = 8.5000 0.0512
Grupos (2e4) = 7.6667 0.0786
Grupos (2e5) = 4.3333 0.3202
Grupos (2e6) = 9.5000 0.0293
Grupos (3e4) = 0.8333 0.8484
Grupos (3e5) = 4.1667 0.3391
Grupos (3e6) = 1.0000 0.8185
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Grupos (4e5) =
Grupos (4 e6) =
Grupos (5e6) =

3.3333
1.8333
5.1667

0.4444
0.6741
0.2359

COMPARACAO ENTRE OS GRUPOS - TEMPO 24 HRS
4-B2 5-B3REPEAT 6-B4

1-C1 2-C2 3-B1
(p) Kruskal-Wallis = 0.0090

Comparagdes Student-Newman-Keuls

Grupos (1le?2) =
Grupos (1e3) =
Grupos (le4) =
Grupos (1e5) =
Grupos (1e6) =
Grupos (2e3) =
Grupos (2e4) =
Grupos (2e5) =
Grupos (2e6) =
Grupos (3e4) =
Grupos (3e5) =
Grupos (3e6) =
Grupos (4e5) =
Grupos (4 e 6) =
Grupos (5e6) =

Dif. Postos
3.0000 0.4913
14.1667 0.0012
8.5000 0.0512
7.0000 0.1083
12.3333 0.0047
11.1667 0.0104
5.5000 0.2070
4.0000 0.3588
9.3333 0.0323
5.6667 0.1936
7.1667 0.1001
1.8333 0.6741
1.5000 0.7308
3.8333 0.3792
5.3333 0.2211

p-valor

COMPARACAO ENTRE OS GRUPOS - TEMPO 48 HRS
4-B2 5-B3REPEAT 6-B4

1-C1 2-C2 3-B1
(p) Kruskal-Wallis = 0.0245

ComparagOes Student-Newman-Keuls

Grupos (le?2) =
Grupos (1e3) =
Grupos (le4)=
Grupos (1eb5) =
Grupos (1e6) =
Grupos (2e3) =
Grupos (2e4) =
Grupos (2e5) =
Grupos (2e6) =
Grupos (3e4) =
Grupos (3e5) =
Grupos (3e6) =
Grupos (4e5) =
Grupos (4 e6) =
Grupos (5e6) =

Dif. Postos
3.0000 0.4913
9.0000 0.0389
11.3333 0.0093
9.0000 0.0389
12.6667 0.0037
6.0000 0.1687
8.3333 0.0559
6.0000 0.1687
9.6667 0.0266
2.3333 0.5924
0.0000 1.0000
3.6667 0.4002
2.3333 0.5924
1.3333 0.7597
3.6667 0.4002

p-valor
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ESTATISTICA - QUANTIFICACAO DE PROTEINA

TESTE PROTEIN ASSAY — TESTE DE KRUSKAL-WALLIS E POS TESTE DE
STUDENT-NEWMANN-KEULS

COMPARACAO ENTRE OS TEMPOS - GRUPO C1
1-15MIN 2-24HRS 3-48HRS
(p) Kruskal-Wallis = 0.1479

COMPARA(}AO ENTRE OS TEMPOS - GRUPO C2
1-15MIN 2-24HRS 3-48HRS
(p) Kruskal-Wallis = 0.0608

COMPARA(;AO ENTRE OS TEMPOS - GRUPO B1
1-15MIN 2-24HRS 3-48HRS
(p) Kruskal-Wallis = 0.0509

COMPARAC}AO ENTRE OS TEMPOS - GRUPO B2
1-15MIN 2-24HRS 3-48HRS
(p) Kruskal-Wallis = 0.0608

COMPARAQAO ENTRE OS TEMPOS - GRUPO B3 REPEAT
1-15MIN 2-24HRS 3-48HRS
(p) Kruskal-Wallis = 0.0665

COMPARACAO ENTRE OS TEMPOS - GRUPO B4
1-15MIN 2-24HRS 3-48HRS
(p) Kruskal-Wallis = 0.2881

COMPARA(;AO ENTRE OS GRUPOS - TEMPO DE 15 MIN
1-C1 2-C2 3-B1 4-B2 5-B3REPEAT 6-B4
(p) Kruskal-Wallis = 0.0640

COMPARACAO ENTRE OS GRUPOS - TEMPO DE 24 HRS
1-C1 2-C2 3-Bl1 4-B2 5-B3REPEAT 6-B4
(p) Kruskal-Wallis = 0.0153

ComparagOes Student-Newman-Keuls Dif. Postos  p-valor
Grupos (le?2) = 2.3333 0.5924
Grupos (1e3) = 9.0000 0.0389
Grupos (le4) = 6.6667 0.1262
Grupos (1e5) = 2.0000 0.6464
Grupos (1e6) = 4.3333 0.3202
Grupos (2e3) = 11.3333 0.0093
Grupos (2e4) = 9.0000 0.0389
Grupos (2e5) = 4.3333 0.3202
Grupos (2e6) = 2.0000 0.6464
Grupos (3e4) = 2.3333 0.5924
Grupos (3e5) = 7.0000 0.1083
Grupos (3e6) = 13.3333 0.0022
Grupos (4e5) = 4.6667 0.2843
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Grupos (4 e 6) =
Grupos (5e6) =

COMPARACAO ENTRE OS GRUPOS - TEMPO DE 48 HRS

11.0000
6.3333

0.0116
0.1462

1-C1 2-C2 3-Bl 4-B2 5-B3REPEAT 6-B4

(p) Kruskal-Wallis = 0.0333

Comparacges Student-Newman-Keuls

Grupos (1le?2)=
Grupos (1e3) =
Grupos (1le4) =
Grupos (1eb) =
Grupos (1e6) =
Grupos (2e3) =
Grupos (2e4) =
Grupos (2e5) =
Grupos (2e6) =
Grupos (3e4) =
Grupos (3e5) =
Grupos (3e6) =
Grupos (4e5) =
Grupos (4e6) =
Grupos (5e6) =

Dif. Postos
6.3333 0.1462
8.3333 0.0559
8.3333 0.0559
9.6667 0.0266
1.6667 0.7022
2.0000 0.6464
2.0000 0.6464
3.3333 0.4444
8.0000 0.0665
0.0000 1.0000
1.3333 0.7597
10.0000 0.0218
1.3333 0.7597
10.0000 0.0218
11.3333 0.0093

p-valor
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ANEXO C - Descricédo detalhada da metodologia.

DESCRICAO DETALHADA DA METODOLOGIA

1. Preparo dos espécimes de dentina

Setenta molares humanos recém-extraidos obtidos de pacientes com idade entre
18 e 45 anos foram selecionados de acordo com as recomendagdes do Comité de Etica
local.

Os espécimes foram limpos com curetas periodontais (McCall #13/14 e #17/18,
Millennium - Golgran, S&o Caetano do Sul, S&o Paulo, Brasil), imersos em solugéo de
hipoclorito de sddio 2,5% (Cloro Rio, Rioquimica S/A, Séo José do Rio Preto, Sdo Paulo,
Brasil) diluido em &gua (propor¢édo 1:5) por dez minutos em temperatura ambiente para
remover detritos organicos, e entdo lavados com agua destilada e congelados a -6°C até
0 inicio do experimento (Figura 1). Dentes com evidéncia de carie, reabsor¢ao radicular,

trincas ou fraturas foram excluidos do estudo.

> >/ >

\ /
+ A J/

200m! hipoclorito 11 gua

21 Imersgo o 59Iggao (:e 3. Lavagem com agua 4. Congelamento dos
hipoclorito de sédio 2,5% 5 s

; destilada dentes limpos
por 10 minutos

1. Limpeza
dos dentes
com curetas

Figura 1: Limpeza dos dentes.

Apos a limpeza, os dentes tiveram suas coroas separadas das raizes no nivel da

juncdo cemento-esmalte através de uma cortadeira de precisdo (Isomet 5000, Buehler Ltd,
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Lake Bluff, Illinois, Estados Unidos) sob refrigeracdo com agua. A seguir, as coroas
foram fixadas com cera pegajosa (Kota, Cotia, S&do Paulo, Brasil) em placas de acrilico e,
com auxilio de um disco diamantado dupla face (22mm 1.8g, Microdont, S&o Paulo,
Brasil) montado em peca reta e constante irrigacdo, foram obtidas fatias de dentina de
aproximadamente 1,5mm de espessura (Figura 2). Os cortes foram realizados com a
maior distancia possivel entre si, que era em média 3mm (Figura 2). Foi realizada uma
marcacdo na superficie oclusal das fatias para que futuramente os tratamentos fossem
realizados sobre a mesma. As superficies foram manualmente desgastadas por meio de
movimentos circulares sobre lixas abrasivas de 6xido de aluminio nas granulagfes #400
e #600 (Extec Corp., Enfield, Connecticut, Estados Unidos) sob irrigacdo até que
apresentassem formato quadrado e espessura de 1mm, verificada em paquimetro digital
(modelo CD-6"CX-B, Mitutoyo Sul América Ltd., Suzano, S&o Paulo, Brasil) (Figura 2).
Os espécimes foram lavados em agua deionizada e armazenados individualmente em
eppendorfs contendo 1ml de solucdo de Hanks (Apothicario, Aracatuba, S&o Paulo,

Brasil) a 10°C até o momento da realizacdo dos ensaios.

Espétula 7

o

t 0 >

Lamparina Cera pegajosa Placa de acrilico

1. Fixagdo dos dentes em placas de
acrilico com cera pegajosa

2. Separagao das coroas em
cortadeira de precisdao
f .

& \

1 » €@
E 4mm

Lixas abrasivas

¢
Espétula 7 o

< @ > @

Lamparina Cera pegajosa Placa de acrilico \

3. Fixagdo das coroas em placas de 4. Marcagéo da distancia entre os
acrilico com cera pegajosa cortes + corte com disco diamantado

o

5. Desgaste das fatias obtidas

para obtengao de blocos de
dentina (4x4x1mm)
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Figura 2: Obtencéo dos espécimes de dentina.

2. Avaliacdo da permeabilidade dentinaria

Primeiramente os 70 blocos de dentina foram submetidos a um processo de
calibracdo da permeabilidade inicial, no qual foram imersos por cinco minutos em
solucdo de acido etilenodiamino tetra-acético (EDTA) a 17% (pH 7,4, Apothicério,
Aracatuba, S&o Paulo, Brasil) (2ml/amostra) para remocdo de smear layer e abertura dos
tibulos dentinarios. Em seguida, foram lavados com &gua destilada e armazenados em
tubos de 2ml (Microtubo safe-lock, Eppendorf Brasil, Sdo Paulo, S&do Paulo, Brasil)
(amostra posicionada entre duas bolinhas de algoddo umedecidas) até o momento da
andlise (aproximadamente 72 horas, visto que as amostras foram preparadas na Faculdade
de Odontologia de Aracatuba - UNESP e esta analise foi realizada no Instituto de Ciéncia
e Tecnologia - UNESP, em Sdo José dos Campos). Assim, as 70 amostras foram
submetidas ao teste inicial da permeabilidade para calibrar as medidas do movimento de
fluido através dos tdbulos dentinarios, e 50 foram selecionadas. Comparando o0s
diferentes espécimes, aqueles que apresentaram maior discrepancia nos valores de
permeabilidade foram eliminados do experimento. Espécimes cujas permeabilidades
permaneceram com valores aproximados de medias foram distribuidos de forma aleatéria

entre 0s cinco grupos experimentais (n=10).
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1. Imers&o dos blocos de dentina em EDTA 3. Armazenamento dos
17% por 5 minutos blocos de dentina

2. Lavagem com agua
destilada

Figura 3: Preparo quimico das amostras para a analise de permeabilidade dentinéria.

Para a realizagdo da andlise, os espécimes foram acoplados a um equipamento
com um sistema de infiltracdo de fluido (THDO3d, Série WMD 3001, Odeme, Luzerna,
Santa Catarina, Brasil). Tal equipamento simula a passagem de fluido pela dentina que
ocorre devido a pressdo intrapulpar, através de um movimento constante de agua
deionizada sob uma presséo de 10psi. Para cada analise, uma nova bolha de ar foi inserida
no sistema e seu deslocamento linear (em milimetros) através de um microcapilar (100
uL) foi medido por trés minutos utilizando um paquimetro digital. A anélise foi repetida
por trés vezes em cada espécime. A média aritmética do deslocamento entre as trés
leituras foi calculada, convertida em volume de fluxo (ul/min), e transformada em
condutancia hidraulica (Lp; pl.cm?/min.cm H20). A condutancia hidraulica considera a
area do espécime pela qual a agua atravessou (area= 0.16cm?), a pressdo do sistema

(10psi) e 0 volume do fluxo (100ul).
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filtragem
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* $_ Amostra em posigao

para analise da ~ \

Figura 4: Equipamento para a anélise de permeabilidade dentinéria.

3. Tratamentos dessensibilizantes

A descricdo da composicdo, fabricantes, e protocolos de aplicacdo dos produtos
empregados em cada grupo estdo expostos na Tabela 1. Os produtos foram aplicados na
superficie oclusal (previamente marcada) dos blocos de dentina. Apos aplicacdo dos
produtos, os espécimes de dentina foram abundantemente enxaguados com agua destilada
(Figura 5).

Para simular produtos em forma de solucéo disponiveis no mercado, as particulas
dos vidros bioativos T5-OH e F18 foram misturadas com &gua destilada. Em um tubo de
2ml (Microtubo safe-lock, Eppendorf Brasil, S&o Paulo, S&o Paulo, Brazil) contendo 0,1g
de po do vidro bioativo foi acrescentado 1ml de 4gua, gerando uma mistura na proporcao
1:10 de cada vidro bioativo em agua destilada (Figura 6).

Apds a aplicacdo dos diferentes produtos, a analise de permeabilidade dentinaria

foi realizada da mesma maneira descrita anteriormente.
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Tabela 1: Descri¢do da composicao, fabricantes, e protocolos de aplicacdo dos produtos

utilizados no estudo.

Tratamento

Composicéo

Fabricante

Protocolo de Aplicacao

Controle

(saliva artificial)

CaCl,.2H0, 0,167g; KH2POs4,
0,123g; KCl, 11,2g;
(HOCH,)3sCHN_y, 2,42g; gua

destilada; pH 7

Apothicario,
Aracatuba, Séo

Paulo, Brasil

Imersdo das amostras em 1ml da
solucdo por 15 minutos; 1* por
dia durante 15 dias

consecutivos.

Ultra EZ

Nitrato de potassio (3%),

fluoreto (0,25%)

Ultradent, South
Jordan, Utah,

Estados Unidos

Desensibilize

Nano P

Fosfato de calcio nanométrico
(como hidroxiapatita), fluoreto
de s6dio (aproximadamente

2%), nitrato de potassio 5%.

FGM, Joinville,
Santa Catarina,

Brasil

Vidro Bioativo
T5-OH diluido em
agua destilada

(10%)3

Microparticulas de Vidro
Bioativo T5-OH 10% (1-

10um)

Vitrovita, Sdo
Carlos, Séo

Paulo, Brazil

Vidro Bioativo
F18 diluido em
agua destilada

(10%)%

N3.2CO3, KzCOg, KzHPO4,
NazHPO4, CaC03, SiOz,

Ales, ZnO, SI'COQ,, Ban.

Vitrovita, Sao
Carlos, Sao

Paulo, Brazil

Aplicacéo ativa do produto
usando um aplicador
microbrush; permanéncia do

produto sobre a amostra por 15

minutos; remog¢do dos excessos

com bolinha de algodéo;
1* por dia durante 15 dias

consecutivos.
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Figura 6: Preparo das solucdes dos vidros bioativos T5-OH e F18.

4. Desafio com acido citrico

Apo6s as aplicacbes dos produtos descritas acima, as amostras receberam
tratamento com acido citrico para simular desmineralizacdo erosiva. Em seguida, uma
nova analise de permeabilidade foi realizada para testar a estabilidade da obliteracédo

causada pelos agentes dessensibilizantes.
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Os espécimes de dentina foram submetidos a um ciclo de desafio acido durante
sete dias de acordo com o seguinte protocolo: imersdo em solucdo de &cido citrico a 0,5%
(Iml/amostra) (pH 2,5) (Apothicério, Aracatuba, S&o Paulo, Brasil) seis vezes ao dia por
dois minutos cada, sob agitacdo em mesa agitadora (aproximadamente 100rpm e 26 °C).
Entre as imersdes, as amostras foram armazenadas em saliva artificial a 37 °C (em estufa)
por aproximadamente 1 hora (Figura 7).

Para a realizacdo deste desafio foram manipulados 3 litros de &cido citrico e 2
litros de saliva artificial. Foi realizada troca do &cido a cada nova imerséo, e da saliva
uma vez por dia. Entre as trocas, as amostras foram cuidadosamente limpas em
guardanapo de papel (Guardanapos Scott®, Grand Hotel®, Kimberly-Clark Brasil
Industria e Comércio de Produtos de Higiene Ltda., Mogi das Cruzes, S&o Paulo, Brasil).
Ao final do ciclo, as amostras foram novamente armazenadas em tubos de 2ml entre duas

bolinhas de algoddo umedecidas.
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1. Imerséo dos espécimes em acido =—ss =
it 2. Mesa agitadora por 2 minutos de papel
citrico
oooooooooo
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v ==
6. Secagem cuidadosa dos 1 ml de saliva artificial em cada pogo
espécimes com guardanapo ) i
de papel 5. Estufa por 1 hora 4. Imerséo dos espécimes em saliva artificial

Figura 7: Protocolo seguido no ciclo do desafio com acido citrico.

5. Avaliacdo final da permeabilidade dentinaria
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A andlise da permeabilidade dentinéria, apds a aplicacdo dos diferentes
tratamentos e apO0s o desafio acido, foi realizada da mesma maneira descrita

anteriormente.

6. Espectroscopia de energia dispersiva (EDS)

As mensuragdes por espectroscopia de energia dispersiva foram realizadas em
duas amostras representativas de cada grupo. O contetdo dos elementos em porcentagem
de peso (wt%) de célcio (Ca) e fosforo (P) foi medido através do detector EDS BRUKER
e o programa Espirit 1.9 (© 2015 Bruker Nano GmbH, Berlin, Alemanha) (Figura 8). A
taxa de contagem por segundos (cps) foi de 7000 com um intervalo de processamento de
5%. O tempo de medida foi de um minuto e 30 segundos. Foi calculada a média aritmética
para as mensuragdes obtidas em cada espécime. Para esta analise nenhum preparo nas

amostras foi necessario.

Espécime de

dentina o
BROKER

Fita dupla face
para fixagao
dos espécimes

P

Stub metalico ALH i

P

Oo° Jﬂﬂ\

Equipamento para EDS/MEV

Resultado gréfico da andlise

Figura 8: llustracdo da andlise de espectroscopia de energia dispersiva.
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7. Microscopia eletronica de varredura (MEV)

Amostras representativas de cada grupo submetidas a um processo de
desidratacdo em dessecador a vacuo (campanula de vidro contendo silica em seu interior)
para que a maior quantidade de agua possivel fosse removida dos espécimes,
proporcionando a obtencdo de melhores imagens em MEV. Foi seguido o seguinte
protocolo para a desidratacdo: 1) cada espécime foi colocado dentro de um tubo de 2ml
(Eppendorf®) com a tampa aberta para que houvesse contato entre espécime e ar; 2) 0s
tubos foram posicionados em um suporte proprio para tubos e colocados dentro da
campanula com silica; 3) removeu-se todo o ar presente no interior da campanula através
de uma bomba de succédo; 4) permanéncia dos espécimes dentro da campanula por 24
horas (Figura 9).

Apds este tempo, as amostras foram fixadas em stub (suporte) metélico,
revestidas com ouro, e levadas dentro do Microscépio Eletronico de Varredura (Inspect
S50, FEI, Toquio, Japdo) para obtencdo de imagens nos aumentos de 500X, 2000X e
5000X para andlise qualitativa dos tubulos dentinarios em todas as fases do experimento

(inicial, apos tratamentos, e apos desafio &cido) (Figura 9).
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Figura 9: llustracdo do preparo dos espécimes e analise de microscopia eletrénica de

varredura.

8. Protocolo das analises bioldgicas

As analises bioldgicas foram realizadas na Faculdade de Odontologia da
Universidade de Toronto, sob supervisdo da professora Anuradha Prakki, durante
doutorado sanduiche financiado pela CAPES (bolsa CAPES-PRINT-UNESP, processo
88887.363216/2019-00).

Todo o protocolo para realizagdo do experimento encontra-se descrito, passo a

passo, a seguir:

1-Compra das células
A compra das células foi realizada online, através do site www.caderlane.com.
No site, o pedido foi descrito como HGF - 1. Gingival Fibroblast; Human (Homo

sapiens); e o codigo do produto CRL - 2014 (1ml).

2-Descongelamento das células

Primeiramente, o equipamento para descongelamento em banho maria foi
preenchido com &gua estéril. Em seguida, foram posicionados Beckers (deixando a agua
preencher seu interior) e um suporte de plastico (proprio para os tubos de plastico a serem
utilizados) no interior do equipamento para que nenhum material fosse colocado “solto”
dentro da &gua. O equipamento foi ligado e quatro tubos de 15ml contendo solugédo
recém-produzida de meio de cultura (10ml cada) foi colocado no suporte dentro da agua

até que alcancasse a temperatura de 37°C (aproximadamente 30 minutos).
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Durante os minutos de espera, a cabine de biosseguranca foi ligada e limpa com
alcool 70%, assim como todos os materiais antes de serem colocados dentro da cabine.
Ap0s aquecido, o tubo contendo meio foi retirado do banho maria e levado para a cabine
de seguranca. Foi adicionado 10ml do meio de cultura fresco em um frasco T-75 e 0
mesmo foi levado para a incubadora (37°C) para ajustar temperatura novamente enquanto
foram realizados os préximos passos. Enquanto isso, o recipiente contendo as células que
estava armazenado em nitrogénio liquido foi levado ao equipamento de descongelamento,
onde ficou imerso parcialmente na &gua dentro do Becker (Figura 10), por
aproximadamente dois minutos (ob.: o contetdo congelado do recipiente com as células
apresenta coloracao bege, e apds descongelado, vermelha).

Apos descongelamento, o recipiente com as células foi levado para a cabine de
seguranca novamente. Com a pipeta, foi adicionado 1ml de meio fresco, misturando
delicadamente. Apo6s mistura, todo o contetdo do recipiente contendo as células

(aproximadamente 1ml) foi pipetado em um novo tubo contendo 9ml de meio fresco.

Figura 10: Fotografia da forma como o recipiente contendo as células congeladas foi

mantido em posi¢édo dentro do Becker, no equipamento para descongelamento.
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O préximo passo foi a centrifugagdo para separacdo do conteudo (células e meio).
Dentro da centrifuga o peso precisa ser balanceado e, por esse motivo, como ao final do
descongelamento o nosso recipiente contendo as células continha 10ml de conteudo
(células + meio), foi colocado 10ml de &gua em um outro tubo do mesmo tamanho para
servir de contrapeso. Ap6s, ambos os tubos foram levados para a centrifuga, com
configuracdo (Figura 11): a) Velocidade: 125 x g; b) Tempo: 07:00 minutos; c)
Temperatura: 21°C. Ao final da centrifugacdo foi possivel visualizar uma camada

branca no fundo do tubo, que sdo as células separadas do meio.

Figura 11: Fotografia do equipamento de centrifugacéo.

Apos a centrifugacdo, o tubo foi levado novamente a cabine de biosseguranca.
Com a pipeta, 0 meio (supernadante) foi removido cuidadosamente. Em seguida, foi
adicionado aproximadamente 3ml de meio fresco, pipetando gentilmente para cima e
para baixo no interior do tubo para desagrupar as células. Esse meio foi colocado no
frasco T-75 que estava na incubadora ajustando a temperatura. Foi anotado o nimero
da passagem (no caso, 1), nossos nomes e a data no frasco. O frasco foi levado em

microscopio optico para conferir se as células se encontravam espalhadas pelo meio e
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depois levado novamente para a incubadora (Figura 12). As células foram checadas em
microscopio a cada 24 horas para conferir as condi¢bes do meio, se as células estavam

vivas e se multiplicando.

Figura 12: Fotografia dos frascos posicionados dentro da incubadora.

3-Preparo de novo meio de cultura para trocas

Observacdes importantes sobre os critérios para substituicdo do meio:

o O meio fresco possui coloracdo vermelha. Se ao checar estivesse rosado,
significava que ainda estava normal e ndo precisaria ser trocado nos proximos 3
dias;

o Se ao checar estivesse mais alaranjado, significava que poderia esperar de 24 a 48
horas para ser trocado ainda;

o Se amarelo, significava que precisava ser trocado e as células deveriam ser
observadas com mais atencao;

o Se esbranquigcado, com aspecto embagado, significava contaminagdo e morte das

células.
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Para preparo de novo meio, primeiramente foi realizado o calculo da
quantidade necessaria de meio e das propor¢des de cada componente da solucdo de
acordo com a regra: 10% FBS + 1% Antibidtico + DMEM. Por exemplo: para 40ml de
meio = 4ml de FBS + 0,4ml de antibidtico + DMEM até completar 40ml.

Em seguida, os componentes foram levados em banho maria por
aproximadamente 30 minutos para adequacdo da temperatura (37°C). A cabine de
biosseguranca foi ligada 10 minutos antes de iniciar os procedimentos e limpa com alcool
70%, assim como todos 0s materiais antes de serem colocados dentro da cabine. Todos
os produtos foram levados para a cabine, pipetados dentro de um tubo de plastico
conforme as proporcdes calculadas, e gentilmente misturados. A solucéo foi armazenada

em geladeira.

4-Trocas do meio de cultura

O meio foi levado em banho maria por aproximadamente 30 minutos para
adequacdo da temperatura (37°C). A cabine de biosseguranca foi ligada 10 minutos antes
de iniciar os procedimentos e limpa com alcool 70%, assim como todos os materiais antes
de serem colocados dentro da cabine.

Com auxilio da pipeta, 0 meio foi removido do frasco com as células e
descartado em um tubo de plastico nomeado como “descarte”. Em seguida, de forma
rapida para que as células ndo ficassem sem meio por muito tempo, foi adicionado 3ml
de tripsina (gota a gota e delicadamente) para limpeza. A tripsina foi pipetada para fora
do frasco e descartada no tubo de descarte.

Se usando frasco T-75, foi adicionado 12ml de meio fresco; e se usando frasco
T-25 foi adicionado 4ml de meio fresco. Por fim, o frasco foi levado novamente para a

incubadora.
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5-Passagem das células (Subcultura)

O meio foi levado em banho maria por aproximadamente 30 minutos para
adequacdo da temperatura (37°C). A cabine de biosseguranca foi ligada 10 minutos antes
de iniciar os procedimentos e limpa com alcool 70%, assim como todos os materiais antes
de serem colocados dentro da cabine.

Com auxilio da pipeta, 0 meio foi removido do frasco com as células e
descartado em um tubo de plastico nomeado como “descarte”. Em seguida, de forma
rapida para que as células ndo ficassem sem meio por muito tempo, foi adicionado 1ml
de tripsina (gota a gota e delicadamente) para limpeza. A tripsina foi rapidamente
pipetada para fora do frasco e descartada no tubo de descarte.

Foi adicionado 3ml de tripsina nos frascos T-57 (ou 1,5ml nos T-25) e 0s
mesmos foram levados em incubadora por 3 minutos. Apos, foi adicionado 12ml de meio
fresco nos frascos T-75 (ou 4ml nos T-25). Foi anotado 0 nimero da passagem, N0ssos

nomes e a data nos frascos e os mesmos foram levados novamente para a incubadora.

Observagoes:
a) Para passar as células de um frasco T-25 (menor) para um frasco T-75 (maior) a
proporcao adotada foi: 1,5ml de tripsina + 12ml de meio;
b) E para dividir as células de um frasco T-75 em 3: 1ml de tripsina + 12ml de meio
por frasco;
c) As células foram divididas todas as vezes que cresceram a ponto de ocupar
aproximadamente 80% do meio (checadas em microscopio 6ptico) e foram

cultivadas até atingirem uma quantidade suficiente para realizacdo do experimento.
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6- DIA 1 DO EXPERIMENTO: Semeadura
DELINEAMENTO

Foi realizado com base na literatura. De acordo com outro estudo previamente
realizado no laboratorio, sdo necessarias 5mil células por poco da placa de cultivo de 96
poc¢os. Como no presente estudo foram 6 grupos (controle 1 - somente células; controle
2 - células e agua; Ultra EZ; Desensibilize NanoP; Biovidro T5-OH; e Biovidro F18),
foram calculados 18 pocos por grupo, multiplicados por 3 (porque o experimento foi em
triplicata), resultando em um total de 900.000 celulas necessarias no total. Cada pogo
comporta 200ul. Assim, também com base na literatura, foi determinada a utilizacao de

50ul de “tratamento” ¢ 150l de meio de cultura por pogo.

METODO

Meio e tripsina foram colocados em banho maria por aproximadamente 30
minutos para adequacao da temperatura. A cabine de biosseguranca foi ligada 10 minutos
antes de iniciar os procedimentos e limpa com alcool 70%, assim como todos 0s materiais
antes de serem colocados dentro da cabine.

Para este experimento foram cultivados 4 frascos T-75 de células, porém foram
escolhidos apenas 0s 3 com maior nimero para serem utilizados. Foi removido todo o
meio que estava em cada frasco. Imediatamente ap6s, foi colocado 3ml de tripsina em
cada frasco e os mesmos foram levados em incubadora por 3 minutos para que as células
se soltassem da superficie do recipiente e pudessem ser pipetadas, juntamente com o
liquido (tripsina).

Durante os 3 minutos de espera, foram colocados 7ml de meio fresco em 3

tubos de pléstico de 50ml (um tubo para cada frasco que foi levado a incubadora). Ap6s

92



0s 3 minutos, os 3ml de tripsina (com as células) foram pipetados para fora dos frascos e
colocados em cada um dos seus respectivos tubos contendo os 7ml de meio fresco.

Para a contagem das células, 10ul de solugdo (meio + tripsina com células) foi
pipetado de cada tubo para o centro de um dispositivo especifico para contagem de células
e levado ao microscépio éptico para realizacdo dos célculos. A partir dos calculos da
quantidade de células por ml de solucdo, foi definida a quantidade que seria semeada em
cada poco (150ul). Foram utilizadas 3 placas de 96 poc¢os (uma placa para cada tempo de

avaliagdo do experimento: 15 minutos; 24 horas; e 48 horas) (Figura 13).
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Figura 13: Esquema da organizacdo das placas onde N representa o numero de

repeticdes (triplicata), e G o grupo experimental.

Apds preenchidos os poc¢os de acordo com 0 esquema representado na Figura
13, as placas foram individualmente levadas em microscopio Optico para rapida

checagem e, em seguida, para a incubadora onde permaneceram por 24 horas.

7- DIA 2 DO EXPERIMENTO: Tratamentos dessensibilizantes
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Meio, PBS, FBS foram colocados em banho maria por aproximadamente 30
minutos para adequacédo da temperatura e depois levados para a cabine de biosseguranca.
A cabine de biosseguranca foi ligada 10 minutos antes de iniciar os procedimentos e limpa
com alcool 70%, assim como todos os materiais antes de serem colocados dentro da
cabine.

Para facilitar a pipetagem das solu¢des com a pipeta multipontas, foi colocado
FBS em uma das placas de Petri, meio em outra, e solucdo Alamar Blue em outra.

Os tratamentos foram realizados na seguinte ordem: 1) Placa 48 horas; 2) Placa
24 horas; 3) Placa 15 minutos; com o seguinte protocolo de tratamento:

a) o meio foi removido de todos 0s pocos com auxilio de um sugador com ponteira
apropriada e esteril;

b) foi colocado 50ul de PBS em cada pogo para “lavar” as células;

c) o PBS foi removido com auxilio do sugador;

d) 200ul de meio foi adicionado no G1 (grupo controle/meio);

e) 25ul de &gua destilada + 175ul de meio foram adicionados no G2 (grupo
controle/agua destilada);

f) 25ul da solucéo de Vidro bioativo T5-OH + 175ul de meio foram adicionados no
G3 (grupo T5-OH);

g) 25ul da solucéo de Vidro bioativo F18 + 175ul de meio foram adicionados no G4
(grupo F18);

h) 25ul da solucdo de Ultra EZ + 175ul de meio foram adicionados no G5 (grupo Ultra
EZ)

1) 25ul da solucéo de Desensibilize NanoP + 175ul de meio foram adicionados no G6
(grupo Dessensibilize NanoP);

j) Incubadora por 15 minutos;

94



k) Apds os 15 minutos de tratamento, as solucGes foram removidas dos pocos com
auxilio do sugador;

I) As células foram lavadas com 50ul de PBS (3 vezes);

m) O PBS foi removido dos pogos com auxilio do sugador (3 vezes);

n) 200ul de meio fresco foi colocado novamente em todos 0s grupos;

0) As placas “24 horas” e “48 horas” foram levadas para incubadora por mais 24 horas

para posterior repeticdo dos tratamentos.

Apds, apenas na placa a ser analisada no dia (dia 1 = placa 15 minutos):
a) Apds os 15 minutos de tratamento, as solugdes foram removidas dos po¢os com
auxilio do sugador;
b) As celulas foram lavadas com 50ul de PBS (3 vezes);
c) O PBS foi removido dos po¢os com auxilio do sugador (3 vezes);
d) Foi colocado 90ul de meio fresco em cada pogo + 10ul de solucéo de Alamar Blue;

e) A placa foi deixada em incubadora por 24 horas.

8- DIA 3 DO EXPERIMENTO: Andlise Alamar Blue da placa “15 minutos” + Coleta

dos sobrenadantes para Quantificacdo de Proteinas pelo Método BCA + Repeticdes

tratamentos dessensibilizantes nas placas “24 horas” e “48 horas”

Primeiramente foi realizada a Analise Alamar Blue, com a leitura da placa “15

minutos” em computador com programa e leitor especificos.

Apos a leitura, foi realizada a coleta dos conteudos dos pogos da placa

analisada para posterior quantificacdo de proteinas pelo método BCA. Para a coleta, a

placa (placa 15 minutos) foi acomodada sobre gelo, dentro de um isopor, para manter

resfriamento durante procedimento. Os pocos foram lavados com PBS gelado. O PBS foi
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removido dos pocos com auxilio de sugador. Foi acrescentado 100ul de Solugédo RIPPA
Buffer em cada pogo. Aguardou-se 5 minutos. Com a ponteira da pipeta foram realizados
movimentos “esfregando” cada po¢o. Em seguida todo o contetdo de cada poco foi
pipetado dentro do eppendorf de 1,5ml. Todos os eppendorfs foram levados em centrifuga
por 10 minutos. Os sobrenadantes foram pipetados nos eppendorfs de 0,5ml e
armazenados em congelador para posterior quantificacdo de proteinas pelo método BCA.

Realizada a coleta dos contetdos para a quantificacdo de proteinas, iniciou-se
0 processo para repeticdo dos tratamentos nas placas de 24 horas e 48 horas. Meio, PBS,
FBS foram colocados em banho maria por aproximadamente 30 minutos para adequacgéo
da temperatura e depois levados para a cabine de biosseguranca. A cabine de
biosseguranca foi ligada 10 minutos antes de iniciar os procedimentos e limpa com alcool
70%, assim como todos os materiais antes de serem colocados dentro da cabine.

Os tratamentos foram realizados na seguinte ordem: 1) Placa 48 horas; 2) Placa
24 horas. O protocolo de tratamento foi o mesmo descrito no DIA 2 DO
EXPERIMENTO, porém ao final dos tratamentos, apenas a placa “48 horas” voltou para

a incubadora imediatamente. A placa “24 horas” recebeu a solugdo de Alamar Blue antes.

8- DIA 4 DO EXPERIMENTO: Andalise Alamar Blue da placa “24 horas” + Coleta dos
sobrenadantes para Quantificacdo de Proteinas pelo Método BCA + RepeticOes
tratamentos dessensibilizantes na placa “48 horas”™

Primeiramente foi realizada a Analise Alamar Blue, com a leitura da placa “24
horas” em computador com programa e leitor especificos.

Apobs leitura, foi realizada a coleta dos conteidos dos pocos da placa analisada
para posterior quantificacdo de proteinas pelo método BCA seguindo o mesmo protocolo

descrito no DIA 3 DO EXPERIMENTO.
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Realizada a coleta dos contetdos para a quantificacdo de proteinas, iniciou-se
0 processo para repeticdo dos tratamentos na placa de 48 horas. Meio, PBS, FBS foram
colocados em banho maria por aproximadamente 30 minutos para adequacgdo da
temperatura e depois levados para a cabine de biosseguranca. A cabine de biosseguranca
foi ligada 10 minutos antes de iniciar os procedimentos e limpa com alcool 70%, assim
como todos os materiais antes de serem colocados dentro da cabine.

O protocolo de tratamento foi o mesmo descrito no DIA 3 DO
EXPERIMENTO, porém apenas na placa “48 horas”, que ao final recebeu a solucdo de

Alamar Blue e voltou para a incubadora por mais 24 horas.

9- DIA 5 DO EXPERIMENTO: Andlise Alamar Blue da placa “48 horas” + Coleta dos
sobrenadantes para Quantificacdo de Proteinas pelo Método BCA

Primeiramente foi realizada a Andlise Alamar Blue, com a leitura da placa “48
horas” em computador com programa ¢ leitor especificos. Apds leitura, foi realizada a
coleta dos conteudos dos pocos da placa analisada para posterior gquantificacdo de

proteinas pelo método BCA conforme ja descrito anteriormente.

10- Quantificacdo de Proteinas pelo Método BCA

Os eppendorfs contendo os sobrenadantes coletados de todas as placas
utilizadas no experimento foram removidos do congelador e foi aguardado o
descongelamento natural.

As 3 novas placas de 96 pocos (seguindo 0 mesmo esquema do experimento
conforme Figura 13) foram posicionadas no isopor com gelo. Foi pipetado 25ul de cada
eppendorf dentro dos seus pocos correspondentes na placa. Foi preparada a solugdo

reagente (proporcdo 50:1): 12,5ml do reagente A + 250ul do reagente B. Foi colocado
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200ul da solugdo reagente em cada poco. A placa foi embalada em papel aluminio e
mantida por 30 minutos em incubadora (37°C). Foi realizada leitura das placas em

computador com programa e leitor especificos.
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