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RESUMO

Engenharia de pelicula adquirida para o controle do desgaste dentario erosivo:
avaliacdo in vitro e in situ do potencial protetor de uma cistatina derivada da
cana-de-agucar (CaneCPI-5)

O desgaste dentario erosivo (DDE) € um problema complexo e multifatorial que
requer atencao especial para prevencao e tratamento. A saliva € um fator biolégico
essencial, que desempenha um papel crucial na protecéo contra o desgaste. Grande
parte do papel da saliva advém do fato de suas proteinas serem 0s maiores
constituintes da pelicula adquirida, ja que algumas proteinas deste integumento séao
resistentes a remocdo por desafios erosivos, sendo, portanto, candidatas a
incorporacdo em produtos odontolégicos visando a prevencao do DDE. No presente
trabalho, o efeito protetor de uma cistatina derivada da cana-de-ac¢ucar, adicionada a
diferentes solucBes e géis, foi avaliado in vitro e in situ. No primeiro capitulo, foi
realizado um estudo in vitro para avaliar o efeito protetor de géis contendo diferentes
concentra¢gfes de CaneCPI-5 contra a eroséo inicial do esmalte (desafio com é&cido
citrico 0,65%, pH 3,4 por 1 min). Os resultados indicaram que o tratamento com géis
contendo CaneCPI-5 nas concentraces de 0,1 ou 1,0 mg/mL protegeu o esmalte
contra a erosdo dentéria inicial, provavelmente porqgue a CaneCPIl-5 aumenta o
namero de sitios doadores de elétrons na superficie do esmalte, o que pode impactar
na formacao da pelicula adquirida. No segundo capitulo, diferentes veiculos contendo
CaneCPI-5 foram avaliados in situ, utilizando um protocolo cruzado e duplo-cego,
conduzido por 5 dias em cada fase. Os voluntarios usaram um aparelho contendo 4
espécimes de dentina humana por 5 dias, tratando as amostras com 1 gota das
solucdes testadas por 60 s antes de serem submetidas a desafios erosivos (acido
citrico 0,1%, pH 2,5, 90 s, 4X/dia), combinados ou ndo a desafios abrasivos
(escovacéo por 15 s, 2X/dia). O tratamento com os géis for feito por 4 min, apenas 1
vez a cada dia. Na primeira parte, a solucdo contendo CaneCPI-5 0,1 mg/mL foi
testada em comparacdo a um controle positivo (Elmex Erosion Protection) e a um
controle negativo (agua deionizada). Ambos o0s tratamentos reduziram
significativamente a perda de dentina em comparagao ao controle negativo, tanto para
a erosdo quanto para a erosao associada a abrasdo. Na segunda parte, 0s grupos
avaliados foram: sem tratamento, gel de quitosana, gel de quitosana contendo 12300
ppm F e gel de quitosana contendo CaneCPI-5 0,1 mg/mL. O menor desgaste foi

observado para o gel contendo CaneCPI-5, que apesar de nédo diferir do gel NaF, foi




0 unico gel que diferiu do gel de quitosana. Este € o primeiro estudo in situ no qual o
efeito da CaneCPI-5 para reduzir o DDE da dentina foi avaliado, uma vez que estudos
prévios analisaram apenas o esmalte. Nossos dados reforcam os achados, indicando
gue a adicdo de CaneCPI-5 tanto a solu¢des quanto a géis parece ser uma alternativa
promissora para reduzir o desgaste dentario erosivo, por meio da engenharia de
pelicula adquirida. Protocolos de aplicacao clinica deveriam ser testados, combinando
aplicacado profissional do gel com aplicacbes caseiras da solugcdo contendo
CaneCPI-5.

Palavras-chave: Pelicula adquirida. Erosdo dentaria. Abrasdo dentaria. Dentina.

Cistatina. Cana de acucar.




ABSTRACT

Acquired pellicle engineering for the control of erosive tooth wear: in vitro and
in situ evaluation of the protective potential of a sugarcane-derived cystatin

(CaneCPI-5)

Erosive tooth wear (ETW) is a complex and multifactorial problem that requires
special attention for prevention and treatment. Saliva is an essential biological factor
that plays a crucial role in protecting against ETW. A large part of saliva's role comes
from the fact that its proteins are the major constituents of the acquired pellicle, since
some proteins in this integument are resistant to removal due to erosive challenges,
and are therefore candidates for incorporation into dental products aimed at preventing
ETW. In the present work, the protective effect of a sugarcane-derived cystatin, added
to different solutions and gels, was evaluated in vitro and in situ. In the first chapter, an
in vitro study was performed to evaluate the protective effect of gels containing different
concentrations of CaneCPI-5 against initial enamel erosion (challenge with 0.65% citric
acid, pH 3.4, for 1 min). Results indicated that treatment with gels containing CaneCPI-
5 at concentrations of 0.1 or 1.0 mg/mL protected enamel against initial erosion,
probably because CaneCPI-5 increases the number of electron donor sites on the
surface, which can impact the formation of the acquired pellicle. In the second chapter,
different vehicles containing CaneCPI-5 were evaluated in situ, using a crossover and
double-blind protocol, conducted for 5 days in each phase. The volunteers used an
apparatus containing 4 specimens of human dentin for 5 days. Specimens were
treated with 1 drop of the tested solutions for 60 s before being submitted to erosive
challenges (0.1% citric acid, pH 2.5, 90 s, 4X/day), combined or not with abrasive
challenges (brushing for 15 s, 2X/day). The treatment with the gels was performed only
once/day. In the first part, the solution containing 0.1 mg/mL CaneCPI-5 was tested
against a positive control (EImex™ Erosion Protection) and a negative control
(deionized water). Both treatments significantly reduced dentin loss compared to the
negative control for both erosion and erosion associated with abrasion. In the second
part, the evaluated groups were: no treatment, chitosan gel, chitosan gel containing
12300 ppm F and chitosan gel containing CaneCPI-5 0.1 mg/mL. The lowest wear was
observed for the gel containing CaneCPI-5, which despite not differing from the NaF
gel, was the only gel that differed from the chitosan gel. This is the first in situ study in

which the effect of CaneCPI-5 to reduce dentin erosive wear was evaluated, since




previous studies only analyzed enamel. Our data reinforce the findings indicating that
the addition of CaneCPI-5 to both solutions and gels seems to be a promising
alternative to reduce ETW through acquired pellicle engineering. Clinical application
protocols should be tested, combining professional application of the gel with home

application of the solution containing CaneCPI-5.

Keywords: Acquired pellicle. Dental erosion. Dental abrasion. Dentine. Cystatin.

Sugarcane.
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1 INTRODUCTION

Dental erosion is a prevalent oral condition that affects a significant proportion
of the adult population, particularly those who consume high amounts of acidic drinks
(LUSSI; CARVALHO, 2014). It is characterized by the loss of hard dental tissue due
to non-bacterial acids, which can originate from both the diet (extrinsic) (BARBOUR,;
LUSSI, 2014) and the gastric contents of the host (intrinsic) (CARPENTER et al.,
2014). It is important to note that the term "dental erosion” only refers to cases of initial
demineralization (softening) caused by acid exposure, while the term "erosive tooth
wear" (ETW) encompasses the effects of both chemical and abrasive mechanical
forces (SHELLIS et al., 2011). Therefore, using the terms "dental erosion” and "erosive
tooth wear" appropriately can help distinguish between chemical and chemical-
mechanical processes (LUSSI; CARVALHO, 2014). In addition to causing tooth
sensitivity and discoloration, ETW can lead to structural damage to the teeth, such as
cracks and chips (MAGALHAES et al., 2009b). Thus, it is crucial to implement
preventive measures, such as reducing the intake of acidic foods and drinks and
practicing good oral hygiene, to minimize the risk of ETW (LUSSI; CARVALHO, 2014).

In recent years, there has been a substantial increase in the number of
published studies on ETW, indicating its growing importance in current literature.
Although epidemiological data on ETW is still limited, it is prevalent in various age
groups and can lead to tooth loss if preventive measures are not taken in time
(JAEGGI; LUSSI, 2014; SALAS et al., 2015). Factors that contribute to its development
include patient-related factors such as dietary habits, oral hygiene, gastroesophageal
reflux, and medication use, as well as nutritional factors such as acid type, buffer
capacity, and concentrations of calcium, phosphate, and fluoride (LUSSI; CARVALHO,
2014). Other factors such as genetics and environmental exposures have also been
found to play a role on its development. Therefore, effective preventive measures, such
as reducing the consumption of acidic foods and drinks, are highly necessary to
combat dental erosion (LUSSI; JAEGGI, 2008).

The development of erosive lesions is characterized by the softening of dental

surfaces and continuous layer-by-layer dissolution of enamel crystals leading to
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permanent volume loss, followed by the exposure of dentin (LUSSI; CARVALHO,
2014). This process is influenced by the solubility of the solid and the activity of relevant
mineral constituents in the solution, such as calcium, phosphate, and fluoride. Unlike
caries, erosive lesions do not have a fixed critical pH. Rather, the critical pH in erosive
lesions refers to the pH value at which the erosive solution is exactly saturated with
respect to a specific solid, such as dentine (BUZALAF; HANNAS; KATO, 2012). The
composition of dentin tissue, specifically the presence of the demineralized organic
matrix (DOM), acts as a barrier to ionic diffusion, reducing the progression of erosion
(BUZALAF; HANNAS; KATO, 2012). It has been shown that the use of matrix
metalloproteinase (MMP) inhibitors, such as chlorhexidine and green tea extract, can
be effective in reducing the progression of dentin erosion (BOTEON et al., 2017,
BUZALAF; HANNAS; KATO, 2012; KATO et al., 2010; MAGALHAES et al., 2009a).
Further research is needed to explore the potential use of these strategies in

preventing dentin erosion in clinical settings.

The formation of the acquired pellicle is a rapid process that starts within a few
seconds after enamel exposure to saliva. In the first few minutes, the thickness of the
pellicle increases by about 10-20 nm and remains stable for approximately 30 minutes
(HANNIG, 1999). The initial step involves the selective binding of precursor proteins,
such as PRPs, statherin, and histatins, to the tooth surface through electrostatic
interactions with high affinity for hydroxyapatite (HAY, 1973; SIQUEIRA; CUSTODIO;
MCDONALD, 2012). Acquired pellicles not only protect teeth from demineralization but
also play a crucial role in bacterial adhesion and biofilm formation (HANNIG; JOINER,
2006). The first layer of adhered proteins is electron-dense and seems to provide the
most significant protection against dental demineralization. The subsequent layers

have a looser arrangement compared to the basal pellicles (HANNIG, 1999).

During the second stage of pellicle formation, known as the maturation stage,
the thickness of the pellicle rapidly increases (100-1000 nm). This suggests that protein
aggregates, rather than individual proteins, are involved in its development along with
the presence of globular structures (HANNIG; BALZ, 2001). The thickness of the
pellicle reaches a plateau after 30-90 minutes, and its thickness ranges from 100 to
1000 nm, depending on its location in the oral cavity. The vestibular region of the cavity
is thicker compared to the lingual region (HANNIG, 1999). The pellicle can undergo

intrinsic and extrinsic maturation, which can influence its solubility. The intrinsic
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maturation is mainly caused by enzymatic cross-linking and dephosphorylation, and
the presence of transglutaminase and alkaline phosphatase can cause cross-linking
between basic PRPs and statherin (HANNIG et al., 2008; YAO; LAMKIN, 2000).
Proteolysis plays a lesser role in intrinsic maturation (HANNIG et al., 2008). On the
other hand, extrinsic pellicle maturation suffers great influence from salivary
proteolysis, which can occur before or after adsorption to hydroxyapatite (MCDONALD
et al., 2011), since most of its components are peptide fragments (SIQUEIRA,
OPPENHEIM, 2009; VITORINO et al., 2007). The formation and maturation of the
acquired pellicle can also be affected by external factors, such as the use of tooth
whitening products, abrasive toothpaste, and the intake of acidic foods and beverages
(HARA; ZERO, 2010).

Acquired pellicle engineering involves modifying the interactions between the
pellicle and the tooth surface to enhance the protective properties of this integument
against ETW, dental caries, and other oral conditions. This can be achieved by
incorporating specific proteins and/or other biomolecules into the pellicle or by altering
its structure or composition through chemical or physical means. Acquired pellicle
engineering has the potential to provide a novel approach for the development of
preventive dental care strategies and products, such as toothpastes, mouthwashes,
and chewing gums, that can effectively protect against oral diseases (ARAUJO et al.,
2021; ARAUJO et al., 2022; CARVALHO et al., 2020; PELA et al., 2021, 2019, 2022;
VENTURA et al., 2023).

Salivary proteins, including mucin, statherins, and proline-rich proteins (PRPS),
play a critical role in the acquired pellicle's ability to protect against erosion (SIQUEIRA,;
CUSTODIO; MCDONALD, 2012). Research has shown that individuals with erosion
have half the amount of proteins in the acquired pellicle compared to the control group,
highlighting the importance of these protective proteins (CARPENTER et al., 2014).
Our research group recently conducted a study where we identified proteins present
in the acquired pellicle formed in situ on dentin and in vivo on enamel after exposure
to citric or lactic acids, simulating erosive or carious processes, respectively. We found
acid-resistant proteins, such as mucins and cystatins (DELECRODE et al., 2015a,
2015b). Among them, cystatins appear to be particularly promising, as the relative

expression of cystatin B was observed to increase in the acquired enamel pellicle by
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20 and 13 times after exposure to citric and lactic acids, respectively (DELECRODE et
al., 2015b).

Cystatins are inhibitors of cysteine peptidases, which exert their inhibitory
mechanism by blocking proteolytic activity in a competitive manner (ABRAHAMSON
1993). Given that cystatins inhibit cysteine peptidases, it is expected that they may
reduce the progression of dentin erosion (DELECRODE et al., 2015a; TJADERHANE
et al., 2015). However, the high cost of human cystatin B makes it impractical for use
in dental products aimed at preventing dental caries and erosion. Therefore, it would
be interesting to develop alternatives with better cost-effectiveness. Phytocystatins, a
family of inhibitors of plant cysteine peptidases, were first suggested by Kondo et al. in
1991 (KONDO et al., 1991). These proteins have a unique consensus sequence, L-A-
R-F-A-V-X (3)-N, which is specific to plant cystatins, thus justifying their inclusion in a
new family (MARGIS; REIS; VILLERET, 1998). The protein Canacystatin (CaneCPI-
1) was the first sugarcane cystatin to be produced in a heterologous expression system
(SOARES-COSTA et al., 2002). This protein has been shown to possess inhibitory
activity against cysteine peptidases, including human cathepsins (VILELA OLIVA et
al., 2004). Subsequently, four other sugarcane cystatins were produced and studied
for their inhibitory activity (GIANOTTI et al., 2006, 2008; MIGUEL, 2014). Among these,
the CaneCPI-4 protein exhibited significant inhibitory activity against human
cathepsins B and L (GIANOTTI et al., 2008). Recently, a new cystatin from sugarcane,
CaneCPI-5, was identified and characterized, which displayed activities very similar to
those of CaneCPI-4. It can efficiently inhibit many cysteine peptidases, including
cathepsin B, which is resistant to inhibition by cystatins. This inhibition of cathepsin B
could be important for preserving the DOM of dentin, as the expression of cathepsin B
and the nonspecific activity of CCs in carious dentin have been found to be significantly
higher than in healthy dentin (NASCIMENTO et al., 2011). Furthermore, CaneCPI-5
has been found to be much more soluble when produced in a bacterial expression
system, which facilitates its production and purification. Additionally, it has shown
strong adherence to quartz cuvettes, suggesting that it could bind with greater strength
to tooth enamel (SANTIAGO et al., 2017).

In the current project, we aim to test CaneCPI-5 due to its desirable properties
in increasing the acid resistance of the acquired pellicle, as well as inhibiting dentin

cysteine-cathepsins, which can delay the progression of dentin erosion. As cystatins
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from plants and animals exhibit homology (MARGIS; REIS; VILLERET, 1998), and
cystatins from plants are cost-effective to produce, they are potential alternatives for
inclusion in dental products aimed at preventing caries and dental erosion. Our
research group previously reported that CaneCPI-5 has a high bind strength to enamel
(6 times higher than the control), as observed by atomic force microscopy (AFM).
Moreover, topographic images of enamel samples coated with mucin 2.7 mg/mL,
casein 10 mg/mL, and CaneCPI-5 0.086 mg/mL were taken before and after incubation
with citric acid (0.65%, pH 3.4 for 1 min), showing that only CaneCPI-5 protected
enamel against citric acid-induced damage. Using an in vitro initial erosion model
(CHEAIB; LUSSI, 2011), we also demonstrated that treating the enamel surface with
CaneCPI-5 protected enamel against early erosion, with the best concentration being
0.1 mg/mL (SANTIAGO et al., 2017). However, further studies are needed to test other
application methods, such as gels for topical application, and models that better
represent the clinical reality, such as in situ models, before new products can be
marketed. Moreover, most of the studies conducted so far evaluating the role of
CaneCPI-5 against erosive wear were performed using enamel samples. Being
CaneCPI-5 an inhibitor of cysteine peptidases, this could be an additional mechanism
by which the protein might be able to protect against dentin erosive wear, besides its
role in strengthening the acquired pellicle.
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2 OBJECTIVES

This project had the following general objectives:

1)

2)

To evaluate the effect of gels containing CaneCPI-5, at different
concentrations, in reducing enamel initial erosion in vitro and to evaluate
the surface free energy (SFE) after treatment of the enamel surface with
CaneCPI-5 solution (Article 1);

To evaluate the protective potential of CaneCPI-5 in different application
vehicles (solution or chitosan gel) against dentin erosive wear in situ
(Article 2).
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3 ARTICLES

The Articles presented in this Thesis were written according to the Journal of
Applied Oral Science (Article 1) and Journal of Dentistry (Article 2) instructions and

guidelines for articles submission (Annex B).

e Article 1 — New insights into the anti-erosive potential of a sugarcane-derived

cystatin: different vehicle of application and mechanism of action.

e Article 2 — Different vehicles containing CaneCPI-5 reduce erosive dentin

wear in situ.
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ABSTRACT

Introduction: A new sugarcane-derived cystatin (CaneCPI-5) showed protection and a high
strength of interaction with enamel when added to solutions. However, the knowledge about
its physical properties is still limited. Aims: The aims of the present in vitro study were: 1) to
evaluate the protective effect of gels containing different concentrations of CaneCPI-5 against
initial enamel erosion (experiment 1); and 2) to analyze the surface free energy (ys) after
treatment of the enamel surface with CaneCPI-5 solution (experiment 2). Methods: In
experiment 1, 75 bovine enamel specimens (4x4 mm) were divided into 5 groups according
with the gel treatments: placebo gel (control); 0.27%mucin+0.5%casein; 0.1mg/mL CaneCPlI-
5; 1.0mg/mL CaneCPI-5; or 2.0mg/mL CaneCPI-5. The specimens were treated with the gels
for 1 min, the AP was formed (pooled human saliva) for 2h at 37°C and the specimens were
incubated in 0.65% citric acid (pH=3.4) for 1min. The percentage of surface hardness change
(%SHC) was calculated. In experiment 2, measurements were performed by an automatic
goniometer using three probing liquids: diiodomethane, water and ethylene glycol. Specimens
(n=10/group) remained untreated (control) or were treated with solution containing 0.1mg/mL
CaneCPI-5, air-dried for 45min, and 0.5uL of each liquid was dispensed on the surface for the
measurement of contact angles. Results: The gels containing 0.1 and 1.0mg/mL CaneCPI-5
significantly reduced %SHC when compared to the other treatments (p<0.05). Treated enamel
presented significantly lower ys than control, without changes in the apolar component (ys*"),
but the polar component (ys"B=Lewis acid-base) became more negative (p<0.01). Moreover,
CaneCPI-5 treatment showed higher ys-(electron-donor) values compared to control (p<0.01).
Conclusion: Treatment with gels containing 0.1mg/mL or 1.0mg/mL of CaneCPI-5
demonstrated protection of enamel against initial dental erosion in vitro, probably because
CaneCPI-5 increases the number of electron donor sites at the enamel surface, which may

impact on the formation of the AP.

Keywords: Acquired pellicle. Dental erosion. Cystatin.
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INTRODUCTION

Dental erosion is the chemical loss of mineralized tooth substance due to exposure to
non-bacterial acids (SCHLUETER et al.,, 2020). The most important patient-related factor
interfering in the occurrence of dental erosion is saliva, since it is saturated with respect to
apatite, buffers the acids and is the main source of proteins that form the acquired pellicle (AP).
This proteinaceous layer acts as a mechanical barrier to the acids, thus reducing erosion
(BUZALAF; HANNAS; KATO, 2012).

Not all the proteins found in the AP contribute to the protection of the tooth surface
against acid dissolution. It has been suggested that the proteins present in the basal layer have
a greater participation in this regard (HANNIG et al., 2009). A series of in vivo studies employed
proteomic approaches to identify acid-resistant proteins in the AP that would be natural
candidates for inclusion in dental products to reduce erosive demineralization (DELECRODE
et al., 2015; MARTINI et al., 2019; TAIRA et al., 2018). Among them, cystatin-B was revealed
as a good alternative (DELECRODE et al., 2015), but the cost of the human recombinant
protein is prohibitive. With this in mind, our group recently cloned sugarcane-derived cystatin
(CaneCPI-5), that was shown to have a strong binding force to hydroxyapatite and to protect
against initial erosion in vitro (SANTIAGO et al., 2017) and in vivo (CARVALHO et al., 2020)
when added to rinse solutions. Furthermore, the use of the “Acquired pellicle engineering”
concept, which involves modifying the AP through the incorporation of molecules, has a strong
potential to increase its protective effect on the tooth surface due to the strength of the protein
binding to hydroxyapatite (CARVALHO et al., 2020; SANTIAGO et al., 2017). Moreover, the
incorporation of molecules in the AP may change the enamel reactivity, provoking changes in
the surface free energy (SFE), which might guide protein binding to the AP, thus changing its

composition.

Regarding the application vehicle, the use of gels in studies involving the inhibition of
matrix metalloproteinases in dentin showed satisfactory results for its protection(KATO et al.,
2010; MAGALHAES et al., 2009). In this way, the use of gels (containing CaneCPI-5) for topical
application on enamel can also be a good treatment alternative since the contact of the gel

with the enamel surface may be prolonged, due to its structure and density.

Taking the above-mentioned aspects into consideration, the present study was
designed to evaluate the protective effect of gels containing different concentrations of
CaneCPI-5 against enamel initial erosion in vitro. Since little is known about the mechanisms
by which CaneCPI-5 interacts with the enamel surface, we also analyzed the ability of

CaneCPI-5 to alter the SFE of enamel by measuring the contact angle using the sessile drop
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method. The null hypotheses tested were: 1) gels containing CaneCPI-5 do no protect against

initial dental erosion and 2) CaneCPI-5 does not alter the enamel SFE.

MATERIALS AND METHODS

This study comprised 2 experiments: In experiment 1, the effect of CaneCPI-5 (in
different concentrations) added in gel on polished enamel specimens was evaluated using
surface microhardness analysis. In experiment 2, 0.1 mg/mL CaneCPI-5 (in solution) was
applied on polished enamel specimens for SFE analysis.

The use of bovine teeth for this research was approved by the Ethics Committee on
Animal Use of Bauru School of Dentistry, University of Sdo Paulo (Protocol: 006/2017 for
experiment 1 and Protocol: 010/2021 for experiment 1). Also, this study was approved by the
Ethics Committee for Human Research (CAAE: 59786416.9.0000.5417) of Bauru School of
Dentistry, University of S&o Paulo. In addition, saliva donor volunteers signed an informed

consent form before the procedures.
Selection of volunteers and saliva collection

Total saliva was collected from 3 healthy volunteers of both genders (aged 24 to 32
years). The exclusion criteria adopted were: smoking, cavitated carious lesions, severe dental
wear, use of medications that affect salivary flow, salivary flow under the thresholds for
unstimulated (> 0.3 mL/min) and stimulated (> 1.0 mL/min) saliva, xerostomia, type | diabetes,
poor nutrition, gastroesophageal problems and regurgitation and vomiting disorders
(TENOVOU, J. O., & LAGERLOF, 1995).

Before collection, all the volunteers performed oral hygiene using a new toothbrush,
fluoride toothpaste (CloseUP, 1450 ppm F, Unilever, Brazil) and dental floss. Saliva collections
occurred between 9 and 11 a.m. (to avoid circadian effects) under masticatory stimulation
using Parafilm. Then, saliva was centrifuged (14,000 g at 4°C) for 15 min. After that, the
supernatants were collected to form a pool of saliva and divided into 13-mL aliquots, which
were stored at -80 ° C prior to the experiments (SCHIPPER et al., 2007).

Heterologous expression of CaneCPI-5

The production of CaneCPI-5 was carried out at the Laboratory of Molecular Biology of
the Department of Genetics and Evolution of the Federal University of Sdo Carlos, Brazil. For
heterologous expression, bacterial strain Escherichia coli Rosetta (DE3) transformed with
plasmid pET28aCaneCPI-5 was used as previously described(SOARES-COSTA et al., 2002).

The expressed protein was purified from the soluble fraction of bacterial cultures induced by
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IPTG (Isopropyl-beta-D-thiogalactosidium), subjected to centrifugation and sonication. The
purification was done by affinity chromatography using columns containing Ni-NTA Superflow
nickel resin (Qiagen), as described previously (SOARES-COSTA et al., 2002).

Preparation of the enamel specimens

Ninety-five bovine enamel specimens were prepared (4 mm x 4 mm x 4 mm), being 75
specimens for “experiment 1” and 20 specimens for “experiment 2”. They were obtained from
the buccal-cervical region of bovine incisors and stored in 2% thymol solution (pH 7.0) for 30
days. In addition, the specimens were submitted to visual analysis for the investigation of
possible stains and cracks. In these cases, the teeth were excluded. Then, the enamel surface
was sequentially polished, using water-cooled silicon carbide paper disks (320, 600, and 1200
grit, Extec, Enfield, CT, USA). To finalize the polishing a felt polishing cloth (Extec Corp.
Polishing cloth; Buehler, Lake Bluff, IL, USA), moistened with a 1-uym diamond solution (Extec
Corp. Buehler, Lake Bluff, IL, USA) was used on the surface of interest. After polishing, the
specimens were immersed in an ultrasonic bath (T7 Thornton, Unigue Ind. E Com. Ltda., Sdo
Paulo, SP, BR) with deionized water for 7 min at 25°C. Lastly, they were stored (with wet

gauze) at 4°C prior to the experiment.

Experiment 1. Effect of gels containing different concentrations of CaneCPI-5 against

initial enamel erosion in vitro
Experimental procedures

Seventy-five specimens were divided into 5 groups (n/group = 15, determined by
computerized random numbers, after initial surface hardness): 1) placebo gel (negative
control), 2) 0.27% mucin plus 0.5% casein (positive control), 3) 0.1 mg/mL CaneCPI-5, 4) 1
mg/mL CaneCPI-5 and 5) 2.0 mg/mL CaneCPI-5. All gels were prepared as described by Kato
et al. (KATO et al., 2010) and had exactly the same composition, except for the presence of

casein + mucin or CaneCPI-5.

The amount of gel applied was controlled through a dispenser (pipette, 20 pl per
specimen), then the gel was added on the microbrush and applied on the enamel surface of
each specimen for 1 minute, and the excess was removed with a cotton swab (KATO et al.,
2010). The specimens were then incubated in saliva for 2 h at 37°C under agitation to form the
AP (CHEAIB; LUSSI, 2011). Then, the specimens were washed in deionized water (10 s) and
air-dried (5 s). For the erosive challenge, they were immersed in 0.65% citric acid solution (pH
= 3.4) for 1 min at 30°C under agitation, washed in deionized water and air-dried once again
(CHEAIB; LUSSI, 2011).
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Surface hardness

Surface hardness change (SHC) analyses were performed using a Knoop penetrator,
with a load of 50 g for 15 s at baseline (SHCiuia) and after the experiment (SHCqina). Five
indentations were made in the central region of each specimen at 50 uym intervals. Control
indentations of 2 and 5 g were made to detect possible loss of surface. Specimens with
microhardness values 10% lower or 10% higher than the mean of all specimens were excluded
from the study. The percentage of surface hardness change (%SHC) was calculated as a
measure of enamel softening, according to the following equation: %SHC = ([SHCinitia —
SHCiina)/SHCinitia))*100 (SANTIAGO et al., 2017).

Experiment 2. Ability of CaneCPI-5 to alter the enamel surface free energy

Twenty enamel specimens were divided into two groups, as follows: Control (untreated)

or 0.1 mg/mL CaneCPI-5 (n=10/group determined by computerized random numbers).
Surface free energy measurements

The physical properties of the enamel surface were characterized by contact angle
measurements, using the sessile drop method to determine the SFE. Measurements were
performed by an automatic goniometer (DSA 100S, Kriiss, Hamburg, Germany) using three
probing liquids: diiodomethane, water and ethylene glycol. The treated specimens were air
dried for 45 min in order to stabilize the pellicle formed (VAN DER MEI et al., 2002). After, 0.5
uL of each liquid was dispensed on the surface of each block, and the contact angles were
measured using the images captured by a CCD camera. For each specimen 5 measurements
were performed at 20°C and relative air humidity of 47% (HARNETT; ALDERMAN; WOOQOD,
2007; VAN DER MEI et al., 2002). Different parameters, such as acid (y*, receptor component),
base (y-, donor component) and Lifshiz van der Waals (y*, nonpolar component) of surface
free energy (mN/m) were calculated according to the model of van Oss, Chaudhery and Good
for the determination of the substrates free energy (DELLA VOLPE; SIBONI, 1997; OSS,
1990). The interaction free energy (AGwi) was also calculated to determine the
hydrophobicity/hydrophilicity of the enamel surface: AGii > O indicated a hydrophilic surface
and AGii < 0 indicated a hydrophobic surface (HARNETT; ALDERMAN; WOOD, 2007; VAN
0SS, 1993).

Statistical Analysis

All the data were analyzed using the softwares GraphPad InStat (version 3.10 for
Windows) and GraphPad Prism (GraphPad Software Inc., La Jolla, CA). Data were checked

for normality (Kolmogorov-Smirnov test) and homogeneity (Bartlett test) to select the
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appropriate statistical test. In the first experiment, the data were analyzed by Kruskall-Wallis
and Dunn’s tests. In the second experiment, the data were analyzed by ANOVA and Student-
Newman-Keuls's test and by Pearson’s correlation coefficient. The significance levels of both

experiments were considered as p<0.05.
RESULTS

In the first experiment, only the treatments with CaneCPI-5 at 0.1 and 1.0 mg/mL
significantly reduced the %SHC in comparison with control (p<0.05). The treatment performed
with the higher concentration of CaneCPI-5 did not significantly differ neither from control nor

from mucin plus casein (p>0.05) (Figure 1).

Regarding the physical properties of the enamel surface after treatment with CaneCPI-
5, the SFE (ys) was significantly lower with CaneCPI-5 (p<0.001) compared with control (Table
1; p<0.001). The values of the apolar component (ys-¥) from enamel surface were not
significantly different between the groups (p=0.161). The values of the polar component (ys"®
= Lewis acid-base) became more negative with CaneCPI-5 treatment (Figure 2A; p<0.001).
Among the parameters from ys*8, ys* = electron-acceptor (Lewis acid) and ys = electron-donor
(Lewis base), the CaneCPI-5 treatment showed higher ys~ values compared to control (Figure
2B; p<0.001). Significant correlations were observed between vys values and ys"® (Pearson’s r
= 0.987; p<0.001) and ys~ (Pearson’s r = -0.942; p<0.001). The interaction free energy (AGiwi)

was greater than zero for CaneCPI-5 treatment indicating a hydrophilic surface (Table 1).
DISCUSSION

The present study involves the concept of “acquired pellicle engineering” that involves
the modification of the AP through the incorporation of molecules or ions that are able to
increase its protective effect (VUKOSAVLJIEVIC et al., 2014). The modification was done with
the use of CaneCPI-5, a sugarcane-derived cystatin that has a strong binding force to
hydroxyapatite (SANTIAGO et al., 2017).

In experiment 1, we employed a well-established initial erosion model to evaluate the
protective effect of a gel containing CaneCPI-5 against erosion. This model involves one
challenge (1 min) with 0.65% citric acid (pH 3.5) (CHEAIB; LUSSI, 2011), causing enamel
softening that can be measured by SHC, since enamel loss (detected by profilometry) is not
expected at this early stage. Previous studies by our group showed protective effect of the
application of solutions containing 0.1 mg/mL CaneCPI-5 against initial enamel erosion when
applied in vitro for 2 h (SANTIAGO et al., 2017) or in vivo for 1 min (CARVALHO et al., 2020).
Furthermore, the use of gels containing protease inhibitors (KATO et al., 2010) promoted

superior protection against dentine erosion than solutions containing the same inhibitors
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(MAGALHAES et al., 2009), which was attributed to a more intimate contact of the gels with
the dental surfaces. By the way, a mixture of mucin (0.27%) and casein (0.5%) was used (in
the present study) as a positive control due to the previous results, which demonstrated that
the addition of the 2 components in the AP was able to provide the protective effect against
initial erosion in vitro (CHEAIB; LUSSI, 2011).

Based on the above, in the present study this vehicle was selected for application of
CaneCPI-5, at concentrations (ranging between 0.1 and 2.0 mg/mL) based on those employed
in solutions (SANTIAGO et al., 2017). The gels containing CaneCPI-5 at 0.1 and 1.0 mg/mL
significantly reduced enamel erosion in comparison with the placebo gel, while the product
containing 2.0 mg/mL CaneCPI-5 did not (Fig. 1). The overall %SHC reduction promoted by
the gels was 30%, while the effects using aqueous solutions at the same concentrations was
around 90% (SANTIAGO et al., 2017). It is noteworthy, however, that the solutions remained
in contact with the enamel surface for 2 h, while treatment with the gels lasted 1 min only.
Based on time-response considerations, it would be interesting to evaluate longer exposure to
the gels (e.g., 4 min), given that the application of fluoridated gels for 4 min in the clinical
practice has been reported to provide higher caries-protective effects than application for 1
min (VAN RIJKOM et al., 2003; WEYANT et al., 2013). Another interesting finding was that the
highest concentration of CaneCPI-5 (2.0 mg/mL) did not protect enamel against initial erosion.
This seems to be related to previous studies showing that sugarcane cystatins, at high
concentrations, undergo dimerization through domain swapping (CAVINI et al., 2013;
VALADARES et al., 2013), which reduces the levels of free protein to bind to enamel.

The experiment 2 had a mechanistic approach. Our objective was to test the enamel
reactivity after treatment with CaneCPI-5 using the sessile drop method. This is particularly
important for the concept of “acquired pellicle engineering”, since alterations in the SFE upon
the treatment with CaneCPI-5 might guide protein binding to the AP, thus changing its
composition, especially considering binding of other salivary proteins to CaneCPI-5 and/or to
dental surfaces. The untreated enamel was slightly hydrophobic since contact water angle was
a little larger than 65° (RUTTERMANN et al., 2011; VAN DER MEI; WHITE; BUSSCHER,
2004); SFE (ys) was lower than 30 mN/m (Table 1) (KNORR et al., 2005; VAN OSS, 1993),
AGiwi was close to zero, and ys~ was lower than 28.5 mN/m (Figure 2) (HARNETT,;
ALDERMAN; WOOD, 2007; VAN OSS, 1993, 1995), with values of ys* close to zero. As
described in a previous study (NEVES et al., 2018), enamel surface presents characteristics
that favor the precipitation of ionic species, such as Ca?" and CaH:PO.", or protein adhesion,
both of which are important in reducing the erosive process. Furthermore, it is known that
surfaces with lower SFE brings fewer bacteria to its surface than another one with higher SFE.

It must be emphasized, however, the acid-base theoretical approach used in this study
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(HARNETT; ALDERMAN; WOOD, 2007; VAN OSS, 1993, 1995), involving the decomposition
in " and ys"® (which strongly influence to vs), differs from other studies that used different
theoretical approaches to calculate vs.

In the present study, the reduction of SFE with CaneCPI-5 treatment was related to
more negative values of polar energy (ys"f), given that no change in nonpolar energy was
observed (ys"V). Therefore, in these cases, the acid (ys*)/base (ys”) and interaction free energy
(AGiwi) forces indicate whether a surface is more hydrophobic or hydrophilic, facilitating or not
protein adhesion or calcium phosphate precipitation (HARNETT; ALDERMAN; WOOD, 2007;
NEVES et al.,, 2018; VAN OSS, 1995). The theoretical aspects above demonstrate that
treatment with CaneCPI-5 increases the hydrophilic character of the surface of the enamel,
which makes it prone to water, considering contact angles smaller than 65°, ys~ > 28.5 mN/m
and AGii > 0 (VOGLER, 1998). Also, CaneCPI-5 presented higher ys~ values, leading to higher
electron-donor sites at the enamel surface which, in turn, favors adsorption of cationic species
(Ca?* and CaH.PO4*) and cationic acid-resistant proteins from saliva, thus explaining the lower
hardness loss after erosion challenge. Consequently, negative surfaces may be partially or
fully neutralized by multivalent cations leading to a hydrophobic surface (OLSSON, 1992).
Alteration in the SFE explain, at least in part, the changes in acid-resistant proteins of the AP
obtained after rinsing for 1 min with 0.1 mg/mL CPI-5 and subsequent challenge with 1% citric
acid pH 2.5 for 10 s (increase in keratin, IgG, lactotransferrin, serum albumin, alpha amylase,
basic salivary proline-rich protein, carbonic anhydrase) (CARVALHO et al., 2020).

It is essential to recognize the limitations of the present in vitro study. Although the
protocols are considered suitable for preliminary investigations, they do not accurately simulate
the clinical condition due to the absence of oral cavity-specific factors, such as the formation
of AP. In experiment 1, limitation of treatment time (with the gels and CaneCPI-5) for 1 min
could be extended for longer periods (e.g., 4 min). Regarding experiment 2, the presence of
saliva, the most important biological factor involved in the occurrence of dental erosion whose
factor is the most determinant for the oral cavity, was not considered. Moreover, in the first
experiment CaneCPI-5 was included in gels, while in the second one, it was included in
solution, due to the analytical technique employed. In future studies, these limitations need to
be addressed.

Based on the results obtained, the two hypotheses were rejected, since: 1) gels
containing CaneCPI-5 at 0.1 and 1.0 mg/mL protected enamel against initial dental erosion;
and 2) CaneCPI-5 altered the enamel SFE. Moreover, change in SFE of enamel after
application of CaneCPI-5 may help to explain, at least in part, alterations in the AP proteome,

with consequent change in its protective ability, induced by this phytocystatin.
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FIGURE 1

Median enamel loss after short-term erosive challenge. Bovine enamel specimens were
treated with gels containing the proteins for 1 min, followed by incubation in pooled human
saliva for 2 h for the formation of the acquired pellicle and subsequent challenge with 0.65%
citric acid for 1 min. Different letters indicate a significant difference among groups (Kruskal-
Walllis and Dunn'’s tests, p<0.05, n=15/group).
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FIGURE 2 (A) Surface free-energy and their components (ys*V: Lifshitz-van der Waals surface
tension component; ys"8: Lewis acid-base interaction) with different enamel-surface
treatments. (B) Influence of the treatments on the component polar of surface free energy on
enamel surface: Lewis-acid (ys*) and Lewis-base (ys’). Values denote mean and standard
deviation (n = 10). Distinct letters show significant differences among means considering

treatment (Student-Newman-Keuls, p <0.05).
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TABLE 1: Means SD of the contact angles of probing liquids, surface free energy (ys) and

interaction free energy (AGiwi) after treatment of enamel surface with 0.1 mg/mL CaneCPI-5

or not (n = 10).

S

Water Diiodomethane Ethylene v AGivi
Treatments glycol

q (%) q (°) q (°) (mN/m) (mN/m)

67.32 52.62 56.62 28.22 -0.32
Sound enamel

(-4.4) (-5.1) (-3.6) (-4.5) (-8.2)
CaneCPI-5 (0.1 37.2° 51.62 55.92 -1.7° 53.2°
mg/mL) (-2.8) (-3.8) (-4.3) (-10.8) (-5.6)

Distinct superscript letters indicate significant difference among the groups in each analysis
(ANOVA and Student-Newman-Keuls's test, p < 0.05, n=10).




Articles 47

3.2 ARTICLE Il

This article was submitted to Journal of Dentistry

Different vehicles containing CaneCPI-5 reduce erosive dentin wear in situ

Vinicius Taioqui Peld®"; e-mail: vinicius_asb@hotmail.com
Carlos Condarco Gironda®*; e-mail: carlos.condarco.gironda@usp.br
Even Akemi Taira?; e-mail: even.taira@usp.br

Leonardo Brito?; e-mail: leobritoleobrito@gmail.com

Joao Guilherme Quintal Lunardelli?; e-mail:
Joana Claudio Pieretti®; e-mail: pieretti.joana@gmail.com

Amedea Barozzi Seabra®; e-mail: amedea.seabra@gmail.com

Cristiane de Almeida Baldini Cardoso®; e-mail: crisabc83@gmail.com
Flavio Henrique-Silva%; e-mail: dfhs@ufscar.br

Marilia Afonso Rabelo Buzalaf®'; e-mail: mbuzalaf@fob.usp.br

*Both authors contributed equally to the study

aBauru School of Dentistry, University of Sdo Paulo, Bauru, Brazil, 17012-901.

bCenter for Natural and Human Sciences, Federal University of ABC, Santo André, Brazil,
09210-580.

‘Postgraduate Department, Cruzeiro do Sul University, Sao Paulo, Sao Paulo, Brazil

dDepartment of Genetics and Evolution, Federal University of S&o Carlos, Sdo Carlos, Brazil,
13565-905.

*Corresponding Author: Marilia Afonso Rabelo Buzalaf - Department of Biological
Sciences, Bauru Dental School, University of S&o Paulo. Al. Octavio Pinheiro Brisolla, 9-75
Bauru-SP, 17012-901 Brazil. Tel. + 55 14 32358346; Fax + 55 14 32271486; E-mail:
mbuzalaf@fob.usp.br



mailto:leobritoleobrito@gmail.com
mailto:amedea.seabra@gmail.com
mailto:mbuzalaf@fob.usp.br

Articles 48

ABSTRACT

Objective: This study evaluated the protective capacity of a sugarcane-derived cystatin
(CaneCPI-5) in different application vehicles (1-solution and 2-chitosan gel) against erosive
dentin wear in situ. Methods: In part-1, 15 volunteers participated in a crossover protocol, with
3 phases (solutions): Water; Elmex™; 0.1mg/mL CaneCPI-5. The volunteers wore an
appliance with 4 human dentin samples for 5 days. These samples were treated with a drop
of the solutions for 1min (4X/d), then the acquired pellicle (AP) was formed and the samples
were subjected to erosive challenges (EROSION: citric acid, for 90s, 4X/day). 2X/day, half of
the samples were also abraded for 15s (ABRASION). In part-2, 16 volunteers participated of
a double-blind and crossover protocol, consisting of 4 phases (gel): No gel, Chitosan gel,
Chitosan gel+12,300ppm NaF and Chitosan gel+0.1mg/mL CaneCPI-5. The volunteers also
wore an appliance, as described above. The samples were treated once/day with the gel or
not for 4min, then the AP was formed and the samples were subjected to erosive and abrasive
challenges, as report in part-1. Dentin wear was measured by profilometry. Data were analyzed
by two-way RM-ANOVA and Sidak’s tests (p<0.05). Results: Part-1: EImex™ and CaneCPI-5
significantly reduced dentin loss in comparison with Water for the EROSION/ABRASION
conditions (p<0.05). Part-2, all the treated groups significantly reduced the dentin loss in
comparison to the No gel. The greatest reduction was found for the CANE group for the
EROSION/ABRASION condition (p<0.05). Conclusion: The solution and chitosan gel

containing CaneCPI-5 protected against erosive dentin wear in situ.
Clinical significance: Solution and Chitosan gel containing CaneCPI-5 protect against

erosion/abrasion in situ, which is probably sufficient for protecting people at high risk for

developing erosive dentin wear.

Keywords: Acquired pellicle; Cystatin; Dentin; Gel; Sugarcane.
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1. INTRODUCTION

Erosive tooth wear (ETW) is a term used to describe the loss of mineralized tooth
surfaces having erosion as the main causal factor. This process may also be associated with
attrition and abrasion conditions [1,2]. In addition, ETW can be influenced by chemical,

biological, and behavioral factors [3-5].

When the ETW reaches the dentin structure, the initial dissolution of the mineral
exposes the organic matrix [6]. At this time, 3 zones can be observed: the demineralized
organic matrix at the surface (DOM), followed by a partially demineralized zone and a zone of
healthy internal dentin [6]. The DOM hampers ionic diffusion and buffers the acids, protecting
against further erosion. However, dentin proteolytic enzymes such as matrix
metalloproteinases (MMPs) and cysteine cathepsins (CCs) can accelerate the progress of

erosion by degrading the exposed demineralized matrix [7].

Sufficient evidence supports that saliva and acquired pellicle (AP) are essential
biological factors influencing ETW [8-10]. Therefore, a new perspective for preventing this
process is the concept of “acquired pellicle engineering”, that is the modification of the AP
adding new components such as proteins/peptides, polyphenols, or lipids, which can be

incorporated into the AP, increasing its protective potential against ETW [11,12].

In the last few years, a sugarcane-derived cystatin (named CaneCPI-5) was cloned,
recombinantly expressed and shown to have a strong affinity to enamel by atomic force
microscopy [13]. This protein, when added to solutions, was shown to reduce initial enamel
erosion in vitro [13,14] and in vivo [12,15], as well as prolonged enamel erosion in vitro [16]
and enamel erosion associated to abrasion in situ [17]. However, solutions must be applied 4
times/day in order to assure protection, which may be a problem in terms of compliance.
Having this in mind, another vehicle of application was evaluated. CaneCPI-5 was added to
gels, which were applied only once/day for 4 min, showing good protection against prolonged
enamel and dentin erosion in vitro [16] and against enamel erosion and erosion associated to

abrasion in situ [18].

However, to the best of our knowledge, there are no in situ studies evaluating the
performance of CaneCPI-5-containing solutions and gels against dentin erosion and erosion
associated to abrasion. It is important to highlight that CaneCPI-5 is a phytocystatin and has
inhibitory activity against human cathepsins [13], which might increase its antierosive
properties, due to the possible inhibition of dentin CCs. In addition, to increase the efficacy of
the gels, the biopolymer chitosan was used as an additive, since it electrostatically interacts
with the tooth structure and with the AP proteins, favoring its protective mechanism [16,18,19-
21].
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Thus, this in situ study evaluated the protective potential of CaneCPI-5 added in

solution and chitosan gel against erosion and erosion plus abrasion on dentin surfaces.

The null hypotheses tested were: 1) the presence of CaneCPI-5 in solution and 2) in
chitosan gel does not prevent dentin loss caused by erosive and erosive plus abrasive

challenges in situ.

2. MATERIAL AND METHODS
Experimental design and ethical records

The methodology was divided into two studies, carried out in different periods, using
two application modalities for dentistry. In Study 1, a solution containing CaneCPI-5 was
tested. In Study 2, a chitosan gel containing CaneCPI-5 was evaluated. Both treatments were
evaluated in in situ erosion and erosion associated with abrasion protocols, using dentin
samples. For Study 1, the protocol was performed in 3 experimental phases, including 15
volunteers. As for study 2, the protocol was performed in 4 experimental phases, including 16
volunteers. In both studies, the protocol was crossover and double-blind. Also, each phase
consisted of 5 consecutive days, with a washout of 10 days. The dentin samples were
individually treated with solutions or gels, followed by AP formation, then submitted to citric
acid (for erosive challenge) and to brushing (for abrasive challenge). The alterations in dentin

surfaces were determined using profilometry (dentin loss).

All the studies were conducted after approval of the Ethics Committee for Human
Research (CAAE:14973519.0.0000.5417) of Bauru School of Dentistry, University of S&o
Paulo, Brazil, following clinical practice guidelines and complied with the Declaration of

Helsinki. All volunteers participated after signing the informed consent form.

Cutting and polishing dentin samples

Recently extracted non-carious human third molars (average age of 33 years) were
used in this study to prepare four hundred and thirty-six dentin samples (4 mm x 4 mm x 3
mm), being 180 samples for study 1 and 256 samples for study 2. Initially, the teeth were
stored in 0.1% buffered thymol solution (pH 7.0). Then, they were visually inspected and
cleaned to remove the gingival tissue. Afterwards, the crowns were sectioned from the roots
with a diamond saw (Isomet 1000; Buehler, Lake Bluff, IL, USA) and the dentin samples were

cut from the cervical third of the root under water cooling.




Articles 51

After cutting, the samples were polished using different grains of sandpaper with water-
cooling (Carborundum discs 320, 600, and 1200 grades of Al,Oz papers; Buehler, Lake Bluff,
lllinois, USA). To complete this step, the samples were polished with felt paper wet by 1 pm
diamond spray (1 mm; Buehler, Lake Bluff, lllinois, USA). Approximately 110 ym of dentin was
removed. Between each sandpaper polishing and after felt paper, the samples were cleaned
in an ultrasound bath (T7 Thornton, Unique Ind. e Com. Ltda., Sdo Paulo, SP, Brazil) for 6 min
and stored under humidity control (gauze moistened with deionized water) and temperature
control (4° C) [22].

Initial profilometric analysis

For standardization purposes, a small drilling was done with a 1/4 drill (in the upper
and left corner of each dentin surface) for the beginning of the readings. Also, two parallel
markings were also made with the aid of a scalpel blade, dividing the samples into three
portions. Subsequently, the initial analysis was performed by five scans of each sample (3 mm
of reading and 250 um apart from each other), using a contact profilometer (MarSurfe XCR20,
Gottingen, NI, DE). After this analysis, the two lateral portions of dentin were covered with nail
polish (to determine control areas), with only the central area of the sample remaining exposed.

Later, all samples were sterilized with ethylene oxide (4 h; pressure of 0.5+0.1 kg F/cm?) [23].

Volunteer screening and preparation of the intraoral appliance

For Study 1, fifteen volunteers (7 women and 8 men) were selected. For Study 2,
sixteen volunteers (8 women and 8 men) were selected. The participants were aged between
29 and 33 years and complied with the following general health inclusion criteria: non-pregnant
women, non-smokers, without systemic diseases and without frequent use of medication. In
addition, the following inclusion criteria for oral health were also used: adequate salivary flow
(stimulated salivary flow >1 mL/min and unstimulated salivary flow > 0.3 mL/min), intact
permanent dentition, no open cavities or deficient restorations, no gingivitis or periodontal
disease, no ETW [24].

For the preparation of the intraoral palatal appliances, all volunteers had the upper arch
molded with plaster casts. With this mold, an acrylic resin appliance was made for each
phase/volunteer. It contained four dentin samples in the concave central region, spaced 3 mm
apart and at the same level of the acrylic resin. The samples were randomly allocated and
distributed to the two types of procedures (2 samples for erosion and 2 samples for erosion

and abrasion), which were destined for one of the sides of the device (right and left), in a
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crossed way between the volunteers. Lastly, the appliances were hygienically stored with

gauze moistened with tap water at 4 °C until the start of each experimental phase [25].

Experimental instruction for volunteers

All volunteers received important guidance on experimental procedures and oral
hygiene, such as the use of fluoride toothpaste (1100 ppm F, Oral-B, The Procter & Gamble
Company, Cincinnati, OH, USA), toothbrush (Curaprox, Kriens, LU, Switzerland), and dental
floss (Oral-B, The Procter & Gamble Company, Cincinnati, OH, USA), which were provided by
the researchers throughout the study. Moreover, the buccal hygiene was performed 5 min
before inserting the appliance into the oral cavity (after each meal and upon awakening),
together with the hygiene of the appliance (only on the side where there were no samples).
Also, the appliance was allowed to be removed for drinking water (1 min), during the meals
(20 min) and overnight (12 h). During these moments (without using the appliance), it was
stored with gauze moistened with tap water. Furthermore, the volunteers remained attentive
to any problem with the appliance (samples detachment and/or discomfort in use) and they
were also previously trained on the correct brushing force for the abrasive procedure (1.5 N).
All volunteers received messages (via cell phone) at the time of each experimental procedure

and reminders about the guidelines mentioned above [17].

Acquisition of treatments (CaneCPI-5 and Chitosan gel)

The CaneCPI-5 was produced at Federal University of Sdo Carlos, Sao Carlos, Brazil.
The protein was cloned in the expression vector pET28a (Novagen) and recombinantly
produced in Escherichia coli Rosetta (DE3). The expressed protein was purified from the
soluble fraction of bacterial cultures, centrifuged and sonicated. Finally, it was purified by
affinity chromatography, using columns containing nickel resin Ni-NTA Superflow (Qiagen)
[13].

The preparation of the chitosan gels was carried out at the Federal University of ABC.
Initially, chitosan (75% deacetylation, average molecular weight, Sigma-Aldrich, MO, USA)
was dissolved in 1% acetic acid (Synth, Diadema, Brazil), at a concentration of 30 mg chitosan
per 1 mL of 1% acetic acid. Then, the mixture was homogenized (for 2 h) at room temperature
(25 °C). For the preparation of the chitosan gels containing NaF and CaneCPI-5, the active
ingredients were added during the chitosan dissolution. Finally, the mixture was homogenized
for 2 hours and stored at 4°C. The pH of the gels was 4.7 [16,18].
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Study 1: Experimental procedure of treatment with CaneCPI-5 solution against erosive dentin

wear in situ

During the experimental period, the intraoral appliance remained in the mouth from
8:00 AM to 8:00 PM. Fifteen volunteers participated in three crossover and double-blind
phases. In each phase, 5 volunteers were allocated to one of three treatments (decided by
random computer numbers): 1- Deionized water, pH 7,9, negative control (WATER); 2-
Commercial solution with 800 ppm Sn*2 from SnCl,, 500 ppm F from amine fluoride and NaF,
pH 4.5, Elmex Erosion Protection™ mouthwash (GABA GmbH, Hamburg, Germany)
(ELMEXsol) [25]; and 3- Experimental solution containing 0.1 mg/mL CaneCPI-5, solubilized
in deionized water, pH 7.88 (CaneCPI-5sol) [13].

An additional treatment was performed only on the first day (Monday) of each phase
(before the volunteer placed the appliance in the oral cavity). In this way, a drop (approximately
50 pL) of the respective treatment solution was added individually on the dentin samples for 1
min at 7:59 AM. Then, the appliance was washed with tap water and inserted into the oral
cavity (after the first oral hygiene of the day). From this moment on (8:00 AM), the AP was
formed. Also, four treatments per day were conducted (9:59 AM, 1:59 PM, 3:59 PM and 5:59
PM), as mentioned above. From Tuesday to Friday, only these four treatments were performed
at the same times [17].

Immediately, after each treatment (still with the appliance outside the oral cavity),
except the additional treatment, the volunteers performed the erosive challenge (EROSION:
10:00 AM, 2:00 PM, 4:00 PM, 6:00 PM). For this, the volunteers immersed the appliance in a
cup containing 150 mL of 0.1% citric acid solution (pH 2.5, room temperature, 90 s and without
agitation). After this time, the volunteers again washed the appliances and replaced them in
the mouth [17].

In half of the samples allocated on the appliance, the abrasive procedure was
performed on all days of the experimental phase (ABRASION: 10:30 AM and 6:30 PM). The
volunteers dripped (1 drop) fluoride toothpaste slurry (1 g of toothpaste: 3 mL of deionized
water) and individually brushed each sample for 15 s, using an electric toothbrush (Oral-B
Vitality Precision Clean Electric Toothbrush, Cincinnati, OH, USA). Afterwards, they washed

the appliance with tap water for 5 s and put it back in the mouth [26].

Study 2: Experimental procedure of treatment with chitosan gel containing CaneCPI-5 against

erosive dentin wear in situ

The experimental period was carried out in the same number of days and time of use

of the appliance, as mentioned in study 1. The volunteers participated in four crossover and
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double-blind phases. In each phase, 4 volunteers were assigned to one of the following
treatment gels or not (determined by random computer numbers): 1- No gel application,
negative control (NOgel); 2- Chitosan gel without active principle, placebo group (PLAgel); 3-
Chitosan gel containing 500 ppm NaF, positive control (NAFgel) and; 4- Chitosan gel
containing 0.1 mg/mL CaneCPI-5, experimental group (CaneCPI-5gel) [16].

Initially, the volunteers performed the hygiene of the oral cavity (7:56 am). Then, they
applied the treatment gel, (except for the NOgel phase) once/day at 8:00 am, according to the
respective treatment above. The gels were individually applied (approximately 20 pl per
sample), using a microbrush, for 4 min. Then, the gels were carefully removed with a cotton
swab and the appliance was inserted in the mouth for 2 h, for the formation of the AP [18].

After this time, the volunteers performed the extra-oral erosive challenge (EROSION:
10:00 AM). Also, three more challenges were performed throughout the day (EROSION: 2:00
PM; 4:00 PM; 6:00 PM), as mentioned in Study 1 [17,18].

In half of the samples allocated on the appliance, the abrasive procedure was
performed on all days of the experimental phase (ABRASION: 10:30 AM and 6:30 PM), as
described in Study 1 [17,18].

Final profilometric analysis

For the final measurements, the cosmetic nail polish was removed with an acetone
solution (1:1 acetone: water). To avoid the contraction of the collagen fibrils, all the samples
were kept moist with water during the measurements. However, the samples were dried (with
filter paper) for analysis. Five final readings (3 mm of reading, 250 ym apart from each other)
were performed in the same areas as the initial readings, using the same profilometer. The
samples were appropriately repositioned during the readings. For this, they were included in a
support to fix them. Moreover, the minor drilling helped to standardize the beginning of the
readings, as well as the x and y axis of the profilometer. Finally, initial and final profiles were
superimposed, using the MarhSurf XCR20 software (Mahr). The average depth of the surface
was analyzed to quantify the dentin wear (um) for each sample, with limit of detection of 0.5
pm [23].

Statistical Analysis

For both studies, the software GraphPad Prism (version 6.0 for Windows, GraphPad
Software Inc., La Jolla, CA, USA) was used. After checking for normality (Kolmogorov-Smirnov

test) and homogeneity (Bartlett test), all data were analyzed by two-way repeated-measures
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(by both factors) ANOVA. Sidak's test was used as post-hoc for ANOVA. The significance level
was set at 5%.

RESULTS
Study 1: Treatment with CaneCPI-5 solution against erosive dentin wear in situ

There was a significant difference among the treatments (F=6.319, p=0.0058) and
between the conditions (F=5.029, p= 0.043), without interaction between these factors
(F=2.976, p=0.0686) (p<0.05). The samples submitted to the EROSION+ABRASION condition
had a significant increase in dentin loss in comparison to the EROSION condition for the
WATER and CaneCPI-5sol groups. For the ELMEXsol group, no significant difference was

observed between the conditions (p<0.05) (Figure 1).

Regarding the treatments, the CaneCPI-5sol and ELMEXsol groups led to significantly
lower dentin loss compared with the WATER (negative control), without significant differences
between them (p<0.05) (Figure 1).

Study 2: Treatment with chitosan gel containing CaneCPI-5 against erosive dentin wear in situ

There was a significant difference among the treatments (F=23.15, p<0.0001), but not
between the conditions (EROSION and EROSION+ABRASION, F=0.9684, p=0.3274) or for
the interaction between these factors (F=1.888, p=0.1363).

All the treated groups significantly reduced the dentin loss in comparison with the
NOgel group (p<0.05). The greatest reduction was found for the CaneCPI-5gel group that
significantly differed from the PLAgel group, but not from the NaFgel group. In addition, the
latter did not significantly differ from the PLAgel group (p<0.05) (Figure 2).

DISCUSSION

ETW is a condition that affects both enamel and dentin. However, the progression is
distinct in these tissues, due to the organic content of the dentin. When the erosive process
reaches the dentin, the initial dissolution of the mineral exposes the DOM [6]. At the same time,
at low pH, matrix metalloproteinases (MMPs) are activated and, together with cysteine
cathepsins (CCs), degrade the exposed organic matrix, allowing the erosion progression [27].
Moreover, CCs can be activated by active MMPs [28], and conversely, CCs are responsible

for the activation of MMPs [29]. In this sense, protease inhibitors have been studied to maintain
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the DOM and to reduce the occurrence of dentin lesions [30]. In the present study, we used
CaneCPI-5, a sugarcane-derived cystatin that showed inhibitory activity against human
cathepsins [13].

In study 1, the application vehicle was a solution containing 0.1 mg/mL CaneCPI-5.
The concentration was based on a previous in vitro study, in which a 0.1 mg/mL CaneCPI-5
solution showed a significant a reduction in dentin loss [16]. The protective effect of the
CaneCPI-5 solution against dentin erosion and erosion associated to abrasion was similar to
the one provided by the commercial product Elmex™. This is important, since so far Elmex™
is the product that presents the best results against ETW [31]. However, its broad use is
impaired due to the possibility of tooth staining and sensation of astringency, which did not
happen in the case of the CaneCPI-5 that was well tolerated by the volunteers. It is also
noteworthy that in the study by Santos [16], which was conducted in vitro, only erosive
challenges were employed. The present study represents a step forward on the use of
CaneCPI-5 rinse solutions to prevent dentin erosive wear, since it was performed in situ and

involved both erosive and abrasive challenges.

In addition, there are studies about the protective effect of solutions containing
CaneCPI-5 against enamel erosive wear using in vitro, in situ and in vivo protocols
[14,15,17,24]. The present results showed a significant protective effect of the CaneCPI-5sol
and ELMEXsol on dentin, reducing EROSION and EROSION+ABRASION when compared to
the negative control. Also, there was a significant difference between EROSION and
EROSION+ABRASION conditions, confirming the concept that the erosive challenge softens
the surface layer, making it more susceptible to the abrasion process [32]. Thus, the abrasion
condition demonstrated greater loss of dentine. Another important result was a significant
difference between the groups containing the active principles (CaneCPI-5sol and ELMEXsol)
when compared with the placebo group (in the EROSION+ABRASION condition), thus
demonstrating that CaneCPI-5 also protects against more severe challenges, probably by
protecting the DOM, which is resistant to removal by mechanical forces, such as brushing [33].
Therefore, the CaneCPI-5 solution prevents dentin loss caused by in situ erosive and abrasive

challenges, rejecting the first null hypothesis.

In study 2, the protein was added together with chitosan in a gel formulation. It has
been reported that the addition of biopolymers is able to reduce the erosive wear between 15%
to nearly 100% in in vitro studies [34]. In the present study, an erosion model was applied with
4 challenges (90 s each) per day for 5 days, using 0.1% citric acid (pH 2.5). Additionally,

abrasive challenges were performed twice daily on half of the samples [18].
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Chitosan is a polysaccharide obtained by deacetylation of chitin, mainly from the shells
of shrimp and other crustaceans. It is a positively charged biopolymer and binds strongly with
its amino groups to surfaces with negative zeta potential, such as enamel and dentin. When
the chitosan molecule is reactive, it reacts with the dentin surface and leads to the coverage
of at least a thin and ubiquitous layer of chitosan. Chitosan-based layers are only a few
nanometers thick and precipitated in their composition (with approximately 20 wt% calcium
and 10 wt% phosphorus) [35]. A study revealed that chitosan forms layers on the surface,
which are differently structured according to the environment: changes in pH, chitosan
concentration and application time can vary the type of layers formed [36]. In dental erosion,
chitosan increases the number of cross-links between collagen fibers and neutralizes MMPs,
preventing collagen degradation [37]. Furthermore, under acidic conditions, the amino groups
of chitosan capture hydrogen ions, resulting in an overall positive charge that makes the
molecule adhesive by electrostatic forces to negatively charged surfaces, such as enamel or
dentin [38]. It has also been shown that chitosan potentially follows a multilayer adsorption

behavior, which allows it to be resistant to acids [39].

In the samples from NAFgel group, the protection against erosion was observed when
compared to the NOgel and PLAgel groups. The protection conferred may be due to the
mineralization properties of dentin through the association of chitosan with fluoride tested with
a microparticle bioadhesive [21]. In addition, another protection factor is the increase in
viscosity and the control of fluoride release due to chitosan [16]. The reduction in
demineralization can be explained by the interaction of the chitosan/fluoride gel with the dentin
surface and with some of the material's adhesion promoters, which form a poor covering layer
that occluded and partially occluded dentin tubules. Finally, a cover that protects against

erosive challenges [37].

Notably, the EROSION+ABRASION condition showed no significant difference to the
EROSION condition. The explanation for this fact may be related to two issues: 1) Low
performance of gel protection when the two conditions were associated; and 2) A greater
amount of erosive challenge (4X) as compared to abrasive challenge (2X) per day. Future
studies testing different times of conditions should be carried out. With respect to the
treatments, the group that presented the greatest demineralization was the one that did not
receive any treatment even though, in the oral cavity, the AP was formed, which has a degree
of protection against dentin erosion [40]. The group that showed the most significant protection
in this study was the CaneCPI-5gel group, however, it was not significantly different from the

NAFgel group.
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To understand the probable mechanism of action of the CaneCPI-5gel and CaneCPI-
5sol, we will divide it into two parts: the first part is before the erosive challenges, in the
application of the chitosan gel and CaneCPI-5, and the second part is after the erosive
challenges. Before the erosive challenges, chitosan, as a positively charged biopolymer, binds
to dentin due to its negative zeta potential, forming layers on the surface. On the other hand,
it was demonstrated by surface free energy (SFE) experiment, that when CaneCPI-5 interacts
with hydroxyapatite, the number of electron donor sites on the surface increases (the negative
zeta potential increases), possibly affecting the formation and composition of the AP, as well
as the layers formed by chitosan [22]. In the second part, similar to what was already
mentioned in study 1, when the erosion reaches the dentin, the dissolution of the mineral
begins, exposing the organic matrix. Then, proteolytic enzymes such as MMPs and CCs are
activated, degrading the exposed matrix and thus accelerating the progression of erosion.
Once the proteolytic enzymes are active, CaneCPI-5 might inhibit cathepsins B and K present
in dentin [13]. CC inhibition also activates MMP [29,41] and thus reduces dentin
demineralization. Another possibility is the binding of CaneCPI-5 to hydroxyapatite, due to its
high affinity to this mineral [13], thus changing the proteomic composition of the acquired
pellicle and making this integument more resistant to future acidic challenges, as has been
shown to occur for enamel [12]. Therefore, the presence of CaneCPI-5 (as a protease inhibitor
or a pellicle modulator) in gels protected the loss of dentin caused by in situ erosive and

abrasive challenges, rejecting the second hypothesis.

Although the two studies were carried out at different times, it is important to compare
the two application vehicles. We can observe that the CaneCPI-5sol treatment demonstrated
a similar protection when compared with the CaneCPI-5gel treatment. Both vehicles showed
approximately 1.0-1.5 um of dentin wear for the EROSION condition. It should be noted that
the solutions were applied 4X/day for 1 min, while the gels were applied only once/day, for 4
min. However, the application of the gels depends on the professional. Thus, a good measure
could be that the first application of gel occurred in-office, after dental prophylaxis, while the

subsequent ones could be applied by the patient at home, using the solution.

In conclusion, solution and chitosan gel containing CaneCPI-5 protect dentin against
erosion and erosion associated to abrasion at the same extent as commercial fluoride solution

and chitosan NaF gel in situ.
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Figure 1. Mean loss of human dentin samples treated for 1 min with one drop of distinct
solutions and submitted in situ to erosive challenges 4 times/day with 0.1% citric acid pH 2.5
for 90s (ERO) combined or not to abrasion by electric toothbrushing (15 s; ERO+ABR). Each
phase was conducted for 5 days. Lower-case letters show significant differences among the
treatments. Upper-case letters denote differences between the conditions (2-way-RM ANOVA

and Sidak’s test, p<0.05). n=15.
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Figure 2. Mean loss of human dentin samples treated for 4 min or not with different chitosan
gels and submitted in situ to erosive challenges 4 times/day with 0.1% citric acid pH 2.5 for
90s (ERO) combined or not to abrasion by electric toothbrushing (15 s; ERO+ABR). Each
phase was conducted for 5 days. Lower-case letters show significant differences among the
treatments. Upper-case letters denote differences between the conditions (2-way-RM ANOVA
and Sidak’s test, p<0.05). n=16.
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4 DISCUSSION

Dental erosion refers to the partial demineralization of tooth surfaces due to
repeated exposure to acidic substances, whereas the loss of surface tissue caused by
concurrent and/or subsequent exposure to mechanical forces is termed erosive tooth
wear (ETW) (SCHLUETER et al., 2020). Excessive consumption of acidic beverages
and foods, such as soft drinks and carbonated beverages, is the primary dietary factor
associated with ETW. Dissolution of the tooth surface is significantly influenced by
various chemical and physical parameters, such as pH, buffer capacity, titratable
acidity, viscosity, and concentrations of calcium, phosphate, and fluoride in foods and
beverages. Therefore, assessing the erosive potential of different foods and beverages
and the frequency of ingestion, as well as evaluating patients' dietary habits, are
essential for preventing and managing ETW (SAADS CARVALHO; LUSSI, 2019).

Various preventive and therapeutic approaches have been suggested for
managing dental erosion, including dietary advice, stimulation of salivary flow,
optimization of fluoride regimens, modification of erosive beverages and adequate oral
hygiene measures (MAGALHAES et al., 2009b). However, these interventions have
limitations and may not always be effective. Recently, the significance of salivary
proteins that constitute the acquire pellicle in protecting the tooth surface against ETW
has been the focus of attention, particularly in the process known as "acquire pellicle
engineering". Among these proteins, CaneCPI-5 was found to have a great affinity to
hydroxyapatite and also a strong inhibition against human cathepsins B, K, and L
(SANTIAGO et al., 2017).

This thesis aimed to evaluate the impact of CaneCPI-5 on the tooth surface
using measurements of surface hardness, surface free energy (SFE), and surface

profilometry.

Surface hardness measurements have become a crucial tool in determining
changes in dental hard tissue caused by erosion. Microhardness measurements can
discriminate between different erosive potentials of various substances on dental hard
tissue, even after short exposures to acidic agents (SAADS CARVALHO; LUSSI,
2019). In our first Article, the protective effect of a gel containing CaneCPI-5 against
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enamel erosion was evaluated erosion using a well-established initial erosion model
(CHEAIB; LUSSI, 2011). The results showed that gels containing CaneCPI-5 at 0.1
and 1.0 mg/mL significantly reduced enamel initial erosion, while the product
containing 2.0 mg/mL CaneCPI-5 did not (SANTIAGO et al., 2017). The overall %SHC
reduction promoted by the gels was 30%, and the effects were less pronounced than
those achieved with aqueous solutions. The study also found that the highest
concentration of CaneCPI-5 did not protect enamel against initial erosion, likely due to
the reduction in free protein available to bind to enamel, probably caused by
dimerization. The use of gels containing protease inhibitors was previously shown to
promote superior protection against dentine erosion (KATO et al., 2010). The mixture
of mucin and casein was used as a positive control due to previous results
demonstrating its ability to provide protective effects against initial erosion in vitro
(CHEAIB; LUSSI, 2011).

It is important to note the correlation between microhardness and mineral
content in healthy human enamel. These two properties are linked, with a higher
mineral content generally corresponding to higher microhardness values. This
correlation suggests that enamel with a higher mineral content will typically be harder
and more resilient to wear and damage compared to enamel with a lower mineral
content. Given this relationship, we can infer that CaneCPI-5 may also help preserve
mineral content, as suggested in previous studies (AKKUS; KARASIK; ROPERTO,
2017).

In the SFE experiment, the aim was to investigate the effects of CaneCPI-5 on
enamel reactivity using the sessile drop method. Previous studies have shown that
untreated enamel tends to be slightly hydrophobic (RUTTERMANN et al., 2011; VAN
DER MEI; WHITE; BUSSCHER, 2004), and changes in SFE after CaneCPI-5
treatment could potentially influence protein binding to the AP, ultimately changing its
composition. Treatment with CaneCPI-5 reduced SFE, resulting in a more hydrophilic
surface, which is more prone to water and makes easier protein adhesion or calcium
phosphate precipitation. Hydrophilic surfaces have a strong attraction to water
molecules, leading to the formation of a surface hydration layer that can create an
environment favorable for the "association” or "entrapment” of proteins near the

surface without causing dehydration (VOGLER, 1998). This might help to explain the
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proteomic changes found in the AP after treatment with CaneCPI-5 (CARVALHO et
al., 2020).

Moreover, CaneCPI-5 was found to have a higher number of electron-donor
sites on the enamel surface, which favored the adsorption of cationic ionic species and
cationic acid-resistant proteins from saliva. This observation could help explain the
lower hardness loss seen after erosion challenge (NEVES et al., 2018). The changes
observed in the acid-resistant proteins of the AP after using gel with 0.1 mg/mL of CPI-
5 for 1 minute and challenging it with 1% citric acid pH 2.5 for 1 minute can be partially
attributed to alterations in SFE. These findings suggest that CaneCPI-5 treatment may
have promising applications in protecting enamel against erosion and promoting

protein adhesion on enamel surfaces.

Using contact profilometry as a response variable in Article 2, we investigated
the efficacy of solution and gel containing CaneCPI-5 in preventing dentin erosion and
erosion+abrasion in situ. Previous studies have shown that CaneCPI-5 is a potent
inhibitor of cathepsins B, K, and L, which, in concert with MMPs, are responsible for
the degradation of the collagen matrix in dentin (SANTIAGO et al., 2017). This is likely
one of the reasons for the prevention of dentin loss on the surface. The solution and
gel containing CaneCPI-5 showed a reduction in dentin loss, which could be due to the
inhibition of cathepsins and the maintenance of the DOM. Further mechanistic
experiments should be conducted to clarify the mechanism of action of CaneCPI-5
against dentin ETW, i.e., if the protein acts inhibiting CCs, strengthening the AP, or
both.

Both the solution and chitosan gel containing CaneCPI-5 were equally effective
to EImex Erosion Protection™ and chitosan gel containing NaF, respectively against
dentin erosion and erosion+abrasion, suggesting that the protein-containing vehicles
are suitable alternatives to fluoride-containing vehicles. Future studies should evaluate
vehicles containing both CaneCPI-5 and fluoride solutions and gels to see if there is a
synergistic effect, since at least in vitro, this combination was shown to present

synergism against enamel erosion (PELA et al., 2022).

The group that showed the most significant protection was the group containing
both CaneCPI-5 and chitosan. Chitosan is a biopolymer with a positive charge that can
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bind to dentin through its negative zeta potential, forming layers on the surface (PINI
et al., 2016). CaneCPI-5 was shown to be a potent inhibitor of cathepsins B and K
present in dentin, which are activated during the erosion process (SANTIAGO et al.,
2017). Inhibiting cathepsin also activates MMPS, thereby reducing dentin
demineralization (COX et al., 2006; HARA; KOMINAMI; KATUNUMA, 1988). In our
study, treatment of dentin specimens with chitosan gel effectively protected against
erosion compared to the untreated group. Chitosan has been reported to increase the
number of cross-links between collagen fibers, neutralize metalloproteinases, and
prevent collagen degradation in dental erosion (NAHORNY; DE OLIVEIRA; SOARES,
2022). Chitosan also plays a role in increasing the viscosity and controlling the release
of fluoride, which further contributes to reducing demineralization (DE SOUZA et al.,
2020).

The present study evaluated the efficacy of different treatments on the
prevention of dental erosion. The results demonstrated that the combination of
Chitosan with CaneCPI-5 and Chitosan with NaF had a statistically significant
difference compared to the negative control group (N/T) in both ERO and ERO+ABR
outcomes. These findings suggest that the combination of Chitosan with other
compounds may have a more pronounced effect on erosion prevention than Chitosan
alone. However, further research is needed to confirm these results and investigate

the long-term effects of these treatments on dentin erosion.

Despite the two in situ studies were carried out at different times, it is interesting
to compare the two application vehicles. The CaneCPI-5sol treatment demonstrated a
similar protection when compared with the CaneCPI-5gel treatment, since both
vehicles showed approximately 1.0-1.5 um of dentin wear for the EROSION condition.
However, the solutions were applied 4X/day for 1 min, while the gels were applied only
once/day, for 4 min. On the other hand, application of the gels depends on the
professional. Thus, it seems a good measure could be that the first application of gel
occurred in-office, after dental prophylaxis, while the subsequent ones could be applied

by the patient at home, using the solution.

The limitations of the in vitro and in situ studies must be carefully considered
when interpreting their results. In vitro studies are conducted under controlled

laboratory conditions and may not fully replicate the natural environment of the oral
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cavity, especially the absence of saliva, while in situ studies more closely mimic the
oral environment but are often conducted with small sample sizes and may not capture
the long-term effects of treatments. Additionally, variability in the oral environment can
make it difficult to draw definitive conclusions from in situ studies. Thus, it is essential
to carefully consider the limitations of both types of studies when interpreting their

results and drawing conclusions.

In conclusion, the findings of this work demonstrate the potential of CaneCPI-5
as a novel therapeutic agent for the prevention of dental erosion. The ability of the
protein to modify the physical and chemical properties of the tooth surface could make
it a highly effective protective agent. Further studies are warranted to evaluate its
efficacy in vivo. In addition, the mechanisms underlying the protective effect of
CaneCPI-5 should be further investigated, as this could provide important insights into

the development of new therapies for the prevention and treatment of ETW.
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APENDICE A — TERMO DE CONSENTIMIENTO LIVRE E ESCLARECIDO

Figi-a 1da 4
Universidade de S3o Paulo

Faculdade de Odontologia de Bauru

Departamento de Ciéncias Biologicas

Convhe ao Partolparrts
Homa do partiolpants da pecquica
1. IEsio g0 Trabaiho Expermenial

“Engenharia de pelicula adquirida parz o conirole da srocdo dentira: avallagdo i séu do
peoterecdal probsbor de uma nowa olstatina derivada da cana-de-aodoar,

2. Loletivg

10 oibjetive deshe rabalho serd adalar o polsncial mmrd!rﬁud'ﬂm-;su da PAE com CamsCFl-S em
di=renies velouios de apicacio (soluphs = gel) contra a eroso dentinara in s

3. Pmoedmentos da Faos CXpErimenisl
a. Experimenio com sokxclo

Os wolanidricos participario de 3 fases com as sougles de tmblamentoc Fase A- sokaglo
experimenial CaneCF-S 0,1 mpimL; Fase B snlu;-h comercial com S hi/NaF! A= (200 ppm En+2,E00
ppm &, pH 4,5, Enceslon Froecion™ — GASA, controle positve); Fase C: s-:\lu;h paceEDs (Agua destiada,
controle negathve). As sciugles serdo Insefdas em poles pidsticos brancos, par gue oS voluntaros nio
sabam a origem das Fesmas.

Fara cads fase, serd confecoionads um aparelns palabing conferdo a5 amosiras de dente o qual
serd wilizado por & dias oomertlals o horno das £ 45 20 A No periodo nobimo, o aparsiho deverd ser
armazenado & gazs umedecida com Agus da fomera. Enbee as fses, o5 volnbros terdo um periodo
die descansa de 10 das, para evitar contaminagio das amostas com o @amenhs da fase antertor.

Dz dias anmi=s do mkclo de cada fase in sfy, oo wolanidrics receberSo um Kt come=ndo uma
esCova dentsris comvencional (Coigaie=® Twisier Cabeqa Compada), um fio dental sam F & o b die
dentFrico Sucreado (1.100 ppm F, Na=, Coigale™), No da anbenor 30 iRicko da Tas= in 58U, oF volunidrios
receberdo 3 soluglo para bochechs &= embaagem nio identficads, wma esoova eldrica para escovaclo
das amosiras (Escova Denll ElErica Crak-B™ Vilmlly FPrecision Chean), gare & ums calks pars apansiho
pricdiniios com o apareiho referente & fase sxperimental.

Dwrants iodo 0 periodo =xperimenial, 0 aparelo deverd pemranscer na boca, sendo permitids sua

3o somente para Ingestlo de &pua & nas refeigles didrixs com no méaximo 30 min = durarkc cada
(12, 15 & 20h), om excepdo da Otima refeigio, que & Iwe. O Inkerak entre: as refeigles deverd ser de
pelo menos 3 h Duranis o periodo de refe , 0 aparsha deverd ser amazsrsdc =m gazes wnedecda
com dgua, sendo Imprescndisel & realizacio da higiens bucal com denifricio fluorstado & minuios ankes
do aparaiho S recclocads na b,

Os voluntarios serdo orentados @ manter o5 hablcs almentans wsuak = a realzar higentzagio
bucal wlizando os maberials fomeddos duranbs fodas & e=fapes do esbhudo (indulndo o= periodos de
descansol. A higienizacio do apareiho somente ser realzads na superfide imtema, rdo sendo permiida
a higierizaciio da supefide gue conltm as amostas dentarias. NSo s=rd pemitido o uso de renhum
produto fluonetado (com exoscio do denfifricio = das solugles tesiadas) ow antipiaca durame o periodo
[T g

Os voluntarics nealizardo o bochecha com 10 mil de soluglo por 1 minuo & cuspirdo o eyoedents.
O bochecho serd realzsdc antes de oxds desafio ercshn. Pam a rEHE-;EI:IA:h:L'I desaios Sosives, Bm
hordrics pré-sstabelscidos (10000 14:00; 16:00; 18:00 hj, os voluntAros deverio Imegr o apanio ==
IS0 mL oe s-dul;hdebdl:ln:-cﬁn:-ﬂl:ﬂ%-:pH 2,5}, & Eemperaturs amibients, por 90 5. N3 sequinicls, oS
voluntiros deverdo recoiorar o apareln e boca. Trink minutces apis & primeira (108) & 3 Stima soslo
(185], o5 volunbirios deverSo sscovar as amosias refarenies & srslo+abrsio uliando a escova
eitrica = uma gola por blooo de slurny de denifiricio Suoneiado (1 g o= denbifricio: 3 mL de dgua
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delonizadal por 15 s. O voluridnas serlo ofentados anfes do Inick do expersenio sobre comao realzar
amﬂ;ﬂn:ﬂ:ah@quﬂﬂmﬂm ﬂmt:a:ﬂcmu-;!n.ﬂauqubn:la.mmhrﬂm
&y 0 apaneino com Agua de lomeira por S 5 & recclocario o apansiho ra boca para a reaibacio
d-uhnd‘-echn.ﬂptsareﬁlnl;indoupuinmh.u apaeis deverd pemmarscsr por miRimo 30 min s
boca. Ao final de cada Tase sxperimental, o apaneiho serd devolido 30 pesquisadon pars qQue &g possa
farer 3 andlse do perfl das amcsias & alodar o desgyshe dentano.

b. Experimenio mom gel

05 voluntarics paricparic de 4 Tases com oS gais o= Talamenioc Fass A U grupd sem
trataranio (Conbroie nEgatren); Fase B g=l com=ndo quitcsans (e CaneCF-Sr=ame O gel conb=ndo
EOD ppen MaF; Faze O: g=l contendo quiiosana = 0,1 mgim| Cans=CPRS. As gels serdo nseddas e poles
plésHocs Brancos, par gus o voluntanos ro sakbam a origem das missmas.

Fars cads Tase serd confscoionado um apareino palabing contardc 35 amosiras o= dentz, o qual
ser wikrado por 5 das comercials mo hordno das £ 45 20 B Mo periodo notemss, o aparciho dewerd ser
ArTEaZEnads & Jans umedscida com &Jua da iomeia. EntE as fxses, oS wolonsanos terdo um penodo
de descanso de= 10 das, para Eﬂh’mﬁﬂnaﬂocﬁu amosTas com O alamenio da fase ankerior.

Der dias ani=s do inklo de cada fase in sfy, o5 wolonidrics receberdo um Kt conisndo uma
EsDova denidris oonmvencional (Colgais® Twisier Cabega Compaca), omi fio denial s=m F £ o fubs de
dentfride Susretado (1100 ppm F, Ma®, Colgaie™). No da anberior &0 inicks da fase in sfu, o5 voluntdnos
receberdo 0 gel em embalagem ndo identificada, wma esoova siébica para escovaclo das amosiras
(Escowa Dental Edrica Cra-BT VEAIRy Frecksion Clean], gazs = uma caixa para apansho ohodsnbos com
o aparsiho referenie & fase =xperimental

Dwranie iodo o pariodo EXparimantl, O 3parsing s pETTERATEr F Doca, tands permibda sua

0 somente pam ingestio de Agus = nas refeigles didriss com no madmo 30 min de duragio cada
(12, 15 & 20h), com excepdo da diima refeicio. gue & Ivwe. O Inb=rvalo entre as refeigles deverd ser de
peio mencs 3 h. Durani= o periodo de refe .0 apanrsing cewEr SEr ATNATEnads =T gais umedscida
oom Agua, sendo impresoindlve & reslrs da higlerse bucal com denSfricko Tucretsda & minuios ankes
g0 apan=inD Sar reooiocado ma boca.

Os voluntarios serlo orentados a manker 0s habBos almentares usuals & a realzar Figlenizacio
bucal uElFando os materals fomecddos duank= odys as =iapes do eshudo (Rcluindo os periodos de
descanso). A Riglenizaclo do aparelo somente serd realzada na superfide imema, rdo sendo permitida
a higlenizaclio da superfide gue coniém 3z amosiras dentrias. Mo serd permitido o wso de nenhum
procuto fluonetade (com exoeglio do denffricio = das solucles festadas) cw antiplaca duranmte o periodo
Expariar,

s wolmbinos realzarko apicesgio do pel wea vz por dia por 1 minuio que s=r realzado anbes. de
cada desafio eroshws. Fars an:al:n-;!n dos desafios eroshims, &m ForAnos pré-esiabe ecidos (10:00;
14:00; 15:00; 18:00 h]; o= volantdrios deverSio imergir o apareiho em 150 mL de soluclo de &cido citico a
0, 1% ipH 2,5), & EEmpersiurs ambienis, por 50 5. Ma s=qudnoa, os yoluntarics deverlo recokcar o
aparsiha na boca Trints minuios apds a primelra (900} & a aiima ercsdo (1Bh), o5 wlunbnos deverlic
ESOOMET 35 amocinzs referentes A ercsdo+abrasSo uvilizando 3 escova aisnics & uma gofa por Blooo de
shurry de deniSfricls Suoretado (1 g de denttricio: 3 mL de Agua delontmsda) por 15 5. 05 voluniarics serSa
orieniades antes do indcio do experimento sobre como realizar a escovagio & sobre a forga gue deverd ser
aplicada durami= a Escn'm;:lu. Na seguincia, os wiunbnos sreaguario o aparsho om agua de tomeim
por 5 5 & recolocaro o aparstho na boca para a realzacio do bochecho. Apds a nealizacha do
EXpETITEnaT, O apansiho devers DEMMAaNEtEr por, mo minima, 20 min na booa. Ao final de cads fase
experirenial, 0 apareiho serd dewnbrido 30 pesquisador para Que sl possa Tazer a andlse do perf das
amostras = cakular o desguss demidno

4. Benefidos do
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Esfe projein raz como benefico & mporifinda d= uma mova andilse =m faeor da clémcla, abrwés da
andlis: da pelioda adguirids [camada d= pobeina provenlent= da salva), ubiizsds uma probeina gue
profege o dente da ercsfo denbrdria, porem nlo BA bereficics medatos para os parbcipant=s da
pesquisa. Persando no poduio: comencial, o deal sl ges o mesmo Tosse colocado & U smibaisgem
gue pudesse ser faciments evada peio pacdeni= pam gque O produin possa ser pliEsdo ankss dos
desafios Acidos. A participacio serd volunfna & enfende-se gue ool poderd Tazer qualguer pemunia
sobre 05 procedimenios, ssndo que e e pors desisir = participar a gualquer momeno da pesquisa,
sem menhum prejubm de sua parie. Em adiglo, wool terd, ambém, por parbe dos pesguisadores, a
garania do sigho gue assegura & sua privacidads = ainda receberd ani=s da pesquisa uma via, ipuaimeni=
vialda desie Temo de Corsentimenio Livre = Esdarscido assinado por ambas as partss |pesgquisador =
paridpant=], no gual d=xa dam seus diefos. Concordando &m participar, woob snfends gues =she sshado
serd realirado em beneficio das cibnclas médios & odontologicas, desty fonma, oonoords com a dhwulgacio
dos dadcs pbtdos por meio de publcagBes centPicas.

5. Elzoog 0o Sxperimanio

& sua participacio Reste trabalho acaretard sm Fsco mIRIMO, QUE AOALECER DO CASD dE WO ber
alguma rexgio a0 material wsado mo aparsiho Ow algum dos componemies das sougBes. alguns
parfidpantes poder eventualmente apreseniar aigum Hpo de reagio alérgica. Mestes casos, wook serd
acompaniads ab® um local apropriado = esperado gt o enjoo passar, entlo, o pesguisador IR
acompanid-io atd wm médico. Em caso de reapdo akrgica, wood poderd ser liberado da pardcipacio na
pesgulsa.

iz ressakar que nfo =sfd sendo oorslderado e ENGATEREG ol MECOTMpenss maberial
pela sy particpacio nesie estudo. Em reacio a incimodos, podermos: afirmar gue mada serd acareiado,
pois @ suad paridpacio serd apenas ma doacdo da sus salva. Fia clao que vool poderd, & gQuakquer
momento, relirar sy COMEENTIMENTD UNRE E ESCLARECIDD & deivar d= parficdpar do ashado alvo
da pe=squisa, ficamdo cemie de gue g abaih ealzado Dmar-ee ITI'I:IlIT"ﬂ-;!I:I ponmidenchsl guandsds por
forca do siglic profissional (At 59 o Cadaligo de Exca CdonbokSgical.

Alnda, == caso houver gquauer fpo de despesas Hdas peios participani=s da pesguisa = d=ia
decorrentes, serfio de responsablidade do pesquisador os gashos provenlenies slou o nessartim enio s
paridpantes. Por fim, w008 terd garanbdo o direlo & indentzaclo compensatdria caso Sgue comprovado
que a sua participaiio e acareiou algum probiema.

A Ip=mdade d0 consentimeanby deverd sar pariodamenie garantda para aqueies paricipanbes da
pesguisa ques, embora plEnamenis capazes, estejam syposics a condiclonamenis sspecificos, ou &
infudncis de autoridsds, acteimnds stuaples passheis de Imiapls ds suonomia, como estudantes,
assagurancc-es risra [berdade d= parbicpar ou nio da pesguisa, sam quaksquer represilas,

Cualguer divida ou makores esciarecienies, o syjefo da pesquisa poderd recomer & gualquesr um
dos meambros da eguipss do preto (Laboratoric de Bloguimica 14-3235-5247) ou 30 pesquissdor
responsivel Caros Condamo Simnda Pelefons 14-391957131). T Qusia apresaniar rsClama Em
reiaicko a sua parSdpacks na pesquisa ou denonoias, poderd entrar &m conbEio oom o Somits de Ebca =2m
Pesguisa £m Seres Humanoas da FOBEHUSP, pelo endeneao da Al Dr, Odidvio Pinhelm Brizcila, 575 (sala
no priclio da Pds Eradln;-k- ~CEVUSF] ou pelo beiefone (134)3235-83556.

Hobres to Pericizenis 4a Fasposs Hobrice oo Mesgussd = Maspormires
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TERMC: DE CONEENTIMENTD LIVRE E EECLARECIDD

Peio  presense nstumento gue abenide & exigéncas =, ) or. (]
poridor
da céduia de demtideds apds lebua minucoss das Rformaples monstantes
nesie TERMO DE CONSENTIMENTO LINRE E ESCLARECIDD, devidymenis saplcyda pEkcs
profissionals em seus minimos detalhes, clente dos sendpos & procedimentos aos quals serd submetido,
ndo restandc Qualsgquer dividas 3 respeflo do Bdo = esplcado, DECLARSA = FIRMA seu
CONSENTIMENTS UNRE E ESCLARECICD concordands em pariicipar da pesguisa oroposta em
solurSo em i _Flca claro que o parficipands da pesquisa, pode a gualqusr moeenin
refirar sau COMEENTIMEMTO LIVRE E EECILARECICO & delvar de paricpar desh p=squisa = clenie de
gue ndas as mformagles presiadas fomar-s=-8o confdencials & guandsdas. por forga de sigho profissional
i#4rt. 20 dio Cadigo de ESca Ddomiokigios]

Por fim, como pesquisadoria) responsivel peia pesquisa, DECLARD o oumpriments do disposio na
H.E-l:ll..l-;ﬁ-l:l CHE p® 455 de 2012, confidos nos [ens Y2 e Y4, este OEmo & petinenie, Rem W.Sa e na
Inb=gra com a rI:"'..-l:IIJ-;EI:I CHS n® 458 de dezswibre de 2012

Paor esiamos de accrdo oo o presenle f=mo o fimames =m duas ¥ias igualmeris valdss (o via pam
o participants da pesguisa = oulra pam o pesguisador] gue seclo rubtdoadys =m toadas a5 suas paginas =
assinadas a0 s&U Brmimd, conformes o disposio pea H.e-suu;in CHS m 455 g 2002, Hens V.3 Te WSd

Bauru, SP, e e

Moz inabura do Farbicipanbs da Fesquisa Caros C:ondarro Sironda
Feoporsave pety p=sgulsa

O Comitd gs Etloa am Pesguica — CEP, oiganizsdo & oriado pa FOB-USF, =m 29905'% (Portaria
SODBEEFOE ), previshy no REm VI da F!I:i-:h.l;-k- CHE n? 4552 dio Comselnn Maclonal de Salde do
Minsi®sno da Sabde (pubicada no DOU de 130062013, & o Colegliaic mferdiscpinar & Independenis,
die relevdnciha pibilca, de Cardler consullivo, defberaiivo & sducaiw, criado para defender os inisesses
dos parficipanies da pesguiss & sua IRfegridade & dgnidsde = para conbulr no desenvoivimento da
pesquisa deniro de padrles &oos.

Quaiguer derdncis alou reciamaris sobne sus particpaco na pesqulss poderd ser reportada a esbe CEP:

Hordrc & lsoal da funalonamanio:

Comil d= Eica & Fesquisa

Fatukdsds de Odonbois)la de Baunu-UEF - Predio da F'-:E-Em.ngﬁl:l ihkx=oo E - pavimenio supsror, de
SEQURE & seyta-Tera, no hordro das 14%e &6 17 horae, =m dixs o=k,

Akymeds Or. Oaoidvio: Pinheine Brisolia, 575

Wla Universiana — Bawry — 55 — CEP 17012-5

TeefoneFAX 14 3235-8356

e-muail: SEpifob, usD Ly
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ANEXO A — APROVACAO PELO CEP

FACULDADE DE
ODONTOLOGIA DE BAURU DA wnp
UNIVERSIDADE DE SAQ
PAULO - USP

PARECER CONSUBSTANCIADO DO CEF
DADCE DA EMENDA

Thuls da Pecquica: ENGENHARLS DE FELICULA ADTUIRIDA FPARA O CONTROLE D& ERCEAD

CERTARL&A
Pecguicador: Canfos Condarto Gronda
Arsa Teenithoa:
Varcho: 3

CAAE: 14573519.0.0000.5897
inctitulgdo Proponanis: Universidade de 240 Fauio - Facuidade de Odontologla de Saun
PFabrocinador Primclpal: Financamento Priprio

DADCE 30 PARECER
Hamars do Pansgssr: 59331332

Aprecentapdo do Projabo:
Estes dados slio axtremaments Imporiantes pars formansT a base para futurcs ashidos In sy = dinloos
gus darfo respaido & uilizagio de produios 4 base de canacisiating S para prevenglo da eroslo dentaria.

Objedtvo da Pecgulca:

MAyalar o =fefio de gkis. conferdo CaneCF-S, em dierenies concenfraples, na reduclo da emsio dentinara
In wino, &= comparagio a wm inlbldor especfion de COs (E-5L)

Axaliar o pobemclal probedor da mudr'll:a;-ln da FAE com CamnsCPES jem diferenbes welculos de apﬂ\:a-;in:-
contra a erosbo dentindra In sk,

Awaliygdo doc RleoDc & Benafiokoo:

Risoos:

Em os dols experimentos os riscos s8o minimos, ro primer expeimenio pode SConteosr algum Spo de
alergla 305 composios ubllzados o algum corte ma preparagio de amostas, enguanto no segundo
expErmento pode aoonb=cer =njoos na Bora de oolocar o apar=liho, sejam iomadas as

rmedidas para sua minimizsglo = proteplo dos paridpanies da pesquisa.

Beneficios:

Mo primer experimenio Rds espermmios oomo beneficls oom & CaneCPS em comparacko com um inibidor
especiioo de CCs(E-SL ), smoonirar uma melhora a0 intamenio da supeiick dentiners
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Cmriragi-n 3 Fansos TR0 130

antes da adesfdo de resinaes composias. Em quanto os bereficles dio segurds axpermerio

rEisCionads &G trammento oom pal & soluclo nds esperamos. encontar we produbs gue possa ajudar contra
a erosdo denfal. Tambdm esperamcs. redurr o ndmen de aplicagles uilzando dieremies weiodos.

Zomandarios & Conclderaples cobre & Pecgulca:

Gnpos =m que serdo dvididos os participaniss da pesguisa neshe ceniro
Gl com 95 volunbinios rexs Fase &, Fase B, Fase ©, Fase O

Solugio com 15 woluntdrics nas Fas= A, Fase B, Fase C

Concideragdes cobre o Termos de aprecantagdo obrigatsria:

Berdo acrestidos de 16 voluntdrics par avalapho do gel, no ol 34,

Mo presante projets serfio acrescentadas 7S amostas da denfina humana [4xd e para a

ﬂdl\;!-:- = urma fyse de rakamenio i si Cloblizando 4 fases) & a adl;.ll:l de um vwolurtario para ioda
p=squisa (iolilzando 16 wolunbrios, coms mendonado ackmal

Conolucbes ou Pendénolac o Licta de Insdequagbes:

Aprorrado

Conglderaghec Finalc a aritéric do CEF:

A emenda apresentsda pelsla) pesquissdoria)l ol considerada APRCOVADA na reunio ondindrys do SEF die
040472023, oom base nas normas &hicas da F!E'.:I:IIu-;EI:I CHE 45&8/12. A0 isrmino da pesguisa o TEP-
FOE/USP exige & apresanitacio de relatério Snal. Os relabirios pancials devero estar de soondic Com o
Cronograma s'ou parecer emiide pelo CEF. Alleragles na meiodologia, thulo, inclusSo ou exciusdo de
auiDres, CTONCQIAMS & QualsquaT oulras mudargas que SEjam signFficathas deverSo ser previamients
comuricadas a este CEF sob fsoo de nSo aprovaclo do relabdrio final. Quands da apresentsclo deste,
deverio ser incluldos odos os TCLES efou termos de doaclo assinados e nubricados, = pertinentes.

Ects parsser fol slaborado bacasdo mot documanios abaloo relaclonadoc:

Tipo DoDamenio fAmulv Fostagemi ALfor Shuaio
Informagles Basicas| PE_INFORMADOES_BASICAS 204138 13032023 feTnlin
dix Progein 8 _E1.pdf 150435
Ctros Crficio_para_emerds poff 1303 |Canos Condarmo Aoeito

1Zd4e-4s | Gironda
Projeio Delafads | PROJETO emenda.pd 130EEE | Canos Comdarmo feTnlin
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ANEXO B — ARTIGO PUBLICADO JOURNAL OF APPLIED ORAL SCIENCE

GIRONDA, Carlos Condarco; PELA, Vinicius Taioqui; HENRIQUE-SILVA, Flavio;
DELBEM, Alberto Carlos Botazzo; PESSAN, Juliano Pelim; BUZALAF, Marilia Afonso
Rabelo. New insights into the anti-erosive property of a sugarcane-derived cystatin:
different vehicle of application and potential mechanism of action. Journal of Applied
Oral Science, v. 30, p. 1-7, 2022. DOI: 10.1590/1678-7757-2021-0698.
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New Insights into the anti-erosive
property of a sugarcane-denved
cystatin: different vehicle of
application and potential mechanism
of action

Abstract

Carleas Condares GIROMDA"™ )
“winbeium Tasoui FELA= =)

Flivia HEMRICLIE- S va2 | )
Aleric Carkes Bolarzo DELEENP =)
duliares Pelim PESSA )

BT Aform Fabesky BUZALAF [

o e S O s vel] Oy SESEN (AT 5 showsd S -roshg DRoDe s
e irad e i ol uiesenes, snd Sirong birding horos to eramel, but che perdomanos:
of this protein s sdded bo el ormuksbond Snd k5 sMes on srfeok s ansn gy
{SFE} reguires fortFer Stodies. Objective: 1) o evaluste the protective 8%ect of
s coibairing diferent concentratieng of CanelPl-5 again inksl eranme ersion
{Expeariment 1) &nd 2) o snakyss the SFE [y, ) after rastid the anamé sirfsce
welth Canes” P95 soluton {Expeniment 2] Methoddogy: In Experianent 1, 75 bowirs:
e spescimains mitre dividial inbs fve Qroipd Socewdireg to i gl et
pliosbsn ([ reagative comtrod]); O Pk il S onssin | posithos conirol]; 0.1 g
L CaraCP=5; 100 il CanelP-5; or 2.0 mgiml CorsiTP-5. Spetivs
weire bbbl with the geks for 1 min, e A0 sed formed (homen ssliea’ for 2 h
il tht & pescirebnd el Incubabind in 0U65% diric &dd (pH=3.4) for 1 min. The
peroerage of SorTeos: herdrsss charge | aS- 0 mes entimsied. [0 Expariesn 2,
e ERUFEELE were parTommed by Sn Subsmatc gorkomeber whing thres probing
lguids: disdovathane, sbaber and dfylers ghool, Specrsns (ne=10groe])
Fiavlinid onbrsstisd (oonbrod) of wang brestid with sobition conbsining C.1 mng'
L CoresTP] 5 sir=driibd for £5 min, &nd 05 gl of esoh Bgukd was dsgsite on
e sUfeo b MEdsLnE ConEBot Argles Resulis: Ges containing 0.1 and 1.0 g
L CaraC P15 significanty reduosd SSHT oompaied b the obfesd Erasimsens.
{po0 05} Trested anamel showed significsntly loeer 3, Ban contnel, withou
NS i the apolar commsonant (1), bt I polSi componint [y, e Lewks 5o
s bibcave More negabive (p-0000 T Monsover, CareC -5 iresbvent showed
Figher §, - (Slbrron-donos) vales comgansd bo contred (po0.00). Conclusens:
Garls ennesining 0.1 mgimL oF 1.0 mdfmL CoretP-5 probeced enbmel B
irisl denisl erosion. Canel RS incresdid thi number of deotron onor sites
o Bree ensimel surfece, which misry afect &0 formation and could be & potentis]
s Chardsam of achion W probect fom ehoskon.

Kywerdss Acgqured pelick. Tooth ercson, CysLatn.

Uniswsichecs da Glc Fesic, Fecoicecs da Coonicloge de Teery, Cecedersnic ds Dlscdee
Siciigican, fmaru OF Srasdl

U nissruicheds Facamn ds Dbo Cndzs, Ceparbemeso 48 Carsltcs 8 Deoacha, Sllc Carica, OF Sl
U ri=wuichecs [ebecind Pasies, Fecukdacs ds O [ i, O [
Cidenizegin Fressmive & Assisorsdzs 3P Gaal

et Condewr Cirzads srel Winkdus: Takegpd Pali comrribaind scumlly = fhin sy
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Introduction

Denbal eresdon 15 e chemiical hoss oF snineralised
o substasoe due o expodung i non-beoterisl
Bokds.! Sallvd b the bl pebeil-related facher that
ieterTeres mith diestsl eredlon, since It B Laturabed
reganding apatie, bufers the acids sind B P masin
sounos of prebeling that Serm the soguired pellche [ AF).
This proteltaeded lyver SIS 85 & medsnicsl baimer
L the §oidds, Uik redudineg &rodisin.”

mal all proteind Toumsd s the 4P pretea the ooth
Surfeoe Tromn Sobd d bsoduon . Studies her Sadagess bed
Il this proteins prekenl in e basal lever Bave a
greater partcpaiton in this regand ® This, thie comceps
of “acguired gllicle enginsering” which el v
changing the AP by adding seslecubes, has & sersng
potenisl 0 el IS proleciiee effect on the toeoth
Surfeoe Y & weries of b o Shodle used prebenmic
Bpprosches U enily scoid-resistant probeing i e
AP that would B candidates Tor incluskn in denbal
preducs e redets etk dermineralzsbon ** sensng
i, CVRRALN-E B & good Slermaiieg ® bl the cesr
ol the himsn recesmbinant proteln B grahibie.
Therefore, our group recentdy cloned Sugarcane-
diertred opslatn [ Canslrl-5) that has & strosg Banding
Toice b hydrorpapstibe sid oan proebect Fredm inelsl
eraskon b P snd 0 wivo" wihen added Lo iinse
sokathsiis. Homgover, InMiporaing moksoukss in the
AP onidny Chifge the enamel mactivly aind the Surlsos
Tt Emetrgy (SFE], wiich might guide peolein binding
n Ehee AP, thies Cha g iy PS Coergesaltion .

megarding the application sehiche, e use of
gl in studiis Invahdey e mhBarion of makrs
metalloproteimases in demtin & Nered better
pretEcton Sgalidl destin eroshen Wi Coimpaned
mith their mchsion In solutioes % Pogsibly due 1o
the prodonged combe tierss of e gel with e woth
surface, dos o |4 vHROosity, We hypothesize chae
e shiree Coiikd hapesn with Came(P-5 geds I the
provecesn ceilerred By Canell]-5-comtsining geels s
bt Bl that comderred By sodubons, the fedquency
of spplichtien of the Nest chm B leaver, shidh B &i
Edeattiye froim the Clisdoal el of siew.

Therefore, our study evalustes P probieclve
&Mt of gel chitaising diferest Contistralions of
CanelPl-5 agsinst enamel sl erosion n v,
Since ek 18 Endws sboul e mechasdsard by which
CanelPl-5 interects wilh e emaimel sarTaos, we
Bls sinalyred e ability of CanelPl-5 b sher the

SFE of emaimel by mesuring the contact snghe wng
ot wesle drop mesthaod, The mull Bypothees 1es bed
were: 1) gels conbsinimsy CamelPl-5 do not prebed
fromn inkial destsl emosion and F) CanelPi-5 dees not
aRer Che ensse] SFE.

Methodology

This stedy Osmiprided tme sxperimesnts: In
EvpesrioneEnt 1, the &fect of CanelPl-5 (In different
cencestrations] sdded in gl sm poliskeed s
SPEECHTIET wWas el uisbed LSing surTeos Mo dness
anslyal. In Expeitimest 2, 0.1 mgfml CanelPM -5 {in
solutie] was appled on polished ensmel spedmens
fof SFE analyals.

The use of boving Liseth M the resesrch was
approved By the Ethics Coenitles of Animal LUse
of Bdwie School of Denblstry, University of S8o
Pauls (Pretoool: GOSFRO1T fed Expsriment 1 &nd
Probeasl: 0102031 e Experiandnl I). Asa, thi stiedy
was apgroved by thie Ethics Comimiibes Her Honsbi
mesesech (CAKE: SOMEES15 90000 521 F) of Bawu
Sobsal of Dentistry, Uinkeersity of S3o Pauks. Besides,
sl dores volusteers shgmed S0 efsrmed Consent
foren before thie prodsdures.

Selsttion of woluntesrs and salva colaction

Saliel was codlected fom thies healtPy volusteers
of boh genders [ sged 3 o 33 years]. The exchetisn
orieria sdopbed wene: smaobing habl, Cedmsted CHrisis
ledans, sevene denbsl weear e of medcsbons that
affest sabvary Nom, S8l ivary T under the thret beslds
for ursimuleted (> 0% mi/min) and seiemdated (=
1.0 mifeia) saliwa, serostoenis, Cype | dlabebes,
poor nubrites, gastroessphageal preblems and
FEgungitatisn and womng dsorders

Al velumieers peformed oral hyglene belene
il e 1 el & nisw beoth bl Nuorde olhpashe
[(Cleeuir, 1450 ppm F, Usdlewer, Brarl] and dentsl
Mok S-allwl wils Oollectind betweiss F and 11 &.im. (Lo
vkl ciicidlas efeots ) Liteler mhas Boalery § Dl stk
sy Paraflim. This, sslkia wed cenltefugad (14,000 g
&L 4500 B 15 il AMET Chat, the Sup&matests wene
collected b o & podd of salvia snd divised isto 13-
miL aliguests, which were stoned st S04 piior Lo e
ExperlihEns

didpel Orwl ol BT 00D Bl S
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Heterpiogous eopression of Canel PI-5
Cane0P -5 was produced & che Labsiatory of
Hokeruler Bolegy of ke Deparemenst of Gemnetics snd
Ewveluiien of the Federsl University of S30 Carles,
Brasl. Fer heteroksgoid Expiesdon, beotenal sirsin
Escherichiag col Maseits (DEI) vansformied with
plasendd pETIEaCanelP-5 was whind 85 previsdusly
descibed ™ The expiessed probedn wed punified fom
the soloble frectom of becienal oolberes imduced By
PTG [ isoprepyl-Eeia- D-thiogalacheside], subpecied
by cEnirifegation and sosbcation. The purfScation
mid dong by STeily Chromatograply wSing osluimng
Conlang K- N Sopeifew nicosl mesin (Qlages )™

Freparation of the enamel Specimerts

A tatal of 95 bovine ensnel SpeCineid werE
prepared (4 e mim s ien), being 75 Spimens
Tor “Exgeiment 17 and 20 spedenens for ~ Expeniment
2% Thay' e obitaisesd Moo TR Budoa]-Cereionl msgiin
off bevainee INCHEars Sind St s 2% Hhrpimol sodutiom [P
P00 Fer 30 Ayl Btk his St weie waoa iy
Bl v B BkGid parit ible SRmire Sind orach. In e
cages, Ehi peerh wene eeCheted, This, e enbeel
Suifeoe was sequintislly polished clng waler- oooked
sibosn carbide paper disks (3230, SO0 amd 1300 g,
Exte, Enfiedd, OF, LSA). A feli pslishing dhoth |{Extec
Corp. Folshing doth; Bushder, Lake Bluf, 0L, LSA),
mistEmed with a 1 -pm dessnd solution [Extes Osrp.
Buehier, Lake Bhail, 1L, USA]), s wsed om the sursce
of imterest to Neslice the polibing. Aker polshing,
e Speciimeis were Imeersed in an oiirasonic bath
[TF Thormion, Unigee Ind. E Cem. Leda,, 580 Peulo,
S BR) with Selonized water for Sewem mis & 2550
Lasthy, mhey weere stored (wilth et gaume) St 4 prier
b Lhe: Experianeiil

Experiment 1. Effect of gels contalning

oiterent concentratkons of CanelFI-> against
Il enamel Erosion e wiiro

Erpsriensrdil orcediuonss

A totsl of TS5 specimess mene dvided inbe fve
relps (Afgroepe 15, diteimined by i eined
randofh Mainibers ShET INRGl SurTsie Bardeesd): 1]
placeg gl | najaive o), 23 002P% facdi 4 0.5
Casen [pesdithve conirel), 35001 engdml CanelP -5, 4]
1 mnml ChmelPL-5 &%l 5) 2.0 mgiml Canslrl-5.
&ll geb were prépared 58 dikoibed by ¥Ebs, & &lY
[ 2010 al hisdd ehee: Smivhe Cogiand ILow, @il Fow 1P
presence of RSN + S o ChteslP 5

Thie aemsanl of gl sppleed was comtyslled By &
disperdier (pipemie, 20 jl per Spedenen], hes e
gl was sddid e Che lcrobeish G sgpleed o s
endithel surface of &sch §paciaen for 1 minuke, Shd
e Exlidd Wil riirdvnd wilh & Cofen Sl The
ST wird [P iPeridbotind] i Shll for 2 h 8t 37O
under BN B B the sP Y Thed P Spe0imens
weng washed s delosdped wabter (10 8] and sir-dreed
(5 &), For the erodive challenges, ey were imimesrssed
in DS dirke &0d solutkes (pH=34) for 1 sin &t
30°C weder agration, washed im deksniesd waber snd
air-dritd sgaim ™

Sapfile Pirdissid

Sorface Pardnedd change [SHO] snalyiss mire
peiformed wlitd B Efdap penelralon, wih & kad
of 50 g Tor 15 5 &2 Baselne (SHC ] and afer i
experiment [SHC, L Five isdertaliong were indde in
Pt Erviral Feagi off i § pboimien o S0 e intervals,
Ciirnl indemiabons of 2 amd 5 g were made b dbsn
prdibbe hoss of surface. Spedmens mith mborohanines
wiluid 10 lwer of 10°% Bighes than the mess of
all spedmétd were Enduded from e Study. The
pEroeilagE of SuUlSos hardness dusnge [SeSHC] was
bl &5 8 reeid ure o enbimel sofbesding, socording
b LR Podlowdng Exjuation: SSHC={[SHC __ -SHC 1/
SHC =10,

Exparimeent & Abilty of CanelPE-5% to alter the:
enamal surfaon fres energy

Toritly enaimel § e wire dvided e Dao
gioiips, 55 fellowd: Hegaive oombnel [ustnesled) oF
B mgfml CanelPES (nw10 g determnined By
conpulenssd randomn mombers’.
Sapfice e eriemry Cheiiurssie iakh

Thi suifece st emendy (SFE] was Charsoherined
by oA anghe mehiuieTRENES, Uy e teksils
dregy imeethod be delermnine the SFE. M ureimisnts
Wi peifsrmned By an Botienstl godlireber | DSA
TIMES, Brlas, Hemnba g, GirTrderp | wsing [Pees probing
lbzpaiids . dibsdormerheses, waler amnd ethybene gl
The restied spedianens wene air dred for 45 mnin o
senbdlize thee laver fermied.'" Then, 0.5 pL of each
lhguid was dispeivssd on e sufsce of each biock snd
e CEbECE Anghes wWEre Misssured usisg the images
capiured by & OCD camerd. Five messufements
wene performed ot 0T and relative sir huenddity of
47%m for esch specimen.™ = Different paramelens,
swch a5 sod (¥, redeplor componest], base (v,
donir chingasnenl) &nd LEhE wan der waals (=,

Jdipel Oral Scl N7 SDG3 Bl-alSiE 00




Annex 91

b UE T BT TR PSR R o TRy ey ooy oV )

=

Frw i aon J sl a e e ST RN

Nl b comnipoeesl] of surfece Fred g (mRym)
mitre Enmsled sconding o the model of wan Ok,
Chaudhery and Good W SEberming the sobalranes
friee enengy.™™ The IntErscsn free energy (A0 )
mid Bl eshmabed 1o determning the rpdnephs borg
hydroplilicity of the enamel sarface: o8 > O
imlcaied & ydrophilic surfacs aed S5 « O indcabed
& Irpdrephobic Sumfsos =58
Statistcal Analysis

All thee data wene snalyred using the Graghred
LS Rn® [ veeiSks 2 10 For 'Windews) snd GraphPad Prism
[Graphied Software D, La bells, 8 soltware. Dol
mierg checked for norenslity K] g e Sl i
best ) amd homoedenaty (Bsrhett lest) i sebad the
EEErOEEiatE sialsDesl best. Im ehe AeSl experiment,
e dath mere Soslyred usng Cnosbsll-walle and
Duni's bEEts. In the seoond experimest, the dals

1 11]

ap |t T

T
o T

bl

Surfpos Hardness Charge (%)

o
-

M

wiie AhllyvEed using ARV and Siudest M i
e’y et and by PesiSon's Correlsion OxeTient,
The aginifcenoe Eyvel of both espensmeits wins
Covieh e B g L0

Results

In thee Prsl Experiment, omly e risenens with
Canel P15 a0 0.1 and 1.0 megmlL skpmificastly redueoed
e SHC compared 1o osnitral [ p=o0U OS], Thee ereatment
pirtormred with the highs conceitration of Camelr-5
i masl Sgnicantly O fTer Troen ceabrol &F Troen Saacin
& Casesim [pe0UD5) [ Figune 1.

In g dcond Experidneat, the SFE (v, was
signiMcantly lower with CanglPi-5 (p<0.0d01)
compared bs comtrel [Table 1; p=ollD0n]. The walues
of thie apolar composent {3, Fom enamel Sulsce

o A

L

Figure | - edimn sramsl s glisr prod-sem soeve chalengs Sovi-s snams paciTE 0 w50 Teaisd wi- pels mrisinieg Bsposrs
for 1 mun, Followss] by irmube@os = pecisd homee mive e 2 bio fom e scuiesd pelicis el subsscpuesl chelisngs wih 0B o
mod for 1 mr. Difersn wdsn dicels @ pig-foanl dfssos smong proups |[FeosimSieln med Donn's S, ped0i02, rel Sigroee |

Tabis 1- Msa-m (200 of B contecd m-giss of probieg Guds, surkscs rss srergy (5 B inlerechon fres sneegy (A0 afier reefng

armrmsl surkscs with 01 mgirel. CersTF-E o0 read 100

Treaimenia Watar Do ang Lihylers gyes = BG,
qir L] qi || it

Sound srETE g g e B ] am
=441 =] | (B -85

CPLE L1 mgiml) a B Eohe A =5
[E=d] A o (=10 (=X

Uishred mups-weript BHers ndcsls sgnfeent Sfsrens among = prouss - ssos arelyss AN arel Shidend-Hewman-Feis's s

za1L08, mwii )

J gl Cral S=i
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Heterologous expression of Canel FI-5
CaneCPl-5 was produced &t thi Labsiatory of
Hoktrules Boksgy off ke Depaitmant of Genstics sind
Ewslubien of the Federal University of S3o Carles,
Brasl. Fer heterobsgois expresson, bactenal sirsin
Escherichis coll Reseits (DE3) ransformed with
plisandd pETI0ACENECP]-5 wal whid &5 prevsusly
dioiibind P The Expiressed proban wed puifed o
e solubile feection of baotenal oollired imduced By
DFTG [ lsoprepyl-Beis- O-thiogalacteniie), subjeried
b ceniFifegetion and somlcation. The purBScation
mis dong by &Tally chrometodraply wsing oeluiming
Cniilaing K-NTA Soperfew nicoe] resin (g™

Frparaticn of the snamiel Specimers

A tetal of 95 bowing endinel Specmnend were
prepared {9 i i =L ), ety 75 Spaimens
Mo "Expeerimeent 17 and J0 spedenens for ™ Eapeeriimest
2T Theiy weiere obviaiseed froen e Buccal-cersionl negion
off bivained incEors Sind stored i 2% Hrprmeol solution [pH
L0 T 30 A, B, thi Spcianenis were visually
Brtllyied B Ekictd paors ibie stmines Sivd cracks. B s
cases, the weeth were excheded. Then, e enaee
suifeoe was sequintislly polished cing waber- cooked
sibcen carbide paper disks (330, &00, smd 1200 grit,
Extibe, Eiiflidd, O, LISA ). A felt paslishing ciath (Extec
Corp. Fakshing doth; Bushder, Lake BlufT, DL, LE=A),
indstiid wilh & 1-jim dammsid solition | Extir Cbip.
Bushier, Lake Bhalf, 1L, USA), wi e oo the surfsce
of imtirest to Meslice the polbfing. Aler polishing,
et HpEciimheio were immersed in &n olirasonic bath
[TF Thosmlnn, Unkgpes nd. E Ceim. Lda, S36 Paulo,
TP BA) with dslosized waler For Siveh mis &0 255
Lasthy, ey weere stored Jwith et gaune) St 45 prisr
1 bl Expeiiiardinl

Experiment 1. Effect of gels containing
gifferent concentrabions of CanelFI-5 against
Inftial enamel erosion o wiiro
Erpcniiarlii fronoadiersh

A otsl of F5E specimens mens dveded inbe e
greups [Amfgreup=15, detemnined by oHinpetensed
randoen faabers afer inRial sorface Pardeest) 1)
placita ga | nagelie o], 2) 00 27P% sadi 4 055
amEn (Easithve contnsl], 30,1 mngsnl CansM -5, 4)
1 ingfml CamelPL-5 afed 5] 20 imgmil CanelPl-5.
all gel weere prepared 58 desoribed by Ksbe, et al®
[ 301007 ared had et S O it & oepl For the
presenie of CabEn + Sadn of CaseCPl-5

Thie affeswil of gel Sgplied was comtrelliad By &
dispefder (pipetie, 20 yl per Spedoven], this D
gl was sdded sn the mcrobeush and agpdied o e
ensithel furTace of esch Spboeen For 1 minube, Sind
e ExOis was remdvid wilh & cofen swab.® The
ST i e alatind i Salled for 2 h &t 372C
unider Bgitathon i feemn the A Theen, e Spo0mens
werne washed s delomdbed waber (10 £ aid &ir-dried
(5 8]. For thie erodibve challemge, hey were imimeersed
I 0LES% Ok BOd solutkss (pH=3 40 Tor 1 @nin &t
00 weder agRetion, washed s delsnlied waler sind
alF-driid gkt

S Rirdessng

Suface Pardress change (SHC] snalyses mere
peiformeed wdimy & Knsop penelraltor, mith & lsad
of 50 g Tor 15 5 5 Basebng (SHC ) snd sfer e
Expeiiiment [SHC, L Fred isdentaliond were mnmade in
et cpiplr el e off el SpeCimen & S0 pen intervals.
Cortrol indsmisbons of X smd 5 g mere made b debsr
bk hoss of Surface . Sqee0mers mith imkorohsidness
waluet 10 lower or 106 Righer than the meas of
&l spedménd were eExduded lrom Ehie Sudy. The
pErcenilage of Surfsce handness dusnge (WSHC) was
ErliFnabed &5 5 Ak ure of &bl Soliming, Sooording
b 1P Fodlowing equation: SeSaCe{[SHC__ ~SHC, 1/
SHC T 1l

Experameent & Ability of CaneCPE-5 to alter the
Enamiel surface e enengy

Tetiily enamel spociameit mire Svided ke Do
gieups, a5 fellows: Megabive contnsl [untrested) o
01 mgdml CanelPi-5 (n=10fgrome determined By
coiripuleiised randorn momibenrs ).
Sanfces Fred ey Scdnurerie ity

Thie surfece free emengy (SFE] was Charasoerined
by CofitEd anghe Mmebsuismenls, using e sisle
dieg imethod & deleiming the SFE. Mekiremients
wene peifermed By an sutiensil Joaloeneler (DS94
IME, Krlss, Hamnib g, Germany | wsng Pees probing
lipalds: diisdomethase, wabier and ethylene ghool
Thi Feitibd specianeis wene af dried for 45 min o
sembdlice e Baver Medmned.'™ Then, 0.5 pl of each
Dbl welss I priiviad] o5 1Pt Siiifsce: off each block sind
et Dol g e W ieaSarid sl the inages
captured by & OCD camers. Five mehiifements
wing peiformed &0 AT and relathve sir huossdity of
47% for esch specimen. ™ Different parameters,
swch &8 acd (', receplor componest), base {y,
donor comngesnent) and Lifshiz wan der waals (-,

dipe] Orel 5=l M7 0G5 M-S 0a0g




Annex 93

SFE [mPsm)

30

i

GeundEnamel | CPS [0 Imgfmd |

E 111 -
0 -
§ g
E M- .
u s
Eow-
5 40 -
Fl
o m
D4
A e
[ L 18
4 ]

Sound Eramel  CPES I ImgimL]

Figurs 7 &) Surlsos fres snsrgy snd Heir com pornscs S Lfssis-mms Ser Wasls soriscs lsnsio- corpo-snt, 55 Lewis scid-Sa s
niEmchon) with difersnl ssemsl-arhos Termente. (5 niussos o &= bestmssis on s poier comconsnt of sorisos fres snergy o
ErmTE Lo Lews-sced 15,70 L -t (7 | Vo detcls raen o sendeed Seviesos (re 0. Db sHees eow sgrremn
SFswTCEE BT ON] MeEn cormicenng Meabra | Shudsr-Mewm - FEas, gD 05

wire nol sgnifcantdy Giferest between the groups
[p=.1&1). The walees of the polar Companent
[p t=lEwtl BCk)-DEdE) DECAME MOFE negalve wmiEh
CaneCil-5 crestment [Figere 28 p-0.001). Assng
e parameters from y 0, u, " ehElin b Ceplor
[Lewis &k} amd y weledron-domss (Lewis base),
the Cane(Pl-5 restmesi showed Bgher 5 values
cemnpantd o conrel [Figure 28; p<0oD01). We
obiervid signifcant correlations BEtween y, and
7 whkeEd (PESrsons re0 087 paO0uB01) el pm
[Pearsens re-0 08 ) pa0 001 The inbersmiom fres
energy (AG_ ) was » O for CanellS resbment,
Flcating & Mredrephilc sorface [Table 1),

Discussion

O Sy ivobegs thie tonoipt of "sojuinead pellkde
gl nerig” that irreokees chamging the AF by adding
moktouhes oF ons thal cas iscrease [ protecion
Bgairal denbsl enssion. ™ The dhange mas dene by wing
CanelPl-5, & sugarcang-deivsed cyslatin that has &
sirong bindisg fee b hpdrodpagaiibe

I Experiimeit 1, we whed S eskabliabed Ineisl
erosied modd o evalisle the pretedive sfect of &
gl conlaiing CameOP-S S08InEl ensahon. TS madel
ierwobnes oieg chalenge (1 mia) with 0LES % oRic Soid
(pH 3.5),% couding endimel solenimd that can be
miessured by SHC, sinoe ensimel loss [detected by

pirefbeanElry) 5 sl expilal &b this ebrly Mage. Do
previsus e shomed profeciive eMeo in aggdving

o g Ol S

solutiong contaising 0.1 mg/mL CamsTP-5 sgaiadt
initisl emaine eresion wheen applied b @ire B Dao
W & b e For 1 mlin®. Fuithesmone, the ode of els
CONEEE g probasdts nhikeors® offerad B prolsreksi
agsinst denting ertdlon than soldtisns centsining s
saime inkbiors, ' due o & moee indmete contsct of
P ek with thie denibsl sorfeoes. We usisd & mhxture of
e [0 30 ) dred ke {00 5% Bk & prock e COnRel
dui b the previeds nesalis, which shewed that adding
beth compsients in the &P ceuld ofer & protective
effen sgainst isibal erosiom b v,

Thiis, this vehbde was selectid for appllcatios of
CaineCP1-5, & concestrsions [ranging betsesn 0.1
ained 2.0 mregfimil), bcedd on thide used in selutlong.
Thie gehi conlEising CansOPI-5 &8t 0.1 amd 1.0 gy
mL skpsfcantly ieduiisd enamel erodsn ceanSansd
b thie plenieba g, widle P profe® contbiniing 2.0
el ChmesTP-S i sl [ Figune 1). Th gel offedsd
ISHC redhactien, whesntic e STeCls Sl SOUesLSE
solutions &t the sSme atEmtrationg was around
W8 Howeeeer, Ehie soluillons Fesnmsined in oontad with
e enaimel duiface fee 2 h, wieress resleneil with
e els basted enly 1 min. Beddes, s Asmic Faroe
MiCrodoigy (AFM], endinel shmglich wing isCulabed
in sokomksns comtaining CansCP -5 for 4 h* Baked o0
[The s Pl ConSkderabons,. B owould Be Peelpful W
evalusle Header expodure o the e (&g, 4 &),
since application of Muoidated gebs Mer 4 mis o e
dinkcal pracihoe Mis bisn reportiod Lo affer highes
ks protrtive Sfects i sppllcation for 1 miln, 2
Thie hilgh=est contenitration of CaneCP -5 (2.0 mg/mL)

BT S0 S0 f e
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irw i mnim s Tm lwemer s drs e s e mlels e ortew d puialiea sl sl com e o mbr

didl niot protect ename e iaial erosion. ThE can
b relatisd b previois o s showing Bhat sadandame
CyRlatied, AL BEgh conoa ek, andesgo dimeri2aten
by dheimidain §wappdng, 5 which reduecis the level of
Trivg pretein b Bind b ensimel.

Experimist T hid & seechanisic approsch. We
Bireed to Lesl Bee andimel resctieily Ber FestiiEnt
mith CamelPl-5 sk the Sile drog method. This
i eseitial fer the concept of “soguired g=llicle
engineerng”, since alterations in the SFE upon
treatensnl with CamelFl-S might gubde probein
bisefing Ro Che AP this changii) B8 compesRion,
ipicialy conskdening bisdng othir saltsay probeing
b Came TP 5 sl for Lo dents] susfaoi, The uinlresbed
ismlithe] wias slighitly hydrophobic, Siie ol waber
Bgle mik & |Ete larger dhan E5%; ™S SFE [y ) med «
30 M/ (Table 1),'%7 MG wid duse fo BErD, and
7, wWad = IS mkfm (Figure ), 492 mih values of
7" e 1o BErD. Ad JeicrilEd i B previsis Shady,™
enamel surfsce shaows chargcteristics that fawar
i precipRatees of ok speecies, such a5 Ca® and
CaH, kD, o probein sdhesion, ot of whch &g
icksentisl 1o Fed o e s ive process. Furiermnone,
AUrTaces with lower SFE bidd Mewer Bactend Lo
RS wwface than ome with higher SFE. However, we
ipial ke IEE 1M SCid-Base Peeoreticsl approach
it in s Shody, =0 ineobeiing e SeComipesibon
i 7" and = {which SIFongly iInfeence oy ), SIfers
from ol siudies thet whied differsint eesreticsl
BEgarDacied BD ESTELE v

B adir sludy, e riductisn of SFE with CanelPL-5
IrEstiTeEnt was related o more negatve values of
polar energy (), Sl Che nonpelar endrgy Sd not
chamge (3 ). Therefore, the 5o (") hese y, ) and
IR BN ril endrgy (A0 ) Forces indale whether a
Suifeos b mone Bpdrophebic o haSrophdlic, Mscditsing
afF ol pretela sdheshsn & caliham phosphate
priscipRaien. W= The theoretkcal aipects abdvs
show sl resienent mith CanslPl-5 moreees the
hiydroplilc chirsoier of the surfece of P Enoesl,
mhbch skt B prone B0 waber, consldering osnbsce
Bl < ES%, v = JE.5 Ml amed A0 = 079, Alsa,
Canelrl-5 shawed highsr o~ values, lading Lo Bgher
heCiron-enor sikes 50 the ensimel surfece hal favers
Edaarpiion CHUSNIC ienic speces (a0 and CaH, M0, ")
B Catiemic Sold-resislant peoleirs frsm Lalbva, thus
nplaining the hwer hardeest lesd SMer eroglon
chabengs Corsequently, negalres arTaces may b
partialy of Rdly seiilralized by imualtivaliest calioedg,

lesdifsy bs & edepplesbll Sirface. ™ AJEratksn i s
SFE partially explains e changss in aod-retBrant
prabein of R &P obtsined sMer rissing e 1 with
01 il OF-5 sind Subbeguenl challengs with 1%
diFie schd pH 2.5 B 10 & (isoreike In kirating 1gG,
It olrainafering, serum albummin, alpha amviase, Basic
salvany prolise-ich proten, carbossc snbvdreds)."

Wi rbcigiiiee thi Bimibatons o B present s wiro
shondy . ARPoUGH e prolorads SUIL prebimbinsry shofle,
ey o meal Boriirabely Linalate e cinkcsl condibksn
dui U thee abrsemne of oral vy -Specifr fecters, such
&% e forensbon of AR In Experimest 1, lenitsbken
ol ereatment Hene (with the gels ol ChmesOP]-5) fiae
1 i coukd b sxtimded B longer piriads (&g 4
). Pegerdiey Expeilimisd 3, e presemdi off Hlia,
which s the main Blolsgical factor imvokeed in e
oiiirrence of destal ercsion whiss fBoinn 5 s okt
determingst fer the oral cavily, was not Coeddd ered.
Moneover, CaneCPl-S was InCheded @ it in the Rt
expiiiment, while R s induded in solubon in s
second one, due o e snalytical eechngue whed.
Thise bimRations must be sddrihsed n fulure shedle.

W rejectied beh hypetfeeses hased o the realis,
sincie! 1) gel comaiming CansCPl-5 &t 001 sind 1.0
il protected esaimel foen isnial dentsl erodon; aod )
CainisCP1-5 sheied thie enatnel SFE. Maredwver, Chafge
Iii SFE ol enasnsl afer apolving CansCP -5 iy Bl o
partially explain slerations in the AP prebeaime, with
ofisedusil changs i e protblive abdRy, induosd
by thisi plrgbocysistie.
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