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RESUMO 
 

Engenharia de película adquirida para o controle do desgaste dentário erosivo: 
avaliação in vitro e in situ do potencial protetor de uma cistatina derivada da 

cana-de-açúcar (CaneCPI-5) 
 

O desgaste dentário erosivo (DDE) é um problema complexo e multifatorial que 

requer atenção especial para prevenção e tratamento. A saliva é um fator biológico 

essencial, que desempenha um papel crucial na proteção contra o desgaste. Grande 

parte do papel da saliva advém do fato de suas proteínas serem os maiores 

constituintes da película adquirida, já que algumas proteínas deste integumento são 

resistentes à remoção por desafios erosivos, sendo, portanto, candidatas à 

incorporação em produtos odontológicos visando à prevenção do DDE. No presente 

trabalho, o efeito protetor de uma cistatina derivada da cana-de-açúcar, adicionada a 

diferentes soluções e géis, foi avaliado in vitro e in situ. No primeiro capítulo, foi 

realizado um estudo in vitro para avaliar o efeito protetor de géis contendo diferentes 

concentrações de CaneCPI-5 contra a erosão inicial do esmalte (desafio com ácido 

cítrico 0,65%, pH 3,4 por 1 min). Os resultados indicaram que o tratamento com géis 

contendo CaneCPI-5 nas concentrações de 0,1 ou 1,0 mg/mL protegeu o esmalte 

contra a erosão dentária inicial, provavelmente porque a CaneCPI-5 aumenta o 

número de sítios doadores de elétrons na superfície do esmalte, o que pode impactar 

na formação da película adquirida. No segundo capítulo, diferentes veículos contendo 

CaneCPI-5 foram avaliados in situ, utilizando um protocolo cruzado e duplo-cego, 

conduzido por 5 dias em cada fase. Os voluntários usaram um aparelho contendo 4 

espécimes de dentina humana por 5 dias, tratando as amostras com 1 gota das 

soluções testadas por 60 s antes de serem submetidas a desafios erosivos (ácido 

cítrico 0,1%, pH 2,5, 90 s, 4X/dia), combinados ou não a desafios abrasivos 

(escovação 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 solução contendo CaneCPI-5 0,1 mg/mL foi 

testada em comparação a um controle positivo (Elmex Erosion Protection) e a um 

controle negativo (água deionizada). Ambos os tratamentos reduziram 

significativamente a perda de dentina em comparação ao controle negativo, tanto para 

a erosão quanto para a erosão associada à abrasão. Na segunda parte, os 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 não diferir do gel NaF, foi 



 

 

o único gel que diferiu do gel de quitosana. Este é 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 reforçam os achados, indicando 

que a adição de CaneCPI-5 tanto a soluções quanto a géis parece ser uma alternativa 

promissora para reduzir o desgaste dentário erosivo, por meio da engenharia de 

película adquirida. Protocolos de aplicação clínica deveriam ser testados, combinando 

aplicação profissional do gel com aplicações caseiras da solução contendo                   

CaneCPI-5.     
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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 (Elmex™ 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. 
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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 (MAGALHÃES 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 



Introduction  20 

 

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; MAGALHÃES 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; ARAÚJO et al., 2022; CARVALHO et al., 2020; PELÁ 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; TJÄDERHANE 

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 



Introduction  23 

 

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.   

 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 OBJECTIVES 
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2 OBJECTIVES 

 

 

This project had the following general objectives: 

 

1)  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); 

 

2)  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).  

 

 Article 1 – New insights into the anti-erosive potential of a sugarcane-derived 

cystatin: different vehicle of application and mechanism of action. 

 

 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 (S) 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 CaneCPI-

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 0.5µL 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 S than control, without changes in the apolar component (S
LW), 

but the polar component (S
AB=Lewis acid-base) became more negative (p<0.01). Moreover, 

CaneCPI-5 treatment showed higher S
(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; MAGALHÃES 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 São 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 São 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 I diabetes, 

poor nutrition, gastroesophageal problems and regurgitation and vomiting disorders 

(TENOVOU, J. O., & LAGERLÖF, 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 4ºC) 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 São 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 × 4 mm × 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-μm 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, Unique Ind. E Com. Ltda., São 

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 µl 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 (SHCinitial) and after the experiment (SHCfinal). Five 

indentations were made in the central region of each specimen at 50 μm 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 = ([SHCinitial – 

SHCfinal]/SHCinitial)*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, Krüss, 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 

µL 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; WOOD, 

2007; VAN DER MEI et al., 2002). Different parameters, such as acid (+, receptor component), 

base (, donor component) and Lifshiz van der Waals (LW, 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 (Giwi) was also calculated to determine the 

hydrophobicity/hydrophilicity of the enamel surface: Giwi > 0 indicated a hydrophilic surface 

and Giwi < 0 indicated a hydrophobic surface (HARNETT; ALDERMAN; WOOD, 2007; VAN 

OSS, 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 (S) was significantly lower with CaneCPI-5 (p<0.001) compared with control (Table 

1; p<0.001). The values of the apolar component (S
LW) from enamel surface were not 

significantly different between the groups (p=0.161). The values of the polar component (S
AB 

= Lewis acid-base) became more negative with CaneCPI-5 treatment (Figure 2A; p<0.001). 

Among the parameters from S
AB, S

+ =  electron-acceptor (Lewis acid) and S
- = electron-donor 

(Lewis base), the CaneCPI-5 treatment showed higher S
 values compared to control (Figure 

2B; p<0.001). Significant correlations were observed between S values and S
AB (Pearson’s r 

= 0.987; p<0.001) and S
 (Pearson’s r = -0.942; p<0.001). The interaction free energy (Giwi) 

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 (VUKOSAVLJEVIC 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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(MAGALHÃES 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 (RÜTTERMANN et al., 2011; VAN DER MEI; WHITE; BUSSCHER, 

2004); SFE (s) was lower than 30 mN/m (Table 1) (KNORR et al., 2005; VAN OSS, 1993), 

Giwi was close to zero, and s
  was lower than 28.5 mN/m (Figure 2) (HARNETT; 

ALDERMAN; WOOD, 2007; VAN OSS, 1993, 1995), with values of s
+ 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 Ca2+ and CaH2PO4
+, 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 s
LW and s

AB (which strongly influence to s), differs from other studies that used different 

theoretical approaches to calculate s. 

In the present study, the reduction of SFE with CaneCPI-5 treatment was related to 

more negative values of polar energy (s
AB), given that no change in nonpolar energy was 

observed (s
LW). Therefore, in these cases, the acid (s

+)/base (s
) and interaction free energy 

(Giwi) 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°, s
 > 28.5 mN/m 

and Giwi > 0 (VOGLER, 1998). Also, CaneCPI-5 presented higher s
  values, leading to higher 

electron-donor sites at the enamel surface which, in turn, favors adsorption of cationic species 

(Ca2+ and CaH2PO4
+) 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-

Wallis and Dunn’s tests, p<0.05, n=15/group). 
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FIGURE 2 (A) Surface free-energy and their components (S
LW: Lifshitz-van der Waals surface 

tension component; S
AB: 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 (S
+) and Lewis-base (S

). 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 (S) and 

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

or not (n = 10).  

 

Treatments 
Water Diiodomethane  

Ethylene 
glycol      

γS 
ΔGiwi 

q (°) q (°) q (°) (mN/m) (mN/m) 

Sound enamel 
67.3a 52.6a 56.6a 28.2a -0.3a 

(-4.4) (-5.1) (-3.6) (-4.5) (-8.2) 

CaneCPI-5 (0.1 
mg/mL) 

37.2b 51.6a 55.9a -1.7b 53.2b 

(-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).   
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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; ElmexTM; 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: ElmexTM 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. 
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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 São 

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 × 4 mm × 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. 
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After cutting, the samples were polished using different grains of sandpaper with water-

cooling (Carborundum discs 320, 600, and 1200 grades of Al2O3 papers; Buehler, Lake Bluff, 

Illinois, USA). To complete this step, the samples were polished with felt paper wet by 1 μm 

diamond spray (1 mm; Buehler, Lake Bluff, Illinois, USA). Approximately 110 μm 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., São Paulo, SP, Brazil) for 6 min 

and stored under humidity control (gauze moistened with deionized water) and temperature 

control (4º 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 μm 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/cm2) [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 oC 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 São Carlos, São 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 SnCl2, 500 ppm F from amine fluoride and NaF, 

pH 4.5, Elmex Erosion ProtectionTM 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 µL) 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 



Articles  54 

 

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 μl 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 μm 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 (μm) for each sample, with limit of detection of 0.5 

μm [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 



Articles  55 

 

(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 ElmexTM. This is important, since so far ElmexTM 

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 µm 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 legend 

 

 

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 (MAGALHÃES 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 (RÜTTERMANN 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 Elmex 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 (PELÁ 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 (NAHÓRNY; 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 µm 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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