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Resumo

Vieira, A. P. M. Adicdo de extrato da casca de roma em um enxaguatdrio bucal com
polifosfato-fluoreto reduz a desmineralizacdo do esmalte dentario. 2022 89f. Tese
(Doutorado em Ciéncia Odontologica, area de Biomateriais) - Faculdade de Odontologia de

Aracatuba, Universidade Estadual Paulista, Aracatuba 2022.

Objetivos: Avaliar o efeito anti-desmineralizante de um enxaguatério bucal com extrato de
casca de roma (3% PPE), trimetafosfato de sodio (0,3% TMP) e fldor (225 ppm F) em um
estudo in situ e determinar seu potencial de irritacdo em um estudo ex vivo.

Métodos: Este estudo foi duplo-cego cruzado e realizado em quatro fases com 7 dias cada.
Doze voluntarios utilizaram dispositivos orais contendo blocos de esmalte bovino que foram
submetidos a desafios cariogénicos com sacarose (30%) seis vezes ao dia. A formulacéo ETF
(PPE+TMP+F), formulacéo TF (TMP+F), agua deionizada e um enxaguatério comercial (CM)
foram gotejados nos blocos de esmalte duas vezes ao dia. Em seguida, determinou-se a
porcentagem de perda de dureza superficial (%SH), perda integrada de dureza subsuperficial
(AKHN), bem como calcio (Ca), fosforo (P) e fluoreto (F) no esmalte e nos biofilmes. Além
disso, as concentracdes de polissacarideos extracelulares soltveis (EPS) foram analisadas a
partir do biofilme coletado dos blocos. O potencial de irritagdo dos enxaguatoérios foi avaliado
pelo teste da membrana corioalantéica do ovo de galinha através do efeito vascular produzido
durante 300 s de exposicao.

Resultados: A formulagdo ETF promoveu os melhores resultados para %SH e AKHN entre
todos os grupos (p <0,001), apresentou a maior concentragao de Ca e P no esmalte e no
biofilme, e a menor quantidade de EPS no biofilme (p <0,001). ETF produziu leve rubor,
enquanto CM levou a hiperemia e hemorragia nos ovos.

Significado: A adicdo de PEE na formulacao para enxaguatério sem alcool contendo TMP e
F aumentou sua propriedade anti-desmineralizante, e esta formulagdo apresentou menor

potencial de irritacdo quando comparada ao CM testado.

Palavras-chave: Roma; Fosfatos; Fluoretos; Carie dentaria; Desmineralizacdo do dente;

Embrido de galinha; Antissépticos bucais.
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Abstract

Vieira, A. P. M. Addition of pomegranate peel extract in a mouthwash with
polyphosphate-fluoride reduces the tooth enamel demineralization. 2022 89f. Tese
(Doutorado em Ciéncia Odontologica, area de Biomateriais) - Faculdade de Odontologia de

Aracatuba, Universidade Estadual Paulista, Aracatuba 2022.

Objectives: This study evaluated the anti-demineralizing effect of a mouthwash comprising
pomegranate peel extract (PPE 3%), sodium trimetaphosphate (TMP 0.3%), and fluoride (F
225 ppm) in an in situ study and assessed its irritation potential in an ex vivo study.

Methods: This double-blind crossover study was conducted in four phases with 7 days each.
Twelve volunteers used palatal appliances containing bovine enamel blocks that were
subjected to cariogenic challenges with sucrose (30%) six times daily. The ETF formulation
(PPE+TMP+F), TF formulation (TMP+F), deionized water, and commercial mouthwash (CM)
were dropped onto the enamel blocks twice daily. The percentage of surface hardness loss
(%SH), integrated loss of subsurface hardness (AKHN), calcium (Ca), phosphorus (P), and F
in enamel and biofilms were determined. In addition, alkali-soluble extracellular polysaccharide
(EPS) concentrations were analyzed in the biofilms collected from the blocks. The irritation
potential of the mouthwashes was evaluated using the hen’s egg chorioallantoic membrane
test through the vascular effect produced during 300 s of exposure.

Results: The ETF formulation presented the best results for %SH and AKHN among all groups
(p<0.001), showed the highest concentrations of Ca and P in the enamel and biofilm, and the
lowest amount of EPS in the biofilm (p <0.001). The ETF produced light reddening, whereas
CM led to hyperemia and hemorrhage in the eggs.

Significance: The addition of PPE to alcohol-free mouthwash formulations containing TMP
and F increased its anti-demineralizing property, and this formulation presented a lower

irritation potential than the CM tested.

Keywords: Pomegranate; Phosphates; Fluorides; Dental Caries; Tooth Demineralization;
Chick Embryo; Mouthwashes.
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1. Introduction

Oral health is a fundamental part of overall health and well-being, and talking, eating,
smiling, and socializing without pain, discomfort, or embarrassment is directly related to good
oral health [1, 2]. Nevertheless, oral diseases remain a global public health concern. Dental
caries is the most prevalent dental condition among the 50 most common oral diseases
evaluated between 1990 and 2017 by the Global Burden of Disease Study [3, 4]. Globally, an
estimated 2.3 billion people suffer from untreated caries in permanent teeth [5]. Dynamic
development and multifactorial etiology of caries involve complex interactions between host
factors, oral microbes, and fermentable carbohydrates [4].

Presently, fluoride (F) is the main component for the prevention and noninvasive control
of dental caries. However, changes in the diet of the population, including the increasing sugary
and processed foods, have necessitated the inclusion of compounds that can improve the
protective and therapeutic effects of F [6, 7]. Numerous studies have shown that adding
phosphate salts, including sodium trimetaphosphate (TMP), to F products produces a
synergistic effect by decreasing the dissolution of hydroxyapatite and increasing mineral
apposition in dental enamel [8-12]. TMP adsorbs onto the enamel, forming a barrier that inhibits
acid diffusion. However, this barrier prevents the precipitation of CaF, and subsequently
reduces the obstruction of enamel pores, furthering ion diffusion into the enamel [9, 12-14].
The adsorbed TMP may retain both Ca?* and CaF* in its negatively charged cyclic structure.
When the pH drops due to the cariogenic challenge, calcium species are released, leading to
the formation of neutral species (CaHPO.° + HF°) that have a higher diffusion coefficient,
improving the ionic flux. Notably, it decreases enamel demineralization and increases the
remineralization process [9, 12-14].

In the last decade, there has been an exponential exploration of herbal medicine [15,
16]. The plurality of therapeutic effects found in plant extracts makes them promising raw
materials for the search for novel remineralizing agents [7, 17-19]. In this regard, the

pomegranate (Punica granatum), a fruit-bearing tree native to Iran and cultivated worldwide,
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stands out. Since ancient times, it has been known for its anti-inflammatory, antioxidant,
antimicrobial, wound healing, anti-hyperglycemic, hepatoprotective, and anticancer properties
[20]. Pomegranate fruit has various biocompounds with high biological value in all its parts,
including the peel, carpelar membranes, arils, and seeds [21]. The peel represents 30—40% of
the pomegranate and is a non-valued by-product that is usually discarded as residues by the
agro-industry after processing the fruit [22, 23]. Notably, pomegranate peel has the highest
amount of phenolic compounds compared with the juice and seeds of different pomegranate
cultures, which is responsible for its beneficial properties [24].

This study aimed to evaluate the anti-demineralizing effect of mouthwash with
pomegranate peel extract (PPE), TMP, and F in an in situ study and to assess the irritation
potential of that mouthwash in an ex vivo study to achieve a sustainable approach with the use
of natural compounds and the need for new remineralizing products for the
prevention/treatment of dental caries. The null hypothesis was that mouthwash with PPE,
TMP, and F would provide similar anticaries effects when compared with mouthwash
containing only TMP and F, and it would present an irritation potential similar to a commercial

mouthwash (CM).

2. Materials and Methods

2.1. Punica granatum peel extraction

Punica granatum (pomegranate) peel (dehydrated, ground, and sterilized) was
obtained from a single allotment of the Company Santos Flora (Santosflora Com. De Ervas,
Mairipord, SP - Brazil). The peel powder was dissolved in ethanol 70% GL, and the maceration
process used for extraction followed the method described by Fernandes et al. [25]. After
exhaustive extraction, the resulting mixture was filtered and concentrated using a vacuum

evaporator to obtain a soft extract. Subsequently, it was diluted in propylene glycol, and the
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yield percentages were calculated at 32% w/v of pomegranate dry matter (according to solvent

evaporation in an oven at 100— 105°C until a constant weight).

2.2. Mouthwash formulations

The mouthwash formulations were produced using gum arabic, potassium sorbate,
disodium EDTA, xylitol, sorbitol, mint spicata essential oil, sodium hydroxide, purified water,
and active compounds (PPE, TMP and F). For the formulations, the concentrations of TMP
(0.3%) and F (225 ppm) followed the report by Favretto et al. [8] and the PPE concentration
(3%) was based on the one by Fernandes et al. [25]. Previously, phytochemical analyzes
revealed that PPE is rich in phenolic compounds (114.98 mg + 3.55 g1), punicalagin (a = 2.14
+ 0.006 mg g', B = 2.286 + 0.03 mg g~') and ellagic acid (0.458 + 0.006 mg g') [25]. The
formulations produced were as follows: E (formulation with 3% PEE), TF (formulation with 0.3%
TMP + 225 ppm F), ETF (formulation with 3% PPE + 0.3% TMP + 225 ppm F), and N
(formulation without PPE, TMP, and F). The pH of the formulations was adjusted using a pH
electrode (2A09E, Analyzer, Sdo Paulo, Brazil), and the amount of F was verified using an
F-specific electrode (Orion 9609-BN; Orion Research Inc., Beverly, USA) connected to an ion
analyzer (Orion 720 A+; Orion Research Inc.) (Sigma Aldrich, St. Louis, USA) [25]. Standers

containing 0.5 to 8.00 ppm F were used to calibrate the electrodes.

2.3. In situ study design and Experimental protocol

This study was approved by the Human Ethics Committee of S&o Paulo State
University (UNESP), School of Dentistry, Aragatuba, Brazil (Protocol: 10320719.9.0000.5420),
and all participants provided informed consent statements before the study onset. This study
was an in situ double-blind crossover study conducted in four phases of 7 days each [26]. The
sample size of 12 volunteers (8 female, 3 males, aged 24 — 31 years) was used based on the
study by do Amaral et al. [27], considering as the primary outcome the surface and cross-

sectional hardness analysis, the mean difference between groups (30 and 1300, respectively),
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standard deviation (20 and 900, respectively), an a-error of 5%, and a B-error of 20%.
Volunteers (age + 20-30 years) followed the inclusion and exclusion criteria based on their
good general and oral health status (Appendix A).

Enamel blocks (4 x 4 mm, n = 192) were prepared from bovine incisor teeth, polished,
and selected by initial surface hardness (approximately 365.9 Knoop hardness number (KHN),
p < 0.05). These enamel blocks were fixed in acrylic resin palatal appliances and covered with
a piece of plastic mesh to enable biofilm accumulation (leaving a 1 mm space from the block
surface). Additionally, different palatal appliances were manufactured during all the experiment
phases. Notably, to simulate a cariogenic diet, the volunteers were instructed to remove the
appliance and drip 30% sucrose solution (Synth®, Diadema, Brazil) onto each enamel block
six times daily (8:00 am, 11:00 am, 2:00 pm, 5:00 pm, 7:00 pm, and 9:00 pm) (Figure 1) and
wait five minutes for the sucrose solution to diffuse before reinserting the appliance into the
mouth [14]. Moreover, the volunteers were instructed to use F-free toothpaste (Appendix B) to
brush their natural teeth during the 7 days of pre-experimental, experimental, and wash-out
periods. During the experimental period, the volunteers brushed thrice daily after the main
meals while having the palatal appliance inside their mouths, being careful not to brush the
enamel blocks. After brushing, the appliance was removed, and two drops of formulation were
dropped onto each enamel block twice daily (2:30 pm and 9:30 pm), waiting for 1 min for
formulation diffusion (Figure 1). All volunteers underwent four phases (n = 48) of treatment,
lasting seven days each one and using the following treatments: TF, ETF, W (deionized water),
and CM (essential commercial anticaries alcohol-free mouthwash, Johnson & Johnson®, Sao
Paulo, Brazil, Appendix C) (Figure 1). The appliance was used throughout the day and night,
except while eating and drinking.

After each experimental period, biofiims formed on the blocks were collected for
analysis of F, calcium (Ca), phosphorus (P), and insoluble extracellular polysaccharides (EPS).
In enamel, the percentage of surface hardness loss (%SH), integrated loss of subsurface area

(AKHN), F, Ca, and P (Figure 1).
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2.3.1. Hardness analysis

SH was measured by five indentations on the surface of the enamel before (SHi) and
after (SHf) each treatment phase using a Shimadzu HMV-2000 microhardness tester
(Shimadzu Corp., Kyoto, Japan) under a 25 g load for 10 s [28]. The %SH was calculated as
%SH = 100(SHf-SHi)/SHi. Subsequently, the enamel blocks were longitudinally sectioned
through their center and embedded in acrylic resin, with the cut face exposed and polished for
determining cross-sectional hardness measurements. A Micromet 5114 hardness tester
(Buehler® Ltd., Lake Bluff, USA) and the software Buehler OmniMet (Buehler) with a Knoop
diamond indenter under a 5 g load for 10s were used to perform one sequence of 14
indentations spaced 100 ym apart (5, 10, 15, 20, 25, 30, 40, 50, 70, 90, 110, 130, 220, and
330 pm). The integrated hardness area (KHN x um) from the lesion to the hard enamel was
assessed using the trapezoidal rule (Graph Pad Prism, version 3.02) and subtracted from the

hard enamel hardness integrated area to obtain the AKHN [28, 29].

2.3.2. Biofilm dental processing and analysis of EPS

The biofilm formed on each enamel block was collected, weighed, stored in
microcentrifuge tubes (Axygen, Corning, Nova York, USA), and dried in a vacuum over P20s
(Vetec Quimica Fina Ltd., Duque de Caxias, Brazil) for 12 h at room temperature [30]. For
inorganic and carbohydrate analysis, hydrochloric acid (HCI, 0.5 mol L, Sigma Aldrich) and
sodium hydroxide (NaOH, 0.5 mol L, Sigma Aldrich) were sequentially added to the biofilm
under constant agitation [31, 32]. Afterward, the samples were vortexed and centrifuged
(11,000 % g) for 1 min, and the supernatant was separated for F, Ca, and P determination. The

number of EPS was determined using the phenol-sulfuric acid method [33].

2.3.3. F, Ca, and P in enamel and dental biofilm
F present in the enamel was determined according to Weatherell, Robinson [34] and

modified by Alves et al. [35] using a specific electrode 9409BN (Thermo Scientific, Beverly,
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USA) and microelectrode reference (Analyzer®, Sao Paulo, Brazil) coupled to an ion analyzer
(SevenCompact S220-uMix, Mettler Toledo®, Greifensee, Switzerland). The F present in the
dental biofilm was analyzed using an ion-selective electrode (Orion 9409 BN) and a
potentiometer (Orion 900200, Thermo Scientific™, Beverly, USA) [32]. For the analysis of Ca
present in enamel and biofilms, the Arsenazo Il colorimetric method [36] was used, and P
analysis followed the protocol established by Fiske and Subbarow [37]. The absorbance
readings were recorded at 650 and 660 nm for Ca and P, respectively, using a plate reader
(PowerWave 340, Biotek, Agilent Technologies®, Santa Clara, USA). The results for enamel

were expressed in ug'-mm=3, and those for biofilms were expressed in moles per kilogram.

2.4. The hen’s egg chorioallantoic membrane (HET-CAM) test

The HET-CAM assay followed the guidelines of the Journal Officiel de la République
Francaise [38] according to the method proposed by Luepke with minor changes [39]. White
Leghorn fertile eggs (Mario Salviato, Porto Ferreira, Brazil) were incubated in an egg incubator
(model GP100, GP Chocadeiras®, Salto, Brazil) at 37°C and 60— 70% relative humidity for 10
days. The eggs were rotated daily for the first 8 days. On the tenth day, the shell above the
airspace of the eggs was removed using a diamond disc (KG Sorensen®, Sdo Paulo, Brazil)
coupled to a micromotor (Marathon 3 Champion, Talmax®, Curitiba, Brazil). Afterward, the
inner egg membrane was removed, and the CAM was exposed to the formulations E, TF, ETF,
N, or CM (300 pL) for 20 s. The CAM was then washed with isotonic sodium chloride (NacCl
0.9%, w/v), and vascular reactions (hyperemia, hemorrhage, and coagulation) were observed
for 300 s. Reactions were graded according to their time of appearance (Table 1).
Subsequently, the grading of vascular reactions was combined to obtain an irritant score (IS)
based on the following scale: IS < 0.9, no irritant; 0.9> IS < 4.9, slight irritant; 4.9 IS < 8.9,
moderate irritant; 8.9 > IS < 21, severe irritant. NaCl 0.9%, w/v, sodium dodecyl sulfate (DDS

1% w/v), and NaOH 0.1 N were used as test system controls as references for the irritation
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index. Three eggs were used for each group, and the test was conducted thrice on different

occasions.

2.5. Statistical analysis

SigmaPlot software (version 12.0; Systat Software Inc., San Jose, CA, USA) was used
for statistical analyses with a confidence level of 95%. Data (Ca, P, F, EPS, %SH, and AKHN)
were analyzed for normality and homogeneity of sample distributions using the Shapiro—Wilk
and Bartlett test, respectively. Additionally, data were subjected to a one-way analysis of

variance (ANOVA) and repeated measures, followed by the Student—-Newman—Keuls test.

3. Results

3.1. Effect anti-demineralization of the mouthwash formulations

The mean (SD) concentrations of total F (n=3) in the formulations containing F were
as follows: TF formulation = 215.9 (8.7) and ETF formulation = 232.9 (6.3). The pH of all
formulations was adjusted to 7.0 by adding NaOH.

The combination of PPE, TMP, and F in the formulation (ETF) resulted in the highest
reduction in %SH compared with all the groups tested. ETF promoted ~46.6% and ~40.4%
decreases in %SH compared to TF and CM, respectively (p < 0.001). No significant difference
was observed between the TF and CM groups regarding %SH (p = 0.170). In addition, the
capacity to reduce AKHN was ~27.5% and ~29.5% lower in TF and CM (p<0.001),
respectively, than in ETF (Table 2).

Similar F concentrations were observed in TF, ETF, and CM (p > 0.01), which were
significantly higher than those in W (p < 0.01). ETF promoted the highest retention of Ca and
P in the enamel and biofilm when compared with TF, CM, and W (p < 0.01). The lowest EPS
in biofilms was observed when the ETF formulation was used (p < 0.01), followed by the TF,

CM, and W (Table 2).
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3.2. The irritation potential by the HET-CAM assay

Applying NaCl (negative control) to healthy membranes produced no visual responses.
The positive controls (DDS and NaOH) were graded as severely irritating. Upon applying DDS,
hyperemia, and hemorrhage were observed (cumulative score = 12 points), and NaOH
produced all three signs of vascular response (cumulative score = 19 points), which are in
accordance with the acceptance criteria for the “Interagency Coordinating Committee on The
Validation of Alternative Methods” [40]. In the E and ETF formulations, no vascular response
was noticeable within 30 s, whereas light reddening was visible after 30 s (cumulative score =
3 points, slightly irritant). The N and TF formulations showed no signs of vascular response
(non-irritant), and CM produced hyperemia and hemorrhage and was classified as a moderate

irritant (cumulative score = 10 points). Figure 1 shows the representative images for each

group.

4. Discussion

Mouthwashes have become increasingly popular [41]. During the COVID-19 pandemic,
their use was encouraged due to the effects of reducing the viral load of saliva, leading to part
of the population using it daily [42, 43]. However, indiscriminate applicability is problematic,
primarily because most mouthwashes contain alcohol or synthetic chemical agents that are
unsuitable for everyday use [44]. Thus, developing herbal and biocompatible alternatives is a
niche area to be explored in the dental market. Therefore, we produced an alcohol-free
mouthwash formulation comprising PPE, polyphosphate, and F at lower concentrations. This
formulation reduced demineralization on bovine enamel in an in vitro pH cycling test and
prevented biofilms produced by Streptococcus mutans and Candida albicans [25]. In this
study, we provide new insights into enhancing the anti-demineralizing activity of sodium TMP
and F by adding PPE. This combination in a mouthwash formulation (ETF) was used in an in

situ model that has already been well studied and successfully used to prove the anticaries
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effectiveness of F compounds [14, 26, 32]. Furthermore, we demonstrated the biocompatibility
of the ETF in an ex vivo model using a hen’s egg chorioallantoic membrane. The null
hypothesis of this study was rejected as ETF promoted a higher reduction in dental enamel
demineralization than the TF mouthwash formulation and presented a lower irritation potential
than the CM.

Our results showed that side effects on enamel produced by simulated cariogenic
challenges were reversed by ETF, significantly reducing the mineral loss in tooth enamel. In
addition, higher amounts of Ca and P were detected in the enamel and biofilm than in the other
mouthwash treatments proposed in this study (TF, W, and CM mouthwashes). This finding
demonstrated that the enamel treated with ETF was significantly more mineralized, which is
considered important in cases of subsequent demineralization cycles [10, 12, 13]. Particularly,
the AKHN results suggested that ETF increased the mobility of Ca and P ions in deeper regions
of the enamel, which is crucial for the remineralization process occurring in progressive carious
lesions [12, 13].

Regarding the concentration of alkali-soluble EPS, there was a significant reduction in
biofilms treated with the ETF. The effectiveness of reducing EPS has been demonstrated in
the literature when the active compounds present in ETF were tested separately against
biofilms. PPE effectively inhibited the production of insoluble EPS in S. mutans biofilms [45]. F
interferes with EPS synthesis by controlling gene expression via glycosyltransferase-related
and glycolysis-related genes [46]. TMP associated with F decreased EPS in several in situ
studies [12, 14]. This association also induced structural changes and reduced the protein,
carbohydrate, and DNA content in the extracellular matrix in dual-species biofilms of S. mutans
and C. albicans [47]. For the inorganic composition of the biofilm, our study showed an
increase in the adsorption of Ca and P after ETF treatment, suggesting a biofilm with a higher
degree of saturation regarding hydroxyapatite [14]. In previous studies [12], TMP alone could
not increase P levels of in vitro biofilms, as it is not a source of free P [13, 48]. Comparatively,

with our results, we hypothesize that PPE could play a significant role as a P source in biofilms.
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The outcome showed that the association of PPE with remineralizing agents (TMP and
F) was significant in our study. However, the mechanism of action of the ETF formulation on
de- and remineralization enamel processes still needs to be elucidated. Fernandes et al. [25]
demonstrated that a mouthwash formulation containing PPE alone does not decrease enamel
demineralization in an in vitro cariogenic challenge study. Considering this, we demonstrated
the additive effect of PPE in association with TMP+F on the reduction of enamel
demineralization. The additive effect of herbal-containing toothpaste (Prunus amygdalus
Dulcis and Camellia sinensis) on the remineralizing efficacy of F has already been reported by
Forcin et al. [49]. Prunus amygdalus dulcis is an almond that contains proanthocyanidins and
hydrolyzable tannins (including ellagic and gallic acids) [49, 50], and these components are
also found in pomegranate peel extract [51]. It has been suggested that PPE forms an organic
pellicle on the enamel surface, comprising monomeric and polymeric polyphenols. This
supposedly provides the main contact of pellicle-containing gallotannins with the enamel
surface, thereby increasing the deposition effectiveness of remineralizing ions [49].

Additionally, dentinal tubules are physically occluded, impeding acid diffusion [49]. PPE
contains Ca and P in its composition, and there is also the possibility of PPE acting as an
external source of these ions [22]. TMP also forms a layer on the surface enamel and increases
the adsorption capacity of Ca and P [8, 14, 52]. Therefore, the bioavailability of Ca and P is
increased because of the presence of PPE, and a state of supersaturation occurs and;
consequently, larger retention of them in the enamel would ensue. This may explain the higher
uptake of Ca and P observed in the enamel after ETF treatment. It is believed that the
polyphenolic compounds present in PPE, more specifically gallic acid, facilitates mineral
deposition on the surface layer by combining with Ca?* from the surrounding medium and
forming insoluble compounds with Ca [53-56]. Furthermore, gallic acid might act as a carrier
of these Ca?" ions to the lesion body [57], and this theory is supported by our findings on
subsurface lesion reduction. Another issue to be emphasized is the ability of polyphenols to

bind to oral surfaces, and even with salivary flow, they can remain bound for long periods,
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acting as “slow-release” devices [58-61]. After rinsing with the ETF formulation, its astringent
organoleptic feature was noted, resulting from tannins interaction with salivary proteins. As
part of the calcium present in saliva is bound to proteins [62], precipitation of salivary protein
could be another factor responsible for the increase in calcium deposition in enamel [63].

Furthermore, the promising results of ETF can be accentuated by its significant anti-
demineralizing efficacy when compared with the CM evaluated. This mouthwash was chosen
as a control because of its similar characteristics to the ETF formulation, such as F
concentration, absence of alcohol, and presence of natural compounds. Mouthwashes based
on essential oils (menthol, thymol, eucalyptol, and methyl salicylate) are popular commercial
products, and the addition of F in its formulation proved effective in the remineralization of
artificial caries lesions [64, 65]. In 2004, this mouthwash type was classified as effective and
safe by the American Authority “Food and Drug Administration” [66], and it was selected as a
comparative group in our study in the HET-CAM test.

The HET-CAM is an alternative ex vivo assay that evaluates the potential for irritation
and local toxicity of compounds on mucosal surfaces [65, 66] and can be used in investigations
of dental products [69-71]. Our results from the HET-CAM assay showed that ETF did not
induce a highly irritating reaction (classification rating: slightly irritant), indicating that it is a
substance without toxic effects. In comparison, the CM presented a higher irritant potential
(classification rating: moderate irritant) owing to the induction of adverse reactions in the
vascular plexus of the CAM. The toxicity of CM was proven in our previous study in which
murine bone marrow-derived macrophages were used [25]. In that study, after 2 h of treatment
with ETF, more than 75% of murine bone marrow-derived macrophages remained viable,
whereas CM was cytotoxic, retaining only 20% of viable cells [25].

The a-toxic characteristics of the ETF formulation might be because of the
concentrations of the active compounds (PPE, TMP, and F) selected to be in it [72-74]. In a
recent study, monosodium glutamate (a flavor-enhancing agent added to various foods)

produced congenital malformations in chicken embryos. The injection of PPE (0.3 mL)
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ameliorated these harmful actions in embryos owing to its antioxidant properties [75]. Although
in vivo tests are necessary to prove the safe clinical application of ETF, our preliminary data
strongly suggest its biocompatibility.

This present study demonstrated that the addition of PPE (3%) to an alcohol-free
mouthwash formulation containing TMP (0.3%) and F (225 ppm) increased its anti-
demineralizing property, with a slight irritant potential. In commercial dental products, the ETF
formulation could be used in the future for the prevention of dental caries. Therefore, controlled

clinical trials are recommended to confirm our outcomes.

5. Conclusion

We concluded that, with the limitations inherent to an in situ study, ETF was able to
reduce %SH and AKHN and increase the concentration of Ca and P in the enamel and biofilm.
In addition, it acts on the dental biofilm, reducing the number of EPS. In the HET-CAM test,
ETF had a lower irritation potential than the CM, proving to be a promising alternative for long-

term use in patients at high risk of caries.

REFERENCES

[1] Peres MA, Macpherson LMD, Weyant RJ, Daly B, Venturelli R, Mathur MR, et al. Oral
diseases: a global public health challenge. Lancet. 2019;394:249-60.

[2] Glick M, Williams DM, Kleinman DV, Vujicic M, Watt RG, Weyant RJ. A new definition for
oral health developed by the FDI World Dental Federation opens the door to a universal
definition of oral health. J Am Dent Assoc. 2016;147:915-7

[3] Bernabe E, Marcenes W, Hernandez CR, Bailey J, Abreu LG, Alipour V, et al. Global,
Regional, and National Levels and Trends in Burden of Oral Conditions from 1990 to 2017: A
Systematic Analysis for the Global Burden of Disease 2017 Study. J Dent Res. 2020;99:362-

73.



36

[4] Cheng L, Zhang L, Yue L, Ling J, Fan M, Yang D, et al. Expert consensus on dental caries
management. Int J Oral Sci. 2022;14:17.

[5] Wen PYF, Chen MX, Zhong YJ, Dong QQ, Wong HM. Global Burden and Inequality of
Dental Caries, 1990 to 2019. J Dent Res. 2021;101:392-9.

[6] Duggal MS, Toumba KJ, Amaechi BT, Kowash MB, Higham SM. Enamel demineralization
in situ with various frequencies of carbohydrate consumption with and without fluoride
toothpaste. J Dent Res. 2001;80:1721-4.

[7] Philip N. State of the Art Enamel Remineralization Systems: The Next Frontier in Caries
Management. Caries Res. 2019;53:284-95.

[8] Favretto CO, Danelon M, Castilho FC, Vieira AE, Delbem AC. In vitro evaluation of the
effect of mouth rinse with trimetaphosphate on enamel demineralization. Caries Res.
2013;47:532-8.

[9] Danelon M, Pessan JP, Souza-Neto FN, de Camargo ER, Delbem AC. Effect of fluoride
toothpaste with nano-sized trimetaphosphate on enamel demineralization: An in vitro study.
Arch Oral Biol. 2017;78:82-7.

[10] Danelon M, Takeshita EM, Peixoto LC, Sassaki KT, Delbem ACB. Effect of fluoride gels
supplemented with sodium trimetaphosphate in reducing demineralization. Clin Oral Investig.
2014;18:1119-27.

[11] de Castro LP, Delbem AC, Danelon M, Passarinho A, Percinoto C. In vitro effect of sodium
trimetaphosphate additives to conventional toothpastes on enamel demineralization. Clin Oral
Investig. 2015;19:1683-7.

[12] Takeshita EM, Danelon M, Castro LP, Sassaki KT, Delbem AC. Effectiveness of a
Toothpaste with Low Fluoride Content Combined with Trimetaphosphate on Dental Biofilm and
Enamel Demineralization in situ. Caries Res. 2015;49:394-400.

[13] Souza MDB, Pessan JP, Lodi CS, Souza JAS, Camargo ER, Souza Neto FN, et al.
Toothpaste with Nanosized Trimetaphosphate Reduces Enamel Demineralization. JDR Clin

Trans Res. 2016;2:233-40.



37

[14] Emerenciano NG, Botazzo Delbem AC, Pessan JP, Nunes GP, Souza Neto FN, de
Camargo ER, et al. In situ effect of fluoride toothpaste supplemented with nano-sized sodium
trimetaphosphate on enamel demineralization prevention and biofilm composition. Arch Oral
Biol. 2018;96:223-9.

[15] Tafazoli A, Tafazoli Moghadam E. Camellia Sinensis Mouthwashes in Oral Care: a
Systematic Review. J Dent. (Shiraz). 2020;21:249-62.

[16] Palmas L, Aroffu M, Petretto GL, Escribano-Ferrer E, Diez-Sales O, Usach |, et al.
Entrapment of Citrus limon var. pompia Essential Oil or Pure Citral in Liposomes Tailored as
Mouthwash for the Treatment of Oral Cavity Diseases. Pharmaceuticals. 2020;13:216.

[17] Wassel MO, Sherief DI. lon release and enamel remineralizing potential of miswak,
propolis and chitosan nano-particles based dental varnishes. Pediatr Dent J. 2019;29:1-10.
[18] Philip N, Leishman SJ, Bandara HMHN, Healey DL, Walsh LJ. Randomized Controlled
Study to Evaluate Microbial Ecological Effects of CPP-ACP and Cranberry on Dental Plaque.
JDR Clin Trans Res. 2019;5:118-26.

[19] Hong SJ, Jeong SS, Song KB. Effects of sanguinaria in fluoride-containing dentifrices on
the remineralisation of subsurface carious lesion in vitro. Int Dent J. 2005;55:128-32.

[20] Ruan J-H, Li J, Adili G, Sun G-Y, Abuduaini M, Abdulla R, et al. Phenolic Compounds and
Bioactivities from Pomegranate (Punica granatum L.) Peels. J Agric Food Chem.
2022;70:3678-86.

[21] Toledo-Merma PR, Cornejo-Figueroa MH, Crisosto-Fuster AdR, Strieder MM, Chaiii-
Paucar LO, Nathia-Neves G, et al. Phenolic Compounds Recovery from Pomegranate (Punica
granatum L.) By-Products of Pressurized Liquid Extraction. Foods. 2022;11:1070.

[22] Gullon P, Astray G, Gullon B, Tomasevic |, Lorenzo JM. Pomegranate Peel as Suitable
Source of High-Added Value Bioactives: Tailored Functionalized Meat Products. Molecules.
2020;25:2859.

[23] Singh B, Singh JP, Kaur A, Singh N. Phenolic compounds as beneficial phytochemicals

in pomegranate (Punica granatum L.) peel: A review. Food Chem. 2018;261:75-86.



38

[24] Gbzlekei S, Saracoglu O, Onursal E, Ozgen M. Total phenolic distribution of juice, peel,
and seed extracts of four pomegranate cultivars. Pharmacogn Mag. 2011;7:161-4.

[25] Fernandes GL, Vieira APM, Danelon M, Emerenciano NG, Berretta AA, Buszinski AFM,
Hori JI, Lima MHFd, Reis TFd, Lima JAd, Delbem ACB, Silva SCMd, Barbosa DB.
Pomegranate Extract Potentiates the Anti-Demineralizing, Anti-Biofilm, and Anti-Inflammatory
Actions of Non-Alcoholic Mouthwash When Associated with Sodium-Fluoride
Trimetaphosphate. Antibiotics. 2022; 11(11):1477.

[26] Garcia LSG, Delbem ACB, Pessan JP, Dos Passos Silva M, Neto FNS, Gorup LF, et al.
Anticaries effect of toothpaste with nano-sized sodium hexametaphosphate. Clin Oral Investig.
2019;23:3535-42.

[27] do Amaral JG, Sassaki KT, Martinhon CC, Delbem AC. Effect of low-fluoride dentifrices
supplemented with calcium glycerophosphate on enamel demineralization in situ. Am J Dent.
2013;26:75-80.

[28] Danelon M, Garcia LG, Pessan JP, Passarinho A, Camargo ER, Delbem ACB. Effect of
Fluoride Toothpaste Containing Nano-Sized Sodium Hexametaphosphate on Enamel
Remineralization: An in situ Study. Caries Res. 2019;53:260-7.

[29] Spiguel MH, Tovo MF, Kramer PF, Franco KS, Alves KM, Delbem AC. Evaluation of laser
fluorescence in the monitoring of the initial stage of the de-/remineralization process: an in vitro
and in situ study. Caries Res. 2009;43:302-7.

[30] Pecharki GD, Cury JA, Paes Leme AF, Tabchoury CP, Del Bel Cury AA, Rosalen PL, et
al. Effect of sucrose containing iron (ll) on dental biofilm and enamel demineralization in situ.
Caries Res. 2005;39:123-9.

[31] Nobre dos Santos M, Melo dos Santos L, Francisco SB, Cury JA. Relationship among
dental plague composition, daily sugar exposure and caries in the primary dentition. Caries

Res. 2002;36:347-52.



39

[32] Marcato RA, Garbelini CCD, Danelon M, Pessan JP, Emerenciano NG, Ishikawa AdS, et
al. In situ evaluation of 200 ppm fluoride toothpaste content trimetaphosphate, xylitol and
erythritol on enamel demineralization and dental biofilm. J Dent. 2021;111:103724.

[33] DuBois M, Gilles KA, Hamilton JK, Rebers PA, Smith F. Colorimetric Method for
Determination of Sugars and Related Substances. Analytical Chemistry. 1956;28:350-6.

[34] Weatherell JA, Robinson C, Strong M, Nakagaki H. Micro-sampling by abrasion. Caries
Res. 1985;19:97-102.

[35] Alves KM, Pessan JP, Brighenti FL, Franco KS, Oliveira FA, Buzalaf MA, et al. In vitro
evaluation of the effectiveness of acidic fluoride dentifrices. Caries Res. 2007;41:263-7.

[36] Vogel GL, Chow LC, Brown WE. A microanalytical procedure for the determination of
calcium, phosphate and fluoride in enamel biopsy samples. Caries Res. 1983;17:23-31.

[37] Fiske CH, Subbarow Y. The colorimetric determination of phosphorus. J Biol Chem.
1925;66:375-400.

[38] Francaise R. Arrété du 29 novembre 1996 relatif aux méthodes officielles d’analyse
nécessaires aux contrdles des produits cosmétiques. 26 décembre 1996;300:19137-8.

[39] Luepke NP. Hen's egg chorioallantoic membrane test for irritation potential. Food Chem
Toxicol. 1985;23:287-91.

[40] ICCVAM. 2010. ICCVAM Test Method Evaluation Report: Current Validation Status of In
Vitro Test Methods Proposed for Identifying Eye Injury Hazard Potential of Chemicals and
Products. NIH Publication No. 10-7553. Research Triangle Park, NC: National Institute of
Environmental Health Sciences.

[41] Radzki D, Wilhelm-Weglarz M, Pruska K, Kusiak A, Ordyniec-Kwasnica I. A Fresh Look
at Mouthwashes-What Is Inside and What Is It For? Int J Environ Res Public Health. 2022;19.
[42] Kim Y-R, Nam S-H. A randomized, placebo-controlled clinical trial evaluating of a
mouthwash containing Sambucus williamsii var. coreana extract for prevention of gingivitits.

Sci Rep. 2022;12:11250.



40

[43] Vergara-Buenaventura A, Castro-Ruiz C. Use of mouthwashes against COVID-19 in
dentistry. Br J Oral Maxillofac Surg. 2020;58:924-7.

[44] Carr E, Aslam-Pervez B. Does the use of alcohol mouthwash increase the risk of
developing oral cancer? Evid Based Dent. 2022;23:28-9.

[45] Gulube Z, Patel M. Effect of Punica granatum on the virulence factors of cariogenic
bacteria Streptococcus mutans. Microb Pathog. 2016;98:45-9.

[46] Pandit S, Jung JE, Choi HM, Jeon JG. Effect of brief periodic fluoride treatments on the
virulence and composition of a cariogenic biofilm. Biofouling. 2018;34:53-61.

[47] Cavazana TP, Hosida TY, Pessan JP, Sampaio C, Monteiro DR, Delbem ACB. Activity of
sodium trimetaphosphate, associated or not with fluoride, on dual-species biofilms. Biofouling.
2019;35:710-8.

[48] Takeshita EM, Castro LP, Sassaki KT, Delbem AC. In vitro evaluation of dentifrice with
low fluoride content supplemented with trimetaphosphate. Caries Res. 2009;43:50-6.

[49] Forcin LV, Oliveira TS, Tomaz PL, Matochek MH, Polassi MR, Vilhena FV, et al. Enamel
remineralization and surface roughness after treatment with herbal-containing toothpastes. J
Clin Exp Dent. 2021;13:e849-e58.

[50] Xie L, Roto AV, Bolling BW. Characterization of ellagitannins, gallotannins, and bound
proanthocyanidins from California almond (Prunus dulcis) varieties. J Agric Food Chem.
2012;60:12151-6.

[51] Xiang Q, Li M, Wen J, Ren F, Yang Z, Jiang X, et al. The bioactivity and applications of
pomegranate peel extract: A review. J Food Biochem. 2022;46:€14105.

[52] Neves JG, Danelon M, Pessan JP, Figueiredo LR, Camargo ER, Delbem ACB. Surface
free energy of enamel treated with sodium hexametaphosphate, calcium and phosphate. Arch
Oral Biol. 2018;90:108-12.

[53] Coceska E, Gjorgievska E, Coleman NJ, Gabric D, Slipper 13, Stevanovic M, et al. Enamel

alteration following tooth bleaching and remineralization. J Microsc. 2016;262:232-44.



4

[54] Mirkarimi M, Eskandarion S, Bargrizan M, Delazar A, Kharazifard MJ. Remineralization of
artificial caries in primary teeth by grape seed extract: an in vitro study. J Dent Res Dent Clin
Dent Prospects. 2013;7:206-10.

[55] Xie Q, Bedran-Russo AK, Wu CD. In vitro remineralization effects of grape seed extract
on artificial root caries. J Dent. 2008;36:900-6.

[56] Nagi SM, Hassan SN, Abd EI-Alim SH, Elmissiry MM. Remineralization potential of grape
seed extract hydrogels on bleached enamel compared to fluoride gel: An in vitro study. J Clin
Exp Dent. 2019;11:e401-e7.

[57] Cheng L, Li J, Hao Y, Zhou X. Effect of compounds of Galla chinensis and their combined
effects with fluoride on remineralization of initial enamel lesion in vitro. J Dent. 2008;36:369-
73.

[58] Ginsburg I, Koren E, Shalish M, Kanner J, Kohen R. Saliva increases the availability of
lipophilic polyphenols as antioxidants and enhances their retention in the oral cavity. Arch Oral
Biol. 2012;57:1327-34.

[59] Ginsburg I, Kohen R, Koren E. Microbial and host cells acquire enhanced oxidant-
scavenging abilities by binding polyphenols. Arch Biochem Biophys. 2011;506:12-23.

[60] Ginsburg I, Kohen R, Shalish M, Varon D, Shai E, Koren E. The oxidant-scavenging
abilities in the oral cavity may be regulated by a collaboration among antioxidants in saliva,
microorganisms, blood cells and polyphenols: a chemiluminescence-based study. PLoS One.
2013;8:€63062.

[61] Jacob B, Malli Sureshbabu N, Ranjan M, Ranganath A, Siddique R. The Antimicrobial
Effect of Pomegranate Peel Extract versus Chlorhexidine in High Caries Risk Individuals Using
Quantitative Real-Time Polymerase Chain Reaction: A Randomized Triple-Blind Controlled
Clinical Trial. Int J Dent. 2021;2021:5563945.

[62] Silva MS, Garcia-Estévez |, Branddo E, Mateus N, de Freitas V, Soares S. Molecular
Interaction Between Salivary Proteins and Food Tannins. Journal of Agricultural and Food

Chemistry. 2017;65:6415-24.



42

[63] Baumann T, Bereiter R, Lussi A, Carvalho TS. The effect of different salivary calcium
concentrations on the erosion protection conferred by the salivary pellicle. Scientific reports.
2017;7:12999.

[64] Yu D, Sipos T, Wu MM, Naleway C. Remineralization potential of an
anticaries/antigingivitis mouthrinse. Am J Dent. 2005;18:361-4.

[65] Sun FC, Engelman EE, McGuire JA, Kosmoski G, Carratello L, Ricci-Nittel D, et al. Impact
of an Anticaries Mouthrinse on In Vitro Remineralization and Microbial Control. Int J Dent.
2014;2014:982071.

[66] Vlachojannis C, Al-Ahmad A, Hellwig E, Chrubasik S. Listerine® Products: An Update on
the Efficacy and Safety. Phytother Res. 2016;30:367-73.

[67] Fraguas-Sanchez Al, Martin-Sabroso C, Torres-Suarez Al. The Chick Embryo
Chorioallantoic Membrane Model: A Research Approach for Ex Vivo and In Vivo Experiments.
Curr Med Chem. 2022;29:1702-17.

[68] Palmeira-de-Oliveira R, Monteiro Machado R, Martinez-de-Oliveira J, Palmeira-de-
Oliveira A. Testing vaginal irritation with the Hen’s Egg Test-Chorioallantoic Membrane assay.
Altex. 2018;35:495-503.

[69] Dahl JE. Potential of dental adhesives to induce mucosal irritation evaluated by the HET-
CAM method. Acta Odont Scand. 2007;65:275-83.

[70] Lonnroth E-C, Dahl J, Shahnavaz H. Evaluating the Potential Occupational Hazard of
Handling Dental Polymer Products Using the HET-CAM Technique. Int J Occup Saf Ergon.
1999;5:43-57.

[71] Coelho CC, Grenho L, Gomes PS, Quadros PA, Fernandes MH. Nano-hydroxyapatite in
oral care cosmetics: characterization and cytotoxicity assessment. Sci Rep. 2019;9:11050.
[72] Akhtar S, Ismail T, Fraternale D, Sestili P. Pomegranate peel and peel extracts: Chemistry
and food features. Food Chem. 2015;174:417-25.

[73] Lanigan RS. Final Report on the Safety Assessment of Sodium Metaphosphate, Sodium

Trimetaphosphate, and Sodium Hexametaphosphate. Int J Toxicol. 2001;20:75-89.



43

[74] Freire IR, Pessan JP, Amaral JG, Martinhon CC, Cunha RF, Delbem AC. Anticaries effect
of low-fluoride dentifrices with phosphates in children: A randomized, controlled trial. J Dent.
2016;50:37-42.

[75] Al-Ghamdi FAM. Pomegranate peel extracts effects to reduce mono sodium glutamate

toxic effects on chicken embryos: Morphological studies. Saudi J Biol Sci. 2022;29:975-83.



44

Supplementary Material

Inclusion criteria for volunteers

The volunteers who were included in this study were all residents of Aracatuba (S&o
Paulo, Brazil) with a fluoridated water supply, good general health, clinical absence of active
caries lesions, and periodontal disease, and they provided written informed consent. The
exclusion criteria were as follows: use of medications interfering with the salivary flow rate, use
of antibiotics, use of removable dentures, fixed or removable orthodontic appliances, smoking,
pregnancy or breastfeeding, systemic diseases, and previous allergy to oral products or plant
extracts. Notably, the participants were prohibited from using any antimicrobial or F product

during the experiment.

Toothpaste formulation
Toothpastes were produced with the following components: titanium dioxide,
carboxymethyl cellulose, methyl p-hydroxybenzoate sodium, saccharin, mint oil, glycerin,

abrasive silica, sodium lauryl sulphate and deionized water.

Ingredients of essentials oil anticaries alcohol-free commercial mouthwash

Purified water, sorbitol, propylene glycol, poloxamer 407, sodium lauryl sulfate, benzoic
acid, aroma (benzyl alcohol, d-Limonene), eucalyptol, methyl salicylate, thymol, sodium
saccharina, sodium fluoride (220 ppm), sodium benzoate, sucralose, menthol, CI

47005/quinoline yellow, Cl 42053/fast green.
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Figure and tables captions

Figure 1. Experimental design of the study.

Figure 2. Representative images: (Egg) Fertilized chicken egg showing the chorioallantoic
membrane. Sequence of photographs illustrating the macroscopic changes on the
chorioallantoic membrane vasculature after administration of solutions for 360 s: (NaOH)
sodium hydroxide 0.1N; (DDS) sodium dodecyl sulfate 1%; (NaCl) sodium chloride 0.9%; (N)
formulation without pomegranate peel extract (PPE), sodium trimetaphosphate (TMP) and
fluoride (F); (E) formulation with 0.3% PPE; (TF) formulation with 0.3% TMP and 225 ppm F;
(ETF) formulation with 0.3% PPE, 0.3% TMP and 225 ppm F; (CM) commercial mouthwash of

essential oil.

Table 1. Grading of vascular reactions (hyperemia, hemorrhage, and coagulation) in the

chorioallantoic membrane of the embryonated egg chicken in the HET-CAM test.

Table 2. Mean (SD) initial surface hardness loss (SHi), percentage of surface hardness loss
(%SH), integrated loss of subsurface hardness (AKHN), fluoride, calcium, and phosphorus

concentration in enamel and biofilm according to the different treatments.
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Figure 1. Experimental design of the study.
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Figure 2. Representative images: (Egg) Fertilized chicken egg showing the chorioallantoic

membrane. Sequence of photographs illustrating the macroscopic changes on the
chorioallantoic membrane vasculature after administration of solutions for 360 s: (NaOH)
sodium hydroxide 0.1N; (DDS) sodium dodecyl sulfate 1%; (NaCl) sodium chloride 0.9%; (N)
formulation without pomegranate peel extract (PPE), sodium trimetaphosphate (TMP) and
fluoride (F); (E) formulation with 0.3% PPE; (TF) formulation with 0.3% TMP and 225 ppm F;
(ETF) formulation with 0.3% PPE, 0.3% TMP and 225 ppm F; (CM) commercial mouthwash of

essential oil.
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Table 1. Grading of vascular reactions (hyperemia, hemorrhage, and coagulation) in the

chorioallantoic membrane of the embryonated egg chicken in the HET-CAM test.

Score
Effect
<30s 30-60s 60-300s
Hyperaemia 5 3 1
Hemorrhage 7 5 3

Coagulation 9 7 5
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Table 2. Mean (SD) initial surface hardness loss (SHi), percentage of surface hardness loss

(%SH), integrated loss of subsurface hardness (AKHN), fluoride, calcium, and phosphorus

concentration in enamel and biofilm according to the different treatments.

Mouthwash formulations

Analysis

\\ TF ETF CM
SHi (KHN) 366.22(0.2) 366.22(0.7) 366.22(0,7) 365.92(0.7)
%SH (KHN) -76.82(5.9) -27.3°(4.5) -14.6°(2.9) -24.5%(5.3)

AKHN (KHN x pm)

Enamel (ug mm3)
Fluoride
Calcium

Phosphorus

Biofilm (mol kg™)

Fluoride

Calcium

Phosphorus

EPS

7607.32(503.6)

0.22(0.1)
378.02(83.3)

245.02(92.8)

5,48E-0.42
(9.46E-05)

2.62E-012
(7.28E-02)

7.88E-022
(2.54E-02)

4.52(1.9)

3926.60 (380.2)

0.5°(0.2)
337.02(99.1)

219.02(43.1)

1.26E-03P
(7.34E-04)

2.71E-012
(3.81E-02)

9.81E-022
(3.88E-02)

1.7°(0.8)

2845.4¢ (365.7)

0.4°(0.1)
668.0° (197.1)

312.7°(100.1)

2.66E-03¢
(9.30E-04)

3.54E-01b
(3.60E-02)

1.34E-01b
(5.54E-02)

1.0¢(0.4)

4032.8(298.2)

0.4°(0.2)
340.32(138.2)

219.42(88.2)

2.74E-03¢
(1.10E-03)

2.64E-012
(7.27E-02)

9.55E-022
(2.26E-02)

1.9°(0.5)

KHN (Knoop hardness); W: deionized water (n=12); E: formulation with 0.3% pomegranate peel extract (n=12); TF: formulation

with 0.3% sodium trimetaphosphate and 225 ppm fluoride (n=12); ETF: formulation with 0.3% pomegranate peel extract, 0.3%

sodium trimetaphosphate, and 225 ppm fluoride (n=12); CM: essential oil commercial mouthwash (n=12). Different superscript

letters indicate significant differences among the treatments for each variable. Data were analyzed using repeated measures of

one-way ANOVA, followed by the Student-Newman-Keuls test (p < 0.05).
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Ingredients of essentials oil anticaries alcohol-free commercial mouthwash

Purified water, sorbitol, propylene glycol, poloxamer 407, sodium lauryl sulfate, benzoic
acid, aroma (benzyl alcohol, d-Limonene), eucalyptol, methyl salicylate, thymol, sodium
saccharina, sodium fluoride (220 ppm), sodium benzoate, sucralose, menthol, CI

47005/quinoline yellow, Cl 42053/fast green.

Inclusion criteria for volunteers

The volunteers who were included in this study were all residents of Aracatuba (S&o
Paulo, Brazil) with a fluoridated water supply, good general health, clinical absence of active
caries lesions, and periodontal disease, and they provided written informed consent. The
exclusion criteria were as follows: use of medications interfering with the salivary flow rate, use
of antibiotics, use of removable dentures, fixed or removable orthodontic appliances, smoking,
pregnancy or breastfeeding, systemic diseases, and previous allergy to oral products or plant
extracts. Notably, the participants were prohibited from using any antimicrobial or F product

during the experiment.

Toothpaste formulation
Toothpastes were produced with the following components: titanium dioxide,
carboxymethyl cellulose, methyl p-hydroxybenzoate sodium, saccharin, mint oil, glycerin,

abrasive silica, sodium lauryl sulphate and deionized water.
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ANEXO A: Resumo do estudo

OBTENGAO DO EXTRATO DA CASCA DA ROMA

DESENVOLVIMENTO DAS FORMULAGOES LiQUIDAS

Formulagdo com extrato da casca
da roma, trimetafosfato de sdédio,
fluoreto de sodio, estabilizante,
conservante, quelante, edulcorante
e agua purificada q.s.p.

(A) P6 do extrato da casca da rom3; (B) Maceracgéo; (C) Retroevaporacéo; (D) Extrato mole; (E) Extrato da casca da roma diluido em propilenoglicol.

ESTUDO IN SITU ENSAIO DE MEMBRANA CORIO-ALANTOIDE DO OVO DE GALINHA
A

(A) Esquema representativo do dispositivo palatino em resina acrilica utilizado pelos voluntarios, contendo
quatro blocos de esmalte fixados no interior de lojas do dispositivo e cobertos com malha de plastico para
permitir o acimulo de biofilme oral. (B) Desenho dos fracos contendo os quatro grupos das formulagdes
para enxaguatorio bucal testados pelos voluntarios: formulagéo ETF (contendo 3% de extrato da casca da A) Chocadeira automatica com os ovos de galinha fertilizados: (B1) Abertura do ovo fertilizado com
roma + 0,3% de trimetafosfato de s6dio + 225 ppm de flior), formulagdo TF (contendo 0,3% de trimetafosfato (A) Cho ovo 9 os; (B1) ° °

de sédio + 225 de fldon. W (3 deionizad t6rio bucal al de 6| = exposicdo da membrana da casca; (B2) ovo fertilizado apds retirada da membrana da casca e exposigéo
;ngl EgM) ppm de fidor), W (agua deionizada) e enxaguatorio bucal comercial de Sleos essenciais sem de membrana coério-alantéide; (C) ovo fertilizado apds umectagdo da membrana cério-alantdide.
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Padronizacédo do extrato da casca da roma nas formulacdes em % de sélidos

52

Teor de solidos de roma (mg mL1) no extrato glicélico da casca da roma e nas formulagées com (E e ETF) e sem o extrato da casca

da roma (P e TF) em sua composicao.

Triplicata Absorbancia Massa  Teor Média Densidade Teor Média Desvio padrao  CV Sodlidos de
(mg) (mgg') (mgg) (mgmL?) (mgmL*)  (mgmL?) (%) roma (mg mL™)
Extrato glicolico da casca daroma

1 0,560 129,46 103,78 118,00

2 0,641 156,96 97,69 101,13 1,137 111,07 114,98 3,55 3,51 328,02
3 0,552 129,99 101,91 115,87

Formulacdo N (sem os ativos)

1 0,01 6225 0,44 0,463

2 0,009 623,48 0,42 0,46 1,056 0,443 0,49 0,06 12,50 -

3 0,014 613,33 0,52 0,551

Formulacéo E (3% PPE)

1 0,557 619,87 10,78 11,556

2 0,569 633,35 10,77 10,78 1,072 11,548 11,56 0,01 0,07 32,16
3 0,562 624,90 10,79 11,564

Formulacédo TF (0,3% TMP + 225 ppm F)

1 0,01 624,2 0,44 0,462

2 0,015 632,32 0,52 0,51 1,057 0,554 0,54 0,07 14,29 -

3 0,017 618,43 0,57 0,607

Formulacdo ETF (3% PPE + 0,3% TMP + 225 ppm F)

1 0,57 634,56 10,77 11,568

2 0,57 635,99 10,75 10,79 1,074 11,542 11,59 0,06 0,55 32,22
3 0,566 625,52 10,85 11,654
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ANEXO C

Preparo dos blocos de esmalte e andlise de dureza de superficie inicial

Selegdo da regido a ser
seccionada da cora de incisivo
central bovino e bloco de esmalte
ja seccionado (4 x 4 mm).

Bloco de esmalte fixado com cera

pegajosa em disco de resina acrilica
apos o polimento.

AutoMet 250

Politriz automatica (AutoMet 250 Buehler, Lake Bluff, lllinois,
USA) e lixas de diferentes granulagbes (CARBIMET Paper
Discs, 30-5108-320, Buehler) utilizadas para planificacdo da
dentina e polimento do esmalte bovino.

(A) Bloco de esmalte posicionado para leitura de
dureza de superficie inicial no esmalte utilizando-se
microdurémetro Shimadzu HMV-2000 (Shimadzu
Corp., Kyoto, Japan; Software de imagem Buehler
OminMet), com penetrador tipo Knoop e carga estética
de 25 gramas por 10 segundos. (B) Esquema das cinco
endentacdes realizadas na superficie de esmalte com
distanciamento padronizado entre si.
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Fase experimental in situ
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Kit recebido pelos voluntarios contendo: (A) dispositivo palatino, (B) escova de dentes, (C)
dentifricio ndo fluoretado, (D) caixa para armazenamento, (E) sacarose e (F) enxaguatério bucal
experimental.
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ANEXOE

Protocolo experimental

Sacarose 30%

8h 11h 14h 17h 19h 21h

Café da manha

, Almoco

Jantar , c

Higiene bucal sem o
dispositivo palatino

Tratamento com a formulag&o para
enxaguatorio apds ser realizada a
higiene bucal pelo voluntério



ANEXOF

Instru¢cdes aos voluntarios:

O voluntario devera fazer uso do dentifricio ndo fluoretado fornecido pela
pesquisadora 7 dias antes e durante todo o periodo do estudo;

A pesquisa sera composta por 4 regimes experimentais (enxaguatérios bucais), com
duragéo de 7 dias e intervalo de uma semana entre eles;

Durante cada fase experimental e entre elas, ndo sera permitido o uso de
enxaguatorios bucais (exceto o oferecido pela pesquisadora responsavel), dentifricio
e fio dental fluoretados;

O dispositivo intraoral palatino devera ser utlizado durante todo o periodo
experimental, inclusive para dormir e devera ser removido apenas para ingestdo de
liquidos e solidos, ou para o gotejamento da sacarose e do enxaguatorio bucal;

A sacarose deverd ser gotejada seis vezes ao dia, apos goteja-la o dispositivo intraoral
palatino devera permanecer 5 min fora da boca;

A escovacdo devera ser realizada somente 3 vezes ao dia com o dentifricio que foi
fornecido e com o dispositivo intraoral palatino na cavidade bucal, nos seguintes
periodos: ap6s o café da manha, apds o almocgo e apds o jantar;

Caso deseje escovar 0s dentes mais vezes é necessario retirar o dispositivo intraoral
palatino;

O enxaguatorio bucal fornecido pela pesquisadora devera ser gotejado duas vezes ao
dia depois da escovacao que foi realizada ap0s o almoco e apos o jantar. Gotejar duas
gotas do enxaguatério bucal e aguardar 1 min para retornar o dispositivo intraoral
palatino a cavidade bucal,

Obrigada pela colaboracéo, qualquer duvida entrar em contato com a pesquisadora
Ana Paula Miranda Vieira.



57

ANEXO G

Analise de dureza de superficie final, seccao longitudinal dos blocos e analise de

dureza em seccéao longitudinal

RERN

(A) Bloco de esmalte posicionado para leitura de dureza de superficie final
no esmalte utilizando-se microdurébmetro Shimadzu HMV-2000
(Shimadzu Corp., Kyoto, Japan; Software de imagem Buehler OminMet),
com penetrador tipo Knoop e carga estética de 25 gramas por 10
segundos. (B) Esquema das cinco endentac¢fes realizadas a 100 um de
distancia entre si (coluna da esquerda endentac¢des iniciais e coluna da
direita endentacdes iniciais com a distancia entre elas de 100 um) na
superficie de esmalte.

44 |

esmalte

(]

dentina

3

XX

A) Seccéo longitudinal do bloco de esmalte
B) Seis blocos de esmalte seccionados
longitudinalmente embutidos em resina acrilica.

L |

A) Corte longitudinal do dente bovino indicando no esmalte regido
onde foram realizadas as leituras de dureza.

B) Esquema com quatorze endentacdes para leitura da dureza em
sessdo longitudinal (dureza de subsuperficie): sequéncia de
impressdes nas distancias de 5, 10, 15, 20, 25, 30, 40, 50, 70, 90, 110,
130, 220 e 330 um na superficie externa do esmalte.
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ANEXOH

Microabrasdo do esmalte para andlise da concentracao de fluoreto, célcio e fosforo

Bloco de esmalte seccionado no sentido Mensuragdo com micrdmetro eletrdnico
longitudinal e fixado com cola adesiva em mandril digital apés a microabrasao do esmalte (50
para peca reta para realizagdo da microabraséo do pm).

esmalte.

P6 (—) de esmalte derivado da microabrasdo
em lixa adaptada em frasco de polietileno.
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ANEXO1

Analise de fluoreto, calcio e fésforo no esmalte
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Andlise de fluoreto no esmalte com eletrodo especifico 9409BN e microeletrodo de referéncia
acoplados a um analisador de ions.

9,9,9,000 999880 ok X ;
9,0,0,0,00999996 X
J<J-J»J‘-J»d‘vu\—-k“& i \,"
900000089006
900000009996
0000000095909
200000000000
QQQOOOOO@@?@
200000000000
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esmalte pelo método colorimétrico descrito por esmalte de acordo com o método colorimétrico

Vogel et al. 2009 utilizando-se Arsenazo lll. descrito por Fiske & Subbarow 1925.
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ANEXO]

Analise de fluoreto, calcio, fosforo e carboidratos alcali-soltveis no biofilme

i
‘ :
I :
Analise de fluoreto no biofilme com eletrodo Dosagem de carboidratos alcali-solaveis no
especifico, potencidbmetro e um analisador de ions. biofiilme de acordo com o método fenol-acido

sulfarico descrito por Dubois et al. 1956.
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ANEXO K

UNESP - FACULDADE DE
ODONTOLOGIA-CAMPUS DE W“ﬂ
ARACATUBA/ UNIVERSIDADE

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Avaliagdo do potencial anticariogénico de uma formulagéo para enxaguatério bucal
sem élcool contendo extrato da casca de roma (Punica granatum), trimetafosfato de
sodio e flaor

Pesquisador: ANA PAULA MIRANDA VIEIRA

Area Tematica:

Versdo: 2

CAAE: 10320719.9.0000.5420

Instituicdo Proponente: Faculdade de Odontologia do Campus de Aragatuba - UNESP
Patrocinador Principal: Universidade Estadual Paulista Julio de Mesquita Filho

DADOS DO PARECER

Nuamero do Parecer: 3.326.501

Apresentagdo do Projeto:
A apresentagdo do projeto estd adequada as normas do CEP.

Objetivo da Pesquisa:

Obijetivo Primério:

A proposta geral desse projeto serd avaliar in situ a agdo de uma formulagio liquida para enxaguatério
bucal (ETF) contendo extrato da casca da

roma, TMP e F no processo de desmineralizagdo do esmalte dentario.

Objetivo Secundério:

Avaliar in situ a atividade anticariogéncia sobre a dureza de blocos de esmalte bovino, e quantificar no
biofilme formado sobre eles: carboidratos

alcali-solGveis, Ca, P e F, além do Ca, P e F presentes no esmalte ap6s ser submetido a agdo da ETF.

Avaliagdo dos Riscos e Beneficios:

Riscos:

A participagdo nesta pesquisa néo infringe as normas legais e éticas: o voluntério dever4 fazer uso de um
dispositivo palatino, o qual ira fixar-se no

palato por um periodo de 7 dias em cada fase experimental 1) Formulagdo com extrato da casca da roma a
3%, 0,3% TMP e 225 ppm F, 2)

Enderego: JOSE BONIFACIO 1193

Bairro: VILA MENDONCA CEP: 16.015-050
UF: SP Municipio: ARACATUBA
Telefone: (18)3636-3200 Fax: (18)3636-3332 E-mail: andrebertoz@foa.unesp.br
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Continuagao do Parecer: 3.326.501

Formulagdo com 0,3% TMP e 225 ppm F, 3) LISTERINE® anticaries zero alcool, 4) Formulagdo placebo
(sem o extrato da casca da roma, sem

TMP e sem F) , o que poderd talvez ocorrer, um certo desconforto. Os procedimentos adotados nesta
pesquisa obedecem aos Critérios da Etica em

Pesquisa com Seres Humanos conforme Resolugdo n2. 466/12 do Conselho Nacional de Salde. Nenhum
dos procedimentos usados oferece riscos

a sua dignidade. O risco serd Minimo.

Beneficios:

Ao participar desta pesquisa o(a) sr.(a) ndo tera nenhum beneficio direto. Entretanto, esperamos que este
estudo resulte em informagodes

importantes sobre uma nova formulagdo de um enxaguatério bucal sobre o processo de remineralizagédo de
lesdes iniciais de cérie. Além disso, seria

interessante aprofundar os conhecimentos sobre o sinergismo entre o extrato da casca da roma, TMP e F,
de forma que o conhecimento que serd

construido a partir desta pesquisa possa contribuir para a Odontologia, onde pesquisador se compromete a
divulgar os resultados obtidos,

respeitando-se o sigilo das informagdes coletadas, conforme previsto no item anterior.

Comentarios e Consideragoes sobre a Pesquisa:
Nada a declarar.

Consideragoes sobre os Termos de apresentagao obrigatoria:
Adequados

Recomendagoes:
Nada a declarar

Conclusdes ou Pendéncias e Lista de Inadequagoes:

N&o ha.

Consideragdes Finais a critério do CEP:

Nao havendo pendéncias, o CEP propde a aprovagao do projeto de pesquisa salientando que, de acordo
com a Resolugdo 466 CNS de 12/12/2012 (titulo X, seg¢do X.1., art. 3, item b, e, titulo XI, segdo XI.2., item
d), ha necessidade de apresentagdo de relatérios semestrais, devendo o primeiro relatério ser enviado até
01/11/2019. O CEP reitera a necessidade de entrega de uma via (ndo copia) do TCLE ao sujeito participante
da pesquisa e solicita ao pesquisador responsavel leitura da carta circular 003/2011 CONEP/CNS antes do
inicio do projeto.

Enderego: JOSE BONIFACIO 1193

Bairro: VILA MENDONCA CEP: 16.015-050
UF: SP Municipio: ARACATUBA
Telefone: (18)3636-3200 Fax: (18)3636-3332 E-mail: andrebertoz@foa.unesp.br
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ARACATUBA/ UNIVERSIDADE

Continuagao do Parecer: 3.326.501

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagao
Informagdes Bésicas| PB_INFORMACOES_BASICAS_DO P | 18/04/2019 Aceito
do Projeto ROJETO 1314323.pdf 11:05:08
Projeto Detalhado / | PP.pdf 18/04/2019 | ANA PAULA Aceito
Brochura 10:57:14 |MIRANDA VIEIRA
 Investigador
TCLE/ Termos de | TCLE.pdf 17/04/2019 |ANA PAULA Aceito
Assentimento / 16:46:14 |MIRANDA VIEIRA
Justificativa de
Auséncia
Folha de Rosto Folha_de_rosto.pdf 17/04/2019 | ANA PAULA Aceito

16:45:31 | MIRANDA VIEIRA

Situacédo do Parecer:

Aprovado

Necessita Apreciagdao da CONEP:

Nao

Endereco:

ARACATUBA, 15 de Maio de 2019

JOSE BONIFACIO 1193

Bairro: VILA MENDONCA
Municipio: ARACATUBA

UF: SP
Telefone:

(18)3636-3200 Fax:

Assinado por:
Aldiéris Alves Pesqueira

(Coordenador(a))

CEP:

(18)3636-3332

16.015-050

E-mail:

andrebertoz@foa.unesp.br
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ANEXOL

INSTITUTO 8701 90136418
\ ol 19/12/2019 ,
INDUSTRIAL

29409161913227919

Pedido nacional de Inveng&o, Modelo de Utilidade, Certificado de
Adigao de Invengdo e entrada na fase nacional do PCT

Numero do Processo: BR 10 2019 027251 1

Dados do Depositante (71)

Depositante 1 de 2

Nome ou Raz&o Social: UNIVERSIDADE ESTADUAL PAULISTA JULIO DE MESQUITA
FILHO
Tipo de Pessoa: Pessoa Juridica

CPF/CNPJ: 48031918000124
Nacionalidade: Brasileira
Qualificagdo Jurfdica: Instituicdo de Ensino e Pesquisa
Enderego: Rua Quirino de Andrade, 215
Cidade: Sao Paulo
Estado: SP
CEP: 01049-010
Pals: Brasil
Telefone: 11 56270217
Fax: 11 56270103

Email: auin@unesp.br

PETICIONAMENTO  Esta solicitagio foi enviada pelo sistema Peticionamento Eletrénico em 19/12/2019 as
ELETRONICO 12:52, Petigio 870190136418

Peticao 870190136418, de 19/12/2019, pag. 1/32
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Depositante 2 de 2

Nome ou Raz&o Social:
Tipo de Pessoa:
CPF/CNPJ:
Nacionalidade:
Qualificagdo Juridica:
Enderego:

Cidade:

Estado:

CEP:

Pals:

Telefone:

Fax:

Email:

Dados do Pedido

APIS FLORA INDL. COML. LTDA

Pessoa Juridica

49345358000307

Brasileira

Pessoa Juridica

Av Barao Do Bananal, 2305, Jd Anhanguera
Ribeirdo Preto

SP

14092-000

BRASIL

Natureza Patente:

Titulo da Invengdo ou Modelo de
Utilidade (54):
Resumo:

10 - Patente de Invencéo (PIl)

Composicao, obtencéo e uso de formulagdes de cuidado bucal

A presente invencao, pertencente ao campo da odontologia, fornece
formulagdes de cuidado bucal, constituidas por: fluoreto, fosfato e
extrato da Punica granatum. Além disso, ha a inclusao de veiculos
oralmente aceitos para administragdo da composicao. O termo bucal
aqui utilizado abrange qualquer superficie mole ou sélida dentro da
cavidade bucal, incluindo lingua, palato duro e mole, gengiva,
mucosas bucais e superficies dentarias naturais ou artificiais. Sdo
reivindicadas as formulagdes de cuidado bucal, método de obtencéo
€ Seus usos.

PETICIONAMENTO
ELETRONICO

Peticdo 870190136418, de 19/12/2019, pag. 2/32

Esta solicitacéo foi enviada pelo sistema Peticionamento Eletrénico em 19/12/2019 as
12:52, Peticdo 870190136418



Dados do Procurador

Procurador:
Nome ou Raz&o Social: Renan Padron Almeida
Numero OAB:
Numero API:

CPF/CNPJ: 33778301896
Enderego: Rua Joaquim Antunes 819
Cidade: Sao Paulo
Estado: SP
CEP: 05415012
Telefone: 1156270570
Fax:

Email: renan.padron@unesp.br

PETICIONAMENTO  Esta solicitagio foi enviada pelo sistema Peticionamento Eletrénico em 19/12/2019 as
ELETRONICO 12:52, Peticio 870190136418

Peticdo 870190136418, de 19/12/2019, pag. 3/32



Dados do Inventor (72)

Inventor 1 de 5

Nome:

CPF:
Nacionalidade:
Qualificagdo Fisica:
Enderego:
Cidade:
Estado:

CEP:

Pals:
Telefone:

Fax:

Email:

Inventor 2 de 5

Nome:

CPF:
Nacionalidade:
Qualificagdo Fisica:
Enderego:
Cidade:
Estado:

CEP:

Pals:
Telefone:

Fax:

Email:

Inventor 3 de 5

DEBORA DE BARROS BARBOSA
25228297855

Brasileira

Professor do ensino superior

Rua José Bonifacio, 1193
Aracatuba

SP

16015-050

BRASIL

ANDRESA APARECIDA BERRETTA E SILVA

25897916829

Brasileira

Enfermeiro de nivel superior, nutricionista, farmacéutico e afins
Rua Triunfo, 945

Ribeirédo Preto

SP

14020-670

BRASIL

PETICIONAMENTO  Esta solicitagio foi enviada pelo sistema Peticionamento Eletrénico em 19/12/2019 as
ELETRONICO 12:52, Peticio 870190136418
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Nome:

CPF:
Nacionalidade:
Qualificagdo Fisica:
Enderego:
Cidade:
Estado:

CEP:

Pals:
Telefone:

Fax:

Email:

Inventor 4 de 5

Nome:

CPF:
Nacionalidade:
Qualificagdo Fisica:
Enderego:
Cidade:
Estado:

CEP:

Pals:
Telefone:

Fax:

Email:

Inventor 5 de 5

ALBERTO CARLOS BOTTAZZO DELBEM
09546471810

Brasileira

Professor do ensino superior

Rua José Bonifacio, 1193

Aracatuba

SP

16015-050

BRASIL

GABRIELA LOPES FERNANDES
37059940855

Brasileira

Odontélogo

Rua Compadre Jodo Bertoni, n°® 882
Aracatuba

SP

16020-367

BRASIL

68

PETICIONAMENTO  Esta solicitagio foi enviada pelo sistema Peticionamento Eletrénico em 19/12/2019 as
ELETRONICO 12:52, Peticio 870190136418

Petico 870190136418, de 19/12/2019, pag. 5/32



Nome:

CPF:
Nacionalidade:
Qualificagdo Fisica:

ANA PAULA MIRANDA VIEIRA
40768181801
Brasileira

Odontélogo

Enderego: Rua Passeio Canindé, n°® 413
Cidade: llha Solteira
Estado: SP
CEP: 15385-000
Pals: BRASIL
Telefone:
Fax:
Email:
Documentos anexados
Tipo Anexo Nome
Procuragéo Proc e Posse 07-2018.pdf
Procuragéo Procuragéo Apis Flora.pdf

Comprovante de pagamento de GRU 200 GRU PI5 29409161913227919 comprov.pdf

Relatério Descritivo Relatério Descritivo.pdf

Reivindicagdao
Resumo

Acesso ao Patriménio Genético

Reivindicagdes.pdf

Resumo.pdf

Declaragao Negativa de Acesso - Declaro que o objeto do presente pedido de patente de invengao
ndo foi obtido em decorréncia de acesso a amostra de componente do Patriménio Genético
Brasileiro, o acesso foi realizado antes de 30 de junho de 2000, ou ndo se aplica.

Declaracéo de veracidade

Iz[DecIaro, sob as penas da lei, que todas as informagdes acima prestadas sdo completas e

verdadeiras.

PETICIONAMENTO  Esta solicitagio foi enviada pelo sistema Peticionamento Eletrénico em 19/12/2019 as
ELETRONICO 12:52, Peticio 870190136418

Petico 870190136418, de 19/12/2019, pag. 6/32
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unesp ™
UNIVERSIDADE ESTADUAL PAULISTA “JULIO DE MESQUITA FILHO"

AGENCIA UNESP DE INOVACAO

PROCURAGAO

Pelo presente instrumento,

a UNIVERSIDADE ESTADUAL PAULISTA “JULIO DE MESQUITA FILHO” -
UNESP, autarquia estadual de regime especial, criada pela Lei n® 952 de
30.01.1976, com sede na Rua Quirino de Andrade, 215, Centro, CEP 01.049-
010, Sao Paulo/SP, inscrita no CNPJ/MF sob n°® 48.031.918/0001-24,
doravante designada simplesmente UNESP, neste ato, representada por seu
Magnifico Reitor, Prof. Dr. SANDRO ROBERTO VALENTINI, de acordo com o

Art. 34, | de seu Estatuto, ou quem legalmente o substitua,

nomeia e constitui seu procurador, RENAN PADRON ALMEIDA, brasileiro,
portador do RG n° 43.746.608-5, SSP/SP, inscrito no CPF/MF sob o n°
337.783.018/96,

outorgando-lhe poderes para representa-la perante o Instituto Nacional da
Propriedade Intelectual — INPI e outras instituicbes competentes, para o fim de

requerer e processar direitos de propriedade intelectual, tais como patentes de

Agéncia UNESP de Inovagao

Rua Quirino de Andrade, 215 - 9° andar - Centro
CEP. 01049-010, Sao Paulo/SP - Brasil

Fone: +55 11 5627 0696 - e-mail: auin@unesp.br

Petigdo 870190136418, de 19/12/2019, pag. 7/32
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unesp® AN

UNIVERSIDADE ESTADUAL PAULISTA “JULIO DE MESQUITA FILHO"

AGENCIA UNESP DE INOVAGAO

invencao, de modelos de utilidade, desenhos industriais, registros de marcas
de produto, de servigo, coletivas ou de certificagao, de indicagées geograficas,
cultivares, direitos de autor, de programas de computador e manté-los em vigor
com amplos e ilimitados poderes para assinar peticoes, autorizacdées para
copias, termos de cessao de direitos, termos de gestao e compartilhamento de
propriedade intelectual, documentos diversos relacionados ao processo
administrativo de protecao de direitos de propriedade intelectual, incluindo, mas
nao se limitando, aos documentos ja utilizados pelo INPI, bem como aqueles
que vierem a ser adotados e utilizados para instrucao processual de patentes,
modelos de utilidades, marcas, desenhos industriais e programas de
computador, pagar taxas, retribuicées, impostos, fazer prova de uso das
invencoes patenteadas ou das marcas registradas, efetuar pagamentos e
receber restituicoes, dando as respectivas quitagdes, apresentar oposigoes,
recursos, réplicas, desistir, renunciar, anotar, averbar contratos de licenga e
transferéncias de tecnologia, elaborar notificacdes extrajudiciais, requerer
prorrogacao dos prazos de protecdo, fazer declaragdes, opor, protestar,
impugnar, recorrer, pedir reconsideragdo, manifestar-se sobre oposigoes e
recursos, obter vista de processos, cumprir exigéncias, apresentar defesas
escritas ou orais, desistir, replicar, transigir, receber, juntar e retirar
documentos, requerer caducidade e contestar pedido de caducidade, requerer
e contestar nulidade administrativa e licenga compulséria, preencher qualquer
tipo de formalidade, requerer anotacdo e averbagao de cessao, alteracoes de
nome e sede, proceder a publicagdo de editais de chamamento para instruir,
elaborar, firmar e acompanhar contratos de transferéncia de tecnologia e/ou de
licenciamento com exclusividade ou nao, e praticar para o fim mencionado

Agéncia UNESP de Inovagao

Rua Quirino de Andrade, 215 - 9° andar - Centro
CEP. 01049-010, Sao Paulo/SP - Brasil

Fone: +55 11 5627 0696 - e-mail: auin@unesp.br

Peticdo 870190136418, de 19/12/2019, pag. 8/32
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unesp® AN

UNIVERSIDADE ESTADUAL PAULISTA *JULIO DE MESQUITA FILHO"

AGENCIA UNESP DE INOVAGAO

todos os atos necessarios perante as autoridades administrativas competentes
no Brasil em beneficio da Outorgante.

Séao Paulo, 16 de julho de 2018.

UNESP
pl Prof. Dr. Sandro Roberto Valentini
Reitor

SERGIO ROBERTO NOBRE
ICEREITOR NO EXERCICIO DA REITORIS

Tsqdar « CEP 01047-000 + Sho Paulo

Reconheco & 1 firma M iteg<glr semelbania. d SERGID
ROBERTONOBRE, d0 qe @0 T oo oo i re e :
e VOI"IIE !i ! d Valor petebido RS 9,2%F

e julho de 20187 7
5{&-:;:1 &g:pn:‘:{-’om selo de sutenticidade. Selospagos por verba®

Agéncia UNESP de Inovagdo

Rua Quirino de Andrade, 215 — 9° andar - Centro
CEP. 01049-010, Sao Paulo/SP - Brasil

Fone: +55 11 5627 0696 - e-mail: auin@unesp br

Peticdo 870190136418, de 19/12/2019, pag. 9/32
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PROCURAGAO

Pelo presente instrumento, a APIS FLORA INDL. COML. LTDA, confere poderes
especiais @ UNIVERSIDADE ESTADUAL PAULISTA “JULIO DE MESQUITA FILHO” -
UNESP, autarquia estadual de regime especial, criada pela Lei n®° 952 de 30.01.1976,
com sede na Rua Quirino de Andrade, 215, Centro, CEP 01.049-010, S&o Paulo/SP,
inscrita no CNPJ/MF sob n° 48.031.918/0001-24, doravante designada simplesmente
UNESP, neste ato, representada por seu Magnifico Reitor, Prof. Dr. SANDRO ROBERTO
VALENTINI, de acordo com o Art. 34, | de seu Estatuto, ou quem legalmente o substitua,
para o fim de requerer e processar direitos de propriedade intelectual face ao pedido de
patente intitulado “Composigédo, obtengdo e uso de formulagées de cuidado bucal”, a ser
depositado junto ao INPI, para manté-lo em vigor com amplos poderes para assinar peticdes e
documentos, pagar taxas, anotar transferéncias, fazer prova de uso da invengdo patenteada,
apresentar oposicdes, recursos, réplicas, anotar, elaborar notificagées extrajudiciais, e praticar
para os fins mencionados todos os atos necessarios perante as autoridades administrativas
competentes no Brasil e no exterior, em beneficio da Outorgante, ratificando os atos ja
praticados.

Séo Paulo, 16 de dezembro de 2019.

e -

—=
Apis Flora Indl. Coml. Ltda.

Raul de Barros Ferreira
CEO
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DENTAL MATERIALS
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Criais

ISSN: 0109-5641

DESCRIPTION

Online submission and editorial system now available:
“https://www.editorialmanager.com/dentma/defacult.aspx”

Dental Materials publishes original research and review articles.

Academy of Dental Materials members click “https://sciencedirect.com/science/activate/adm” to

register for free access to Dental Materials online.
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The principal aim of Dental Materials is to promote rapid communication of scientific information
between academia, industry, and the dental practitioner. Original Manuscripts on clinical and
laboratory research of basic and applied character which focus on the properties or performance
of dental materials or the reaction of host tissues to materials are given priority publication. Other
acceptable topics include application technology in clinical dentistry and dental laboratory

technology.

Comprehensive reviews and editorial commentaries on pertinent subjects will be considered.

AUDIENCE

Dental research scientists, materials scientists, clinicians, students of dentistry, dental materials and

equipment manufacturers.

IMPACT FACTOR
2021: 5.687 © Clarivate Analytics Journal Citation Reports 2022
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GUIDE FOR AUTHORS

INTRODUCTION

Authors are requested to submit their original manuscript and figures via the online submission and
editorial system for Dental Materials. Using this online system, authors may submit manuscripts and
track their progress through the system to publication. Reviewers can download manuscripts and
submit their opinions to the editor. Editors can manage the whole submission/review/revise/publish
process. Please register at: https://www.editorialmanager.com/dentma/default.aspx.

Dental Materials now only accepts online submissions.

The Artwork Quality Control Tool is now available to users of the online submission system. To help
authors submit high-quality artwork early in the process, this tool checks the submitted artwork and
other file types against the artwork requirements outlined in the Artwork Instructions to Authors on
https://www.elsevier.com/artworkinstructions. The Artwork Quality Control Tool automatically checks
all artwork files when they are first uploaded. Each figure/file is checked only once, so further along
in the process only new uploaded files will be checked.

Manuscripts

Submitted manuscripts must relate directly to both Materials Science and Dentistry.
The journal is principally for publication of Original Research Reports, which should preferably
investigate a defined hypothesis. Maximum length 6 journal pages (approximately 20 double-spaced
typescript pages) including illustrations and tables.

Systematic Reviews will however be considered. Prior approval must be sought from the Editor
before submission of Review Manuscripts. Authors should send the Editor a structured abstract
of the proposed review topic.Intending authors should communicate with the Editor beforehand, by
email, outlining the proposed scope of the review. Maximum length 10 journal pages (approximately
33 double-spaced typescript pages) including figures and tables.

Three copies of the manuscript should be submitted: each accompanied by a set of illustrations.
The requirements for submission are in accordance with the "Uniform Requirements for Manuscripts
Submitted to Biomedical Journals", Annals of Internal Medicine, 1997,126, 36-47. All manuscripts
must be written in American English. Authors are urged to write as concisely as possible.

The Editor and Publisher reserve the right to make minimal literary corrections for the sake of clarity.
Authors for whom English is not the first language should have their manuscripts read by colleagues
fluent in English. If extensive English corrections are needed, authors may be charged for the cost of
editing. For additional reference, consult issues of Dental Materials published after January 1999 or
the Council of Biology Editors Style Manual (1995 ed.).

All manuscripts should be accompanied by a letter of transmittal, signed by each author, and stating
that the manuscript is not concurrently under consideration for publication in another journal, that
all of the named authors were involved in the work leading to the publication of the paper, and that
all the named authors have read the paper before it is submitted for publication.

Always keep a backup copy of the electronic file for reference and safety.

Manuscripts not conforming to the journal style will be returned. In addition, manuscripts which are
not written in fluent English will be rejected automatically without refereeing.

For further guidance on electronic submission, please visit the Elsevier Support Center.

Page charges
This journal has no page charges.

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
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e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

¢ Include keywords

¢ All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

¢ Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information on Ethics in publishing.

If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in accordance
with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines EU Directive
2010/63/EU for animal experiments, or the National Research Council's Guide for the Care and Use of
Laboratory Animals and the authors should clearly indicate in the manuscript that such guidelines have
been followed. The sex of animals must be indicated, and where appropriate, the influence (or association)
of sex on the results of the study.

Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
but copies should not be provided to the journal. Only if specifically requested by the journal in
exceptional circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
all illustrations and videos) must be removed before submission.
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All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or
the manuscript file (if single anonymized). If there are no interests to declare then please state this:
'Declarations of interest: none'. 2. Detailed disclosures as part of a separate Declaration of Interest
form, which forms part of the journal's official records. It is important for potential interests to be
declared in both places and that the information matches. More information.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that its
publication is approved by all authors and tacitly or explicitly by the responsible authorities where the
work was carried out, and that, if accepted, it will not be published elsewhere in the same form, inEnglish
or in any other language, including electronically without the written consent of the copyright- holder.
To verify compliance, your article may be checked by Crossref Similarity Check and other originality
or duplicate checking software.

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible
to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer
to personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or
health condition unless they are relevant and valid. When coding terminology is used, we recommend
to avoid offensive or exclusionary terms such as "master", "slave", "blacklist" and "whitelist". We
suggest using alternatives that are more appropriate and (self-) explanatory such as "primary",
"secondary", "blocklist" and "allowlist". These guidelines are meant as a point of reference to help
identify appropriate language but are by no means exhaustive or definitive.

All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to be
submitted.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.
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This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information. An e-mail will be sent to the corresponding author confirming receipt of the
manuscript together with a 'Journal Publishing Agreement' form or a link to the online version of
this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'License Agreement' (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement, it is recommended
to state this.

Please visit our Open Access page for more information.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Our online submission system guides you stepwise through the process of entering your article details
and uploading your files. The system converts your article files to a single PDF file used in the peer-
review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for final
publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article

Please submit your article via https://www.editorialmanager.com/dentma/default.aspx.

Suggesting reviewers

Please submit the names and institutional e-mail addresses of several potential reviewers.

You should not suggest reviewers who are colleagues, or who have co-authored or collaborated with
you during the last three years. Editors do not invite reviewers who have potential competing interests
with the authors. Further, in order to provide a broad and balanced assessment of the work, and ensure
scientific rigor, please suggest diverse candidate reviewers who are located in different countries/

regions from the author group. Also consider other diversity attributes e.g. gender, race and ethnicity,
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career stage, etc. Finally, you should not include existing members of the journal's editorial team,
of whom the journal are already aware.
Note: the editor decides whether or not to invite your suggested reviewers.

PREPARATION

This journal operates a double anonymized review process. All contributions will be initially assessed
by the editor for suitability for the journal. Papers deemed suitable are then typically sent to a
minimum of two independent expert reviewers to assess the scientific quality of the paper. The Editor
is responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision
is final. Editors are not involved in decisions about papers which they have written themselves or have
been written by family members or colleagues or which relate to products or services in which the
editor has an interest. Any such submission is subject to all of the journal's usual procedures, with
peer review handled independently of the relevant editor and their research groups. More information
on types of peer review.

This journal uses double anonymized review, which means the identities of the authors are concealed
from the reviewers, and vice versa. More information is available on our website. To facilitate this,
please include the following separately:

Title page (with author details): This should include the title, authors' names, affiliations,
acknowledgements and any Declaration of Interest statement, and a complete address for the
corresponding author including an e-mail address.

Anonymized manuscript (no author details): The main body of the paper (including the references,
figures, tables and any acknowledgements) should not include any identifying information, such as
the authors' names or affiliations.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text should
be in single-column format. Keep the layout of the text as simple as possible. Most formattingcodes will
be removed and replaced on processing the article. In particular, do not use the word processor's
options to justify text or to hyphenate words. However, do use bold face, italics, subscripts, superscripts
etc. When preparing tables, if you are using a table grid, use only one grid for each individual table
and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.The electronic text
should be prepared in a way very similar to that of conventional manuscripts (seealso the Guide to
Publishing with Elsevier). Note that source files of figures, tables and text graphics will be required
whether or not you embed your figures in the text. See also the section on Electronicartwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction

This must be presented in a structured format, covering the following subjects, although actual
subheadings should not be included:

e succinct statements of the issue in question;

¢ the essence of existing knowledge and understanding pertinent to the issue (reference);

e the aims and objectives of the research being reported relating the research to dentistry, where
not obvious.

Materials and methods

e describe the procedures and analytical techniques.

¢ only cite references to published methods.

¢ include at least general composition details and batch numbers for all materials.
¢ identify names and sources of all commercial products e.g.



"The composite (Silar, 3M Co., St. Paul, MN, USA)..."
"... an Au-Pd alloy (Estheticor Opal, Cendres et Metaux, Switzerland)."
¢ specify statistical significance test methods.

Results

o refer to appropriate tables and figures.

¢ refrain from subjective comments.

* make no reference to previous literature.
» report statistical findings.

Discussion

e explain and interpret data.

¢ state implications of the results, relate to composition.
e indicate limitations of findings.

¢ relate to other relevant research.

Conclusion (if included)

e must NOT repeat Results or Discussion

e must concisely state inference, significance, or consequences

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the e-
mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's nhame. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please use
'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

e 250 words or less.

e subheadings should appear in the text of the abstract as follows: Objectives, Methods, Results,
Significance. (For Systematic Reviews: Objectives, Data, Sources, Study selection, Conclusions). The
Results section may incorporate small tabulations of data, normally 3 rows maximum.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
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separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 X
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of theirimages
and in accordance with all technical requirements.

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and should be submitted in a separate file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85
characters, including spaces, per bullet point). See https://www.elsevier.com/highlights for examples.

Up to 10 keywords should be supplied e.g. dental material, composite resin, adhesion.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaal.

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.
e Embed the used fonts if the application provides that option.
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e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

o Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.

e Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

e Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS
Office files) and with the correct resolution. If, together with your accepted article, you submit usable
color figures then Elsevier will ensure, at no additional charge, that these figures will appearin color
online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations are
reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services

Elsevier’'s Authors Services offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Captions to tables and figures

list together on a separate page.

should be complete and understandable apart from the text.
include key for symbols or abbreviations used in Figures.

individual teeth should be identified using the FDI two-digit system.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Must now be given according to the following numeric system:
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Cite references in text in numerical order. Use square brackets: in-line, not superscript e.g. [23]. All
references must be listed at the end of the paper, double-spaced, without indents. For example: 1.
Moulin P, Picard B and Degrange M. Water resistance of resin-bonded joints with time related to alloy
surface treatments. J Dent, 1999; 27:79-87. 2. Taylor DF, Bayne SC, Sturdevant JR and Wilder AD.
Comparison of direct and indirect methods for analyzing wear of posterior composite restorations.
Dent Mater, 1989; 5:157-160. Avoid referencing abstracts if possible. If unavoidable, reference as
follows: 3. Demarest VA and Greener EH . Storage moduli and interaction parameters of experimental
dental composites. J Dent Res, 1996; 67:221, Abstr. No. 868.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the
sources cited. In order to allow us to create links to abstracting and indexing services, such as Scopus,
Crossref and PubMed, please ensure that data provided in the references are correct. Please note that
incorrect surnames, journal/book titles, publication year and pagination may prevent link creation.
When copying references, please be careful as they may already contain errors. Use of the DOI is
highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001]JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.qg., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication, the formal
publication should be used as the reference. If there are preprints that are central to your work or that
cover crucial developments in the topic, but are not yet formally published, these may be referenced.
Preprints should be clearly marked as such, for example by including the word preprint, or the name
of the preprint server, as part of the reference. The preprint DOI should also be provided.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
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reference management software, please ensure that you remove all field codes before submitting the
electronic manuscript. More information on how to remove field codes from different reference
management software.

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.

List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:

Reference to a journal publication:

[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2010;163:51-9. https://doi.org/10.1016/j.5¢c.2010.00372.

Reference to a journal publication with an article number:

[2] Van der Geer ], Hanraads JAJ, Lupton RA. The art of writing a scientific article. Heliyon.
2018;19:e00205. https://doi.org/10.1016/j.heliyon.2018.e00205

Reference to a book:

[3] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.

Reference to a chapter in an edited book:

[4] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith
RZ, editors. Introduction to the electronic age, New York: E-Publishing Inc; 2009, p. 281-304.
Reference to a website:

[5] Cancer Research UK. Cancer statistics reports for the UK, http://www.cancerresearchuk.org,
aboutcancer/statistics/cancerstatsreport/; 2003 [accessed 13 March 2003].

Reference to a dataset:

[dataset] [6] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1; 2015. https://doi.org/10.17632/
xwj98nb39r.1.

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the first 6
should be listed followed by 'et al.' For further details you are referred to 'Uniform Requirements for
Manuscripts submitted to Biomedical Journals' (J Am Med Assoc 1997;277:927-34) (see also Samples
of Formatted References).

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.
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This journal encourages and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research datarefers
to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive 25 free paper offprints, or alternatively a customized
Share Link providing 50 days free access to the final published version of the article on ScienceDirect.
The Share Link can be used for sharing the article via any communication channel, including email
and social media. For an extra charge, paper offprints can be ordered via the offprint order form
which is sent once the article is accepted for publication. Both corresponding and co-authors may
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order offprints at any time via Elsevier's Author Services. Corresponding authors who have published
their article gold open access do not receive a Share Link as their final published version of the article
is available open access on ScienceDirect and can be shared through the article DOI link.
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